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NOTICE.

. MAPS PUBLISHED BY THE SURVEY OF INDIA
are obtainable from the Map Record and Issue Office, 13, Wood Street,
Calcutta, on the Public fervice—on Cash Payment or Book-Transfer,
and, for private use—on Cash Payment or V. P. P.
Forest maps are obtainable only from the Officer in charge, Forest

Map Office, Dehra Dun.

Geological maps are obtainable from the Director, Geological Survey
of India, Calcutta.

The Survey of India publish maps for the greater part of SOUTHERN ASTA
between the meridians of 44° and 124° East of Greenwich and between parallels 4° and
40° north latitude.

2. Surveys executed after 1905 are classed as “MODERN ", those PRIOR to that date
are classed as “ OLD ",

3. Maps are printed in two styles or editions ¢7z., LAYERED and POLITICAL :—

(@) The LAYERED cdition represents a map printed in colours with graduated
layer tints of colour to show altitudes, and, shading to emphasize the
hills. This edition gives prominence to the physical features.

() The POLITICAL edition represents a map printed in colours, but without
graduated layer tints. Hills are represented by contours and shading.
This edition gives prominence to the Civil Divisions of India which are
shown by ribands of colour along boundaries of administrative partitions.

NOTE.—When maps are printed in colours, from mixed or old survers, the edition is styled “PRELIMI-

NARY”; and when published in black only or with hills in brown, the edition is siyled “PROVISIONAL” issue.

4. The series of Modern maps are grouped under three Divisions :—

(I) GEOGRAPHICAL, embracing—

(¢) SOUTHERN ASIA SERIES, scale 1:2,000,000 or uearly 1 inch
=32 miles, in LAYERED and POLITICAL editions, size 36 inches
x 24 inches, price Rs. 3 per copy.

(6) INDIA AND ADJACENT COUNTRIES; scale 1:1,000,000 or
nearly 1 inch = 16 miles, in LAYERED and POLITICAL editions,
or if from old surveys, as PRELIMINARY editions; size 24
inches x 19 inches, price Re. 1-8 per copy. If printed on linen-backed
paper Rs, 2-4.

(¢) INTERNATIONAL MAP OF INDIA, scale 1:1,000,000 or nearly
1 inch = 16 miles, in LAYERED edition (without shading of hills),
size 30 inches x 26 inches, price Re. 1-U per copy.

(I11)  TOPOGRAPHICAL, comprising maps on : —

(@) Scare 1 1N¥en = 1 miE, in the POLITICAL edition, size 24 x 19
inches, price Re. 1-8 per copy.

(6) Scare 1ivem = 2 mires, in the POLITICAL edition, size 24 x 19
inches, price Rs. 3-0 per copy.

(¢) Scare lixen = 4 airks, in the LAYERED and POLITICAL editions,
size 24 x 19 inches, price Re. 1-8 per copy, and from old surveys as

PROVISIONAL issues, price Re. 1 per copy.

NOTE.~Modern Topogrnphical maps printed on linen-backed paper aro As. 12 extra per copy. Index

charts or Koy maps Lo the Geographical and Topographical serios are obtainable gratis,



(I11) GENERAL MAPS which include :—

(¢) GENERAL MAPS OF INDIA, scale 1 inch = 82 miles, in sets of
12 sheets, each sheet 25 x 32 inches, in LAYERED and POLITICAL
editions, price Rs. 12 per set, and on scale 1 inch=64 miles, POLITICAL
edition only, size about 3% feet square, at Rs. 6 the copy. Also various
maps of India on the same and smaller ecales and miscellaneous special
maps illustrating Railways, &e.

(2) PROVINCIAL MAPS, on scales 1 inch = 16 miles and 1 inch
= 32 miles.

(¢) DISTRICT MAPS, on scales 1 inch = 4 miles and 1 inch = 8 miles.

() CANTONMENT AND TOWN MAPS AND OTHER MISCELLA-
NEOUS MAPS, of various scales and prices.

5. MAP CATALOGUES can be obtained at ONE RUPEE per copy.

6. Maps can be mounted on cloth and folded or mounted on rollers for hanging, &e.,
at an extra charge.

7. For particular purposes, copies of any map can be supplied in black or black
and brown on request and at special rates.

8. Any map, chart or diagram can be reproduced if the applicant submits 2

suitable original drawing. Special rates exist for such work and estimates can be
given on request.

9. The prices quoted for various maps are exclusive of postage and V. P.P.
charges. Any further information may be obtained free of charge from the Officer in
charge, Map Record and Issue Office, 13, Wood Street, Calcutta.
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PART L

—TOPOGRAPHICAL SURVEY.

NORTHERN CIRCLE.

(Vide Index Map No. 1).
Summary —This circle was under the superintendence of Lieut.-Colonel H. Wood, R.E.

During the vear Nos. 2, 3, 4 Parties completed 11,528 square miles of detail survey

on the }-inch,
scale in 1Y%
on eight-ineh scale.

" . T i . ; fos.
Tn addition an area of 9,318 square miles was triangulated by No

nel
I-inch, and 2-inch secales, excluding 37 square miles surveyed on half-i c;
.21 and re-surveyed on one-inch scale in 1921-22 and 9 square miles surveyed

,2 and 4

Partics and 289 square miles was traversed by No. 4 Party for detail survey next year.

The detail survey consisted of :—

492 square miles of half-inch original survey.

9L,
6,345,
2a425 2 ”

]1969 » ]

of one-inch original survey.
of one-inch revision survey.
of one-inch re-survey.

of two-inch original survey.

No. 22 (Riverain) Party and 23 (Punjab Rectangulation) Party (late Sind Sagar

Partv) continued special work in the Punjab for the Local Government.

The former carried

out the usual riverain survey in the Punjab and the latter, 1ectangulation work in connection

with the Sutlej Valley Canal and Colonisation Project.
A detachment designated the Bhopal Traverse Detachment was formed to carry out

traverse work in the Bhopal State at the reqnest of the Bhopal Durbar.
No. 20 Party (Cantonment) was re-transferred to this circle {from Ist April 1922.
No. 1 PARTY (PUNJAB, PUNJAB STATES AND UNITED PROVINCES).
By C. C. ByrxE.

The head-quarters of the party remained at Mussoorie during the whole year.

PERSONNEL,
Class I Officers.
Lt. G.H. Osmnston, M.C., R E.. (on probation),
from 1st May to 11th July 1922.
Lt. G.F. Heaney. R.E, (on probation), from
1st May to 11th July 1922,
Class Il Qfficers.
Mr. C.C. Byroe, in charge from 18th February
1922.
AT, Kenny, O.1.E,,
l‘el)rnnrv 1922,

in chargc up to 17th

»  A.M, Talati. I.C.E,, from lst Iulv to 18th
September 1922,
Major C.H. Iresham,

Mr, R.C. Hanson, to 31st January 1922,
w AJLA. Drake. D.C.M., to 30th June 1922,
H.T. Hughes, to 14th March 1922,
0.D. Jackson,
Upper Suhordinate Service,

Mr. Sher Jang, K.B,, from 27th February 1922,

, Mahammad Husain Khan, K.S., from 16th
January 1o 1st September 1922,

K5, to 31st December

» Afraz Gul Kban,

1921,

Muhammad Khan,

Muhammad Ilnsan,

Jit Singh Hawat.

Sijawal Khan,

. Latif Khan,

Moh anmad  Jamsed, (on probation), from

1st. September 1922,

o Mohammnd Abdas Sn‘ttnr, (on probation),
from 1st September 1922,

from 18th April 1922,

Lower Subordinate Service.

30 Surveyors, etc.

The
health of the party has been fairly good, there
were no cases of serious illness and no deaths.
Malarial fever and a mild form of Influenza were
however prevalent throughout the vear, a large
percentage of the staff being attacked at various
times,

Plane-tabling.—Except for a small area, which
remained to be completed at the end of the pre-
vious year, no detail survey was done during the
year. This area was included in last year’s report,
but the cost was not taken into account. The cost-
rates for the whole area of 8,400 square miles,
reported as surveyed last year, on the one-inch,
half-inch and quarter-inch scales, are therefore
Rs. 11-0 per square mile for original survey, and
Rs. 152 per square mile for revision survey.

Trianyulation.—An area of 2,700 square miles, -
for detail survey next year, was triangulated
by Mr. A.J.A. Drake, D C. M., assisted by
Mr. Jit Singh Rawat. This area lies along the
hills in the south-western portion of the Derg .
Ghazi Khin district, of the Punjab and the adja-
cent portion of the Sibi district, of Baluchistan,
falling in sheets 39G/11.12.15.16, 39H/9.10.13.14 and
parts of 39K/2 345,

The country is bare and inhospitable, support-
ing few inhabitants; water is scarce and generally
brackish; the a]t‘ltnde ranges from about 300 to
4,500 feet above sea level and, except for a few
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camel tracks along the larger streams, there are practically no communications. The
main watershed, running roughly south-west to north-east, forms the boundary between
the Punjab and Baluchistan.

The main triangulation was done by Mr. Drake; the supplementary work of fixing
points in the foot hills and the plains on the east, was done by Mv. Jit Singh Rawat over
an area of 1,170 square miles.

In addition to the triangulation there are in the plains a fairly large number of per-
manently marked village trijunctions, the geographical positions of which were fixed, in the
course of previous cadastral surveys, by traverses based on twenty stations of the Prineipalj
triangulation (Indus Series). These will provide sufficient points for the revision of the
existing one-inch maps covering the Dera Ghazi Khan, Jampur and Rajanpur 7uksiis of’
the Dera Ghazi Khan district. The cost of the triangulation is Rs. 78 per square mile.

Recess Duties :—The party, having been in the field during the whole of the previous
year, spent the whole of the current year in doing recess work. In the report of the
previous year it is mentioned that the greater part of the fair-mapping of that year was done
by pupils without adequate supervision ; this work, in various stages of completion, has
passed into this year’s programme and has caused serious delay in the execution of the other
work of the party. Nearly all the typing has had to be redone and the examination and
correction of these sheets has been a long and very tedious process. It has been found
impossible to separate the work of last year from that of the current season with any degree
of certainty and consequently it has been necessary, after careful investigation, to make a
distribution of the fair-mapping in such a way as to convey a fairly accurate idea of the
relative cost. The work to which this report refers covers twenty-nine sheets on the one--
inch scale and seven sheets on the half-inch scale, viz :

(1) one-inch sheets :—43P/16, 52C/s12.16 and 52D/1.23.667.910.11.13t0 16, 53A/"
5.a1.1215.16, 233E/3.7.8.11 and 53F/5.13.14.

The area to be mapped on the above sheets = 7,777 square miles.

(ir) Half-inch sheets :—

52 D/sw. se., 52 H/sw., 53 A/~NE., 53 E/~xWw. NE. SE.

The area to be mapped on these sheets = 6,384 square miles.

With the exception of Nos. 52 D/1415.16and 53 F/13 all the one-inch sheets were
completed and sent for publication during the year. The sheets above mentioned
were also completed, except for a few finishing touches; but the final examination and
ornamentation of 53 F/ 13 remains to be done. This sheet will be completed and submitted
from the field. The other three sheets will be submitted before the party takes the field,-
in the first week of October. :

As nearly as can be calculated the area fan mapped during the year, including the
four sheets mentioned above, works out to 6,198 square miles ; the cost-rate of the mapping
on the one and half-inch scale, for pnb]ication on the one-inch scale = Rs. 81 per square
mile; the cost-rate for mapping the complete set of 29 sheets (7,777 square miles) for
publlcatlon on the one-inch scale = Rs. 115 per square mile.

Of the sheets to be published on the half-inch scale, the mapping of Nos. 52 D/sw SE.
and 53 E/sE. was taken over by No. 3 Drawing Office; the mapping of No. 53 A/NE,
was completed and examined, except for the ornamentation and touching up of th'e,
limit of cultivation ; the drawing of the remaining three sheets was taken in hand and
carried on till the end of the year. The sheets were then transferred to No. 3 Drawing:
Office for completion. It is estimated that the work done is equivalent to the completion of
about one sheet and a half, representing an area of 1,500 square miles. The cost-rate of
mapping on the three-quarter-inch scale, for publication on the half-inch scale, works out
to Rs. 38 per square mile.

The heavy arrears with which the party was burdened, the frequent changes of per-
gonnel both in the supervising and drawing staffs, the employment of pupils for fair-ma.pping'
and the depletion of the supervising staff, are some of the circumstances which have eombined’
to render the task, which the party has had to perform, one of peculiar difficulty. This has.
been felt at every stage of the work and the fact that 7,998 square miles have been success-
fully mapped is due to the patient and persevering efforts of those concerned.

Inspections.—The party was inspectel weekly by the Superintendent, Northern.
Cirele, throughout the year and by the Surveyor General in April 1922,
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No. 2 PARTY (CENTRAL INDIA, DELHI PROVINCE, RATPUTANA AND

UNITED

PROVINCES).

By Br.-Lieur.-Coroner 8. W. S. Hayivron, D. 8. 0., R. E.

The normal topographical programme of the party was continued.

PERSONNEL.

Class 1 Qfficers.

Bt..Lt.-Col. §.W.5. Uamilton, D.8.0, R. E. in
charge to 28th April 1922.

Captain L. H. Jackson, I. A., in charge from 29th
April 1922, .

Captain W. J. Norman, M. C,, R. E. (on probation),

Captain T.W.R. Haycraft, R.E. (on probation) to
31st May 1922.

Lieut, G, H. Osmaston, M. C.,, R. E. (on probation)
to 30th April 1922.

Lieut. G.F. Heaney, I. E. (on probation) to 30th
April 1922,

Class II Officers.
Mr. J. McCraken, M. B. E.
C. O. Picarq, to 31st May 1922,
,»  Duni Chand Puri.
»» P.K. Ghosh, B. 8c. (on probation).

Upper Subordinate Service,
. Muhammad Husain Khan, K. 8., from 22nd
October 1921 to 15th January 1922,
» Muhammad llosain,
,» Imam Din.
»w Afraz Gul Khan, K.8,, from Ist January 1922.
» Jagannath.
,»  Narasingh Dass Joshi, B, A.
»»  Mohammad Jamsed (on probation).
» Mohammad Abdus Sattar (on probation),

Lower Subordinate Service.

67 Surveyors, etc.

(a) Original survey on the half-inch scale
of sheets 54 J/10.14 (part).

(3) Re-survey on the one-inch scale of
sheets 54 I/azaz1e, 54 M/ss and 54 J/
1.5.9.14 (part)

(¢) Revision survey on the one-inch scale
of sheets 54 Ef7(part), 54 I/gs11.15, 54 M/78
and 54 N/11.12.15.16.

(d) Original survey on the eight-inch scale
of the headworks of the Western Jumna Canal.

(¢) Triangulation for original survey on the
half-inch scale in sheets 54 F/ (less 54 F/1.5 and
parts of 9.13) and in sheet 54 J/(less 54 J/1.5.9.13).

(/) Traversing for original survey on the
sixteen-inch and sixty-four-inch scales in the

Municipal areas of Allahabad City.

(g) Traversing of the boundaries of demar-
cated areas of leased land in Imperial Delhi.

(a) The country surveyed on the half-inch
and one-inch scales consisted entirely of cultivated
plains, for the most part open and easy except in
a few places where trees were numerous. There
was a great deal of broken ground along the
banks of the Jumna and Chambal rivers. Along
the tributaries of the Jumna in Jalaun and
Cawnpore districts, this broken ground, though
not of great height or difficult of negotiation

was much spread out over the country ; while that along the Chambal, was from two to three
miles in width on either side of the river, forming deep ravines, averaging a hundred and
more feet in height, and broken up into pinnacles or flat tops with cliffs on all sides impossible
of access. The tracks followed the main streams and were few and far between and mostl v
only fit for foot trafic. There were no hills in the areas surveyed.

Thf: head-qnarters opened in the field at Agra on tae 2nd November 1921 and
re-opened in recess at Mussoorie on the 4th May 1922, The health of the party was excellent.

DPlane-tabling.—As in the previous two field seasons, all first year soldier survevors and
a large number of the pupil survevors in the circle, numbering 11 and 6 respectivgly, were
attached to No. 2 Party for training. In addition, there were four Class I, one Class IT and
two Upper Subordinate officers on probation. The country lent itself well for trainine
purposes, though it was not possible to give any real instruction in contouring or in th:
depiction of hill features. It is hoped that it will prove possible to give such instrouction next
year when the party will be working in the hilly areas of Gwalior and Eastern Rajputina.
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The party was divided into 5 camps as given in the table below :—
No. of
ofticers
. Camp under ins- Scal d
tc‘:m(: Name of camp officer. ql:l}rﬁ;s. suljvoé)_o ofrs. "Sl::irliioel;- Sheets surveyed. Eful{s:;'%
sarveyors
and pupils.
1 | Mr. Md. Husain Khan, |Akbarpur 10 1 54 N/11.12.15.16 1-inch
K. S, and later and revision,
Mr. J. McCraken M.B.E.| Bhind 9 2 54 J/10. 14 1-inch
original
and l-inch
re-survey.
2 | Mr. C.O. Picard . | Mainpuri 12 7 54 M/s.s7.8 1-inch re-
survey and
l-inch
revision,

3 | Mr. Imam Din Shikoha- 6 9 54 I/11.12.15.16 & do.

bad and 54 J/o.
Ghiror
4| 1st class surveyor Tandla 7 9 54 I/3.4.7 do.
Khushal Khan and later
Capt. T.W.R. Hayecraft,
R.E.

5 | lst class surveyor Abdul | Pinahat 6 5 64 I/8 and l-inch
Aziz Khan and later 54 J/1.s. re-survey
Capt. W. J. Norman, and l-inch

M.C, RE revision.
Under O.C. Partv 1 . 54 Efy 1-inch
revision.

In cases where surveyors worked under two different camp officers, they are counted
as having been in each camp. Mr. Afraz Gul Khan, K.S., was attached to No. 1 Camp for
a short period during the season, for instruction in a camp officer’s duties. Mr. D.C. Puri
did not have an ordinary camp charge but was employed in teaching and helping the officers
and surveyors in charge of Nos. 4 and 5 Camps, none of whom had previously any experience
of these duties; in addition he generally supervised the instruction being imparted to their
men under training. He was also in charge of the traverse work in Allahabad City and in
Imperial Delhi.

l-inch revision survey was carried out by trained and partially trained surveyors,
while 1-inch re-survey, which was specially arranged for them inlieu of revision survey, was
done by all the officers under instruction and by the first year soldier surveyors and pupils.
Later in the season the two junior Class I officers were given an area of original survey on
the half-inch scale, the two sheets of which had been specially included in the programme
with a view to these officers’ instruction.

The one-inch survey was based on old revenue traverse data supplemented by new
traverse work carriedl out the previous season in sheets 54 J/1,5.9, while the balf-inch
survey was based on triangulation, observed and computed in the field earlier in the same year.

For the initial period of instruction, a convenient area of one-inch re-survey, not too
difficnlt, but containing as much variety of detail as possible, was selected for each camp.
The graticules, traversed trijunctions, scales, lists, ete. of this area were plotted in recess, on
to a half Bristol board, one for each man under training. Each eamp officer then devoted
from a month to 6 weeks, within the area selected, to the individual training of his men
according to their several capabilities : after which, if the officer in charge of the party was
satisfied with their progress, the men were given separate and independent plane-table sections.
These they had helped to prepare during their collective training, the plotting being done by the
men themselves. The officers in charge of Nos. 2, 3 and 4 Camps were each allowed one firs
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class surveyor to assist them until their men under instruction could work independently and
without frequent supervision. This period was found to vary from 6 weeks to £ months.

In order to give a greater usefulness to the published sheets, the heights along main
canals and distributaries have been obtained from the various Executive Engincers concerned
and selected values have been inserted on the fair maps in these areas in the plains where no
other information was available. A note to this effect has been entered on the plane-table
sections. Where possible these were compared in 1920-2]1 with levelled bench-marks and
other traversed heights and were found not to vary more than two or three feet.

The survey of the Headworks of the Western Jumna Canal, undertaken at the request
of the Superintending Engineer of the Irrigation Circle. on the eight-inch scale wasa small,
simple, and straight-forward piece of work which calls for no special remark. It was based
on triangulated points from the Himalayan triangulation and was carried out by a surveyor
oun deputation working directly under the Executive Engineer.

Out-turn and cost-rates are given below :—

Cost-rate per square mile,
Scale. Cluss of survey. Area in square miles.
Rupees.
3-inch Original 492 22-1
1-inch Re-survey 2,425 16-9
1-inch Revision 2,694 12-8
8-inch Original 9 121-3

The cost-rate for half-inch original survey is very high due to various reasons; the
triangulation being done the same season, the data in consequence were not ready earlier and
it proved necessary to move a number of surveyors to small areas, in many cases from long
distances, to ensure that the survey was completed in the season, thus causing extra expense.
Also this survey has to bear the charges of pay of the two junior Class I officers under ins-
truction during the period, as well as the pay of senior surveyors, sufficiently trained to
complete the work efficiently and well. The cost-rate for one-inch re-survey has also been
adversely affected by the charges of pay of officers under instruction.

Triangulation.—In its course of progress the party has now reached Gwalior State in
Central India and the Indian States of Eastern Rajputina, and the country triangulated was of
a different nature to the heavily cultivated plains of the United Provinces. The country
covered by sheet 54 F and the south-west portion of 54 J consisted for the most part of small
ranges of hills varying in height from 900 to 1,400 feet, outerops from the Vindhya Range
to the south. These were mostly covered with long grass and dense jungle, and often proved diffi-
cult to negotiate. Communications were poor and habitations sparse, but on the whole the
country was easy to triangulate, though necessitating extensive clearing and requiring many
stations. The central and south-east portions of 54 J, though not heavily caltivated,nevertheless,
owing to their flatness, to numerous trees round villages, and to the absence of hills, also
necessitated a very large number of stations and required a careful and intelligent recon-
naissance. The work was based on the Great Arc Meridional and on the Budhon Series,
which run parallel through the area from north to south, and on the old Gwalior and Central
India Topo. Triangulation. A large number of the upper markstones of the G. T. series,
and in many cases the lower markstones also, were found missing, and a special report on
this matter has been submitted to the Superintendent of the Trigonometrical Survey. The
triangulation of sheet 54 F (less F/1.5) was done by Mr. P. K. Ghosh, B.Sc.: Extra
Assistant Superintendent, who completed an area of 3,500 square miles, and that in 54 J by
Mr. Jagannath, Sub-Assistant Superintendent, who completed an area of 3,060 square miles,

The triangulation of sheets 54 J/i0.14 was completed in the field. Its survey
on the half-inch scale, completed during the ame season for the instruction of officers under
training, is referred to under plane-tabling above. The total out-turn was 6,560 square
miles and the cost-rate per square mile was Rs, 2-0.
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Traversing.—'The traverse of Allahabad City and its Municipal areas for detail survey
on the sixteen-inch and sixtv-four-ineh scales, commenced in 1920-21 for the Allahabad
Improvement Trust, was continued in December 1921 and completed in February 1922. The
work was in charge of Mr. Duni Chand Puri, Extra Assistant Superintendent, with two
traversers and two computers, computation being carried out pari passu with the traverse.
Twenty-one ploil charts of the work in the sixty-four-inch area, which were urgently required
for detail survey, were completed in the tield. (See a/so Part I1I—S8pecial Reports).

On the completion of work in Allahabad, the traversers and computers were trans-
ferred to Imperial Delhi to undertake the traverse of the boundaries of demarcated areas
in the New City, which have been, or are to be, leased in perpetuity to the holders. The
traversers were started on work by Lieut.-Col. 8. W. 8. Hamilton, D.S.0., R.E., a main
line being run across the area of the Imperial City from north to south via Kutab Road,
Prithvi Raj Road, Hardinge Avenue, Lytton Road and I'anch Kumar Road, joining up
Pillars Nos. 607 and 201 of the boundary traverse of Imperial Delhi executed by No. 18
Party in 1915-16, the various sub-traverses required to connect up the arca demarcated
being taken oft this main line. 'The work and the number of stations required entailed
considerably more labour than was originally expected, but by keeping the traversers out
until the end of April all the work asked for was completed.

No traverse work for topographical survey was undertaken.
Cost-rates are given in the table below :—

: No. of . . Cost-rate

. . ArTen ir Lines le . :

Scale of detail snrvey Place "ce:es' z:::ie(::: 'cr::il;ﬂlﬁéps per lnl:{esr.nr mile
16-inch ... | Allahabad 31-91 514 78 18-0

(sq. miles).

6 t-inch do. 1,324-8 623 35 797
12-inch (boundary tra-

verse) ...| Delhi ... 941-2 1,188 57 588

The cost-rates given include computation of the work.
Recess Duties.—For the purpose of fair-mapping the party was divided into four
sections as given in the table below :—

1 Mr. J. Me Craken, 7 54 N/11.12.15.16, J/14, 54J/NE. 14-inch and
M. B.E. #-inch
2 Captain W.J. Norman, 5 54 M/3.47.8 14-inch
M.C,R.E.
3 Mr. Imam Din 6 54 I/1112.15.6, J/g. H4E/Ne. 14-inch and
3-inch
I Mr. D.C. Puri 5 54J/15 & I/3.478 14-inch

Fifteen one-inch sheets have heen submitted in September 1922 and the remaining
one-inch and half-inch sheets will be submitted hefore the party leaves for the field. No. 2
Party will thus have no arrears of fair-mapping. The outline of 3 sheets, viz., 54 J/o14 and
54 1/16 has been drawn on contract overtime syslem adopted in this party last recess. An
estimate is made of the number of hours required and the draftsman, who must have first
class (ualifications, ix then given the sheet to draw entirvely out of office hours, being paid his
overtime on completion, with the proviso, however that any corrections must be earried ont
by him ax overtime without payment.  The amount expended on overlime payments during
recess will total Rs, 414,
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The cost-rates of fair-mapping are given below :—

) Cost-rate per square mile.
Scale of fair-mapping, Aren in square miles. Ltupees.
14 for 1-1 h 5,004 6:7
14-ineh for 1-inch sheets 5,00
4-inch for }-inch sheets 1,749 3:0

A section was also maintained under Mr. Afraz Gul Khan, K. 8., for the training of
soldier surveyors and pupils. Four soldier surveyors reverted to their units during recess.
Captain T. W. R. Hayeraft, R.E. (on probation) and Mr. C. O. Picard were transferred to
No. 3 Party and No. 3 Drawing Office respectively from lst June 1922, and Lieutenants
G. H. Osm;Lst.on, M.C, R.E. and G. I'. Heaney, R. K. (both on probation), were transferred
to No. 1 Party from Ist May 1922.

(4) A section composed of one triangulator, 2 traversers and 2 computers, under Mr.
P.K. Ghosh, B.Sc., has been employed throughout the recess on the computation of last
season’s triangulation for original survey on the half-inch scale, the preparation of traverse
plot charts from the old traverse records of Agra district for re-survey on the one-inch scale,
and the preparation of traverse plot charts of 1920-21 traverse for original survey on the
half-inch scale, required for next season. The computation of the traverse of Allahabad City
has also been completed, and 9 plot charts for detail snrvey on the sixty-four-inch scale and
14 plot charts for detail survey on the sixteen-inch scale have been drawn and sent to the
Chief Engineer, Allahibad Improvement Trust A schedule, together with an index plot
chart, of the boundarics of demarcated areas traversed in the New City of Tmperial Delhi has
been prepared in book form in recess, and supplied for record to the Chief Engineer, P. W. D.,
Delhi.  Othier miseellaneous work has consisted in keeping the party records, ete., up to date,
preparation of Bristol boards for training of next year’s pupils, preparation of Index maps,
ficld progress charts, triangulation charts, and extraction of data for the continuation of the
survey of the Western Jumna Canal on the scale of 1/4,000.

Miscellaneons.—There were no marked physiographical changes in the area that came
under survey during the vear.

Inspeetions—The party was inspected once by the Surveyor General and on numerous.
occasions hy the Superintendent, Northern Cirele.

No. 3 PARTY (UNITED PROVINCES).
By Mason C. G. Lewrs, R. .

During the year under report the survey of the Garhwal and Kumauun hills on
the two-inch scale was continued, the area required

PFREONNEL,
by the lorest Department being nearly completed.
Cluss I Officers. The field head-quarters were moved from Bareilly
Captain LU Jackson, 1. A in charge upto to Almord, where the party office opened on 7th
28(h April 1922 November. Nos. 1 and 2 Camps took the field

Major (C.G. Lewir, R L., in charge from 29th Jier .
earlier than the remainder of the party in order to

April 1922,
Capiain T.W.R. Hayeralt, R.E. (on probation). complete the survey of the higher ground in their
from Ist June 1922, areas before the arrival of the snow. They reached
Class 11 Offcers, their respective head-quarters at the end of October.
Captain J.H, Williamg, np to 11th May 1922, The area surveved consisted of hieh hills
M E.Il. West, np to 16th Jnly 1922, densely wooded | K X
) nsel; ed on the n :
e Wit e c{rthenl slopes, and deep
, J.H. Johnson, . eys, the lower slopes be]ng terraced for cultiva-
w A.LA. Drake, D.C.M.. from st July 1922 tion.
Lower Subordinate Sernice. The three camps completed their work by the
\ A
86 Surveyors, etc. .24-th February, 20th March and 9th April respect-
ively.

The health of the party was very good. The 17 surveyors of Nos. 1 and 2 Camps.
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reported a total of only 4 days of sickness during the season. No. 3 Camp averaged | day’s
sickness in 2 months. Surveyor Adalat Khan died on 25th October while on leave and
surveyor Farman Ali was killed on 30th January by an accidental {all on a dangerous hill
side.

Plune-tatling.—The programme comprised survey in 19 two-inch sheets distributed
in three camps as follows :—

No. 1 Cawp, under Mr. West, (head-quarters, Gwaldam) sheets 53 N/4sipart).
&% (part). 128, 16 8.

No. 2 Camp, under Mr. L. Williams, (head-quarters, Sandeh and later Thal) sheets
62 Bfis. ss 125 and 62 C/iN« 8.5 N&s (part). o v (part). 9 s (part).

No. 3 Camp, under Captain J. H. Williams, (head-quarters, Pithoragarh), sheets
62 C/2 N &« %3 N. 6 N(part). g s(part). 7 N(part).

The Nepil boundary following the Kali viver formed the eastern limit of the work
though a considerable area in Nepal was surveyed by “sketching ” from the British side.

[n sheets 53 N/igs and 62 B/yg 8 some of the reserved forests extend bevond
the north margin of the sheet. As there are no reserves in the area to the north, these
forests were completely surveyed, the over-lapping portions being mapped as outriggers.

The country surveyed by Nos. 1 and 2 Camps consisted of very higch ground, the
hills in sheets 62 Bfs.i2 rising to 19,000 feet and the average height of vallevs being 6,000
to 7,000 fect. Work was completed in the higher ground by the 15th January, when heavy
falls of snow occurred which would have made further work in that area impossible. The
highest fixing made by a plane-tabler was at 14,950 feet, while several were made at
over 14,000 feet. :

In the high ground the hills were mostly devoid of trees, except on the northern
slopes.  The high level reserved forests which are little exploited, have no compartment
boundaries and their external boundaries were as a rule easy to locate; these factors
combined to simplify the work of the plane-tablers. In the remaining area chiefly surveyed
by No. 3 Camp, the hills were for the most part densely wooded and boundary pillars were
difficult to find; in the vicinity of Pithoragarh the country was in addition extremely
intricate.

Communications were bad throughout the area, especially in the higher ground;
only cooly transport could be employed.

The survey of the Kumaun hills on the two-inch scale was undertaken in 1915 in the
interests of the Forest Department and for three seasons prior to the year under review,
owing to the fact that the greater portion of the area surveyed consisted of reserved forests,
the whole area was surveyed on the two-inch scale to avoid inconvenient changes of scale.
This poliey was pursued during the current year although the reserved area was only 540
square miles ont of a total area surveyed of 1,969 square miles.

Discrepancies between boundaries, as demarcated on the ground and as notitied
were as a rule reconciled in the field by reference to the Forest officials, but in the higher
reserves it was found that many boundary pillars had been erected in positions differing
widely from those described in the notifications, being sometimes located far outside the
reserve to which they belonged. In these cases the boundary as notified has been correctly
gshown on the fair maps.

The cost-rate of plane-tabling on the two-inch scale was Rs. 51°6 per square mile.
This ficure should be taken in conjunction with that for the average number of fixings
per squ;are mile, viz., 6:2. As the bulk of the area lay in high, sparsely inhabited hills only
a small proportion of which consisted of reserved forests, surveyors were instructed in the
case of non-reserved areas, to relax the standard of detail required by the scale and to
carry out plane-tabling as for the one-inch scale. The cost-rate is thus not representative
of rigorous 2-inch survey. The fact that it is as high as the previous season is due to the
very high cost of transport and to the total absence of local supplies.

As it was impossible to purchase supplies of any sort in the area under survey,
arrangements were made beforehand with Army head-quarters to draw rations for the party
on payment from the 1/3 Q.A.O. Gurkha Rifles at Almora. The cost of rations was
recovered monthly from those to whom they were issued and was refunded in cash to the
Officer Commanding 1/3 Gurkha Rifles.
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Each camp officer entertained from 50 to 80 permanent Nepilese coolies. .Th'ese
were used for moving camp officers’ and Surveyors’ camps and for the distribution
of rations from camp‘rhead-quarters to surveyors. For the conveyance of rations from
Almori to the head-quarters of the three camps, 13 troops (144 mules) of the 23rd Pack
Mule Cadre, complete with personnel, equipment ete., were hired at a cost of Rs. 16 per
mule per mensem. In August arrangements for the supply of dumps of grass a_t pre-
arranged camps were made with the Forest Department. The mule cadre supplied their own
rations for men and animals, which bad to be carried with them on convoy work. This
meant that for a trip of 5 marches to camp head-quarters and back (viz. 9 days) only 70
mules were available for the party rations, the remainder being required for the rations and

kit of the mule cadre.

A time-table of marches for the mule convoys was drawn up by the Officer in charge,
by which each camp was rationed on an average every five weeks. This time-table was
strictly adhered to by the convoys. The routes were in a very bad state of repair, which
resulted in accidents to mules on several occasions, though only one animal was killed
during the season. No local transport could have operated continuously on these roads
uader such conditions. The cost of this transport was high, but was well repaid by the gain
in time and efficiency, which enabled the survey of the high ground to be completed before

the coming of snow.

Triangulation.—-The programme included the triangulation of sheets 53 N/1.2.3.6. 7
but it was found impossible to attempt this work owing to the difficulties of supply and
transport in Garhwal district, and it was abandoned.

No traversing was carried out.
Recess Duties.-——The fair-mapping 1ncluding 16 sheets of arrears which remained
over from last year. was distributed in three sections—

No. 1, under Mr. West and later Mr. Drake.

Current 2-inch sheets 53 N/4s.88.125. 168,

Arrears 2-inch sheets 53 J/16 , N/y N, O/16 5, 62 C/3 s,
Arrears 1-inch sheet 53 O/1s.

No. 2, under Mr. L. Williams.

Current 2-inch sheets 62 Bfss. 89, 125 62 C/INSS.5N&s. 9N&S.
Arrears 2-inch sheets 53 O/15 5«8, 62 C/4 N.8 N.
Arrears 1l-inch sheets 62 C/4. 5,

No. 3, under Mr. Johnson.

Current 2-inch shects 62 C/2 N & S. 3N.6 N&S.7 N,
Arrears 2-inch shects 53 Oft1 N S 14N &8,

Arrears 1-inch sheets 53 O/12.

Captain Haycraft assisted in the examination of sheets for No. 3 section.

Considerable use was again ma‘de o.f overtime, - outline sheets and 3 contour sheets
were drawn on contract and all typing in overtime was done as piece-work,” special rates
being worked out for the vari t i ’ i
g 16 various items such as village names, spaced names, heights and
contour values. .

The cost-rate of 2-inch fair-mapping for 2-inch sheets was about Rs. 250 per square

mile. Owing to the arvears it is impossible to estimate a
o s 8 S ccurately the ar i
actually completed. Y o of mapping

. Eight.', arvears sheets have been submitted for publication and it is anticipated that the
remainder will be submitted by the close of recess. The current sheets are well advaneed :
’

they will be. completed by a small party drawing section during the cold weather and should
all be submitted before the commencement. of next recess. )

"”l’f’(.‘lifm.\‘.— ‘h(‘, l)'\,l'l'\' was il]q 'e 1 {5} e ve e was
l l art s ‘.Pec d once in recess b_} t]l Sl“' yol' Gen l'a.l

. i a,“d
V]Slted ‘Veek]y by ”1(3 \,;l] )(‘,l'lllien(]e“‘, IJ()l't hel'[l Cil‘c]e, thl‘oughout the recess season
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No. 4 PARTY (UNITED PROVINCES).
By M. C. Perrens.

This party which had been in abeyance since 1917 took the field in full strength and
completed the detail survey on the one-inch scale
PERSONNEL. of sheets 63 M/s.7.5.11.12.15.16 and 63 N/o.10.11.12.
Class I Officer. 13.1415.16.  The party also completed the triang-

Mr. M. C. Petters, in charge to 13th March and

Mr.

from 25th March 1922,

Class 11 Qfficers.

G. A. Norman, M.B.E, from 10th Decem-
ber 1921 to 13th March 1922 and from 25th
March 1922, n charge from 14th to 24th
March 1922,

. F. C. Baint. to 30th April 1922.

Mogqimuddin, from 1st June 1922

Upper Subordinate Service.

. Chuoi Lal Kapur,

Lakshmi Dutt Joshi.

Vidya Dhar Chopra.

Laltan Khan, 1. .8, M., to 10th April 1922,
Mobabat Lal Kobli (on probation), from 17th
October 1921 to 15th September 1922,
Naravana Chandra Lay (on probation), from
20th May 1922,
Dalip Siogh Gandhbi
29th May 1922,

(on probation). from

Lower Sulbordinate Serrice

3G Surveyors, elc.

wooded.

The detail survey of

the hilly area in

ulation of the hilly tract in sheet 63 M/ 15 and the
traversing of the cultivated plains in Nepal lying
in sheets 63 M/37.11.15.

The reserved forest areas are densely wood-
ed ; the remainder of the country consists of well
cultivated plains dotted over with lakes, marshes
and numerous groves of mango trees and inter-
sected by several rivers the principal of which are
the Gogrii, Gandak and Rapti.

The field season opened on the 7th November
1921 and closed on the 15th Mareh 1922. The
field head-quarters was at Gorakhpur.

The health of the party was on the whole
very good, but there were a few cases of malarial
fever among the men working in the Nepil area.

Plane-tabling.—'The nature of most of the
country surveved is flat and highly cultivated
with the
corner.

some hilly ground in north-eastern
The reserved forest areas are densely
sheet 63 M/i5 and of the plains

of Nepal was based on points fixed respectively by triangulation and traversing during the

current season.

The survey of the remaining area except sheets 63 N/oo was carried

out on blue prints of existing one-inch sheets, the plane-table traverses being based on the

positions of trijunction pillars as shewn on the blue prints.

The work was divided into four camps as follows :(—

No. 1 Camp, under Mr. F. C. Saint with 11 surveyors completed the revision survey

on the one-inch scale of sheets 63 M/s.12.16 and 63 N/13.1a.  Mr. Chopra was placed in this
camp but proceeded on medical leave very shortly after the field scason commenced. Towards
the end of the season the camp was strengthened by I surveyors transferred from the Train-
ing Camp.

No. 2 Camp.—Mr. G. A. Norman, M. B. E., took over charge of this camp on the
18th December 1921 from Mr. Lakshmi Dutt Joshi who proceeded on medical leave, and
executed the revision survey on the one-inch seale of sheets 63 N/1112.1516. The camp
originally consisted of ) surveyors, but during the last month of the field season, was
strengthened by 3 pupils from the Training Camp who had completed their allotted work
in that camp.

No. 3 Camp, under Mr. Clnni Lal Kapur with 8 surveyers completed the one-inch
original survey in Nepal and the one-inch revision survey of the remaining avea in sheets
63 M/az11.15  One sarveyor from the Training Camp was transferred to this camp towards
the close of the field season.

No. 4 Camy formedea training ecamp round Pipraich under
1.D. 8. ML
and tooether completed the one-inch survey of sheets 63 N/o.1c.

Mr. Laltan Khan,
Oune Upper Subordinate officer and t3 pupils were instructed in plane-tabling
The survey was based
on the plotted positions of village trijunction pillars whose coordinate values werc obtained
from Revenue traverse records. The area has been treated as revision survey. Right of the
pupils on completing their allotted areas were transferred towards the close of the season to
other camps.

The out-turns and cost-rates are as follows :~—

One inch original survey 294 square miles at Rs. 8°2 per squaremile.

3601 ,,  , at Rs.13°8 .

The cost-rate for the original survey is less than that of the revision survey owing
1o the nature of the country in Nepal being less intricate than the United Provinces and to
the fact that the most experienced surveyvors were employed on the work.

One inch revision .,



] 13
Vol. XVIIL] ‘ TOPOGRAPHICAL SURVEY.

Triangulation.—The nature of the country is undulating and hilly and coverclad ‘:2;
dense forest growth. Tt was intended that the triangulation shoulfl erfmanat‘e frorr}\) the '.a"
Chanda T.S.—Balua T.S., geodetic stations of the North-East Longltndlpal Series, but ol;x ”;;
1o heavy tree growth having sprung up between these t?“'e\' 'statlons since they wer;a. ‘;' 7 (;
after a good deal of tree-felling had been done, to save time, it was considered exped |e1n
abandon the line and start the triangulation from the base Balua T.S.—Barar h.s., the. attf:r
6f which is 2 minor station. Mr. M. L. Kohli triangulated an area of 58 square miles in
sheet 63 M/15 to fix suflicient points and heights for the detail survey.

The cost-rate including computations is Rs. 18- 9 per square mile. ' .

Traversing—A total length of 133 linear miles of traversing with hel.ghts, rep're-
senting an area of 289 square miles, was run by 2 traversers in the l}i{,rhl.v cultivated plains
of Nepal comprised in sheets 63 M/3.7.11. 15 to supply data for the t;mgmal survey.

The cost-rate including computations is Rs. 15 per square mile. '

Recess Duties.—These comprised the fair-mapping on the scale of one and a half II'ICh
to a mile for publication on the scale of one inch to a mile of fifteen sheets ‘surveye(.l. durllng
the vear, and the final computations of triangulation and the plotting of Yl]lage trijunction
pill;u's for 2 one-inch sheets from Revenue traverse records for instructional purp(i)s‘eS for
next field season. The work and personnel was divided equally into three sections as
follows :— )

No. 1 Section, under Mr. G. A. Norman, M. B.IZ,, was allotted the fair-mapping of
sheets 63 N/11.12.14.15.16.

No. 2 Section was placed in charge of Mr. Moqimuddin who was responsible for the
completion of the fair-mapping of sheets 63 M/s12 and 63 N/g.10.13.

No. 8 Section, under Mr. C,L. Kapur carried out the fair-mapping of sheets
63 M/37.11.15.16,

An area of 3,671 square miles at a cost-rate of Rs. 7:4 per square mile was fair-
rf}appﬁl.

Sheets 63 M/37.11 and 63 N/a.10 were submitted for publication before 30th Septem-
ber 1922 and the remaining sheets 63 M/g 12.15.16 .and 63 N/11.12.13.14.15.16 Wwill be completed
before the party takes the field.

The final computations of triangulation were completed by Mr. C. L. Kapur assisted
by a computer.

Miscellaneons.—Owing to the non-co-operation movement, which had made itself felt
in some parts of the area under survey, it was often difficult to obtain carts and those secured
had to be paid for at any faney price the owner chose to name. This movement culminated in
the holocaust at the police station at Chauri Chaura, 12 miles from Gorakhpur on the 4th
February 1922.

At the request of the United Provinees Government and with the concurrence of the
Benares State Durbar, Mr. M. C. Petters was placed on deputation from the 14t to the 24th
March 1922 to examine and report on the disputeéd boundary between Benares State and
United Provinces lying along the Ganges river. The dispute, which dates back to 1848, is
due to the lateral movements of the river and reaches an acute stage whenever sufficient silt
has been deposited by floods on the sand banks to make them cultivable. The main point in
dispute was whether the southern boundary of Benares State in the area concerned was a fixed
line or whether it should vary according to the movements of the Ganges river. After
examining all old maps forwarded by the parties on both sides and previous rulings on the
subjeet, a survey on the eight-inch scale was prepared and it was decided that the southern

boundary of Benares State followed a fixed line. The area is sandv and subject to annual

inundation ; the depth of water and a strong cwrrent during the rainy season will not allow
boundary marks to remain.  Three guide pillars were accordingly built in a straight line
from which it will always be possible to relay the boundary line marked on the originai survey
with the aid of a plane-table and magnetic compass. In the event of one of the ;ruide pi]]arus
being destroyed, the boundary ean still be laid down with precision.

There were no arrears of fair-mapping from previous seasons. :

The beds of the Gandak and Gogra rivers have altered their courses appreciably to the
west and south since the last survey in the early eighties.

Juspections.—The party was inspected by the Surveyor General on the 20th
1922 ; it was also inspecled once during
by the Superintendent, Northern Cirele.

April
the field season and weekly during the recess season
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No. 20 PARTY (CANTONMENT).
By C. E.C. Frexci.

During the year the party continued survey operations in the Southern Circle, and on

PRRSONNEL.
Class 1 Officer.

Captain J. K. Douglas, R.E,, in charge to 16th
October 192].

Class II Officers.

Mr. J. H.8, Wilson, up to 31st January 1922,

w (.1 C. French, in charge from 17th October
1921.

o F W, Smith, from 13th February 1922,

Upper Subordinale Service.

Mr. Dharmu, to 30th June 1922,
» .M. Mukerji.

Lower Subordinate Service.

28 Surveyors, ete.

the 1st April 1922, came under the administra-
tive control of the Superintendent, Northern
Circle. A temporary suspension of the field oper-
ations was considered necessary as the field work
showed signs of outstripping the pace of the
drawing; the party was therefore collected at
Dehra Dan during the hot weather months to
deal with the mapping. '

The health of the party has been good
throughout the year.

Plane-tubling.—The cantonments of Deolali
and Ahmadabad werc surveyed on the sixteen-
inch scale, with their bazars on the sixty-four-
inch. The remaining sixteen-inch areas in the
Civil and Military Station of Bangalore and
remnants of the bazar areas on the scale of fifty

feet to one inch were also completed, the ageregate areas on these scales being 5,525-0 acres
on the sixteen-inch, 106 - 36 on the sixty-four-ineh and 85 63 on the fifty fect scale respectively.

An area of 40-21 square miles at Deolali was surveyed on the six-inch scale for the
purpose of illustrating future military developments.

The accuracy of the field work has been tested by a chain-line of 60-60 linear miles
and 206 in silu fixings.

Trarersing.—31+914 linear miles were done by Mr. Dharmu and surveyor Arthur Fran-
cis; U0 stations being fixed, the average number of stations per mile being 30l and the cost-
rate Rs. 23766 per mile.

Leveiling.—The proximity ef standard bench-marks in these cantonments offered a good
opportunity of testing the accuracy of the existing heights, previously obtained by triang-
ulation and traverse ; these proved very satisfactorily and in no case were alterations of more
than a foot found pecessary.

Messrs. Dharmu, Mukerji and one surveyor completed 9683 linear miles of levelling in
these cantonments at a cost of Rs. 1890 per mile.

Recess Duties.—The [air drawings of Pallavaram, St. Thomas’s Mount, Poonamallee,
Velichi and West Hill comprising 39 sheets have been submitted for publication ; the remainder
comprise Secunderabad, Cannanore, Madras Military Launds, Bangalore, Deolali and Ahmad- .
abiul in 96 sheets, the mapping of which is well in hand.

Inspections.—The party was inspected by the Superintendent, Southern Circle at
Deolili on the 29th January 1922 and by the Superintendent, Northern Circle at Dehra Dian
on the 24th July 1922.

No. 22 (RIVERAIN) PARTY (PUNJAB;.
By DuaNt Ray Venma, Rat Samis.

The programme of the party consisted in traversing the riverain estates along the
Indus, Chenab and Panjnad rivers in Muzaffar-
garh district for cadastral survey by the Settle-

PERSONNEL,
Class I Officer

Mr. 1L L[ B. Uauby, in cbarge from 10th February
to 18t Angust 1922,
Class 1T Officer,
Mr. Dhani Ram Verma, It, 8, in charge up to 9th
Febroary 1922 and again from Ist September
1922, and attached in the intervening periud,

Upper ~ubordinafe Service,

Mr. Jaruna Prasad, RN,
» Wam Narayan Hastir.
» Guiab Singh, up to 4th November 1921,
1 Sapeorvieor,
Lower Sulbordinafe Service.

33 ‘Iraverscrs, etc. and 22 parely tempoiary

traversers eic.

ment Department and survey of Lahore “ Nazn!”
land in continuation of last year’s work.

The field season opened on the 1st October
1921 and closed on the 25th March 1922,

Special survey of Khaur oil fields in Attock
district was undertaken in recess. 1t lasted from
the 17th April to 27th July 1922,

The head-quarters of the party remained at
Lahore throughout the year.

The health of the party was, on the whole,
good. Several men working on the Indus suffered
trom malarial fever in the early part of the season.



Vol. XVIIL] TOPOGRAPHICAL SURVEY. 16

Mr. Gulab Singh and traverser Itrat Husain were compelled to take leave fron'm the 5th
November 1921 and Gth January 1922 respectively. Three khalasis died of malaria.

The detail traversing on the Indus in Alipur faksil was carried out under Mr. Jamna
Prasad, R.S., and in Muzaffargarh faksi/ under Mr. Gulab Singh and subsequently under
traverser Roda Ram and on the Chenib and the Panjnad in Alipur fahsil under Mr. Ram
Narayan Hastir. The base lines on the Panjnad were laid out under Mr. Ralmm Narayan
Hastir. At the request of the Settlement Officer, Muzaffargarh, the missing pillars of old
base lines along the Indus in Alipur and Muzaffargarh faksiis were relaid under Mr. Jamna
Prasad, R.S., and traverser Roda Ram respectively. The traversing and topography of the
Khaur special survey was carried out by Mr. Ram Narayan Hastir himself as no surveyor
was available. The Lahore “Nazu?’ land survey was done directly under the officer in charge
of the party.

During the field season the computing and masiri sections at the head-quarters were
supervised by computer Badlu Ram and draftsman Makbul Husain respectively.

The party continued the work of traversing and laying down base lines. 2,269 linear
and 413 square miles of minor traverse in the Indus, Chenab and Panjnad riverain tracts n
Muzaffargarh district were executed, 10,284 theodolite stations in 84 villages were fixed.
213 corners of 71 squares in 246 square miles were demarcated with permanent mark-stones
on both banks of the Panjnad viver in Muzaffargarh district and Bahawalpur State, to serve
as bases for future survey and demarcation of boundaries and fields in the bed of the river.
27 missing stones of 9 old base lines along the Indus river in Muzaffargarh district were
re-laid at the request of the Settlement Officer, Muzaffargarh. 1,154 plotted and 453
boundary masdvis (settlement mapping sheets) on the scale of 1/2,640, and 28 four-inch
vheets were traced and supplied in time to the Settlement Officer, Muzaffargarh. Besides
these, 564 boundary masdiris were partly eompiled on the scale of one inch=220 feet for the
next season’s work ; and 257 miscellaneous traces were prepared, all the traverse stations
marked during the field season were plotted on 28 four-inch sheets. 1,668 pages of field
books and 331 of set-np forming 8 volumes of field books and 5 volumes of set-up of the
riverain work of the year were completed.

The minor traverse was based on the main circuits run in the previous seasons. The
average daily out-turn per man was 6 stations and 1-32 linear miles. This low average is

due partly to heavy line clearing along the rivers and partly to the inexperience of traversers
newly entertained,

\ o Iy r1 1
The average daily out-turn of laying out base-lines per man was 3 corners.

There was general scarcity of labour especially in the Indus riverain tract ex tending
down to the confluence of the Indus and Panjnad rivers and much jungle clearing had to be
done by khalasis.

The following tables give full details of the riverain work completed during the
(=]
year :—
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OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OF RIVERAIN ESTATES.

Nomber of
Number of | Number of |sheets traced | 2mber of
Seale of plotted compiled |for the use of | #-iDch
Name of river. Name of district. masdvia, | masavieshow-| masivisshow- | settlement | Sheets on
ing traversed | ing riverain | officers on | Which new
points. boundaries. |scale 4 inches | WOTK Was
=1 mile, plotted.
Chenab ... | Muzaffargarh ... [1/2,640 208 66 4 7
Panjnad ” ...11/2,640 368 | 165 8 10
Indus » . 11/2,640 578 222 16 17
— - - .
Total ... e L1564 453 28 1 34
1

Besides these 257 miscellaneouns traces were prepared and 564 boundary masdvis were
partly compiled in advance for the next season’s work.

Lakore Nazul land survey.—The survey, on the secale of 1 inch = 40 feet, undertaken
towards the end of the previous recess at the request of the Deputy Commissioner, Lahore
in connection with the Lahore city extension scheme was continued till the 10th November
1921. The area surveved till the end of September 1921 was 335 acres and the aren of the
remaining portion mostly consisting of the adjoining congested part of the city surveyed
subsequently was 16-0 acres, making the total out-turn of 49-5 acres. The cost-rate for
the area surveved in the year under report comes to Rs. 29k per acre and that for the whole
area to Rs. 145 per acre,

Khawr specral surrey.—This was undertaken, in continuation of the Iast year’s work,
for the Attock oil company at their request through the Deputy Commissioner, Attock
distriet. The work consisted in surveving on the eight-inch scale, with contours at 10 feet
vertical intervals, the adjoining productive area to the south of the eastern extension and
re-demarcating the boundaries of the castern and southern extensions dealt with last year.
The topography was based on supplementary theodolite traversing. In all, 125 theodolite
stations were laid down and 19-07 linear miles were traversed and 6 intersected points with
heights were fixed for detail survey and boundary demareation. The work was commenced
in April and finished in July 1922, An area of 0-15 square mile was surveyed. The last
year’s survey of the central portion, area 1 square miles, was corrected at the reqnest of the
company, to show new works that had been completed subsequently.

Cost-rates are as given below :—

Traversing per linear mile . Re. 92-7
Original survey per square mile ,, B66-7
Supplementary survey per square mile sy 17245

177 pages of field books forming 2 volumes and 29 pages of set-up forming 1 volume
were completed. 4 mixecellaneous traces were prepared and all the traverse stations marked
and intersected points were plotted on the three 8-inch plot sheets of the last year’s work.

Nature of the country.—"The area dealt with by the party was of varied character.
The riverain area under water action was hroken and full of swamps and partly under
cultivation and partly densely wooded. The Lalore “ Nazul” land was a plain waste land
covered with low grass and road avenunes with the adjoining congested part of the city. The
Khaur mining area was characterised by low bare rocky hills and open undulating ground
partly cultivated and partly covered with scrub jungle.

) The average errors weve as follows :—
(a) Base lines :—
O 69 foot per corner of a riverain base-line as compared with its theoretical value.

Linear ervor in links per

Angnlar error per station in scconds, .
e 1 10 chains.

(6) Minor traverses
Indus River 6-30 0-67
Chenab River 7-55 0:59
Panjnad River 7-28 0:66
Khaur mining area 3-81 0-66
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Recess Dutirs—(a). The computing and plotting section consisting of, on the average,
17 draftsmen, ete., was under the supervision of Mr. Jamna Prasad, R.S., and subsequently
under draftsman Makbul Husain. The section partly compiled 56+ boundary masicis and
completed preliminary work on 1,565 village masdvis in advance for the next season’s work.
Besides this it made miscellaneous traces and prepared rough field traverse charts for the use
of the traversers in the next field season.

(6) 'The computing section consisting of on the average 12 computers, etc., was under
the supervision of computer Badlu Ram. The section completed all traverse computations
appertaining to the work of the year and its records detailed in the previous paragraphs.
Besides this 5,804 pages of field buoks forming 19 volumes and 1,456 of set-up forming 14
volumes of the riverain traverse of the Rajanpur tahsil (Dera Ghazi Khan) executed in seasons
1915-19 were completed, leaving no work in arrears.

(¢) 'The triangulation and traverse chart section consisting of on the average 10
computers and draftsmen was formed from the 21st July 1922 and put under the supervision
of Mr. Jamna Prasad, R.S. The secticn compiled data of the old Lower Bari Doab work
for incorporation in the manuscript charts for the degree sheets 43/r. and 41/B.C.E.F.G
undertaken last year. It is intended to complete them in the ensuing field season.

The total expenditure of the party from the 1st October 1921 to the 30th September
1922 was Rs. 1,07,121, as detailed below :—

{a) Riverain survey ... Rs. 1,02,661
(6) Lahore town traverse, additional debit ey 1,477
(¢) Lahore *“ Nazul” land survey ... v 470
(£) Khaur special survey .. e 2,513

Inspections.—The Superintendent, Northern Circle, inspected the party in the field on
the 11th December and at its head-quarters at Lahore from the 19th to the 2lst
December 1921.

No. 23 (PUNJAB RECTANGULATION) PARTY (Late SIND-SAGAR
PARTY) (PUNJAB).

By Masor R. Fosten, 1. A.

The party was employed on rectangular demarcation in connection with the Punjab
Government Sutlej Valley Canal and Colonisation

PERSONNEL. : ot
Project consisting of :—

Class [ Officer. (a) Traversing for the location of the corners
Major R. Foster, 1. A, in charge. of  2,400-acre rectangles in parts of sheets
Class I Qfficers, 390/2.55.67.1011.13.14, 44C/1.2, 44 F/s11.12.15.16, and

Mr. J.C. C. Lears, up to 15th September 1922, 44 G/1'2'5'G'
» IC). g- 5;?]'1::' from 1st September 1922, (¢) Location of the corners of 2,400-acre
L 1ee. rectangles from the traversed points, base lines, and
Upper Subordinate Service, village trijunctions in parts of sheets 39 Of23.5.6.7.

Mr. Lakebmi Datt Joshi, (rom 19(h July 1922, ‘011131, 44 Blxaiazisae, 44 Clisous 4+ Ff 234

» Amrit Ram. 7.8, and 44 G/1.26.6.

2 Bupervisors, (¢) Subdemarcation of 2,40C-acre rectangles
Lower Subordinate Service. imto 23-acre rectangles in the area falling in sheets

17 Surveyors, ete. 44 B/ss and 44 C/1.5 and into 100-ncre rectangles

76 Purely Temporary Traversers, in the area falling in sheets 39 Ofs.6.7.1013.14,
' . 44 Bfs1azasag, 44 Cl15913 and 41 Ffaa.,

‘ .[‘he locale of operations was the tract between the old bed of the Beis and the Sutlej
rivers in the Multan and Montgomery districts of the Punjab. Lxcept for a cultivated
strip along the latter, the country is a flat plain covered with scrub jungle, thick only in
those parts which are reserved as Government “ Rakhs”. 'T'he Bahawalpur and Minchinabad
taksils of Bahiwalpur State are well cultivated in the north, and consist of a dry plain
covered with scrub in the south.

. The head-quarters of the party closed at Mussoorie on 10th October 1921, and opened
in the field at Multin Cantonment on 20th October 1921; the party closed its lie’ld season on
8th May 1922, and re-opened in Mussoorie on 17th May 1922, At the commencement of the

field season the party was divided into 4 camps; from 1st December 1921 into 5 camps, and
from 21st February 1922 into ¢ camps. ,
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The health of the party was fair. The number of khalasis was large, and, partly
through the failure of the blanket contractor, partly through the ignorance of the khalasis
in not reporting sick, a large number fell ill with pneumonia, and, during the season 8
khalasis died, chiefly from this cause. One khalasi died from the effect of a wound accidentally
inflicted by a traverser with a shotgun.

Traversing.—The nature of the country traversed varied from waterless tracts covered
with serub jungle to fairly thickly eultivated plains.

Traversing to fix corners of 2,400-acre rectangles was carried out by No. 4 Camp,
consisting of 8 traversers under Mr. Amrit Ram, Lines were run for the purpose of laying
down temporary marks near the 2,400-acre corners, and connected, in the area falling in the
Multin district, to previous triangulation carried out by this party and riverain base lines
laid down by No. 22 Party and in Baliawalpur State to the Sutlej Meridional Series. 1,643:2
linear miles were traversed, 3,112 stations observed at and 43 azimuths were observed. The
cost-rate amounted to Rs. 269 per linear mile.

Rectangulation.—The nature of the country rectangulated is the same as in the area
mentioned above.

The work consisted of (1) location on the ground of main corners of 2,400-acre reet-
angles by means of traverse basejlines and village trijunctions. previously laid down, and the
temporary stations fixed by traverse (£) location on the ground of 25-acre and 100-acre cor-
ners on the long sides of 2,400-acre rectangles by means of theodolite, short and long chains
(3) subdemarcation of 2,100-acre rectangles into 25-acre and 100-acre rectangles. All corners
were marked by fat topped stone pillars, 6 inches square and 30 inches long, embedded up to
21 inches in the ground.

In the previous year the party carried out subdemarcation to 25-acre rectangles, but
this vear it was decided, to enable this party to complete the whole area of the project in
3 field seasons, that subdemareation to 100-acre rectangles only should be earried out. This
was done except for an area of 1571 square miles in which the 25-acre corners on the long
side of 2.400-acre rectangles Lad been laid out the previous year, which was subdemarcated to
23-acre rectangles.

50 per cent of the work was tested by 5,137 -7 linear miles partalled.

No. + Camp. under Mr. Amrit Ram, besides carrying out traversing, located 413 main
corners of 2.400-acre rectangles.

No. 1 Camp, under Mr. J. C. C. Lears, with 10 traverserslaid out 203 main corners of
2,400-acre rectangles and 1,619 100-acre corners on the long side of 2,400-acre rectangles.

No. 2 Camp, under Mr. Gurditta Ram, Assistant Iingineer, P. W. D., attached, with
from 22 to 32 traversers laid out 1,128 25-acre corners and 2,835 100-acre corners on the in-
terior sides and No. 3 Camp under Mr. Girdhari Lal Bhola, Assistant Engineer, P. W. D,,
attached, with from 19 to 30 traversers laid out 1,305 25-acre corners and 2,632 100-acre
corners on the interior side.

No 5 Camp was formed of 13 to 17 traversers under Mr. D.N. Banerjee on 1st
December 1921, after that officer had completed the training of the new traversers and the
two Assistant Enaineers. It carried out demarcation of long sides of 2,400-acre rectangles
and laid out 2,732 100-acre corners.

No. 6 Camp was formed of 7 traversers under Mr. M. H. Panwani, Supervisor, on
21st Febrnary 1922, after that officer had completed his training, and carried out demarcation
of long sides of 2,400-acre rectangles, laying out 549 100-acre eorners.

The out-turn of the party for the season is as follows : —

6 16 main corners of 2,400-acre rectangles, 10,367 100-acre corners and 2,433 2b-acre corners
located 9,159 100-acre rectangles, and 4,020 2h-acre rectangles laid out, comprising a total
of 1,588 2 square miles.

The cost-rate of rectangulation is Rs. 1812 per squareimile or Re. 0-28 per acre.

Revcess Duties—The strength of the party was considerably reduced in recess, all
the purelv temporary staff being sent on leave,

No. 1 Section, under Mr. J. C. C. Lears, assisted by Mr. Indar Singh Supervisor, and
5 surveyors etc., and No. 2 Section, under Mr. D. N. Banerjee, assisted by Mr. M. H. Punwani
Supervisor, and 5 traversers, took up the eompilation of masivis and drawing of index maps.

No. 3 Section, under Mr. Amrit Ram, with 5 computers, completed the computation
of the currentseason’s traverse, and plotted the traverse stations on to masdvis in preparation
for the next season,

Inspections,—The Superintendent, Northern Circle, inspected the party in the field from
12th to 18th{December 1921 and frequently in recess. The Surveyor General of India accom-
panied by the Superintendent, Northern Circle, inspected the party in recess in April 1922,
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THE BHOPAL TRAVERSE DETACHMENT.
By Maya Das Puri, Rar Sauis.

The detachment was formed on the 18th October 1921 to traverse village boundarics
for the cadastral survey of the Bhopal State, on the

PERSONNEL. sixteen-inch scale. As the Government of India’s
Class I1 Officer. sanction for the formation of the detachment was
Mr. Mays Das Puri, R. §,, in charge. not received till late in the season, the first two
Upper Subordinate Service. months were spent in making preliminary arrange-

Mr, Nabidad Khap, from the lst November ments.
1921. The office at Mussoorie was closed on the 11th
Lower Subordinate Service. November 1y21 and opened on the 21st November

5 Traversers, Computers, cte. and 11 purely

temporary traversers ctc. 1921 at Bhopal where it remained till the close of

the season. The field operations were closed on the
31st May 1922,

During the field the traversers employed on main circuits, as well as the computing
section were supervised by the Officer in charge; and the new traversers under training
divided into two camps under Mr. Nabidad Khan, Sub-\ssistant Superintendent, and
Harkishan Das, traverser. In recess the computing section was directly under the Oflicer in
charge, while the plotting section was supervised by Mr. Nabidad Khan.

The Bhopal Durbir desired that local men should be employed o1 the work, as far as
possible, and intimated that Zhalds's could be obtained at cheap rates. I'or this reason only
a few trained lower subordinates were transferred to the detachment, while all the other
hands were to be locally entertained and trained. Khalasis however proved to be unobtainable
locally, and eventually had to be imported from outside the State, on account of which there
was a delay of nearly a month.

On the 30th November 1921 at the request of the Revenue Minister, Bhopil, the
proposed locale of operations was changed and the Duraha fahsi{ of the northern district was
decided on as the area in which work should be commenced. Owing to this change in
programme, the orders regarding the demarcation of village boundaries and to afford
assistance to the detachment were late in arriving and considerable trouble was, at first,
experienced in obtaining local labour and conveyance and in tracing out village lLoundaries
on the ground.

Where the bound:ries were not traceable, points were thrown about 25 ehains apart
on both sides of the alignment pointed oat by villagers. In large villages, sub-cireuits were
run in the interior about half a mile apart to aid in the detail survey, and for the same reason
iwo or three dressed stones were embedded along the boundaries of each village to serve as
permanent marks.

Tn all, 936 lincar miles of main and sub-circuits were executed, and 3,987 theodolite
stations laid ont in 327 square miles along the boundaries and interior of 165 villages; and
235 dressed stones embedded on the theodolite stations.

355 sheets (size of a sheet being 20 inches x 28 inches) were plotted on the sixteen-inch
scale, 21 four-inch sheets were traced, and the areas of 169 polycons were computed by
universal thcorem and planimeter. These were supplied to the State anthorities during the
year.  Besides this, several miscellancous traces were prepared, and all the work done during
the year, was plotted on the four-inch scale. )

The work was entirely based on Great Trigonometrical values. Main cirenits were
run between G.T. stations over favourable ground with a 330-foot crinoline tape and a G-inch
theodolite; and were conneeted with Manaabhar H.S., Tuna H.8., Singpur H.S., Mahadeo
H.S., Ramtek IH.8., Kushamdi H.S., Barli I1.S.,, Panbiar H.S. and Talai Tonk I.S. 1In

sub-circuits along village boundaries generally, 57 theodolites and two chains 66 and 100 feet
long were used.

The nature of ground under survey was undulating, hilly, interspersed with rocky
knolls, partly covered with dense jungle and partly well cultivated.
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As no medical aid was available in the area under survey, there being no dispensary
in the fahsi/, all patients had to be brought to Bhopal for treatment. Several men fell sick
specially at the end of the field season due to heat and malaria but all recovered.

The average errors of the work are :—

Angular
error per [ Linenr errer in links
striion in per 10 chaius.
seconas,

(«) Main circuits 4-0 0-27

10)  Minor traverses 9-67 074

The total expenditure of the detachment including contribution towards pension from
the 18th October 1921 to the 30th September 1922 was Rs. 59,0.16.

Inspections.—The detachment was inspected by the Superintendent, Northern Circle,
on the 27th and 28th July 1922.
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SOUTHERN CIRCLE.
(Vide Index Map No. 1).

Summary.—This circle was under the superintendence of Colonel W.H.Turner, R.E.,
up to 17th April 1922, and again from 30th May 1922 to 9th August 1922, under Lieut.-
Colonel C.P. Gunter, O.B.E., R.E., from 18th April 1922 to 29th May 1922 and again from
10th August 1522. It comprised Nos. 5, 6, 7 and 8 Parties, No. 4 Drawing Office, Record
Section and the Training Section.

During the year Nos. 5, 6, 7 and 8 Parties completed 21,961 square miles of detail
survey and 9,869 square miles of triangulation. During recess the fair-mapping of the area
surveyed was taken up and will be completed before the parties proceed to the field.

The detail survey consisted of :—
7,916 square miles of half-inch original survey.

365 »» 5 half-inch supplementary survey.

6,906 ,, 5 5 one-inch original survey.

3,346 ,, ,» 5 one-inch revision survey.

2,763 ,, ,» s one-inch supplementary survey.
2;8 . s one-inch original forest survey.
333 ,» s two-inch original forest survey.

4 » s Tour-inch original forest survey.

No. 20 Party (Cantonment) on completion of its programme in the Southern Command
was placerd under the administrative control of the Suparintendent, Northern Circle from the
1st April 1922,

The Mysore - South Kanara Boundary demareation was continued but not completed.

The Training Scction, composed of Upper Subordinate probationers and pupil
surveyors, worked throughout the year.

A survey course for Artillery officers was completed in September.

The following work was completed by the Photo-Zinco Section of No. 4 Drawing

Office :—
Reproductions 212
Enlargements 195
Reduetions 221
Vandyke plates prepared 183
Prints pulled .. 7,057

The Record Section submitted for publication 6 triangulation pamphlets and com-
pleted data for 8 triangulation pamphlets for record in the cirele office.

N flaw Voo S on J . . .
Nos. 5, 6, 7 and 8 Parties and the Training Section were inspected once in the field
and on several occasions during recess by the Superintendent, Southern Cirele

No. 5 PARTY (CENTRAL INDIA, CENTRAL PROVINCES AND GWALIOR).
By Muasor F.B. Scorr, 1. A.

This party completed the detail survey on the i-inch scale of sheets 16 N/~E and

PERSONKEL. 46 N/si. less 46 N/16 and isolated portions of
Class T Officers. Indore State forests, on the 1-inch scale of sheets
Major ,.‘_](:,)_)SC,).., LA in charge from 4ih Feb- 55 Bfazsirizasie and 55 Ffais and isolated
nary 1922, 1

(‘nrpm{\" T e LA i e fo A Tl portions of Indore State forests in sheets 46 N/
ruary 1922, ’ NE.sFE, and on the 1-inch scale of small blocks of
Class 11 Officors. reserved forests in sheets 55 B/15, 55 Flirsn

Mr. J. 1L 8. Wilson from 1st Febrnary 1922, and 55 'T/2~

. Ko Dileher,
F.W. Smith to 11th Febraary 1922,
J. A, Calvert to 11th January 1922,

The country consists of well ecultivated
wooded plains and intricate jungle-clad hills.

"

Mahammad Najamuddin, B. A, (on probation) The field season op('ned on the 20th October
Upper Subordinate Service, 1921 and eciosed on the 1st April 1922, The
, . e S 22,
My, ', 8 Vengusvami to 17th Seplember 1022, field head-qnartors was at Khandwa
) as H a.

N. R, Vohra from 1st January 1922, m
. 1. A. Cabral. The health of the party was not very good,

M. K. Sharma (on probation). a number of surveyors suffering from fever
v o *
FLower Subordinate Service. l’laﬁe-lab/inq.—The area surveyed on the
3 y . « © .
T Surveyors, ote. . 4-inch scale comprises the Malwi plateau, open
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cultivated country, in the north, the Vindhya Range, consisting of intricate jungle-clad hills,
in the centre, and the Narbada valley, well cultivated and wooded, in the south.

The area surveyed on the 1l-inch scale consists of the valley of the Narbada river,
densely wooded and broken ground, and cultivated and wooded plains to the south of the
river. : '

The work was divided into three camps as under :—

No. I Camp.—Under Mr. F. C. Pilcher, with one Upper Subordinate officer and
eleven surveyors carried out original survey on the 3-inch scale of sheets 46 N/NE. and
46 N/su. less sheet 46 N/i¢ and onwmal survey on the l-inch scale of 278 square miles of
Indore State forests in these sheets.

No. II Camp.—Under Mr. F. W. Smith till the 11th February 1922 and then under
Mr. J. H. 8. Wilson, with twelve surveyors carried out original and supplementary survey
on the l-inch scale of sheets 55 B/i5.16 and 55F/3.48 and original survey on the 4-inch
scale of small blocks of reserved forest in sheets 55 B/1s, 55 F/e7.8.11 and 55 J/2,

No. I Camp.—Under Mr. P. 8 Vengusvami till the 22nd February 1922 and then
under Mr. Najamuddin, with one Upper Subordinate officer and eleven surveyors carried out
original and supplementary survey on the l-inch scale of sheets 55 B/37811.12.

The original survey calls for no special note. The 1l-inch supplementary survey was
carried out by transferring photographic reductions of 4-inch forest surveys to the plane-table
sections and checking the detail on the ground.

Triangulation.—Subsidiary triangulation was earried out by surveyor Nur Muham-
mad in sheets 46 N/xw.sw, 55 B/nw. and 55 B/NE. less 55 B/13, and by Mr. Vengusvami
in sheets 55 B/13, 55 F/xw. and 55 F/xE. (north half}, for survey on the }-inch scale
except for isolated portions of Indore State forest on the l-inch scale. The country triangula-
ted consists of open undulating cultivated plains in the north, intricate jungle-clad hills of
the Vindhya Range in the centre and the valley of the Narbada river in the south.

Recess Duties.—(a) The fair-mapping and typing was divided into three sections as
under :—

No. I Section—Under Mr. J. H.S. Wilson drew 1l-inch sheets 55 B/s.12.15.16 and
55 F/34n.

No. IT Section.—Under Mr. F.C. Pilcher drew }-inch sheets 46 N/yEg.sg. and 1-inch
sheets 55 B/a7 and 290-11 square miles of Indore State forests on the 1-inch scale.

Typing and Training Section.—Captain G. Lennox was in charge of the typing of
the party and the training of young surveyors.

There will be no arrears of fair-mapping by the end of recess.

The fair-mapping of sheet 55 B/11 was not undertaken as large errors were found and
a part of the area will have to be re-surveyed.

(6) All computations have been completed, with the exception of the synopsis of sheet

The party was inspected both in the field and recess by the Superintendent, Southern
Circle.

No. 8 PARTY (HYDERABAD).
By Carraiy J. K. Douveras, R. E.

This party completed the detail survey on the j-inch scale of sheets 56 D/,
66 H/nw. sw. NE. sE. and 56 L/ww. This area
included 365 square miles of reserved forests
Class 1 Officers. previously surveyed on the 2-inch scale. %-inch
Lieat.-Colonel C. P. Gunter, 0. B, E,, R.E. in reductions were used and found correct.
charge from 3rd October 1921 to 17th
April 1922 and from 30ih May to 9th The field season opened on the 28th October
Angust 1922. 1921 and closed on the 4th April 1922. The

Caplain J. K. Douglas, R.E, (on probation), from field head 3 aba
ead-quarters v .
17th October 1921 fo 18th March 1922 1 ers were at Secunderabad

and from 1st May 1922; in charge from
1et May to 29th May 1922 and from 10th The health of the party was good on the

Anguat 1922, whole, 2 menials died of cholera.

PERSONNEL.
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Class IT Officers. Plane-tabling.—Most of the country is open,

. . . . i
Mr. H.B. Simons to 17th October 1921; in charge undulating and'cul.tlvated with portions qf hl y
from lst t+ 2nd October 1921, and somewhat intricate ground covered with low
E.A. Meyer, from 10th Junuary 1922 and i gerub and stones. The reserved forest areas

charge frow 18th April to 30th April 1922\, \ict of hills more or less densely wooded.
J.C. St. C. Pollett, from 17th October 1921,

I.N. Natesan, B.A. The work was divided as follows :—

Upper Subordinate Service. No. 1 Camp, first under Captain Douglas,

Nr. E.G. Mupdanna. R.F., with one Upper Subordinate officer for a

" D'R'vr’hr"‘gf;om 141h October to 30th De- g o,.¢ period and then under Mr. E.A. Meyer with

cember 1921, i ' . K ) der

,, T.S. Nurnyaunn, B.A. (on probation), from 5 survey ors. and (aptan} Douglas who was unde

22nd May 1922. instruction in plane-tabling completed the 4-inch
Lower Subordinate Service. original survey of sheets 56 D/xg.and 56 H/xw.

26 Surveyors, etc, No. 2 Camp, under Mr. J. C. St. C. Pollett

with 9 survevors completed the -inch original survey of sheets 56 H/sk. sw.

No. 8 Camp, under Mr. E.N. Natesan, B. A, with 8 surveyvors completed the }-inch
original survey of sheets 56 H/xx. and 56 Lixw,

The total area surveyed was 6,635 square miles which includes 3065 square miles of
supplementary survey in which §-inch reductions from 2-inch forest maps previously executed
were used. The reductions were tested by various in s/(n fixings and found correct.

The whole of the area surveyed is in Hyderabad State.

Triangulalion.—Tle work consisted solely of supplementary triangulation in the
Amrabad, Devarkonda and Mirtalguda Ilorest areas, in the Mahbabnagar and Nalgonda
districts.

The country consists mainly of thiekly wooded hills.  Mr. Mandanna completed 690
square miles of supplementary triangulation.  The whole of the area concerned is in Hydera-
bad State.

Traversing.—No traversing was carried out.

Recess Duties.—The faiv-mapping was divided as follows ;:—

No. 1 Sectron, under Mr. Meyer, 3-inch sheets 536 D/x i, and 56 H/xw,

No. 2 Section, under Mr. Pollett, 3-inch sheets 36 H/gw, and 56 H/sk.

No. 8 Section, under Mr. Natesan, }-inch shects 56 H/xj and 56 L/xw., and l-inch
sheets 57 G/10.14 surveyed by the Training Section.

All the above sheets have been submitted for publication.

The computations of the supplementary triangulation were completed during recess.
The arrears of computations eonsist of sheets 56 Ofi95.60.10, which will be taken up
as soon as sheets 56 Of13.14 have been triangulated. '

Triangulation charts of 56 D and H have been taken in hand.

No. 7 PARTY (MADRAS).
By Masor J. D. Canenerr, D.S. 0., R. 1.

This party completed the detail survey on the I-inch and 2-inch scales of sheets
BT 1123 45.678910.00208.040.05.16 and 57 J/p5,

PERSONNEL. and of the areas falling in the Madras Presidency

Class T Officors. in sheets 56 L/s.1216 and 56 P/yg 14 not pre-

Major J. D. Gampbell, D.S.0, R.E., in charge. viously surveyed on the 2-inch scale. also certain
. s » als

Captain G. W, Gemmell, T.A, (on probation), from

15th Jannary 1922. 57 10 _
Lientenant (. Bomford, R, E. (on probation), from ¢ %1415 and 57 J/2.6 on the 2-inch scale.

Lath January to 2nd August 1922,
Class IT Officers.

rescrved forests falling partly or wholly in sheets

The nature of the country generally com-

Mr. T H. Grant prised cultivated open expanses of level or undulat-
r. i s Tant. . K

. A.F Murphy. ing land, rocky serub covered hills and the forest
. N.S. Harihara Iyer. clad ranges of the Nallamalais and Erramalas.

w T.0. Threlfall (on probation).

Upper Subordinate Service.

The office of the party opened at Kurnool,
the field head-quarters, on the 1st November 1421,

Mr, K. Narayanasvami Chetti.
: The office was closed at Kurnool on the 4th April

. Khib Tal, K. S,

" S Tal Dabe. 1922 and opened at Nandyal on the Gth April
» K.B. Muthanna (on probation). 1922 and finally eclosed at Nandyail on the 17th

Lower Subordinate Service, April 1922 and reopened at Bangalore on the
39 Burveyors, etc. 24th April 1922. There was practically no rain

during the field season.
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The health of the party was fair only, the forest tracts of the Nallamalais and Erramalas
being notoriously feverish.

There was an average absence of about two surveyors from thiscause-during the
field season.

Plane-tabling.—The country surveyed is partly flat or slightly undulating, open and
cultivated, the cultivation being mainly dry. The minor [hills are rocky and bare with a
little serub. The reserved forests in the higher ranges are covered with bamboo and other
jungle of varying density.

The survey presented no difficulties, chaining having seldom to be resorted to. Work
was done on blue prints on mounted straw boards of both Madras Revenue work and 4-inch
Forest surveys. In the case of the latter, l-inch reductions were printed in blue and detail
required on that scale inked up. Contours were accepted to a greater extent than hitherto
and were inked up on the blue print reductions. Information was obtained from the Forest
Department as to where new work was to be expected and the 4-inch maps were accepted except
(a) where additions or alterations were ascertained to have been made since the 4-inch survey
(h) where contouring was known to be doubtful owing to its not agreeing with ihe heights, on
the 4-inch maps (¢) Heights destined to appear on the fair sheets were checked and revised.

The work was divided into five camps as follows:—

No. 1 Camp.—Under Mr. F.H. Grant, head-quarters Atmakar, with 6 surveyors, com-
pleted sheets 56 L/s.1216, 56 P/igas and 57 I/913. The work in this eamp was mainly
supplementary, (¥ to Madras—Hyderabad boundary only).

No. 2 Camp.—Under Mr. A.F. Murphy, head-quarters Nandyal, with 8 surveyors,
completed 1-inch survey in sheets 57 I/2.3.1.67.8 and some 2-inch work in 57 I/3.4.

No. 8 Camp.—Under Mr. K. Narayanasvami Chetti, head-quarters Giddalar with 7
surveyors, completed sheets 57 I/10.11.12.14.15.16 and some 2-inch work in 57 I/121516. The
work of this camp was mainly supplementary.

No. 4 Camp.—Under R.S. Shib Lal, head-quarters, Kurnool, with one surveyor and
6 pupils, completed sheets 57 I/1.5, 57 J/1.5 and some 2-inch work in 57 J/26. This camp
was strengthened towards the close of the field season when surveyors were available from
other camps.

No. & Camn.—Under Mr. T. O. Threlfall, head-quarters Betamcherla with 7 surveyors
completed 2-inch survey in sheets 57 1/2.38.7 with some areas falling in 57E/14.15.

Two Class T officers, Captain Gemmell, I. A., and Lieutenant Bomford. R. E. joined
the party in January 1922 and carried out plane-tabling in Camp IV area during the remain-
der of the field season.

Trianyulation.—There were three triangulators as follows :—

Mr. N.S. Harihara Iyer who triangulated 1,827 square miles in sheets 57 J/11.12.15.186,
and 57 K/a13 141516, Mr. Shadi Lal Dube 2,018 square miles in sheets 57 J/3473and 57 K/
1956 and survevor Ltifat Husain who commenced in January 1922 and friangulated 617
square miles in 57 K/7.1011.12. The country triangulated is much like that surveyed execept
that rocky serub covered hills are much more numerous and extensive.

Recess Duties.—(a) The fair-mapping was divided into four seetions as follows :—

No. 1 Section.—Under Mr. Grant, and afterwards Mr. Claudius, shects b6 L/s12.16,
56 Ples1a and 37 Toas,

No. 2 Section.—Under Mr. Murphy, sheets 57 1/3.4.6.7.810.

No. 3 Seefion.—TUnder Mr. Narayanasvami Chetti, sheets 57 1/11.12.14.15.16.

No. 4 Section—Under Mr. Shib Lal, R. S, sheets 57 I/1.2.5 and 57 J/15.

(%) Compntations have been brought practically up to date by a section of varying
strength under Lient. Bomford, R. E., and afterwards Captain Gemmell, [. A.

() Preparations for the field—These have differed slightly from previous years in
that instead of, as hitherto, obtaining blue print reductions of 4-inch forest work and inking
up the necessary detail preparatory to re-photography, black prints have bheen obtained after
thickening up the 250 contours on the original 4-inch maps. Where this could not be done
owing, asis freqiently the case, to the contonrs not agreeing with the heights, the 250
contour has been left unemphasized and the areas will he recontoured on the ground. The
black print reductions have been mounted, together with prints of the old Mysore 1-inch

maps, on the Madras Revenue Survey sheets and the whole photographed to obtain blue
prints for plane-tables. This system is satisfactory and has saved immense labour in inking
up blue reductions.
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No. 8 PARTY (BOMBAY AND MADRABS).
By Ligur.-CoroneL M. O’C. Taxpy, D.8.0,, OB.E,R.E.

The party completed the survey of 4,555 square miles on the 1-inch scale in sheets

58 F/11.12.15.16, 47 F/[9.10.11.12.13.14.16.16, 47 J/3.478.

PRRGONNEL. The field season opened with head-quarters

Class I Officers. at Kirkee on 22nd November 1921 and closc?d

Lieut.-Colonel M.O'C. Tendy, D.8.0, 0.B.E, there on 10th April 1922, but Camp No. 1 in

R.E.. in charge, except while on leave from Madras did not complete field work until 27t'.h

23rd Marcl to 30th April 1922, _ April. With the exception of one surveyor in

Captain J. K, Douglae. R.U. (on probation), in 41 o Moqyag area who had to be sent on medical

charge from 23rd March to 30tk April 1953 leave early in the season on account of malaria
the health of the party was excellent.

Mr, M. Mabadeva Mudaliar, M. A, The area surveyed in Madras consisted of
» B.T. Wyatt.
M. 5. Ganesa Aiyar.

Class II Officers.

almost equal proportions of highly cultivated
plains and of forest-clad hills rising to about

Upper Subordinate Service. 7,000 feet.
Mr. I1. Narasimhamurti Rao, The country surveyed in the Bombay Presi-
» Sh’gk:‘gﬁ“lfl:?mad Salik. deney inclnded portions of the Western Ghats
:: ;::al:n ;{:]l Ch.ibbar (ou probation). rising to about 4,000 feet and the bold spurs

stretching eastwards from the Ghats to the more

» Subordinate Service. .
Lower Subordinate Service open and cultivated areas to the east.

42 Surveyors, ete. In the Madras area original survey was

carried out on blue prints of the Madras Revenue Surveys and supplementary survey on
blue prints of one-inch reductions of the old J-inch forest maps of the Survey of India.
in the Bombay area revision survey was carried out on blue prints of the departmental maps
surveyed about 40 years ago.

Field work was divided in 4 camps.

No. 1 Camp.—Under Mr. M. Mahadeva Mudaliar, assisted by Mr. Abdul Ghafur with
11 surveyors completed 970 square miles of original survey and 199 square miles of supple-

mentary survey in sheets 58 F/11.12.15.16, the supplementary triangulation in 58 ¥/15 being
done by Mr. Abdul Ghatur.

No. 2 Camp.—Under Mr. B. T. Wyatt with Mr. Janam Raj Chibbar and at first
10 and later on 7 survevors completed 1,126 square miles of revision survey in sheets
47 F/9.10.13.14. this area including Poona City and Cantonment and Kirkee.

No. 3 Camp.—Under Mr. M.8. Ganesa Aiyar, assisted by Mr. H. Narasimhamurti Rao
with at first 13 and later on 12 surveyors completed 1,412 square miles of revision survey
in sheets 47 1¥/15 and 47 J/3.47 3.

No. 4 Camp.—Under Mr. Shaikh Muhammad Salik took the field with 5 surveyors
and was subsequently strengthened by the transfer of 3 surveyors from camps Nos. 2 and 3:
this camp eompleted the revision survey of 847 syuare miles in sheets 47 F/ 11.12 16,

Supplementary triangulation to provide a few extra heights in 48 F/15 was carried out
during the first month of the field season.

Recess Dutres.—The fair-mapping was divided into 3 sections :—

No. I Scction.—Under Mr. M. Mahadeva Mudaliar (on leave from 1st June 1922
to 3lst August 1922) and assisted by Mr. Abdul Ghafur, sheets 58 F/11.12.15. 1.

No. 2 Section.--Under Mr. B. T. Wyatt assisted by Mr. Shaikh Muhammad Salik {on
leave from 2nd August 1922 to 30th September 1922), sheets 47 Flo.10.11.12.13.14.

No. 3 Section.—Under Mr. M. S. Ganesa Aiyar assisted for the first month of recess
by Mr. I. Narasimhamurti Rao, sheets 47 1'/15.16 and 47 J/a.478. Mr. Narasimhamurti Rao
was employed during the last 4 months of recess in charge of a section revising the heights
and projecting and plotting plane-tables for the coming season’s work,

' All fair drawing will be completed before the party takes the field but the final
examination of some of the sheets will have to be completed at field head-quarters.
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TRAINING SECTION.

By S.S, McA’F. FieLpine.

Of the 20 pupil surveyors, 3 had been recruited the previous season but had been

PERSONNEL.

Ciass II Officers.

Mr. 8.8. McA'F. Fielding, in charge.

Mr,

o

V.W. Morton, up to 12th Febroary 1922.

Upper Subordinate Probationers, 2nd year,

. Suresh Chandra Chatterjee, B. Sc,

Abani Kumar Sen Gupta.
Dalip Singh Gandhi.
Narayana Chandra Ray.
T.8. Narayanan, B.A.

Upper Subordinate Probationers, 1st year,

Abdul Ghani Qureshi.

Bhudeb Batabyal.

I.K. Ponpappa.

Nilratan Chowdhury.

P. Rajamanikkam.

Satyendra Chandra Chakrabarti,
Kiran Chandra Sen Gipta,
Abdal Jabbar.

Narendra Nath Ganguli.

Lower Subordinate Sercice.

retained in No. 4 Drawing Office, the remaining
17 had been recruited between January and March
1921, and had received some training in drawine
in No. 4 Drawing Office. °

They were transferred to the Section in May
and received preliminary training in drawing and
plane-tabling in Bangalore throughout the recess
season in 1921.

Five Upper Subordinate probationers recruited
in January 1921, had completed one course but
were not considered efficient plane-tablers at the
end of their field season in May, and were retained
for further training in plane-tabling.

A new class of 9 Upper Subordinate pro-
bationers was entertained in October 1921. One
probationer vesigned almost immediately before
taking the field, and one more joined early in
November.

The section took the field on the 2nd Nov-
ember and proceeded to the field head-quarters at

Srinivaspur in the Kolar district. The new class
of Upper Subordinate probationers remained in
Bangalore till the 15th November with Mr. Morton
and one lst class surveyor, to receive some preliminary training and to allow them time for
preparation.

The area selected for survey was sheet 57 K/s for pupil surveyors and Upper Sub-
ordinate probationers 2nd year, and 57 K/4 for the new class of Upper Subordinates, with
head-quarters at Kolar town.

Sheet 57 K/s was a suitable sheet for instructicn on the whole though it was found
that the eastern portion was too low lying and heavily wooded, with trigonometrical points
scarce. The western portion is fairly open, undulating and contains groups of hills suitable
for instruction in sketching and contouring.

Communications (main roads and a light railway running through the sheet) were
excellent and every assistance was given when required by the local authorities. The whole
of sheet 57 K/3 was completed.

Six pupil surveyors were discharged or allowed to resign as they were found unsuitable.

In addition to 57 K/3. the portions left unsurveyed in the previous season in K/4 were
completed by two Upper Subordinates (2nd year) on the one-inch scale.

The average out-turn for the season was as follows :—

Upper Subordinate probationers 2nd year (14-inch) 32 square miles.

’ ’ ’s ’ (1-inch) 32 »

Pupil surveyors 1i-inch ... 2 ’s

The camp of the Ist year class of Upper Subordinate probationers remained at Kolar
in 37 K/1 throughout the season. They were given preliminary instruction in plane-tabling,
the use of a theodolite (reading rounds of angles temporary and permanent adjustments ete.)
and were then put through a course of triangulation. The area triangulated was approx-
imately 37 square miles with 5 stations based on a G. T. base. IFour men (working in pairs)
triangulated at one time, the remainder being employed on plane-tabling. On complet.ion
of the triangulation all were put on to plane-tabling over an area of about 30 square miles
consisting of plains and hills in the neighbourhood of head-quarters. During the season
4 probationers were allowed to resign their appointments, being considered unsuitable.

In February Mr. Morton was transferred from the section, and the head-quarters
of the section was transferred from Srinivaspur to Kolar.

3 1st Class Sovveyors,
20 Pupil Surveyors,
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The field season closed at the end of April and the section returned to recess quarters
in Bangalore. The health of all members throughout the season had been fairly good. One
menial died from natural causes. There was a good deal of fever of a mild type among
the menials in the months of March and April but all were successfully treated in the local
hospital. A case of small-pox in a pupils squad, in April delayed the return to recess
quarters of some pupils for about 10 days.

Immediately on return to recess quarters, the five Upper Subordinates of the 2nd year,
were transferred to various circles.

‘I'wo more pupil surveyors were discharged, which reduced the strength of the section to

5 Upper Subordinates,
12 Pupil Surveyors.

The Upper Subordinates continued and completed their instruction in theodolite tra-
versing, (with subtense work) levelling, drawing and computations, They also completed
the survey of a portion of the military grass farm area on the scale of 16 inches = 1 mile
and fixed ranges for artillery purposes by means of triangulation and traverse. TFive pupils
were attached to No. 4 Drawing Oflice for instruction in drawing owing to want of accommo-
dation with the section. The remaining 7 practised fair-drawing with the mathematical
and swivel pens.

All the Upper Subordinate probationers and pupil surveyors were drafted to various
circles and parties on completion of their course in October 1922.

The Training Section will be closed down at the end of this season as no new proba-

tioners or pupils have been recruited.
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EASTERN CIRCLE.
(Vide Index Map No. 1).

Summary.—This circle was under the superintendence of Colonel W. M. Coldstream
thronghout the survey year. It comprised Nos. 9,10,11 and 12 Topographical Parties,
No. 21 Forest Party and No. 5 Drawing Office, exclusive of survey units of Local Govern-
ments under the administrative charge of the Superintendent.

During the year the 5 field parties completed 11,480 square miles of detail survey
on the half-inch, one-inch, two-inch and four-inch scales, the triangulation of 5,076 square
miles and the traversing of 2,077 square miles. The maps of the areas surveyed have been
drawn in 55 sheets.

The detail survey consisted of :—

4,031 square miles of half-inch original survey

3,624 ,, s one-inch original survey
3,267 ,, » 1 one-inch supplementary survey
518 ,, » 5 two-inch original survey
20 5s s four-inch original survey.

The Officer in charge of No. 9 Party, in addition to the work of his party, was allotted
the preparation of a draft for a new chapter of the Handbook of Topography to replace the
existing chapter IV (Traversing). This work, which had been begun the previous year, has
been done in consultation with other officers of the Department. The draft has been
submitted to the Surveyor General and is now at press.

In the summer months a detachment, consisting of one military officer and one Sub-
Assistant Superintendent, accompanied the Political Officer of Sikkim on a mission to Bumtang
to confer the insignia of the G.C.I.E.on His Highness the Maharija of Bhutin. Tt
returned with the Political Officer through a portion of southern Tibet having obtained 6,500
square miles of geographical survey on the scale of four miles to the inch.

No. 9 PARTY (BENGAL, BIHAR AND ORISSA).

By Br.-Lt.-Coroxet R. H. PuirLimong, D. S. O, R. E.

The party completed the one-inch survey of sheets 79 B/a.47, south of Caleutta,

which had been left incomplete last season.
PERBONNEL.

Class I Offcers. It also surveyed the following sheets in
Bihar on one-inch seale:—72 Lfin.12.10.14.15.16

Bt..Lt.-C'olonel R, H. Phillimore, D. 8.0, R.E,  apq 72 P/I.‘.’. 5.6.7, hesides completing sheets

in charge, - | - )
Captyin I 8. P, MacIvor. I, A (on probation), 72 I.;/g_lo which had been left incomplete in
from Januavy 201h, 1922, previous seasons.
Licut. 1. .\, Bazley, L. B, (on probation), from .
. Jannary 14th, 1022 ’ 42 gquare miles of forest were surveyed on

two-inch scale in sheets 72 P/a. 7.
Class IT Officers.

Mr. E. J. Bigzio Sheets 72 C/14+ and G/2 were traversed for
Ar. Amar Krishna Hitra. detail survey next season, and triancgulation was
Lient. ' 3, Melunes, carried out in south of sheet 78 G.
Captain J, O'C, Fitzpatrick, from November Ist, A

1921, Field head-quarters were opened at Bhagalpur
Mr. Bunpendra Nath Saba, M, 8c., (on probation). on Novembher 25th, 1921 and closed on May

I"pper Nubordinate Serrice, 2“(], 1922

Mr. Javdecsh racad Vastav, to 27ih March 1022, Actual plane-tab]inq commenced in Bihar

Mr. Gopal Lal Mitra,
Mr, Rasadhar Muknrjee,
Mr. Behini Kumar Talnpatra, B. A | (on probation).

on November |7th, and the last man closed work
in Bengal on May 8th, 1922.

Lower Subordinate Servies, 43 officers and surveyors plane-tabled 3,771
87 Sarverors, civ, square miles compared with 3,000 square miles
) by 42 plane-tablers last scason.
The work in Bihir was divided into three camps as under : —
No. I Camp (5 trained surveyors, 1 instructor, 2 officers and 4 pupils under training)
was under Mr. E.J. Biggie, and surveyed sheets 72 L/o.10.13. 14.
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No. 2 Camp (8 trained surveyors, 1 instructor and 1 officer and 5 pupils under
training) was under Mr. A, K. Mitra, and surveyed sheets 72 P/1:2.5.6.7.

No. 3 Camp (4 trained surveyors, 1 instructor and 1 officer and 8 pupils under
instruction) was under Capt. Fitzpatrick, and surveyed sheets 72 L/11.12.15 16.

Very few of the surveyors here shewn as trained had done much contouring or hill
survey belore, and camp officers and instructors hatl to give a great deal of help all round.

The country is generally undulating between 300 and 900 fect above the sea, well
covered with villages, scattered trees, broken ground and other detail. There are many
isolated hills, generally rocky and covered with serub jungle, the highest of which, Phuljuri
in sheet 72 L/ie, rises to 2,312 feet.

These hills are prominent Jand-marks and plane-table fixings were generally easy to
obtain; the ground did not however lend itself to rapid survey as there wasa great deal
of detail, and owing to the gentle undulations distant view and sketching were impossible.

In sheets 72 P/s5.6.7 the Rajmahal Hills rise to form a prominent range which runs
somewhat east of north from Dumka towards the Ganges river at Sahibganj.

This range is rocky and now mostly bare or covered with low scrub; most of the
forest having been cleared in the course of cultivation by the aboriginal inhabitants, the
Paharias. The higher peaks rise to over 1,800 feet above the sea.

Comumunications throughout the distriet were very good; the main line of the East
Indian Railway running through sheets 72 Lf10.11.12 with branch lines to Giridih and Deo-
garh. There are several popular and growing health resorts along this line from Karmitaur
to Simultala, whilst Deogarh is rapidly becoming an important residential town, being a great
place of pilgrimage for worshippers at the Baidyanath temples.

Tirst class metalled roads radiate from Dumka, the head-quarters town of the Santal
Parganas distriet, to Bhagalpur, Deogarh, Rampur Hat and Sari.

The branch railway line from Bhagalpar to Mandar Hill in sheet 72 P/1 was dismantled
during the war, and has not yet been relaid.

The climate is good, being dry and bracing, but it gets very hot in April. There was
very little sickness in these camps, though Mr. Biggie was in bad health most of the field
season.

Supplementary survey on the I-inch scale was carried out over this area on blue prints
of the preliminary editions. These were compiled by the Imperial Standard Mapping
Section of the Bengal Drawing Office from Cadastral Surveys of 1901-08. The detail of
these sheets was found very accurate and most helpful but in the more hilly area such detail
was scanty.

The out-turn for the 17 trained surveyors averaged 249 sq. miles for a month of
24 working days.

The out-turn for 21 officers and pupils under training averaged 15 * 1 sq. miles.

The quality of the final survey was good, though some of the pupils and younger
men had to be taken over their ground several times. The survey of steeper hill details in
sheets 72 P/G. 7 was not as good as it might have been. There were no cases of misconduct,
but three pupils were discharged at the close of the field season as they were below standard.

42 square miles of rocky hills covered with sl fovest were surveyed on the 2-inch
scale for the l'orest Department. The forests are not very valuable and rigorous survey of
petty detail was not insisted on, The average out-turn for the two trained surveyors on
this work was ¢ sq. miles a month.

An. unusually large number of khalasis absconded during the season, mostly Hos recruit-
el from Singhbham; and mostly from the squads of surveyors working within ;‘each of the
railway.  Out of 191 men in Camps I and 11T 28 absconded.

N rr.’{‘ho m‘)st-.ratv‘: of detailed survey worked out at Rs. 50-7 a mile as compared with
5. 556 a mile in Sundarbans area last season. This rate is still very high as more than
half the planc-tablers were under instruction.

The work in Bengal was allotted to Camp No. 7V under the charge of Mr. J. P,
Vz‘lsta.v \lvh.o had ‘L trained surveyors and one pupil under him for completion of 462 square
miles left in sheets 79 Bfs 7. Work lay to the south of Calcutta on both banke of the
Hooghly river.

The area was absolutely flat and densely populated and survey progressed very slowly
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but was of very good quality; the four trained surveyors averaged 18:8 sq. mlles for a
month of 24 working days.

Mr. Gopal Lal Mitra relieved Mr. Vastav of charge of this camp on March 25th.
Triangulation.—The whole of sheet 73 G was allotted to
Lt. C. 8. McInnes.
Mr. B. N. Saha.
Surveyor Narayan Singh.
Neither of the two latter had done any triangulation before, and Lieut. McInnes had
never done any minor triangulation.

No triangulation had been done by No. 9 Party since season 1913-14, so there are
no trained khalasis or heliotropers in the party.

Lient. McInnes left Jajpur Road Railway Station on November 12th 1921, and marched
up to Keonjhar, reconnoitring on his way, to meet Mr. Saha and surveyor Narayan Singh
who marched down from Chakradharpur Railway Station through Chaibasa.

Mr. Saha fell ill before reaching his ground and had to take leave. He returned
later and commenced work on February 14th, having lost the best part of the season.

Lieut. MeInnes and Narayan Singh both found progress very slow owing to lack of
communications and the nature uf the country, which was heavily wooded and without
prominent features, Their areas were therefore cut down to half, and even then they did
not commence observations till the last week of February.

There was the usual heavy smoke haze right through March and April, with hardly
any relief from thunderstorms.

Lieat, MeInnes just managed to complete the triangulation of the four sheets forming
south-east quarter of 73 G by the end of April, \vhllst sarveyor Narayan Singh did not
quite complete sheets 73 G/10.14.

Surveyor Tlari Dutta was brought down to assist in February after completing his
traverse work. He and Mr. Saha managed to complete reconnaissance of the four sheets
forming the south-west qunarter of 73 G, and they both observed a few triangles without
completing any one sheet.

All of these triangulators and many of the khalasis suffered a good deal from malaria,

Next scason the triangnlators will be able to start observations in November over
the area now reconnoitred, and there should be no difficulty in completing the triangulation

of the sheet,

The quality of Lient. MeInnes’s work was good. His triangular errors averaged 10
seconds for 58 triangles; he fixed 30 stations and 106 points in his four sheets, connecting
to three G. T. stations and one G. T. mark.

Traversing.—Survevor Hari Dutta spent three months, November 8th to February
6th, traversing sheets 72 C/11 and (/2 in the neighbourhood of Patna. These two sheets
were eadastrally surveyed on the 16-inch scale in various seasons between 1892 and 1910.

Hari Dutta based his traverse on six (. T. intersected points, and connected with 14
trijunction pillars of the cadastral traverse. He ran 226 linear miles with average error 1
in 500, or 10 feet to a linear mile. He fixed 227 intersected points by observation and 230
points by offset. e reports that about 100 square miles in these two sheets are very
congested city and suburban areas ; whilst the remainder are open and very easy for survey.

The preliminary editions on one-ineh scale in Patna distriet are accurate and up to
date, for such detail as they shew; but in the other districts the old map is not very reliable.
Survevor Hari Dutta was the only member of the party to .report interference by non-
cooperators. He met with some opposition near Sonpur in Siran district, but was assisted
by the more educated of the inhabitants, and did not have to suspend work.
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Recess Duties—When the party took the field in November 1921 it left a drawing
section behind in Shillong under Mr. G. L. Mitra to complete sheets 72 L/e and 79 B/s.8.10.11.
1216 and79 C/5.9, The section contained 7 draftsmen from No. 5 Drawing Office and
one surveyor who rejoined the party in the field in January.

The last of these sheets to be submitted for publication was 79 B/5 in June 1422.
This sheet covers the very congested area along the Hooghly river north of Calcutta.

The party opened fair-mapping in recess on May 12th, with one arrears’ sheet and 16
new sheets. Of these 10 sheets were still uncompleted on November 1st, 1922. Seven
draftsmen weve attached from No. 5 Drawing Office for the greater part of recess.

Much time was saved at the beginning of recess by locating an officer from the party
in the office of the Superintendent, Map Publication at Caleutta for three weeks.

This officer handed ficld sections into the Superintendent, Map Publication’s office,
took over the enlargements from Photo-Litho. Office, pasted up the combined prints, and
handed them in again to Photo-Litho. Office for production of the drawing blue prints.
'The time taken by the journey of the enlargements to Shillong, and return of the paste-up
print to Calcutta was saved by this arrangement, and the effect is shewn in that the average
period between handing in field scetions to Caleutta and receipt of drawing blue prints in
Shillong averaged 21 days in 1922, 41 days in 1921, and 39 days in 1920.

Licut. Bazley, R.13. who was in Caleatta from April 27th to May 16th was able to
assist No. 12 Party in the same way.

Fair-mapping was supervised by the following officers :—

No. I Section, under Mr. 15.J. Bigaie, with sheets 72 L/o.10.13.14-

No. II Section, nnder Mr. A.K. Mitra, relieved in September by Lieut. C.S. McInnes,
with sheets 72 P/1.2.5.6.7.

No. 1T Section, under Captain J. O’C. Vitzpatrick, with sheets 72 L/11.12.15.16.

No. IV Section, under Mr. G. L. Mitra, relieved in Angust by Captain R.S.P.
Maclvor, with sheets 70 B/3.4.7.

C'omputa[z'ous.—Trz'angu/alion.——'l‘he triangulation of sheets 73 G/11.12.15.16 was com-
puted by Lieut. C.S. MecInnes and Mr. B.N. Saha with one surveyor.

Traverse.—Lient. Bazley, R.E. leld charge of traverse computing section which
completed computations of traverse in sheets 72 C/11 and G/a.

The section also assembled all the traverse computations of sheets 79 A,B and C and
72 P into record volumes by degree sheets.

' Lists of intersected and offset points were prepared and bound into the volumes, and
fhaﬁrams were prepared for each degree sheet sbewing the traverse lines, and the errvors found
in them.

"m
I'he average errors worked out as under :—

Main Cireuits All lines including ;
i Lirewits. Main Circuits, Worst line.
i Average ; Average s ;
:nlir;::r Closing L\ﬁeur Closing Linear Error
B Frrors. miles. Errors. miles, passed.
794, | 958 ! 1740 L 10 1
1553 1427 282
1
B. | o928 1 1672 | _L 2.5 I
1120 | 913 73
C. not yet |[worked out
ne | ‘ ‘
" hal ”

Lieut. Bazley also supervised work of plotting section which commenced

to prepare plane-table sections for the field. o August
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No. 10 PARTY (UPPER BURMA).
By Carramxy O. Siater, M.C., R.E.

The party continued the detail survey of the Hukawng and the Naga territory adjoin-

PERSBONNEL.
Class I Officers.

Lieut.-Colonel E. T. Rich, C. 1. E,, R. E., in charge
from 24th October 1921 to 11th June 1022,

Captain O. Slater, M. C, R. K. (on probation), in
charge from 12th June 1922.

Class 1I Qfficers.

Mr. W. G. Jarbo, in charge till 23rd October 1921.
» 8. F. Norman, from 11th August 1922,

.» O.J.H. Hart, from 23rd December 1921 to
31st May 1922,

F.J. Grice, from 1st November to 830th Decem-
ber 1921.

H. . Creed.

Upper Subordinate Service,

Mr. Hayat Mubhammad, K. 8.
Dhirendra Nath Suha.

»» Ram Praend, R. S,
Maung Pe, A. T. M.

Lower Subordinate Service.

26 Survceyors, etc.

ing it on the west. Sheets Y2 B/nk. NW. sk were
completed and parts of sheets 83 N/ng., 92 A/
BW. 8E. were surveyed.

The country surveyed is everywhere covered
with dense jungle and, except in the Hukawng
proper, consists of steep and intricate hills.

The field season opened on the 1st November
1921 and closed on the 31st May 1922. The
health of the party was good.

Plane-tabling—The Hukawng is a level plain
varying in width from 1 to 20 miles, its altitude
being about 650 feet. It is crossed by a few
broad and swift streams and is intersected with
numerous small water ways. Plane-table travers-
ing had to be employed throughout. The hills
surrounding average 4,000 feet and rise to nearly
8,000 feet on the Patkai Bum to the north.
There are few inhabitants in the hills except on
the west in the Naga territory; supplies are in
consequence a serious difficulty.

No. 1 Camp.—Unger Mr. W.G. Jarbo, with

7 surveyors, completed an area of 2,221 square miles on the half-inch scale in sheets 83 N/

NE. 92 A/sw. sk and 92 B/nw.

No. 2 Camp.—Under Mr. H. H. Creed with 6 surveyors completed an area of 947
square miles on the half-inch scale in sheets 92 B/NE. N W. SE.

'The total out-turn was 3,168 square miles of original half-inch survey, the cost-

rate being Rs. 335 per square mile.

Triangulation—Mr. Ram Prasad, R.S., was to have triangulated in parts of sheets
83 N and 83 O but, owing to the hostility of the Naga tribes, had to turn back and was after-

wards employed on plane-tabling.

Recess Duties.—The fair-mapping of the party was in the charge of Mr. W.G. Jarbo
till Mr. S.F. Norman was posted to the party, after which it was divided into two sections.

No 1 Section, under Mr. W. G. Jarbo, with Mr. D. N. Saha and 7 surveyors and 4
draftsmen, completed the fair-mapping of 2,608 square miles in sheets 83 N/NE., 92 A/sw.

sg. and 92 B/NE.

No. 2 Section, under Mr. 8. F. Norman, with Maung Pe, A.T. M., and 3 surveyors
and 3 draftsmen completed 1,705-5 square miles in sheets 92 B/nw.sE.

All the above sheets will be submitted for publication before the party takes the field.
The unsurveved portions of sheets 83 N/NE., 92 A/sw.sE. have been compiled from old surveys

and reconnaissance st Tveyve.

The remaining 6377 square miles in shects 92 F/xw,sw, and

92 I/sw.gE. were completed during October 1921 and these sheets were submitted for publi-

cation before the party left for the field.

Maymyo Drawiny Office—Thring the field scason a drawing office was formed to deal

with the arrears fair-mapping of Nos. 10 and 11 Parties.
The arca completed was 5,630 6 square miles in sheets 92 B/NE., 92 J/Nw. 8E.

0O.J. H. Hart.
NE.. 95 J/sE. 95 K/xE. and 95 F/NE.

This was in the charge of Mr.

The total ont-turn of fair-mapping of the party was 10,5821 square miles, all on the
balf-inch scale, the cost-rate being Re. 40 per square mile.

Inspections.—The party wasinspected by the Surveyor General and the Superintendent.

Eastern Circle during the recess.
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No. 11 PARTY (LOWER BURMA).
By J. O. GREIFF.

The field programme of the party was as follows :—
) (i) The completion of the survey of the

'ERSONNEL. mainland of the Mergui district and of Sullivan
Class I Officers. or Lampi island, on the one-inch scale.
Mr. J. 0. Greiff, in charge from 1sc July 1922. (it} The survey on the 2-inch secale of the
Captain T. M. M. Peuney. R. E. (on probation), in  yecerved forests of Kyaikkamaw and Extension,
churge to 3Uth Juno 1922. Kydnkhawun, and Tagundaing, in the Amherst
Class II Qfficers. distriet.
Mr. 0.J. H. Hart. from 1st June 1922. The field season opened at Mergui on the 15th
w G. E. L. Cooper, from 19th October 1921. November 1921, the head-quarters of the party
n A ¥. Dickson arriving on (he 23rd.  An advance party sent
Upper Subordinate Service, ahead to make the necessary initial arrangements
Mr. P. C. fen Gupta, L. Se, opened at Mergui on the 1st November. The
» Kbhan Muhammad, field scason closed at Mergui on the 5th June
» A.K.Sen Gupta (on probation), frem 25th 1929,

May 1922,
' The health of the party was good; one
Lower Sulbordinate Service. ]{Ilu]flsi died of fever in )[(‘l'f_’;lli.

24 Surveyors, ete, The country sarveved comprised, in the

Meroui district, the most sonthern strip of the mainland of Burma extending from the
villn:ge of Karathuri in the north to Victoria Point in the south, Sullivan or Lampi island
in the Mergui Archipelago, and numerous small ixlands dotied along the west coast.
This strip of country consists of the southern portion of the western range of mountains
whieh streteh across the distriet from north to south. A few miles helow the village of
Kavathuri, this main range is joined by a cvoss spur to the castern barvier that forms the
divide between Burma and Siam. At the hend of this cross spur is thrown out the high
continuation ridege which trends due south, and terminates in the hieh promontory of
Vietoria Point.  Here, as throughout the length of the district, continues the characteristic
meridional dircction of the main ranges, and consequently of the main drainage system,
Practically the whole of this southern strip of country is filled hy numerous offshoots and
subsidiary spurs of the main ridge. TFrom the water edge to the tops of these ridges and
spurs there is almost uninterrupted forest.

This area is drained by the Lenya and the Pakehan rivers, which have their
source in the eross spur connecting the two main ranges. The former flows for some 60
miles, due north, through a fairly broad valley, when it suddenly alters its course, and
forcing its way through a rocky gorge flows due west into the Bay.

The Pakehan river flows due south, and throughout its course forms the international
houndary between Burma and Siam, for this most southerly strip of country. Tor the first
part of its course it is a mere mountain tovrent, but fed by many affluents, Tt broadens
out, till at Vietovia Point it forms an estuary two-and-a-half miles wide. Tn the low ground,
along its right hank, stretches for some distance a plain riehly cultivated and well inhabited.

The eoast line and the banks of tidal rivers are almost invariably bordered by mangrove
swamps, varving from narrow strips to great depths, which form powerful barriers against the
sea.  They are intersected by numerons eanals through which the tide enters and recedes,
inundating large arcas at high water, as the coast here is little raised above sea level. From
these swamps streteh out to sea numerous mud and sand banks rendering the coast unapproache
able by vessels of large draught, except in a few places. Most of the larger channys (streams
or creeks) are navigable for considerable distances at high water, by small launches and
country hoats.

The western shores of the mainland swarm with game of all sorts; elephant, tiger, rhino
and bison are plentiful. )

The low lying area and the bamboo forests are the haunt of the sandfly and tick,
which make the surveyors’ life a hurden. If he heats a retreat from these into the valleys he
is beset by countless leeches. The undergrowth is a tangled mass of cane, creeper, and scrub

In the valleys the mist lies heavy each morning till late, considerably hinderine the
commencement of the day’s work. }
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The country between Maliwun and Vietoria Point consists of undulating plains and
hills covered with grass and dotted with trees, sometimes in clumps or groves, and here and
there in small forest areas.

From Victoria Point to Maliwun there is a good unmetalled road maintained by the
P. W. D. From Maliwun it becomes a mule-track as far as Marang, and thence to Karathuri
s foot-path. Along the west coast is another track to Maliwun. There are also good paths
from Hangapru to the Lenya valley, and along this valley, over the Khao Den pass, to Siam,
These communications, with the addition of several elephant-tracks along spurs and ridges,
made it possible to start work without the delay, experienced in previous years, in cutting
miles of paths.

The principal place of importance in the season’s work is Victoria Point, the last
British out-post on the east coast. It is the head-quarters of the sub-divisional officer, its
position and proximity to Siam investing it with a certain political importance. During
the Great War a wireless station and Censor were established here. This southern strip of
territory is also rich in tin ove, the chief centre being Maliwun; the ore at present is being
extracted chiefly by Chinese.

Lampi or Sullivan island about 50 miles due west of Karathuri, is a high ridge of
hills in the form of a horse shoe densely wooded, the outer rim of the shoe being steep and
precipitous.  Several smaller islands along the west coast were also surveyed. The
Archipelago is without doubt one of the great attractions of the distriet, and well worth a
visit. It stretches along the whole of the western coast a vast collection of abrupt islands,
of every shape and size with hardly a trace of life. They have been well described as “a
cluster of islands and. inlets with bays and coves, headlands and highlands, capes and pro-
montories, high bluffs and low shores, rocks and sands, fountains, streams and cascades,
mountain, plain and precipice, unsurpassed anywhere for their wild, fantastic and picturesque
beauty”.

*Distribulion.—The field work was divided up into four camps:—

No, 1 Camp.—Mr. Cooper in charge, to begin with five and later seven surveyors,
head-quarters at Hangapru, surveyed an area of 1,071 square miles in sheets 96 1/g, 12. 16,
96 J/5.6.0.1013 and 96 N/1. The party hospital was in this camp.

No. 2 Camp.—Mr. Dickson in charge, with five surveyors, of whom one was later
transferred to No. 1 Camp, head-quarters at Marang, surveyed an area of 568 square
miles in sheets 96 J/o.10.11.12.14,15.

No. 3 Camp.—Mr. P.C. Sen Gupta in charge, with seven pupils, surveyed an area of
170 square miles of reserved forests in the Amherst district, on the two-inch scale in
sheets 95 E/13 and 94 H/ig. One pupil was withdrawn early in the season as unfit for
field work.

No. 4 Camp.—Mr. Khan Muhammad in charge, with two surveyors, surveyed 35048
square miles in sheets 96 J/1.23.5.67.11.12 and 96 K/o.

Mr. Khan Muhammad and surveyor Faiz Ali, under the officer in charge of the party,
surveved near the close of the season, 35 square miles in sheet 95 L/s.

) Triangulation.—There was no triangulation or traversing done in the season.

The cost-rates are as follows :—

Original one-inch ... Rs. 69-72 per square mile,
Original two-inch ... Rs. 133-63 do.

The cost-rate for the one-inch is much lower than the previous year, due to a higher
average out-turn per surveyor. The outstanding feature of the field season was the remark-
ably fine weather experienced compared with previous seasons. Wet days there were, but
comparatively few. Communications were easier, the greatest width of country across being
ahout 25 miles with Victoria Point as apex of the triangle. The mean average, for three
years preceding 1920-21, is Rs. 7122 per square mile, which may be taken as the general
average cost of work in a district like Mergui. Last season’s cost-rates were weighted with
large arrears of pay due to officers and establishment on account of the reorganization.

Rereess Duties.—In recess the party was divided into three sections : —

No. I Secfion.—Mr. Hart in charge, completed the mapping of one-inch sheets
95 I./s, 9G J/1,2056 The total area covered by these sheets is 1,750 equare miles, but
the land area mapped is only 246 square miles. Nevertheless, in the sea area there is a
fair amount of work required to complete each sheet. This section has also done 69 square
miles of half-inch mapping in sheet 95 /5, and completed and despatched half-inch sheets
95 J/au. and 95 K/NE.

® The areas shown here as sarveyed by each camp include 45 sqnare miles of sea areas which have been
excluded from the out-turn of the party in Jable I1I.



Vol. XVIII.] TOPOGRAPHICAL SURVEY. 35
No. 2 Section.—Mr. Cooper in charge, completed the mapping of one-inch sheets
96 I/12.s 96 J/9n0117. The total area of these sheets is 1,176 square miles, inclusive

of 272 square miles sea area.
No. 3 Section.—Mr. Dickson in charge, completed the mapping of one-inch sheets
96 T/16. 96 J/128.13.1415, 96 K/o5 and 96 N/1, covering an area of 1,756 square miles,

including 11+6 square miles sea area, and 885 square miles of unmapped area in Siam.

The cost-rate for one-inch mapping is Rs. 15-27 per square mile.
All the fair-mapping will be completed and the sheets despatched before the party

takes the field. There will be no arrears sheets.

The two-inch mapping, of the reserved forests of - Kyaikkamaw and Ixtension,
Kyonkhawun, and Tagundaing, falling in sheets 95 E/13 and - 94 H/16, will be commenced
by this party and completed by the Drawing Office during the winter.

The Maymyo Drawing Office was transferred to the charge of No. 10 Party from

1st November 1921.

Miscellaneous.—The season brings to a close the completion of the survey of the
Mergui district. Inspite of the physical hardships and inconveniences endured yearly since
1915, it would be difficult to find a more interesting area in Burma. Its history from the
year 1373 when the town of Tenasserim was built by the Kingdom of Siam, world wide
commerce and connection with the great European Courts, is replete with historical interest
Its rugged and wild Jandscapes with miles of dense forest growth, have an
Many very interesting and rare specimens of
Nineteen new species of the Indian

and incident.
attraction and charm peculiarly their own.
butterflies were caught by Mr. Cooper last field season.
Lepiduptera were obtained, at Hangapru the Papilio sycorax, and at the village of Naugin,
on the coast, the Terias tilaha. The former is very rave and said never to have been caught
in India before, and is supposed to be peculiar to Borneo, of the latter 23 specimens were
taken, and are described as belonging to the Malay States only.

Inspections.—No. 3 Camp was inspected in the field by the Superintendent, Eastern
Circle in Januvary. During the recess the party was inspected by the Surveyor General, and
Superintendent, Eastern Circle, on the 9th August 1922,

No. 12 PARTY (ASSAM).
By Br.-Lr.-Cor. C. M. Browng, C.M.G,, D.S.O,, R.E.

The party carried out detail survey on the two-inch, one-inch and half-inch scales in
the districts of Nowgong, Sibsigar, Cachar,

PERSONNEL. = <1 . . Q
l Naga Hills and in Manipur State and triangula-
ass I Officer tion and .traverse in Naga Hills, Manipur State
Bt.-Lt.-Col. C.M. Browne, C.M.G, D.8.0., R.E,in and Sadiya Frontier Tract. The country was
charge. almost entirely densely wooded and varied in
Class I1 Officers. elevation frofi-a few hundred feet to over 9,000

Mr. K. M. Kenny. fect. '

., D. K. Rennick, M.B.E. The field season extended over a period of a
» R.C. Hanson, from 16th Febroary 1922. little more than 6 months. The health of the

« DPrafulla Chandra Mitea, B. A, 5 .
Aprill loz2. andra Mitea A, up to ISth party was only fair, average daily sick in hospital
being a little over 8 per diem; 3 khalisis di
Upper Subordinnsfe Service v P diem i 3 khalasis d]ed'
- one from cholera, one from pneumonia and one
Mr. Girija Sonker Ba :chi. was drowned.

» Atul Chandra Maulick, (on probatiou), from

17th October 1921,
.+ Suresh Chandra Chattorjee, D.Sc. (on proba. Was bad in the neighbourhood of the party head-

tion), from 23rd May 1022, gquarters, but inoculation was carried out with
serum obtained from the Pastour Institute at

Towards the close of the field season, cholera

Lower Subordinate Service,
Shillong and only one ease occurred and that was

38 Sarveyors, cte,
before the noculation.

2 y A .
" Planc-tabling.—The country surveyed was almost entirely dense jungle with scattered
villages a1 X 3 i g i . i
" i_,.t l. Wl there were some quite large areas (mostly in reserved forests) which were un-
nhabited.
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Coolies were the only means of transport, except the three party elephants. Con.
veyance and jungle clearing charges were in consequence heavy. Work in the plains and
low hills was carried out by plane-tabling traversing based on theodolite traverses and in the
hills by interpolation.

The party was divided into three camps :—

No. 1 Camp, head-quarters Lumding, under Mr. E. M. Kenny with. 9 surveyors
surveved 104 square miles on the half-inch scale, 439 square miles on the one-inch scale, and
134 square miles of reserved forests on the two-inch scale in parts of sheets 83 G/yw NE.

No. 2 Camp, head-quarters Mahir on the hill section of Assam-Bengal Railway, under
Mr. D. K. Rennick, M. B. E,, and one Upper Subordinate officer with 12 surveyors and one
pupil surveved 564 square miles on the one-inch seale and 779 square miles on the half-inch
scale in sheet 83 G/sw. and in parts of sheets 83 G/NW.SE. NE

No. 8 Camp, head-quarters Dimapur, under Mr. R. C. Hanson with 7 surveyors
surveved 179 square miles on the one-inch scale in parts of sheet 83 G/Ng. This eamp was
only formed towards the end of the field season.

The total area surveyed was 883 square miles on the half-inch sca]e and 1,182 square
miles on the one-inch scale and 134 square miles on the two-inch scale, the cost-rate being
Rs. 255, 55'2 and 111-8 respectively and the combined cost-rate Rs. 82.

Triangulation.—Triangulation was carried out by Mr. P, C. Mitra in sheets 82 L/ SE.
82 P/sw. 83 I/NE. and 83 M/~w.,, and by Mr. G. 8. Bagchi in sheets 83 G/sg, 83 K/sw.
and 83 H/xE.

The country was mostly densely wooded hills rising to about 9,000 feet and a large
amount of jungle clearing was necessary ; labour and supplies were difficult to obtain,

In Mr. Mitra's area rain, mist, and haze interfered with the observations and his
work had to close in March on account of them. A total area of 3,376 square miles was
triangulated at a cost-rate of Rs. 7-0 per square mile.

Trarersing.— Traversing was carried out to assist the detail surveyors in the plain
portions of sheets 83 G/1.56.9.10.13 and in sheets 83 1/13.14, 83 M/1.25. 5 traversers were at
first employved, later redtuced to 4. The dense jungle made the work laborious and expensive
and supplies, and even water, were in-parts dificult to obtain. Most of the traversers suffered
from sickness, the out-turn is consequently small and the cost-rate high.

977 linear miles were traversed covering an area of 1,017 square miles; 2,850 stations
were observed at, of which 21 can be considered as permanent. The cost-rate per linear mile
was Rs. 73-2

Recess Dutics. — The fair-mapping was divided into 3 sections:—

No. 1 Section, under Mr. E.M. Kenny, carried out the fair-mapping of 83 G/5 on the
one-inch scale and maps of Dhansiri and Rangapahar reserved forests on the two-inch scale
and part of 83 G/xw. on the half-inch scale.

No. 2 Section, under Mr. D.K. Rennick, M.B.E.cairied out the fair-mapping on
cheets 83 G/a4 on the one-inch scal® and of 83 G/sw. on the half-inch seale.

No. 3 Seerion, under Mr. R.C. Hanson, carried out the fair- ma,ppmrr of sheets
a3 (,,q 13 on the one-inch and part of 83 (i/NE. on the half-inch scale.

There were no arrears from last recess and it is confidently expected there will be none
this recess except those, the survey of which, is not complete,

Lieut. H.A. Bazley, R.I., of No. 9 Party, temporarily at Calcutta, assisted very
areatly by making the combined originals in Caleutta from photographs of the field sections,
thereby saving much valuable time at the beginning of recess.

The policy of the party, in drawing its own forest sheets was continued and it has
heen able to complete them swithout detriment to its standard mapping,

The half-ineh maps, being drawn simultaneonsly with the one-inch, has also proved
cuecessful and will Jessen the work of the Circle Office.

Mr. (;.S. Bagehi and 4 computers and 3 traversers completed the computations of the
trinngulation and traversing done during the field season and completed the four-inch bound-
ary plots of the following forests:—Dhansiri and Rangapahar, Narpuh blocks I and 11 and
will be submitted. Triangulation chart 83 C was compiled and will be submitted.

Inspections.— The Superintendent, Eastern Circle inspected the party in the field in

December 1921.
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' No. 21 (BURMA FOREST) PARTY.
By H.W. Bicer.

This party continued forest survey operations in Upper and Lower Burma and the
Southern Shan States. The country

I'znsoNNEL. over which work was carried out consists
Class 1 Officer,

ally of well-wooded hills.
Mr. H. W. Biggie, in charge from 1st July 1922. genenally of we

Class II Officers. The field season was spread over a
Mr. S. F'. Norman, in charge, up to 30th June 1922. period of seven months from November
Lieut. L. B, Fitz.Gibbon. 1921 to June 1922.
Capt. V. P. Wainright.
Capt. C. B. Sexton. There was a good deal of sickness,
Mr. H. M. Critchell. (on probation ). prineipally due to ma/ariu,in the forests.
Upper Subordinate Service. Among the lower subordinates two deaths
Mr. Dalbic Rai. up to Jst Juno 1922 occurred during the vear, one from fever

. Ghulnm Hasan. ;
Lower Subordinate Nervico in the field and the second from plague

20 Surveyors, ete. in I\Iaymyo.

Plane-tabling.—This was carried out by the party in the Mansi Division in the Upper
Chindwin district of the Northern Iorest Circle, and in the Bassein Division of the Delta
Iorest Circle, and by the Survey I'raining School in the Meiktila and Southern Shan States
Forest Divisions in the Central TForest Civcle. The area surveyed in the Mansi Division
completed the Modé reserve which consists of well-wooded hills which are steep and rugged
on their upper slopes. The country worked over in the Bassein Division includes portions of
the eastern and western slopes of the Arakan Yoma. These are thickly clad in tree growth
with serub jungle in parts. Between the lower slopes and the Ngawun or Bassein rviver, the
country has a very dense belt of bamboo ealled Zayin wa in Burmese. With its growth of
numerous single reeds with intervals of about one foot and whieh rise to an average height of
30 feet, it was a formidable obstacle to progress, and line clearing was a tedious and dis-
heartening labour.  One of the small reserves surveyed in Bassein lies in swampy ground on the
left hauk of the Bassein river. The country surveyed in Meiktila consists of low, well-wooded
hills.  Tn the Sonthern Shan States the Kalaw reserve and the town of Kalaw which is an
exelusion in the centre of the reserve, were surveved. Kalaw, which is the head-quarters
of a sub-division is fHat for the most part and 15 surrounded by uandulating pine-clad hills,
on the lower slopes of which numerous residential houses exist. The reserved area lies all
round the town, and is hilly everywhere, the hills in the south rising to 5,000 feet.

Iield work was distributed and completed as follows :—

AMr. Ghulam Hasan surveyed 3-65 square miles on the four-inch scale in the Modé
reserve falling in 83 P/o and moved into the Bassein area in March 1922, when lie started
plane-tabling on the two-inch seale, with one pupil under instruction.

No. 1 Comp—Mr. Norman, in charge, with four pupils completed by the middle
of L'cbruary 1922, 9-26 square miles on the two-inch scale in the Shwemyindin reserve
falling in 85 L/13. I

No. 2 Camp.—Captain - Wainright, in charge, with ten surveyors and two pupils,
reinforced in February by four pupils from No. 1 Camyp, eompleted 11111 square miles on
the two-inch scale in the Podaw, Kyeintali and Sitsayan reserves falling in 85 K/(1. 12. 15. 16.
"This area includes 17-72 square miles of unclassed forest. He made over charge of this
eamp to Mr. Ghulam Hasan in the first week of May leaving in the cam) eighi; surveyors
and two pupils and took with him to Maymyo where he arrived about the middle of May,
2 surveyors and 4 puptls to form an advance drawing section.

Mv., Ghulam Hasan with eight surveyors and three pupils completed between the first
week of May and the close of the field season, 2650 square miles on the two-inch scale in
portion of the Channgtha reserve falling in 85 Lo,

Captain Sexton with eighteen pupils, working n pairs from the Survey Trainine
School and one trained surveyor from the party surveyed 25-39 square miles on the two-incg
scale in the Kubyin reserve falling in 93 D/s and 16-2] square miles on the four-inch seale
i the Kalaw reserve falling in 93 Df10. Of the latter area, the trained survevor contributed
2-00 square miles in 26 working days. Maung Pe, A.T.M., from No. 10 Parvty and paid for
by that party, assisted Captain Sexton in the supervision and instruction of pupils.
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The cost-rates, calculated on the areas done by the party only, are :—-two-inch,.
Rs. 3381 per square mile ; four-inch, Rs. 1,059'9 per square mile.

A high degree of accuracy in the work was sought and obtained at some saerifice
in expenditure and out-turn, but the resulting maps should be found to be thoroughly
reliable for any purpose. The precision, with which the survey was done, is more than
is necessary for the requirements of the Forest Department and if minuteness was done
away with, out-turns could be considerably improved without, in any way, lessening the utility
of the maps.

'The amount debitable to instruction in all classes of work during the yearis Rs.13,544.

Triangulation —This was carried out by Mr. Critchell over 100 square miles in
85 L/a1o.1 on the Arakan Yoma already described. It was his first experience and he
encountered difficulties in dealing with the technicalities of the work. The cost-rate works
out to Rs. 80-1 per square mile.

Traversing.—This was carried out in portions of 85 L/56.7.89.10.11 and 94 Clis, G/us,
H/166 in the Bassein and Thaton Forest Divisions respectively. The country traversed in
Bassein lies in the Arakan Yoma which has been deseribed under the head Plane-tabling.
In the Bassein Division the following reserves were traversed :— Chaungtha, Mézali, Thitpék,
and the greater portion of Myittaya and Sinma. In the Thaton Division the following
reserves were traversed :—Wetwundaung, Bilin, Panbein, Kybnsein, Danu, Kalamataung
and Martaban. With the exception of Kydnsein all these reserves consist of low well-wooded
hills. The ground in the Kydnsein reserve is generally flat; and so far as information is
available, fairly densely clad in tree and scrub jungle. About 200 exclusions, many being
very small fruit gardens, lie scattered over the Thaton reserves and arrangements are being
completed with the Forest Department to survey them on a scale larger—depending on their
size—than 2 inches to one mile. In any case the scale of survey will not be larger than §
inches to one mile. The Conservator, Working Plans Circle desires that they should be
shown as insets in the blank portions of the published sheets.

Tieut. Fitz-Gibbon was in charge of the traverse work throughout the year, the work
in the field being divided as follows :—

No. 1 Section, with head-quarters at Kanni, a village in the Bassein district, was
supervised by Lieut. Fitz-Gibbon with two computers and cight traversers.

No. 2 Section was supervised by Surveyor Lalit Mohan Gangunly with three traversers
he himself doing 103 linear miles of traversing, a very creditable performance.

590 lincar miles consisting of 577 linear miles of boundary traversing and 13 linear
miles of simple traversing and covering an area of 520 square miles were traversed for work
on the two-inch scale and the cost-rate including the cost of computations in recess, works
out to Rs. 1041 per linear mile.

Recess Duties.—(a). There was one section employed on fair-drawing. This was
under Captain Wainright assisted by Mr. Critchell and seven draftsmen.

The following reserves were fair-drawn :—Podaw, Kyeintali and Sitsayan and adjoining
unclassed forest, covering a total area of 111-11 square miles in one sheet on the two-inch
seale, including portions of £5 K/11.12.15.16; Shwemyindin 9-26 square miles ot the two-inch
seale in 85 Ljia; portion of Chaungtha 26:50 square miles on the two-inch scale in 85 I/ 4;
Kubyin 2549 square miles on the two-inch scale in 93 D/5; Kalaw including Kalaw Town,
which is an exclusion in the reserve, 16'21 square miles on the four-inch scale in 93 D/1o.
The estimated out-turns of fair-drawing for which credit has been taken are 444 square
miles and 1696 square miles on the four-inch and &wo-inch scales respectively. The cost-
rates are :—four-inch, Rs. 140°6 per square mile ; two-inch Rs. 47°1 per square mile.

Arrears of fair-drawing show 50 square miles in the sheet containing the Podaw,
Kveintali and Sitsayan veserves. This is due to its name trace completed and submitted
a second time in July 1922 to the Divisional Forest Officer concerned, having been destroyed
by the capsizi g of a boat which a subordinate, who was deputed to verify the names was
using. The information reached the party in September and early action to get the
remaining names verified has been taken.

40 square miles remain to be surveyed in the Chaungtha reserve during 1922-28 and
this will be fair-drawn in 1923 and added to 26-50 square miles already drawn to be published
in one sheet.
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(4). Other recess duties included the fair-drawing by the Survey Training School on
the four-inch scale, from four-inch surveys done by the Forest Department, of 2-83 square
miles, covering Blocks XIT and XIIT of the Kuladan reserve in 84 C/15 in Akyab, and 7-00
square miles, being portion of Block XIV of the same reserve in 84 H/1 in the hill district
of Arakan.

The traverse computations during recess were under Lieut. Fitz-Gibbon assisted by
11 computers, of whom 4 were pupils whose help became necessary. The pupils were quick
to pick up the use of the traverse tables and have expedited the work which includes the
final calculation of the co-ordinatss of over 13,000 stations.

Four-ineh boundary plots have been prepared for all reserves surveyed on the two-inch
scale, and the cost of these is merged in that of the fair-drawing on the same scale.

Towards the end of August 1922, the work was taken in hand of projecting 40 plane-
tables for original forest surveys on the two-inch scale, and for the addition of boundaries of
old two-inch surveys of certain reserves of the South Pegn and Insein Forest Divisions during
field season 1922-23. The plotting of some 13,500 traverse points for field work and the
duplication where necessary of notifications and maps of reserves has also been taken in
hand. These duplicates are issued to camp officers and they help in the adjustment of
boundaries in the field. Copies of values of traverse points are also in hand for distribution
to camp officers.

Miscellancous.—A great difficulty in Bassein is the rationing of men with suitable
transport. Elephants are the best means of dealing with this question. The Forest Depart-
ment will not be able to supply the party with the full number of animals required for use
during field season 1922-23, and porterage by Hazaribagh men has been arranged to the
extent required. The Deputy Commissioner, Bassein has also been requested to arrange for
a first month’s supply of rice at camp head-quarters to be taken over by camp officers as
soon as they arrive in their ground. Subsequent requirements will be arranged for by them.,

Inspections.—The Surveyor Genera! inspected the party in recess. The Superintend-
ent, Kastern Circle inspected the party in the field and recess.
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TABLE 1
OUT-TURNS OF PLANE-TABLING 1921-22.

Out-turn, rquare Average number of
miles. fixings per square
mile.
Scale. Class of survey. Circle, Party. Locality. Avernge
Per man

Totnl. |Per month| Iy situ (by|Plane-table

ot of 24 |resection).| traverse,
working
days,

. .. , . \ . 283 496 (a)] 6°4 01
i-inch | Original N No, 2| Central India { - . .
Sunvey ( 209 [56:4(8)| 56| 01
S No. 5| Central India 1,526
;42'9 61 07
S No. 5| Gwalior 120
S No. 6| Hyderabad (Deccan)| 6,270 62°8 57 0-1
E No. 10 | Upper Burma 3.168 634 0-3 8-2
E No 12| Assam 883 358 09 99
j-inch |Supplementary| S No. 6| Hyderibad (Deccon)| 365
Survey
l-inch | Original N No. 4| Nepal 294 | 40°5 90 63
Survey
S No. 5 Central Indin 652
.‘ 207 53 44
N No. 5| Central Provinces 1474
S [ No. 7! Madras 3,668
| 105 70 0-1
8 i No. 7| Hyderabad (Deccan)] 142
S | No. 8| Madras 970 | 25:8| 73| 03
E No. 9 Bengal {(") 61 10.4 122 18'8
E ’ No. 11 | Lower Burma 19% { 334 1-1 41
B No. 12 | Assam 1,182 150 2'8 16-5
l-inch | Re-survey N No 2| Central India, 604262 (@)} 139 51
Rajputana and {
United Provinees 1,821(20°8 (L)) 148 79
l-inch | Kevision N No. 2| Central India and { 1,523 1340 (a)] 9°0 62
Survey United Provinces 1,171 1264 (b)| 7°9 58

N No. 4| United Provinces &
Bihar and Orissa 3.691 3-8 G5 5'3

N No. 8! Bombay 3,386 286 69 04
1-inch [Supplementary N No. 5| Central Proviuces 615 | 48-7 15 2'8
Rurvey
N No. 7| Madraw 1,919 877 15 03
8 | No. &| Madras 199 | 22:0| 60| 10
i
E No. 9 Bihar and Orissa (a)] 1,844 [ 249 80 1-6
‘ ) 1423 | 15°1 9-2 83
l.inch (Original Forestt 8 | No. 5/ Central India 278 | 20-3 85| 49

Survey ,

(e) By trained surveyors. (») By pupils.
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TABLE 1.—Concluded.
OUT-TURNS OF PLANE-.TABLING 1921-22.—Concluded.

Avernge number of

[l
Out-turn, square Bxings per aquare
miles. mile.
Scale, Clnss of survey. Circle, Party. Locality. ;‘J::;‘::E:
Total per month| I'n site (by|Plane-table]
otnl. of 24 regection).| traversge.
working
dnys.
2-inch | Original N No. 3| Uunited Provinces 1,969 204 6-2
Survey and Nepal
2-iuch | Original : S | No. 7| Madras 333 84| 254 8:2

Forest Survey,

E No. 9 | Bihar and Orissa (a) 39 90/ 12:8| 22-0
(b) 3| 29| 487 72:3

I 7 No.11 | Lower Burma 170 49 2:6 64-1
No.12 | Assam 134 5.7 419

[ No. 21| Upper Burima  (¢) 25 33 333

E No.21 | Lower Burma 147 2:0 174-5

4-inch | Original E No.21 [ Upper Burina  (d) 20 0-8 2512
Survey .

4-inch | Original ] No. 5 | Central Provinces 11 2:9| 253 693

Fovest Survey

Fixings per;Cbaine pen

squeare squ_?ra
G-inch | Original N | No.20| Deolali 4021 | 1-9| 32% | 13371
Survey
tor A Fixings [Chaine per]
16-inch | Original N No.20 | Bangalore Gl;l'e(;b 3(‘;‘;'&2 IMS?‘;. ﬂczre'-o
Survey
N No. 20 | Deolali 1,447-00| 1654 03 5-2
16-inch | Revision N No. 20 | Bangalore 410°00 | 8945 1-0 31
Survey
N No. 20 | Deolali 976:00 | 114°3 0-3 4-5
N [No. 20 | Almadabad 2,075-00 | 398-3 0-2 31
G-inch | Original N No. 20 | Deolali 48:36 | 52'6 12-5
Survey
Gt-inch [ Revigion N No. 20| Deolali 3300 29-3 19-3
Survey
N | No.20 | Ahmadabad 25:00 | 42-9 12-3
One-inch| Original N No. 20| Bangalore 36 * G 57 :
o 50 Feel| Snvey 0 ungalore 65-63 157 14-7
() By trained surveyors. (4) By pupils. (¢) By Survey Training School, (d) Done mostly

by Survey “Training School.
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PART IL—GEODETIC AND SCIENTIFIC
OPERATIONS.

TRIGONOMETRICAL SURVEY.
ASTRONOMICAL LATITUDES.

During the year advantage was taken of the fact of Bt.-Major K. Mason, M.C., R.E,,
; being in Kashmir, on other survey work, to get

PERSONNEL OF No. 13 PARTY, this officer to carry out Taleott observations for

Class I Officer. latitude at four stations of the Kashmir triangu-

Captain H.E. Roome, M. C., IL.E., in charge. lation, namely :——Gogipatri, Poshkar, Zebanwan

Lower Subordinate Service. and Reban. The observations at the two former

L Gierk. were of the nature of revision, the earlier observ-
1 Computer.

ations at those two stations in 1860 having given
indications of defects in the instrument nsed, with the result that the values of latitude then
obtained have always been looked upon with some suspicion. The computation of this work

is in band but the results are not yet available. y
The personnel of the party were employed at the Head-quarter offices of the Trigono-

metrical Survey.

No. 14 PARTY—PENDULUM, No. 15 PARTY—TRIANGULATION anp
No. 19 PARTY—BASE LINE OPERATIONS.

No field operations were carried out by these three parties, the personnel being employed
at the Head-quarter offices of the Trigonometrical Survey.

TIDAL OPERATIONS.
By Masor C. M. Tuowmresoy, I. A.

During the year under report the registrations of the tidal curves by means of
automatic tide-gauges were continued at the

PERSoxNETL OF No. 16 PARAY, fo]lowing ports :—

Class I Qfficers. Aden, Karvachi, Bombay (Apollo Bandar),
. " ’ - - . O . -
Major C. M. Thompson, I. A, in charge from Bombﬂ'.‘ (p”n('es. Dock), ]\Iadl.as, Kidderpore,
19th June 1922, Rangoon, Moulmein and Port Blair.

Captain K. A, Glenunie, D. 8 0., R. I, in charge

These operations were condueted under the
from 10th May to 18th June 1922,

dircetion of this department, the immediate con-
Class 1T Qfficers. trol of all the obscrvatories being entrusted to
Mr. Tlanuman Prasad, I8, jo charge till 9th the local officers of the ports concerned.

May 1622, In addition to the ahove work, 1he predic-

DL Luxa. tions of the heighls and times of high and low-
Lower Subovdinate Sevvice. water for the year 1921 at the following ports :—
21 Camputers, ot Bhaunagar, Chittagong and Akyab were compared

against the actual observatious of the heights and
times of high and low-water as supplied by the Port officers of the above ports. These
readings on tide-poles were taken during daylight thronghout the year. The object of the
above comparisons was to sec whether the predictions, which were based on tidal observations
taken many years ago, still maintained the required degree of aceuracy.
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TIDAL OBSERVATIONS AT BASRAIIL

Hourly readings throughovt the day and night of the height of the water against
an ordinary wooden tide-pole were continued at Basrah.  Copies of these readings were
supplied to this department weekly by the Director, Inland Water Transport, Mesopotamia.
The readings for the year commeneing Ist January 1921, were reduced by the method of
harmonie analysis, and the constants thus deduced, were used in the computation of data
for the Basrah tide-tables for 1923, which were prepared with the aid of the tide-predicting
machine recently erceted in the oflice of the Superintendent of the Trigonometrical Survey,
Dehra Dan.

The tide-tables for Basrah for 1923 were published on the 12Lh June 1922, and have
been despatched to the oflicials requiring them.

LIST OF TIDAL STATIONS.

_ The lollowing is a complefe list of the ports at which tidal registrations have been
carried out from the commencement of the tidal operations in 1874 up to the present time.
The stations at which automatic tide-ganges are still working are shown in italics: the
others are minor stations which were closed after a few years on the completion of the
requisite registrations. )
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List of Tidal Stalions.
2 Automatic or Date of Date of : s -g
- Stalions l'ersonal  [commencement closing S22 |Remarks
B observations |of observations| of observations E ; 5
a Z "—é’
] |Suez Automatic | 1897 1903 7
2 | Pertm » 1898 1902 5
3 | Aden ” 1879 Still 43
Working
4 M:a,sq.'c'lt » 1893 1898 5
6 | Bashire ' 1892 1901 8
o 1868 1880 *137 54 *Small
6 | Kardchi ... " 1881 Still Working | 41 § 77| Hgegenee
7 Hanﬁtal ” 1874 1875 1 Tide-tables
8 | Navianar ... » 1874 1875 1 } not
. 1874 1875 1 pn\;lishe(l.
9 | Okha Point » Restarted 2 1904(3.?)'-5 is
1904 1906 1 excluded.
10 { Porbandar Personal 1893 189+ 2
10A | Porbandar Automatic | 1898 1902 2 IBQY;";SQQ
11 | Port Albert Vietor 6;::3\?31:?
il bt ot t(I‘(fz'}thiawﬁr). Personal | 1881 1882 1 '
or ert Vietor
L Bhaunaom(l{;‘\thiéwﬁr). Automatic iggg 1903 4
13 | Bombay (Apollo Bandar) ” 1878 Still %S'gji—im 43
14 | Bombay (Prince’s Dock) ,: 1888 e 34
o »
ig IVKI?l‘m_afgao (Goa) . 1884 1889 5
. B:xwa‘\ ' 1878 1883 5
18 | Coohin. .. " e oo 6
19 | Tuticorin " Lo 1892 6
20 | Minicoy v 858 1893 2
21 | Gale Y ” 1891 1896 5
22 | Colombo » 1284 1890 6
23 | Trincomalec " }ggé ;ggo 6
24 | Pimban Pass . 1876 188562 4
; !
5 | Negapatam ” 1881 1588 5 Years msaH
to 1885 ar
2% Madr 1880 1890 10 exclnded.e
adras ” Restarted Still 27 & 37
27 | Cocanada 1895 Working
28 | Vizagapatam ” ;g?g 189'1 ;
29 | False Point N 1881 Tas :
30 | Dublat (Sagar Island) ” 1841 18b5. ‘3
31 | Diamond Harbour ” 580 M
82 | Kidderpore ” e 1486 H
33 | Chittavone ” 1881 Still Working | 41
34 Akyabb n ” 1886 1891 5
35 | Diamond Island ? }252 1892 b
46 | Bassein (Burma) ? 009 1899 9
» 1902 1903 9
37 . 1880 1881 .
Elephant Point . Restarted 5 Year
) 1884 1960.81 is
48 Rangoon .. >0 .. 1888 excluded.
39 | Ambecst | » }gig Still Working | 42
” ” N 1886 6
40 | Moulmein 1850 1886 6
» Restarted 19
41 Mergui 1(‘)“9 Still Working | 13
42 Port Klair ” ]8.6.9 L1804 5
4 Basrah ”» 1880 Still Working | 42
Personal 1916 2
s 6 Obger-
vations
taken oo o
tide-pole.
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InspEcTION OF TripAL OBSERVATORIES.

Under the orders of the Superintendent of the Trigonometrical Survey, with a view to
economy in travelling expenses, Dr.J. de Graaff Hunter, M.A., Se. I., F. Inst. P., Officer
in charge of the Computing Office, inspected the tidal observatories at Madras and Aden ; and
Mr. E.C.J. Bond, V. D, Officer in charge of the Magnetic Party, inspected the tidal
observatories at Bombay (Apollo Bandar), Bombay (Prince’s Dock) and Karachi.

Mr. D.H. Luxa, the tidal-assistant, inspected the tidal observatories at Kidderpore,
Rangoon, Moulmein and Port Blair. The inspection of each observatory was carefully
carried out, special attention being paid to the following points :—

fa) Checking the working zero of the tide-gauge and comparing the same with the
true zero.

(b) Testing the stability of the tide-gauge, by eheck-levelling between its bed plate and
the bench-mark of reference. This was done in every case except at Maduras.

(e) 'Testing the zero of the graduated staff with reference to the zero of the tide-gauge.
This was done in every case except at Madras.

(/) 'The cleaning and overhauling of all instruments thoroughly and vetting them in
perfect working order.

(¢) The final adjustment of the tide-gauge and working zero, after cleaning the whole
apparatus.

(/) Examination and cleaning of the observatory well and the inlet hole, and securing
free communication between the sea and the well.

{95 General examination of the observatory cabin with the object of getting any repairs

done, if necessary.

Remaunks REGarviNG THE WonrkiNe of EacH Tiparn OBservarony.

Aden.—This observatory was inspected in March 1922, and appeared to have worked
well sinee the last inspection and to be in good condition. There were in all 6 breaks in the
registration of the tidal curves during the period under review. These stoppages oceurred
ax follows:—

On the 7th August and Gth November 1921. These varied from 24 to 3 hours
vespectively and were due to the choking of the inlet hole. To guard against this in future,
the observatory clerk has been instructed to have the inlet hole examined, and cleaned, if
necessary, every month. The other stoppages occurred on the 24th and 28th November and
the 24th December 1921, and were due to the driving clock having stopped. ‘The remaining
stoppage on the $th April 1921 was due to the pencil not marking.

Kariekhi—The observatory was inspected in March 1922. The tide-gauge was found
to be working quite satisfactorily. There were two interruptions during the past year owing
to the communication hole in the eylinder being blocked with mud. A diver was employed
on the 14th January and again on the 15th and 16th March 1922, to remove the mud which
had accumulated round the outside of the eylinder.

Bombay (Apollo Bandar).—The inspection of this observatory was carried out during
Febrnary 1922. The tide-gauge was found to be working satisfaclorily and there were no
Lreaks in the registration of the tidal curves.

Bumbay (Prince’s Dock).—This observatory was inspected in February 1922, The
tide-gauge clock was compared and found to be correct. The tide-gauge was clean and
appem'ed {o he working well. There were six interruptions in the registration of the tidal
enrves since {his obscrvatory was last inspected. These interruptions were due to the pencil
wire breaking, and in each case a new wire was fixed and the peneil adjusted.

During the inspection it was noticed that the holes in the copper band were far too
large for the studs on the wheel, and this resulted in the band slipping by about 1/10th of
an inch cither in one direction or the other, during both rising and falling tides, and that in
consequence of this play, the pencil registrations on the diagram are liable to an ervor of
about 0-02 of a foot with reference to the zero of the gauge.

Madras.—This tidal observatory was inspected during January and Iebruary 1922.
The tide-gauge has worked quite satisfactorily since the last inspection in December 1920,
except for a break in the registration of the tidal curves from the 9th to the 11th July and
azain on the 14th July 1921, cansed through the tide-gauge clock failing to drive the drum.
No spirit-levelling was carried out at this inspection.

Kidderpore.—This observatory was inspected in November 1921. The tide-gauge has
worked very satisfactorily, not a single break in the tidal registration having occurred during
the past year. The greatest error of the tide-gauge clock was fonnd to have been 1™ 11° fast on
the 10th November 1921, when compared against the time-ball at Fort William, Calcutts.
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The bottom of the cylinder was examined and found to contain a small q}lantit_v of
mud, which was removed by a diver. The mud that had accumulated on the outside of the
cylinder was removed twice during the vear. . ' o

Rangoon—This tidal observatory was inspected in December 1921. The tide-gauge
was found to be working well.

During the inspection a diver was employed in removing the mud ‘that had accumu-
lated at the bottom of the cylinder, and in cleaning out the communicating hole between
the cylinder and the river. . . .

Since the last inspection of this observatory there were 9 breaks in the registration of
the tidal curves varying from 1 to 16§ hours in duration. These were all due to the stop-
pazeof the driving clock, except in one ease, when the interruption was due to the chain and the
band becoming entangled in the eylinder. A new tide-gange clock was sent out from Delira
Din, and this was connected with the gauge on the lst August 1921.  The new cloc}{ stop-
ped on three oceasions, but the stoppage in cach case was due to the bridge connecting the
Observatory with the river bank being under repairs.

Monimein.—This observatory was inspected in November 1921. Since the last
inspection of the tide-gauge, the following interruptions in the registration of the tidal
curves occurred :—

1. From 6 p.m. 11th February to 7 a.m. 12th February 1921, due to the pencil
failing to register, the pencil having become worn.

9. Irom & p.m. 30th May to 12 a.m. 31st May 19021, due to the screw and nut
of the float having become undone. This resulted in the band slipping off the stud-wheel
and falling into the cylinder; the shock thus oceasioned, snapped the chain on the pencil
traveller.

3. From 12 a.m. 5th June to 10-+5> a. m. Gth June 1921, the band became kinked
and eventually snapped, falling on to the float ivside the eylinder,

4. From 1 a.m. till 7 a. m. on the 15th September 1921 and from 11 p.m. 2Gth
November to 7-15 a.m. 27th November 1921, the pencil failed to register the tidal curves
owing to its having become worn,

5, Txcept for the above interruptions, the tide-gauge has worked quite satisfactorily
during the past year. Thieves broke into the Observatory cabin on the night of the Ist
May 1923, and removed the brass slides from the sides and top of tle tide-gauge clock,
fortunately, without causing any break in the registration of the tidal-curve.

Poirt Blair.—The inspection of this observatory was carried out in December 1921,
The eabin was found in a very clean, neat and tidy condition. The tide-gauge and the
auxiliary instruments have all worked well and without a single interruption.

Comrrrations axp Reprertons or OBSERVATIONS.

The only computation undertaken during the past vear was in connection with the
Port of Basrah, the hourly readings of water level supplied by the Director, Inland Water
Transport, Mesopotamia, for the vear 1921, being reduced by the method of harmonic
analysis.  The tidal constants deduced therefrom are shown in the attached table, These
give the amplitudes (k) and the epochs () at Basrah., The values of (H) and («) are also
gi\'dh, and [thcsu are conunected with (I and (¢) ‘l\ro\)gh the vabions astronomical (uantities
involved inE the positions of the sun and moon, in such a way, that if the tidal observations
were consistent {from vear to year, (H) and («) would result in Leing the same for cach year’s
reductions. )

The harmonic analysis of the tidal observations for the nine working ports, viz., Aden,
Kariichi, Bombay (Apollo Bandari, Bombay (Prince’s Dock), Madras, Kidderpore, Rangoon,
Moulmein and Port Blair, was discontinued this vear, on the advice of Dr. Doodson, D.S(n,
Tidal Tostitute, University of Liverpool, who considered that further continuance of the
present methods of harmonic analysis would not, in view of the long periods during which
they had already been applied, give a commensurate increase in the precision of the~deri\'ed
tidal constants. Morecover Professor Horace Lamb, I'R.8., Manchester University, stated
that no important gain would result from the prolonged application of harmonic an'alysis to
the records of any port, when once a veasonable set of constants had been secured.
for this reason that the reduction of the tidal observations of variouns I
discontinued.

It is hoped that
points, in the near future.

It was
rench ports had been

it may be possible to take up intensive tidal research at selected
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PrepanatioNn or DaTta.

The following data were prepared during the year under report :—
(@) Values of the tidal constants for the tide-tables for Basrah for 1923 and 1924.

(8) Actual heights and times of high and low-water during 1920 and 1921 at 12
stations. These include 9 stations at which regular tidal observations by selft
registering tide-gauges were carried out, and three stations at which the times
and heights of high and low-water readings were taken during day-light only:

(¢) Comparisons of actual with predicted values for 1920 and 1921, the errors being
tabulated in such a manner as to be of use in improving the future predictions,

if possible.

(2) In addition to the above, the values of the tidal constants for the 40 Indian
ports, for the tide-tables for 1924 and 1925, were prepared for use in the
tide-predieting machine now at Dehra Dan. i

Enrors 1¥ PrEDICTIONS.

The predicted times and heights for high and low-waters for the year 1921, as given
in the tide-tables, have been compared with the actual values obtained from tidal observations
at the nine stations now working, and at the three other stations where tidal registrations by
self-registering tide-gauges were stopped, but at which the times and heights of high and
low-waters were noted by a watch, and tide-pole readings during day-light. The evyors of
the predictions thus determined, are tabulated in the 6 tables herewith appended.

No. 1.
Percentages and amounts of the errors in the predicted times of high-water

at the various tidal stations for the year 1921.

Nuwber of
Automatic co:n[;arisons Errors of E5rrors over | Errors over | Errors over
STATIONS. .or hetween 5 minutes minutes 15 minutes | 20 minutes | Errors over
tide.pole actunl nnd d und; i
olmervx?tions. predictc(i nud ander. 111;1")\;[:1‘“901;' Z‘:;Iiln::)\:]t?; 5‘(;1::1;:1\3?;. 50 mintes.
values,
Per cent | Per cent Per cent | Per cent | Per cent

Aden Auto, 700 35 47 Bl G 1
Karachi " 705 35 42 11 .9 3
Bhaunsgar : p, 365 G+ a6 0 0 0
(Apollo Baudar) Auto. 705 31 42 13 12 2

Bombay -
(Prince’s Dock) “ 705 a5 45 10 7 3

Madras " 701 24 37 10 ] 17 12
Kidderpore " 705 a1 44 11 i 11 3
Chittagong T.P. 65 13 48 19 ? 13 7

i
Akyab R 465 85 12 3 0 0
!
Rangoon Auto, 700 32 47 11 ’ 9 1
Monlmein “ G98 25 43 14 14 4
Port Dlair " 706 45 “ 6 4 1
Basrah T

i T.P. 705 7 16 6 15 56
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No. 2,
Percentages and amounts of the errors in the predicted times of low-water

at the various tidal stations for the year 1921.

Number of ’
Automatic | comporisons Errors over | Errors over | Errors over
Sratione, t.id:r le a::me::d ‘P"P" o :nd.un:lar 1 » ] 1; fo"m kel
observtions, predicted | andunder. | i 27)‘“‘ s 90 mizutes Tinutes,
values, I
Per cent | Porcent | Percent | Per cont Per cent
Aden o Aulo. 0697 3 13 10 ] 5
Karachi “ 705 31 39 11 14 5
Bhaunagar T, P, 365 63 87 1] 0 0
Apollo Bandar Aulo, 704 26 46 12 12 4
(ap
Bombay
(Prince's Dock) " 705 27 41 12 15 5
Madras " G99 22 34 12 19 13
Kidderporo " 705 33 41 - 12 10 4
|
Chitlagong T. P, s | 4 36 21 20 9
Akyab . 365 i 79 19 ] 0 0
Rongoon Auto. 700 l 29 40 12 13 1
Moulmein " 696 i 20 a0 14 18 18
Poit Blair " 05 0 M P 7 3 1
i
Basrnh w| TP 705 i 8 i 4 7 12 59

No. 3.
Percentages and amounts of the errors in the predicted heights of high-water

- at the various tidal stations for the year 1921,

I
l Number of I ‘ - i
Automntic | compansons rrors over | Errors over
STATIONS or l)telwleen‘ “nlf"s"):i'::‘,‘? l Elir:;ﬁe:r 3 4 ilnche‘s 8 ilnchr-s lezrors l:Jvex-
= S tide-pole nctunl pud A B and under und under | inches.
ol»se‘rnrﬁons, predicted in Tect. { ond under. | S$inches, 12 inches,
values, ‘
— - - —— e e _—
! ’ Per cent i Per cent | Per cent [ Per cenb
! I '
Aden \ Anto. TU0 67 | 0 | 4 0 0
I
Karachi N 705 X , a7 5. o
i . s
Lliannagar I 1S 365 314 ’ Gl ‘ 34 q °
(Apollo Bandm')! Auto, 05 139 7l 24 3 ’ 2
Dombay i .
(Prince’s Dack); . 05 139 4R 27 16 . 0
i |
i
Madras . ) 35 1 84 1a T e
; j
Kidderpore . ; ;705 TR B BT B 0 18
I
Chittagong o ‘ 365 13-3 10 2 19 LT
Aksal N . ‘ RIS 83 ' 67 30 3 0
| : .
: I
Rangoon f Anto. 700 16-4 GO 28 o | 3
g ! i
Monlmein e " G098 12.7 as | 27 19 ! 16
| i !
| - : i
Port Blair .. . 706 66 i 91 -‘ 0 0 l 0
Besrah o, 705 f 52 \ 20 ’ 29 18 I 14
! |
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No. 4.

Percentages and amounts of the errors in the predicted heights of low-water
at the various tidal stations for the year 1921.

b7

Table of average errors

low-water at the several tidal stations for the year 1921,

Number of
Automatic r:o;;;;:‘-vl;iesznu Mean range | Errors of Eﬂelx;shzzer Ergoi;?‘::r Errors over
sramiens: gdepae | ectulnd | SRS | oo | e | Whieer |
volues.

Per cent | Per cent | Percent | Percent
Aden Auto. 697 67 98 2 0 0
Kariichi " 705 9-3 79 20 1 0
Bhaunagar T.P. 365 31-4 55 39 4 2
(Apollo Bandar) Auto. 704 13-9 73 23 4 0
Bombay {(Plince's Dock) " 705 13-9 56 ao 10 4
Madras et » 699 35 93 G 1 0
Kidderpove " 706 1-7 49 23 15 13
Chillagong T.P 365 13-3 16 23 22 39
Akynb s " 365 83 T+ 21 b 4]
Rangoon . Auto 700 16-4 42 32 15 11
Mounlmein “ 696 12-7 40 22 18 14
Port Blair " 706 66 96 4 0] o]
Basrah e T.D. 703 5.2 26 20 19 35

No. 5.

in the predicted times and heights of high and

Avernge Errors
Automatic or | Mean range
R B B R B P B
the range. :

Open Coust, ILW, | LW, | ILW. | LW | 1w |5 w
Aden e e Auto. 67 10 11 0-025 | 0-025 2 2
Rarachi ... - " 9-3 10 12 0-036 0-027 4 3
Rhaunagar T.p, 3l-4 5 B 0013 ‘ 0:-013 5 5
(Apollo Bandar)|  Auto. 13-9 1 12 | o018, 0018 3 3

Bombay { .
(Prince’s Dock) " 13-9 10 13 0-036 ; 0-030 6 5
Madras " 3-5 15 16 0-071 i 0048 3 2
Akyab - T.P. 83 b b 0-030 0-030 3 3
Port Blair Auto. GG 8 8 0-025 1 0025 2 2
General Menn 9 10 0-032 0-027 + 3

Riverain, |

Kidderpore Anto. 11-7 11 11 0-050 | 0-043 7 6
Chittagong T.r. 133 1k 17 0-0414 | 0-075 7 12
Rangoon Auto. 16-4 10 11 0-020 | 0-030 4 [
Monlmein . 12.7 12 18 0-06 0-046 7 7
Bosran . T.r. 5-2 40 44 0-112 | 0-160 7 10
General Mcean e o 17 20 0-054 1‘ 0:071 6 8
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No. 6.

Summary for 1921,

PERCENTAGE OF PREDICTIONS, AT HIGK AND LOW-WATER WITHIN
l_lnmber!.ol stations, | Fredi ‘by tested »15 minutes of nctunls. 8 iuches of actuala. one-t‘unth of mean rnuge
High, Low. High. Low. 1ligh, Zow.
G Open const S.1. Tide~gauge ki 72 94 07 97 99
a ., ‘ Tide-pole 99 2 96 95 99 99
3 Riverain 8. R, Tide-gnuge 74 66 75 1 92 94
2 " Tide-pole 13 36 66 . 12 18 59

CoMPARISONS OF THE PREDICTIONS FOR THE YEAR 1921 WITH THOSE FOR THE
PREVIOUS YEAR.

On comparing the tidal predictions at the nine working stations for the year 1921
against those for the year 1920, it was seen that the predictions of times for 1921 had improv-
ed at Aden and slightly at Rangoon, and had deteriorated at Bombay (Apollo Bandar),
Madras and slightly at Moulmein. The predictions of heights had improved at Karachi and
at Kidderpore, and slightly at Rangoon, and had deteriorated slightly at Chittagong. 'The
predictions of times and heights at all the other stations were practically of the same
standard of accuracy as in 1920.

The greatest differences between the actual and predicted heights of low-water for
1921 at the riverain ports were as follows :—

Kidderpore ... 2 feet 6 inches on 11th August 1921, actual being lower.
Rangoon ... 2 fect 3 inches on 8th November 1921, actual being higher.
Moulmein ... 2 feet 8 inches on 20th July 1921, actual being lower.

TiDE-TADBLES.

The tide-tables for the year 1022 for Basrah and the Indian ports were reccived from
England on the 26th and 29th September and 22nd November 1921, and were immediately
despatehed to the various Port authorities and other officials.

The tide-tables for 1925 for Basrah and the Indian ports were prepared and published
at Dehra Dan, and their despateh will be completed by about the end of October 1922,

The amount realized by the sale of tide-tables during the year ending 30th Scptem-
ber 1922 was s, 3,563/12/0.

TIDE-PREDICTING MACIHINE.

This wachine was received from the National Physical Laboratory, Teddingion,
Foeland, Tow apds the end of September 1921, and was erected at Delira Din, after necessary
ropﬂnirs had Leen earnied ont.  The predictions for the 1925 tide-tables were run oft on the
machine and completed by the middle of August 1922,

TrocraMME TOR spasoN 1922-23,

Tidal olcervations during the coming field season will he continued at the nine olsery-
atorics sUll working, of which that at Bombay (Prinee’s Dock), has been kept in operation
be the Port authorities solely for their own special purposes.  Had they not wished to do so

(his ol servatory would have been closed.
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LEVELLING.

By Brever-Masor K. Masow, M.C., R.E.
[. Composition of Party ete—The party was increased to 3 single and 4 double
. detachments.

PE“SO”?L O‘; Z;,: 7 b All but one double detachment took the field
Class cers.

i i 22 ; whi . workin
Muior K. Magon, M. C., R. E., in charge, up to 11! the winter of 1921-22; hll? No t2: nef
.-Major K. ,M.C, R I, , " he § . .
» 2451\ March 1022, and from 1st September 1922, across the Pir Panjal range, did not comm:

Major F. J. M. King, K.E., in charge from 28th  yopk till April 1922.
March to 19th Jane 1922, .
Captnin E. A. Glevnie, D.8.0., I B, in charge Party head-quarters closed at Mussoorie on

from 20th June to 31st August 1922. the 26th October 1921 when four of the detach-
Class IL Offcers. ments took the field. The recess season opened

e g';sﬁzﬁzgg at Mussoorie on 18th April 1922, the various
LN, 'al .

" R.B. Mathur, B. A. detachments, with the exception of No. 2, return-
n K.8. Gopalachari, B. 4. ing shortly afterwards.
., N.N. Chackerbntty, L.C. E.

Upper Subordinate Service. II. Field detachments.—The field detach-
Mr. K. K. Dass, B. 4. ments were organized as follows :—
» 5.C. Mukerjee.
» B.B. Roy. No.1 4 Delachment. Mr. N.N. Chucker-

A. A.S. Matlob Ahmad,

" . butty.
, Abdul Majid.
Lower Subordinate Service. No. 1 B Detachment. Mr. A.A.S. Matlub
11 Computers. Ahmad.
2 Recorders.
3 Clcecrzls.e No. 1 C Detackment. Mr. R. B. Mathur.

No. 2 Detachment. Mr. O. N. Pushong.

Ak K2 v et

No. 3 Detackment. Mr. P.B. Roy.

Md. Tbrahim (2nd Leveller).
No. 4 Detachment. Mr. K. 8. Gopalachari.

Mr. Abdul Majid (2nd Leveller).
No. § Detackment. Mr. S. C. Mukerjee.

Babu H. K. Kar (2nd Leveller).

III. Programme—The three single detachments were engaged on the following
lines for the new level net :—

1 4 Detachment.—Viramgam to Tatta—line 104.

1 B Detachment.—Jacobiabad to Khanpur—part of line 101.
Khanpur to Jhang—Tline 105,
Surat to Dhalia—line 113.

1 ¢ Detachment,—Khanpur to Marwar Pali—line 102.

These lines are shown on the diagrams facing page 64 of Volume XV, Records of
the Survey of India. Their adjustment canunot be taken up until they have been levelled
in the reverse direction.

The line from Karachi to Kotri-—part of line 101 —had to be omitted from the pro-
gramme oWing to urgent work required by local governments, and the line Viramgam to
Tatta could not be completed.

No. 1 C Detachment also levelled the line from Rohri to Jam Sahib for the Sukkur
harrage seheme, in order to relieve No. 5 double detachment of some of its programme.

No. 2 Double Detachment, working on the old simultancous double levelling system,
levelled from Wazirabad 2/a Sialkot to Jammu and thence by the Maharija’s new motor
road over the Pir Panjil range by the Banihal pass, connected with the line 56E at
Islamibad in Kashmir, thus closing an important mountain circuit.

No.3 Double Detachment, on the same system levelled for the Bengal Irrigation
department and for the Nadia rivers scheme, besides closing three circuits, viz.—

(1) Garhmuktesar to Aligarh,
(2) Jhansi to Saugor.
(3) JTharsugra to Purilia.
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No. 4 Double Detachment worked in the Bombay Presidency.

Two lines, namely, (1) Nira Bridge to Bhatgar, and {2) Nira Bridge to Zalki were
taken up for the Irrigation authorities, while the two lines Nandgaon-Ahmadnaear and
Sholapur-Bijapur were undertaken to close eircuits or for revision purposes. o

- The line Gooty to Ongole had to be omitted from the programme owing to lack
of time,
- No. 5 Double Detachment was entirely employed on work for the Sukkur barrage
project, the whole cost of the detachment being borne by the Bombay government. i
1V.  Oni-turn.—The total out-turn roughly consisted of—

(a) 1,452 miles of primary levelling in one direction for the new net.

(b) 812 miles of secondary levelling for closing and breaking circuits.

(c) 815 miles of secondary levelling for the Bengal government.

(d) 179 miles of secondary levelling for the Nira irrigation scheme, for the Bombay
government.

(e) 889 miles of secondary levelling for the Sukkur barrage scheme, for the Bombay
government. )

In all, the heights of 78 primary bench-marks and 2,805 secondary bench-marks were
determined. These include triangulation stations.

The detail of this out-turn is shown in table I at the end of this report.

Two records were made during the season, Mr. Roy’s out-turn of 743 miles being
just beaten by Mr. Mukerji’s of 749 miles. Mr. Roy’s country was more difficult than
Mr. Mukerji’s, but the latter completed the greater out-turn in the shorter time.

Both Jevellers are to be congratulated on their work.

V. Bench-marks—With the exception of those in the Sukkur barrage area, bench-
marks were constructed after the usual Survey of India types, Every effort was however
made to use rock-cut hench-marks and this enabled a saving to be made on the cost of cons-
truction. In the Sukkur area a type designed by the Bombay engineers was submitted to
and approved by the Superintendent of the Trigonometrical Survev. This type, known as
Musto’s type, has been taken into use by the Survey of India.

VI. Cost.—It is intcresting to record the cost of the secondary work done for local
governments. The Bombay government paid for the levelling in the Sukkur barrage and
Nira canal areas. 'T'he total estimate for the two works was Rs. 22,000 and the total cost,
Rs. 22,260/4/2, additional work having been asked for in the Sukkur area, which was not
estimated for. This additional work cost Rs. 1,767, so that the work would have been com-
pleted within the estimate.

889 miles of levelling in the Sukkur area cost Rs. 16,619/0/2; 179 miles in the Nira
arvea cost Rs. 5,611/1/0. The rate of the first was therefore Rs. 19/0 a mile, while that of the
latter was as high as Rs. 30/0. A short programme, such as that in the Nira area, cannot be
cconomical, when the cost of transporting the detachment to the area for a short time bears a
ligh proportion to the total cost.

171].  The New Level Net.—The programme laid down for the new level net, ——vide
page G4, Vol. XV, Records of the Survey of India—could ot be strictly adhered to. The
line Karichi to Kotri was not taken up and the line from Viramgam to Tatta was not com-
pleted.  The programme laid down for the net was 1,248 miles in one direction ; actually 1,452
miles were levelled. The reasons of this apparent inconsistency are

(«) that branch lines were longer than had been anticipated ;

(5) the line Viramgam to Tatta was underestimated, and the country more diflienlt
than had been expected ;

(¢} eross lines were taken up for seismological purposes on this latter line. It was no
fault of the detachment officer concerned that his line was not completed.

In the coming lield season almost the whole levelling for the new net, has had to give
way to urgent work required by local governments for irrigation purposes. The patty has
been very largely inereased, but even so it has been found impossible to continue the net this
vear. It is to be hoped that in next season’s work the net will have first consideration, forin
many cases the destruction of bench-marks on old lines has reached a very high proportion,
and the reconstruction of a new net has become a matter of extreme urgency.

During the cold weather of 1921-22, a Committee, appointed at Dehra Diin to consider
the whole question of levelling in India, fully admitted the urgent necessity of completing the
new net as early as possible and approved the programme as laid down in Records Volume XV.
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VI Levelling publications.—The following levelling publications have passed
ouch t gs during the year under report :—
through the pre ” 1st ]%’dition of Levelling Pamphlet No. 62.
and Rdition of Levelling Pamphlet No. 63.
Addenda slips to Levelling Pamphlets, Nos. 34, 35, 49, 40, 45, 53, 54.
Addenda slips to Addendum Pamphlet, No. 72,
1X. Miscellancons.— ) .

ta) Protection and Mainlenance of Lriangulation S{a/mu.r.——'—The section of the
Priconometrical Office dealing with the protection of triangulation st.atlons hay be.en super-
vise:l during the year by the Officer in charge No. 17 Party (Levelling). There is nothing
of special interest to report.

A (8) Triangulation Section, Computing Office—This seetion has been under the.! Fontro]
of the Officer in charge No. 17 Party duving the year. Most of the pamphlets c?ntalmng the
primary data of Burma have been published during the year and a number of Hlméla}'an z.md
trans-Trontier pamphlets have heen revised. The whole triangulation of Sir Aurel Stemrs
three Central Asian journeys was examined by Major Mason and a note prepared for his
memoir.

(¢) Latitnde obserrations.—Before the close of the field season Major Mason l?andgd
over charge to Major King and carried out latitude observations at four hill stations in
Kashmir.

(1) Triangulation in dkora Practice Camp area.—Tarly in September Majo.r Mason
carried out some minor triangulation for the military authorities in the Akora practice camp
arca.

X. Health—TIufluenza affected No. 1 B Detachment in the field, one #4alasi dying
of pneumonia in Multin hospital. One ihafasi of No. 1 C Detachment contracted illness,
and was sent to his home where he died. With these exceptions the health of the whole
party was excellent.

XI. Summarics.—Below are given detailed summaries of the work of the various
detachments. At the end will be found tables as follows : —

Table I. Tabular out-turn of work.
II. Check levelling.
III. Revision levelling.
IV. List of Great Trigonometrical Survey stations connect-
ed by spirit-levelling.

XII. No. 1 A Detachment.—Mr. N.N. Chuckerbuity, L.C.E., in charge. The line
Viramgam to Tatta (No. 104) is composed of the following old lines :—

(2) No. 49 (Viramgim to Rajkot).

(&) No. 48 (Rajkot to Jorya).

(¢) No. 47 (Jorya to Shikarpur, Cutch).
{d) No. 46 (Shikarpur, Cutch to Navanar).
(¢) No. 44 (Navinar to Sujawal).

(/) No. 45 (Sujawal to Tatta).

Of the ubove, () and a portion of (¢} were not levelled.

The total out-turn amounted to approximately 350 miles in the course of which 18
primary and 271 secondary bench-marks were connected ; branch lines were run to 6 primary
and 4 secondary G.T. stations; and the heights of selected beneh-marks at Bhij and 20 miles
both north and south of this place were determined. These Iatter have been fixed for check-
level work in the event of future earthquakes in this arca, and were selected in agreement
with the Geological Survey of India.

The levels were run along railway lines and eart tracks, the Rann of Cutch being
crossed ex ronle.  The greater part of the country was gently undulating. Zeiss level No,
16298, staves Nos. 16 A and B, and standard steel tape No. 5 were used.

This is the first time the large Zeiss instrument has been used in the Survey of India,
and it has been found highly satisfactory.

XIII. No. 1 B Detackment.—Myr. A.4. . Matlub Afhmad, in charge.

(a) Jacobabad to Khanpur—part of line 101.
(4) Khanpur to Jhang—Iline 105.
(¢) Surat to Dhalia—line 113.
The above three lines were completed in the forward direction during the season,



62 RECORDS OF THE SURVEY OF INDIA, 1921-22.  [Vol. XVIIL

A small portion of (a) and (8), from Khanpur to Bahawalpur was entirely new, the
remainder being mainly revision work over old lines, inany of the bench-marks on which had
been lost. Five principal stations of triangulation were connected.

The country traversed was mostly flat and sandy, and no especial difficulties were
encountered. The Indus, Sutlej and Ravi and minor rivers were crossed by bridges, no ‘shots’
exceeding 7 chains in length. Binocular level No. 2698, staves No. 20 A and B, and
standard steel tape No. 3 were used.

XIT. No.1 C Detackment~—~Mr. R.B. Mathur, B.A., in charge.

(a) Khinpur to Marwar Pali—line 102.
(6) Rohrt to Jam Sahib.

Of the above (a) was levelled in the forward direction for the new net; (J) was
levelled for the Sukkur barrage project. ’

A portion of line (2), from Lani Juuction to Marwar Pali is a revision of the old line
57 A; some old bench-marks were found intact and were re-connected but many had been lost
or destroyed. The closing error on published values was approximately one foot in 371 miles.

Provisional values of the line Rohri to Jam Sahib have already been supplied to the
Sukkur barrage engineers, but final values must await the reverse levelling to Rohri.

The line from Khanpur to Marwar Pali crosses the heart of the Rajputina desert and
crosses the Bahawalpur, Jaisalmer, and Jodhpur States. The country is a labyrinth of sand
dunes and ridges for about 100 miles from Khinpur. The numerous dunes render levelling
operations laborious and difficult. Vegetation and water are scarce and the whole tract is
sparsely populated. IFrom Khanpur the ground rises gently but steadily to about 40 miles
beyond Jaisalmer, whence it slopes downwards to the Jodhpur-Bikaner railway.

Round Jaisalmer the ground is harder and less sandy, outerops of rock being met with.

Zeiss level No. 16313, staves Nos. 1, 01, and standard steel tape No. 7 were used for
the work.

After the completion of the lines (z) and (4) whole of the staff with the equipment
was translerred to No. 2 Detachment, Mr. Mathur availing himself of average pay leave.

XV. No. 2 Detachment.—Mr. O.N. Pushong, in charge.

Mukd. Ishat Khan ] S 1 levell
Mukd. Faiz-ul-Hasan econd levellers.

Wazirabad to Islamabad, Kashmir, vie Siilkot and Jammu.

This line of levels was taken up to close the Kashmir cireuit, the line from Rawalpindi
via the Jhelum valley having been levelled in the years 1911 & 1913. The country from
Wazirabad to Jammu was fairly level but thereafter following the Mahiraja’s new motor road,
the line crossed several ridges, including the Pir Panjil range by the Banihal pass, 9,268 feet.

Mr. Pushong on his own initiative surveyed this road on the L-inch scale, as it had
not been constructed during the recent modern 1-inch surveys.

AMr. Pushong took the opportunity of training both his recorders as second levellers,
and the difference between the Ist and 2nd leveller was satisfactorily low throughout. The
closing error in Kashmir was only 3 inches in 193 miles.

The probable accidental error per mile according to the formula

P.E. = 0-6745 \/2;" is + 0-0035 foot.
I :

The new large Zeiss levels, Nos. 16313 and 3488, staves Nos. 1,01,17 A and 17 B,and
standard steel tapes Nos. 7 and 2 were used throughout the work. The work forms a check
on the statement made on page 66 of the Records Volume XV that the spirit-levelled height
of Reban H. 8. is 5 feet less than the triangulated height.

XVI. No.3 Levelling Detachment.—Myr. P. B. Roy, in charge.

(a) Garhmuktesar to Aligarh. '

(4) Jhansi to Saugor.

(¢) Jharsugra to Puralia.

(d) Caleutta to Chnadanga.

(e) Jessore to Barasat.

(/) Three branch lines to Barharwa, Dhulian and Jangipur.

The total out-turn of this detachment was 743 miles, which was very satisfaclory,
and which would have been a record for any detachment in any season, had it not been beaten
last year by No. 6 Detachment. )

Lines (a), (4), (), were undertaken to close circuits; (d) and (¢) for the Bengal Irri-
gation department; and the three branch lines (f), which had to be omitted from the
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previous season’s work, as the bench-marks were not then ready, were undertaken for the
Nadia rivers scheme. .

The field season was prolongéd, and care had to be exercised to select suitable periods for
levelling the varions tracts.

The country was generally fat throughout; from Husainibad to Khulni a very large
number of ri\'ers,ﬂ lhils, and watercoarses had to be crossed, and much of the country was
liable to inundation.

The Betwdi, at JThararghat was crossed by direct levelling; its width was 27 chains |
and its bed was studded with rock islands. The instrument was set up on selected islands ;
o ‘shot ! exeeeded 11 chains in length and the two levellers obtained identical results.

The Jamuni, near Husainabad, 255 chains wide, was crossed by the target method.
47 sets of observations were taken, and the difference of levels a: obtained by first and
second levellers was — 0722 and — 0-709 foot respectively.

The Kabadak, at Baradal, was crossed by the target method. The width here was
14:30 chains and the difference of levels by the two levellers was 2:376 and 2:367 feet
respectively.

The Sibsi, at Garuikhali, was also crossed by the same method, where its width was
35690 chains. The two results with 18 sets of observations were 1:610 and 1612 feet.

Throughout the work the differences between the two levellers were satisfactory.

The probable errors of Mr. Roy’s work according to the formula 0-6745 \/Edﬁ’
4

vary between + 0:0035 and + 0-0037 foot for the whole.

Zeiss level No. 3342, binocular level No. 6724, staves Nos. D, D1, 22 A, 23 A, and
standard steel tape No. 4 were used by the detachment.

XFIL No. 4 Levelling Detachment.—Mr. K. S. Gopalachari, B.A4., in charge.

Mr. Abdul Majid, 2ud leveller.
(a) Nandgaon-Ahmadnagar.
(4) Nira bridge-Bhatgar.
(¢) Nira bridge-Zalki.
(d) Sholipur-Bijapur.

The total out-turn was 360 miles.

As regards the line Nindgaon to Ahmadnagar. Tt was originally intended to level
from Manmad to Ahmadnagar, but owing to loss of bench-marks at the former place it was
found impossible to check-level to the embedded mark here, and an extension had to be made
to Nandgaon. The work was therefore delayed at the commencement. Almost all of the old
bench-marks on this line were lost or destroyed. This line was undertaken to close a eircuit
with the three lines (1) Kalyan-Nandgaon, (2) Kalyin-Kedgaon, and (3) Poona-Ahmadnagar.
The value of the Ahmadnagar Standard, now derived from Nindgaon gives a discrepancy
of 0-8 foot compared with its value derived from Poona. Check-levelling at both the Nand-
gaon embedded B.M. and the Ahmadnagar Standard was satisfactory, but the embedded
B.M. at Ahmadnagar shows a sinkage of 0-110 foot.

In view of the discrepancy of 0'8 foot at Ahmadnagar it has been decided to postpone
the publication of the results of this line pending the levelling from Abmadnagar to Dhond,
which will be taken up duving the season 1922-23, and which should disclose whether the
error lies in the Nandgaon or Poona sections of the cireuit.

Lines (4) and (c), undertaken for the Nira right bank canal project, and the line from
Sholapur to Bijapur eall for no special vemark. In both cases a very large proportion of
old bench-marks were not found and have accordingly been considered destroyed.

With reference to the remark on page 67 of Volume IX, Records of the Survey of
India, 1914-15, the revision of the line Sholapur-Bijapur confirms the old value of the
bench-mark as derived from Sholapur, thus throwing the crror of +0:472 foot on the
Bijipur-Bagalkot, which therefore should be revised at an early date.

The probable errors according to the formula = 0-6745 \/2_? are as follows
4M

(a) observations held in abeyance.
(8) + 0:0033 foot.

() + 0-0046 ,

(d) + 0°0087 ,,
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Binooular levels Nos. 6727 and 6728, staves Nos. 19 A, 19 B, E, and E, and standard
steel tape No. 8 were used,

XVIIL No. 5 Detachment.—Mr. S. C. Mukerjec, in charge.

Babn H. K. Kar, 2nd leveller.

This detachment worked in the Sukkur barrage arca throughout the tield season.
The svork consisted of a network of lines of varying lengths, on both sides of the Indus
from Sukkur southwards. The out-turn of 7.9 miles constitutes a record for any one detach-
ment in any season’s levelling.

The country generally was flat except lor a few low sandhills, and throughout the
work the difference between levellers was satisfactorily low. The mean probable ervor of
the whole work lay between the limits + 0-0026 and + 0:0033 foot, and is well below the
mean for the whole of India.

The work was expeditionsly and efliciently carried out by Mr. Mukerjee, who was
given every assistance by the engineer in charge of the Sukkur barrage scheme.
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TABLE I1.—Cueck-LEVELLING.
Discrepancies between the old and new heights of benck-marks.
Diflference
2 (gshgckﬂ-
3 g i 5 Al i 3 ow (~ Hnal),
B acted for sheok-teveliing. EE | Cotarting benshmars s Gotemeier, ™) | The sian &
&a t the
8 é lut.-?gl';t‘l\'?ns
) i shen
Ag it Tovt i
g- E‘; pesrigtion g Originnl levelling. Checlléilﬁgg?ling g;?;::hmll‘l‘;n
w2 iption. levelled.
1| i
Miles. Feet. Date. Feet. Fect.
(a) Line 104 (Viramgam to Tatta). At Viramgam. o
1 {46 A| Embedded B.M. at Viramgam 00 0°000 | 1875-76 0:000 | 0-000
71, | © at Hasalpur 1.8, 4:0 | +43-279 " +43-447 140168
4 | ,, |Upper flange of Ry. culvert No.2 | 1'9 | + 2:'600 . + 2324 |-0-276
3| . " " 3| 08| — 1-646 " — 1398 |40-248
2| » " " 4|10 — 2:09 " — 2151 |—0-061
No. &
42 41 M " v (oldaa)| 05| — 0466 | , — 0°166 |+0°300
No. 7 . .
41 | " n (olae | 06| —o8e2| — 1155 |-0-293
No. 11 . . .
38 | . , v (old10) | 20| — 72| | — 7:460 |-0-038
No. 12 . P . 198
37 ”» " »” (0](1 11) 0 7 - l 6(’1 " - 1 535 +0 126
35 | ,, | Embedded B.M. at Jhund R,8. | 0°8 | — 4°'066 " — 4°054 (+0°012
At Rdijkot.
75 |41 J| Embedded B.M. at Rajkot 00 0-000 1 1875-76 0000 0-000
1909-10
G.T.S. .
43 | BO\I at Carnegy fountain 00| + 3021 " + 3:006 |—0-015
74 | , ot bridge over Aji river, | 04 | + 3-130 [ 1890.91) + 3°123 |—0-007
Rijlot
G.T.S,
42 | BOM at clock tower, Rajkot 0'3 | +11-493 {1909-10; +11-492 |—0-001
G T.8 |
761, S‘wdﬂ"}gogench-mnrk at Rajloot 02| 4+ 7568 w |+ 77580 |+0-012
I
T, |
7. Gl-st_\f- at C. B, P, No. 2 03| —17-556 ' —17°562 [—0-006
1
78 ,» | B.M. near C. B. P. No. 9 0-3 — 6-054 " — 6:0538 |—0-00+
6.T.8, ‘
73 | o | 49 at Museum and Library | 0°21 + 9°818 | 1875.76) + 9'812 —0-006
72 " ,  at Telegraph office 01 — 1:076 1 1909.10)] — 1-076 0°000
40 ¢, » ot Alfred high school 0'1 | — 0°011 {1875.76] — 0°009 |+0-002
71 » | O at Mac Nagten Statue 05 +10-920 11909-100  +10-904 |~0°016
G.T.8.
4. »Qp ot Rajlumir eollege 0:01 + 1026 187576 + 1-018 {—0°008
. . \ |
|
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TABLE II—CrErck-LEVELLING.—( Continned).
Discrepancics hetween the old and new keights of bench-marks.
bhifference
. Origioai)
vmntest ongpe et e | gF | Qe b Qeniner ) |SER
: &4 that the
8 g height was
58 greater nnd
S the sign—
| 5_5 lees in
N § Orivinal levelling. Check-levrelling mlnsfl‘ffen
E é"’ e L 1921.22, originally
2 ?g Description, levelled.
2 Qs |
1 Miles. ' Feet. Date. Feet. Feet.
At Jorya.
12 |41 J| Embedded B.M. at Joryn 00 0°000 | 1874-75 0000 | 0°000
G.T.S. .
13 |, | 5Q; at Wasram Kumir's well| 1°7 [ +15-046 " +15°014 |-0-032
11 | Embedded B.M. at Samarthal 3-7 — 4°872 " — 4:94% |—-0'072
Q. T.S.
* " B.OM. at Kharar-ka-deval 04 + 2848 " + 2:796 |—0-052
At Nakhtarina.
|
37 |41 E| Embedded B.M. at Nakhtarana | 00 0000 | 187475 9000 | 0-000
G.T.S.
39 |, B.O!\I. at Trikamdas-ka-dehri 34| +72-384 " +72:394 |+0-010
!
(@) Parts of Lines 101 and 105 (Jacobibad to Jhang). At Jacobabad.,
G.T.S.
23 139 D| Standard 1908 Bench-mark 0:00 0-000 [1909-10 0:000 { 0000
24 | ,, | Iron plug Ex. En. office 0°03] — 1-420 " — 1-417 14+ 0-003
21 " géi at Clock tower 056 + 4-160
2.0, " + 4:130 {—0-030
Q.T.8.
22 |, B.?l. at Mumcipnl office 0:97 | — 3-478 " —~ 3-495 [-0-017
19 G.T.S.
9l ., ] 0 ' 5 2 adr
e at Platform of R, S. 1:51| + 2-847% " + 2'885 [+0°038
Q.T.5.
18 1, p53p, 2t Railway Station 1'56( — 8-135 " — 8-140 |- 0-005
20 a.T.s.
" O at T. Db e Tl .
B3y, Ut Lang. Shab’s Takia 1-99( + G-686 “ + 6 691 |+0-005
)

* Geod. No. 2 of Line 47 A.
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TABLE II.—CHEck-LEVELLING.—(Conlinued).
Descrepancies between the old -and new heights of bench-marks.
Diflerence
e
R Py .. : " ; . . _ , ) .
B eoton Tor Sheskoseliia T e 2% Os'if.iii.fg Denehmark ot Sateriene by [The sien +
53 i,
S.S greater nud
S the sign—
5.5 les,s i)n
. g Original levelling, Check-levelling m‘:’;'\;:'l"zm
E i i = 1921.22. originnlly
| &35 Description. Tevelled.
3 ]
Z =271
Miles. Feet. Date. Feet, Feet,
At Shikarpur.
GQ.T.8.
88 40 A BOM at Railway Station 0-00 0:000 11909-10 0:000 | 0°-000
QTS
7% | . BO\I at waiting hall of R. 8. 0-03| + 0541 ” + 0°55¢ {+0°013
G.T.3. .
8| . B.0O.M.  a¢ Railway Station 0:09| — 5833 » - 5°832 |4+ 0001
A.D. 1205 b
Q.T.8.
75 " BOM at Govt. High School 041 + 1-367 " + 1-366 [—0-001
G.T.8.
2 BOM at Railway Rest House 062 + 1-033 " + 1-031|—0-002
G.T.S.
8L ” 1'0\[ at Circuit House 1:66 — 0-638 - — 0°614 [4+0-024
79 |, | Iron Plug at Circuit House 1% | + 0544 . + 0511 [—0-033
G.T.8.
S0 | 9y At Civil Judge's Court 1-851 — 0282 — 0-259|+0°023
77 " Gg's'at bridge 26 between P
B.M. T.P. 97
T . . 3:919 |+0°003
&S 2-22 + 3916 . + +
At Ruk.
G.T.S.
66 (10 A BC;' at bridge No. 1 near Ruk [ 0°00 0-000 |1909-10 0-000 | 0-000
G.T.8, -
641 » | 0" . 0:64| — 1-264] . 1682 [=0-41%
BM. 7 ! "

63 Q.T.S. #
[ [ - | T R 2:19| — 1-246 " —0-851 |[+0°395
At Rohri.

G.T.8.
44 10A O at Rohri Jn. RS, 0-00 0°000 |1909-10 0-000| 0000
A.D. 1904
a7 . ULS it Rock Tomb of Shah 1.7 70-711 +70795 | +0°084
py. Makh Sud Pir 2 +/0°7 "
'S 5-676 |+ 0062
95 | . | S 8t Gorkha Canal )'05| —16-738 . —16-676 |+
No. 10

* Mark-stone shukes when train passes,
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TABLE 1I—Cueck-LEVELLING.—(Continued).

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

71

Difference
(Check—
: Sl
y i v F i bov below (—)
menchomsrhoof herre oslipg aters | 63 | bt RTINS |
32 helght or
i s
A . 1921-22
. E Original levelling. Check-levelling | than when
g 8. 3 102122, originally
< %1 Description. levelled.
§ |24
= Miles. Feet. Date. Feet. Feet
At Khanpur.
19 |39 L | O at bridge over Gajjanwah 000 0-000 |[1909-10 0-000| 0°000
18 | v | yossp4 at Khinpur Jn. R.S. 0-30 | +4°60% " + 4 553 |—0-051¢
G.I.8. }
7| . O at bridge No. 2 0°60| —4-822 ” — 4°807 [+0°015
R.M.
15 | ,, | 8.B.M. at Khdaupur 0-87| —1'780 . — 1'765 |4+ 0-015
GT.S. ) )
16 | ., | O at bridge'over Hajiwah 0:92| +3:685 . + 3:671 |—-0°014
B.M.
At Jhang.
74 [14A | o at Jhang Maghiana RS, | 0-00 0000 [1910-11 0-000] 0000
G.T.S.
2 .| ” “ 0-17| -.9-224 " — 9250 |—0°026
1911
G.TS. |
1, Bcl‘\f at Session’s house 125 +1398 " + 1379 |—0-025
1911
G.TS. .
99 | » | B o2t pillar E of Jhang 1'85 +6°214 " + 6°247 | +0-033
G.T.S8. .
70 |, Bo“ at Kachahri road 186 —0-075 " — 0-088|—0'013
(b) Line 113 (Surat to Dhilia). At Surat.
Q. 1S,
70 |46C S-]l:(-)ql\l. at Surat 0-00 0-000 | 1909-10, 0000 0-000
G.T. 8.
69 " BOM at High Sehool 017 — 8-°940 | 1875-78] — $-831 [+0°009
G. TS,
6s | BO\I at Jhaveri Institute 024 4+ 5175 " + 5°168 [—0-¢07
Q. T 8.
67 » lsO\I at Female [Mospital 0-52 + 1429 " + 1-499 0000
G.T.S.
GG | ,, “OM at Reservoir 0-70] 4+ 4-760 " + 4-748 [—0'012
G.T.S
16 | o, BOM at Clock Tower 116 — 5-601 N — 5'598 |+0°003
G.T, 8.
65 " BOM at Parak dispensary 1-18| + 1738 " + 1748 {40010
G T. S, N
45 " BQ\I at Dharmealn 1'86) — 0-118 { 1909-10{ — 0-227 | -0-109
G. T 8.
63 | , BOM. at Platform of R, 8. 2:03| +16-631 | 1875-78] +16-623 |—0-008
. T. 8, 1
B | Gy MRS 206 — 1145 — 1-114 |+ 0-031
1877

* Letters defaced. 1 Mark sank,

1 Tt rests loose on masonry nnd is only 8 inches below ground level,
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-TabLE II.-~~CHECK-LEVELLING.— (Continued).
Drscrepancies between the old and new heights of bench-mariks.
Difforence
; Origiont.
igin velli « i ! nal).
PrCERSSEEE | gf | ommiee ) |
&5 thot the
2’8 beight was
32 o vigne]
25 leg‘s in
o 3. - 5 Original levelling cbe'i';élfvzezlung th:g;'lv;i‘en
'g 5§ Description, s - Dl:ﬂ?ltléy
z | 4= !
Miles Feet., Date, Feet. Feet.
At Dhalia.
G.T.S.
107 461, §,B.M. a6 Dhalin 000 0-000 | 1909-10 0:000 | 0-000
G. T.S.
106 |, | O ntGovt HighSchool | 0-28| — 5482 |1883.84 — 5:600 [~0-113
G.T. 8. =
108 | ,, | B. oM. &t Clock Tower 0'56) + 2520 + 2°516 |—0°004
109 “ g:g';_‘ at Circle Inspector’s office| 0-69| -+ 5:208 " + 65°214 |4+0°006
G.T.B.
nmo 5O At Mupicipal School 091 + 9033] + 9:053 |+0°-020
G. .'1‘. S
m, BOM ot bridge new M. 8. 211 | 1:06| — 2-651 " — 2657 |—0'006
76 |, |5 oar at M. 8. No. 53 1'26] + 4°318 | 1909-10] + 4°318 | 0-000
G. T.B. N
m |, O at Rock in sitd nenr 187778 &
B. M. bridge No. 63 | 2-11| +24'617 | gg3.g4 +24°616 |—0°001
G.T.58.
75 " BOM at bridge No. 68 2-14] + 4:586 | 1909-10( + 4°533 |—0°053
e 6.T.8.
O  at Rock in siti nenr gate x
B. M. lodze No. 14 | 2:63| +21-417 | \Pes 4 +21-469 (+0°052
(c) Line 102 (X hanpur to Mawar Pali). At Khanpur.
15 39L! Standard Bench-marks at Khan- | 0-0 0°00" |1909-10 0°000 | 0°000
pur
16 | ,. | Bridge over Hajiwah o'l + 3-635 " + 3-674 [-0°011
17 | ,, Ry. Bridge over ,, 01 ! + 1-780 " + 1:767 |-0°'013
I8 i» | Stone slab Khanpur station 0-4 | + 6602 “ 6569 |—0-033
(4) Line Rokri to Jam Sahib. At Rohri.
4+ |40 Embedded B.M. at Rohri sta- | 0°0 0:000 [19021.22] 0000
' tion
220 | ,, | Platform of Rohri station oo+ 8166 , |+ 8165|0001
221 [ ,, | Bridge No. 189 04|~ 3004 " — 2°999 |+0°005
05 | ,, | B.M. on Gorkha canal 1'0| — 16676 " — 16°672 |+0°004
94 | . | B.M. on Nira canal 12| = 12778 , | — 12:777 [+0°001
|
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LEVELLING.

Tapte 11.—Cueck-LEVELLING.—(Continued).

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

78

Difference
(check—
L i £ Observed height above (+) or below (—) T‘;,rei“:-j,;\‘—l;k
Beschmertest e ovipp it vere | g8 | e as deminet by |
:E beight was
g2 grenter and]
b the sign—
23 i
" QE Original levelling. Chetl:gille.;g]ling than w}ifn
‘E Eé Description. ® ol:‘vg;ﬁ‘;d.y
|83
= Miles. Feet. Date. Feet. Fect.
At Jam Sakib.
93 |40B| Stone pillar in Jam Sahib dak 0-0 0-000 |1921-22 0-000 [ 0°000
bungalow
94 | ., | B.M. on steps of dak bungalow | 0-1 | + 0-118 " 4+ 0°121 |~0-003
95 | ,, | Iron pipe 2% miles 8.of Jam | 2°5 | + 0°119 " 0:074 |—0°043
Sahib
92 | ,, | Bridge on Daur Road 31| + 3239 " + 3277 |+0°038
(¢) Line Wazirabad to Islamabad. At Islamabad.
*22 !430 Stone monolith at Tslamabad 00 0000 0-°000 | 0000
*23 | " Tree 03|+ 4381 + 4:8399 (+0-018
*24 ¢ ., | Bungalow step 0°3 | 4+ 6945 + 6:901 |- 0044
*25 b Rock 06| +168 885 + 168877 [—0°003
*26 | ,, | Rock 11 | +495-658 +495°'656 |—0-002
(f) Line 64 (Meerut to Lucknow), At Garhmultesar.
124 |53 L| Embedded B.M. Garhmuktesar | 0°0 0°-000 | 1914-15 0-000 0-000
126 s | Culvert No. & 04 + 1690 " +1:687 |—0°003
127 » | Distant signal 10 + 2:043 " +2:048 |4+0°005
128 » | SInb of Railway bridge No. 53 1'3] — 9199 " —9-185 [+0°014
(g) Line 63 A (GQualior to Jhanel). At Jhanst.
51 |54 K| Standard B. M. Jhansi 00 0000 | 190G6-07 0°000 | 0:°000
50 » | Vestry entrance, St. Martin’s 00 ~ 0-798 " — 0°797 |+0-001
49, | Main W . 01| — 0747 " — 0749 |—0-002
46 » | G. 1. P. Railwny office 08 +15:058 " +15°063 |+0°005
47 » | Railway officer’s ltest-house 12 +23-453 " +23-350 {—0°003
48 » | Railway Inatitute 2-1 + 8-548 " + 8:559 (+0-011
44 » | 3. end platform of Ry. station 2'5 + 2:369 " + 2-378 [+0:009
13 » | Centre of station platform 27 + 2-405 " + 2°466 |+0'061

* Theee bench-marks are on the line from Islamibad towards Aigh-Mukam.

Note,—The check.levellin
to give the bench-marks near an

& ot the Wazirabad end of the line Las been treated as a branch line in order
d ot Guojrat railway station published Leights.
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Tasre I1,—CxEck-LeVELLING. — ( Continned).
Discrepancies between the old and new keights of bench-marks.
Difference
. ; ; £ ; orginai
Do e et for ek evelling. e 85 | Ctnrting boruhomark ne fbtormaned by a.?:?,‘:‘;‘;‘
<% htpnhztmse
@ €]) wa
a3 greEter l!.’d
] ® the sign -
at i ; | ks
E §g N s § Original levelling. Che‘isé‘ﬁ;;!hng 'g:;;i:;}ll;"
E gé escription. le\'e”ed.y
z |A
Miles.| Feet. | Date. Teet. Feet,
(%) Line 60 (Katni to Sironj). At Saugor,
34 |551| Standard B. M, Saugor 0-0 0-000 | 1898-99 0:000 | 0-000
33 o | St. Peters’ chureh 00 + 0°562 " + 0-565 [+0-003
25 » Bridge 04 —25°749 " —25:752 |—0:003
35 ,» | Bridge 08 —44-915 ) —44°920 (—0'005
36 » | Station platform 13 —57-360 " —57-338 [+0°022
37 |, | Home signal* ’ 144 | —55585| —56°750 |—0-165
38 » | Bridge No. 62 16 | —60-328 » —60-337 |—0-009
(1) Line 40 (Bilaspur fo Cuttack). At Jharsugra (Jharsuguda).
4 |73 C| Embedded B, M. Jharsugra 00 0°000 | 1891-92 0-000 | 0-000
93.94
3 . | Station platform 0'0 — 0°992 ' — 0-966 {4+0-026
1 » | Ry. opening 09 | —24-756 " —24°732 |4 0024
2 yy | Distant signal 11 —17-142 " —17-091 |+0°051
[§ ,» | Bridge No. 1 1:6 —25'609 " —25-583 |+0°056
. oo 2 4°0 | —78'146 | —78°102 |+0-044
8 1 . w w8 66 | —87-338 . —57:304 |+0-034
91, »owom 57 | —87-168% " —87-152 |+0°016
o, S U 66| —56°605 | —56°572 |+0°033
11 " ” » L 89 —48:062 . —48:019 |4+0-043
\
12 | ,, | Home semaphore 10°1 —67-023 " —66 99_9 1+0'024
13 ., | Embodded ot Lapanga 10°1 | —66'795 " —66°794 §+0'011
i i
(j) Line 70 B (Aurangibdd to Barikar). At Purilia.
B ;
124 |73 1| Embedded B.M, Puralia 00 0000 | 1916-17 0:000 . 0-000
122 » | Rock cut protected 09| +17-013 " +17°015 |4+0°002
121 | Cirewit house 1-1 +21:037 " +21-034 |—0°003
120 ,» | Rock-cut 1'6 +33-385 " +33:396 {40011

* Receives new beight,
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LEVELLING.

TABLE II—CuEkck-LEvELLING—(Continued).

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

75

Differsnce
. (Check—
R igi i lnt were ; Observed height above (+) or below (—) '?1:;!:?“).;
Beuch-mg;l;;:’ft:‘&"r::'é‘;‘lz:h_lf::gll;il:,gg,t 5 g starting bonch-mark us determined Ly genos%\g
:‘;’ hei‘:}:ttw?u
2 greater and
Jw the sigm—
i bt
g o é Original levelling. Cllefgélle';illing ?r,::i:‘h?;
‘a %E Description, levelled.
E] 2a
A Miles. Feet, Date. Feet. Fect.
(k) Line 77 (Howrak fo Ramganj). At Calcutta.
, 1882-83 . .
368 |79 B| Standard B.M. at 8.G's office 00 0000 189495 0°000 | 0-000
367 . | 8.G’ office 00 ~ 0-496 » — 0-497 |=0-001
366 ., | Photo-Litho office 0-2 | — 1°650 " — 1'644 |+0-006
365 » | M. L office 0-3 — 0-324 " — 0-335 |—0-011
364 » Sir James Outram Statue 09 + 0°620 v + 0584 [—0-036
372 . | Embedded B M. Sealdah 2:6 | + 1:572 o + 1:520 [—0-052¥
(1) Line 77 L (Chikdaha to Jayrampur). At Chuadanga,
298 |79 A| Embedded B.M. at Chuadinga 0-0 0:000 | 1920.21 0:0n0 [ 0000
229 » | 8. D. O's court 0’1} + 2915 " + 2916 [+0°001
227 | Munsif's court 0-1 + 3:809 " + 3795 |-0-014
226 . | Hospital 03 + 2:996 " + 2:989 |—~0-007
46 ,» | Bridge 12 + 1083 ” + 1°090 [+0-007
(m) Line 77 M (Berhampore to Tinpahar). At Tinpahar.
53 (72 P | Culvert, Tinpahar 0-0 0-000 |1920-21 0:000 | 0000
54 | ,, | Embedded " 03 +19-289 ” +19°162 [—0-127*
55 | ,, | Platform of station,, 0-3 +13° 764 . +13-746 |—0-018
56 | ,, | Island platform 04 + 9°942 " + 9'915 |—0-027
198 172 O Ry. bridge No, 294 05 + 3486 " + 3-488 {40002
197 | . 1 Rock in sitd 2-3 +50° 788 " +50°799 {+0:011
At Dhulian.
37 |72 P| Embedded B.M. Dhuliain 00 0000 |1920-21 0°000 | 0000
30 » | Step Dhulian P. Stn. 0'0 + 4543 " + 4544 |+0°001
35 | , | Stone block 1-8 — 1-839 " — 2:043 _0~206uﬁ
34 | ,, | Culvert No. 361 2:7 — 4066 " — 4°080 |-0'014

Disturbed.
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TABLE II—Cneck-LEVELLING—(Conlinued).
Discrepancies between the old and new keights of bench-marks.

: | e
reomg et | ] | oamaimermen | AR,
53 hehght was
i

&4 ks
§ éfa N 3 Ovigionl levelling. Clegklevelling té'i':{{.ﬁ'ﬁ;'
E S8 Description. levelled,

Miles.|  Feet. Date. Feet. Fect.

At Jangipur.
77 §78 D, Embedded B.M. Jangipur 0-0 i 0-000 (1920-21 0-000 | 0-000
76 ’ » | Steps S. D. O's court 00 + 4233 " + 4:234 [+0-001
75 | ,, | Culvert 04 | 4+ 4341 » + 4346 [+0-005
74 » | Culvert 07 | + 4834 » + 4°835 [+0°001
(n) Line 33 A (Nandgaon to Almﬁ(lnagar). At Nandgaon.

44 |16 L { Embedded Nandgaon 00 0°000 {1877-78 0-000 | 0-000
34|, " Maumad 15°9 | +344°972 " +344°993 [+0-021
At Ahmadnagar.

14 |47 I| Standard Ahmadnagar 00 0000 |{1910-11 0:000 | 0-000
10 » | Embedded Ahmnadnagar 1'5 —27-178 " —27-291 [~0-113
11 » | Verandah G. P. O. 14 -22-321 s 22:318 (+0°003

12 ,, | Stone Junction of Gymkhana

Ronds 06 | —36-166 " —36-165 [+0-001
13 | ,, | Culvert at Trijunction of roads — 8:693 " — 8'694 |—0-001

(o) Line 26 B (Sholapur to Bijapur). At Sholapur.
50 47 OE Staudard Sholapur 00 0-000 (1879-80 0000 0000
49 " E Stoune slab LEngineer’s office 0:0/— 2-250 " — 2-%4 (+0°'006
49 " l M. S.I. near Post office 0-31— 26-302 " — 26°262 {40010
41 | ,, | N. end of Ry. Station Sholapur L'6|— 66-965 " — 66-924 |+0°041
At Bijapur.

14 |47 P| Standard Bijapur 0-0 0:000 [1879-80 0000 0:000
16 " Railsway Siation Bijapur 1'4(+ 3444 ' + 3°487 |4+0-043
1 ,» | Bridge Hipargi Road 0-2|— 8-562 » — 8:473 |+0°089
12 » | Asar Mahal tank 0414+ 12:699 " + 12:705 |4-0-006
13 | ,, | Darbir Hall, Bijapur 08|+ 15913 " + 15°918 [+0°005
19 » | Malika Jahdn's Masjid 1014+ 17-268 " + 17-204 |—0-004
20 | ,, | Ehawas. Khan Guru’s Tomb 1:3/+ 19-516 " + 19514 (—0:002
21 | ,, | Taj Bauli 1'6|+ 27-179 w |+ 27°199 |+0°020
22 | ,, | Municipal Canareee School 1'7{+ 31-805 " + 81:792 |—0°013
23 | ,, | Sholipur gate 2~3|+ 26-277 » |+ 26°285 |40°008
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TapLE 11, —CHECK-LEVELLING.—(Continued).
Discrepancies between the old and new heights of bench-marks.

Difference

(Check—

3 |, |d

e eoted for Sheekteveling. X | g Mahimert o doterminad by’ | denotes
:§ height was

23 greater an

2w the sign—
i T

E 2. ‘i Original levelling, Cheoil;-zlla_;ezl'ling tohr':;inw:lf;l

g b2 Deseription, levelled.

> 20

g Miles. Feet, Date, Feet, Feet.

(p) (Nira Canal Area). At Nira.

76 |47 J | Embedded, Nira 0-0 0000 |1877-79 0-000 0-000
115 , | Shelka’s Gumbad 5°3[+150-312 . +150-280 |+0-032
117 » | Bridge on Poona-Sitira Rond 7°5|+205'857 " +205°85G .|+ 0-001

(q) (Sukkur Barrage Area). At Shikarpur.

78 40 A | Embedded 0-0 0-000 h910-11 0-000 0-000

76 S Step 0]+ 5'833 [1904.06 [+ 5:830 |—0-003

8S | . | Platform | 01+ 5:202 (191011 |+ 5276 |—0-016

70 | .. | Plinth ©0-4[+ 2-400 [1904-06 |+ 2-302 |—0-008

75 l + | School L o6+ 1367 . |+ 1-362 |—0-005

At Kambar

102 |40 A | Embedded (Musto's T'ype) 0-0 0-000 (1920-21 0-000 [ 0°000
103 . | District bungalow 00 + 2-494 " + 2°494 ( 0-000
104 » | Mukhtiarkar's office 03 + 1-719 " + 1°712 {—0-007

At Madad Chandia.
22 (35 M| Embedded (Musto's I'ype) 00 0°000 |1920-21 0°000- 0°:000
2t | Rail 25| + 0364 + 0-342 [ 0-022
At Mchar.

59 [35M| Bmbedded (Musto’s T'ype) 00 0000 [1920.2] 0-000 | 0-000

58 | ,, | Imspection Bungnlow 0-1 + 0°965 . + 0965 | 0-000

6O ,» | Mukhtiarkav’s office 06 — 0°373 " — 0364 |+0-009

At Sehwan.
84 [35N| Embedded (M usto’s Type) 00 0-000 j1920-21 0:000 | 0:000
85 » | Platform 06 + 3-333 . + 3327 |~0-008
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TABLE II—Curcx-LevELLING.—(Concluded).
Discrepancies belween the old and new heights of bench-marks.

Lifference

. ) 4 ) O;igcicnl;l_)

B eoten for check tovailmg. o T B2 | UaTtieg benchomerh ay Aatormiet by | The s

<35 that the

EE Leight wag

i epeier

ag lesn |)xr|‘
- 9. 3‘3; Original levelling. Chetil';;lc‘velling H)l.?é];):e“
) '§ gci Description. o2 °l'ei$'l“el‘{"
z ae .
Miles. Feet. Date. Feet. Feet.
At Daur.
25 [40 B | Pillar 0-0 0°000 (1904.-06 0°000 | 0-000
24 » " 20| — 2313 " — 2326 [-0-013
23 | ,, " 40| — 4°250 " — 4°211 {40039
At Lundo.

2 |40 B| Embedded 00 0-000 (1904-06 0:000 | 0-000
83 |40C| Drain 62 — B934 " — B-961 |—0-027
86 | ,, | Embedded 9-1 — 5°330 " — 5°220 |40-110

At Tando Adam.

75 |40 C| Bridge 00 0-000 |1904-06 0:000 | 0-000
76 | ,, | Culvert 20 — 7-3848 " — 7-328 {+0-020
At Mahrabpur.

1 |40 A| Bridge 00 0000 | 1904-06 0000 0000

2 » | Drain 3-8 + 0'619 " + 0-655 |+0°036

7 » | Bridge 18 + 1061 " + 0:966 |—0°106

8 | ,, | Drain 38| + 2569 " + 2°546 |—0°023

9 | , | Culvert 60 + 6:041 " + 5°976 |—0'065

At Hyderibad and between Hyderabid and Tando Muhammad Khan.
161 [#0C | Standard Ilyderibad 0-0 0-000 | 1909-10 0°0v0 | 0-000
160 | , | St. Thomas’ Chureh 00| + 0625 " + 0°624 {0001
25 | ,. | Culvert 62| —31-270 | 1904-06| —31-275 [—0°005
2¢ | .. | Bridge 74 —82-544 " —32°517 [+0°027
24 " Purapet 82 —31° 492 ”» —31-515 |—0-023
21 | ., | Embedded Thathar 12:2 | —=36-176 . —36-148 |+0°028
10 " Tando Muhawmad l\'lliln‘| 23-3 —39-253 " -39-151 j+0' 102
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LEVELLING.

TABLE III.—REevisioN LEVELLING.

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

79

Difference
il m o | e
Btk of tho gt G| mmeenemarsents | g,
duriug the revisionnry operatlons. £a the starting bench-mark, ;}ITCD:;:
Y height was
S greater and
— i Teoe e Tt o
§ | 8 2| et | pwoot | TREE | erely
jg EQ% Degcription. le:‘oﬁling. (Unadj .
= Miles. Feet. Feet. Feet.
(@) Line 102 (Lini Junction to Marwar Pali) (part of Khanpur to Marwdr Pdli).
45 G | Embedded B.M. at Lani
' junction 00 0-000| 1907-09 0-000| 0000
2| , | Milestone No. 158 1-3 |- 1:893 " — 1-816/— 0°023
3 ., | Mile-stone No. 160 3:3 1+ 11-312 " + 11-223|— 0-089
4| ., | Milestone No. 162 53 |+ 12-°913] + 12:805)— 0-108
5| . |Milestone No. 164 ol 7a 4 1152 " + 10°986|— 0-166
6 . | Embedded B.M. at Rohat
station .| 78 |+ 10°480 " + 10-294/— 0-186
8 " Mile-stone No. 168 (L1783 [+ 18546 " + 18-297|— 0-248
9| ., |Mile-stone No. 170 18303 [+ 440724 " + 44°507|— 0-217
10| , |Mile-stone No. 172 (153 [+ 85-527 " + 85-294/— 0°233
11 . | Embedded B.M. at Kairla
station ... |16°4 |+107 490 " +107-260|— 0°-230
12 " Mile-stone No. 174 v |17-3 | 4+105°940 " +105°684— 0:256
13 , | Mile-stone No. 176 .. 193 [+ 88:028 " + B87:760|— 0-268
14 " Mile-stone No. 178 v 2108 | 4108249 " +107:975(— 0°274
15 " Mile-stone No. 180 ... 1233 |+120-648 m +120°382|— 0-266
i6| , |Mile-stone Na. 182 e 2573 14124712 " +124°422|— 0-290
17 " Embedded B.M. at Marwar
Pali station . 125-6 |+123:253 " +122-974|— 0-279
(&) Part of Line 62 (Meerut to dgra).
375 | 53 H | Stone B.M. Walipur L 100 0°000| 1861-62 0:000] 0-000
7
380 | . |M.S. Allahibid 343 46 |— 11-675] ., |- 12-000/— 0-825
(0)
388 . | Stone B.M. Khurja .10 |— 23030 " — 23-008/+ 0-022*%
10)
12 " " . Somna 246 |— 45°493 . — 48'314{+ 0-179%
1541 | , , Aligarh ... [28°5 |— 64-961 " — 64-810|+ 0-151
3| , |wel ... |48-9 |- 60-333 Y — 60-200|+ 0133
4 ,» | Distant Signal .. [89°5 [— §7-701 " — 87557+ 0°144
69 " Judge’s Court ... 140°3 |— 63:833 " — 63'686|+ 0°147
6| . |Post Office ... |40-7 |- 68801 . — 63659+ 0142
7 " Standard B.M. Aligarh L ML 2 [— 57943 " — 57-792/+ 0-151
(¢} Part of Line 264 (Sholipur to Bijapur).
1 { 47 O | Standard, Sholapur L[ 00 0:000| 1879-80 0-000, 0°000
2 » | Protestant Church Sholapur ... | 04 |— 13818 " — 13-810/+ 0°-008
3| . |1 on Bridge 06 |— 32-728 . — 32:869|— 0-141
6 » | Bridge in Soregnon 4-3 |— G3-812 " — 63-742/+ 0°070
8 » | Temple Vadakbal §:9 [—=143-805 " —143-821{— 0-0l6
16 | . | Embedded Takli 19°0 |—177-a74 —177-221|+ 0-153
20 ' Dipmal, Yalgi village 259 |— 93871 " — 93 947|— 0-076
22 " " Zalki 30°9 |—= 056632 " - 5:691— 0059
23 " Embedded Zulki village .130°9 |— 9-627 ' — 9'582(+ 0-045
45 | 47 P | Shahdapur gate . |61:6 |+402-976 " +402-977|+ 0:001
46 ,. | Cnnarese School L 162-2 (44038504 " +408- 482 — 0-022
47 | .. | Taj Baali e 62°3 | +403-878 . +403-869/— 0009
48 w | Khawas Khan's Guru’s Tomb.... [62:G |+ 39G-215 " +396-205|— 0-010
49 " Mulik_a Jahdn’s Masjid . 162°9 |+393967 " 4393955/~ G012
50 [ ,, | Darbar Hall Bijapur . |63-1 [+392-612 " +392°609|— 0-003
51 w | Asar Mahal tank 1635 [+389-398 . +889-397(— 0-001
5? » | Bridge oun Hipargi rond . 1637 |+368°137 u +368-221|4+ 0-084
53 " Standnrd Bijapur . 163°9 |+376:699 " +376-694|— 0005

® Receives new height.
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TABLE IV.

[Vol. XVIIL

List of Great Trigonometrical Survey Stations comnected by Spirit-levelling, Season 1921.u9,

Height above mean sea-level
Difference
. : New spirit-| Old spirit-| Triangu. | A"—New
Neme of station. levelling | levelling lation Resarxs,
Feet, Feet. Feet. Feet.

Series 2 and 5.

Budhon Meridional and Calcutia Longitudinal.

1. Budhon H.S. 1967609 18670 | — 0:6 Top mark.stone. (Fide
Triangulation prumphlet 54 L),
Series 5. Calcutta Longitudinal.
2. Calcutta base-line
South end T.S. 13-857 130 - 09 Top of circular pillar.
(Tide T'riangulation pamph-
let 79 B).
3. Ranjitgarh T.S, 878-895 879°5 + 06 Ground floor mark-stone.
(Vide Triango!ation pamphlot|
43 L or 8yn. Vol. TV, where
height of top of 205 ft.
pillar is given as 900 ft.)
Series 32. Great Indus.
4. @izl Kuhawar T.S. 133596 1340 | + 04 Ground level mark-stuno,
( Pide Trisngulation pamphlet
35 M).
Series 29. Gujrit Longitudinal.
5. Hasalpur T.S. *132'989l 132-821 134 + 10 Top mark.stone, (Jide
‘Triangulation pampllet 46 A).
1
6. Ingrodi T.S. ”141'518‘| 151-018 [ 152 +10°5 Top mark-stone, (Vide
‘Triangulation pamphilct 41 N)|
! |
Series 28 and 35. Kdithidwdr Meridional and Cutch Coast.
7. Vandhia 8, [ *115-259| 115°846 | 110 + 07 Top of circnlar pillan
(Tide Trinngulation pamphlot
i 41 1),
i
Series 35. Cutch Coast.
8. Bhnchau H.S. *302-715) 303148 | 301 - 17 Top_of circalar pillar.
'(Fide Trinngulation pampllet
41 ).
S *35G-° 356636 35 . T. of circalar pillar.
9. Sukhpur H.S 356 331) 356:636 | 357 | + 06 | _Top of eiron N
41 I
21175 . q -5 Top of cirenlar pillar
10 Charakda H.S. vee | #417°515) £17°958 | 41 + 15 (Videfi‘l:‘iangulnliol\pﬂ"‘l"hlc"
41 E).
a . . . — 0 Ground level mark-stone
11. Sullan-ka-got T.S8. *188°836| 188:945 ( 188'0 08 (ri.{'l:l‘ri:ngulnﬁoﬂ pamphlet
39 D).

® These values are provisional as the lines have only been levelled in ono direction.
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TABLE IV.—(Couclnded).
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List of Great Trigonometrical Survey Stations connected by Spirit-levelling, Season 1921-22.

Height abovo meun sea-level )
Difference
iri iri Tri —New
; New spirit-| Old spirit-| Triavgu- | &—2 REMARKS.
Namo of stntion. levelling | levelling Jation
Feet. ’ Feet. Feet. Feet.
Series 45.  Sutlej Meridional.

12, Chanikhan T.S.

l
*318-026

f
a10-066 | ... i’

3

|  Ground level mark-stones,
H

% (Vide Triangalation pam-
J' phlet 39 0).

13 Godri T.8. *378453| 378992 391 +2-5
Series 4S.  East Calentta Longitudinal.
14 Basantin T.8 17083 20-0 +3'9 Ground floor mark-stone.
(Vide Tmangulation pamph-
let 79 E).
15. Berghom TS 929.959 240 +17 dround floor mark.stone.
(Tide Triangulation pampk-
let 79 B).
16. : ia T'S. L5585 . . Ground floor mark-stone.
6. Bhaturia 1.8 18-355 | 20-0 +14 (Vide Triangulation pamph -
; let 79 E).
17. Bi T.5. 270 . . Ground floor mark-stoue,
lra 7001 28°0 +1-0 (¥ide Triangulution pnmpl;-
let 79 B).
Series 62.  Jodhpore Meridional.
18. Samdari H.S. *847° 049 8460 ~1'0 Foundation mark.stone
{ Tide Yriangulntion pamphlet
46 C).
Series 64. Eastern Sind Meridional.
19. Vijnot .S '256'514' 257472 2630 +6'5 )
| | Ground floor mark-stone|
r (77ide Triangulation pamph-
20. Vi T 10 .10 | let 39 1).
. in I8, 242-162) 243°188 2490 +6°'8 )

. - .
These values are provisional ag the lines have only been levelled in one direction.
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Vol. XVIIIL.]
MAGNETIC SURVEY.
By E. C. J. Borp.
PERsoNNEL OF No. 18 PARTY. The present report on the work of the Mag-
Class I Officer. netic Party in 1921-22 comprises :—
Mr. £ C.J. Bond, V.D. in charge. I—An account of the work during the

Class II Officera.
Mr. N. R. Mazumdar,
. Jiya Lal Sahgal, from the 16th March 1922,

Upper Subordinate Service.

field and recess seasons.
II.—A note on each of the observatories.
III.—Tables of the mean values of the mag-

Mr. B B. Shome. netic elements, dates of magnetic dis-
» H.C. B““e“ee‘bn':' turbances, and hourly means and diar-
. Su inale Servie-. . . v .

Lower Subardinate Servic nal inequality of the magnetic elements

1 Magnetic Observer.

10 Computers, ete. at observatories in 1921,

I.—WoRK DURING THE FIELD AND RECESS SEASONS.

|.  Wark during the field seasan.—Complete sets of nagnetic observations were taken
at the Dehra Din and Toungoo observatories for the comparison of instruments. The
observatories at Alibig (Bombay) and Kodaikinal, under the control of the Meteorological
Department, were also visited by the officer in charge for the same purpose.

Double sets of magnetic declination, dip and horizontal force observations were taken
during the field season at the six repeat stations—Quetta, Karachi, Bina, Dibrugarh,
Barrackpore and Waltair. Tlese stations ave visited annually to supplement the b-yearly
observations at all the repeat stations in India in order to obtain accurate values of the
average annual change in the magnetic elements, as explained in last year’s report.

The staff of the party at head-quarters were employed during the field season on the
reduction of observations to the epochs 1909-0 and 1920-0.

Dr. J. de Graaff Hunter, M.A., Mathematical Adviser to the Survey of India, who
proceeded to England on leave in March 1922, kindly offered to take a magnetometer with
him for comparison against the Kew standard instrument. Magnetometer No. 10 (with
magnet No. 10) was selected as being the most snitable, as it had been used for some time
as an auxiliary instrument to the standard at the Dehra Din magnetic observatory. The
comparison was decided upon with a view to affording a means of reducing the results of
the magnetic observations in India to terms of the British standard at the Kew observatory.

Under the advice of Dr. Chree, F.R.S., Director of the National Physical Observa-
tory at Kew, the Survey of India gilt inertia bar was sent to him fov the redetermination
of its moment of inertia, in order that the true value of the moment of inertia of magnet
No. 10 might be ascertained during the comparative observations taken with that instrument
at Kew.

During the field scason the officer in charge of the party inspected the tidal observatories
at Bombay (Apollo Bandar and Prince’s Dock) and Karichi. The inspections of these and
other such observatories were formerly catried out by the otficer in charge of No. 16 Party
(Tidal), but it has been decided that the inspeetion of the tidal observatories at Bomba:y
(Apollo Bandar and Prince’s Dock), Karachi, Madras, Kidderpore (Calcutta), Rangoon,
Moulmein and Port Blair will, as far as is practicable, be carried out in future by No. 18
Party, in addition to the magnetic work. )

2. Work during the recess,—The computation of the observations taken at repeat
stations, and at observatories for the comparison of instruments, and the computation and
tabulation of the provisional values of declination, dip, horizontal force and vertical force
at the three observatories Dehra Din, Toungoo and Kodaikanal for 1921 have been com.
pleted. The mean values of these elements for the year, derived from the measurement
of traces of all available days, excluding those of great disturbance, are given in Table 1T
at the end of this report. .

. Publication of the resulls of the magnetic swrvey.—The final reduction of the observa.
tions at the observatories and in the field and at repeat stations to the epochs 1909:0 and
1920-0 is very nearly completed and it is hoped that the tables of results and the necessary



84 RECORDS OF THE SURVEY OF INDIA, 1921.-22, [(Vol. XVIII,

maps ete., most of which have already been sent to press, will be ready for publication with
the Magnetic Volume about the middle of next year.

Speciul observations.—In response to a request by Dr. L.A. Bauer, Director of the
Department of Terrestrial Magnetism of the Carnegie Institution of Washington, to all
countries for co-operation in special simultaneous magnetic observations in connection with
the solar eclipse of the 21st September 1922, magnetic observations were taken at the three
observatories Dehra Dan, Toungoo and Kodaikinal in accordance with the general scheme
of work proposed by the Department of Terrestrial Magnetism.

The observations for declination at each of these observatories were taken simul-
taneously for every minute from 1 hour 28 minutes to 8 hours 2 minutes, A.M., Greenwich
civil mean time, on the 20th, 21st and 22nd September 1922. At the Dehra Diun observatory,
observations of horizontal force and dip were taken in addition, during the same interval of
time, on the above three days. It was not possible to observe more than the one element at
Toungoo and Kodaikinal where the observatory staffs are small.

The three observatories were within the limits of the zone of visibility of the eclipse
and it is hoped that the results of the observations oblained in India will be of value to
Dr. Bauer in his investigation of the effects of the eclipse on the Earth’s magnetism.

3. Programme for 1922-23.—During the ensuing field season observations will be
taken for the comparison of instruments at the Delira Dan and Toungoo observatories. The
Kodaikanal and Alibag observatories, under the control of the Meteorological Department,
will also be visited for the same purpose.

Magnetic observations will be taken at the repeat stations Quetta, Karviichi, Bina,
Dibrugarh, Barrackpore, Waltair and Moulmein in Burma, for the purpose of supplementing
the observations taken at all the repeat stations every 5 years, and in order to obtain reliable
values of the annual changes in the magnetic elements.

The tidal observatories at Karachi, Bombay (Apollo Bandar and Prinee’s Dock),
Madras, Kidderpore, Rangoon and Meculmein, which are en rowfe to the magnetic observa-
tories and repeat stations, will be inspected.

II.—Tue ODSERVATORIES IN 1921-22.
Dehra Dun Observatory.

I. The magnetographs, with a few exceptions, have worked satisfactorily during the
year under report.

The clock which works the drums of the declination and horizontal force magneto-
graphs stopped on the 15th December. After oiling it worked well, but a week later it
stopped again and continued to stop frequently up to the end of the month, when it was
removed, opened up and cleaned. The axles of the drum were also cleaned and oiled and the
clock then worked satisfactorily. On the 17th January, however, it stopped again. It was
removed, taken to pieces and thoroughly cleaned in the Trigonometrical Survey workshops
on the 19th, after which no further trouble was experienced.

The arrester of the vertical force magnetograph went out of adjustment on the 12th
December. It was put into proper working order on the 15th.

The vertical force magnetograph was adjusted on the 7th July on account of the
magnet line being near the edge of the magnetogram, owing to secular change.

The galvanometer used in connection with the earth-inductor was reported to be
working badly towards the end of August and the observer in his attempt to adjust it
snapped the suspension fibre. The instrument was put into proper working order on the
Slst August.

Magnetometer No. 5 (with magnet No. 5B) was introduced as an auxiliary instru-
ment in place of No. 10 which was taken to England by Dr. deGraaff Hunter for comparison
against the Kew standard. The results of the subetituted instrument, in the hands of the
new observer, have unfortunately not been very satisfactory.
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A large crack in the thick cement plastering on the north wall of the passage in the
observatory was repaired early in July as a precautionary measure against any excessive flow

of water into the observatory during the monsoons.

The percolation of water into the passage of the observatory began this year at the
end of August when the water rose to 6 inches. Pumping was resorted to immediately and
was kept up day and night as there was no sign of the water diminishing until the 6th
September. On the recurrence of heavy rain the water gradually rose again to 12 inches
on the 14th September, in spite of continuous pumping. After that date the water gradually
decreased until it finally subsided in the first week of Oetober.

Besides the danger to the observatory from repeated inundations during the monsoons,
there is now an additional menace in the introduction of electric trams into Dehra Din,
which will necessitate the removal of the observatory without delay. Every endeavour is
being made to get the necessary funds sanctioned for traosferring the observatory to a
suitable place at a safe distance from the disturbing effects of the electric tramway.

It is proposed to build the new observatory above ground level so that the risk of
inundations, as experienced in the underground observatory at Dehra Din, may be avoided.

It is unfortunate that the present observatory, the principal base station of the
magnetic survey of India which has been in existence for the past 22 years, should have to
be abandoned. It is hoped, however, that it will be possible to preserve the continuity of
the magnetic records by operating the old and new observatories together under undisturbed
conditions for a few months at least before discontinuing observations at Dehra Dun.

2. Mean values of the declination and H. F. constants—The table below gives the
mean monthly values of the magnetic collimation, the distribution constants Py.o and Py,
and the accepted values of p and q used in determining the value of the distribution factor.
The values of the moment “=” in the table were derived from vibration observations taken

with the chronograph.

Mean values of the constants of magnet No. 17 in 1921,

DECLINATION v
CONETANTE. H.F. CONSTANTS,
Mowrms. DistripuTION FacToRS, MEAN VALUES OF m.
Menn
magnetic Accepted values.
collimation. P P —— | Monthly [ Accepted
1.2 2.3 P q means. m,
Jononary - 6 46 6:03 7:06 807-02
Febraary Wl - 6 40 6-86 7.24 807-01
March - - 6 44 6-74 7-13 806-99
April - 6 44 5:70 6-87 806-81
-
o
May - 6 44 5-83 687 806-85 2
)
June - 6 47 5-81 7:01 = 80681 E
@ g 8
Tuly - 6 53 576 7-24 ~ T 80650 8
Angust -7 0 580 695 80651 =
September - - 7 1 5 81 6-69 806-87
October -7 0 597 716 806-91
November - 6 b7 5°80 6-93 807:03
December - 6 69 5-87 6:91 807-08

3. Mean base line values.—The table below gives the mean monthly observed and
accepted values of the declination and horizontal force base lines: the accepted values have
been used to compute the values of these eloments for 1921. The horizontal force base lines
have .been derived from H ns determined with the moment of inertia and distribution
coefficient used in the computations for 1915,
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Base line values of magnetographs in 1921,

DECLINATION, HoR1ZONTAL FORCE,
MoONTHS.

of Buse tine. | BateNod | S Bacuiiue.| sescpios

° ° C.G.S. | C.G. S

January .| 1 37 1 37 +32673 192673
February wel 1 401 1 41 +32673 132653
March | 1 470 1 40 <32677 «326%7
April el 1 403 1 4-3 ' 32682 32682
May | 1 44 1 44 32680 -32630
June | 1 46 1 4'6 -32678 32678
July we{ 1 4.8 1 48 7-3?674 32674
August wel 1 4°6 1 46 +32667 -3.667
September w| 1 45 1 45 *32672 32672
October | 1 49 1 49 320669 * 32669
November | 1 49 1 49 32663 32663
December | 1 4-8 1 48 +32657 32657

4.  Mean scale value and temperature range.—The mean scale values for 1921 for an
ordinate of 1/25 inch are :—
Horizontal Force 4-36 gammas.
Declination 1:03 minutes.
Vertical Force  8-31 to 8:93 from 1st January to 15th July.
10-47 ,, 10-87 from 16th July to 16th August.
6:71 ,, 7-46 from 19th August to 31st December.

The mean temperature for the year was 26°:9 C.; with maximum and minimum
monthly values of 27°-0 C. and 26°-6 C. The temperature of reduetion is 27°-0C.

5. Mean monthly values and annnal changes.—The following table shows the month-
ly mean values of the magnetic elements for 1920 and 1921 and the annual changes for that
period. The annual changes for horizontal force are deduced from the values of H corrected
for the moment of inertia and the distribution factor used in the computations for 1915.

Annnal changes at Delra Din in 1920-21.

1HOR1ZONTAL FORCE DECLINATION D . . VerTicat Fonce
«32000 C. G, 8.+ E. 1° + N. 4P + +32000 C. G. 8.+
DoNTHS.

1920, | 1921, 3:;';';11_ ! 1920 | 1021, ;‘]F“f;]‘;ﬂel_ 1020, | 1921, 3311\]:21. 1020, | 1021, é\nﬁﬂ.‘?;.

¥ ¥ ¥ ! ! ! ! ! ’ ¥ v k7

January .| 966 | 946 | — 20 (544489 - 55 (676|623 + 47| 920] 90| + 70
Felraary ol 067 933 | — 14 | 63°6 (486 | — 50|67-9)62-2 | + 4°3 [ 926 9% | + 69
March oo 936 | 956 0 536|483 | — 53|590|62:6| + 36| 93| 1007 | + 71
April | 950 | 960 | + 10 |53°1{47°7T| — 54 |59°6 629! + 33| 9i3]| 1016 + 73
May v 061 | 038) — 23 {527 (476 | — 5 2 (692|644 + 52| 045 1022) + 77
Jane ] 959 | 945 - 24 | 522|472 | - 5°0[ 691|645 | + 54| 9511030 | r 79
July wof{ o6 | 954| — 12 [ 518 | 46T | — 51 | 596 | G4-4] + 49| 9055|1039 | + B4
August wo| 957 | 92| - 16 | 513 {464 | - 49]605|650] + 45| 0965|1047 | + 72
September ... | 040 | D40 0 i51-1 461 — 50613653 + 40| 9686|1041 | + T3
October Wl 00! 03| + 7 l504 461 | ~ 4al618| 656 + 37| 964|1042 | + 78
November  ..| 024 936 ] + 11 | 409|458 | - 4-1|61:8| 666 | + 3-8 | 059 | 1042 | + 83
December .| 926 | 920 | + 3 | 494|454 ~ 40618661 + 43 :E_ E)jfi + 85
Means .| 951 ‘ 045 | = 6 1620|471 | - 4-9{ 509 |64-2 | + 4-3 ] 940 |1025 | + 70
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Toungoo Observatory.

The magnetographs have worked very well during the year under report.

On the 14th May the base line light on the visual scale was not discernible and it was
discovered that water had lodged in the scale box owing to the observatory leaking after a
heavy fall of rain. The water was removed and the light adjusted. Necessary repairs to
the roof of the observatory were carried out by the Public Works Department on the
17th June.

9. Mean values of the declination and H. F. constants.—The table below gives the
mean monthly values of the magnetic collimation and distribution constants P1.2 and P23 for
magnets Nos. 19 A and 20 and the accepted values of p and q used in determining the dis-
tribution factor for magnet 19 A. The values of the moment ‘“m ” as obtained from this
revised distribution factor are given for magnet No. 19 A.

The distribution factor for magnet No. 20, denoted by “P” in the table, 1s the

-1

approximate expression (1 +§) , which has been used in the ecomputation of % The

correct value of the distribation factor for this magnet, which will include the Q term in the
-1

expression (1 +11_)—_1 + 2) , will be computed later on when sufficient data are available

for an accurate determination, as it is only from an extended series of deflection observations
that a reliable value of the distribution coefficient can be obtained. The provisionally
aceepted value of “m”, given in the table for magnet No. 20, has been determined from the
approximate expression used for the distribution factor.

The values of ““m ” for both magnets Nos. 19 A and 20 were derived from vibration
obscrvations taken with the ehronograph.

The monthly mean values of “ m ” for magnet No. 20 are fairly steady and are much
morve satisfactory as compared with the rapidly decreasing values of the moment of magnet
No. 19 A previously in use at the observatory.

Mean values of the constants of maguets Nos. 19 4 and 20 in 1921.

Dretixaiox H. F. CONSTANTS,
Moxtus. Distninorion FacTons. MEAN VALURS OF I,
Mean
c::i?iﬁfttiign. P].q 1)2 s Accepted values. Monthly Acceptad
2 . p I q meana, m.

Janunry - 11 231 8-18 7-86
Tebruary | =1 30 839 7-81 §|0~19 e §64°12 }fg}::
Mavel - 7 2 6-90 7-96 3 93114 |y
April - 7 27 6:99 8:06 930-98 I
May - 7 2% 7-06 760 931-19
June " - 7 28 G-87 778 931-30 a
Tuly Wl = 7 15 7-01 7-51 L & 931-34 %5
Angudt wlo— 7 23 712 787 i gar-a0 | [ g g
Seplember - 713 6-97 7-64 a 93140 =
October - 7 15 6 95 7-34 931-39
November - 7 16 702 752 931 41
December - 716 G-94 731 |J 03147 |

Magnet No. 19 A was used up to TFebraary.
3 " ) No. 20 . w from March.
- '1. ! ean base line .vnll.ws.—The t:?b]e below gives the mean monthly observed and
: pted values of the declination and hovizontal force base lines. The accepted values have
“f]eer; ;:]SG(T] to compute the values of these clements for 1921. The horizontal force base
e c;r anuary an.d Fo?bruury ha?re been derived from H as detcrmined with the moment
o H;sr ia :m.d distribution coefficient used in the computations for 1915. The base lines
o e r;mzfmder of the year have been derived from T as determined with the moment of
1 obtained for magnet No. 20 at Toungoo in February 1921 and the approximat
expression of th.c distribution coefficient referred to in the preceding para. P ’
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The value of the instrumental difference, using these provisional constants, is 19A —
20=4 gammas for horizontal force. The instrumental difference for declination between
19A and 20 is ni/.

Base line values of maguetographs in 1921.

DECLINATION, HOR1zOKTAL FORCE.
Moxtus,
Mean Base line 'Menn Base li
Bv:sl;"lah‘:;. nc::pt;‘;l. REMARES, ll‘n“sle“?iﬁz. ucceptlt:-le. REsanes,
° Magnet No. 19A C.G.8. C.G.8. Magoet  No,
January 1147 1147 used op to end of +38G41 +38641 194 used up to
] . i February and No. . . end of February|
February 1144 1144 2(;3 rffrom Mareh. 36643 38G43 Magnet Noy.’
. . ifterence be- . . 20 used from
March | V141 V4L fceen 194 aud 20 36047 38947 | 1at March.
April 1 14°1 1 k4+1 (isnil 38947 - 38947 Difference
19A—20
May 1142 114-2 ‘38945 38945(1) (1‘)‘U20::)s?g£h
38930(D) 38939 | yhr
June . 1143 114-3 -38933 +38933 | (2) From 13th
July 114°6 114-6 36928 -38928 to 31st May.|
August 1 14°5 1145 *39926 + 38926
September 114°2 1 14-2 38928 +38928
October 1143 13 35924 -38924
November ) 14°2 114-2 38921 -3r921
December 1143 1143 -38916 < 38016

4. Mean scale values and temperature range.—The mean scale values for 1921 for
an ordinate of 1/25 inch are:—

Horizontal Force 5'36 gaminas to 28th February.

5-20 »  from 28th February to the end of the year.

Declination 1-04 minutes.

Vertical Force 5-77 gammas to 5th May.
583 »  from 5th May to the end of the year.

The mean temperature for the year was 89°-2 Fahr. with maximum and minimum
monthly values of 89°:5 and 89°+0 Fahr. The temperature of reduction 1s 89°-0 Falr.

5. Mean monthly values and annual changes.—The table below shows the monthly
mean values of the magnetic elements for 1920-21, and the annual changes for that period.
The annual changes for horizontal force are deduced from the values of H corrected for the
moment of inertia and distribution factor as referred to in para. 3.

Annnal changes at Toungoo in 1920-21.

HortzoxTal Forck | DECLINATION Dip VEenticaL Force
-30000 C. G. S. + ! W N. 29"+ 16000 C. G. S, +
MoxrTMS, ;
192, | 1021, :\ :ﬂ!‘:‘:{} ! 1020, | 1931 ({L';':;‘ 1920, | 1021, ":‘]:“;’I:‘g“el 1920, | 1821, :Ir'r':{gﬂel
¥ Y r * ! ! ’ ! ! k2 k4 bt
Jnunary .| 106 125 +23 (223 |2.6| +33| 77| 72| —-0:5| 705) 704 | + 3
Fehroary L s oz +30 (226|256 +30/ 78| 70, —08] 708| 707 | + 1
March o107 ] 142 +39 | »2.7 | 24| +27| 77| 68| -09) 703 T0G6| + B
April l 105 | 143 +42 | 2302571 +2:7| 82| A8 —1.4]| TIO] 707| -1
May I S U V4 +7|235|260| +25| 77 64| -1-3| 707 | 6% | —15
Tune | 128 132 ; -2 i 23-4 | 264 +30] 77| 67| -10| 712} 697 | -13
July L] s | 132 +18 236 269| +33| 78| 67| ~1:1| 710} T01| ~- 7
August L1y azs +23 ’ 23.9 | 271 +3:2, 79| 11 -0:B| 706 | 704 o
Septemher .., | 103 | 132 +33 ! 246 (276 +34) 79| 73| -c6| 705| 70| + 5
October Lo om +25 | 947 280 +33| 77| 74| -03| 704 MO} + R
November  ...| 121 135 ‘ +18 ! 2451281 | +33| 76| 72| -03[ 707| 708 + 3
December .| 133 | 134 + 6 ! 253|286 +33| 73| 72| —0-1| 709] 708} =+ 1
i PR
Mennt L 11a | 132 | +22 ‘ 297 268) 43| 77| 70} ~07f 707 04| -

* The H.F.and V. F. Valaes for 1920 arc in terms of Magnet 19 A and those for 1921 are in termas of
Magoet 20.  The annual changes have been correcten for the difference between Magoets 19 A and 20.
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| Kodalkanal Observatory.

This observatory is under the control of the Meteorological Department, bu.t(;:.he
absolute observations and the records of the self-registering instruments are forwarded periodie-

ally by the Director of the observatory, for computation and for record in No. 18 Party

(Magnetic).

The working of the magnetographs has been fairly satisfactory. The c]otilk w]:nch
works the drums of the declination and horizontal force magnetogra'phs was repo}:tet ﬂ:o a\;:
stopped very often during the year. The cause of t}'\ese stoppages is not stated but they a
probably due to the clock requiring a thorough cleaning.

The base line value of the declination rose to 0'+8 on the 18th January an.d return;d
to its normal value on the 21st February. The cause of the change, from a scrl.ltllll])." ?f tte
records, is traceable to lost motion in the tangent screw of the magnetometer which isreport-
ed to have been cleaned on the 18th January.

At the request of the Director, the officer in charge of.the magnel.‘vic pa,rt'y, dulrltr;g
his visit to the observatory for taking the annual ecomparative obﬁenfatlons, ad]ustecl. e
hovizontal force magnetograph on the 1st March, on account of the shift in the magnet line
to the edge of the magnetogram, due to secular change.

Q. Mecan values of the declination and H. F. con..starfls.—.The table below gives the
mean monthly values of the magnetic collimation,.tl.\e distribution constar.xts .Pl-'z and P2..3
and the accepted values of p and ¢ used in determining th‘e values off the.dlstr{but'lon .factol.
The values of the moment “m ” are also given, as determined by this 1'ev|sed’ dls,Er}butlon and
the moment of inertia used for the computations }n 1915. The values of ““m* in the table
were derived from vibration observations taken with the chronograph.

Mean values of the constanls of magnet No. 16 <n 1921.

DECLINATION H. F. coN9TANTS,
CONSTANTS.
MoxTas. DistnrovrioN Facrons. MEeAN VALUES OF m,
et . A ted values
mqgnet'ic ccepted value: Monthl A ted
collimation, Pl'z P2~3 lu::us.’ ccgv. e
p 9
P
Janunary — 3 15| 658 [ 8-40 88224
February e | =3 20/6-53|836 882 21
Aarch | = 8 171 6:56 | 873 882-07
April .| =3 18|6.54 865 882-01 E
May vl — 3 17| 6381858 — 88203 &
8 | 8 3
June S8 15656 85 = = 882-11 £
-
—
July wl—3 16 : G 54 846 98213 T
i @®
Angnst { -3 i4 [‘ 6:G4 ! 854 89214 ®
Seplember | = 3 13 6-60 | 856 882-10
October =3 13 G661 | 841 832-11
November ol =3 16 [ 663 | 844 882-16
December o] =@ 171 6:60 | 862 882-11

3. Mean base line values.—The table below gives the mean monthly observed and
accepted base line values of the declination and horizontal force magnetographs : the accept-
ed valnes have been used to compute the values of these elements for 1921, The horizontal
foree base line values have heen derived from I as determined with {he moment of inertia
and distribution coeflicient used in the computations for 1915,
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Base line values of magnelographs in 1921.

DECLINATION, HoRIZONTAL Fones.
MonTHs. Mean value Base fine Menn value Base line
of Base line. accepied. of Basc line. accepted,
° ! ° ! C. G. 8. C. G 8.
January 2 58-2 2 58-2 +37340 37340
February 2 580 2 580 +37345 37345
March 2 582 2 582 +373844 -37344
April | 2 519 | 2 8700 -37343 137343
May 3 579 2 579 *373.44 *37344
June 2 582 2 582 -37339 -37339
Tuly 2 58:0 2 580 37337 37337
August 2 577 2 5717 137334 +37334
September 2 57'b 2 57-5 -37336 37336
October 2 572 2 57-2 37335 .37335
November 2 574 2 574 37336 37336
December 2 575 2 575 - 37337 .37337

4. Mean scale values and temperature range.—~The mean scale values for 1921 for
an ordinate of 1/25 inch are :—
Horizontal Force 5-95 gammas.
Declination 103 minutes.
Vertical Force  8+07 gammas to 13th June.
884 gammas from 14th June.

The mean temperature for the year was 17°:7 C.; with maximum and minimum
monthly values of 18°:3 C. and 16°:6 C. The temperature of reduction is 19°-0 C.

5. Mean monthly values and annual changes—The table below gives the monthly
mean values of the magnetic elements for 1920 and 1921 and the annual changes for that
period. The annual changes for horizontal force are deduced from the values of H corrected
for the moment of inertia and the distribution factor used in the computations for 1915.

Anunual changes at Kodaikinal in 1920-21.

Hor1zostaL Fonce DECLINATION Lir VerticaL Fonrce
«37000C. G. S. + W, I°+ N. 4 + 03000 C. G. S. +
DOKTHS, -
w0, | toza, | Aumusl | oggg | poar, | Ammunl g0 | yga1, | Ammunl bygp, i o1, | Aunue!
v v v ! ’ ’ ! ’ ! ¥ ¥ ¥
January 775 812 +37 47-5| 62°6] +6-1 34-4 (372 | +2°8 021 055 | +34
February 779 827 +48 47-9( 53-3| +5-4 34-7 373 +2'6 026 057 | +32
March 707 832 + G5 48:0( 53:3| +56-3 356|375 +1'0 03+ | €GO | +2¢
April 765 831 +06 48-6( 63°6| +4°9 36-2 | 380 | +1'8 040 | 0GG | +26
May 777 813 +36 49.0| 53-7| +4°7 366|387 [ +2°1 046 072 | +26
June 701 818 +27 49-8| 54-4| +4°0 3G-1 | 388 | +2°7 042 074 | +32
July | sl 833 | +39 | 50-6| 64-4| +3.8 [36-3 301 | +2°8 | 044 | 079 | +35
August 795 | 833 +38 61-0| 546 +3.5 |36-7 (391 +2°4 049 | 078 | +29
Beptember ... | 792 | B4 +62 51:0| 64°7| #3°7 | 36'4 (368D +2:5 046 | 077 | +32
Qclober el 798 842 + 44 516 64-7| +3:2 36-7 | 38:8 [ +241 049 076 | +27
November .. | 799 | 848 +49 61'9| 66°3| +3:4 | 368890 +2-2 050 | 078 | +28
December .| 806 | 862 +46 52-3! 55:0) +3-¢ | 371|391 +2°0 054 | 060 [ +26
Means .| 787 832 + 45 49-9) 64:2| +4'3 3G-1 | 386 | +2°¢4 042 071 | +29
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Mean values of the magnetic elements at observatories in 192].

i

] B
Observatory. sz::ﬂzd?d Dip. Declination. j H.F ]i V.F

I : | |
1 ‘

: oo ¢ ° [ C. G B ( C. G. R

Dehra Din {fg S g'}4N. 45 42 B 1 47-1] -22045 | 33025
‘ | | !
: - J I ;

Toungoo I{gg o 4 %'}EN 25 70 |W.0 26-8 30132 | 16704

. ; |
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Kodsikionl . {79 )8 0 T LN w385 (W1 sl cares  -030m
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hen - to the west of the mean position.

, and w

Norx.—When the sigp is + the magnet points to the east,
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Note.—When the sigp is + the maguet points to the east, and when —to the west of the mean position.
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THI COMPUTING OFTICE.

By Masor C. M. Tuoneson, I. A.
Ccomputing Sectlon.

TERSONNEIL.
Class I Officers.
Dr. J. do Graaff 1luuter, M. A, Sc. b, F. Inst. P,
in chargo till 29th March 1922
Captain B. A. Qlennio, D. 8.0, R. £, in charge
from 30th March to 9th May 1922,
Major C. M. Thompson, I A in charge from 10th
May 1922,
Computing Gffice.
Hend Computer.
Rai Sahib Isban Chandru beva, B. A, till 30th
June 1922, wheu ho retired,
Babu Mukandunanda Acharya from 1sl July 1922,
19 Senior and 4 Junior Computers.
In addition 13 Computers from partios worked
during n port-on of the year,

Isostasy.—The only contribution on this sub~
ject to be recorded in this report was the publication
of Survey of India Professional Paper No. 18 by
Lt.-Col. H. McC. Cowie, R. i, entitled “ A eriti-
cism of Mr. R. D. Oldham’s Memoir—* The Struc-
ture of the Himalayas and of the Gangetic Plain,
as elucidated by Geodetic Observations in India’. "

Computations.—The following computations
were carried out during the year:—

(a) Data were compiled for the prediction
of tides for 1923 by means of the tidal machine
for 40 ports. In addition, the actual preparation
of the tide-tables for 9 riverain ports, included in
the above, was undertaken in this office. The

work of computer Manmatha Nath Chattarji is specially worthy of mention, in connection
with the tide-prediction for the riverain ports.

Q)

The reduction of the observations for latitude at 4 stations in Kashmir by

Bt.- Major K. Mason, M. C, R. ., is in hand.
(v) 'The astronomical latitudes observed by Major H.'I'. Morshead, D. 8. 0., R. E.; at

Thakurganj and Dumndangi were checked and computed with a view to an investigation into

the gravitational effects at these stations.

(4) 'The triangulation executed by Bt.- Major E. O. Wheeler, M. C,R. E,, during

the Bverest expedition was reduced.

(»y Corrections to latibude, longitude, azimuth and logsides devived from the adjust-
ment of the pandent portion of the Burma Coast Series were computed.

("

For purposes of investigation the topographical effects for 59 pendulum stations,

of which the Hayford correclions have been published in Professional Paper 15, pages 176-178,
have been separated from the compensation effects. .

(#) Seven tables, in addition to the 23 mentioned in Records Volume XVI were
computed to complete \uxiliary Tables Part IIL (5th Edition).

Adjustments.—

()

The adjustment of the minor triangulation falling in degree sheets 39 A and 39 E,

N. W. Frontier, was taken in hand, inaccordance with the new method devised by Dr. Hunter,

Q)

The minor triangulation connecting the Madras Longitudinal Series with the

Juddapah Series was adjusted in compliance with a vequest from the Superintendent, South-

ern Circle.

(¢) Curves were prepared for the graphical adjnstment of triangulation falling in
sheets 92 C, DD, and (4, and Furnished to the Superintendent, Eastern Circle.

Miscellancons,—

() X report was compiled for submission at the first General Conference ((Geodetic)

held at Rome in April 1922,

€9

Rectangnlar Co-ordinates were computed from the spherical co-ordinates for the

traverse stations in (Gorakhpur Cantonment.

(¢) Intitwle, longitude and azimuth

were computed for a number of stations in

order to complete the records of Captain Deasy’s exploration work of 1896 and 1897-98.

()

Purther computations in econtinuation of those noted in Records Volume X VI

were earried out with a view to investigating the formulx for barometric hetghts.

(¢) The times of sunset and sunvise for latitudes varying between 8° and 32° were
computed in eompliance with an extra departmental requisition.

(/) Data were computed for the preparation of a slide rule by the Mathematical

Instrument Qllice, Calcutta.

(9)  The Theoretical Value of gravity (y) for Fyzabad was computed.
Triungulation Pamphlets.—60 pamphlets were printed and 50 issued durigg the year,
Pamphlets for 75 sheets were compiled and those for 58 sheets were compared. Compilation

is in progress with a view to publishing the results of the Mesopotamian triangulation in
supplementary pamphlets.
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Levelling —

(a) A first edition of levelling pnmphlet 62 has been published.

(#) A large number of supplementary slips containing the additional work of season
1920-21 have been printed for incorporation in the existing pamphlets 34, 85, 39, 40, 45, 47
59, 54 and 72. Y

(¢) A reprint of levelling pamphlet 63 having been called for, on account of important
revisions as well as additional new work in that sheet, a corrected 2nd edition has been pre-
pared and is at press.

(d) The pamphlet of Levelling of Precision in Mesopotamia is under reprint.

Revesion.—

(a) Part IIT of the Auxiliary Tables, 5th edition 1922 (revised and extended), has
been completed and a small edition printed. A number of tables have also been prepared for
Part IV (Geodetic) of the same.

(#) Chapter IIT (1914) of the Hand-book of Topography, the revision of which
has been held over owing to many important changes, is now almost completed, and the
draft nearly ready for the press. There may be further delay in the publication of this
chapter owing to pressure of work in the printing office.

(¢) The remodelling of professional forms is in steady progress. 11 Topo., 3 Lat.
and 4 Lat. have been revised in addition to 19 forms noted in last year's report. A new
resection form 26 Topo. is at press.

Requigitions.—279 requisitions for data were received from departmental and non-
departmental officials. In some cases these requisitions were met by the supply of printed
publications, in others it was necessary to extract the required information from manuseript’
records.

Printing Section,
PENSONNEL. The following were printed in the course of

the year :—
Vol. XV (1919-20) of the Records of the
Survey of India; Memoir on the Maps of Chinese

Upper Subordinate Service.

Mr. Surat Kumar Mukerji.

1 Assistaut Supetvisor. Turkistin and Kansu (Sir A. Stein, K.C.LE.),
;(é?:ﬂ"ﬂ' .to be published as a Records Vol.; Explorations
29 Comp(l))sitors. in the Bastern Karakoram and the Upper Yarkand
tera. .
3 Presomnen, Valley (Lt.-Col. H. Wood, R.E.), to be publish-
;i:er?‘yp;ﬁ' t ed as a Miscellaneous Paper; Tide Tables for
ql TS. . . .
3 ln“‘fm’;"\"’ vinters Indian Ports 1923 ; 60 Triangulation Pamphlets;

1 Roller moulder,

13 Book-binders. Levelling Pamphlet No. 62, and addenda or

slips to Pamphlets Nos. 34, 35, 39, 40, 45, 47,
53, 54 and 72; Auxiliary Tables Part ITI; Appendix to Levelling of Precision; The Auto-
Stereo Plotter, a translation from the French of Paul Corbin (Tt.-Col. H. McC. Cowie, R.E.),
to be published as a Departmental Paper (incomplete) ; Note on the stage reached by the
Geodetic Operations of the Survey of India in 1920 (Lt.-Col. H. McC. Cowie, R.E.).

A beginning has also been made on the Records Vol. (1920-21), Topo. Hand-book,
Chapter I (revised), Author’s Catalogue of Books of Trig. Survey Office Library.

In addition to the above many thousands of copies of Professional and other forms
together with much miscellaneous work have been printed.

In the Book-binding Section the work dealt with comprises 300 copies of Survey
Records Vol. XV ; Tide Tables, Indian Ports 1923, Part I, 8530 copies : Part 11 220 copies
(out of 980 copies); Tidal Pamphlets 1923, 1,150 copies (out of 2,950 copies) ; 3,700
Triangulation Pamphlets ; 400 Levelling Pamphlets; 200 Auxiliary Tables, Part IIL; 650

copies of miscellaneous publications and Library books.
Workshop.
‘The workshop was principally occupied du-
Personver. ring the year on the following :—
Class JI Officer. (i) WRepairs to the Tide-Predicting Machine
- Neientific inst ) £ the depart-
liai 8abil Hanuman Prasad, and other 1.:|u1t|hc instruments o o dej N
ment. Repairs to wood work of the ollice build-
' Head Arlificer.

i i ‘ners nitur d Priconome-
20 fitters and carpenters. ings in geneval and furnitures of the Trigo

trical offices and Parties.

(i) Erection of racks and almirahs in the Computing and Photo-Zinco oflices, ’f”d
of galvanised iron tanks for water supply to the Photo-Zinco office, construction of packng
cases and overhauling of apparatus for photo work for the Mount Liverest Expedition, and
also other miscellaneous work for the different sections of the Trigonvmetrical Survey.
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Observatories.

Seismography and Meteorology.—The Omori Seismograph was in operation through-
out the year and the usual daily mcteorological observations were made. The Photo-helio

observatory continued its work as in past years. The following statements show the earth-

quakes recorded and the number of days on which solar photographs were taken.

Statement of earthquakes recorded during the year 1921-22.

1.
Time of beginning Distance of Epicentre.
(corrected)
. REMARKS,
No. Month and Date. Duaration, .
Simia Simla Intensily &e.
Dehra. (from W.K.*) Dehra. ([1‘01;1 W)
Jers mts | hrs mts m miles miles
1 15-10-21 22 16 22 19 34 500 500 Medium.
2 R11-21 |21 39 | 22 43 15 3,185 2,500 Moderate.
3 11-11-21 6 50 6 50 20 280 200 Slight.
4 12-11-21 0 14 85 2,100 Great.
5 16-11-21 2 09 209 84 200 250 .
6 17- 1-22 9 40 9 40 81 4,970 5,000 Moderate.
7 1. 2-22 19 12 19 13 73 6,300 5,000 "
8| 30792 | 157y . 14 70 Slight.
9 13- 8-22 5 47 5 48 40 3,000 3,000 Moderate.
10 17- 8-22 5 55 . 11 280 ’
11 26- 8-22 103 105 30 1,600 1,500 '
12 2. 9-22 0 54 0 54 68 3,000 3,000 Great.
13 15- 9-22 111 111 43 3,430 3,000 Moderate.
* W. R. menus Daily Weather Report published at Simla.
2. Statement showing the number of days on whick solar photographs
were tuken during the year 1921-22,
] 8” Negatives,|12” Negntives. (T} 2‘ S” Negatives. 12” Negntives. No. ot
Month, piety :\‘vlf‘:fcv:.:s Mouth, Pl (E— B
Good.| Dud. | Good.| Bud, | i Sas Goo(l.IBud. Good. | Bad. | favistore.
Octobher 30 | 56 6 1 April 28 43 6 2
November .., 28 49 6 2 May 28 49 6 3
December ... 24 a8 b 7 June 23 a7 b 7
January 22 | 36 [ 9 July 16 21 3 15
February 19 a3 [ 9 August 10 15 2 21
March 26 46 [ 6 September... 21 10 4 ]
Totnl 275 | 463 60 T 90
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PART I1II—SPECIAL REPORTS.

TRAVERSE SURVEY OF ALLAHABAD CITY.
By D.C. Purr

The traversing of the remaining municipal areas of the eity of Allahabad, commenced
in 1920-21, was continued on the 1st December 1921 and completed in February 1922.

A preliminary reconnaissance was carried out by Mr. Puri and by the two traversere.
Lieut.-Colonel S.W.S. Hamilton, D.S.0., R.E., inspected the area on the 1st December and
discussed the work with the Chief Engineer. .

The whole of the area north of Canning Road and the Fort Cantonment was first
surrounded by a main traverse, commencing from Fort Cantonment boundary pillar No. 38
and closing on traverse station No. 330 of last year’s work. This main cireuit takes in the
whole of the area except a small portion west of Stanley Road, which was surrounded by an
exterior block.

The main circuit was then cut up into 4 blocks Nos. 5, 6, 7 and 8; 5 and 6 being the
areas Daraganj and Katra Colonelganj respectively, to be surveyed on the sixty-four-inch
scale, while Nos. 7 and 8 are for survey on the sixteen-inch scale.

In blocks Nos. 5 and 6, sub-traverses were run along nearly cvery street and road in
the area, while in the case of blocks Nos. 7 and 8 enough sub-traverses were run to provide
the detail surveyors with ample data on which to base their work.

On the completion of this area the Chief Engineer asked for some additional sub-
traverses in the area done last year, where the plane-tablers were finding difficulty with the
points. Consequently, about 20 small lines were run, with total of 156 stations and 4-05
linear miles of chaining.

The Chairman of the Improvement Trust had also asked for a traverse in the Naini
avea south of the river and a small area south-west of the city. This too was taken in hand
ax it was thought desirable to finish all possible traverse work in Allahabad now and so
avoid the expense of further visits in the near future. For this purpose a main circuit was
run, round this area, from a point of last year's traverse, west of Raprajpur, on the railway
line, and south-west of the New Cantonment, to a point near the Jumna bridge, where it
was connected by a triangle with the traverse on the other bank of the Jumna river, done
last year. After this & sub-traverses were run through this area.

For method, measurements, ete., the same precautions were taken as in 1920-21 and
the same traversers were employed.

This year no off-sets were taken, as it was found that those taken last year were not
made use of in any way by the detail surveyors employed by the Trust and their measure-
ment was therefore a waste of time.

The computations were carried out pari passu with the traverse in the field by 2
computers. All co-ordinates also were worked out so that no further work was left to be
done in recess.

21 plot charts for Katra and Colonelganj for the sixty-four-inch survey were urgently
asked for by the Chief Engineer while in the field. All these were therefore completed by
Mr. D. C. Puri while at Allahabad in February 1922. These were again checked by the
compl.lters and handed over to the Chief Engineer. The remaining plot charts, viz., 9 for
the snxty-four-inch survey and 44 for the sixteen-inch survey, have been completed in
Mussoorie during the recess season and together with the computations have been despatched
to the Chief Engineer.

. The total number of linear. miles chaining done this year for area to be surveyed on
the sixty-four-inch scale was 81:30, while the number of stations at which the theodolite
'as s : : 05 i i 5 i . :
::,:”:eil:xep ::rs[ll(::;i.of Atl;sc;.zl 03 ll(xllez;.r m1¥es a";d ;oG stlatlo.ns were done in last year.’s work,
T3 o s O ;.a ions an mezrl ‘ml es for fle sixteen-inch was 514 stations and
¢ , making a total of 113-69 linear miles and 1,293 stations of observation.
The average angular error is 2 seconds per angle and the linear error per 1,000 feetis 0-18.
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SETTLEMENT OF THE BOUNDARY BETWEEN MYSORE STATE AND THE
SOUTH KANARA DISTRICT OF THE MADRAS PRESIDENCY.,
By V. W. Morrox.
The settlement and demarcation of the boundary line was continued from the last
season’s work and the following officers were deputed on the 1st December 1921, —
Mr. T. Hanumantha Rao, representing the Mysore Durbar.
» K. Raman Nayar, » ,» Madras Government.
s J. O’B. Donaghey, Survey of India officer.

Seope of work.—The Survey officer was responsible for determining the position of
the boundary line as previously fixed and described by boundary commissioners in 1880.8]
and 1904-06.

Field work completed.—Field work was commenced at Gundia on the 5th January
1922. Owing to the serious illness of Mr. Donaghey, he was replaced by Mr. V. W. Morton
as Survey of India officer on the 13th February 1922. '

About 61 miles (measured on the map) of boundary were finally settled during the
season, making a total length of 85 miles settled up to date. The rains which set in on
the 18th April eventually made conditions impossible for coolies in forest camps, so that
field work had to be closed on the 23rd April, leaving about 115 miles of boundary still to
be completed. The demarcation work was carried out by the erection of cairns serially
numbered on stones placed on the top of the cairns or on rocks “in sitr.” The line was
cleared where it passed through forest areas.

The survey establishment consisted of one surveyor, one forester, one clerk and
19 menials.

Records.—A survey record of the boundary was prepaved on the sheets of the Madras
forest survey on the scale of 4 inches=1 mile and a descriptive memorandum of the line
was kept up. The records of the detachment are lodged in the Southern Circle Office.

Future programme.—It has been deecided that the work will not be continued during
season 1922-23, owing to financial reasons, but will in all probability be resumed in the
1923-24 season.

NOTES ON THE REVISION SURVEY IN THE NEIGHBOURHOOD OF POONA.
By Licvur.-Coroner M. O’ C. Tavpy, D. 8. 0, O. B. E, R. E.

1. The area surveved varied considerably, on the west it included porfions of the
Western Ghats and the fairly high spurs extending eastwards from them, while on the east
it included considerable areas of undulating land. :

2. The main details on the old 1-inch maps, dating from about 1889, were found on
the whole quite accurate: these details consisted of the rivers and streams, the main village
blocks and the main roads and railways.

3. The chief work of revision consisted in substituting 50 feet contours for the form
lines of the old maps ; the general shapes of the hills and the crest lines of spurs were accu-
rately indicated by the old form lines, but they were, especially in the case of minor features,
very much exaggerated ; sometimes small features shown by 2 or even more form lines in the
0ld maps proved to be too insignificant to be shown at all by our 50 feet contours. In the
flat-topped hills, which form such a common and striking feature in parts of the area surveyed,
the top form line of the old maps could generally be accepted as the accurate limit of the
hill-top.
4. The chief deficiencies of the old maps, in addition to the absence of contours, were.—

(a) They showed no cultivation limits.

(6) Embankments, cuttings, burial grounds and telegraph lines were omitted.

{¢) Numerous hamlets and isolated huts, mile-stones and temples, and in some sheets
wells, were omitted.

(7) Many forest reserve boundaries were omitted.

(¢) The classification of all roads had to be revised.

(/) Inafew cases considerable discrepancies were found in the position
metalled roads, ]

(9) Minor communications had altered very considerably, a very large proportion
of the cart tracks and paths shown on the old maps had been abandoned and new ones had

taken their places.

of main
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(4) Ornamentation was defective,. some maps showed pra'ctically :llo treesfa.tnd in the
sheets where trees were shown no distinction was made between different ¢ assesho rees. \

(/) Poona and Kirkee were very sketchily shown and have now been shown in muc
B (ig)tal]'i‘he main line of the M.and S. M. Railway was very much out of position
throughout 2 sheets. . i

(#) The Nira left bank canal in 2 sheets was very maccura‘te. .

(/) Important details which have .deve]oped since .the time of the last survey an
which had to be surveyed were :—the Nira Right bank (':anal in .2 'sheets; the 2 construgtmn
railway lines to the sites of Mulshi dam and the Kll.ll(.“l valley in 3 sheets; the new Andbra
lake in 1 sheet and the changes in the Bhatgar dam in 1 sheet.

Ttems (7) and (4) had evidently been added to the o}d maps from extra depa,rtmer.ltal
sources, there was a foot-note on the old map saying “ Railways and’ roads cons.tructed since
the date of survey have been added from extra departmental sources’ bl.xt nothing was .sm-d
about the canal. A foot-note of this sort is of no use to any one using the map asitis
impossible to know the date at which roads and railways were construc'ted, and such a foot-
note can only be a warning to the effect that any of the roads and railways on the map be
found incorrect,

5. The number of omissions on the old maps and the large number of corrections and
additions which had to be made and the fixings required for the contou‘ring made it neeessary
for the surveyors to go over the ground almost as carefully as if original survey was being
done. The average number of fixings per square mile was 7°2, the average in the hilly por-
tions being of course much smaller than in the plains.

6. When all the detail on a map is complete and accurate and the map is contoured
a revision survey might be carried out by an almost cursory examination of the map in the
field to see where changes in the detail had occurred, and when a change or addition had to be
made it might be sufficient to fix the new details by measurement or by fixings based on the
old detail ; but this is not the case when new contouring has to be done and when lots of new
items of detail have to be shown and when the only reliable detail consists of the streams and
the main village blocks (as well as main metalled roads and railways where they exist); in
revision survey of this nature the surveyor is only saved the time and trouble of making such
fixings as the original surveyor would have made solely to fix the streams and main detail and
he still has to make all the fixings which an original surveyor would have had to make to do
the contouring and to fix minor details. In very hilly areas the conditions are rather differ-
ent, here there is little new detail of the kinds mentioned as defictent in the old maps,
mountain tracks seldom change, cultivation only exists in the big valleys, new hamlets and
huts ete. are not found in large numbers ; with the streams and main villages correctly shown
the revising surveyor has in the hills little else to do but the contouring and making checks
to satisfy himself that the old streams ave correctly shown ; but in the hills a surveyor’s camp
is much further from his work than is the case in the plains, and a much larger proportion of
the surveyor’s time is spent in getting to his work and climbing between his fixings, and as
the ground has to be completely covered to do the contouring the actnal saving in time of
revision as compared to original survey is not very great.

7. In reporting on the result of our first season of revision suarvey I have been
asked to discuss the advisability or otherwise of using low grade survevors for such work.
In considering this question it must be remembered that the Rs. 50 or 60 representing the
difference of pay between a superior and an inferior surveyor represents such a small pro-
portion of the total costs of a surveyor’s squad that it must always be more economical to
employ a good surveyor for any survey in which the extra skill of the good survevor results
in 2 considerable increase in the outturn of work, and generally we may say that the easier
the nature of a sarvey may be the less advantage will there be in employing highly skilled
surveyors.  This is shown in the simplest form of cadastral surveying where very large scale
maps in the plains are based on accurate chaining and detail measurements, and where an
inferior surveyor can do the work as accurately and nearly as quickly as a good oue, and
where in fact there is no scope for the skill of the superior surveyor.

8. In applying this argument to the revision now under discussion a distinetion
must be made between the revision in the plains and in the hills.

In the plains the survey is easy but the ground has to be fairly rigorously covered
with fixings in order to do the contouring and to fix the new items on the maps, the work
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is laborious rather than highly skilled and the proportionate gain in using superior surveyors
will not be very great. In revising in the hills it is different, here the skilled surveyor
assures himself more quickly that the old streams are correct (or if incorrect more quic{l
corrects them) and his extra skill enables him to do good contouring by making fewer ﬁxy_
ings and using more intersected points than if he were doing an original survey, he should
thus do a considerably larger outturn of revision than of original survey, while an iuferjor
surveyor would probably require just as many fixings and take almost as long to do revision
as to do original survey. .

9. In the department we must always have and use a proportion of inferior surveyors
and I think the general principle will always hold good that the easier a survey is the loss
advantage will there be in using only the best surveyors for it.

10. For the above rcasons I think it will be found economical for revision in the very
simple plains areas to use inferior surveyors, provided that work more suited to the skill of
superior surveyors can be found for them elsewhere; the outturn of the party working under
these conditions would be small but would be more than balanced departmentally by the
better use made elsewhere of the superior surveyors. For revision in the hilly areas I feel
sure that it would be economical to employ only superior surveyors, provided more simple
work can be found elsewhere for the inferior surveyors, and except in so far as the training
in contouring provided by such revision work is required as a means of training and improv-
ing the inferior surveyors.
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THE TOPOGRAPHICAL RESULTS OF SIR H. H. HAYDEN’S
EXPEDITION TO TIBET IN 1922.
COMPILED FROM THE VERBAL NARRATIVE OF SurveEyorR Guisan SiNe
By Masorn H. T. MoORSHEAD.

[Authority for spelling of place-names—Sir H. H. Hayden. The conventions employed in
transliteration do not in some cases agree with those generally accepted by the Survey of India].

During the summer of 1922, Sir H. H. Hayden, Kt., C.8.1, C.LE, F.R.8,, late of

the Geological Survey of India, made a tour at the request of the

Tntroduction, Tibetan Government, of certain mineral bearing areas in central and
south-eastern Tibet, in order to report on their resources.

In addition to Siv H. H. Hayden and his Italian guide M. Cesar Cosson, it was
arranged, with the full concurrence of the Tibetan authorities, that the party should include
an Indian Surveyor; lst Class Surveyor Gujjar Singh being selected for the purpose by the
Surveyor General.

The districts visited had for the most part seldom been previously traversed by
Turopeans, and our knowledge of the “ Chang Thang’ portion of Tibet in the neighbourhood
of the great lakes of Tang-ra, Kya-ring, and Nam (Tengri Nor) has been derived from some
half a dozen explorers of a generation ago, notably pandits Kishen Singh and Nain Singh of
the Survey of India. It may therefore be of interest to place on record a short summary of
the topographical exploration of this little-known area, as related by Surveyor Gujjar Singh
on his return.

From Darjeeling Sir H. H. Hayden’s party proceeded to Gangtok in Sikkim, where

they were met on April 3rd by an English-speaking Tibetan official
Narrative. who had been deputed by the Tibetan Government to attend them

throughout their journey. This official, K. K. Mondrong, had been
one of a few Tibetan youths who had been sent ten years previously to Rugby to receive an
English public school education, and had subsequently specialised in mining.

From Gangtok the party marched direct to Lhasa, where they halted from 25th April
till 9th May while instructions were being received regarding the areas to be visited.

Leaving Lhasa on Yth May, the party first marched north-westwards to Shen-tsa
Dzong, the headquarters of the district of Nak-tsang. The distance of 180 miles was
traversed in 14 days, and planetabling on the }-inch scale was kept up throughout the march.
The Nyen-chen-thang-la range of mountains was crossed vid the Go-ring pass (19,470 ft.)
on 16th May, and for the next 40 miles peaks on this range triangulated by Major Ryder in
1904 continued to provide sufficient points for planetable interpolations. For the last 60 miles
before reaching Shen-tsa the surveyor was compelled to make his own points by ‘graphic triangu-
lation” as he advanced. A check latitude was observed by Sir H. H. Hayden, at Lho-lam,

Advantage was taken of a 6 days’ halt at Shen-tsa to measure a short base and to
take a set of astronomical observations for latitude and azimuth. The latter observations
were taken by Sir H. H. Hayden with a 4}-inch theodolite; a small piece of triangulation
was also carried out to serve as a basis for further planetabling. A spell of broken weather
interfered with the work at this period.

Ten days’ marching in a westerly direction brought the party to their next objective,
the village of Wom-po on the northern shore of the Tang-ra lake (the Dangra Yum la.ke'
of Nain Singh). After two days at Wom-po, the party returned to Shen-tsa, retracine their
previous outward route as far as Ge-mar, and thence diverging slightly northwardsbto the
south-western shore of the Kya-ring lake. 'As a check to the plane-tabler, Sir H. H. Hayden
took star observations for latitude on four nights between Shen-tsa and Wom-po. Leaving Shen-
t§a once again on 18th June, a short trip was next made’along the north-eastern shore of tl?e Kya-
ring lake to Chu-sum-di and Kya-tsog respectively. Shen-tsa was again reached on 25th Jupe

Finally quitting Shen-tsa two days later, the party proceeded in a north-easter] :
direction to the district of Namru. The hills here flatten out considerably, and the Ieveyi
country ?n th.e castern shore of the Tsozi-ling was found to be very marshy and treacherous.
Frm this i th vy el derge, i . . Ky e Lo o o

ern bank sa-khye Tsangpo river, while Gujjar Singh worked eastwards even-
tually rejoining Sir H. H. Hayden on 7th July at Zi-ri-mar. The weather at this tin;e w
good and planetabling was carried on without difficulty ; the surveyor, as usual, makin hni:
own points as the work progressed. Check-observations for latitude were made l;y Sir }f H
Hayden on 8th, 9th and 13th of the month. o
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From Zi-ri-mar the party torned southwards towards Lbasa. At Thak, near the eastern
margin of the Nam lake (Tengr: Nor), the triangulated peaks of the Nyen-chen-thane.la
range once more came into view, and an accurate planetable fixing was obtained for the Erst
time since 19th May, disclosing an accumulated easterly error of some 43 miles in the course
of nearly two months’ work. The Nyen-chen-thang-la range was crossed vii the Lar-gen pasg
{the Dam Niargen La of A. K. 16, 700 ft.-approximately) on 15th July, and from this point
the weather became so bad that the surveyor was unable to expose his planetable until Lhiisa
was reached five days later. A rough route traverse by watch and prismatic compass was
maintained until reaching the margin of Major Ryder’s survey of 1904 at the Chak pass, two
marches north of Lhasa. This traverse was subsequently adjusted and transferred to the
planetable section.

The party halted in Lhiasa from 20th July to 7th August, while Sir H, H. Hayden
reported the results of his investigations. Gujjar Singh spent the time in making a large
outline tracing of his surveys for the use of the Tibetan Government. This tracing wag
highly appreciated by the Tibetan Government, and was finally deposited in the new private
house of the Dalai Lama which lies some two miles west of the Potala in the suburb of
Norpu Lingka. The Tsarung Shape¥, after inspecting the map and complimenting Gujjar
Singh on his work, remarked that the Tibetan Government would be very glad to borrow the
services of a surveyor from the Government of India, as the Tibetan Surveyor whom they
had had trained at Roorkee College had been transferred to duty in the newly opened telegraph
office in Lhisa.

The party were next asked to visit the district of Thak Po. Quitting Lhisa on
8th August, they crossed by skin boats to the south bank of the Kyi chu, which valley they
ascended for three marches to the confluence of the Metu-ma-chu—thence turning southwards
over the Te-khar pass (17,050 ft.) to the Tsangpo valley. Crossing the latter river by
boats at Sang-ri Dzong, the party ascended the Ri-go-sho valley from its confluence at
Rong Dzong. The Pho-trang pass, at the head of the Ri-go-sho valley, forms the western
boundary of the district of Thak Po whose head-quarters are situated at Lhap-so Dzong.
This was reached on 2Ist August. Subsequently the party again joined the Tsangpo valley
four miles below Lhap-so, marching 27 miles down the right bank of the river to the junction
of a small stream fowing from the sonth. Eight miles up this side stream is situated the
village and dzong of Ku-ru-nam, the seat of a considerable hand-made paper industry
which supplies most of the requirements of Lhasa and Southern Tibet. Pulp is manufac-
tured from the scrub which grows plentifully in the lower valleys of sonth-eastern Tibet.
Peach and apple trees are commen in the lower Tsangpo valley, and the crops of Datley,
mustard and dwarf pea were being harvested at the end of August.

Turning westwards on 28th August, five days’ marching over bleak and almost un-
inhabited country brought the party vid the Ya-té-tra pass into the head of the wide and
fertile Ya-lung valley which descends to Tse-thang on the Tsangpo, whence Lhasa was
reached in four days vii Sam-ye Monastery and the Gong pass. During the visit to Thak Do,
the weather had been so bad as to preclude any attempt at planetabling from fixed points,
The whole of this portion of the map consists thercfore of route-traverse exccuted by wateh
and compass, and checked by Sir H. H. Hayden’s latitude observations in four places.

. On arrival in Lhisa, the final reports and maps were completed and presented to the
Dalai Lama, who distributed rolls of woollen cloth and pieces of silk among the party in
token of his appreciation of the services they Lad rendered.

The party finally quitted Lhisa on 20th September, travelling by boat down the Kyi
¢hu to Chushul on the Tsangpo. Three days later the party broke up; the Tibetan official
returned to his home in Lhasa, while Gujjar Singh and his personal khalasi travelling ahead
of Sir H. H. Hayden reached Gangtok on 7th October, and Darjeeling 7 days later.

Every possible assistance was rendered by the Tibetans to the party thronghout their
journevs in the country; free transport being provided, tents pitched wherever necessary;
and supplies of flour, rice, sugar, and groceries sent out from Lhasa.

Altogether 36,000 square miles of country were mapped on the +-inch scale, out of
< which an area of 2,000 square miles in the neighbourhood of Lhdsa
Summary of resnlts. N . -

Previons explorationsin ~ had been previonsly surveyed under Major Ryder during the Lhﬂfﬂ
the arca. Mission in 1904, while a tract of similar area south of the TsangPO.'“
the distriets of Tsetang and Thak Po had been mapped on the §-inch scale by Captains
Bailey and Morshead in 1913. The remainder of the country was only known from the
routes of sundry explorers, whose work can be but briefly referred to here.

® Tibetnn Commander.in.Chief.
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Early in 1872, explorer Kishen Singh (“Pandit A—k ") travelling from Shigatse
first discovered the Nam tso or Tengri Nor lake, of which he made a circuit in 15 days.
The explorer had intended to make his way north-eastwards to the city of Sining in China,
but had the misfortune on leaving the lake to fall among armed robbers who looted all his
possessions, leaving him no alternative but to return direct to Lhasa and India.

Two years later, explorer Nain Singh, in the course of his great Tibetan journey,
reached Wom-po from Ladiakh and discovered the lakes of Dangra and Kya-ring, both of
which are indicated on his map with remarkable accuracy. From Shen-tea he continued
around the northern shore of Tengri Nor, thence to Lhasa and eventually to Odalguri in
Assam vid Tsetang and Tawang.

The first Europeans to visit the Nam lake were Mm. G. Bonvalot and Prince Henri
of Orleans who in February 1890 succeeded in reaching the Dam Chu some 65 miles north
of Lhasa before being turned back by the Tibetan auathorities. Three years later, two
countrymen of theirs, Mm. Dutreuil de Rhins and Grenard, endeavouring to reach Lhisa
from the north-east were detained fifty days at Zamna on the eastern edge of the Nam lake
before being finally permitted to quit the country viA the Chinese frontier where Dutreuil de
Rhins was mardered. Meantime, Namru had been reached by W. W. Roekhill from the
north-east in July 1891, while in September of the same year Captain H. Bower and Sur-
veyor Atma Ram succeeded in penetrating as far as Kya-ring lake.

The Go-ring La was reached by Mr. and Mrs. St. G. R. Littledale in 1893.  Finally,
Sven Hedin in 1901, travelling from the north, crossed the Tsa-khye Tsangpo and reached a
point one day’s journey north of Tengri Nor before being, like his predecessors, turned back.

Postsenirr.—Sir H. I, Hayden and his gnide Cosson were killed in n mountaineering acciaent while climbing
together in Switzerland in August 1923.
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A—HISTORY AND GENERAL REPORTS.

(Obtainalle from the Superintendent, Map Pullicafion, 13, IWood Streel, Calcutta).

MEMOIRS.
1. A Memoir on the Indian Surveys. By C. R. Markham, India Office, London, 1871.
Price Rs. 5 or 10t
2. Ditto (seeond edition). By C. R. Markham, C.B., F.R.S,
Tndia Office, London, 1878, Price Rs. 5-S or 11'.
3. Abstractof the Reports of the Surveys and of other
Geographical Operations in India, 1869-78. By C. R.
Markham and C. E. D. Black, India Office, London.
Published annually between 1871 and 1879.  (Out
of print).
4. A Memoir on the Indian Surveys, 1875-1890. By C.E.D. Black,
Indin Office, London, 1891, Price Rs. §-S or 11-.
ANNUAL REPORTS.
Reports of the Revenue Branch. 1851-1877.—(1951-67 and 1869-70, out of print).
Price Rs. 3 or 0,
Ditto Topographical Branch 1860-1877.—(Out of print).
Ditto Trigonometrical Branch. 1561.1878.—(1861-71, out of print).
Price Rs. 2 or 4.
Tn 1878 the three branches were amalgamated. and from that date onwards nnnual reports
in single volumes for the whole department, are available as follows: —
from 1877-1900 (1877.79. 15887-88, 1895.96 and 1897-98, out of print)

General Reports 5 at Rs. 3 or 6* per volume.
(from 1900-1922 (1902-04 and 1906-08, out of print) at Rs. 2or 4* per

volume.

From 1900 onwards the Report has been issued annually in the form of a condensed
statement known as the “General Report” supplemented by fuller reports, which were
called “Extracts from Narrative Reports” up to 1909, and since then have been styled
“Records of the Survey of India.” These fuller reports are available ns follows:—

(a) “BExtracts” Volumes at Rs. 1-8 or 3 per volume.

1900-01—Recent Improvements in Photo-Zincography. G. 1. Triangulation in Upper
Burma. Latitude Operations. Experimental Base Measurement with Jaderin Apparatus.
Magnetic Survey. Tidal and Levelling. Topography in Upper Burma. Caleutta, 1903.
(Out of print).

1901-02—@G. T. Triangulation in Upper Burma. Latitude Operations. Magnetic Survey.
Tidal and Levelling. Topography in Upper Burma. Topography in Sind. Topography in the
Punjab. Caleuttn, 1904 (Out of print.)

1902-03—Principal Triangulation in Upper Burma. Topography in Upper Burma.
Topography in Shan States. Suryey of Simbhar Lake. Latitude Operations. Tidal and Tevelling,
Magnetic Survey. Introduction of the Contract System of Payment in Traverse Survevs.
Traversing with the Subtense Bar. Compilation and Reproduction of Thiva Maps. Calcutta,
1905. .

1903-04—Magnetic Survey. Pendulum. Tidal and Levelling. Astronomical Azimuths.
Utilizntion of old Traverse Data for Modern Surveys in the United Provinces, Identifieation
of Snow Penks in Nepil. Topographical Surveys in Sind. Notes on town and Municipal Surveys,
Notes on Rivernin Survoys in the Punjab, Calcutta, 1906.

1904-05—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Triangula-
tion in Baluchistan. Survey Operations with the Somililand Field Force. Calcutta, 1807,

1905-06—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Topo-
graphy in Shan States. Calcutta, 1908.

1906-07—Magnetic Survey. Pendulum Operations. 'I'idal and Levelling. Triangu-
lation in Baluchistin, Astronomical Latitudes. Topography in Shan States. Calcutta, 1909,

1907-08—Magnetic Survey. Tidal and Levelling.  Astronomical Latitudes.
Operations, Topography in S8han States. Caleutta, 1910,

1908-09—DMagnctic Survey. Tidal and Levelling.
tion. Chalcutta, 1911. |
(») “Records of the Survey of India” at Rs. 4 or 8 per volume, escept where
otherwise stated. ’
I—1909-10—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo-
- detic Survey (Astronomical Iatitudes aund pendulum observations).
_ Magnetic Survey. e ... Caleuita, 1912,

Pendulum

Pendulum Operations. Triangula-

Yol.
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ANNUAL REPORTS—(Continued).

Vol. I1I—-1810-11—Topographical Survey. Trinngulation. Tidal and Levelling Operations. Geo.
detic Survey. Magnetic Survey. «.o Caleutta, 1912,
111—1811-12—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo-
detic Survey, Magnetic Survey. Calcuttn, 1913,
1V—1911-18—Ezplorations on the North-East Frontier—North Burma, Mishi, Abor ang
Miri Surveys Calcutta, 1914,
V—1912-13—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo-
detic Survey. Mngnetic Survey. Note on the relationship of the Him.
alayas to the Indo-Gangetic Plain. ... Caleutta, 1914,
VI—1912-13—Link connecting the Triangulations of India and Russia  Dehra Diun, 1914,
VII—1913-14—Topographical Survey. Triangulation. Tidal and Levelling Operations. Geo.
detic Survey. Mnguetic Survey (Annual report and Government
Committee’s report). Note on Scales and cost rates of Town plans.
Calcutta, 1915,
VXII—{ 1885-79—Part 1 ) Explorations in Tibet and { ) Dehra Din, 1915,

1879-92—Part I1) neighlouring regions Price of each part Rs. 4 or 8.
1X—1914-15—Topographical Survey. Triangulation. Tidal and Levelling Operations.
Magnetic Survey. Criterion of strength of Indian Geodetic Trinngu-
lation. A traverse signal for City Surveys. The plains of Northern
India and their relationship to the Himilaya Mountains by Colonel
S.G. Burrard F. R. 8. Report on Turco-Persian Frontier Commission,
Caleutta, 1916,
X—1915-16—Topographical Survey. Tidal and Levelling Operations. Magnetic Survey.
Mechanical Integrator for calculating Attractions (illustrated). Tra.
verse Survey of the boundary of Imperial Delhi ... Dehra Din, 1917.
XI—1918-17—Topographical Survey. Triangulation—use of high trestle for stations and
100-feet mnst signals, Tidal and Levelling Operations. Magnetic
Survey. Note on Basevi’s Pendulum operations at Moré. Photo-
Litho OfBce—New method of preparing Layer plates—Develop-
ments and Improvements in preparing Tint-plates. Delra Dan, 1918,

XII—Noles on Survey of Indin Maps and the modern development of ECn]cuttn, 1919.

Tudian Cartography, by Lt.-Col. W.AL. Coldstream, R.E., . P
Superintendent, Alap Publication. Price Bs. 3 or 6.

XIII—1917-18—Topographical Survey. Tidal and Levelling Operations. Magnetic Survey,
Photo-Litho ofice—the Powder Process. Problem of the Himalayan and
Gangetic Trough—Review by Dr. A. Morley Davies. Dehra Dun, 1919,
XIV—1918-19—Topographical Survey. Tidal and Levelling Operations. Levelling in Mesopo-
tamin. Maguetic Survey. ... Dehra Din, 1920.
XV—1919-20—Topographical Survey. Tidal work. Levelling—proposed new level net.
Magnetic Survey. The Enrth’s Axes and Figure by Dr. J. de Granff
Hunter (a paper read at the R. A. 8. Geophysical Meeting). Report
on the expedition to Kumet. Note on the Topography of the Nun
Kun Massif in Ladakh ... ... Dehra Din, 1921.
XVI—1920-21—Topographicnl Survey., Tidal work. Levelling and Magnetic Survey. High
Climbs in the Himalaya prior to the Everest Expedition. Mt. Everest
Survey Detachment Report, 1921. ‘Traverse Survey of Allahabad
city. Seltlement of Boundary between Mysore and South Kanara.
Dehra bun, 1922
XVII— 1823 — Memoir on Maps of Chinese Turkistan and Kansu from the Surveys made
during Sir A. Stein’s Explorations, 1900-01, 1906-08, 1913-15.
Dehra Dun 1923
XVIII—1921-22—Topographical Survey. Tidal work. Levelling and Magnetic Survey. Tra-
verse Survey of Allahabad city. Settlement of Boundary between
Mysore end South Kanara. Notes on Revision Survey in the neigh-
Lourhood of Poona ... Dehra Dun, 1923.

“ Notes of the Survey of India” arc issued monthly. Price As. 2 or 34,

B—GEODETIC WORKS OF REFERENCE.

(Obtainable from the Superintendent of the Trigonomelrical Survey, Dehra Din, U.P)
EVEREST'S GREAT ARC BOOK.

1. An account of the Measurement of an Arc of the Meridian between the parallel.s of
18° 3 and 24° 7', by Copt. George Everest. East India Company, London, 1830. (Out of pl‘lﬂt')-

2. An account of the Measurement of two Sections of the Meridional Are of Tndis,
bounded by the parallels of 18° 3’ 15", 24° 7' 117 and 29° 30' 48, by Lt.-Col. G, Everest,
F. B. 8. East India Company, London, 1847. (Out of print).

8. Engraviogs to illusirate the above. London, 1847. (Out of print).




Yol. XVIIL] APPENDIX. 121

G.T.S. VOLUMES—describing the Operations of the Great Trigonometrical Survey,
Price Re. 10-8 or 21* per volume, except where otherwise stated.
Vol. I—Standards of Measure and Base-Lines, also an Introductory Account of
the early Operations of the Survey, during the period of 1800-1830.
Delira Dio, 1870. (Out of print),

Appendix No. 1. Description of the method of comparing, and the apparatus employed.

Appendix No. 2. Comparisons of the Lengtlhs of 10-feet Standards A and B, and determina-
tions of the Difference of their Expansione.

Appendix No. 8. Comparisons between the 10-feet Standards Ip lg and A,

Appendix No. 4. Compnrisons of the 6-inch Brass Scales of the Compensated Microscopes.

Appendix No. 5. Determinntion of the Length of the Inch [7.8] on Cary’s 3-foot Brass Benle.

Appendix No. 6. Comparicons between the 10-leet Standerd Bure by and A for determining
the Expansion of bar A,

Appendix No. 7. Final determination of Lhe Differencesin Length between the 10-feet Btan-

dmds g lsand A.
Appendix No. 8. On the Thermometers employed with (he Standards of Length,
Appendix No. 9. Delermination of the Lengths of the Sub.divisions of the Inch [a.b].
Appendix No, 10. Report on the Praclicnl Errors of the Measurement of the Cape Comorin

Buse.
II—A History and General Description of the Reduction of the
Principal Triangulation. Dehra Dun, 1879. (Out of print).

Appendix No. 1. Investigations applying to the Indian Geodesy.
Appendix No. 2. The Micrometer Microscope I'heodolites,
Appendix No. 8. On Observations of Terrestrial Refraction at certaip stations situated on
the pluins of the Punjab.
Appendix No, 4. On the 'eriodic Errors of Gradnated Circles, &ec.
Appendix No. 5. On certain Modificationsof Colonel Evcrest’s fystem of Observing intro-
duced to meet the specialities of particular instruments,
On Tidal Observations at Karichi in 1855
An alternative Method of obtaining the Formule in Chapters VIII and
XV employed in the Reduction of Triangulation,—Additional Formule
and Demonstrations.
Appendix No. 8. On the Dispersion of Circuit Errors of Triangulation after the Apgles
har e been corrected for Figaral conditions.
Appendix No. 9. Correcticns to azimutbal Observations for imperfect Instrumental Ad-
justments.
Appendix No, 10. Reduction of the N.W. Quadrilaternl—the Non-Circuit Triapgles and
their Final Figural Adjostments,
Appendix No. 11. The Theorctical Errors of the Irinngulation of the North.West Quadri-
lateral.
Appendix No. 12. &imultaneous Reduction of the N.W. Quadrilateral—the Computations.
1I1—North-West Quadrilateral.—The Principal Triangulation, the Base-Line
Tigures, the Karachi Longitudinal, N.'W. Himalaya, and the Great Indus
Series. Dehra Diin, 1873. (Out of print.)
IV—North- West Quadnlateral—The PrincipalTriangulation, the Great Are—
Section 24°-30°, Rahin, (‘urhugmh and Jogi-Tila Meridional Series and the
Sutlej Series. ... . Dehra Dun, 1876.
1VA—North-West Quadrllateral—The leclpnl Triangulation, the Jodhpur
and the Eastern Sind Meridional Series with the details of their Reduction and
the Tinal Results. Dehra Diin, 1886.
VY—Pendulum Operations oE Cnptnms J. P. anevn and W. J. Heaviside,
and their Reduction. Delra Din and Caleutta, 1879.
Appendix  No. 1. Account of the Remensurement of the Length of Kater's Pendulum at
the Ordnance Survey Offico, Southampton,
Appendix  No, 2. Obp the Relation between the Indian Pendulum Operations, and those
which have bren conducted elsewhere.
Appendix  No. 8. On the Theory, Use and History of the Converiible Pendulum,
Appendix No. 4 Onthe Lenglh of the Seccnde Pendulum determinnble from Materials
now existing.
Appendix  No. B. A Bibliographical List of Worke relating to Pendulum Operations in
connection with the Problem of the Figure of the Earth.
VI—South-East Quadrilateral—The Principal Trinngulation and Simultaneous
Reduction of the following Series:—Great Arc—=Section 18° to 24° ihe East
Coast, the Calcutta and the Bidar Longitudinal, the Jubbulpore and the Bilaspur
Meridionals. Dehra Din, 1880. (Out of print.)
VII—North-East Quadrllateral—Genernl Description and Simultaneous Redue-
tion. Alro details of the following five series:—North-Enst Longitudinal, the
Budhon Meridional, the Rangir Meridional, the Amua Meridional, and the
Kavara Meridional. . . Dehra Dun, 1882,
Appendix  No. 1. The Detaile of the § epﬁrnte Reduction ol‘lhe Budhon Meridional Series
or Series J of the Norlh-Enst Quadrilateral.

Appendix No,
Appendix No.

ae



122 RECORDS OF THE SURVEY OF INDIA, 1921-22. [Vol. XVIIT

G.T.S. VOLUMES—(Continued).
Appendix No. 2. Reduction of the North-Enst Qaadrilateral,
and their Finol Figural Adjustments.
Appendix No. 8. On L):xe Theoretical 'Error-s generated respectively in Side,
Latitude and Longitude in a Chain of Iriangles,
Appendix No. 4. On the Dispersion of the Residoal Errors of a Simnlt
of several Chains of Iriangles.

Vol. VIII—-North-East Quadrilateral—Delails of the following eleven series :
G.urwamY Meridional, _Gora l\I'e:'-irlionn], Hurilaong Meridional, Chendwir Meri-
dional, North Parasniath Meridional, North Malincha Meridional Culcutta

e ~ . . . 4
l\.lerld[onn.l, East Cnl.cuttn Longitudinal, Brahmaputra Meridional, Eastern Fron.
tier—Section 23°-26° and Assam Longitudinal, ... Dehra Dan, 1882
. . . ! ’
IX—Telegraphic Longitudes—during the years 1875.77 and 1880-81.
Dehra Dan, 1883,
Determination of the Geodetic Elements of Longitude Stations,
Descriptions of Points used for Longitude Stations,
Comparison of Geodetic with Electro-Telegraphic Arcs of Longitude,
Circuit Errors of Observed Arcs of Longitude.
Results of Idiometer Observations made during Season 1880-81.
Sitnations of the Longitude Stations at Bombay, Aden and Suez.
Survey Operations at Aden,
Results of the Iriangulation,
4. Right Ascensions of Clock Stars,
X—Telegraphic Longitudes—during the years 1881.82, 1882.83, and 1883.84,
Delira Dun, 1887.

1. Determination of the Geodetic lements of {he Longitude $tations,

2, Descriptions of Stations of the Connecting Trinngulntion and of
thoso at which the Longitude Observations were teken,

Appendices to Part 1.< 3. On the Errors in AL cansed by Armatore-time and the Retardation
of the Llectric Cnrrent.

4. On the Rcjection of some doubtful Ares of Season 1881.82,

5. Oun the probable Causes of the Lirrors of Arc-mensnrements, and on
the Nature of ihe Defects in thel'tansit Instruments which
might prodace them,

XI—Astronomical Latitudes—durng the period 1805-1885. Dehra Dan, 1890,

XII—Southern Trigon—General Description and Simultaneous Reduction. Also
details of the following two series:—Great Arc—Section 8°-18° and Bombay
Longitudinal, . Dehra Din, 1890.

XIII—Southern Trigon-—Details of the fullowing five series :—South Konlan Coast,
Mangnlore Meridional, Madras Meridional and Coast, South-East Coast, and
Madras Longitudinal. . Dehra Dun, 1890.

XIV—South-West Quadrilateral—Details of Principal Triangulation and Simul-
taneous Reduction of its component series. Delra Diin, 1890,

XV—Telegraphic Longitudes—trom 1885 to 1892 and the Revised Results of
Volumes IX and X: also the Simultaneous Reduction and Tinal Results of the
whole Operations. . Delira Dun, 1893.

Appendix No. 1, Determination of Lthe Geodetic Elements of the Longitudo Stations.

Appenlix No. 2, On Retardation. (A nwmerical mistake wes made in this appendix in the
conversion of a formula from kilometres to miles: Lhe conclusionadrawn

The Non-circait Triangles
Azimuth,

ancous Reduction

Appendices to Part I,

© o e

Appendices to Part IL

d

eannot therefore be upheld).
XVI—Tidal observations—from 1873 to 1892, and the Methods of Reduction.
Dehra Dun, 1901.
XVII—Telegraphic Longitudes—during the years 1894.95-96. The Indo-Europenn
Arcs from Karachi to Greenwich, . Dehra Dinp, 1901.
Appendix No. 1. Descriptions of Points used for Longitude Stations,
Appeundix No. 2. The Longitude of Madras.
XVIII—Astronomical Latitudes from 1885 to 1905 aud the Deduced Values of
Plumb-line Deflections. . Dehra Dip, 1906.

Appendix No. 1. On Deflections of Lhe Plumb-line in Indin. ) . .
Appendix No. 2. Determination of the Geodelic Elements of the Latitude Btalions o
Bajamara, Baliok, Lambalach and Kidarkanla.

Apoendix No. 3. On tho (N-8) Difference exlubited by Zenil_h Se‘clor No. 1.

Appendix No, 4. On the Value of the Micrometer of the Zem(hl'lclescope.. ]  Tndi
Appendix No. 5. On the Azimull Observations of the Grent Trlgonomelnf\nl b.urvey o[ lndl-:.
Appendix No. 6. A Catalogue of the Publicalions of the Great Trigonometrical Survey of lndis,
Appendix No. 7. Ob the combination weights employed.

Delira Diin, 1910.

XIX—Levelling of Precision in India from 1858 to 1909. " the

Appendix No. 1. Experiment to Lest the changes, due to Moisture and Temperatare,
Length of a Levelling Stad.
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G.T.8. VOLUMES—(Coniinued). -

Appendix No. 2. On the erection of Standard Beoch-Marks in Indio daring the years
1904-1910.

Memorandum on the steps taken in 1903-1910 to enable movements of the
Liarth's crust to be detected,

Dyoamic and Orthometric corrections to the Himalayan levelling lines
and cireait; and a consideration of the order of magnitude of vossible
refraction errors.

The passage of rivers by the Levelling Operations.

The Xrrors of the Trigonomctrical values of Heights of stations of the
principal triangulation.

The efect on the spheroidal correction of employing Theoretical instead
of Observed values of Gravity and o discussion of different formaula
giving variation of Gravity with Latitade and Height,

Appendix No. 8. On the discrepancy between the Trigonometrical and spirit-level values of
the difference of height between Dehra Din and Massoorie.

Vol. XIXA—Bench-Marks on the Southern Lines of Levelling. Delira Din, 1910.

Price Rs. 5 or 10°.
XIXB—Bench-Marks on the Northern Lines of Levelling.
Price Is. § or 104,
TRIANGULATION PAMPHLETS

squure degree, giving the results of all minor triangulation. Pricc Re. 1 or 2 per pamphlet
Except otherwise stated. Vide page 131.

LEVELLING PAMPHLETS—giving heights and descriptions of all Bench-marks,
fixed by levelling of Precision in India and Burma. Each pamphlet embraces an area of
4° x 4° and the numbering is the same as that of the corresponding sheets of the 1/M map
of India. Bach is illustrated by a map of the Price Its. 2 or 4* per pamphlet
except where otherwise stated.

Appendix No. 3.

Appendix No. 4.

Appendix No. B,
Appendix No. 6.

Appendix No. 7.

Dehra Din, 1910.

with charts, are now being issued for every

area.

Pamphlet Nos. Latitude. Longitude. IPublished Pamphlet Nos. Latitnde. Loogitude  Published.

India 34 28°-32° 64°—=68° Dchra Din, 1916, India $7 12°-16° 76°—80" Dehra Din, 1919.1
. 85 228 64 -G8 " 1911, o 58 8°—12° 76°—80° W 19M4
" 38 3:°-36° 65°—72° " 1912, " 62 28°-32° B80°-84° " 1922,
" 39 28°-32° 68°—72° " 1913. " 63 24°-28° 80°-84° v 1923,%%
" . Addendam » 1016. n 04 200-24° B0°-84° N 1912,
" 40 21°-2¢° 68°—72° " 1911, " 65 16°-20° 80°-84° " 1913,
" 41 20°-24° 68°—72° , 1913, » G6 12°—16° B0°—84° " 1912,
" 43 32°-36° 72°—7¢° “ 1913. 72 24°-28° 84 -88° . 1912,
" w Addendum " 1915. " »  Addendum . 1919.
" 4 28 -32° 72°-%6” " 1920%. " 78 20°-24° B84°-88° " 1913.
5 w  Addendum . 1921, " »w Addendum " 1920.
" 45 24°-28° 72°—76° " 1911. " 74 16°-20° S84°-88° " 1913,
" 46 20°-24° 72°—76° " 1912. W T8 24°-28° 88°—92° , 1023.%%
» 47 16°-20° 72°—76° 0 1912, " 79 20°-24° 88 —92° " 1912,
" » "Addendom " 1916, " ,  Addendum " 1916.
" 48 12°-16° 72°~%6° " 1912, 1 83 24°—28° 9:°—06° » 1912.§
" 49* s°—12° 72°-176° " 1911. Burma 84 20°-—-24° 92°-96° " 1918.|
" 52 32°—36° 76°—80° " 1912, " 85 16°-20° 92°-9G° o 1917,
" 53 28°—32° 76> —80° " 1920. W 92 24°-28° 96°—100° " 1918.|
" b4 24— 28° 76°—80° " 1921.97 " 93 20°-24 96°—100° " 1917.]|
" 66 20°-24" 76°—80° " 1912, 94 16°-20° 96°-100°
" 56 16"-20° 76°—80° " 1912. » g " 1916.1|
" ?Addendum " 1919. 95 12°—16° 96°—100°

Levelling of Precision in Mesopotamin—
Descriptions and heights of bench-marks, reprinted, Dehra Din, 1923.

TIDE TABLES -

Since 1881 Tidal predictions based on the observations of the Swrvey of India have
been published annually by the India Office, London up till the year 1922. Trom 1923 on-
wards the prediction and publication have been undertaken at Dehra Dan by the Survey of
India. The tables give the time and height of high and low water for every day in the year
at each port, and are published early in the previous year. Current tables are available for the
following 40 ports :—

Western Ports—

Suez (Egypt)—Perim—Aden—Maskat—Basrah—Bushire—Karichi—Okha Point and Bet
Harbour (Gulf of Cutch)—DPorbandar—Port Albert Vietor (Kathiawir)—Bhavnagar—Bombay
(Apollo Bandar)—Bombay (Prince’s Dock)—Marmngao (Gon)—Karwar—Beypore (mear
Culicut)—Cochin—’l‘uticoriu—Minicoy (Indian Ocean)—Pamban Pass (Island of Rimeswaram).

. ¥ Price He.1 or 2 1 2nd Edition. § Heights on pages 46 & 46
revised in 1918, || Heightu revisod. ** Dato up to 1923,

Price Rs. 3 or 6°.

1 2nd Edition (reviced and enlarged),
9 3rd Edition (reviscd witk additions),
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TIDE TABLES—(Continued).
Eastern Ports— :

Colombo {Ceylon)—Galle (Ceylon)—Trincomnlee (Ceylon)—-l\'egnﬁntnm_Mndms_
Cocandda— Vizagapatam—False-Point—Dublat (Sagar lsland)—Dinmond Harbour-- Kidderpore
(Calcutta) —Chittagong—Akyab—Dinmond Island (Burma)—Bassein—Elephant Poing (Burmn)
—Rangoon—Amherst—Moulmein—Mergui—Port Blair. ) :

The Tide Tables are issued in the following forms up lo these fer 1924,

(i) Part I and Part II—including Western and Eastern ports respsctively—
Each part Rs. 8 or 16%.

(ii) Pamphlets—giving separately the tables for individual ports or for small
loeal wroups of ports— Price varying from ds. 12 or 196 to Rs. 1.8 or 3¢ per
pamphlet.

(iii) Sheets—These are only published for Karachi, Bombay, Madras, Hooghly
River. Price varying from As. 12 or 1° 6' to Rs, 1-8 or 3 per sheet.

C—CATALOGUES AND INSTRUCTIONS.

(Oltainable from the Superintendent, Map Publication, 13, Wood Street, Calcutta).
DEPARTMENTAL ORDERS.—

TFrom 1878 to 1585 the Surveyor General’s orders were all issued as “ Circular
Orders.” Since then they have been classified as follows :—
l—Govefnﬁ%I)lt of India Orders (enlled “Circular Orders”
up to 1898.
From 1885 to 1904 as 2—De’;?artmental Orders (Administrative).
» 3—Departmental Orders (Professional).
In 1904 the various orders issued since 1878 were reclassified as follows :—
Number to dats.

1—Government of India Orders.— 786
2.—Circular Orders (Administrative).— 402
8.—Circular Orders (Professional).— 196

4.—Departmental Orders. (appointmeunts, promotions, transfers, ete.)
These are numbered serially and had reached the above numbers by September 1922,
Gorernment of India Orders and Circular Orders (Administrative) are bound up in volumes
from time to time, as shown below, while Circular Orders (Professional) are gradually incor-
porated in the Survey Hand-books. Besides the above, temporary orders have been issued
since 1910 in the form of “Circular Memos.” These either lapse or become incorporated
in some more permanent form, and are therefore only numbered serially for each year. Bound
volumes of orders are available as follows : —
1. *Government of India Orders (Departmental) 1878.1903.—Calcutta, 1904,

Ditto ditto 1904-1908,—Caleutta, 1909. (Out of print).
Ditto ditto 1909-1913,—Calcutta, 1915,
Ditto ditto 1914-1918.—Calcutta, 1920.
2. *Circular Orders (Administrative) 1878-1903. —Cnlcutta, 1904,
Ditto ditto 1904-1908.—Calcutta, 1909.
Ditto ditto 1909-1913.—Calcutta, 1915.
Ditto ditto 1914-1918,~—Calcutta, 1920,

3. * Regulations on the subject of Language Examinations for Officers of the Survey of
India. Calcutta, 1914,
4. *Map Publication Orders 1908-1914 (Superintendent, Map Publication's Orders.)—
Calcutta, 1914.
5. Specimens of papers set at Examinations for the Provincial Service.—Delira Din,
1903.—(Out of print).
CATALOGUES AND LISTS.
1. Catalogue of Maps published by the Survey of India, Corrected to 1st January
1923, Calcutta, 1923,  Price Re. 1 or 20,
NOTE.—Lists of new maps published during ench month appear in the monthly
NOTES OF THE SURVEY OF INDIA. These monthly lists
are aleo issued separntely.
2. Catalogue of Maps of the Bombay Presidency, Colcutta, 19i3.  Price As. dor6°.
3. List of the publicationsof the Survey of India (published annually)—Debra
~ Dun. Gratis,
~ 4. Price List of Mathematical Instrument Office. Calentta, 1921. Grafis.
5. Catnalogne of Booke in the Head-Quarters Library, Caleutta, 1901. (Out of print).

"% For Departmental use only.
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CATALOGUES AND LISTS—(Continued).
6. - Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey
‘Office. Dehra Din, 1908.  Price Re. 1 or 2. :
7. Classified Cutalogue of the Trigonometrical Survey Library. Dechra Dan, 1921.  Gratis.
8. CGreen Lists—PART I—List of oflicers in the Survey (annually to date 1s¢ January)—
Caleutta. Price As. 6 or 94.
PART [I—History of Services of Officers of the Survey of India
(annually to date 1st July)—Calcutta. Price As. 8 or I°.
9. Blue Lists—Ministerial and Subordinate Bstablishments of the Survey of India.
PART I—Head-quarters and Dehra Dan offices (published anunually to date lst.
April)—Calcutta. Price Re. 1 or 2.
PART II—Circles and parties (published annually to date 1st January).—Calcutta.
Price Rs. 1.8 or 3%
TABLES AND STAR CHARTS.

1. Auxiliary Tables—to fucilitate the calculations of the Survey of India. Fourth
Rdition (Revised), Delira Daua, 1906. Price Rs. L or 8 incloth and calf, or Rs. 2 or L* in paper and
oards.
b 2. *Auxiliary Tables—of the Survey of India. Fifth Edition (Revised and Extended),
by J. de Qraaff Hunter, M. A., Sc.D., I. Inst. P. In parts—
PART TI—OGraticules of Maps (Reprinted). Dehwra Din, 1921. Price Re. 1 or 2,
PART II—Mathematical Tables (Reprinted with additions). Dehra Dan, 1924
Price Rs. 2 or 4.
PART III—Topographical Survey Tables. (Reprinted with additions). Dehra
Din, 1923. DPrice Re. 1-8 or 37, '
3. Tables for Graticules of Maps. Extracts for the use of Explorers. Deblra Daa,
1918. Price As. 4 or 62,
4. +Metric Weights and Measures and other tables, Photo-Litho Office. Calcutta,
1889. (Out of print.)
5. Logarithmic Sines and Cosines to 5 places of decimals. Dehra Din, 1886. (Qut of print).
6. Logavithmic Sines, Cosines, Tangents and Cotangents to 5 places of decimals. Dehra Din.
1915. (Out of print).
7. Common Logarithms to 5 places of decimnls 1885. Price As. 4 or 64
8. Table for determining Heights in Traversing. Dehra Dan, 1898. Price ds. 8 or 1-.
9. Tables of distances in Chains and Links corresponding to a subtense of 21 feet. Dehra
Diin, 1889. Price As. 4 or 64, )
10. + Ditto ditto 10 feet. Calcutta, 1915.
11. + Ditto ditto 8 feet. Ditto.
12, Star Charts tor latitude 20° N., by Oolonel J. R. Hobday, 1.8.C. Calcutta, 1904. Price
Rs. 1.8 or 3.
13. Star Charts for latitude 30° N, by Lt.-Col. S. @G. Burrard, R.E., F.R.S. Dehra Dan,
1006. Price Rs. 1-8 or 3°.
14. tCatalogue of 219 Stars for epoch Jan. 1, 1892, from observations by the Sucvey,
Dehra Dan, 1893, Price Rs. 2or 4.
15. + Rainfall, maximum and minimum temperatures from 1868 to 1920, recorded at the
Survey Office Observatory, Dehra Din. (Revised.)

OLD MANUALS.

1. A Mnauual of Surveying for India, detailing the mode of operations on the Revenue
Surveys in Bengal and the North-Woestern Provinces. Compiled by Captains R. Smyth and H. L.
Thuillier. Calcutta 1851, (Out of print.)

2. Ditto ditto ditto. Second Edition. London, 1855,
(Out of print).

3. A Manual of Surveying for India, detailing the mode of operations on the Trigonometri-
cal, Topographical and Revenua Surveys of India, Compiled by Colonel H, L. Thuillier, C.8.I.,
F.R.S., and Licutenant-Cslonel B. Smyth., Third Edition, revised and enlarzed. Calcutta, 1875,
(Out of print.)

4. Haund-book Revenue Branch. Calcutts, 1893. Price Rs. 2-8 or 5°.

SURVEY OF INDIA HAND-BOOKS. :

1. Hand-book of General Instructions, Fourth Edition. Calcutta, 1914, Price
Rs. 3 or 6°. .

2. Hand-book, Trigonometrical Branch, Second Edition. Calcutta 1902,
(Out of print.)

* Obtainable from the Supcrinteudent of the Trigonometrical Survey, Dehra Duu, U.P.
+ For Departmontal use only.
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SURVEY OF INDIA HAND-BOOKS—(Continued).

8. Hand-book of Trigonometrical Instructions.—Third Edition. Chapters
in pamphlet forms— g

Chapter VI—Levelling of Precision. Dehra Din 1920. Price Re. 1 or 25,
4. Hand-book, Topographical Branch, Third Edition. Caleutta, 1905
(Out of print.) l

5. Hand-book of Topography.—Tourth Edition. Calcutta, 1911, Chapters, in
pamphlet forms— '

Chapter I—Introductory.—reprinted with additions, 1921. Price As. 8 or 1o,
m— gy 1I—Constitution and Organization of n Survey Party,—reprinted wit)
additions, 1923, Price 4s. 8 or 1°.
" III—Triangulation and its Computation.—revised 1923, Price Re.lor2s,
" IV—Theodolite Traversing—reprinted, 1924.  Price Re. 1 or 2.

. V—Plnuo—tabling.—reprinted 1915. Price Re. 1 or 2°.
" VI-—Fair Mapping.—reprinted with additions and revised, 1922. Pice
Re. 1 or 2.

” VII—Trans-frontier Reconnnissance.—reprinted 1914, Prics As, § or I,
»  VIII—Surveys in time of war (not ready).

" IX—TForest Survoys and Maps.—revised 1924. (In the Press).

" X—Map Reproductiou.—reprinted 1919. Price As. 8 or I°.

" XI—Geographical maps.—1917. Price As. 8 or I°,

6. *Photo-Litho Office, Notes on Organization, Methods and Processes. Iy Major
W. 0. Hedley, B. E. Revised and amplified by Capt. S. W. 8. Hamilton, R. E. Calcutta, 1914.
7. The Reproduction (for the guidance of other Departments), of
Maps, Plans, Photographs, Diagrams, and Line Illustrations. Calcutta, 1914.  Price Rs. 3 or 6°.

NOTES AND INSTRUCTIONS.
Drawing and Paper.

1. *Notes on Printing Papers suitable for Maps, and on Whatman Drawing Paper. By

Major W. AL Coldstream, R, E. Calcutta, 1911,
Printing and Field Litho processes.

2. *Report on Rubber Offset Printing for Maps. By Major W. AL Coldstream, E. E.
Calcutta, 1911.

3. *Notes on the “Vandyke” or Direct Zinc Printing Process, with details of Apparatus
aud Chemicals required for a swall section. Compiled in the Photo and Litho Office, Survey of
India. Caleutta, 1913.

4. *Report on the Working of the Light Field Litho Press (experimental) in November
and December 1910 with Appendices. By Lieufenant A. A. Chase, B E., Caleutta, 1011.

(1) Notes on some of the Methods of eproduction suilable for the Ficld.
(2) Suggested Equipment 1'ables for the Light Field Litho Press (experimen-
tal).

5. *Report on a trial of the equipment of the 1st (Prince of Wales' Own) Sappers and
Miners (or reproducing maps in the field. By Liewtenant 4. A. Chase, R. B. Caleuits, 1912.
(Out of print).

Base Lines and Magnetic.

6. *Notes on use of the Jiderin Base.line Apparatus. Dehra Din. 1904 (Out of print).

7. *Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jiderin Invar
Apparatus. Debra Din, 1912. )

8. *lustructions for talking Magnelic Observations, By J. Becles, M. A. Dehra Dan, 1896.
(Out of print). . .

9. Rectangular Coordinates.—On a Simplification of the Computations relating to~
By J. Ecelesy M. 4. Debra Dan, 1911, Price Re. 1 or 2.

10. *For Explorers,—Notes on the use of Thermometers, Barometers and H_vlzsomctirls
with Tables for the Computation of Heights. By J. de Graqff Hunler, M. A. Delra Dum, 1911

(Out of print).

11. Amended Instructions for the Survey and Mapping of Town Guide Maps. August 1919

* For Departmental use only.
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D—MISCELLANEOUS PAPERS.

(Obtainable from the Supevintendent, Map Publication, 13, Wood Street, Calcutla).

UNCLASSIFIED PAPERS.
Geography.

1. A Sketch of the Geography and Geology of the Himilnya Mountains and Tibet (in four
parts), by Colonel 8. G. Durrard, R. B., F. R.S., Supdt., Irigonometrical Surveys, and H, H.
Hayden, B. 4., F. G. 8., Supdt., Geological Surtey of India. Calcutta, 1907-08.

Part I.—The High Peaks of Asin.
11.—The Principal Mountain Ranges of Asia.
111.—The Rivers of the Himilaya and Tibet.
» I1V.—The Geology of the Himilaya.
2. *Report on the Identification and Nomenclature of the Himalayan Peaks ns seen from
Katmandu, Nepdl, by Capt. H. Wood, R. E. Calcutta, 1904.
3. Routes in the Western-Himalaya, Kashmir, ete., by Lieut.-Colonel T. Q. Montgomerie,
R E,F R 8,F R G 8. Third Edition, revised and corrected. Dehra Din, 1909. (Out

Price Rs. 2 or 4* per part.

of print.)
4. Routes in the Western-Himilaya, Kashmir, etc. with which are included Montgomerie's

Routes. Volume I. Panch, Kashmir and Ladakh, 3y Major Mason, M.C., R.E., lst edition,
Dehra Dan, 1923.  Price Rs. 6.

Exploration.
1. *Account of the Survey Operations in connection with the Mission to Yarkand and

Koshgar in 1873-74, by Captain Henry T'votter, R.E. Calcutta, 1875. (QOut of print).

2. Report on the Trans-Himalayan Explorations during 1869. (Out of print).

3. Report on the Trans-Himalayan Explorations during 1870. Dehra Dun, 1871,
(Out of print).

4. Report on the Trans-Himaluyan Exploralions during 1878, Calcutta, 1880. (Out
of print).

5, Explorations in the Eastern Kara-koram and Upper Yarkand Valley. (Narrative re-
port of the work of the Survey of India Detachment with the De Filippi Scientific Expedition
1914), by Major H. Wood, R.E. Dehra Dan, 1922, Price Rs. 3 or 6.

Special Reports.

1. *Report on the Mussoorie and Landour, Kumaun and Garhwal, Ranikhet and Kosi
Valley Surveys extended to Peshiwar and Kaghin Triangulation during 1869-70, by Major
T. G. Montgomerie, R.E. (Out of priut).

2, Report on the Recent Determination of the Longitude of Dadras, by Capt. 8. G.
Burrard, R. E. Calcutta, 1897. (Out of print).

3. *Report on the Observations of the Total Solar Eclipse of 6th April, 1875 at Camorta,
Nicobar Islands, by Colonel J. Waterhouse. Calcutta, 1875. (Out of print).

4. *The Totnl Solar Eclipse, January 22, 1898, Dehra Dan, 1898.

(1) Report on the observations at Dumraon.
(2) Report on the observations at Pulgnon.
(3) Report on the observations at Sahdol,

5. *Report on Local Attraction in India, 1893-94, by Captasn S. G. Burrard, R.E.
Calcuttn, 1895. (Out of print.)

6. *Report on the Trigonometrical Results of the Enrthquakein Assam, by Captain S. G.
Burrard. Cnleutta, 1898. (Out of print.) ]

7. ®Notes on the Topographical Survey of the 1/50,000 Sheets of Algeria by the Topo-
graphical Section of the “Service Geographique de 1'Armée”, by Captain W. M.
Coldstream, R.E. Calcutta, 1906.

8. *The Simla Eslates Boundary Survey on the scale of 50 feet to 1 inch, by Captain
E.A. Tandy, R.E. Culcuttn, 1906.

9. *A note on the stnge reached by the Geodetic Operations of the Survey of India in

1920, by Lieut.Col. H. M. Cowie, R.E.; the Magnetic Survey of India, by Major R. H. Thomas,
D.S.0, R.E., and a note on the present Levelling Policy, by Major K. Mason, M.C., R.E. Dehra
Duau, 1922. (Out of Print).

Geodesy.

1. Notes on the Theory of Errors of Observation, by J. Eceles, ML A. Dehra Dun, 1903
Price 45, 8 or I*.

2. *Note on a Change of the Axes of the Terrestrial Spheroid in relation to the Trian-
gulntion of the G.I'. Survey of India, by J. de Graaff Hunter, M.A. Dehra Dun.
(Out of print.) Now incorporated in Professional Paper No. 16.

3. Report on the Trentment and use of Invar in mensuring Geodetic Bases, by Capt.
H. H. Turner, R. E. London, 1907. Price As. 8 or 1.

* For Deportmental use only.
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UNCLASSIFIED PAPERS.—(Continved).

Projections.
1. On the projection used for the General Maps of India. Dehra Din, 1903. (Out of
print).

2. *On the deformation resulting from the method of constructing the International
Atlas of the World on the scale of one to one million. By Ch. Lallemand. Translated
by J. Beccles, M.A., together with tables for the projection of 1/M Maps on the
International system. Dehra Duan, 1912. (Out of print).

Mapping.

1. *A Note on the different methods by which hills can be represented upon maps.
By Colonel 8.G. Burrard, CS.I, R.E., F.R.S., Surveyor General of India. Simla, 1912,

2. ®*A Note on the representation of hills. By Major C. L. Robertson, C.M.G., R.E.
Dehra Dan, 1912.

3. *A Note on the representation of hills on the Maps of India. By Major I. W. Pirrie,
I.A. Dehra Dun, 1912,

4. ®A consideration of the Contour intervals and Colour Scales best suited to Indian
1/M maps. By Cuptain AL O'C. Tandy, R.E. Calcutta, 1913. (Out of print).

PROFESSIONAL PAPERS—Price Rupee 1 or 2 per volume, except where otherwise
stafed.

No. 1—Projection—On the Projection for a Map of India and adjacent Countries on
the scale of 1:1,000,000. By Colonel St. G.C. Gore, R.E. Second Edition,
Dehra Din, 1903.

No. 2 *Base Lines—Method of measuring Geodetic Bases by means of Metallic

. Wires. By Al Jiderin. (Translated from Mamoires Présentés par Divers
Savants @ U Académie des Seiences de 1'Institut de France). Dehra Din, 1899,
(Out of print.)

No. 3—Base Lines—Method of measuring Geodetic Bases by menns of Colby's
Compensated Bars. Compiled &y Lieutenant H. icC. Cowte, B. E. Dehra
Din, 1900, (Out of print.)

No. 4—Spirit-levels—Notes on the Calibration of Levels. By Licutenant E. A.
Tandy, R. E. Dehra Din, 1900. (Out of print.)

No. 5—Q@eodesy—The Attraction of the Himilayn Mountains upon the Plumb.Line
in India. Considerations of recent data. By Major 8. G. Burrard, R. E.
Second Edition, Dehra Din, 1901.  Price Bs. 2 or 4°,

No. 6—Base Lines—Account of n Determination of the Co-efficients of Expansion
of the Wires of the Jiderin Base.Line Apparatus., By Captain @. P. Lenox-
Conyngham, R. E. Dehra Dan, 1902, (Out of print.)

No. 7—*Miscellaneous. Calcutta, 1903.

(1)  On the values of Longitude employed in maps of the Survey of India.
(2) Levelling across the Ganges at Damuitdia.

(3) Experiment to test the incrense in the length of a Levelling Staff due to

moisture and temperature.
(4) Description of a Sun-dial designed for use with tide gauges.
(5) Nickel-steel alloys and their application to Geodesy. (Translated from
the French).

(6) Theory of electric projectors. (Translated from the French).

No. s—Magnetic—Experiments made to determine the temperature co-efficients of
Watson's Magnetographs. By Captain H. A. Denholm Fraser, R. E. Calcutta,
1905. :

No. 9—Geodesy—An Account of the Scientific work of the Survey of India and 8
Comparison of its progress with that of Foreign Surveys. Prepared for the
ute of the Survey Commities assembled in 1905. By Licutenant-Colonel S.G.
Burrard, R. E., F.R.S. Calcuttn, 1905.

No. 10—Pendulums—The Pendulum Operations in India, 1903-1907. "By Major
G. P. Lenoz-Conyngham, R, E. Dehra Diin, 1908. Price Rs. 2-8 or 5°.

No. 11—Refraction—Observations of Atmospheric Refraction, 1905.09. By H. G.
Shaw, Surcey of India, Dehra Dun, 1911. (Out of print.)

No. 12—Geodesy—On the Origin of the ITimdlayn Mountnins. By Colonel S. G.
Burrard, C.S. I., R. E., F. R. 8. Calcutta, 1912.

No. 13—Isostagy—Investination of the Theory of Isostasy in India. By Major H. L.
Crosthicait, R.E. Dehra Dun, 1912, (Out of print.)

* bor Departmentul usc only.
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PROFESSIONAL PAPERS.—(Continued).

No. 14—Refraction—Forinuls for Atmospheric Refraction and their application to
Terrestrinl Refraction and Geodesy, by J. de Graaff Hunter, M. A. Dehra
Duau, 1913, Price Rs. 2 or 4°.

No. 15—Pendulums—7The Pendulum Operations in India and Burma, 1908-13,
by Captain H.J. Couchman, B. E. Dehra Dun, 1915. Price Rs. 2-8 or 5°.

No. 16—Geodesy—The Earth’s Axes and Triangulation, by J. de Graaf Hunter, M.A.
Delra Dun, 1918.  Price Rs. 4 or &,

No. 17—Isostasy—Investigations of Isostasy in Himilayan and Neighbouring Regions,
by Colonel Sir S. G. Burrard, K. C.S. I, R. E., F. R. 8. Dehra Dun, 1918.
Price Re. 1 or 2°.

No. 18—Isostasy—A ecriticism of Mr. R.D. Oldham's memoir ** T'he structure of the
Himilayas and of the Gangetic Plain”, by Licut.-Colonel H. McC. Cowie, R.EB.
Dehra Dan, 1921.  Price Rs. 1.8 or 3.

No. 19—Aerial Photography—Experiments in Aeroplane Photo Surveying, by
Major C. Q. Lewis, R.E., and Captain H.G. Salmond, (Latie R.A.F.). Dehra
Dan, 1920. Price Rs. 1-S or 3.

DEPARTMENTAL PAPERS SERIES. (For departmental use only.)

No. 1—Type—A consideration of the most suitable forms of type for use on mnps,
by Captain AL O'C. Tandy, R. E. Dehra Dun, 1913

No. 2—Symbols—A review of the Boundary Symbols used on the maps of various
countries, by Captain A O'C. Tandy, R. E. Dehra Din, 1913.

No. 3—Maps—Extract from “The New Map of Italy, Seale 1:100,000.”, by Luigi
Giannilrapani  Translated from the Italian by Major W. AL, Coldstream, R.E.
Dehra Dan, 1913.

No. 4—Town Surveys—A report on the practice of Town Surveys in the United
Kingdom and its application to Iudia, by Major C. L. Robertson, C.ALG., R.E.,
Dehra Din, 1913,

No. 5— Stereo-plotter—TI'he Thompson Stereo-plotter and its use, with notes on the
field work, by Lieutenant K. Mason, R. E. Dehra Din, 1913.

No. 6—Levelling—Levelling of IHigh Precision, by Ch. Lallemand. Zranslated
Jrom the French by J. de Graaff Hunter, M.4. Dehra Dun, 1914,

No. 7—S8tandard Bars—Bar Comparisons of 1907.08, by AMajor H. McC. Cowie,
R. E. Dehra Duau, 1915,

No. 8—Helio-zincography—Report on Rubber Off-sct Flat bed Machine Printing,
by Captain 8. W. Sackville Hamilton, R.E. Calcutta, 1915.

No. 9—Stereo-Auto-Plotting—A trauslation of Paul Corbin's IFrench Stéréo
Autogrammétrie by Lieutenant-Coloncl H. M. Cowie, B.E, Dehra Dun, 1922.

PROFESSIONAL FORMS.,

A large number of forms for the record and reduction of Survey Operations are stocked
at Debra Din. A list of these can be obtained from the Superintendent of the Trigono-
metrical Survey, Dehra Dan, U. P.

EXTRA-DEPARTMENTAL PUBLICATIONS.

1. *India’s Contribution to Geodesy, by General J. 1. Walker, R.E., C.B., F.R.S., LL.D.
(Philosophicnl Transactions, Royal Society Series A, Volume 186, 1893).

2. *On the Intensity and Direction of the Force of Gravity in 1ndin, by Lieutenant.Colonel
S.G. Burrard, R.E, F.R.S. (Philosophical Transactions, Royal bouety Series A,
Volume 205, pages 289 318, 1905).

3. *On the eflect of the Gangetic Alluvium on the Plumb.Line in Northern India,
by R. D. Oldham, F.RS. (Proceedings Royal Society, Series A, Volume 90, pages
32.40, 1914).

*On the origin of the Indo-Gangetic trough, commonly called the Himalayan Foredeep,
by Colonel Sir 8. G. Burrard, KE.OS.I, RE., F.R.S. (Proceedings, Royal Society
Series A, Volume 91, pages 220-238, 1915).
4Three comprehensive articles on © Comparntors for the Indian Government” from
a report by Major H. M. Cowle, R. E. (lingineering, Aug. 20, Aug. 27, Sep. 3, 1915).
§Identification of I’eaks in the Himdlaya with notes, by Colonel Sir 8. G. Burrard,
K.C8.I., R.E,FRS. (Geographical Journal, September, 1918).

»

[228

i

* Obtninable from Messra. Dulau & Co., 37, Soho Square, London, W., or Messrs. Harrison & Sons, Bt,
Martin's Lane, London, or the Roynl Society at Burlmg!ou House, London.

+ Obtainnble from Charles Kobert Johnson at the offices of ** Engineering ”, 35 aud 36, Bedford Street,
Strand, London W, C.

§ Oblaivable from the Royal Geographical Society Kensington Goro London, S.W. 7.
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EXTRA-DEPARTMENTAL PUBLICATIONS —(Confinued).

7.

12,

13.

14.

15,

16.

17.

18.

19.

[
<

w
o3

[ =]
~¥

29.

30.

31

§Geolagical interpretations of G ec.odetic Results, by Colonel Sir S. G. Burrard
K.CS8.I, RE., FRS. (Geographical Journal, October 1918).

§ War Swrveys in Mesopotamia, by Colonel F. W. Pirrie, C.AU G., LA.
cal Journal, December 1918),

§Air Photography in Archaeology, by Lieutenant-Colonel G.A. Beazeley, D.S.0., R.E
(Geographical Journal, May 1919). e

§Mapping from Airphotographs, by Lieutenant-Colonel M.N. Mac Leod, R.E. (Geo-
graphical Journal, June 1919).

§Reminiscences of the Map of Arabia and Persian Gulf, by Lieutenant-Colonel F,
F. Hunter, D.S.0., I.A. (Geogriphical Journal, December 1919),

§Central Kurdistan, by Major K. Mason, M.C., R.E. (Geographical Journal Decem.
ber 1919).

§Swrveys in Mesopotamia dwring the War, by Liewfenant-Colonel G.A. Beazeley,
D S.0., RE. (Geographical Journal, February 1920). '

1A lecture on the Tarth's Axes and Iigure, by J. de Graaf Hunter, M.A., (The
Observatory, May 1920). )

§A Drief review of the evidence upon which the Theory of Isostasy has been based,
by Colonel Sir 8.G. Burrard, K.C.S.I, R.E., F.R.S. (Geographical Journal, July
1920).

§A note on the topography of the NunKun Massif in Ladakh, by Major K. Mason,
M.C,R.E (Geographical Journal, August 1920).

§Notes on the Canal System and Ancient Sites of Babylonia in the time of Xenophon,
by Major K. Mason, M.C., R.E. (Geographical Journal, December 1920).

S Topographical Air Survey (with plates and maps), by Lieutenant-Colonel G. A
Beazeley, D.S.0., R.E. (Roynl Engineers Journal, Iebruary 1921), )

9 Projection of Maps.—A review of some Investigations in the theory of Map Projec-
tion, by A. 15. Young—by Colonel Sir 8.@. Burrard, K.C.S.I, R.E., F,R.8. (Royal
Engineers Journal, March 1921).

§The Circulation of the Tarth's Crust, by Lieufenunt-Colonel E,A. Tandy, R.E.
{Gceographical Journal, May 1921).

[|[Johnson's Suppressed Ascent on B 61, by Major K. Mason, M.C, R.E. (Alpine
Journal, November 1921).

§stercographic Survey. The Autocartograph, by Licufenant-Colonel M.N. MacLesd,
D.S.0.,RE. (Geographical Journal, April 1922),

€ The * Canadian” photo-topographical method of Survey, by Captain and B, Major
E. 0. Wheeler, M.C., R.E. (R«yal Engincers Journal, April 1922).

[IThe Survey of Mr. W.II. Johnson in the K’un Lun in 1865, by Major K. Mason,
M.C,RE (Alpine Journal, November 1922),

EGravity Surves, by J. de Graaff Huater, M. A, Sc.D., F, Inst. P. (A Dictionary of
Applied Physies, Vol 111),

$Trigonometrical Heights and Atmospheric Refraction, by J. de Graaff Hunler, M A.,
Se D., F. Inst. P. (A Dictionary of Applied Physics, Vol. I1I).

Geodesy, by Colonel Sir G.P, Lenox-Conyngham, Kt., RE., F.R.S, and J. de. Graaff
Hunter, M.A. Se.D., F. Inst. P.  (Enc. Brit. 12th Edition, Vol. XXXI, 1922).

§The proposed Determination of Primary Longitudes by International Cooperation,
by Colonel Sir G.P. Lenor-Congngham, Kt., R.E., F.R.S. (Geographical Journal,
Teb. 1023).

§Recent Developments of Air photography.— (1) ‘The adjustment of Air photographs
to Swrvey points, by Lieutenant-Colonel M.N, MacLcod, D.S.0., R.E. (Geographical
Journal, June 1923)

§Kishen Singh and the Tndian Explovers, by Major K. Mason, M.C., R.E. (Gcographi-
eal Journal, December 1923),

#*Elcctrieal Registration of Height of water at any time in Tidal Prediction, by J. de
Graafs Hunter M.A.. Se.D., F. Inst. P. (Journal of Scientific Instruments, Vol 1,
No. 8, May 1921).

(Geographi-

§

Obiainable from the Royal Geogzraphical Society Kensinglon Gore London, $,W, 7.
1 Obtainable from Messrs Taylor & Frencis. Red Lion Court, Tloct Street, Liondon, W.C,

€ Obtainable from The Institution of oyal Enaineers, Chatham.
' Ob.ainahle from Alpine Club, 23 Savilo Row, London, W. 1.
GOLtainable from Messrs. Macelillan & Co., Limited. St. Martin's Street., London, W.C,, Dombay

Calcutta, Madros, Melbourne.

**O)tainable from the Tnstitule of pbysics, 90 Great Rassal Street, London, W.C, 1.
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RECORDS OI' TIHHE SURVEY O INDIA, 1921-22.

[Vol. XVIII,

AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS,

LONDON.

A. Coxstanik & Co., 10, Orange Street, Lsices-
ter Square, W.C.

P. 8. Kino & Sox, 2 and 4, Great Smith Street,
Westminsler, 8.V,

Keaan Pavi, Trexci, Trunver & Co.,
68, Carter Lane, B.C.

B. Quantren, 11, Grafton Sireet, New Bond
Street, W.

Hesny 8. Kixa & Co., 65, Cornlill, E.C.
dnixpray & Co., 54, Parliament Street, 8.W.
T. Fisuen Uswiy, Larp, 1, Adelphi Terrace,
w.C.
W. Toacger & Co., 2, Creed Laue, Ludgato
1, B.C.

Luzac & Co., 46, Great Russell Street, W.C,

EDINBURGIL

Ovtven aNp Borp, T'weeddale Court.

DUBLIN.
E. Ponsonuy, Lrw., 116, Gralton Street.

OXFORD.

B. 1, BrackweLy, 50 and 51, Broud Street.

CAMBRIDGLE.
DErsnton, Benn & Co., Lrp, Trinity Strect.

ON TIIE CONTINENT.
Lexkar Lenovx, Rue Bonaparte,
Paris - France.

Mantisvs Nuiorr, The Ilague - 1olland.

FOR MAPS ONLY.
LONDON.

Epwarp Sranroup, Lo, 12-14, Long Acre,
w.C.

INDIA,

Tuacken, Seixk & Co., No. 3, Esplanade, East,
Caleuttn.

NEwmax & Co., No. 3, Old Court House Street,
Calcutta.

TaE Puxsap ReLiarouvs Boox Sociery, Lahore,
Burman & Co., Muzaffarpur.

Tuscker & Co., Lrp., Bombay.

D. B. Tansrorevara So¥s & Co., Bombay

Hrgamnsoriay, Lro., Madras.

Tug Cunaron, GoverNMENT Boox DEepdr

Burma, Rangoon.

| Tuacken, Seivg & Co,, Simln.
i -
'L‘ocuuum\' Aakncy, Srinagar, Kashmir,

|
|

'

|
1

Ovro Tanmassowrez,  Leipzis \ goumans. |

I'rigprnaNDER AND Soun, Berlin

Gewl, Br, P O - 1028 =500,
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" l gk
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Heliozincographed at the Survey of India Offices, Dehra Dun.
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