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RECORDS OF
THE SURVEY OF INDIA

PART 1.—TOPOGRAPHICAL SURVEY.

NORTHERN CIRCLE.

(Fide Index Maps 1 and 4.)

The circle remained under the superintendence of Colonel W. J. Bythell,
R.E., up to the 2nd of April, and after that date, was under the superin-
tendence of Major C. H. D. Ryder, D.S.0., R.E.

The circle consisted of Nos. 1, 2, 3 and 4 field parties.

During the past field season 23,852 square miles were surveyed, detail

as follows :—

8q. Miles.
No. 1 Party, Kashmir, Original Survey, 1-inch ; 4,489
No.2 ,  Punjab, Original and Revision Survey, 1-inch and 14-inch 7,369
No.3 ,,  United Provinces, Revicion Survey, 1-inch . . 6,187
No. 4 . ' Original and Supplementary Survey, l mch 5,807

The Riverain Detachment carried out 332'95 linear miies of main, and

1911:26 miles of minor traverse.

A special detachment was sent to carry out a revision survey of Delhi
and the vicinity on the 4-inch scale for the Delhi Town-planning Committee

(vide p. 13).

No. 1 PARTY (KASHMIR).
By Masor C. H. D. Ryper, D.S.O,, R.E.
The head-quarters of the party remained at Srinagar (Kashmir) through-

PEREONNEL.

Impcrial Officers.
Major C. H. D. Ryder, D.S.0,, RE,, in charge
from 1st October 1911 to 26th March 1912,

Major F. W. P’irrie, I.A,, in cbarge from 25th
March 1912.

Lioutenant K. Mason, R.E.

Provincial Officers.

Mr. H. H. B. Hanby.

Mr. E. B. West (from 5th June 1912).
Me. D. K. Rennick.

Mr. R. C. Hangon.

Mr. W. J. B, Miller.

out the survey year,

The survey of the Kashmir valley
proper was continued on the scale of 1
inch to 1 mile and completed and the
work cxtended northwards on the same
scale at the request of the Kashmir
Durbar into the Kishenganga valley as
far as the watersheds to the north
and east.

The winter of 1911-12, though mild in
the Kashmir valley, was a late one and the
snow in the higher hills made work very
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difficult in April and May, and in the

Upper Subordinate Service.

Mr. Sher Jang, K.B. Kishenganga valley impossible till the
Mr. Natha Singh, R.S. beginning of June. For these reasons the
Mr. La! Singh, R.B. .
> strength of the party had to be increased
Mr. Paras Ram (promoted to U.S.S. from 1st | o party )
July 1812). in order to complete the programme, as it

Mria't]':l“:; ‘fSI'z“)“‘ (promoted to U.S.8. from jpyolyed triangulating and surveying in

detail the Kishenganga valley in four and

Lower Subordinate Service . a half months, which work was success-
Surveyors, ete. . . . 3 fully carried out.

Operations in the ﬁeld were commenced in April 1912, and continued till
the middle of October 1912.

The health of the party has been good and there has not been much
sickness, owing to the extra precautions taken when men had to work under
severe climatic conditions.

''here have heen a few but no fatal cases of swmall-pox among members
of the party.

Topography.—The area surveyed on the scale of 1inch to 1 mile was
4,439 square miles. The party was divided at the commencement of the
summer field season into 2 camps, and later on, into 4 camps, under Messrs.
Hanby, West, Rennick and Hanson, and the number of detail surveyors
varied from 7 in April, to 31 in September. 'the following sheets were
surveyed in the field by the middle of Ociober 1912 :—

The whole of — Parts of —

43 ‘:( 43 e,’o;?l'o. 13

43 2.67.‘:3._1'(1’5 43 4 s,Ixz'

43 ‘1]:’ 43 1,:.13

43 3‘:‘38 43 m%o'-w

43 '2,90 . 43 1, 2. s,N7,11 12
43 677%0

The sheets surveyed in part are up to the limit of the Kishenganga northern
and eastern watersheds, Wherever the watersheds are the limit of the area
to be surveyed on the 1l-inch scale, half a mile beyond has been surveyed,
to obtain a satisfactory junction with the smaller scale surveys, wher the
degree sheets on the L-inch scale are compiled. The cost-rate was as follows :--
l-inch detail area, 4’4189 square miles at Rs. 16°2 per square mile. An area
of 866 square miles was surveyed in detail by surveyor Surjan Singh from
the beginning of June to the middle of September on the scale of 4 inch
to 1 mile on and in the vicinity of the Siichen glacier in Baltistan when
atta.ched to the Bullock Workman expedition. The actual pay of surveyor
Surjan Singh and his servant and ordinary travelling allowance were met
by the Survey of India and the remainin« expenses were paid by Mrs. Bullock
Workman, it being understood that the map weuld be put at the disposal
of the Survey of India on the return of the expedition. The cost-rate was

as follows :—}-inch detail area. 866 square miles at Rs. 1'1, (share paid by the
Survey of India).
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Triangulation.— During the previous winter triangulation was carried
out in the field in the lower ground south of the Pir Panjal range in parts
of Jammu and Poonch States, (the remainder of the party heing employed
in map drawing in Srinagar).

Of the sheets surveyed in detail on the 1-inch scale, only about 8 sheets
had been triangulated in advance at the commencement of the field season.

At the close of the field season the area triangulated in advance for future
detail surveys on the 1l-inch scale was 5,916 square miles, about 23 sheets
in area.

The cost-rate of triangulation was as follows :—

Triangulation for 1-inch surveys, area 8,421 square miles, at Rs. 4'3 per
square mile.

Recess duties.—The area of fair mapping sent for publication was 3,702
square miles and consisted of 15 1-inch sheets, viz.: —

43 ILT.PLS,{G
43 s
43 5

43 3

4

43 ©

1

The cost of fair mapping was as follows :—

15 1-inch sheets, area 3,702 square miles at Rs. 7-1 per square mile.
The total cost of the party was Rs. 1,36,287.

No. 2 PARTY (PUNJAB).
By MaJsor E. A. Tanpy, R.E.

The season’s work lay in the plains of the Punjab, comprising all the
sheets in 441 and 44M, except

PrRSONNKIL. ras

1™
Imperial Officers. and e

Major F. W. Pirrie, I.A.. in charge up to 24th
March.

Major E. A. Tandy, R.E,, in charge from 26th
June.

Provincial Officers.

Mr. F. B. Powell, attached to the Northern
Circle Drawing Office duriny the field season.

Mr. J. A. Freeman, in charge frown 25th March
to 26th June.

Mr. E. B. West. from 1at March to 4th June.

A[nbedar Kanak Singh.

Mr. R. . S ubolle.

Mr. 6. C. O'Sallivan,

Mr.J. McCrnken, absent on Delhi Sarvey
from 20th March.

Mr. J. A. Calvert, from 29th May.

Upper Subordinate Service.
Mr. Mahindar Singh, up to 31st October.

Lower Subordinate Service.

34 Barvevora.

2 New Soldier Surveyors.
A Draftsmen.

2 Clerks.

1 Store-keeper.

5 Other draftymen.

Sheets ! omitted because

1& A
the country is being altered by new irri-
X because it included
some difficult Siwalik work. This latter
sheet will be taken up in the coming
scason, but the former will have to await
the development of the new irrigation.

The arean surveved includes all
Amritsar District and Kapurthala State,
and parts of districts Sialkot, Gujranwala,
Lahore, Ferozepore, Jullundur, Hoshiar-
pur and Gurdaspur.

The party left recess quarters Mus-
sooric on the 27th October and reopened
on the lst May. The ficld head-quarters

at Lahore throughout the field

were

gation, and sheet

were

season.
B2
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The health of the party was very good throughout the year.

Topography.—No. 2 (late 15) Party surveyed an area of 7,369 square
miles in Amritsar, Sinlkot, Gujranwala, Lahore, Ferozepore, J ullundur,
Hoshidrpur and Gurdaspur districts and Kapurthala State, about three-quarters
of this was revision of previous l-inch maps, and the remainder new survey.
Except for a small bit of Siwalik hills in the north-east, the country was
fairly open plains, of which more than half was well irrigated by perennial
.canals.

The party was in the field 6 months, and the average statf actually out in
the field surveying, apart from men sent to Delhi and plotting, was 4 assistants,
32 surveyors and 6 beginners, the outturn being 29 sheets.

The field work was at first delayed by the necessity of keeping one section
for 2 months plotting traverse data in the field, and later by the sudden trans-
fer of 1 officer and 4 men to special work at Delhi.

The topography was divided into 4 camps under the 4 Provincial Officers
Subedar Kanak Singh, Mr. Saubolle, Mr. O’Sullivan and Mr. McCraken.

Mr, O’Sullivan with 4 surveyors and 5 draftsmen was employed in plot-
ting traverse data for the new survey up till middle of January.

About # of the work was revision survey on l-inch blue prints of old
1-inch sheets, New survey based on plotted trijunctions was only neces-
sary in Sialkot, Gurdaspur and Amritsar districts, with the exception of
sheets 44—, in Amritsar district, for which previous 1-inch maps were
available. '

The Siwalik portion of 44—~ was revised on 1}-inch blue prints.

No new triangulation or traversing were required.

A detailed analysis of outturn gives most confusing resulls, and I can only
roughly gather that under more settled circumstances we might expect
hetween 40 and 50 miles of 1-inch revision survey and between 30 and 40 miles
of 1-inch new survey per man per month. The actual average for the work
for the whole season appears to be about 38 miles.

The cost-rates for the field s2ason’s work do not appear to afford satisfac-
tory results in regard to the comparative costs of ditferent kinds of survey,
but give a rough average cost of Rs. 8:5 per square mile for field work, and
Rs. 32 for fair mapping of the regular work of the party, excluding the
cost of special areas, and other extraneous charges not pertaining directly to the
party. :

Recess duties.—'The whole of the fair mapping was completed and sent
in by the end of recess, and the party has no arrears of work of any kind on
hand.

Owing to a variety of causes, (e.g., the number of inferior draftsmen who
had to be employed in order to get the work through and the charges of person-
nel during the early part of the recess), the fair drawing has not been alto-
gether satisfactory in point of ncatness or uniformity.

. The fair drawing was made from 1-inch blue prints on tracing, paper
which were enlarged by photography from the 1-inch plane-tables. A great
deal of delay and a certain amount of inaccuracy arose from all the canals in
blue failing to appear on these blue prints, so that they had to be entered up
on them by hand with proportional compasses,

(4 . .
Arrangements are to be tried in the coming sevson to prevent a recurrence
of this difficulty.
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No. 3 PARTY (UNITED PROVINCES).
By Captain M. N. MacLeop, R.E. )
The country surveyed consisted of the alluvial plains of the Ganges valley

PERBONNEL.

Imperial Officers.

Captain A. A. McHarg, R.E., in chargn from
Ist Octoher 1911 to 23rd March 1912.

Captain M. N. MacLeod, R.E., in charge from
23rd September 19)2.

Tieutenant A. A. Chase, RE, in charge from
15th May 1912 to 22nd September 1912.
Licutenant R. 8. Wahab. T.A., atlached from
18t October 1911 to 11th October 1911 and

from 21st April 1912.

Provinceal Officers.

Mr. B. M. Berrill, in charge from 24th March
1912 to 14th May 1912,

Mr. A. C. Bose.

Mr. P. A. T. Kenny.

Mr. H.C. W. Stotesbury, from lst October
1911 to 21st February 1912.

Mr. B. C. Newlind, from 1st October 1911 to
1st December 1911.

Mr. A J. A. Drake.

Mr. F. H. Grant.

Mr. F.J. Grice.

Mr. J. A. Calvert, from 1lst October to 28th
October 1911.

Upper Subordinate Service.
My. Lutf Ali, Probationer,

Lower Subordinate Service.

16 Surveyors, permanent.
14 Survevors, temporary.
6 Soldier Surveyors.
2 Clerks.

8 Temporary Draftsmen, Typers, and Pupil

Surveyors.

and comprised portions of the following
districts of the United Provinces :—

Hardoti, Farukhabad, Moradabad,
Budaun, Bareilly, Etah, Shahjahanpur,
and a small portion of Rampur State.

"The whole area under survey was culti-
vated, poppy and sugarcane being the
most valuable crops.

The country was flat with a few sandy
kuoolls, but the level of the small portion
of the country west of the Ganges from
Kanauj in the south-east corner to Fateh-
garh, (where the right bank of the Ganges
has a relative lieight of 25 to 30 feet),
and thence in a north-west direction
away from the river, is perceptibly higher
than the country between the Ganges and
the Ramganga, the level rises again east
of the Ramganga.

Except to the north-west of Farukhabad
where the course of the Ganges has moved
eastward, the courses of both the Ganges
and the Ramganga appear to have been

oscillatory.

From the quantity and quality of the cropsalong the Ramganga river it
would appear that the silt deposited by this river is richer than that of the

Ganges.

Though the country cannot be called well wooded, there are numerous
mango groves, and all the main roads have good avenues of frees.
The field office opened at Bareilly on November 1st and closed on April

20th.
party was generally good.

The recess office opened at Mussoorie on April 25th.

The health of the

Topography.—The area surveyed durinﬂ‘ the year was 618738 square 1niles

.comprising sheets 53 L

0,10,11, 12,13, 13, 16" and 16 °

23 1-inch sheets in all.
1 inch=1 mile. Sheet 541

b3 and 54 -, M

3, b 7,8, 1,2,6,6,0,10,11, 12,13, 14, aud 18 »

The whole of this was revision survey on the scale of
formed part of the programme, but could not be

completed, as the greater portion of it lay within the Bilgram tahsil, for which

the traverse data were insufficicnt.

With this exception the programme laid

down for the field season was completed.
The work was carried out on blue prints of the latest cdition of the exist-

ing l-inch maps in new 1l-inch sheet sizes.

These, except in the country

near the large rivers where these had changed their courses, were generally

found to be most accurate.

Two blue prints of the Budaun district were reccived without trijunctions

-and in these two field sections the trijunctions were surveyed by fixing from

Jjunctions of roads, corners of villages and other well-defined points which
«could be identified on the ground.
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G. T. points throughout the area were few and far between and lines of
levelling with G. T. Bench-marks only ran through 4 sheets, but considerable
use was also made of old level charts for fixing heights.

The party was divided into 5 camps as under :—

I. Mr. B. M. Bierrill, E. A. S, up to 23rd March 1912 and Mr. F. J. Grice,
S. A. S, from 24th March 1912 with 9 sarveyors at Fatehgarh.
II. Mr. A. C. Bose, Ii. A. 8., with 8 surveyors at Chandausi.
IiI. Mr. P. A. T. Kenny, E. A. 8., with 8 surveyors, at Budaun.
IV. ir. A. J. A. Drake, S. A. S, with 6 surveyors at Shahjahanpur.
V. Mr. F. H. Grant, S. A. 8., with 6 surveyors at Moradabad.

No triangulation or traversing were done by the party during the year.

The average outturn per man per month was 34'9 square miles and the
cost-rates were, 1-inch revision survey, Rs. 9-0-4 per square mile, and fair
mapping, Rs. 4-12-6 per square mile. The outturn was rather small consider-
ing the nature of the work, but the average was considerably lessened by one
provincial officer and 10 of the best surveyors being deputed to the Delhi
4-inch=1 mile survey at a time when work was in full swing.

Recess duties.—During the recess the whole 23 1-inch sheets surveyed
were fair mapped on the 1}-inch scale. Fifteen of these have been completed
and submitted to the Superintendent, Northern Circle, and the remainder will
be sent in by October 15th.

The spelling of village names has again given trouble. It would appear
that the best solution of the difficulty is for camp officers to take the local
pronunciation and to decide the correct spelling ‘ on the spot”. District
officials have neither the time nor the inclination to correct long lists of
names, particularly in the United Provinces, where it is not uncommon to find
400 or 50U names in a sheet. .

Though there were no contour sheets to be prepared the time usually spent
on them was fully taken wp by the extra typing necessary on account of the
large nmumber of villages, and it. was found that in order to complete the 23 sheets
during 5% months of recess, it was necessary to arrange that typing should
proceed conenrrently with the outline drawing, the draftsmen working from
6 A Gl noon and the typer from noon till 6 .M. or else onc of them working
on Saturday and Sunday and taking two days’ leave during the week.

To carry out this system satisfactorily it is imperative that the spelling of
all names should be checked and the correct spelling entered on the plane-table
sections while in the field, so that the section officer on arrival in recess is free
to devote his time to the examination of traces, the preparation of guides for
the typers and the supervision of the drawing.

Unfortunately owing to the very great expansion and contraction of the
blue prints on which the survey was done, it was impossible to enlarge them
to correct dimensions, and this precluded the possibility of fair drawing direct
on to blue prints.

This excessive expansion and contraction is principally due to the neceessity
of wetting such prints before mounting, and, where i6 is otherwise possible to
obtain blue prints on drawing paper for fair drawing, it would be preferable to
have the prints of previous work scparate on tracing paper, and transfer them
by hand on to a board previously mounted and allowed to dry. This would
entail some extra lahour on taking the field, but it is probable that the field
sections would not be too distorted to permit of the enlargements heing made to
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scale and printed direct on to drawing paper, and much labour would thus be
saved during the recess.

The map of Delhi and vicinity on the scale 4 inches=1 mile, surveyed by
the Dalhi Detachment in April and May 1912, was drawn and will be published
by 15th October 1912.

There were no computations to be done in recess and no arrcars of draw-
ing, etc., at the close of it.

No. 4 PARTY (UNITED PROVINCES).

By Carraiy L. C. TrUILLIER, LA,

The field head-quarters of the party remained at Sitapur throughout the

PRRSONNEL. field season ; the recess head-quarters conti-
Imperial Officers. nued at Mussoorie.
Captain L. C. Thuillier, I.A,, in charge. The a i its
o ot . B. Soott, LA, The cantonment section had its field
Provincial Officers. and recess quarters at Quetta, as field work
?&: (]*_l i SBI]‘ge was continued there throughout the year.
gie. ,
Mr. C. E. C. French. The programme of the party and locale
Mr. J. C. Lears, from 13th December 1911. . . . . .
Mr. A. B. Hunter. of operations continued in the United
Mr. G. E. R. Cooper. s
Mr. J A Calvert. from 29th October 1911 FrOViDCES.

w ;‘9%} “&*:;Vr;l?;” trom 11th October 1911, The country under survey cousisted for

the most part of similar country to that
surveyed last season, viz.:—a flat plain
generally well cultivated and interspersed
with an abundance of groves and occa-

Upper Subordinate Service.
Jemadar Mohammad Husain Khan.

Lower Subordinate Service.
34 Surveyors.

(l)%rr:‘r:;::n sional stretches of ‘ usar” plains. On
4 Computers. the east of the work, however, along the
2 Clerke. . . . .

2 Typors. Gogra river and its tributaries, occurred

[~ I S . <, .
6 Soldicr Surveyors a broad tract of country lying at a lower

Jevel than the surrounding plain and cut up by innwmerable streams and back-
waters. This country for the first 2 to 3 months was considerably flooded. The
Gogra was the only large river in the area under survey this season. The
Gumti, which is a considerably smaller river, ran through two or three of the
sheets under survey.

The ficld season commenced on the 30th of October 1911 and closed on the
6th of April 1912.

The health of the party was good throughout the season. Plague oceurred
during the season, but was not really so severe as the previous season, and no
cases occwrred among the party. One case of cholera occurred which unfor-
tunately ended fatally. Though it was cxpected that in the Gogra tracts men
would suffer from fever, this did not occur, possibly owing to the issue of
quinine for a month before taking the ficld.

Topography.—The programme of this work consisted of the survey on the
1-inch scale of sheets 63 , e Wiz 204 63 - and the supplementary
63

survey Only of sheets 63 1,72, 1 s,e, 0,13, 14 12 5, 6°

Sheets 63 2, were subsequently cut out of the programme, as the party
had to send surveyors to do special work at Delhi.

The whole arca for survey lay in the districts of Sitapur, Hardoi, Kheri,
Lucknow, Balraich and Bara Banki.

The area in distriots Kheri and Bahraich was merely supplementary survey,

as the current maps of these portions had bheen compiled from 16-inch cadastral
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surveys carried out only about 15 to 17 years ago. The remaining portions had
not been surveyed since the original survey done about 1860-63, and, as the-
old maps were much wanting in detail, and also were of practically no use to-
surveyors, it was considered advisable to survey the whole area anew.

A certain number of surveyors and draftsmen were kept at head-quarters to-
coraplete the fair sheets which were not completed in recess. This was found
a much longer job than was originally anticipated, and the last sheets did not.
go in till March.

At the end of March, 6 surveyors, under Mr. Calvert, were sent to Delhi
to do special work there under Lieutenant Chase.

Field work continued till early in April when the head-quarters of the-
party and the majority of the surveyors proceeded to recess quarters, Mr. J. C.
Lears and one or two surveyors remaining behind for a short time to complete-
their work.

The surveyors for topographical work were distributed into 5 camps under
Lieutenant Scott, Messrs. G. J. S. Rae, H. W. Biggie, A. B. Hunter and
G. E. R. Cooper.

Lieutenant Scott’s camp consisted of Jemadar Mohammad Husain Khan,
U. 8. 8., 4 surveyors and 1 soldier surveyor. The camp’s operations lay in the-
eastern portion of the party’s work along the Gogra river in districts Kheri,.
Sitapur, Bahraich and Bara Banki. '

Mr. Rae's camp consisted of 4 surveyors only. The camp’s operatiouns lay
in the northern portion of the party’s area, in districts Kheri and part of
Sitapur.

Mr. Biggie's camp consisted of Mr. Calvert and 8 surveyors and 2 soldier
surveyors. The camp’s operations lay in the western portion of the party’s
area, in districts Hardoi and Sitapur.

Mr. Hunter’s camp consisted of Mr. Murphy, 6 surveyors and 3 soldier
surveyors. The camp’s operations lay iu the western centre of the party’s.
area, in district Sitapur.

Mr. Cooper’s camp consisted of 7 surveyors and 2 soldier surveyors. The
camp’s operations lay in the eastern centre of the party’s area, in districts-
Sitapur, Lucknow and Bara Banki.

Towards the end of the field season, a slight redistribution of surveyors
was found pecessary to complete the work.

The average rate of plane-tabling (excluding the time taken by the men in
morching to their work), was 36'89 square miles per mensem for survey and
66-34 square miles per mensem for supplementary survey.

The cost-rates were as under : —

Detail survey, 1-inch scale, 5,807 square miles at Rs. 10:04 per square mile..

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

Cantonment Surveys.—This section was under Mr. C. E. C French with 2
computers, 5 surveyors, 2 draftsmen, 1 typer and 55 menials,

The only Cantonment taken up during the year under report was that of
Quetta.

We were requested to carry out the following surveys : —

(@) The survey of Quetta Cantonment on the scale 16 inches=1 mile,,
area about 17 square miles.
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(b) A survey of the Fort, scale 50 feet = 1 inch, area about 53 acres.
(c) A survey of some 700 acres of waste land lying north-west of
cantonment limits for the extension of ranges.

The 16-inch map of the cantonment was to show contours at b fect verti-
cal interval,

Later on we were requested by the Civil authorities to do a survey of
Quetta Oivil Station on the scale of 16 inches to 1 mile comprising an area of
about 1,100 acres.

These surveys are still going on, but the field work should be completed by
December. The fair drawing is being carried on, where possible, at the same
time as the field work. :

Proofs of b cantonments were received for colouring during the year, viz. : —
Allababad, Hyderabad, Risalpur, Loralai and Fort Sandeman.

The area surveyed during the season and cost-rates are not yet available,
as the survey of Quetta Cantonment is not completed.

The total cost of this section for the year was Rs, 21,206.

Recess duties.—All fair maps of the sheets surveyed during the field season
were completed and sent for publication before the end of the recess. This was
a considerable improvemeut on last season as no sheets were sent for publica-
tion before the end of recess last year. The previous season’s work had how-
ever been a useful experience, and by altering the system, we were able to
complete our fair mapping of 22 sheets during the recess.

RIVERAIN DETACHMENT.
By Mn. Maya Das Puerr, R.S.

The office of the detachment remained at Multan itbroughout the field
» P.EﬂfwlN;EL- season, and returned to Lahore on 20th
rovincial Officers. June 1912 forrecess. It was shifted again

My, Maya Das Puri, R.8,, in charge.
Mr. Moqim-ud-din.
Upper Subordinate Service,
Mr. Chuni Il Kapur.
Lower Subordinate Service.
2 Surveyors.
35 Traversers.
26 Draftsmen,
27 Computere.
2 Clerks,

SETTLEMENT STAFF.

Malik Wali Ram, Takstldar.
Mir Nazir Ahmed, do.

Mchte Gand Rom, Naid Taksildar.

Malik Ahmedyar Khan, ditto.
Sheikh Malbab Ali, ditto.
Chaudhri Jalal Din, ditto.
Chaudhri Imam Din, ditto.
Mian Ghulam Mwitaza, ditto,
28 Kanungos.
120 Patwaris.

1 Reador.

1 Ndzir.

3 Clerks.

0 Moharrirs.

1 Sub-Assistant Surgeon.

to Muitan on various dates during Septem-
ber 1912. ‘

The riverain area under survey was
brokeun, shrubby, sandy, and marshy.
Portions of villages, situated above the
high banks, were well cultivated, and parts
of the Una and Garhsbanker tahsils were
hilly.

The Lower Bari Doib tract was flat, in
parts heavily wooded and covered with
forest reserves and small sand hills, sparse-
ly inhabited towards the north near the
Ravi: and mostly waterless and unpopu-
lated. '

The ficld season commenced on 1st
October 1911, and closed in the middle of

June 1912. The Lower Bari Doab work was re-started on the 1st of Scptem-

ber 1912,

The health of the dolachment was geod all round the year. Two khalasis

and two computers died.
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I. The Riverain Survey.

(a) Work done for the cadastral surveys of Riverain estates.

The detachment continued its work of traversing and laying down base

lines during the year. 33295 linear miles of main traverse, and
191126 linear miles of minor traverse were run; 8,641 theodolite
stations were fixed along the banks of the rivers Sutlej, Ravi,
Chenab and Jhelum in distriots Hoshiarpur, Ambila, Ferozepore,
Lahore, Montgomery, Sialkot, Gujrat, Shabpur, and Jhelum;
and 492 corners of 164 squares were marked with permanent
mark-stones on both banks of the Sutlej and the Jhelum to serve
as bascs for the future demarcation of boundaries in the bed of
the rivers. 1,997 plotted and 485 boundary masdvis, (settlement
mapping sheets), of 328 villages were ocompleted, and 30 four-
inch shects were traccd and supplied in time to the Settlement
Officers of Hoshiarpur, Una, Ferozepore, Sialkot, and Shahpur.

Besides these 129 miscellaneous traces were prepared, and all the traverse
stations, laid out during the season, were plotted on 28 four-inch sheets.

The following two tables show the outdoor and office work dome for

cadastral survey : —

A—OUTDOOR WORK.

Seales 200, 220, 1913, and 190 feet = One inch.

MiNom TRAVEREES
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‘ . (O
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B.—OI'FICE WORK.

11

Name
of

River.

Sullej .

Sutlej .

Jhelum

Ravi

i Namo |
! of
District.

Scale.

) )

. I Ferozepore . 200 feet=1 inch

(1 Hoshiarpur . 1191% ,, =1
I and

3
L‘ Ambila

oo, =1
.’[Shahpur L2220, =1
Sialkot L2200, =1
!

} x ToraL

i No. of

“ 1 (:oml:l“‘?‘l
N\Zttzfd' - mosdvis
\n}’aaﬁvil-l i!h_OW“'!E
.‘ | Riverain
i boundaries,
" G2 \ 190
LT D
| ?
EESEN 61
i l
YR 123
i R
l\ 185

.i1,997
|

|
|
|

|
n
|

4-inch sheets
traced for | No. of 4-inch
the e of sheets on
Settlement | which new
Officers, (acale; work was
4 inches=oue; plotted.
mile.)
8 S
S 6 ~
6 6
N N
l 30 28

Besides these 129 miscellaneous traces were prepared during the year.

(b) Work done for the 4-inch compilation of Riverain boundaries.

20 shects were plotted and compiled, 23 sheets finally completed, 10 sheets
typed ; and 371 villages were reduced by pantograph to the scale 4 inches=one

mile,

The progress of the work is clearly shown in the table below : —

’ No. of No. of
Name of Name of sheets sheets No. of REMABKS.
River. the series. plotted ard finally sheets typod.
compiled. examincd.
Jullundur. ’ 3
Sutlej Ferozepore. |
__ Hoshiarpur. I 1 Sy
Sutlej Ambala.
Ferozepore. 1 1 .
Suflej “Kapurthala State.| In addition to these
' sheets the settlc-
Jhelum. 2 i ment maps of 371
Jhelum "7 Shahpur. | villages were re-
duced by panto-
Jhelum Shahpur., 9 graph.
___ Jhelum, 4
Jhelum G ujrat.
Shahpur. ; 5
Chenab . Gujranwala. | |
Rawi .| Montgomery. } 15
I
Ravi Lahore. | 6
Ambal, |5
Jumna Saharanpur and ‘) i
Karnal. [ ‘
Totar o 20 23 10
!
>
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II. The Lower Bari Doab 25-acre Rectangular Survey.

This work was carried over the remaining tract commanded by the Lower
Bari Doab Canal. The Settlement Staff continued joining the detachment
till late in December 1911, and consequently a considerable time was spent in
training the hands. As after May 1912 it became very difficult to work out
during the day time on account of excessive heat, scarcity of water, and dust
storms, the field operations were temporarily stopped in the middle of June 1912
and restarted on the 1st of September 1912.

The whole of the Settlement Staff was employed on this class of work ;
and the two Sub-Assistant Superintendents with 20 traversers assisted in
forming blocks of 80 to 100 rectangles.

In all 55,000 (fifty-five thousand), 25-acre rectangles were broken.
Nearly 40 per cent. of the work was tested by the Naib Tahksildars, Tahsildars
and the Survey Officers ; and 15 per cent. was checked with theodolite traverse,
4,782 linear miles of traverse were done and 13,788 theodolite stations were

fixed.
The maximum linear error admissible was one in every five hundred

except in very few cases where the error was allowed a little heavier than this
from base to base, because the traverse values from which the bases had been
originally computed we e not so good ; and it was not possible to better them
then. The base line pillars were shifted and put right wherever they were
found out of their true positions. This retarded the progress of work con-
siderably.

As the initial bearing of the basc lines was doubtful within 5’, and there
was also linear error in the work, in several cases the angular work between two
bases generally 10 to 12 rectangles apart, was closed by allowing %’ per corner
of a rectangle, or 1’ per theodolite station while breaking the intermediate rect-
angles. In all such cases the angular work of traversers was carefully checked
in order to ascertain that there was no serious error in their work.

With the view to save time and unnecessary labour 100 feet instead of
66 feet chains were used in the Lower Bari Dodb computations for the purpose
of cutting the 25-acre rectangles.

The method of distributing errors and general procedure adopted, was the
samc as described in the last year’s report.

The riverain main circuits on the Sutlej were connected with Karni Khera
T. 8, and Pir Ghani T. 8., and on the Chenab with Jeto . 8., Bala T. S
Badulapur T. 8., Hela T. 8., and Ranjit Garh 'T. 8.

The Lower Bari Doab traverse was connected with Mega T. S. for laying
out extra base lines ncar the Ravi river.

‘9

The average ervors in the riverain work were :—

(«) Main circuits.

Angular error 37°2 per station.

Linear error 0-10 link per 10 chains.
() Minor traverses.

Angular error 2” per station.

Linear error 0-38 link per 10 chains.
{c) Base lines.

Error per corner 3 fect in divect distance, when compared with its
Lhieoretical value.
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The temporary riverain khaldsis were paid directly by the Settlement
officers concerned. The total expenditurce of the detachment from 1st October
1911 to 30th Scptember 1912, excluding the pay of the above men, was
Rs. 2,26,002 as detailed below :—

Rs.
Riverain . . 24,969
Tower Bari Doab ., 2,00,981 (¢.c., annas 234 per acre).
Delhi Survey . 52
ToTaL . 2,26,002

THE SPECIAL DELHI SURVEY DETACHMENT.

By Masor C. H. D. Rypegr, D.S.0, R.E,

Owing to the transfer of the Capital of India from Calcutta to Delhi, a
Town-planning Committee was sent from England. In order that all informa-
tion should be ready on their arrival, a detachment was formed to carry out
the work. This detachment was in charge of Lieutenant A. A. Chase, R.E.,
with Syed Zille Hasnain, the officer in charge of No. 17 Party, in charge
of the levelling.

On the 18th of March orders were issued for a revision survey on the
4-inch scale together with contours at 5 feet vertical interval of Delbi and
the vicinity. 18 surveyors, 3 provincial officers and a levelling detachment of
4 levellers and a provincial officer in charge arrived in Delhi, the forme: by 30th
‘March, the latter by 29th March.

It was decided that the area should be revised on blue prints on drawing
paper of the old 4-inch Revenue survey in the ordinary way. These blue
prints arrived in Delhi on 29th March.

It was pointed out that the Town-planning Committee would arrvive on
the 14th April, and that, as the Committee could do little without the aid of a
4-inch contourcd map, it was essential that copies should be got out with the
utmost expedition.

As the copies of maps were urgently required, it was decided to send in 3
plana-tables eacht night by 9 P.M. to liead-quarters, where these were traced
during the night and returned to the plane-tablers by 5 A1, so that the
traces kept pace with the survey.

The exact area to be surveyed could not be actually defined until the Com-
mittec arrived, but it was realized that there was information regarding levels
north of Delhi and none south, and that what is kuown as the * southern site "
was the more important, and so it was decided to concentrate the surveyors
and levelling detachment south of Delhi, aud to rely on the existing 2-inch
survey of 1910-11 and Trrigation Department levels for the north of the city.

As there were not suflicient triangulated heights in the area under revi-
sion, the surveyors were instructed to leave the contouring until the detail was
surveycd, and the levelling detachment were instrueted to run in the meantime
a network of levels which would give lines most useful to an engineer, as well
as giving numbers of heights to surveyors.

Level lines were therefore run along nullahs, and in sonie few cases along
ridges, traces of the level lincs with descriptions and reduced levels were given
to thie sarveyors concerned at the end of cach day’s work to enable the latter to
fix the position of these on tlie plane-tables as their work progressed.
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On April 24th, the Committce gave their opinion that the area being
revised was probably sufficient for their purpose.

The detail survey was finished by April 25th, and by this time levels
had heen run practically all over the area under survey and over whioh Irriga-
tion Department levels were not available.

On the #th May, the Committee decided that the area under revision
should be extended slightly. Levellers and surveyors, who had practically all
con:o in to head-quarters by this date, were sent out to do this extra detail,
whioh it was decided to insert on the traces, after copies of the area first agrecd
upon had been delivered.

By the 5th May the contouring was finished, and on the 7th of May the
traces were sent to Calcutta for a vandyked edition, 30 copies in black and
brown being delivered into the hands of the Committee on the 13th of May.,

On the 22nd of May, the extra area had been levelled, surveyed, contoured
and inserted on the traces, and these traces have since been sent for a further
edition in black and brown with level lines surprinted in red.

The map was fair drawn in four sheets with great rapidity, and the Town-
planning Committec were supplied with all the copies required.



HENRY CHARLES HUBERT COOPER,

Born—5&th August 1874,
Died—27th November 1912,
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SOUTHERN CIRCLE.
(7Vide Index Maps 2 and 5.)

The Southern Circle was under the superintendence of Brevet-Colonel
1, ¥. B. Renny-Tailyour, C.8.I., R.E., throughout the year.

The circle consisted of Nos. 5, 6, 7 and 8 Parties.

During the year 9,115 square miles were surveyed, 7,614 square miles were
triangulated and 889 linear miles were traversed by theodolite. The canton-
ment of Santa Cruz was also surveyed.

The survey consisted of : —

5,670 square miles of 1-inch survey.

1,329 » a3 Yevision survey.
1,341, s s l13-inch survey.
119 ,, » » »  rovision survey.
656 »w » 2-inch survey.

The smallness of the outturn is principally due to the partics being under
strength, to the large arca and the difficult nature of the reserved forests and
to the extremely intricate character of the country along the west coast of
Madras.

Descriptions of experiments as regards the plane-tabling and fair mapping
are given in the reports of Nos. 6 and 7 Parties.

Note.—The following method of msunting a mill board for plane-tabling was suggested by Mr. A, Ewing
and was given a trial, with very satisfactory results, during the field season in this circle : —

(i) Cut down a piece of mill board to 30 inches X 24 inches, that is, to the size of a plane-table.

() Paste sheets of raz-litho paper firmly on both sides of the mill board. This is done to avoid the
colour from the mill board staining the drawing paper whea mounted.

(iif) Paste a sheet of 210 lbs. drawing paper 30 inches x 24 inches on to the centre of a piece of malmal
or any fine white cloth 42 inches X 36 inches. This should be done on an ordinary table, the cloth should firat
Ve washed and, after the drawing paper bas been pasted on to it, ehould be stretched and pinned down to the
table and allowed to dry for a couple of days.

(fv) The mounted sheet of drawing paper shoull then be lightly pasted on the mill board.

(v) Cut the cloth that projects round the mill board into stripe about 4 inches wide and paste alternate
strips under the mill board.

(vi) The mouated mill board should, if possible, be passed through a printing press.

(wis) Project and plot the board.

(viii) Place the mill board on a plane-table and paste the other strips, refecred to in (¢), under the plane-
table, but only about 3inches at the ends of the strips should actually be pasted, so that, when the plane-table
cxpands or contracts in the field, the loose cloth will give to it.

N.B.—When working in a very damp climate the mill board should be varnished and allowed to dry before
hoing mounted. Metal cocmer clips could be used for fixing the mill board oa the plane-table, but pasting is
beiter as a surveyor can very easily take off the mill board and repaste it if he finds that the mill board does
not lie lat on the plane-table.

No. 5 PARTY (CENTRAL PROVINCES).
By Lisutenant K. W, Pyg, R.E,
The programme of the party included survey and revision survey on the
PERSONNEL 1-inch scale and triangulation in parts of
Imperial Officers degree sheets 55-1, 55-J, 55-K, 55-O and

Major C. L. Robertson, CM.G., RE, tolotn 61-A, comprising portions of the Gwalior

March 1912, and in chargeto 318t January 1912 - :
and from 11th March 1912 to 19th March 1017, 20d Bhopal States of Central India and

Licutenant K. W. Pye, R.E., from 18t Januar 0 ala ) :
1912, and in oharge from Tst ¥ebruary 1912 tz of the I:OShang%bdd’l Nzusmghpur, Chind-
10th March 1912 and from 20th March 1912,  wara, Seoni otal, Nagpur 3

Licutenant C. G. Lewis, R.E., from lst Janc  ° ! . ! . aspur, Bhandira
1919, and Jubbulpore districts of the Central

Lieutenant (. F. Nation, R.E, {o 2 0 - .
|i\:){3;1.nn Nation , {0 2nd Decemnber Provinces.
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Provincial Officers.

Mr. F, P. Walsh,
M: J H. S. Wilson from 20th May 1912.
Mr. . MoA'Fee Fielding from 23nd May

191’
Mr. P. Kennegy from 15th Novomber 1911 to

80th June 1912,
Mr. C. West.
Mr. F. C. Pilcher.
Mr. Munshi Lal.
Mr. C. O. Picord.

Upper Subordinate Service.

Mr. Eknath Dattu,
Mr. Ram Narayan Hastir.

Lower Subordinate Service.

23 Surveyors.

3 Soldicr surveyors.
3 Computers.

2 Pupil surveyors.
2 Clerks.

which had been commenced in the previous year.

work was made :(—

No. 1 camp, sheets 55 .~

I

23,47
J
6,7,

No. 2 camp, sheets 55

Narsinghpur districts.

No. 3 camp, sheef;s 551 and 55,";

RECORDS OF THE SURVEY OF INDIA, 1911-12,

[Vor. 111,

Sheets 55 -+ and 53 5535 contained
some very broken and difficult country, the
country in sheets 66 ; and 55.° was flat or
undulating, while in thc remainder of the
sheets the country was of a varied nature,

The field season opened at Jubbulpore
on the 3rd November 1911 and closed at
the same place on the 8th May 1912.

During most of the field season the
head-quarters of the party was located at
Pachmarhi.

The health of the party was fair.

Topography.—To carry out the 1l-inch
survey three camps were formed while
two surveyors working independently
were deputed to complete the area for
revision survey in the Jubbulpore district
The following allotment of

in the Gwalior and Bhopal States.
; in the Hoshangabad, Chindwéra, Betal and

in the Bhopal State and in the

9,13

Hoshangabad and Narsinghpur districts.

Revision survey, sheets 64

2307

in the Jubbulpore district.

The survey of all the above sheets was completed except shect 6562 which

remained unfinished at the close of the season.

The outturns were 2, 669 square

miles of 1-inch survey and 904 square miles of 1-inch revision survey, making

a total of 3,473 square miles.

Triang Julation —Three ofﬁcers were employed on triangulation and com-

pleted sheets 55,5, and 55
Seoni districts.

zaaem

in the Nagpur, Bhandara, Chindwara and

The country extended over the long southern wooded slopes of

the Central Provinces plateau down to the low undulating country round
Nagpur. The area triangulated amounted to 2,492 square miles.

Recess duties. —The mapping of the revision sheets 64
over to the Southern Circle Drawing Officc and ten sheets, viz.,

55 Was handed
Hb ;-

234‘78

and

B5 155 were left in hand for fair drawing, these latter sheets were completed

by the cnd of the recess.

Of sheet 55

which contained the heaviest work of

7

any sheet, the party was fortunatc in obtaining enlargements on tracing paper
sufficiently true to scale to enable them to be pasted on to the prick-off shect

and vandyked direct.

Of one other sheet half was enlarged and printed on

drawing paper as a direct drawing print, the other half being transferred by
hand, while the remaining sheets were prepared by the method of vandyklng

traces.

The computation of the triangulation for the ensuing season’s work was

completed during the recess.
with tables of data werc prepared.

Threc degree charts, viz.,, 66 1, 556 M aud 54 P,
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No. 6 PARTY (BERAR AND HYDERABAD),

By Mason H. Woop, R.E.

The work of the party continued in the previous theatre of operations, viz.,

PEnsoNNEL.
Imperial Officers.

Major H. Wood, R.E., from 17th December 1911
and in charge from 19th December 1911.

Lieutenant K. W, Pye, R.E., to 31st December
1911 and in charge to 18th December 1911.

Lieutenant C. F. Nation, R.E., from 3rd
December 1911 to 3rd April 1912.

Provincial Officers.

Mr. J. H. S. Wilson to 19th May 1912,

Mr. P. R. Anderson to 15th October 1911.
Mr. E. A. Meycr.

Mr. F. B. Kitchen.

Mr. R. R. Gildea.

Mr. J. O'C. Fitzpatrick.

Mr. A. J. Moore.

Mr. A. V. Dickson from 14th October 1911.

Upper Subordinate Service.

Mr. Dharmu to 220d May 1912 and from 23id
August 1012.

Lower Subordinate Service.

19 Surveyors.

1 Soldier surveyor.

1 Draftsinan.

6 Traversers.

2 (Computers.

6 Pupil surveyors.

2 Clerks.

1 Sub-assistant surgeon.

Berar and Hyderabad.

The scenc of survey lay in the valley ol
the Penganga river and the hills lying to
the north and south of it. The country
on the west of the area was mostly open
plateaux but, where they descend, the fall
to the river is abrupt, and here the streams
have cut deep ravines, making the country
intricate and broken.

The field scason began on the 14th
October 1911 and closed on the 8th May
1912, lasting practically 7 months but, as
the traverse camp began work a month
before thc rest of the party and one
triangulator remained out until the middle
of June, the field season for a considerable

‘portion of the party was nearly 8 months

in duration. The head-quarters of the
party was located at Basim.

The health of the party, notwithstanding
the fact that for the greater part of the
season it was working in the unhealthiest

part of Berar, was good; the surveyors
and khalasis suffered to some extent from fever, but these attacks did not last
long and were not severe.

Topography.—As a considerable area of the country that would fall under
survey in the next 2 or 3 years consisted of reserved forests, it was decided to
survey as much of these forcsts as possible in advance of the general programme,
This plan was adopted as much of the forest arca is in small patches with very
complicated boundaries and it had been found necessary to survey large arcas
outside the forests so as to adjust the margins of the work on the two scales.
By surveying the forests in the year previous to the general survey on the
1-inch scale it will only be nececssary to survey on the larger scale up to the
forest boundarics as during the recess the forest swrvey can be reduced by
photography to the l-inch scale and the results transferred to the 1-inch
plane-table sections in blue. The surveyor will use this in the ordinary way laid
down for treating previously surveyed forests.  This plan will also expedite the
fair mapping as all the country will be on the 1-inch plane-table sections and
there will be no troublesome adjustments on the traces between reductions and
cnlargements. Tor this reason the whole party, with the exception of the men
under instruction and a few of the younger hands, was employed after Christmas
entirely on forest work which fell in the area proposed for survey in the year
1912-13.

At the beginning of the season the surveyors were formed into two camps
under Messrs. Wilson and Kitchen and were employed practically entirely on

D
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1-inch work. After Christmas when the forests became more open, one camp,
consisting of the men under training with one or two young surveyors, was
formed under Mr. Meyer to complete the 1-inch programme, while the rest of the
party was divided into two forest camps under Messrs. Wilson and Kitchen.
A month before the close of the season another forest camp under Mr. Gildea
was formed to survey a detached area.

With the exception of about 100 square miles of forest for survey on the
2-inch scale, the programme of the party was completed. Sheets 56, 7 were
completely surveyed on the 1-inch and 2-inch scales and in addition the reserved
forests in sheets 56 | N 1F4 ,; and 56 1,;3. The outturn of survey was 1,745 square
miles of which 408 square miles were executed on the 2-inch scale. The out-
turn per man per mensem (excluding men under training), was 19-2 and 81
square miles on the 1-inch and 2-inch scales respectively; this shows a falling
off on last year on the 1-inch scale but an improvement of over 60 per cent. on the
2-inch scale. The lesser outturn on the small scale is accounted for by the fact
that the ground was more difficult and also the better men were for the greater
part of the season employed on the 2-inch scale. This latter reason also
accounts for the improvement on the larger scale which was also helped by the
fact that the individual forests were much larger in area.

Triangulation.—Triangulation was executed by three officers, only two of
whom however were employed at the same time. Sheets 65 .7 —— and
56 4, amounting to 2,800 square miles, were triangulated. The country was
on the whole open and should not prove difficult to survey.

Traversing.—707 miles of reserved forest boundaries were traversed by
theodolite and plots made on the 4-inch scale. The traverse camp under
Mr. Meyer took the field a month carlier than the rest of the party and five
temporary traversers were engaged for 2 months so as to enable the work to be
done in advance of the detail survey.

Cantonment Surveys.—The cantonment of Santa Cruz, which had been
traversed at the close of the field season 1910-11, was surveyed on the 16-inch
scale at the beginning of the ficld scason under report. It is of very small
extent and did nof take long.

Recess duties.—All the five standard sheets surveyed, wviz. :--sheets
56 -, » 5 Were fair mapped during the recess and in addition a sheet was drawn
of the Santa Cruz Cantonment.

The computation of some of the intersccted points of the triangulation was
not completed nor was the final adjustment of about 180 miles of the forest
traverse. This latter could not be done as it was executed in country which
was triangulated in the year under report and the computations were not ready
in time. Thesc arrears are of no importance as the work is not required during
the ensuing season.

Norgs. —Bristol boarda and drawing paper mount-d on mill boards were used during the field season for
the field sections. A report has already been submitted on the results achieved and only the conclusion arrived
at need be referred to here, this was that, in the very dry atmosphere in which this party works during the
field season, bristol boards were freer from distortion than drawing papor mounted oa :nill boards and both were
better than drawing paper monnted direct on to the plan--table as in the old method. Tho best method of
mounting the bristel board was found to be to merely hold it down (o the plane-table hy corner clips leaving it
quite free to expand or contract, in all directions. When left perfectly free, expansion, etc., ecems to be aimost
proportional in all directions but, if it is fixed in any way, distortion invariably takes place. Bristol boards will
Yo used almost entirely for the field sections during the ensuing year and they will all be mounted so as to allow

free expapsion, etc., eight aluminium plane-tables will, it is hoped, be also available for use and they seem to
offer at present the bust solution of avoiding distortion in the field sections.
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An experiment was tried this year of drawing all the fair sheets on bristol board. The stiff board which
cannot be bent is somewhat difficult both to draw and type on and also to examine, but this defeot cannot be said
to countcract the manifold advantages this board hns for drawing on. Whether this advantage is an inhe-rent
feature of bristol boards or whether it is due to the exceptionally smooth surface I am unable to say, bat it is
undoubtedly easier to draw finer and better lines and to type better on it than on the old pattern thick rough
sarfaced drawing paper. The thinner and more flexible hoard is the easier to manipulate.

A second experiment was tried in the fuir mapping during this year, namely, the typing of all names, eto.,.
that will appear in black on the published map on an entirely separate sheet. This was tried in the hopes that
a better published map would result as the reproduction office can give different exposures for the fine drawing and
the relatively coarser typing. A final decision as to the result can only be given when the sheets are publighad
but incidentally the experiment has certainly shown that the typing of names, etc., separately is a great advantage
in o party office. Drawing and typing can go on simultaneously and, the typing being spread over a long time,
only the more efficient men need be employed on it. Under the old system practically every man who had the'
smallest knowledge of English and typing had to be employed towards the end of the recess to get the sheets
finished. Also a badly typed word can be erased and typed elsewhere without spoiling any of the drawing, wkile
better typing is also done. There is nothing else on the sheet to distract the attention so the work can be better-
criticised and cxamined. The method undoubtedly will throw extra work on the reproducing office as an extra
plate has 1o be prepared but, as the registration has not to be very exact, this, except for the extra labour involved
need not be a troublesome business. Even if the published map is no better I think the system a very good one’
and T would certainly like to try it again another year.

Experiments were algo tried to find out which was the most convenient method of drawing the traces. The
old method of preparing a scparate trace for cach 5 minute square with separate traces for the detail and hill
work is undoubtedly disadvantageous when the traces are transferred by vandyking, (an is adopted in this party)
instead of by hand as in the older metliod. It was thought that meking one trace for the whole sheet would Oﬁye;.
most advantage, but experiment has shown that a trace on the I3-inch scale fora whole 1-inch sheet is too larga
and too cumbersome. It gets bent and creased in the preparation and even more xo during the examination which
is only Jone with great trouble. The general opinion after trying all possitle groupings is that a strip of three-
§ minute squares horizontally is about the best, but the shape of the original plane-table seotions also affects the
question. Another good arrangement is a block of 4 squares with a strip of 3 horizontally and another strip of 2
vertically. 3 squares horizontally or a square block of 4 seems to be about the limit which convenience of handling
imposes. Both hills and detail should be drawn on the same trace. It is advisable to use green instead of bluer
for perennial streams and other water on the traces, while boundaries for jungle and cultivation limits are best
shown by fine green and yellow lines. The drawing of roads in fine lines on the fair map is helped by ehowing
all the ronds on the trace in single lines, differentiating one class from another by different arrangements of
breaks in tl:e lines and if necessary hy also writing their classification alongside in fine lettering on thetraces
By using a ¢ingle line in the centre of the road the lines of double lined roads are easior to draw finer, ns the peu‘
cannot be made to run ‘as well over the blue vandyked lines as on the plain drawing paper and nlso the thickness.
of the inked line cannot be so well judged.
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No. 7 PARTY (MADRAS),
By Mgp. W. M. Gosmax.

PERSONNEL. The sphere of operations of the party
lay in Madras, Mysore and Coorz. The
work consisted of survey on the 1-inch,
1l-inch and 2-inch scales, revision survey
on the 1-inch and 11-inch scales and trian-

gulation.

Imperial Officers.

Captain C. P. Gunter, R.E, in charge from
1st June 1912 to 30th June 1912.

Licutenant J. D. Campbell, R.E., from 1st June
1912 and in charge from 1st July 1912.

Provincial Officers.
Mr, W. M. Gorman to 10th June 1912 and in

charge to 3lst May 1012,
Mr. J. O'B. Donnghey to Gth February 1912
and from 1st June 1912.
Mr. P. R. Anderson fromn 1st February 1912.
Me. H. D. W. Stotesbary.
Mr. H. H. P. Butterficld,
Mr. J. C. St. C. Dollett.

Upper Subordinate Scrvice.

Mr. Abdul Hakk, IK.S.
Mr. K. Mandanpa.

Lower Subordinate Service.

19 Surveyors.

2 Soldier sarveyors.
1 Trnverser.

1 Computer.

1 Typer.

5 Pupil surveyors,
2 Clerks.

The nature of the country was ex-
tremely varied, from the low, undulating
and intricate country on the west coast
consisting of cultivated valleys fringed,
with dense groves of palms and dotted with
innumerable huts, to the densely wooded
foot hills and bold crests of the Western
Ghats and further east the undulating
Mysore platean.

The field season started on the 26th
November 1911 and closed on the 29th
May 1912, The head-quarters of the party
was located at Mangalore.

D2



20 : RECORDS OF THE SURVEY OF INDLY, 1911-12. [Vox. III.

The health of the party was good during the field season with some excep-
tions. Tue health during recess has been fair.

The area surveyed fell in the South Kanara and Malabar distriets of
Madras, in the Hassan and Kadir districts of Mysore and in the Padinalknad
tiluk of Coorg. The work was divided into three camps each under a provin-

eial officer. .

Sheets 48 ;3."1";"15 and 48 -, 3;';_1.;,,-5-, amounting to 2,258 square miles, were
completely surveyed and a portion of sheet 48 -+~ amounting to 89 square miles,
was also surveyed, making a total of 2,347 square miles.

Triangulation.—Triangulation was carried out by one provincial officer in

the Salem and North Arvcob districts of Madras and in the Kolar district of
Mysore. Sheets 57 54557 amounting to 2,321 square miles were completed.
The country triangulated is for the most part open, flat and cultivated except-
ing where the Mysore plateau falls away to the plains where there are forest-

clad hills.

Recess duties.—The fair mapping of the coast sheets is arduous owing to
their extremely intricate nature. The fair mapping wes divided into three

drawing sections with an average of thrae sheets each. Sheets 48 - "\, were

completed during the year under report, and it is hoped that the remainder of

the sheets surveyed, wviz., sheets 48 L and 48 ﬁzﬁl-l;m', will be submitted by
the middle of November 1912,

The computation of the triangulation of sheets 57 ,,‘5_-3;.:'3;7,; 7.4 has been
completed and there are no arrears of computations. One triangulation chart
1S K has been practically completed and will be submitted before the end of
the recess. It has been impossible to bring the triangulation charts of the
party up to date as there has heen no officer available for the work ; the pre-
parations for the field season having taken up a good deal of time during the

recess owing to the large number of 4-inch forest sheets which have had 1o be
veduced and inked up, ete.

NoreE.—A new method of obtaining bluc prints for fair mapping has been tried and found successful.
A sheet was projected on drawing paper on the 1-inch scale. The plane-table sections were traced and, the
correct graticnle having first been traced fromn the projected sheet, the necessary adjustments were made to eli-
winate distortion. ‘Lhetraces were then mounted ob the projected sheet, the whole was enlarged by photo-
graphy to the 13-inch scale and two blue prints were obtained for fair mapping, one for outline and one for hills.
Separate traces are usually made of each 6 minute squarc but if convenient they can be made of larger arcas.
This new method has advantagee over the method hitherto employed which is somewhat similar except that
the trac2s are made from 14-inch enlargements of the plane-table sections, the traces are mounted on o 1}-inch
projected sheet and the blue prints are obtained by vandyking. The advantages of the new methol are that
the amount of photography is reduced, the vandyking is done away with, the resulting blue prints being obtain-
»d by photography are superior to those obtained by vandyking, the traces can be commenced sooner and the
tracing is easier and quicker as there ie leas arca to trace and the plane-table sections being in colour are much
clearer thao tho 1}-inch enlargements. An additional advantage is that the plane-table scctions have not to be
photographed, and can consequently be completely coloured up in the ficld. A disadvantage is that the traces
have to be more carefully and finely drawn (han those on the 13-inch scale, and probably the work could not be
satisfactorily dome by inferior draftemen, for this reason it may not always be possible to employ the new
rethod for every sheet.

1f a plane-table section be suitable for enlargement for the direct mapping process in overy respect exeept
{hat it is not a complete sheet it is probable that, by roaking traces of tho incomplete portion of the shect.
mounting the traces on the plane-table section and then enlarging the plane-table section by photography to thes
1}-inch scale, ;zood blue prints of the whole shect could be obtained for fair mapping. In this casc, of conrse,
ihe plane-table section shoull not bo completely coloured up in the feld. The traaes should only be lightly
maunted «t their corners and could be subscquently removed from the plane-table scotion.
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No. 8 PARTY (MADRAS).
By Carrain C. M, Browxr, D.S.O, R.E.

PagsoNNEL. The work carriel out by the party
TImperial Officers.

Captain C. M. Brownc, D.8.0, R.E., in charge.  WaS of the same nature and in continua-

Captain R. i““‘f- L ‘ILOﬁ tion of the previous year and covered parts
rovincia Jjtcers., . ~a -

Mr. T, Waller-Senior to 28th Jannary 1912, ©f the Malabar and Coimbatore districts _Of

Mr. W. F. E. Adams. Madras and the Travancore and Cochin

Mr. E. J. Bigzie to 4th Junc 1912. K R

Mr. 8. F. Norman. States in -Madras. The work comprised

Mr. J. H. Williams from 8th June 1912. . 1 s g

Mr. M. Mahadeva Mudaliar. surveys on the 1-inch, 1-inch and 2-inch

Mr. Bal.ji Dhondiba. .

Mir. M. S, Ganesa Aigor. scales and traversing along the coast for

1 :
Upper Subordinate Service. the 1'-_)",'1110}1 scale,

Mr. Anantarao Dhondibs, R.S. . The Pambiyir eatchment area forms

Lower Subordinate Service. part of the Pandalam Hills and cxcept
i g:l‘:{:’){'o::rve)m where cxplored by the Public Works
) Draftsman. Department of Madras, it was practizally
4 Ic’;:jr‘{;‘lmsurveyom unknown and absolutely uninhabited.
1 Sub-assistant surzeon. The area is covered with ever-green forest

with densc undergrowth, there are little or no meaus of communication
and transport and labour are extremely hard to obtain as no men from the
low country will go into this area, few hill-men were obtained, and all supplies
had to be imported. The surveyors and their squads suffered from malarial
fever during the time they remained in this locality. Of the rest of the
country in the main part of the programme, the plains’ portion near the
coast consisted of flat country intersestel by numerous streams anl back-
waters, it is coveced with dense cdrcoanut plantations or is under paddy
cultivation and it is studded with innumerable scattered hnbitations, and
the hilly portion consisted of forest which becomes dens r as the elevation in-~
creases with the exception that some of the hill tops are grassy but, as in mauy
cases the grass is very thick and high, from a surveyor’s point of view, it is
cquivalent to dense jungle.

The party left Bangalore on the 13th November 1911 arriving at Alwayc
and Ernakulam on the evening of the next day. The experiment of taking
a special train was a great sucoess, not only was there a direct saving of money
to Government but, as it arrived with all its equipment, ctc., the pariy could
take the fisld without any delay. No advance party was needed and drawing
went on with the full strength of the party up to within two days of leaving for
the field. The head-quarters of the party was located at Pirmed (Peermade) in
the Travancore State until the 14th May 1912 when it returned to Bangalore.
Field work closed with one cxception in the last weck of May and the recess
s~ason was opened in June.

The health of the party was on the whole good, considering the country
in which it was working, uutil towards the end of the season when most of the
members of the party suffered in one way or another. Two khalasis died.

Topography.—The work was distributed am>ng camps as follows :—

Camp No. 1 was under Mr. Waller-Senior uuatil the 28th January 1912
and from then until the cnd of the season under Mr. Biggie. The camp was
employcd on the survey of eheets 58 % in the Cochin and Travancore States
and in a smnll portion of the Coimbatore district. The whole area was suar-
veyed on the 1-inch scale excoptl the 85 square miles of the Anaimalai reserved
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forest whioh formed the small portion of the Coimbatore district above men-
tioned and which was surveyed on the 2-inch scale as the old 4-inch forest map.
was acknowledged to be inaccurate.

Camp No. 2 was under Mr. Adams and undertook the survey on the 11-
inch scale of sheets 58 S~ in the Malabar district and in the Cochin aund
Travancore States.

Camp No. 3 was under the charge of Mr. Balaji Dhondiba and completed
the survey on the 1-inch scale of sheets 58 ~,,;C,3~ in the Travancore State and of
the portion remaining unfinished from last year in sheet 58 % in the Cochin
State.

Camp No. 4 was under the charge of Mr. Anantarao Dhondiba, it com-
pleted the survey on the 2-inch scale of the Pambiyar catchment area which
falls entirely in the Travancore State and then worked on the 1l-inch scale in
sheet 58 —»— in the Travancore State.

There is a comparative absence of village sites in the Malabar district and
in the Cochin and Travancore States in spite of the density of their population
which live for the most part in scattered huts. As it is impossible to show all
these huts on the 2-inch scale owing to their numbers, the more important and
prominent ones are now distinguished at the time of survey with a view to
showing tkbem, if possible, on the degree sheets, this was not done previously to
1910-11 and in consequence, at the close of the field work this season, the
whole of the 1-inch sheets in degree sheets 49M and 49N were gone over on
the ground aud the huts, for showing on the L-inch scale, were marked on the
1-inch sheets which were issued to the surveyors for that purpose; the diffi-
culty was not thought of until after the sheets had been surveyed and any
selection, except on the ground, would possibly have resulted in the omission of
large masonry houses, etc., whilst merely grass buts might have been shown.

Sheets 58 ;57 and 58 1551~ were entirely surveyed, the survey of
sheet 58 - was completed and sheets 68 £ and 58 & were partially
surveyed ; the portion completed in 58 £ comprised the survey of the
Pambiyar catchment area which completes the material for the special com-
bined map on the 2-inch scale of the Periyar and Pambiyar catchment areas.
1,202 square miles were surveyed on the 1-inch scale, 252 square miles on the
11-inch scale and 66 square miles on the 2-inch scale. The total area surveyed
was 1,550 square miles and is greater than that of last year by 263 square
miles. The extraordinary difficulty of the country from a surveying point of
view made it impossible for any of the surveyors to turn out anything but a
small portion of their usnal work.

Trianyulation.—No new triangulation was undertaken there being more
than sufficient for the next two years.

Trarersing.—Traverses, with branch traverses, were run along the coast
from Cochin to Alleppey and thence to Quilon to give points to plane-tablers
in sheets 58 (—, a total of 182 linear miles. Along the coast in these sheets
the couniry is flat and low lying, covered with palm groves and intersected by
streams. the triangulation could not approach ncar cnough to pick up a suffi-
cient nwmber of points for the plane-tablers and hence the necessity of
traversing.

Recess duties.—In fair mapping good progress was made, and, at the close
of the recess, there will he no arrears except about 12 square miles in sheet
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58 -3-, where the discovery of « serious inaccuracy makes it impossible to
complete the fair drawing of the sheet until the matter has been settled on the
ground. The programmme carried out was sheets 58 ,,;,, and 58 s53, and

sheet 58 -}
Sheet 58 & was drawn as an outrigger to sheet 58 -. The whole area
comes to 1,447 square miles. In addition to the above the Ootacamund Hunt
Map on the 3-inch scale is in hand and will, it is hoped, be completed by the
end of the recess.

Triangulation charts 49 M, 49 N, 58 A and 58 B were completed this year

and 58 C is almost complete, these are all arrears of long standing.

Norg.—Last year, as reported, the use of mill boards did not prove very successful and this year the
experiment was tried of pasting a shect of rag-litho paper over the boards, which was a success, the mensure-
ments gave very little difference and the advantage of being able to take off tlie: section aud roll it up, if
desired, is great. In the coming field senson most of the boards will be mounted ic this way.

as above mentioned, completed except for a small portion.

%)

|o
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EASTERN CIRCLE.
(Fide Index Maps 3 and 8.)

This circle romained under the superintendence of Brevet-Colonel G. B.
Hodgson throughout the year and was strengthene'd by the addition of N.o. 9
Party which was transferrod from the Northern Circle. Last year the Circle
Office and Nos. 9 and 12 Parties were accommodated in the offices of the
Assam Secretariat at Shillong which had become available owing to the offices
of the local Government baving been rcmoved to Dacca. On the 1st April
1912, however, Assam having again been formed into a separate province, the:
buildings at Shillong werc again required by the local Government and four
private houses wero rented for the Survey offices at a cost of Rs. 445 per
menscm.

No. 9 PARTY (BIHAR AND ORISSY).
Byx Cor. G. B. Hopoegson, L.A.
No. 9 Party commenced work in the Singhbhum distriet and Orissa
Feudatory States triangulating an area of 7,569 square miles in sheets 73 F and

B and 72 L and surveying in detail on the 1-inch and 2-inch scales 2,5¢6-
square miles.

PrasosyEL. The field season commenced on the
Imperial Officers. 15th October 1911 when the first section of
M'lié‘t'h(j\-“’;;l Deaacley, R.E., in "'".'3" "' the party left recess quarters at Shillong ‘
Captain R. H. Phillimore, R.E,, in oherge gn{ fie]ld work continued until the 13th
rom 13th Auguat 1913. . '
Prosinsial O June 1912 owing to the backward state of
Ve, Dbani B cers. the work, though some members of the
Mr. B. C. Newland. party returned to Shillong about the
Mr. F. Byrae. .
Mr. A. K. Mitra, middle of May.
Mr. W. P, Halew

Mr. D. N. Banarji. Topography.—The greater part of the
Upper Subordinate Seroice. detail survey consisted of a supplementary
Mr. Dulbir Rai. . .
Mr. M. R Maznmdar. survey of the maps compiled from the
ur. B.D. Thaplyal. . 16-inch cadastral survey which was carried
Lower Subordinate Serrice. \ N
38 Surveyore. out partly in seasons 1895 to 1897 and
L Traverser. 1902 to 1904. .
4 Computers.

§ Soldier survegors under training. The following 8 sheets were completely

surveyed, Nos. 73 w5 covering an area of only 2,199 square miles
out of the total of 2,596 surveyed in detail.

Major Beazcley says it was impossible to separate the cost of the 3 classes
of 1-inch survey as so many changes took placc amongst the surveyors owing
to sickness and other causes and a cost-rate is not of any value owing to its
being the first season in country of a totally different nature to what the
surveyors had heen hitherto accustomed. The outturn of detail snrvey and cost-
rates are given in the tables on pages 36 and 38.
revision of 4-inch fore-t maps.

The revision survey was a

Triangulation.—The outturn of triangulation has been very large as it
was hcped that with the assistance of the excellent maps of the cadastral
survey, the outturn of the party would be at least a whole degree sheet anid
that in future 2 degree sheets would be surveyed each season. This expectation
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does not appear at all likely to be realised, the cutturn this season being parti-
cularly smail. This, however, may be ascribed to its being the first season in a
new province and to the very different nature of the country to what the
surveyors had been acoustomed to in the Punjab, where it is open and dry.
Here the country is heavily wooded excepting in the cultivated valleys and a
good deal of rain was experienced during the field season.

It has now been decided that the Native States are to be surveyed on the
1-inch scale, and a considerable improvement in the outturn is expected next
season when sheet 73F will be completed and probably the eastern half of
sheet 73B. '

The cost-rate of the triangulation is low as the whole area had been
triangulated before, and it was only necessary to re-observe at the old stations
to fix fresh stations and points, only 2 zeros being used ; also out of the 4
observers, 2 were surveyors.

Traversing.—The traversing was all forest boundary traversing. The cost
rate is very high, partly, owing to its being supervised for part of the field
season by Licutonant Huddleston who also had charge of the computations
during recess and partly, to there being no trained traversers in the party.
Surveyors had to be taught the work and much of it had to be re-done.

Recess duties.—The sheets surveyed, (viz. :— 73 W—‘;MM‘), were all
fair mapped and forwarded to the Circle office before the party took the field
again.

The cost-rate of the mapping is high as 4 officers of the Provincial Ser-
vice and 3 of the Upper Subordinate Service were employed on drawing.
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Noles on the mounting of Dristol boards and of drawing paper on plane-tables for the field.

By Cspraiy R. H. Prirrivoge, R.E.

(1) The distortion of field seetions is a great hindrance to rapid fair mapping, and laborious processes
have to be introduced for its elimination. )

() When a field section vemains true to projection, the north and south lines having expunded or ¢on-
tracted equally with the cnst and west lines, then it can be so enlarged or reduced by photography that its
graticule exactly fits the truly projected fair sheets. Detail may then either be printed direct on to the fair
sheet or transferred straight from the photographio prints to the tair sheet.

(3) When, however, the plane-table section has expanded or contracted more in one direction than in the
other, the photographic enlargements or reductions will remain distorted ; and cannot be direotly tramsferred
to the fair sheet.

The processes of transferring all detail by specially prepared traces during which the distortion is elimi-
nnted, occupy from five to six weeks for each fair nap. Special traces have to be prepared for the hill sheet as
well as for the outline sheet.

Tt is to save this expenditure of labour in fair mapping that endeavours are being made to mount the field
section on the plane-table so that it shall not distort.

(4) Any paper or thin board which is pasted firmly down on a wooden plane-table over its whole area will
expand and contract with the plane-table. The wooden plane-table expands aud contracts more across the
grain than it does with the grain ; hence the distortion of any graticule drawn on the mounted paper.

The writer bas tried mounting Bristol beards by pasting them firmly down on the plane-table, and the
graticules were found to distort just s much as with drawing paper.

(6) To mount either drawing paper on Bristol boerds by pasting them firmly down along the edges and
leaving them free otherwise, resulls at once in * cockling,” for paper does not naturally expand or contract
equally with the wooden plane-table. The paper is more absorbent than the plane-table, and it is also more
readily affeoted by the direct rays of the sun.

(6) During senson 1911-12, Major Beazeley, R.E., in No. 9 Party used a special paper mounted on stiff
canvas. This paper was pasted on the plane-tables round the edges only, and it was hoped that would not cockle
so much as ordinary drawing paper, being less absorbent,

It did cockle n good deal though ; the paper was of poor quality, and would not stand erasure and the
resulting field sections were all very dirty and many almost illegible.

But there was no distortion of graticule at all; the phctographic enlargements exactly fitted the true
projections on the fair sheets.  Sufficient blue prints of the enlargements were obtained for :-~

(1) Direct transfer of outline detail to outline sheet.
(2) Entering up names for typing.
(3) Direct transfer of hill detail to hill fair sheet.

No special ndjusted traces had to be prepared.

(7) In order to get the advantages of this direct mapping and transferring, and to avoid the very objec-
tionable cockling, the field sections of No. 9 Party have been mounted this season by pasting one edge of the
paper or Bristol board firmly to the plane-table and leaving the other three edges lightly held down by cloth
but free to expand or contract.

(8) No. 9 Party is carrying out supplementary survey over an area that has been recently surveyed cadas-
trally. The 1-inch reductions of cadastral maps are supplied printed in grey on 210 lbs, drawing paper
mounted oo cloth. DBristol boards are being used for some field sections,

Both Bristol boards and the cloth mounted drawing paper are being mounted in the following way :—

The field section is fastened firmly along one long edge of the plane-table by a strip of cloth pasted
firmly round the edge of the board.

The other three sides of the field section ave cut so as to leave a half-inch margin of plane-table round
them.

Strips of cloth are then posted along theee three edges, along the upper sarface of the field wection and
nlong the underside of the plane-table only. The cloth must not adhere to the plane-table at all
along the holf-inch interval betwecn the edge of the field section and the edge of the plane-table.
The cloth is stretched tight when mounting und the field section must not be wetted,

If the atmosphere now begins to get dry, the wooden plane-table shrinks across the grain more than the
field section daes and the cloth round the three free edges becomes slack.

There iz no cockling in the paper or the Bristol board as they are both stitfer than the cloth which binds
the edges.

{9) In actual yractice some of the field sections were allowed to get stuck liere and there along the three
elges which were supposed to be free, and cockling has followed. The edges have siuce besn released, and the
drawing paper settled flat at once, but it is impossible to get all the cockle out of the Bristol boards. \here
theedges had been left properly free to start with, the Bristol boards have not cockled at all.

(10) As the plane-table contracts during the dry weather, the field sections may get inconveniently loose
slong the free edges. Surveyors have been supplied with adhesive paper, auch as is used in repairing musie,
etc., strips of which can be fastened st intervals round the cdges.

(11) Bristol boards or cloth mounted drawing paper are more suitable than plain drawing paper, as they
aie heavier and stiffer and lie more closely to the plane-table. i

The writer hae worked on a board so mounted apd

experienced no inconvenience from the slight play
Letween paper and board. P slight play

This method cannot, of course, be pronounced successful till the close of field season, but sc far it has
worked as expected, uce}.wt for.tha accidental dropping of paste along edges which were not supposed to be
pested,  The officer superintending had not ful'y realised the importance of this point.
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No. 10 PARTY (UPPER BURMA).
Bx Cor. G. B. Hopason, L.A.
The party continued work in the Katha, Bhamo and Myitkyina districts.

PERSONNEL. of Upper Burma. The country under
ial Officers. : .
| Imperia Officers. _ detail survey was mountainous, the
Brevet-Major E. T. Rich, R.E. in charge. i
Lieutenant W. . Peryy, R. E. valleys being deep and denscly wooded,
Provincial Officers. and consequently the survey lad to be
Mr. O. D. Smart. d .
Mr. P. Williams. one almost entirely by plane-table
Ly v Wro. traversing. The altitude varied [rom
Mr. Asmatullah Khan, K.8. 300 feet on the Irrawaddy river to over
Mr. W. H. Strong. . . 4
l\}r. %B.tsc‘:;tohn. 1 Ks 7,000 feet in the highest hills.
Mr. Hayat Muhammad, K.S.
Mr. B. C. H. Collins. The recess office closed on 11th Novem--
Lower Subordinate Service. her 1911 and re-opened on the 27th May
17 Surveyors. 1912 giving a field season of just five
2 Traversers.
3 Compulers. months.

The programme of both triangulation and detail survey was not com-
pleted as Lieutenant Perry and 4 of the best Surveyors of the party were
attached to the North Burma and Laukhaung missions and one Surveyor re-
mained sick throughout the field season. An outbreak of cholera amongst the
khaldsis while they were going up the Irrawaddy river by steamer to join the
party for the ficld season, also contributed to the non-completion of the pro-
gramme, as the khalasis were detained in a segregation camp for over a fort-
night during which work was practically at a stand-still, although the surveyors
procecded to their various destinations and started work with the aid of men
supplied {rom the villages.

One of the triangulators was also delayed by the failure of his mule trans-
port, (which comes from Ckina), to arrive at the proper time owing to the:
political unrest in China.

Two Surveyors and one officer of the Upper Subordinate Serviee were
attached to political missions in North Burma.

The section of this party hitherto occupied in training officeis of the
Burma Land Records Department was transferred to the Burma Government,
from the 1st April 1912.

Topography.—The party earried out the detail survey on the l-inch and
2.inch scales of 2,689 square miles ; 71 miles of trans-frontier sketch survey
were also carried out.

The following 12 sheets were completely surveyed : — Nos, 92 mf_l;,)ﬁflm"‘
92 = 15> up to the China boundary and 937,

The revision survey consisted of the revision of the maps of forests that
had been previously surveyed on the 4-inch scale. The hills had to be
contoured as they had not been contoured in the old maps.

Details of the forests surveyed will be feund in the General Report
Volume for 1911-12.

The cost-rate of the 2-inch forest survey this season is much lower than it
was last year when it was very high owing to the lack of demarcation, some
of the reserves surveyed then not having been demarcated as they had only
just been reserved.

Triangulation and Traversing.—2,336 square miles were trianguloted and
500 square miles were traversed, making a total of 4,600 square miles prepared
in advance,
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The combined cost-rate per square mile for triangulation and traversing

for 1-inch detail survey is Rs.
Rs. 264 per square mile.

104, the cost of the traversing alone being

Recess duties.—The whole of the mapping was finished and forwarded to
head-quarters before the party took the field again. o .
The cost of mapping is very high, but Major Rich is unable to give any

special reason for it.

No. 11 PARTY (LOWER BURMA).
By Cor. G. B. Hopason, LA.

The party continued work in Karenni and the Salween district of Lower

Burma.

The country surveyed in detail consisted of part of the watershed of

PERIONNEL.
Imperial Officers.
Major E. A. Tandy, RE. in charge to 4th
May 1912, _
Captain L. Q. Crosthwait, I.A., in charge from
Bth May 1912.

Provincial Officers.
Mc. C. Litchfield.
Mr. T. P. Dewar.
Mr. A. A. Graham.
Mr. H. St. J. Kenny.
Mr. A. ). Booth.
Mr. R. M. Wyatt.

Upper Subordinate Service,
Mr. Lachman 'sji Jadu, R.B.

Lower Subordinate Service,

the Salween river and its tributary the
Nam Pawn, and was not difficult to
survey. Inspecting officers, however,
found some difficulty in getting about,
as the tracks were almost impossible for
mule transport with which the party was
equipped. The hills were steep and rocky
but only lightly wooded.

The field season, as usual in this party,
was a short one owing to the distance of
the field of operations from the railway.

The party left recess quarters towards the
cnd of November and returned thereto
early in May with the exception of 2
Surveyors who remained in the field till the 20th June to complete the pro-
gramme of 2-inch forest survey which had been delayed owing to the illness
of one of the Surveyors. Three Surveyors were attached to the North Burma
mission and one to the Abor expedition ; one was dismissed at the commence-
ment of the season and one died at the end of the field season, during almost the
whole of which he was unable to work.

Topography.—The programme of 1-inch and 2-inch surveys was completed
but that of the -inch survey was not. This was partly due to one of the
Surveyors having fallen sick and having to return to recess quarters Lefore
the end of the field season and Mr. Lachman Jadu, under whose supervision
it was being carried out, and who was also engaged on detail survey himself,

had to complete the 2-inch forest survey in sheet 94G owing to the ill
of another Surveyor.

21 Rurveyors.
3 Pupile. o
1 Soldier surveyor under training.

ness

The outturn was 2,010 square miles of 1-inch and 2-inch detail survey in
sheet 94E and 1,628 square miles of 1-inch survey in sheet 94G.

The cost-rate of the l-inch survey is considerably higher than that of
last season owing to the area surveyed being much smaller.

Triangnlation.—The party carried out 3,950 square miles of triangulation
for 1-inch survey in the Tavoy and Amlerst districts and 530 square miles
for 1-inch survey in the Salween district.

The cost-rate of the triangulation (in contradistinction to that of the
detail survey mentioned above), is much lower owing to the large area
triangnlated this season, although the country was difficult, being densely

wooded. A series of G. T. Survey triangulation passes over the aren
triangulated.



Vour. I1TL] TOPOGRAPHICAL SURVEY. 29

Recess duties.—The following 7 sheets were entirely surveyed and mapped :—
94 5. The mapping of the j-inch work in 94G was only completed
in ouflinc as the sheet will have to be completed to graticule limits from old

surveys and this will be done in the cirele drawing office.

No. 12 PARTY (ASSAM).
By Cor. G. B. Hopagon, LA.

No. 12 Party continued to work in Assam and triangulated and traversed
:3,266 square miles and surveyed in detail on the 1-inch and 2-inch scales, 3,359
square miles in the Khasi and Jaintia Hills and Kamrap districts.

L1eutenant Oakes was attached to the Abor expedition throughout the
field season, and 3 surveyors were attached
to various political missions for part of
the field season and one was on sick leave
the whole season, consequently neither
the programme of triangulation nor that
of detail survey was completed, though
the outturn of detail survey only fell

PansoNNEL.
Imperial Officers.
Captnin R. H. Phillimore, R.E., in charge to
12th Aungust 1912,
Licutenant G. F. T. Oakes, R.E., in charge
from 13th August 1912.
Provincial Officers.
Mr., W. Skilling.
Mr. Pramadaranjan Ray.
Mr. E. M. Kenny.

Mr. Amjad Al short of the programme by one sheet.
Mr. L. Williams. . . . 1
Mr. P. C. Mitra. In his interesting report Captain Philli-

My, H. H. Creed.

Si—
Upper Subordinate Service. more say

Mr. Nanak Chand Puri.
Lower Subordinate Service.

27 Snrveyors.
3 Traversers.
3 Compnters.
3 Solher surveyors,
1 Pupil surveyor under training.

“ During season 1910-11 the party had
been surveying the open plateau of the
Khasi bhills with its declivities and abrupt
descent in the Surma valley southwards,

This season only 2 sheets lay in the open

ground on the plateau ; some 3 or 4 sheets were occupied with the wooded spurs
which wind northwards to the Brahmapiutra valleyv and the remainder of the
work lay in the swampy plain of the Brahmapatra, mostly in the Kamrap
district. The northward falling spurs of the Khasi hills are heavily wooded,
mainly with sal forest, much of which is reserved by the Forest Department.
Undergrowth is very heavy but the hills sides are steep and fixings could always
be obtained with a certain amount of clearing. In the neighbourhood of
villages there were considerable patches of gronnd alrcady cleared. Chains
were taken from the Surveyors who had hitherto always worked ecntirely with
chains so their progress was slow, but they should be really uscful in the hills
another season. Roads and villages were not f{requent, the few inhabitauts
being Garos and Mikirs who were more friendly than either Khasis or
Assamese and were ready to supply what they could in the way of labour and
provisions.”

Describing the Brahmapatra valley in which
working for ihe next 5 years, Captain Phillimore says:—

‘“ For several miles to the south of the river, the ground lies very low
and is mostly under water during the rains. When the surveyors took the
field in November, they bhad to confine work to the neighbourhood of the
Gavhati-Goalpara trunk road which hugs the foot of the hills, paddy was still
being cut and the fields were not passable till late in December. Work was
then extended over the populated areas where the country was fairly open and
paths available. It was not till the end of Fcbruary that the surveyors were
able to make much headway in the swampy ground towards the river ; this
was covered with dense khagre grass growing to 20 feet in height. Men

the party will mainly be
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were very nervous at first about entering this ground, fearing tigers, elephants
and buffalo : however, no incidents of note occurred. As the season advanced,
the swamps dried, the tall grass was burnt and villagers came in to clear the
fields.”

“There was very little detail to be surveyed in this area. Streams were
found to have altered but little since the time of the old Revenue Survey.
The plane-tablers ran chain lines here and there through the grass, advancing
perbaps a mile in a day, with four or five men to cut a passage. Sometimes
they met with a slight depression holding water, sometimes a stream shown
on the old map. This was followed up for a short distance and if the old
survey was found right at points 2 miles apart the interval b.etween was
accepted. The Brahmaputra river itself was not difficult to survey. It here
spreads out to a width of 5 miles or more, in constantly shifting channels ;
the river banks, islands and channels had completely changed since the cadas-
tral maps had been prepared, so this ground should rightly have been
classed as original survey. ‘The rise and fall of the river is from 30 to 35 feet ;
flood level at Gauhati being about 160 feet above the sea. Country boats
were not obtained at all points as there is so much waste-land along the banks.
and the surveyors had to hire boats for a few days at a time and were often
held up for lack of them.”

« Here and there along the river, small rocky hills formed useful points
for the plane-tablers, who were able to catry on with interpolated fixings from
these and other points fixed by triangulation south of the river. North of the
river, work was carried on entirely from traverse points. Across the rviver
there are several densely populated districts in north Kamrup clustered round
important centres such as Hajo, Nalbari, Barpeta. The villages are surrounded
by bamboo clumps and gardens, the intervening ground is continuously
cultivated, distant views were impossible and work was carried out entirely by
chaining. In other parts there are extensive wastes of swampy land. To
the east of Barpeta there is a stretch of 100 miles of such ground and it is
interesting to note that in the old Revenue Survey maps this is shown as
thickly populated so sometling serious must have affectcd the drainage and
this is generally said to have been the great earthquake of 1597.”

‘“ As the ground rises ¢radually towards the Bhutan hills, marshy land is
less extensive and forests begin to appear ; the wide stretches of grass land are
full of game till the grass dies down or isburnt. The rivers that break out from
the Bhutan hills are continuaily changing their courses across the valley
where they flow in shallow channels and spread out into small streams.
During the rains new channels form and bring down floods to wash away
viliages and ficlds. The Pagladiya is the most unruly of these rivers-and
efforts are still made to train it into a straight course to the Brahmapitra.
The shifting of rivers causes the shifting of villages and the maps of Kamrap
district will always require more frequent revision than others. There are
only a few roads along which carts can be taken all the year round but during
the dry months, January, February and March carts can be used more freely.
They can only be obtained at the big villages however and one or two days’
notice has always to be given. Coolies are obtainable with the greatest difi-
culty and never in greater numbers than half a dozen at a time. Elephants
are the only form of transport that can he taken at any time up to the foot ot
the Bhutan hills or into the swampy ground near the river, and all officers in
the party were much hampered by lack of elephant transport.”
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«South of the Brahmapitra in the Nowgong district, the country is very
swampy and communieations are most meagre. The hills along the south
margin sheet of 83B are fairly thickly wooded and villages are scarce and
elephant transport is most necessary in this area.”

« Counsiderable difficulty was experienced throughout the valley in obtain-
ing supplies and labour. Mauzadars and head-men were on the whole quite
polite but had little authority over the villagers who strongly resented being
called out eitber for jungle clearing or carrying loads. There are many
dispensaries with subordinate medical officers at different centres in the
Kamrap district and the surveyors made considerable use of them.”

“The men working in the Khasi hills left Shillong on the 3rd
November 1911, and were all at work by the 10th. The remainder of the
party assembled at Gauhati, the field head-quarters, on the 13th November
and the last surveyor started work in the plains by the 25th of that month.
Tt is impossible to start field work earlier in the Brahmapatra valley as the
greater part is under water till then. ‘The survey in the Khasi plateau was
finished during March when the surveyors were moved down into the low
country. No rain fell in the valley till quite the end of March and the
atmosphere became very thick with smoke haze ; plane-tablers lost many days
through not being able to see points 3 miles distant. When rain came at last,
it was very persistent and over 10 inches fell during April (nearly double the
normal fall), and several surveyors fell sick. The reduced programme was com-
pleted by the end of April and office re-opened at Shillong on the 6th May.”

“ There were 3,660 working days out of a total of 5,130 days. The 1,470
non-working days were not spread evenly through the season ; they include the
periods of marching to and from the field and lengthy peviods of sickness of a
few individuals.”

Topography.—The following sheets were completely surveyed :—Nos, 78

n2vener e and 78 % . and the fair mapping was completed before the end
of the year.

Regarding the nature of the season’s work Captain Phillimore says : “The
work may be classified as follows :—

(@) Originalsurvey on the 2-inch scale. North Kamrap Forest reserve.

(b) Original survey on the 1-inch scale. Mostly in the Khasi Hills;
alarge area of flat ground in the valley was also included under
this head, being uninhabited land surveyed prior to 1875 on the
4-inch scale by the old Revenue Survey,

(c) Supplementary survey on the 1-inch scale in the Kamrup distriet of
ground surveyed cadastrally on the 16-inch scale between 1883
and 1897.

(d) Revision survey on the 1-inch scale of rescrved forests already
surveyed on the 4-inch secale.”

“The work of the 4-inch Revenue Survey and oi' the 16-inch Cadastral
Survey had been published in 1-inch maps: prints of these were obtained
on bank-post paper and such detail as was useful was transferred to the plane-
table sections by 5 minute squarcs. Main roads and village trijunctions proved
the most useful items of the old surveys. Flere and there streams werc found
following their old courses and in such placcs the old surveys were found very
accurate, but over the greater part of the Brahmapiitra valley, streams and
other water forms have entirely changed during the last 15 years or so. "
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« The older Revenue work which had been classed for original survey was
found quite as useful as the later cadastral surveys.”

There is nothing to remark about the cost-rates except that that of the
9.inch forest survey is a good deal lower than last year’s which is due to easier
ground. There was not much detail and forest was only very dense along the
streams. The rates for 1-inch original and supplementary survey differ from
last year’s, the total for the two classes being exactly the same, so that the
difference is probably due to differences of classification.

Triangulation.—* The triangulation computations worked out quite satis-
factorily, though very discrepant angles were obtained at one station. This
was a bench-mark on the trunk road and the discrepancies appear to have been
due to excessive refraction. As the work ran along a G. T. S. series and was
connected with 7 of its stations, a fairly high standard of accuracy was main-
tained. Omne side common to Lieutenant Oakes’ work of season 1909-10 was
computed and one common to Mr. Williams’ work of last season. In the
former case the difference in length was 1 foot and in the latter 2 feet, while
the differences in height at the former 2 stations were —8:0 feet and —7'4: feet
respectively. The differences in latitude at the former 2 stations were 0”10 and
0712 and in longitude 0709 and 0”04, while at the latter they were 0702
and 0”01 and 0”03 and 0”-00 respectively. As Mr. Williams’ work was based
on the G. T. 8. series, as was Mr. Mitra’s, small differences were to be expected,
but Lieutenant Oakes’ work was based on the revisionary triangulation in the
Khisi Hills carried out by Mr. Bond after the earthquake of 1897 and appre-
ciable discrepancies were expected. Last season’s work indicated that
Mr. Bond’s revisionary heights were from 5 to 7 feet too high (vide page 19 of
last year’s Records), and this is indicated again this year by Mr. Mitra’s two
heights being 7 and 8 feet lower than Lieutenant Oakes’.”

Recess duties.—All the sheets surveyed were fair mapped with the excep-
tion of sheet 78 - which requires some revision, which will be done early
next field season. Five draftsmen of the circle drawing office were lent to the
party during recess to assist in the mapping. Special attention was paid during
recess to training promising Surveyors in drawing, but the results were some-
what disappointing.

THE LEBONG CANTONMENT SURVEY.

By Licvrernaxnt J. A. Firrp, R.E.

The point of origin of the cantonment survey of Lebong and the
municipal survey of Darjeeling is Obsecvatory Hill G. T. H. 8. height
7.162 feet. The scale of survey is 20 inches=1 mile. '

The Lehong survey starts from one of the main traverses of the
Darjeeling municipal survey and its operations are contained in two complete
circuits and a portion of a third one which is common to both the municipal
and cantonment surveys.

These main traverses are run along the roads which surround the canton-
ment, and arc closed up, and the errors adjusted in the usual way.

The angular crror was found to be very small, but a greater margin of
lincar error had to be allowed, owing to the difficulty of chaining accurately
down steep slopes. Tn some cases crrors of 1 link m 2! chains had to be

passed, while in the plains no errors greater than 1 link in 10 chains are
permissible.
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The experiment was tried of remeasuring one of the lines several times,
but each measurement gave a different result, showing that the differences.
were due entirely to the difficulty of the work and not to faulty chaining.
In such surveys no hard and fast rule can be laid down as to the margin
of error permissible—every case has to be judged separately on its merits.

In this Ul survey, 100 feet tapes are used to a great extent instead
of chains. In “cutting’” when measuring down a hill, a tape does not sag
like a heavy chain does; and it is also convenient sometimes when * cutting *’,
to be able to take a measurement of less than 1 link. Another advantage
which the tape possesses is, that when traversing over broken and difficult
country, gaps or nullahs are often met with over 1 chain wide but less than 1}
chains. In such cases the distance can be measured with the 100 feet tape,
whereas, if only the 66 feet chain were available the traverse would have
to be taken round the obstacle, meaning extra stations and extra labour.

The tapes have to be continually tested against the traverser’s standard
chain. Each man ordinarily has 3 chains ;—one of which is used for running
the main traverse, another for taking offsets, while the third is kept in reserve
as a standard.

All the chains were obtained from Hazaribagh, and tested before despatch
between two marks laid down on the verandah of the Survey Office there.

Subtense methods are considerably used in running these traverses.
They prove useful in measuring along main cirouits over bad ground, where
it is difficult to chain, and in some cases a subtense line of as short as 3
chains was measured.

Another way in which subtense work comes in very useful is for measur-
ing across from one side of a circuit to the other ; this gives a very good check
on the work, and localises any errors that there may be.

It is of interest to note that the method laid down by Colonel Tanner
in his note on the subtense bar is not followed in its entirety. His procedure
was to plumb the subtense bar on its stand exactly on the station O.

T

l\x O (Station)
*“”///7 P
—

S
~

Subtense Bar \

~
A (Back Stationp

(Forward Station) B

He first observed the angle A O 8, and then the angle § OT to give the
distance. To obtain the circuit angle, the angle 8 O T was halved, and added
to AOS, giving the angle AOB. The objection to this is that such a lot of
time is spent plumbing the subtense bar accurately.

The method adopted in the Lebong survey is to first observe the horizontal
angle AOB, and then to put the subtense bar up and observe for the distance
afterwards. 'The subtensec bar need not be placed exactly on the station —all
that is necessary is to measure the distance of the bar from the station.

The advantage of this is that much time is therehy saved.

Very often also it is not practicable to erect the subtense bar exactly
over the station, owing to trees or houses or other obstructions.

This is the procedure now laid down in the new Topographical Hand
Book, Chapter IV. '
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It is found that in steep country stations should be close together, go
a8 to localise errors in cutting. In level country, of course, the distance
between stations should be as great as possible.

The stations are marked by pegs, and the plane-tablers follow the
traversers as soon as possible, so as to prevent the pegs being pulled up and lost,

After the main circuits had been completed, subtraverses were run in all
directions along the roads, breaking up the main circuits into small areas
for the plane-tabler to work on.

These subtraverses were all closed and adjusted on stations of the main
<circuits.

Owing to Observatory Hill G. T. H. 8. being the only fixed point avail-
able for tying the circuits on to, it is possible that the whole survey may be
glightly out in azimuth.

'This will be checked by triangulating from Observatory Hill . S. and
Birch Hill H. 8. to the most N. E. portion of the Lebong circuit. If possible,
an intermediate station will be fixed, so as to provide two triangles with a common
side. The azimuthal error could also be checked by observing astronomical
azimuths, and this will be done in the case of the Takdah survey as there are
no G. T\ stations convenient for triangulating from. The triangulation method
is however quicker when practicable.

As the traversers proceed with their work, they send their field books in
to the computers, who compute out the co-ordinates of the stations, and plot
them in blue on the field sheets which are then handed over to the surveyors.

The detail is practically all put in by chaining, and the sight rule is only
used for cutting in points inaccessible for chaining, inserting nullahs in preci-
pitous ground, and so on. This portion of the work calls for little comment
except to mention that each sheet is very rigorously partalled by the Officer
in charge of the Survey.

The levelling of these cantonments being a task of some magnitude owing
to the difficult nature of the ground, the Superintendent of the Trigonometrical
Survey was asked to undertake the work, and he deputed Mr. Syed Zille
Hasnain, Extra Assistant Superintendent, to carry out the levelling.

The method adopted was, (apart from the difference in the nature of the
ground), precisely the same as that by which the levelling in connection with
the recent Delhi Surveys was done. It may e mentioned that Mr. Hasnain
was also in charge of this work.

The Lehong levelling started from Observatory Hill G. T. H. 8., and by
ordinary double levelling for 1} miles, reached a point within the Lebong
Cantonment. From this point a series of circuits and sub-circuits was stnrfui.
These circuits were so arranged that the heights of the common points were
checked by both levellers.

The levelling in the cantonment was only single, but it was run in closed
circuits so as to localise any error that there might be ; the error allowed along
the main lines was 0°02 of a foot per mile.

It was originally intended to pick up as far as possible the traverse stations
laid down by the traversers and use these as the level stations. It was found
however that these traverse stations were too small, being generally wooden pegs
1} inches in diameter and 6 inches in length; and it was also a matter of
difficulty to tind them when buried on one side of the road.

The levellers therefore went on aliead, and did their work independently of
the traversers, leaving their stations to be picked up later. They so arranged
their circuits that cantonment boundavy pillars, parapets of bridges and culverts,
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and plinths of important buildings were all picked up and their heights
determined.

In addition, specially prepared large wooden pegs 3 inches square in
section and 18 inches long were driven into the ground and used as intermediate
stations at junctions of roads and other important places.

Roughly speaking, heights have been determined at intervals of about
8 chains all over the cantonment.

Each station is doubly numbered with the number of the section and its.
own number ; thus  means the second station in section No. 5; and the position
of each is plotted on an existing rough sketch map of the cantonment. Thus,
when the traversers follow the levelling, they can easily identify and pick up
these points. In addition to the above plot a full description of all the
levelled points was prepared and supplied to the traversers.

Lebong was levelled, partly after the traversers had commenced work, and
partly before.

In Takdah the whole levelling has been done in advance.

This work originated from a G. T. secondary station Takdah (Deoradanda),
H. 8., height 6,760 feet, and the same procedure was adopted.

As the contouring had only to be done at a vertical interval of 50 feet, the
heights supplied for the surveyors were given to the nearest foot, although
they were observed and their computation was carried on to the third place of
decimals as usual.

Owing to the steepness of the ground the work progressed slowly. A
leveller on an average did } a linear mile per day, while in the plains he would
have done some 3 miles. It is necessary to mention that this 1 mile would
mean a difference inheight of some 300 feet and comprise 50 odd stations.

In some cases shots as short as 20 links had to be observed and in conse--
quence special levels had to be selected that would focus at such a short distance-

Ordinary G. T. 10 feet staves were used.

The levelling completed, the surveyors take their P. T. sections and
proceed to contour the sheets. In cases where the traversers follow the
levelling, the heights are all plotted on the board. Where however the
traversers have gone first, the fixed heights are now inserted by chaining on the
P. T. sections.

The contouring is done with 2 wooden poles 5 and 16 feet long with
plumb bobs on each, and a small horizontal sight piece on the smaller:
pole. Both poles being plumbed, the long pole is moved about until the top is.
secn in line with the horizontal piece on the b feet pole. This gives a
difference in height of 10 feet and this can be cither chained to or inserted
from detail if there is sufficient available.

From 5 of these differences in heights the 50 feet contour is inserted.

To check the work a few contours will actually be measured along the-
ground.

The criticism might be made that such an accurate system of levelling is.
a very expensive method of inserting a 50 fect contour, especially as the 10 feet
contours has practically to be first obtained and then only every fifth one used,

It would have been little if any more expense to contour the cantonment
at 10 feet intervals than at 50 feet. This was pointed out to the Military
authorities, but they decided that all they wanted was the 50 feet interval, and

the survey is therefore being contoured at this interval,
F2
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TABLE L
OUTTURNS OF DETAIL SURVEY.
OUTTORN,
Av
Average nnfﬁ;';:
Scale. Olasso! | (ircle, | Party. Looality. Class of Country. Total pe:l;;l:n.n of %?r""
survey. square | month | square
miles. in mile,
square
miles.
3-inch . | Survey B No. 11 | Lower Burma , { Jungle clad hills 1,628 0
f-inch .| Burvey N No. 1 |Siachen glacier [Hilly . . . 866
and  vioinity,
Baltistan. . .
l-inch .| Survey N No. 1 | Kashmir . . { Hilly and mountein-| 4,480 | 47-7 37
ous,
N No. 2 | Punjab Open irrigated plains 1,716 | 28:0(a)
N No. 4 | United Provinces Flnlt_ cultivated | 3,699 | 3689 18')(a)
plains.
S No. 5 | Central Provin- | Varied, chiefly wood-| 2,569 | 17-2 17
ces and Central | ed hills.
India. \ .
8 No. 0 |Berarand Hydera- Varied, open and| 1,958(3) 19-2 25
bad. broken hills.
S No. 7 | Madras snd | High hills, mostly 662 | 203 11
Mysore. forest olad.
) No. 8| Madras Varied, intricate .| 1,202 | 13'4 20
E No. 10 | Upper Burma Densely wooded and | 2,194 | 300 14
mostly hilly.
E No. 11 | Karenni and | Steep rocky hills, 1,800 | 88'3 (]
Southern Shan liggtly wooded.
States.
E No. 12 | Assam Partly open and| 1,666 | 205 8
partly densely
wooded.
1-inch .-{ Revision No. 2| Punjab Open irrigated plains | 5,689 | 38'0(a)
Survey.
7 N No. 3 |Ganges valley, | Cultivated flat 6,187 | 34'9 1929
United  Pro-
vinces.
B8 No. 5 | Central Provinces Oplen cultivated 904 | 760 3
plains.
S No. 7 | Madras and | High forest clad hills 425 | 304 7
Mysore,
E No. 9 | Bihar and Oriesa | Hilly and wooded 489 | 377 (¢)
E No. 10 | Upper Burma Densely wooded and 240 | 450 1
mostly hilly.
Do No. 11 | Southern Shan | Steep, rocky hills, 93 | 432 6
| States. lightly wooded.
E Ne. 12 | Assam . Densely wooded hills 178 | 21'5 4
2einch . | Re-survey E No. 9 | Bihar and Ovissa | Hilly and wooded 210 | 17-2 (c)
l-inch . Supple- N No. 4 | United Provinces | Flat cultivated plains | 2,108 | 66-34 18(e)
! mentary E No. 9 | Bihir and Orissa | Hilly and wooded 1,893 | 21-9 16
| Survey. E No. 12 ; Aesam Plains densely popu-: 1,638 | 276 12
i lated with large
i areas of marah lands.
13 moh . Survey 8 No. 7 : Madras Low undulating, very| 1,069 | 130 26
‘ intricate.
; 8 No. 8 | Madrse . | Flat, very intricate . 282 | 50 66
1}-inch . . Revision N No. 2 | Ponjab, Siwalik | Hilly . . 64 | 380 (ae)
| Survey, hills.
i S No. 7 ! Madras Low undulating, very 119 | 298 11
\ intricate.
%-inch . Sarvey 8 No. 8 | Berar Broken hills, heavily 408 | 81 58
I wooded.
3 No. 7  Madras, Mysore | Heavy jungle-clad 182 | 98 47
I | and Coorg. hills.
' 8 No. 8 Madras . | Rilly dense forests . 66 | 44 29
‘ E No. 9  Bihar and Orisea | Hilly and wooded 4
E No. 10 | Upper Burma Whooded snd partly 216 | 113 57
1 ; illy.
i E No. 11 : Southern Shan | Low jungle-clad hills 1n7 ] 118 23
; | States and
' 2 i Lower Burwa.
| . E No. 12 . Assam . | Densely wooded | 77 | 126 26
I i : plains. A

(@) Worked out from the totals for the whole
(%) Includes 21 square miles aleo nurveyed on

party and inoluding all descriptions of survey.
the 2-inch aecale.

o T
0. 4 so carried out approxiniately 17'5 sqnare miles of 16 i
Limes and 58 acres of 50 feet to 1 inch survey of Qyneun !&ntonmen:. o

() 71 milem of 14rch trans-frontier sketoh 1
bla {s not ebown in this table. survey were slao dove

nches to 1 mile survey of Quetta Civil
These surveys are not inoluded in this table.
by No. 10 Party acrcas the Burmese frontier.
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PART I1.—GEODETIC SURVEY.

ASTRONOMICAL LATITUDES.
No. 13 PARTY.
(Vide Index Map 10.)

By Carrain H. J. Coucaumar, R.E.

During the season 1911-12 ounly one officer was available for the two

PEnRSONNEL. geodetic parties. This necessitated the

Imperial Officers. selection of the same area for both

Major H. L. Crosthwait, R.E., in charge. latitude and pendulum operations, and
Upper Subordinate Service. one, moreover, where no long marches
Mr. Bidhu Bhushan Shome. were necessary. The plains of Bengal were
Lower Subordinate Service. therefore chosen, and, in view of the

2 computers, etc. large southerly deflection,+410”75 found

previously at Hurilaong (near Daltonganj) on the Hurilaong Meridional
Series, this series and the Gurwani Meridional Series were selected together
with two stations on the Caleutta Longitudinal Series south of Hurilaong.

In addition to the 10 stations visited on these three series, one secondary
station in the Siwalik hills was also occupied. The health of the party
remained good throughout the field season.

The new Zenith Telescope by Messrs. T. Cooke and Sons was used for the
first time this year, and, it may be here stated, gave satisfactory results. This
instrument is larger than the old Zenith Telescope hitherto used, and has to be
entirely taken to pieces on completion of work at a station, but, with practice,
this does not take long.

The principal dimensions, etc., of the new instrument are as follows :—

Focal length . . . . . . . . 41 inches.
Diameter of ohject glass . . . . . . 3,
Transit axis length . . . . . . .19,

» ,, diameter . . . . . 23,
Total height of instrument (telescope vertical) . . . .4 ft. 8 inches.
Maguifying power of eye-pieces provided . . . . 40, 60 and 90,

Of these 60 was always used for latitude work, and 90 for measuring the micro-
meter wire intervals A. B, and B. C.

The total weight of the instrument is 160 lbs., and with its boxes 260 lbs,

The illumination of the field is effected by an electric glow lamp, placed
either in front of the object glass and reflected down the tube, or at the end of
the transit axis. The former was generally used as being more satisfactory.
An oil lamp is also provided in case the hatteries or glow lamp should fail, but
the light therefrom is not so good.

There are two Talcott levels, and, in addition to the ordinary rim clamp,
a central screw clamp is provided, by tightening which the levels can be
rigidly fixed to the telescope.

Determinations of the scale values of the levels were made at the beginning
and end of the field season. The mean values used were : —

Level No. 1 value of 1 Division . . . . . . 0858
Level No. 4 » " . 0:975

The length of 1 Division of Level No. 1 is more than twice as great as that of
No. 4. The former level is thus the more sensitive of the two.
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The individual values on which these means are based are not very satis.
factory, more especially those taken at the beginning of the field seasop,
Each level is enclosed in an oblong wooden case, and before placing on the
bubble tester, it is necessary to take out the glass level tubes from these cages,
The levels are therefore quite unprotected from air currents and changes of
temperature during testing, and this probably explains the discordant results,
It is however hoped that some device can be invented which will obviate this,

The probable error of the mean value of 1 division cannot however exceed
0”:05, and, as level corrections of over 1” are very rare and there is no tendency
for the corrections to be of one sign, the effect on the final latitude is negli-
gible.

An arrangement is provided in the new instrument for turning the
eyepiece through a right angle. This enables the micrometer value to be deter.
mined by timing successive transits of a circumpolar star over the movable
wire. This method was employed in the field as well as the ordinary one of
measuring the difference of declination of two stars of the same aspect.
Reference will be made to these results later.

The stations visited and the values of the deflection of the plumb-line
obtained are given in the following table :—

TABLE I
NAMR OF STATION. ‘ Longitude. J L?%Evhg ' | Astronomical Latitude. Geodsei?gnf:tgtt;‘ude, DeAﬂf(t}i.on
| o | -
° { Feet. ° ! ” & "

Bulbul H.S. .| 84 26 | 3352 93 37 5344 4468 + 891
Teona H.S. . .| 84 10 ‘ 740 24 34 4976 3894 +1082
Mednipar T.S. .| B84 22 335 25 5 %235 1402 + 838
NunonT.8. . .| 81 14 251 25 84 4664 3794 + 740
JalGlpur T. S. .1 84 23 : 232 26 3 4636 30-42 + 614
Mahwari H.S. .| 84 54 . 3,183 23 26 928 496 + 432
Mebar B.S.. .| 8 10 © 1606 2 4 3112 2088 +1034
Bibir H.S . .| 8 31 391 2% 12 3927 2606 +1322
Dubauli . S. .| 8 20 = 189 25 40 2299 1623 + 676
Pahladpur T. 8. . 85 27 ' 175 26 4 2724 2101 +623
Khajnaur h. s. 77 53 2,576 30 16 5670 2863 —26:93

A+ sign denotes a southerly attraction of the plumb-line.

Bulbul H. §.—1s on the extreme northern edge of the hills which extend
for some distance to the south. The ground immediately to the north drops
steeply to about 1,000 ft. and there are scattered hills, (on one of which Huri-
laong M. 8. is situated), ranning up to 2,000 ft., and under. The distribution
of local masses leads one to expect a marked southerly deflection.

Teona H.S—Is on the top of a small granite hill rising some 250 {t. from
the plain. The country generally is flat, the nearest hills being about 12 miles

south. Purely local masses would seem to cause a slight northerly attraction.

Mahwari H. S.—Is on the summit of a hill about 900 ft. above the
elevated plateau which extends from the hilly on which Bulbul H. 8. stands to
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some miles east of Ranchi. There are other scattered hills near by but other-
wise the country is flat. The mass of the hill itsel! indicates & slight northerly
deflection.

Mahir H. S,—The ridge on whioh this station stands extends for about 2
miles in the directions N. N. E. and South. The slopes are steep to the east,
and to the west a spur runs for about 400 yards and the ground then falls
rapidly, The country generally is flat but with scattered hills rather more
pumerous than at Mahwari. The distribution of local masses should cause a
small northerly attraction, but the hills to the south will more than overcome

is.

. Bikdr H. S.—At this station the largest southerly deflection as yet dis-
covered in India has been found. It stands on a low hill rising 200 ft. from
the Gangetic plain which extends to the Himalaya on the north and for vast
distances to east and west. The nearest hills to the south are about 12 miles
away. The hill itself extends about 600 yards E. N. E. and 900 yards 8. W, of
the station. The ground falls almost sheer on the north-west face of the hill,
the latitude pillar being about 30 ft. from the edge. To the south-east the
slope of the hill is about 10°. The closeness of the cliff to the latitude pillar
must account for a portion of the southerly deflection and taking the mass of
the hill as a whole there is also a preponderance to the south.

The remaining tower stations are all in the Gangetic plain, Pahladpur, the
most northerly, being about 100 miles from the outer Himalaya.

Khajnaur . s.—Is in the S8iwalik hills about 10 miles 8. 8. W. of Dehra
Dan. It stands on a spur running slightly west of north from the main range.
The ground drops steeply to the north and the attraction of purely local masses
is probably southerly.

Before discussing the results some further details of the observations are
given in Table II below :—

TABLE II.
e o) ot
STATION. Nn:;her Ngtﬁlgf:a?f P.E. P'urﬁé of ‘B.W.-W E,|Micrometer
stars, tions. weight. , r::;f:u%:
Bulbul . . . . 63 65 +0065 | £0:357 | —0'10 | +0:0087
Teona . . . . . 61 69 40061 {+£0:330 [ +006 | +0:0035
Mednipur . . . . 58 &7 +0:061 | 40320 | —0°15 | +0-0073
Nuaon . . . . 160 70 | +£0059 | £0:314 | —0°17 | +0:0055
Jalalpur . . . . . 57 71 +0043 | £0-224 | —0°'17 | +0-0067
Mahwari . . . . 57 59 +0051 | +0265 ' —0-06 | —0-0022
Mabar . . . | 89 b4 | +0054 | £0281 —0-01 | + 00031
Bihar . . . . 59 60 +0°048 | £ 0245 ! 4026 | +0:0060
Dubauli . . . . . 63 69 40062 | £0282 | +002 | +00114
Pahladpur . . . . 58 64 | 0047 | £0-242 | —0-28 [ +0-0114
Means . .| 60 65 +0:286 | —0-06 | +0-0069
Khajnaur . . . . 36 ﬂ 22 +0-087 _;'6-312 —063 | +0°0086
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The probable errors in column 4 are somewhat higher than have been
obtained in previous years with the old Zenith Telescope. This is no doubt due
to the mean value of one revolution of the micrometer being in error. The
persistence of the positive sign in the apparent error of micrometer value, (last
column of the table), shows that the value used was probably too high. As
stated above, this value was obtained in two ways:—

(1) By measuring the difference of declination of two stars.
(2) By timing successive transits of a circumpolar star, the eyepiece bemg
turned through a right angle.

The mean values by each method were :—
(1) 50”011 40”0042
(2) 5070474070037
and, as the probable errors by both methods were about the same, a simple
raean 507029 was used in computing the latitude.
The second method has two disadvantages:—
(a) If the eyepiece be not turned through exactly 90° the micrometer
value deduced will always be too great and will equal R cosec
y, where y is the angle through which the eyepiece is turned
and R the true value of one revolution. An error of 1° will
increase R by 07-008.
() In woving the eyepiece it may possibly be slightly pulled in or out.
This will alter the focus and the micrometer value. Besides these
objections it is difficult to obtain satisfactory results by timing
the transits by eye and ear. A chronograph is almost essential
and this means more weight to carry in the field. It seems
better, therefore, to keep to the old method of determining the
micrometer value.

The probable errors at Dubauli and Pahladpur were recomputed using the
value 50”7011, These were found to be 0°033 and 0°035 against 0°052 and 0°047,
a considerable increase in accuracy. The effect on the colatitude is negligible,
as positive and negative micrometer corrections are made to balance.

The deflection of the plumb-line at Khajnaur is less than those found at
the four Siwalik stations observed at the previous year, which ranged from
98”90 to 20”°69. Nonc of these stations, however, were definitely on the
northern slope of the range, as Kbhajnaur is, so that the decrease in northerly
deflection was to be expected.

At all the other stations the deflections are southerly and seeing that the
most northerly is only 100 miles south of the Himalaya and nearly 150 miles
north of the hills round Hazaribagh, these results are at first surprising, Simi-
lar results bave, however, been found previously, though not perhaps quite so
close to the Himalaya.

The pendulums have shown that a trough of low density exists over all
tbis area north of the Ganges and that the depth of the trough increases as the
Himalaya are approached. This satisfactorily explains the southerly deflections
as the northerly attraction of the Himalaya is minimised. The « blrlden chain ”’
to the south also increases the southerly deflections.

The decrease between Teona and Bulbul and between Mahar and Mahwari

indicates that gravity is in excess between these stations and the pendalum
tesults have shown that this is the caec.
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The position of Bulbul at the extreme north edge of the hill must account
for a portion of the southerly deflection and, when local topography has been
allowed for, the change between Teona and Bulbul will probably be still greater
than at present, showing more clearly the excess of gravity between the two
stations. It seems probable that the summit of the chain of high density
passes close to Mahwari and Bulbul and observations south of this line should
be of great interest.

The large deflection at Bihiar would also seem to point to an excess of
gravity between that station and Mahar but, as explained above, it is probable
that local masses account for a considerable portion of the deflection.

PENDULUM OPERATIONS.
No. 14 PARTY.

(Vide Index Map 10.)
By CaprariNy H. J. Coucmman, RE.
The area selected for pendulum observations during the season 1911-12

PEBSONNEL. extends from Ranchi and Daltonganj on

: Imperial Officer. the south to Mwuzaffarpur and Gorakh-

Captain H. J. Couch.mn'n, R.E., in charge. pur on the porth. The large southerly
Provincial Officer. . . ”

Mr. Hanuman Prasad. - deflection of the plumb-line, (4117),

Lower Subordinate Service. which had been found at Hurilaong, near

4 computers. Daltonganj, seemed to show that the belt

of high deusity passed close to the south and gravity operations were aocord-
ingly undertaken to endeavour to determine more accurately the limits of this
belt. The health of the party was good throughout the field season. The
stations visited were :—

TABLE 1.
StarioN. | Latitude. Lougitude. :liiifﬁfﬂ%‘l’.

e S -
1. Japla . . . . . .24 31 58 84 0 474
2. Daltonganj . l' 24 2 b 84 4 707
3. Ranchi r 23 23 5 85 19 2,167
4. Gaya . : . ) 24 47 42 85 0 361
5. Monghyr P25 22 53 836 28 164
6. Arrah . . . . <126 3410 84 39 188
7. Sasaram N T A Y $8 59 340
8. Moghalsarai . . . . .. 25 17 3 83 6 257
9. Buxar . . . . . ’ 2 31 42 83 50 207
10. Muzaffarpur . . . . 26 7 5 85 25 179
11. Majhauli Raj . . . . . 26 17 46 83 b8 219
12. Gerakhpur . . . . 26 44 b8 83 23 267
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Ranchi is near the eastern edge of the high plateau which forms the
southern edge of the Ganges valley. Daltonganj is on the banks of the
Koel river and is surrounded by detached hills running up to 1,000 or 1,500
feet. Japla is a few miles from the Son river on level ground with hills some
15 miles to the south. Gaya and Sasaram are close to the extreme southern
edge of the Gangetic plain. The remaining stations are in this plain, Monghyr,
Buxar and Moghalsarai being close to the river. The distance of the most
northerly station, Gorakbpur, from the Himélaya is about 60 miles and its
position is thus roughly comparable to that of Kaliana, south of Dehra Din.

At all these stations, thanks to the kindness of Civil and Public Works
Department Officers, good rooms were placed at my disposal for the observa-
tions. Four complete sets of swings were made at each place, except where
bad weather necessitated the extension of the observations. The average and
hourly changes of temperature are given in the following table :—

TABLE 1II.
NieHT. Dar. MEean.
STATION. ‘
t?%i%g? doarly t?ﬁ%&f ohenrly tf%é?ﬁ" Hourly
cC o ° °C °C °C

Dehra Din . . . .| elI8| 4012 2074 | +016 | 2096 | 4014
Japla . . . . -1 2203 [ +0°10 21-52 | 4018 2178 | +0°14 ’
Daltonganj . . . . 19-20 | +0-11 18:50 - +0-20 18-85 | +0°16
Rancbi . . . . | 16001 +009 1554 | +0-06 1577 | 4008
Gaya . . . . .| 1835 +009 1802 | +0°11 1819 | +0-10
Monghyr . ,. . < 1787 | +008 1762 | +0°11 17°59 | +0-09
Arrab . . : . . 1968 | +003 1964 | +0°16 19-61 | +0°-09
Sasaram . . . , . 20-81 | 4007 2062 | +0°'15 2066 | +0-11
Moghalsarai . . , . 2308 !\ +0-06 2258 ) +0'12 22:83 | +009
Buzar . . . . . 22:47 I +0:04 2164 | 4012 22:01 + 008
Muzaffarpur . . . .| 2178 | +0-07 2125 | +0°13 2162 | +0°10
Majhauli Raj . . . S 24360 4005 | 2402 | +012 | 2418 4008
Gorakhpur . . . 2703+ 4007 26°52 | +0'08 2877 | +0°08
Dehra Ddn . . . . 2408 | +0°12 [ 2400 | +0-19 2404 | +0')6

] |

The hourly change is every.where on increage, It is desirable that the changes at field stations should
be similar to that at Dehra Diin, since gravily results are differential and any error due to lag of temperature
will be approzimately the same at all stations and will therefore be cancelled. This increass of temperature
was, therefore, desired, and is, indeed, more casily arranged than a decrease,
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Observations for the flexure of the stand were made at the commencement
and olose of work at each station, two sets being as a rule taken. The following
table shows the mean value before and after work and the mean adopted for

each station i—

TABLE III.
StaTION. Date. Observed flexure. Adopted flexure,
See, See.
Dehra Dan 4th November 1911 . 3872 x10~7
9th » ” 389 88 x 107
Japla 22nd »» » 63-2
29th » ” 613 62
Daltonganj 6th December ,, 434
11th ” ” 434 43
Ranchi 29th ’ . 42-9
3rd January 1912 453 44
Gaya 0t , 426
16th » » 426 43
Monghyr . 19th ” 1 366
23rd »» » 36:0 36
Arrah 29th ~ ,, ” 53-8
3rd February ,, 51'8 b3
Sasaram . 9th » ” 477
13th » » 47'6 48
Moghalsarai . 18th » » 41-7
22nd ” »” 40-4 41
Buxar 27th " » 438
2nd March ,, 436 44
Muzaffarpur 7th » " 465
11th . ,, » 462 46
Majhauli R&j 16th »” ”» 406
19th » ” 40-8 41
Gorakhpur .| 26th ,, ” 419
29th ” »” 425 42
Dehra Diin 8th April » 366
12th " 3680 86
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* The olock rate was determined by Mr. Hanuman Prasid, using the Bent
"Transit Instrument by Messrs. Troughton and Simms. The mean p.e. of a
olock rate dctermined from observations on two successive nights was
+0'013 sec. and the mean p. e. of the rate derived from observations to one
star on two successive nights was + 0°056 sec.
Table IV shows the times of vibration of the four pendulums at Deira
Don in November 1911 and April 1912. The mean time of vibration,
05072516 sec., has been adopted for reducing the season’s observations :

TABLE 1V,
Date. 187 \ 138 ' 139 140 Mean,
|
1911.
Nov. 4—5 0:5072570 | 0-6074990 | 0'5071609 0:5070887 | 05072514
Hh—6 2593 ‘4998 1619 0877 2522
6—7 2564 5001 1620 0882 © 2517
7—8 2574 4984 1829 i 0886 2518
Mean .| 0'5072575 ; 0°5074993 | 05071619 0:5070883 | 0°5072518

1912. ‘ |
Apl.  8—9 05072568 | 0-5074987 | 0-5071607 | 05070883 | 0-5072511
9—10 2602 1996 1611 0870 2517
10—11 . 2585 1982 1615 0865 2512
11—12 2584 4990 1617 0883 2519

|
05070879 | 05072516

: i [
Mean .| 03072582 | 0'6074950 | 05071612 | 05070875 | 0-5072515
General mean . 05072579 | 05074991 0-5071616‘

[

Difference, Aprii—Nov, ! +7 —4 —7 —8 —3

The increase in the mean time of vibration, which, as mentioned in
last year’s report has been going on since November 1909, has continued, the
mean for the season 1910-11 having been 0°5072504.

During April the pendulums were also swung in the new room at
Dehra Dan which forms a part of the lately built bar alley and seismograph
house. This room will be brought into regular use from the commencement
of the next field season; the observations made this year show that there is no
appreciable diffev2nce between the two rooms.
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In Table V are shown the times of vibration of the mean pendulum at all
stations, together with the values of g deduced therefrom. The value of g at
Dehea Dan is assumed to be 979'063‘dynes:

TABLE V,
glmest | Pl trom | Obaerad
Sec. Sec. Dynes.

Dehra Din 0-5072516 979:063
Japla 0-5073051 0-0000536 978856
Daltonganj . 0:5073127 00000611 978827
Ranchi . 0-5073480 0-:0000964 978691
Gaya 0:5072950 |  0:0000464 978884
Monghyr | 0-5072916 0-0000400 976909
Arrah ) |‘ 0:5072893 0-0000377 978918
Sasaram 0-5072930 0:0000414 978903
Moghalsarai 0-5072889 0-0000373 978919
Busxar 0-5072852 60000336 978-933
Muzaffarpur 0-5072851 0-0000335 978934
Majhauli Raj 0-5072866 0-0000350 978928

0:5072846 0-0000330 978-926

Gorakhpur .

Table VI shows for each station the observed value of g, the corrections
for height, mass and terrain and the deduced value of g " at sea level ; y, is the
theoretical value of gravity at sea level, derived from Helmert’s 1884 formula.
¥, =978'00 (14005310 sin * ¢ ), where ¢ is the latitude of the station.
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The last column of the table shows the amount by which gravity is in
excess or defect assuming that all surface masses are entirely uncompensated
and of density 28. The column headed g,—y, shows the residuals based
ou the assumption that surface masses have no effect. These residuals need
not be considered, as whatever theory of underground ocompensation is
assumed, it is certain that surface masses must always produce some effect on
gravity.

Considering, then, the values of g” —y, it is first to be observed that these
are all negative with the sole exception of Daltonganj. This was to be expected
for the stations in the Gangetic plain, as these are fairly close to the Himalaya
and we find the same decrease in gravity residuals as the hills are approached
as was discovered from Kisnapur to Siliguri and Meerut to Dehra Dian. The
actual defect here is, however, greater than has been found previously, for at
Kaliana, which is about the same distance from the Himailaya as Gorakhpur,
the defect in gravity is 055 and at Kesarbari, which is slightly nearer, it
1s "043.

The whole of this season’s area north of the Ganges may, therefore, be
considered as a trough of unusually low density and this may help to explain the
large southerly deflections which have been found south of the river, at Bibhar,
Mahar, Teona and Hurilaong, vide the Report of No. 13 I'arty, (Astronomical),
page 40. The effect of this trough is to mask the attraction of the Himalaya,
as in itself it produces a southerly deflection at stations south of it.

With regard fo the location of the hidden chain of high density, it is
perhaps unfortunate that no observations were made south of Daltongan) and
Ranchi. Practical considerations, however, prevented this; there is no railway
and an observatory for the pendulums would have been hard to find. A study
of the deflections of the plumb line found this year seems, however, to show
that the crest of the ““ hidden chain ” must be somewhere near Ranchi and
though gravity is actually shewn to be slightly in defect there, it is less in
defect than at stations to the north, Gaya and Arrah. Ranchi, therefore, is
probably on the *hidden chain,” but until observations are continued south-
wards it is not possible to define the actual crest.

The greater part of the recess season has been spent in an investigation of
the isostatic theorv as far as concerns gravity results. The particular theory
employed is that of Mr. Hayford, which, stated shortly, is that compensation
is complete at a depth of 70 miles. Above that depth, therefore, the amount of
matter in a cylinder standing on a hase of umnit area and extending from
70 miles below sea-level to the earth’'s surface is always the same whatever the
height of the cylinder.

In Volume 1 of the Records of the Survey of India, 1909-10, wmention was
made of this investigation but as at that time it bad only been carried to a dis-
tance of 100 miles from each station, no figures were given. Outside this radius
the zones and compartments into which the surface of the earth is divided are
those used by Mr. Hayford, who has so designed them that a mean height of
100 feet 1n each compartment produces a correction of 1.
being an integer increasing from 4 to 6. No < plied to bis
calculstion of the radii of zones.

Inside the 100 miles radius, zones di
have been used and the necessary reduc
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by Captain H. M. Cowie, R.E., and recomputed by me. The radii of thege

Zones are :—

Zone No. Outer Radius. Zone No. Outer Radius.
1 10 feet Gl $ miles.

2 200 ,, 10 5 ,

3 600 ,, 11 S

4 1,400 ,, 12 12,

5 2,640 ,, 13 20 ,

6 1 mile 14 32

7 14 miles 15 60 ,,

8 2 16 1036 ,,

The outer radius of zone 16 is the same as the inner radius of Mr. Hayford’s
zone 18 which, expressed as the angle subtended at the earth’s centre, is
1° 29" 587, and as his zones extend to the antipodes the whole surface of the

earth is dealt with.

Dealing first with the stations visited this year, the following are the
residuals after applying *“ Hayford ”’ corrections for topography and compensa-
tion. For the sake of comparison the Bouguer residuals are also shown, and
have been recomputed using the same surface density of the earth (2:67) as

that assumed by Mr. Hayford.

The mean surface density used in our gravity

work is 28 : —
g—1
Statiox. Hayford Boug uer iy
LA A

Ranchi . . +-054 +-008 +°051
Daltonganj . ++050 +°008 + 042
Japla . +-027 —-011 +°038
Guya . .. +028 —007 +°035
Sasaram +033 —001 +034
Moghalsarai . . +-020 —V13 +°033
Monghyr . . +°000 — 036 +036
Arrah . —008 —038 ++035
Buxar . +°010 —023 +:038
Muzaffarpur —+016 — 061 +°045
Majbauli Raj —-034 —079 +045
Gorakhpur . —046 —101 +065
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Tt is first to be observed that the difference H— B is positive in every case.
1f, however, we use Helmert’s 1901 formula for the normal value of gravity at
sea-level, we reduce these positive values. This formula referred to the Pots-
dam system (as our base value at Dehra Dan is) is 978'030 (1400056302
sin ? ¢ —0°000007 sin *2¢ ) where ¢ is the latitude of the station.

The values of y computed by this formula are greater than the old
values by 025 for the first 6 stations of the table, Ranchi to Moghalsarai, and
by ‘024 for the remainder. The values of g—v, (Hayford), should therefore be
decreased by this amount and we have the following residuals :—

|
1
StaTION, l| g StaTION. g—7
!
Ranchi . ‘ +°029 | Monghyr . . . . —024
|
Daltongan] . +°:0¢5 | Arrah . , . X —-027
| v
Japla . . . . o ++002 | Buxar . . . . — 014
Gaya . . . . . ++003 | Muzaffarpur . . ] —+040
Sasaram . . . . +:008 | Majhauli Raj . . . —058
Moghalsarai . . . . —005 | Gorakhpur . . . —070

The differences H—B will also of course be decreased by the same
amounts and will vary from +°-031 at Gorakhpur and 4 ‘026 at Ranchi to
4008 at Moghalsarai.”

As might have been expected from a consideration of the problem, the
differential residual between two stations in the plains bas hardly been
changed. It is at stations on and near high ground where differences are
to be expected. Thus we find that the excess of gravity at Ranchi is greater
than the excess at Gaya by ‘06, using Hayford’s theory, whereas, by
Bouguer’s method, the increase is only "010. Similarly the difference . between
the residuals at Daltonganj and Sasaram is increased from -009 to '017. As
we approach the ilimalaya the differences between the residuals are decreased
by the new method, ¢/. Buxar and Gorakhpur, but the effect of the high
ground is the same, as g is increased by a greater amount the nearer the hills
are to the station, and as will be seen later the large negative residuals found
at the foot of the Himalaya are in some cases converted into positive ones
and in all are very greatly reduced.

The new residuals at stations south of the Ganges valley, the first five
of the table, seem to be more in agreement with the observed deflections than
were the Bouguer residuals. The large excess of gravity at Daltonganj com-
bined with the nearly normal value at Japla helps to explain the big southerly
deflection at Hurilaong, (near Daltonganj), and Teona, (near Japlaj. Similarly

* All Bouguer residuale are computed using Helmert’s 1884 formula for v,. The 1901 formula has only
been employed for the Hayford residuals.

: g
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the excess at Ranchi combined with the defect at Arrah accounts for, the
southerly deflection at Bihar, (40 miles south-east of Arrah), aud Mahar, (close
to Gaya). The hidden chain is also well shown, but as mentioned above we can-
not yet be certain of the actual orest.

Several stations on the line Calcutta to Darjeeling were next examined
and the Hayford residuals found are shewn below. y has been computed
by Helmert's 1901 formula : —

]
! .
STATIOR, l Latitude. H—B.
H B*
- — — v -
[s] ’
Chatra. . . . . 24 12 ++005 +:009 —-004
|
Kisnapur . . - 25 2 +-039 4083 + 006
|
Jalpaignri . . . 26 31 —-019 —+096 ’ +°077
|
: i
Siliguri . . . o 26 42 —03Y —186 +:097

* Bouguer corrections compuled with density 2:67.

The residuals at the stations in the plains are not much altered, but close
to the Himalaya, as at Jalpaiguri and Siliguri, the change is very great. It is
probable, arguing by analogy from Mussoorie, that at Darjeeling the residual
will be positive.

On the line of stations from Meerut to Mussoorie on the meridian 78° we
have the following : —

’ g—
SraTION, ‘ Lat H—B
H Bt
( o |
Gesupur . . : . o228 33 +005 —-019 +-024
Meerut . . . . . 29 0 +:005% —026 +-031
Kelidna . . . . . . 29 31 — 006 —0H7 4051
Roorkee . . . . . .| 20 52 | —o431| --106 +063
Dehra Din . . .l 30 19 +°003 —123 4126
Rajpore : . 50 24 + 022 —-119 + 141
Mussoorie, (Camels Back) . | 30 23 +:049 —100 4149

+ Bouguer corrections computel with density 2:67.
.+ These valucs are aporoximale unly as the computation of the Hayford ocorrection has not been comnpleted
in detail. The first is probably correct within “G02 and the second within "00.
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In Professional Paper No. 12 “ On the Origin of the Himalaya Mountains’’
Colonel Burrard has shown that the rapid change of deflection found all along
the foot of the Himilaya can be explained by assuming the existence of a rift
’in\ the earth’s crust or sub-crust. The residuals given above seem to bear out
this theory very well. The deepest part of the rift would seem to be near
Roorkee and the slope on the northern side is apparently steeper than on the
southern, vide Professional Paper No. 12, page 7, line 31. On the Calcutta-
Darjeeling series the deepest part of the rift seems to be near Siliguri as
Kurseong and Darjeeling will probably give positive residuals.

The increasing positive residuals from Dehra Din to Mussonrie seem to
show that the Himalaya are not completely compensated. This does nat neces-
sarily mean that they are uncompensated but mercly that the assumption of
complete compensation does not entirely explain the observed phenomena. If
we make some assumption of partial compensation we shall alter the Hayford
correction at every station, but the change will be small except near the
Himalaya. A rough computation, made on the assumption that the Himalaya
are three-fourths compensated, reduces the residual at Mussooric by 036, at
Kaliana by '010 and at Gesupur by -005.

It is, however, claimed that the assumption of complete compensation has
materially improved the residuals. It has to a great extent got rid of the large
negative residuals at the foot of the Himalaya, and has shown more clearly the
“1ift ”’ at Roorkee and Siliguri and the * hidden chain ”’ at Ranchi, Kisnapur
and south of Gesupur.

Hayford residuals have been computed at four stations in Central India.
These are here shown :-—

g—7-
Height. B
STATION. H—B,
Ft. - Be
e i - —
Sconi . X i . . . ) 2,032 ++036 1012 +024
1 )
|
Saugor ) . ) ) S LT87 { +:010 —013 14028
Khandwa . i : , . . 1,014 ‘ +-050 +°040 +-010
: l
, |
Bilspaor . . . . . .| 898 | 4013 | 4:001 | +-012
o

* Bougnuer correotions computed with deusity 2:67.

At all these stations gravity is now found to be in excess, but the point to
he noted here is that the persistence of negative Bouguer residuals at elevated
stations has been explained by the new method. These newative residuals
point to the probability of compensition, and we now see that, by assuming
compensation, the chauge in residual between an elevated and a low lying
station is reduced. This is also borne out in the case of Ootacamuund where
the Hayford residual is 4-'017 compared with a Bouguer residual of — -020.

At all the stations given ahove, with the exception of Chatra the
Hayford hypothesis has increased the residuals. This is of course due to the
decrease of y caused by the deficiencies of density assumed to lic under elevated
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ground. When, however, we approach the coast we expect to find the residuals
decreased, as here the assumed excess of density under the sea will inorease ¥.
Chatra is about 170 miles from the. Bay of Bengal and there the positive
offect of the ocean compensation has just ocancelled the negative effect of
that of the land. At Cuttack, 50 miles from, and Madras on, the coast the
positive effects are more marked. The new residuals are 4006 at Cuttack
and —'053 at Madras as against Bouguer residuals of 4029 and+014. The
big negative residual at Madras is somewhat against the isostatic theory, but
we cannot assume anything about ocean compensation until other coast stations
have been examined. The Bouguer residual at Bombay is 4088 and the new
residual will almost certainly be positive but small.

''wo other stations, only, have so far been dealt with. These are
Pathankot and Mian Mir. At the former we have the largest Bouguer
residuul that has so far been found, —*177 and at the latter there was an
apparent small excess +°'005. The Hayford bhypothesis has accounted for
one-third of this difference of residuals, the new figures being—"077 and+4-010.

The defect at Pathankot by the new method is now seen to be little more
than at Gorakhpur and seeing that the latter is much farther from the
Himilaya, we may reasonably expect to find still greater deficiencies at stations
north of it.

The results of applying the new method may be briefly stated thus:—

(1) At all stations within 200 miles of the coast and below about 1,000
feet in height, the new residuals will be less positive than the
Bouguer ones. )

(2) At all other stations the mew residuals will be more positive or
less negative than Bouguer. The increase will roughly vary
with the height of the station and will become rapidly greater
as the Himalaya or other hills are approached.

It must be remembered that our knowledge of the heights in Southern
Asia and Tibet is still somewhat vague. In this investigation the height of
the Tibetan plateau has been assumed to be 15,000 feet. If we reduce all
our estimates of Himalayan and Tibetan heights by 1,000 fcet we shall reduce
the residual at Dehra Dun by about *008.

The effect of all zones ontside a radius of about 400 miles (Hayford
zone No. 12) has been interpolated {rom the three charts constructed last year
by Major L. A. Tandy, R.E. These charts show the cffects of topography
and compensation combined of the actual surface of the earth in :—

Cbhart (1) Zones 11 and 10, 400 to 750 miles.
v (2) Zomnes 9, 8 and 7, 750 to 1,850 miles.
s (3) Zones 6 to 1, 1,850 miles to antipodes.

For the first chart the effects at 31 stations were computed, for the
second, 17, and for the third, 4. Lines of equal effect were then drawn and
the effect at any station can thus be read off the chart. This has saved
an immense amount of labour.

It is only necessary to add that the Hayford zones 18 to 14 were divided
into 10 equal parts and the height in each compartment estimated and entere.
separately, the mean being then taken.

Tbe table below shows the computation of the total effect at three
selected stations. The unit is 0:00001 dyne.
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ZONE. CORBEOTION AT
St};’;‘ : Actaal No, Onter radius, Dehrs Don, Arrab, Madras,
|
!
1 ‘ 1 (Cowie) 10 £, 4+ 84 + 33 + 33
2 2, 200 ,, + 608 + 348 + 38
3 s e0o +1,106 + 162 + 2
4 4 1,400 + 1,698 + 54 + 1
5 5 % mile + 1,801 + 18 0
6 6 1. +1,187 + 8 0
7 7 » 14 miles + 433 0 0
8 8 2, + 202 \ - 1 0
9 ? 3, + 161 - 6 0
10 10 5 - 7 — 16 0
11 nm o, 8 . — 263 — % 0
12 2, 12, — 585 — 30 + 7
13 13, 20 — 992 — 60 + 49
14 1, 32, —1,201 -~ 8 + 138
15 %, 60 ,, — 2,662 — 144 + 652
16 16 1036 ,, — 2,990 — 266 + 932
o ’ L]
17 18 (Hayford) 1 41 13 — 582 — 75 + 200
18 v . 1 54 52 — 620 |, — a1 + 191
19 16 " 2 11 53 — 59 — 101 + 182
20 15 " 2 33 46 — 620 - 173 + 166
21 “ . 3 3 5 — 617 — 338 + 167
22 13 " 4 19 13 —1,067 — 762 + 209
23 12 " b 46 34 — 683 ~ 513 + 150
24 11 " 7 31 30 :
2 0 . 10 44 0 } — o0 - + 450
26 9 ” 14 9 0 )
27 8 . 2 4 O I} — 200 - 200 + 240
28 7 " 26 41 O Jl
29 6 " 3% 68 0 O
30 5 , 61 4 O r
31 4 72 13 0 i
. 3 ] 05 48 0 ; + 170 + 180 + 170
33 2 " 150 56 0
EY) 1 " 18 0 0 J )
Torar —7,608 | —92812 + 8,977
DynEs — 077 I) — 028 + 040

Note,— Figures in italics are inferpolated from charts,

The first 16 gones are those of Captain Cowie, the remainder from 18 to 1
are Mr. Hayford’s. The radii of these latter zones are expressed for convenience
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as arcs of a great circle. The inmer radius of zone 18 (Hayford), viz., 1034
wiles, is equivalent lo an arc of 1° 29” 58",

Dehra Dan is a submontaue station about 7 miles from the foot of the
Himdlaya and its height is 2,210 feet. Arrah is close to the Ganges river in
the centre of the Gangetic plain. Madras is on the coast. The signs of the
corrections are applioable to y and not g. Topography produces a positive
correction, its compensation a minus, and vice versé for oceans.

At Dehra Diin we see that the effect of the topography is greater than
that of the compensation for the first 9 zoues, ¢.c., up to a distance of 3 miles
from the station. Leyond this point, until the extreme zones 6 to 1 are met
with, the corrections are all negative showing that land areas predominate.
The Ilimalayas first begin to make tbemselves felt in zone 11 (Cowie). At
Arrah owing to its lesser height the effect of the topography is overcome at a
distance of just over one mile. The corrections up to zone 14 (Hayford), are
all small, but at this noint the Himalayas are met with. At Madras the local
effects are small, since the height is only 20 feet. The positive signs beyond
zone 11 (Cowie), show that ocean areas predominate.

In the season 1909-10 observations were made at Sultanpur, Latitude
26> 16° 6", Longitude 82° 5, height 314 feet, but the results were not
includad in the report as the height was not then known. The value of
9. — 7. (Bouguer), is —'040 and, as the station is somewhat further from the
Himalaya than Muzaffarpur and the Bouguer residual somewhat less, it secms
that the trough of low density, of which mention has been made above, extends
as far as Sultanpur.

It is proposed to swing the pendulums at Kalianpur, (the station of
origin of the Survey), 