


CoroNEL Maurice O’ Connor TaNDY., D.s.0., 0.B.E., R.E.

Col. M. O’C. Tandy, whose portrait forms the frontispiece to this
volume, was commissioned in the Royal Engineers in July 1893, and
after six years military duty he joined the Survey of India at Dehra
Dian. In 1901 he was placed on deputation as Survey Officer with the
Aden Boundary Commission, on the completion of which he served with
the Foreign Department in Simla for 6 months, and returned to the
Survey of lndia in 1905, when he was employed on topographical
surveys in the Puanjab. From April 1907 he held charge of the Cal-
cutta Drawing Office for 44 years, where his work in organizing the
new system of mapping, and putting the Map Record and Issue Office
on a satisfactory footing, was of permanent value to the Department.

On the outbreak of war he reverted to military duty and was
wounded at Loos. After having some connection with the preparation
of the first tanks he was transferved to Mesopotamia, where he remained
until the end of the war, receiving the D.8.0.,and O.B.E. He was again
employed on military duty during the Afghan War in 1919,

From 1920 to 1925 he was employed in topographical surveys in
the Southern Cirele, interrupted by a period of 6 months as Director,
Frontier Surveys, arranging preliminaries for the creation of the new
Frontier Circle.

The last post which he held in India was that of the Director of
the Geodetic Branch from November 1925 to June 1927. Although
Col. Tandy had had no previous connection with the Geodetic Branch, he
was able to effect many beneficial changes in organization, especially in
that part of the branch connected with printing and publication. His
wide topographical experience was also of value in connection with
liaison between the geodetic and topographical branches, and in render-
g data acenmulated by one readily accessible to the other. He inau-
ourated the (feodetic Branch Museum, in which are placed many of the
fheodolifes and other instruments used in the early years of the rigono-
metrical Survey. 'I'wo photographs of this Museum appeared in the
Geodetic Report Vol I11.

Col. Tandy was an officer who earned the full confidence and respect
of those serving under him, and was at his best when faced with difficul-
ties, which gave scope to his energy and organizing ability. He rendered
many valuable services to the Department and the State, in improving
ti)]‘; methods of work, and set a good example by personal devotion to
duty.

~ He retired in December 1928, with the sincere good wishes of his
friends in all ranks of the Department, having previously been appointed
Lecturer in Survey at the University of Oxford.
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INTRODUCTION AND SUMMARY

During the year 1927-28 geodetic and other work was continued
at Dehra Duan, and three field parties were engaged on gravity work,
triangulation and levelling respectively.

In the Computing Section all deviation of the plumb-line results
have been expressed in terms of the International Spheroid (I, 2). A
chart has been produced showing what discrepancies between heights
found by spirit-levelling and triangulation are likely to be met with in
various parts of the Indian Survey (I, 10).

Work in the Observatory Section has been increased by periodie
pendulum observations, taken with a view to ascertaining what varia-
tions in g, real or apparent, occur at this base station (11, 9). Regular
latitude observations have also been begun (11, 4). Time observations
have been continued as usual, and the time signals of Bordeaux and
Rugby have been received on most days. The apparent variations in
the longitude of Dehra Dun, resulting from these, are exhibited in
tables. Results for each month are meaned and exhibit considerable
variations, but not such that cannot be attributed to observational error.

The normal tidal prediction work and inspection of tidal observa-
tories have been carried out (11I'). The Observatory of Basrah was
mspected by the Survey of India for the first time. Basrah tidal predic-
tions have not been satisfactory, and a serious attempt to improve the
prediction table has been made ( I1I, 6 ). Recent tidal observations at
Bassein have been harmonically analysed (111, 4).

A description is given of the new pendulum apparatus (IV, 2,6) as
well as a brief acecount of its predecessors (IV, 1,5).  The high degree of
ochronism of the new pendulums is due to Major E. A. Glennie, and
hax enabled swings of very long duration to be made with pairs of pen-
duinms (1V, 7). This, with wireless reception of European time signals
by a convenient set just obtained (IV, 11) has much reduced the labour
of ohservation.

~ Major Glennie gives an interesting account of the regions in which
this season’s work has been done, viz. Las Bela State, Sind, Baluchistan
along the Nushki-Duzdap railway, and Haman-i-Mashkel neighbourhood
(IV, 12). No outstanding anomalies of g were revealed.

. In.ad(]ition to the pendulum work, observations with a large
prismatic astrolabe were made, which will yield deflections; but the
((!(I)r\l;pn‘rahons had not been completed at the time of going to press

17).
b
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At the end of the chapter (1V) there is a comprehensive list of
results of all (166) modern gravity stations of the Survey of India,
followed by a similar list of the stations of the de Tilippi Kara-koram
Etpedltlon of 1914, and of Dr. Vening Meinesz’s submarine determina-
tions in the neighbourhood of India.

Triangulation of secondary precision was executed on the N.W.
Frontier by Capt. G.H. Osmaston using a small Wild theodolite (V).
He gives an appreciative account of thls instrument {V. Appendix). In
view of the unsettled nature of the country, wonk of this class would
not have been possible with the older type of theodolite, as stations
could only be occupied for short periods by day.

The levelling party has now been relieved of the tertiary levelling
work (for industrial purposes) which it undertook in previous years,
and can now devote its attention to precision work (VI, 1). Some in-
teresting changes of level have been found at Ambala and Dehra Din
(VI, 4). There is also a deseription of the country in the Rann of Cutch
indicating the difficulties of levelling there. A gap of 30 miles in one

of the levelling circuits still remains to be done across the Rann on
account of these difficulties: and work can only be completed when con-
ditions arve more favourable. A favourable opportunity is now awaited.

The total number of miles of levelling of the new level net comple-
ted in both directions now amounts to 5,326 (VI, 6). High precision
levelling of 1,200 miles in one direction, and 1,000 miles of double
levelling of secondary precision were accomplished (VI, 2).

There are important and interesting notes due to Captain Bomford
on three dilliculties in levelling, («#) Crossing of wide unbridged rivers,

(h) Levelline up persistent \l()])(‘s (¢) Pairing of staves (VI, '7). Rules
are oiven tor the guidance of observers.

The Geoletie Branch has not vet reached its full pre-war strenzth
and the A<tvonomiecal Party (No. [3) did not take the feld. It is hoped
that it will he possible after a vear or two to send out the party for
determination of deflections in longitude. The personnel of the Geodetic
Branen 12 civen on the following pages.

DEury 0N, ) J. bE GraaFr HUNTER,
Auyuzt 1929, ) Director of the (ieodelic Brunch.
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PERSONNEL* OF THE GEODETIC BRANCH, 1927-28

Director, Geodetic Branch

LT.-CoLONEL R, H. PHILLIMORE, D.8.0., R.E., from 7th November 1927 to 28th June 1928,
Dz, J. pE GRAAFF HONTER, M.A., Sc. D, ¥, Inst. P., from }st Oct. 1927 to 6th Nov. 1927
and from 29th June to 30th September 1928.

COMPUTING AND TIDAL PARTY
(RECORDS AND RESEARCH)
Class I Qfficers.
Dr. J. de Graaff Hunter, M.A,, Sc. D,
F. Inst. P., in charge from 7th November
1927 to 26th Febrnary 1928.
Major C.M. Thompson. LA, in charge
from 23rd April to 30th September 1928.
Major L. &. Glennie. D.8.0., R.E., in charge
from 19th April to 22nd April 1928.
Captain G. Bomford. B.E., in charge from
15t October to 6th November 1927 and
from 27th February to 18th April 1928.

Mr. B. L. Gulatee, M.A, (Cantnb), from lst
October 1927 to 315t August 1928,
COMPUTING SECTION,
Upper Subordinate Service,
Mr, M. Acharya.
» R.C. Ray.
y» M. Chalterjec.
w8, Mitra,
o T.N, Sharma, B.A,
» A.K. Maitra, B.A.
» IR K. Bhattacharya, B.A.

» C.B. Madan, B.A., Geodetic Computer.
Lower Subordinate Service,
5 Computers.

TIDAL SECTION.
Cluss 11 Officers.
Mr. D. H. Luxu, Tidal assistant, from lst
October 1427 Lo 19th April 1928,
Mr. R.B. AMathur, B.A., Tidal assistant,
from 20th Aypril to 30th September 1928.
Lower Nubordinate Service.
11 Computers,

OBBERVATORY SECTION.
Ciass IT Officers.

Mr. . B. Mathnr, B.a., from 1st October
1927 to 80th September 1928,

Mz, P, K, Ghosh, 1 A, (Cantab), from 1st
October 1927 to 31st August 1928.

Mr. Abdul Karim, 1 A., from 1st November
1927 to 27th April 1928,

Upper Subordinate Service.

Mr. H.C Bancriea, B.A., from lst to 7Tth
October 1927 and fron1 Ist April to 31st
August 1928,

Mr. 1. C. Deb, n.4., from lst October 1927
to 30th September 1028,

Mr. P. K. Chowdhury, from 21st August
to 30th September 1928.
Lower Subordinate Service,
6 Computers.
Magunetic Observatory.
Mr. K. N, Mukerji, M.A.
1 Computer,
OFFICE AND P. & M. EECTION.

Upper Subordinate Service.
Mr. B. B, Lal.

Lower Subordinate Service.
2 Computers & 2 Clerks,
DrawiNg SECTION.
Mr. Faiz-Ullah & 5 Draltsmen.
14 PALRTY (PENDULUM).
Class I Officers.

Major I, A. Glennie. D 8.0,. R.E., in charge
from Tth Oct. 1927 to 30th Sept. 1928.
Class II Officers.

Mr. C. West, in charge from 1st October

to 6th October 1927.
Mr. Abdul Karim, B.A., from 1st October
to 31st October 1927,
Lower Subordinale Sercice.
4 Computers etc,
15 PARTY (TRIANGULATION).
Class I Officers.
Major E. A. Glennie, D.8.0., ®.E.. in charge
from 5th May to 31st May 1028,
Captain G.H. Osmaston, M.C,, R.E, in

charge from Ist October 1927 to . 4ih
May 1928,
Mr. B. L. Gulatee, M.A. (Cantab), from Ist
September to 30th September 1928,
Class 11 Officers.

Mr. A.M. Talati. vcB, in cbarge from
1st Junc to 30th September 1928,

Mz, P. K. Ghosh, n A. (Cantab). from !st
Beptember to 30th September 1928,

Upper Subordimate Service.

Mr. H. C. Bancrjea, n.A., from 1st Septem-
ber 1928,

Mr. L .R. Howard, from 23st. August 1928,
Loiwer Subordinate Service.

4 Computers cte.

* Lixcluding No. 2 D.O.. Publication and Stotes, .M .0, aud 20 Party.
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17 PARTY (LEVELLING)
Class I Officers.

Dr. J. de Graaff Hunter, M.A, Sc. D,
¥. Inst. P., in charge from 27th June to
2Sth June 1928,

Captain (3. Bomford. R.B., in charge from
7th November 1927 to 26th February
1928.

Class 11 Officers.

Mr. N.R. Mazomdar, trom lst October
1927 to 30th September 1928 ; in charge
from 1st October to 6th November 1927
and from 27th February to 26th June
1928 and from 29th June to 30th Sep-
tember 1928,

Mr. Abdul Karim, B.A, from 28th April to
30th Neptember 1928,
Upper Subordinate Service.

Mr K. K. Das, A, 1st October 1927 to
31st March 1928,

Me. L. D. Joshi.
M. P.B. Roy. up to Ist May 1928,

Mr. A, A, 8. Matlub Abmad up to 6th May
1923,

[Vor. .

Mr. H. C, Banerjen, D.A.. from 8th October
1927 to 31st March 1928,

Mr. Lalbir Singh up to 16th April 1928,
Mr. Abdul Majid from 10th August 1928,
Mr. J. N. Kohli.

Mr. B.P. Rundev

Mr. Mobhammad Faizul Hasan from 1st
March 1928,

Mr, I. D, Suri, from 21st August 1928,

Lower Subordinate Service.
21 Compnuters etc.
13 Levellers etc.

TRAINING SCHOOL
Class II Officers.

Mr. S.F. Norman, Survey Instructor,
from 8th October to 156th December
1927 and from 16th Japuary to 30tb
September 1928.

Mr. C. West. Survey Instructor, from

16th December 1927 to 15th January
1928.



CHAPLER [
COMPUTATIONS AND PUBLICATION OF DATA

BY Masor C. M. Thomuprsoxn, 1.a.
(i) General

1. Dr. Hunter’s address at the Indian Science
Congress, 1928.—This year Dr. Hunter had the honour of being elected
President of the Mathematics’ and Physics’ Section of the Indian Science
Cougress which met in Caleutta in January 1928. The subject discussed
by him in his presidential address on this occasion was the “ Figure of the
Earth”. The address comprised a brief résumé of the gradual improve-
ment in knowledge of this subject from the earliest times to the present
day. In ancient times scientists held the view that the earth wasa
sphere, though the popular and more orthodox idea was that it was flat.
There was but little advance on these conceptions until Newton by
his laws of gravitation established that the figure of the earth was an
oblate spheroid. Since then the controversy has mainly centred round
the numerical exactitude of the elements of the figure or earth cons-
tants i e. :—of the length of the semi-major axis a,and of the flattening f.
Laplace in 1799 derived the values, a=637634 km., 1/f=3812-2.
Thirty yvears later Sir George Everest obtained his values of the elements,
a=6377-276 km., 1/f=2300-8 from the reduction of part of the Great
Arc of the meridian in India. Bessel in 1841 and Clarke in 1857
introduced {fnrther improvements in the results. In 1863 Archdeacon
Pratt of Calcutta made a determination of the earth constants by apply-
ing compeneation for the effects of Himalayan attraction. Of recent
years the idea of compensation has been more fully developed and
presented as the theory of isostasy by Mr. John Hayford of the U. S.
Coast and Geodetic Survey. In 1909 he applied his theory of isostasy
to derive a value of the elements of the earth’s figure from observations
in the United States. The values, a=6378-388, 1/f=297-0, found
by Hayford, were adopted for the International Spheroid in 1924 by the
Inf_ernationa,] Union of Geodesy and Geophysies, though the wisdom of
their choice was not admitted by all concerned. The view has been
emphasized in the address, that the Hayford Spheroid does not fit in well
with the conditions in India, and that for a Rgure of reference it is
snllicient to seleet. a spheroid correct to the nearest 100 metres in « and
to one unit in 1/f. A value of 295 appears to be about the best
tompromise among the various values found for 1/f. Such a figure would
serve astronomical purposes well. TFor geodetic needs and the study of
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crustal anomalies either this or the best local spheroid might be used.
The full text of the address has been published by the Asiatic Society

of Bengal, Calcutta.

The table, which follows, gives the elements of

the earth’s figure as determined up-to-date by various authorities.
TABLE 1.—Values of « and 1[f found from tricngulation.

|
Year Author ! a in km 1lr Data used
1799 | Laplace 6376-34 312-2 Arcs: European, Peruvian, African,
. ) American,

1830 | Everest 7-276°| - 300°80 | Indian and French arcs.

1830 | Airy 6:542 | 299-33 | 14 meridiun and 4 parallel arcs.

1841 | Bessel 7-397 | 299:15 | 10 meridian arcs.

1863 | Pratt 8-297 | 295-26 | Arcs: Anglo-Gallic, Russian, Indian.

1857 | Clurke I 8:345 | 294:26 | Arcs: Anglo-Gallic, Raussiun, Indinn,
Prussian, Peruviun, Hanoverian, Danish,

1866 Clarke II $-258 294:98 | Arcs: Aoglo-Gullic, 2nd Indian,Russian,
Peruvian, Cape.

1880 Clarke II1 8-301 293°47 | Above reconsidered.

1909 | Haytord §-388 | 2970 U.8.4A. only on basis of isostatic compen-

+:5 sation.
1927 | Survey of
India I 6378-508 202 4 Geoid in India only.

1927 “ 11 8:516 | 292.6 Geoid in India with isoslatic compen-
sation.

1927 " I S9:213 | 293-6 Geoid in U.S.A. only,

1927 " 1v 8.354 | 297-7 Ceoid in U.8 A, with isostatic compen-
sation.

- 1+11 . L . \
1927 ! o=, 8-368 2930 Geoid in Iudie and U.8.A.

TABLYE 2.—Falwesof 1|f from pendulwm resnits and corresponding fac-
lors (n formula for g= G { 1+ Asing— Bsin'2¢ + Ceos’ieos 2(A —ny) } :
L , .

1901
1915
1917

1924

Year

Author 'y
v | 3
Helmert 1 ! 298-3 :

dn. II 296-7 +0°4 ?

Bowie 207-4 £1-0

H:iiskavnen

. ;
294-3 in 18°E,
2990 in 72°W.

¢ 10°A4 | 10°B | 10°C {(+v:0\vllen
L )
978-030 | 5302 7| o
978-052 | 5285 7| 1844 1T £6 W
973-039 5294 7 0 ves
179052 528546) 7 | 2743 18° 45 E.
l

* This implies a difference ot
axis is in longitude 18" E,

345 metres in semi-equatorial axes,

The major
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TABLE 3.— Values of' 1/f from lunar observations.

Year ~Author 1ff Method
1899 | Darwin 206-4 Precession
1914 | Brown - | 293-7 Lunar theory
1914 | Crommelin | 2044 Moon's parallax
1924 | Spencer Jones | 204-8 +-2 Moon's perigee
) ' 294-9 £-3 Moon's node
1924 | de Sitter ' 296924 14 Precession

(ii) Computations

2. Plumb-line deflections referred to the Interna-
tional Spheroid.—The deflections of the plumb-line in India both in
meridian and prime vertical have already been computed with reference
to the Jverest and Helmert Spheroids, and included in Professional
Paper No. 16., Table XCV. Their recalculation with reference to the
International Spheroid has been partially completed. The divergences
of the Jiverest from the International Spheroid, viz, 8¢ = +1-112 km.
and 86 = +0-834 km. have been taken into account in the caleulation.
The geoid in India has been found to coincide most closely with the
International Spheroid with the deflection at Kalianpur 3”7-02 S. and
37-17 W, To bring Table XCV of Professional Paper No. 16 up-to-
date, it has been extended to include all deflections observed up to 1927.
These addenda to Professional Paper No 16 will be published in due
course.

. 3. Adjustment of triangulation.—28 charts for the gra-
phical adjustment of minor triangulation on the North-West Frontier
were completed and supplied to the Director Frontier Circle during the
year. lor a description of the method of adjustment vide Geodetic
Report Vol. 111, Ghap. II. NES

The triangulation carried out in ’Iriq during the Great War
(1914-1918) was in many disconnected portions. The various series
have now heen harmonized by a method of rapid adjustment and the
whole of the triangulation brl)ng‘hb into terms of the co-ordinates of
Fao, viz. latitude 29° 58 23", longitude 48° 28’ 55”. This point was
Se]ec.t,ed as its position was well fixed in conneetion with the Turco-
Persian Boandary Commission, its latitude being astronomically deter-
mined by observations to Polaris and its longitude electro-telegraphically

‘i'Ol(ll[lecte(l with Bushire, a main longitude station hetween England and
ndia. B

4. Astronomical.—The astronomical latitudes observed prior
to 1885 and published in G. T. S. Vols. XI and X VIII were not correc-
ted for the height of stations above mean sea-level. The height correc-
tions for all the stations have now been computed by the formula,
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~000052h x sin 2\, where A is the height in feet above mean sea-level
and X the latitude of the station, and the corrected values of the latitudes
incorporated as addenda to the above volumes.

~_ The times of sunrise and sunset for Calcutta were computed for
inclusion in the Tide-Tables for 1929. They weve also computed for
Benares in compliance with an extra-departmental request.

5. Traverse.—A large number of traverse co-ordinates and
azimuths were computed to assist No. 20 Party (Cantonment and Special
Survey) which lacked personnel to complete this work. The computa-
tions of co-ordinates were effected by means of a comptometer.

6. Chart showing Hayford deflection anomalies in
India.—An attempt was made to show the Hayford anomalies in meri-
dian deflection, obtained from the observations in India, graphically on
a chart. The data were taken from Professional Paper No. 13 and from
the observations in Kashmir, 1925-26. The attempt had to be aband-
oned, the anomalies being too irregular to admit of reliable curves being
traced.

7. Lambert’s Orthomorphic Projection.—Pending the
decision of the question of changing the origin of projection to lati-
tude 32° 30’ and the limiting parallels of the grid to latitudes 28° 30’
and 36° 30" (vide page 2 of Geodetic Report Vol. II), a request was
received from the Director Frontier Circle to show the corners of sheets
30, 000 by 40,000 yards on an index map of the Frontier Circle on the
altered projection. Necessary computations were carried out and the
eridded index supplied to the Director.

8. Suitability of Professional forms for machine
computation.—Trial computations were made to see whether any gain
in time could be effected by machine computation on the minor Topo.,
Trian. and Trav. forms of the department. It was found that all the
ealeulations, with the exception of those for traverse co-ordinates (north-
ings and eastings), were not suitable for machine computation and the
deductions could be carried out more expeditiously with log tables on the
existing forms than on the machine.

9. Old records.—The old manuseript records preserved in the
Compnting Office, which are mostly connected with the simultaneous
reduction of the Indian triangulation, are being examined with a view
to their re-arrangement. In the course of this examination some valu-
able papers, previously unnoticed, on the solution of certain complicated
problems relating to the simultaneous reduction have come to light and
are now being recorded for future reference. ‘

10. Chart showing extreme errors of height in the
Indian triangulation.—This chart which was mentioned in last
vear's report as under preparation, v/de page 27, Geodetic Report
Vol. 111, has been completed, and appears opposite. It exhibits the
estimated extreme errors in trigonometrical heights that are likely to be
met with in each degree sheet.
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(iii) Publication of data

11. Auxiliary Tables.—The stock of Part III, Auxiliary
Tables 1923 being exhausted, an enlarged edition of this part has been
published. Six new tables, including those for the computation of grid
co-ordinates on the Lambert projection, and two sets of star charts, one
for latitude 15° and the other for 30°, have been added.

Part IV of the Auxiliary Tables is under compilation. About a
third of the tables has been completed.

12. Field Traverse Tables.—These tables, which formed
appendices to Topo. Chap. 1V., 1924, have been revised and printed
as a separate pamphlet for the convenience of traverse computers and
surveyors.

13. Forms.—The following new forms were published during
the year. The Computing Section merely advised on some points in
connection with the preparation of these forms, which were prepared by
the parties concerned : —

13,14 Pend., 24, 25 Trian., 9 Tid. Pred., 15 and 16 Lev.

14. Theodolite resection.—A pamphlet, explaining the vari-
ous problems in theodolite resection, has been compiled and printed as
an addendum to Topo. Chap. VII,, 1925. Semi-graphic methods are
illustrated by means of two diagrams and sample computations both
in spherical and rectangular data.
~15. Levelling pamphlets.—The following have been pub-
lished: — (i) An addendum to levelling pamphlet for Sheet 73 revised up
to 1926.

_ (ii) The data of the following lines of high precision levelling for
nsertion as loose pages in appropriate pamphlets:—
151 (Raniganj to Dinajpur) 1924-26. Bench-marks in sheet
73 M. only.
101 (Jacobabad to Khanpur)) 1924-26. Bench-marks in sheet
39.
105 (Khanpur to Jhang).
57A (Ferozepur to Ahmadabad).
102 (Kbanpur to Marwar Pali).
(i) Pamphlets containing following lines of secondary preecision :—
| Lines 70 E to 70 J & 70 M
74C to 74 H
M7TQ& 7T R
87 A to 87D
88 B to 88 I
89 A to 89 F
, 90A to90 L
Pamphlets containing lines 52A to 52 H have been reproduced by
Gestetner. Revised editions of Levelling pamphlets for sheets 53
(1920) and 54 (1921) are at press. Press copy for revision of pamphlet
for sheet 72 has also been completed.

»
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16. Triangulation pamphlets. —Triangulation pamphlets
for Bhutan, the Andaman Islands, the Nicobar Islands, and Aden,compri-
sing 41 degree sheets, and two pamphlets for ’Iraq have been published.
Triangulation data for 33 degree sheets for new pamphlets, and 11 degres
sheets for addenda to old pamphlets have been compiled. 31 triangu-
lation pamphlets, covering 52 degree sheets, have been repuablished by
photozincography to meet shortage of stock.

17. Geodetic Reports.—Volumes I and IT of the Geodetic
Reports have been published, and Volume 1II is at press. The first
chapter of this volume which contains the results of the observations at
Dehra Dan in connection with the International Longitude Project was
printed in advance and submitted to the conference of the Interna-

tional Union at Leyden, which Captain G. Bomford, n.E. attended
in July 1928.

18. Miscellaneous publications.—(i) Distribution list.—
A comprehensive distribution list has been compiled and Gestetnered in
order to facilitate the distribution of geodetic publications in futures

(ii)  Booklet of instructions with descriptions and tables for the
Hunter Short Base.—This booklet was compiled by Major C. M. Thomp-
son from notes by Dr. Hunter and Major Glennie in a form suitable
for issue with the Hunter Short Base Line Sets to R. A. Survey sections,
or Survey units in the field. (vide also Chap. 11 § 6). The bhook was
reproduced by photozincography from typeseript.

(i) [nvestigations regarding Gravity and Isostasy by W. Heis-
kanen.—The rough translation of part of this publication of the Finnish
Geodetie Institute (Helsinki 1924) was made from the German by
V. Pelts Esq. The translation has been entirely revised and completed by

Major Thompson and reproduced, mainly by Gestetner, for (lepaltmentrtl
use.

19. Computing Office Drawing Section.—A small draw-
ing section consisting of six draftsmen under Surveyor Faiz-Ullah was
formed and attached to the Computing Office to ex pedlte the preparation of
trianculation eharts for the pamphlets, charts for the Geodetic Report ete.,
and to earvy ont other plotting and (llawmw work in connection with the
work of the Computing Office. This section has proved very useful,
and, sinee it formation two sets of star charts consisting of 8 pages each
and 17 charts, ineluding those for the Geodetic Report Vol. I1, have heen
completed. 33 other cases were also dealt with, for which miscellaneous
fizures, diagrams and plans had to be prepared.

20. Supply of data.—About 450 requisitions for data were
veceived from departmental and extra-departmental sources during the
vear.  Some of these were met by the supply of printed pubhcatmm,
while for others data had to be extracted from manuseript records. In
many cases computations were necessary before the data could be compiled.
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OBSERVATORIES
BY Masor C.M. TuompsoNn, L.A.

1. Summary.—The principal work of the observatories consist-
ed of :—
(1) regular time observations and reception of wireless time
signals for determination of longitude variations.

latitude observations.
comparison of standards of length.
seismograph and meteorological observations.
pendulum observations.
maintenance and adjustmnent of delicate scientific instru-
ments stored 1n the Geodetic Branch.
(7) professional instruction to Upper and Lower Subordi-
nate Computers of the Computing & Tidal Party.
(8) miscellaneous experiments.
(9) magnetic observations.

2. Time observations.—The large astrolabe, which was used
in addition to one of the transits for time observations last season, was
taken to the Held by No. 14 Party. Consequently the regular bi-weekly
time observations were made by one of the transit instruments only. The
rates of the Riefler Clock, as derived from these, are given in Table 1,
which also shows the changes of pressure and temperature in the clock
roow for the period under review. It will be noticed from the table that
during the hot months it becomes almost impossible to maintain the tem-
perature of the cell at a standard of 80° F., as the temperature during
even the coldest hours of night in the hot season hardly drops to the
standard, and so the temperature rises gradually as the hot season
advances. It is proposed now to work the automatic temperature control
at 83°F. 'This control has worlked satisfactorily except for a break-down
of the excavating fan during the winter, fortunately at a period when it
was least required. 'The pressure of the clock was adjusted on four
different ocecasions during the year. The errors of the clock as derived
}h‘om observations by the transits are given in Table 2.

Correct time, for which there is a growing demand in the station, is
telephoned on every working day to many of the local Government
offices, and for convenience a telephone was installed in the Hennessey
observatory in June 1928 for this purpose. A proposal was also made
to broadcast. time to Dehra Dan and Mussoorie, through the Electrical

2
3
4
5
6
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Department, which would arrange to give the daily time signal by
lowering the lights for an instant at 9 o’ clock every night. The scheme,
however, cannot be brought into force till that department is in a posi-
tion to install the necessary apparatus to effect this.

3. Reception of wireless time signals.—The 8" 01~
G.M.T. radio signals from Bordeaux were listened for daily, and re-
ceived, except when atmospheric disturbance and other causes intervened.
In addition to these the Rugby 10" 00™ G.M.T. time signals were picked
up daily since January 1928, the latter service having been inaugurated
since 19th December 1927. The longitude values and divergences of
these results since December 1926, from the value derived from the
Longitude Project of October and November 1926, are given in Tables
3 and 4, the latter embodying the values derived from both the wire-
less signals. Monthly means are given in Table 5. The published cor-
rections to the times of emission have been included as given in the Ad-
miralty Notices to Mariners, and in the Bulletin horaire (demi-definatif).

The dry high tension batteries of the wireless set having run down
after about 2 years’ service, accumulators of a more durable type were
substituted in August 1928 and it is expected that these will prove
more useful. It is proposed to purchase a good type of rectifier to keep

these accumulators charged. The present one has often proved trouble-
some in use.

4. Latitude observations.—The old zenith telescope No. 1
by Messrs Troughton and Simms, London, as well as the new and larger
instrument by Messrs T. Cooke and Sons, London, have been installed in
the reconstructed Haig observatory on two pillars built on the meridian
of the Haig observatory, Dehra Diun, mentioned on page 15 of triangula-
tion pamphlet for sheet 53 J. The former telescope, which has been in
use for about 40 years in the department, was overhauled and repainted
before installation. The values of the two levels attached to this teles-
cope were redetermined in July 1928, and a comparison of these values
with those obtained in 1924 and 1925 is given in Table 6. The instru-
ment was rewired, and the fixed vertical, and movable horizontal wire

intervals were redetermined in September 1928 after the rains. The new
values are given below :—

Wire intervals 1928.

I 277
II\I’ iég Equatorial
v 2717
- —Q .
%-g 4 gg;g} Movable wire

Regular latitude observations were commeneced in QOctober 1928. A
programme composed of all star couples available in the Nautical
Almanae, American Ephemeris and Connaissance des Temps was made
out for use throughout the 24 hours. The other zenith telescope, which
was constructed in 1910 after Col. Cowie’s design, will be brought into
use in the course of next year. \ ‘

Al
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5. Standards of length.—8 steel tapes for use of the field
detachments of No. 17 Party were compared before and after the field
season against standard bar I, and the results supplied to No. 17 Party,

12 pairs of newly graduated staves, received by No. 17 Party from
M.L.O., were tested for regularity of graduation errors against standard
bar 1/1900. The results are given in two forms in Tables 7 and § res-
pectively.

A 50 feet measuring tape, made by the Poldi Steel Works of non-
corrosive steel, was received from the M.I.O. during the year for exami-
nation and report as to its suitability for survey purposes. This tape
was tested against the standard 50 feet plugs laid in the floor of the
base-line alley for two periods of a fortnight each. Although necessary
facilities are not as yet available to measure the coefficient of expansion
of tapes with the requisite degree of accuracy, fairly accordant results
were obtained, which show that the tape is made of a material with
a coefficient of expansion somewhat less than that of steel. It was used
for actual measurement of bases in the compound, and found gene-
rally useful for survey work, standing up well to rough handling.

6. Hunter Short Base.—The idea of using a short base for
topographical purposes was first put forward by Dr. Hunter in unotes,
circulated to the Directors of Survey Circles under Geodetic Branch
letter No. 5151/65 dated 11th August 1925. The type of short base
therein suggested consisted of a single span of the measuring tape pulled
taut by means of a simple straining device between posts, the tension
of the tape being tested by a spring balance. Further experiments led
to the evolution of the Hunter Short Base in its present form. ‘This
pattern of short base has been tested on the Frontier and found satisfac-
tory. It should prove useful for general exploratory purposes or for use
by Artillery Survey Sections in the field. 'I'wo such sets have been cons-
tructed and supplied to the Royal Artillery Survey Section, Kakal, a
booklet of instructions being compiled by Major C. M. Thompson for
issue with the apparatus, (vide also Chap. 1 § 18). The Hunter Short
Base, as issued, is made up of 4 sections of tape, suspended on 2 terminal
and 3 intermediate posts. The tapes were standardized in the QObser-
vatory Section, and correction tables for the lengths of tape supplied
with each set. The tapes hitherto used have been made of steel, which
have proved sufficiently accurate for ordinary purposes. Ixperiments
are also being made with invar tapes, which should give still better
results for measurements of high precision. The high extra cost of the
invar tapes hardly justifies their use for ordinary purposes.

7. Seismograph observations.—The Omori seismograph
was in operation throughout the year, except for the period June to
Augnst 1928, when it was being removed and reinstalled in the newly
built Haig observatory. The instrument has been set up east. and west
on its new site and not north and south, as it was previously in the Burrard
observatory.,

An attempt was made to increase the period of about 30 seconds
per swing from its normal, but it was not found possible to do so beyond
45 seconds, at which point the smooth working of the needle was

B
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interfered with by the change, the needle being deflected considerably from
the line of the minute-marker during the 24 hours. The period is now
being reduced until no such interference with the markings on the trace
occurs. One of the two new steel points made by the Mathematical
Instrument Office to replace the old and worn out one, has been used with
the instrument in its new position. Table 9 gives a list of the earth-
quakes recorded at Dehra Din during the year.

The earthquake data for 1927 were sent to Professor H. H. Turner
F.R.8., Oxford, early this year.

8. Moeteorological observations.—These observationswere
continued throughout the year. Daily values of the recorded tempera-
tares and pressures were supplied to five different offices, and weekly
abstracts to the local press and the Health Officer, Dehra Dian. Monthly
abstracts of rainfall were sent to the Meteorological Office Poona, and
those of humidity to the Royal Indian Military College, Dehra Dan.

In August 1928, the meteorological hut and rain gauge were remo-

ved from the old site to a more convenient open space east of the Haig
observatory.

Since the end of the year 1911, owing to financial stringency
Dehra Din ceased to record and report complete meteorological data
to the Meteorological Department, and has since only sent in rainfall
returns. Owing to the growing importance of the town as a scientifie
headquarters, and the interest taken in weather conditions by the heads
of the several departments located here, the necessity of reporting and
publishing full records in the Weather Bulletins has been keenly felt.

The Meteorological Department has accordingly arranged for an
inspector to make a periodical inspection to test the accuracy of the
instraments.  As soon as the instruments have been pronounced suitable
by the inspector, the daily observations at 8.a. m. will be resumed.

9. Pendulum observations.—The Officer in charge No. 14
Party (Pendulums) is endeavouring to find an explanation of apparent
changes in the value of gravity at Dehra Dan. Continuous pendulum
observations have never been taken at Dehra Din previously, and in
order to obtain data it has been decided to take periodical gravity obser-
vations at Dehra Dan with the old brass pendulums Nos. 137, i38, 139
and [40. This investization has been taken up by the Observatory
50(‘tiﬂn and work commenced at the end of August 1928. The value

ot “g " derived from the first set of oheervatlonq 18 079-071, the adopt-
ed \alue beine 979-063

10. Maintenance and examination of delicate
scientiflc instruments.—17 levels of different types were received
from No. |7 Party and were returned duly examined, and repaired before
the commencement of the field season 1928-29.

10 theodolites stored in the Publication and Stores godown were
cleaned and adjusted.

To facilitate the overhauling of delicate instruments in the Stores

Section, Director, Geodetic Branch has approved that delicate scientific
instruments be separated from the other stores. These are to be in charge
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of the Observatory Section, which will be responsible for their mainten-
ance and issue in proper working order.

11. Course of instruction for the Upper and Lower
Subordinate Computers of the Computing and Tidal
Party.—The U.S.S. and L.S.S. computers of this party, though
versed in geodetic computations, were not always able to appreciate the
difficulties which the triangulator, traverser or leveller had to encounter in
the field, so that it was considered advisable to give these officers a course
of practical training in the use of instruments and other field work.

This work was entrusted to Mr. R. B. Mathur, the officer in charge
of this section, and a class of about 10 to 12 officers has been attending
on Saturdays since April 1928,

Triangulation, traversing and levelling are the subjects, in which
instruction has been given up to the present.

12. Miscellaneous experiments.—Use of" Nicol prism
and yellow screens.—An experiment was made to see whether a Nicol
prism fitted to the eye-piece of a theodolite, or a yellow screen fitted to
the eye-piece or object end of a telescope, tended to improve the visibility
of distant objects 1 misty or hazy weather. As regards the yellow
sereen it appears that this screen is more effective when attached to
the eye-piece instead of to the object glass. Accordingly it is intended
to experiment further with yellow and also green screens of different
shades, and test them on theodolites and levels under field conditions.

The use of the Nicol prism seems to afford no particular advantage
over the ordinary eye-piece in hazy weather, as though perhaps it im-
proves the visibility in some ecases, it also unduly reduces the amount
of light, which reaches the eye, and so the total improvement in clearness
is inappreciable.

Use of buff-colowred [evelling staves—Ixperiments were carried
out to test whether black and buff divided levelling staves, afford
any advantages over black and white ones, as regards visibility in
clear and dull weather. The results show that there is very little to
choose between them, and if anything, the black and white staves are
preferable.

13. Magnetic observations.—The usual programme of
magnetic ohservations was carried out during the year. It consisted of
a continuous photographic record of declination, horizontal force and
vertical force, daily observation of dip and bi-weekly observations of
declination and horizontal force. Five severe magnetic storms were
recorded during the year, namely:—on April 14th, July 22ud, August
21st, October 12th and 22nd.

Sub-soil water percolated into the underground magnetograph room
between Angnst 24th and September 15th.

Arecord of the magnetic character of the days for each quarter of the
year was regularly sent to the De Bilt Royal Metcorological Observatory.

Owing to the long interval that has elapsed since the Magnetic
Survey of India was completed, and the consequent uncertainty in the
seenlar variations, it is no longer possible to supply precise values
of magnetic declination for publication on maps. Consequently it has
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been decided to supply values for l-inch, 4-inch and }-inch sheets
for every fifth year, and to the nearest 10 minutes only. This change
was brought into effect from March 1928.

Mean values of the declination and H. F. constants.—Table 10
gives the mean monthly values of the magnetic collimation, the distri-

- -1

bution constants P ., and P,.,, the accepted value of log<1 + ’lPT + % )
and the values of “m”’ (computed with the new value of the moment of
inertia of Magnet No. 17, determined in December 1927).

Mean base-line values.—Table 11 gives the mean monthly observed
values of the declination and horizontal force base-lines.

Mean scale values and temperature range.—The mean scale values
for 1927 for an ordinate of 1/25 inch were:—

Horizontal force 4+3]1 gammas
Vertical ’ 7-66 to 9°69 gammas
Declination 1:03 minutes.

The mean temperature of the year was 26°:6 C. with maximum and
minimum monthly values of 27°-2 C. and 25°:9 C., the temperature of
reduction being 27°-0 C.

Mean monthly values and annual changes.—Table 12 shows the
mean values of the magnetic elements for 1926 and 1927, and the
annual changes for the period.

Classification of the magnetic character of days and the mean
monthly values of elements with their mean howrly deviations.—Tables
13 to 17 show the classification of the daily trace and the dates of
magnetic disturbances, the mean monthly values of the magnetic elements
from 5 selected quiet days in each month and the hourly deviation from
the mean.

TABLE 1L.—Temperature and pressure of Riefler clock No. 450 and its
rate, by fransit instruments, 1927-28.

Clock
3 -]
Date vell telm»e:.x Rate* during Remarks
ture preceding ! P AT t
Pel‘i("l per j ressure emperature
dny i
1927 K s mm | C

Sent. 29 o
Oct, 11 R0.7 + 010 360 270
14 791 + 010 558 | 26-2
14 T4 + 010 © 558 261

“:'1- 7.3 + 0-13 557 26-2 Y Tnner fan dismantled

29 S1-2 + 0-12 5b9 27-2 j&rcplacedl)y another,
Nor, 1 80.1 + 0-10 508 266
i 793 + 012 566 263
10 812 + 0-10 558 ! 276
16 79-8 + 0-10 456 270
20 iR + 013 536 268
26 79-8 + 0-15 . 553 26:5

*  4'Crate = gaining .
—v rate = losing (Continned)
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PABLE 1,—Temperature and pressure of Riefler clock No. 450 and its
rate, by transit instruments, 1927-28—(contd.).

Clock
Date  |Ce/ltempera- Tnte* during Remarks
ture preceding P
period per ressure | Temperature
day
1927 F s m m C
Dec. 1| 799 + 0-12 556 2679
5 79-6 + 0-09 556 26+7
11 81-0 + 0-10 556 27:3
16 79-1 + 0-14 555 264
22 78-9 + 0-11 555 26-2
26 79-7 - 0-09 26-5 Pressure nnsteady from
. - on 25th to 30th reduced
3 - 0 .- 26
of 84 0-82 : 63 to 570 mm. on 27tb
1928 Dec.
Jan, 8 75 - 0-15 255 Pressure 587 mm. from
11 80-2 0-00 563 27+0 31st Dec. to 5th Jan,
16 795 0-00 564 267 reduced to 562 mm,
21 79-8 - 0-04 565 267 on 5th Jan,
) 28 80.2 - 0-05 570 271
Feb. 8 79-7 - 0-13 574 267
15 80-0 - 0-18 579 26-8
26 79-6 - 026 580 26-6
Mar. 2 79.9 - 0:20 584 26-6
8 798 - 033 | 584 266
12 79-9 — 0-30 587 26-6
16 8§00 - 0-U6 356 266 Pressure 588 mm. re.
19 80-1 + 011 557 96+ duced to 555 mm, on
2 50-0 + 007 | 859 2.5 1th March.
April 4 79-8 + 0-05 561 264
10 80-3 + 0.01 564 26-8
18 50+ 4 + 0-02 566 26.8
2] 806 - v-01 568 26-8
30 80-3 - 0:06 569 26-9
May 4 81.2 - 0-08 571 27.6
9 840 - 011 677 28-8
14 84.3 - 013 578 28-6
19 847 - 0-12 580 289
23 85-6 - 0-19 582 29-6
28 86-1 - 0-25 587 29.9
June 2 86.7 - 0-33 593 30-2
9 867 — 0-38 601 303
16 56 -0 307 296
21 83 6 0-46 607 29_() Pressure 608 mm. from
85-4 - 0:43 295 16th to 20th a )
an 864 + 0.13 570 3040 bth to 20th redncec
! to 558 mm, on 20th
Jone.
July 3 859 0.3 575 99.8 I‘}'om 22nd to 28th
0 : 0 o0, June pressure un-
' 847 - 0-04 576 292 steady due to leakage.
11 Bl 8 — 0-02 578 28.9 steady 8
1 84:0 —~ 0-06 579 287
20 83.8 - 004 BRO 287
27 83-6 — 0-06 580 285
* Lverpte = gﬂ.iljil]g .
Zv rate = losing (Continued)
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TABLE 1.—Temperature and pressure of Riefler clock No. 450 and it
rate, by transit instruments, 1927-28—(concld.).

=" rate

= losing

Clock
Date Cell :zfrl::pel'l\- Rate* duriug ! Remarks
preceding Pressure | Tempernture
period per
day
1928 F s Cmm c
Aug. 5 831 - 007 | 581 28-3
10 83-4 - 0-08 582 284
) 83-8 - 0-12 584 28-6
18 83-9 - 0-10 584 28-7
23 83-5 - 0-11 585 28-5
25 82.7 - 017 585 28-2
U8 82-2 - 003 584 273
Sept 2 81-9 - 0-06 584 27-6
10 82-3 - 0-13 GRE) 27-9
14 &3-1 - 0-12 585 284
20 83-6 - 0-16 586 28:6
25 83-7 - 016 586 28-5
Oct, 1 825 - 017 586 28:0
* +rate = gaining



CHap. 11.]

TABLE 2.—Error of Riefler clock No. 450, at 20 hours, Indian

OBSERVATORIES

Standard Time, by transit instruments, 1927-28.

South North South North
Date Transit Transit Date Transit Transit
1927 m s m 8 1928 m § m s
Oct. 11/—0 84-98 April 10| -0 40-86 (-0 40-84
14 3467 18 .. 40°66
18 3427 23 40.69
21 33-89 |-0 33-64 30 41-14
27 33.17 32.85 |[Muy 4 41-44
Nov. 1 32.67 9 42:01
6 3205 14 , 42.68
10 31.64 31-50 19 - 43-29
16 31.00 31-03 23 . 4405
20 30-51 28 . 45-28
26 29-64 29:55 [ June 2 e 46-91
Dec. 1 29-04 9 49.58
5 2869 15 5236
11 28.07 21 54-92
16 27 -39 a7 54:15
22 26-74 July 8 b4-32
26 2%7-09 6 5445
30 30.38 11 5454
1928 |
Tan. 8  31.69 17 51-90
11 31-0% 20 55-01
16 31-67 27; 55-45
21 31 RA Aug, b 56+05
2 32-23 10; 56-47
Feb. 8| 33 62 15| 57-09
151 34-90 18 57-39
26! 37-80 22 57-82
Mnp, 2 4878 25 5834
8 4073 28 5843
12 41-01 Sept. 2 HR-75
16 42-15 10 59+83
10 41-82 14/-1 00-28
pE 41-31 41-34 20 01-16
a1 40-91 25 01:96
April 4 40-90 4078 | Oct. 1 02-97

15
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TABLE 8.— Longitude of Dekra Din in time, from the first wireless
signal of Bordeauz ot 8" OI™ G.M.T.

| Observed Observed
| i value value
| minus minus
Accepted Accepted
Date By By valne® I?ate By .By value*
Green- Transit |Astrolabe |- Green- Transit |Astrolal
wich ‘ g | wien | Transit [Astrolabe :
FORN =) 5 2
>.Z | :—;E >{I§’ [
E ma |l ag
::; | - :: “z
o - R Tl <
1926 |[h m s A m s $ s 197 2 m ¢ B m s s 8
Dec. 1(51211-87 +0-08 Mar.11 [51211-74(51211-81| =005+ 002

3| 11-86/5 1211-69] +0-06|—0-10] 15 11-78  12.00{—001|+0-2]
7| 1183 1l.e3+003—016] 19| 11.77]  11-97/-0-02+0-18

10 11-84 11:90/ + 005/ +0-11 26 11-88 +0-09 ...

15 11-82 11-85| +0-03|+0-06 31 11-93 1206/ + 014/ + 027
18 11-84 11-77/+0-05| -0 0z}]Apr. 5 11-83 11-87|+0:04/+0-0
22 11-70 11.81/-0-09|+ 002 11 1179 11-85 0°00/+0:0

25 11-86 11:86{ +0-07[+0-07 18 11.%8 . |-o0-0ot] ...
29 11-86 11.-89/+0-07{+0-1( 22 11-82 11-86| +0- 03+ 0.07
1927

ian. 1 1161 11-72/-0-18/-0.03 29 11-84)  11-99(+0-05/+0°20
4 11-88)  11.88| + 0-09(+0.09]May 10 11-99 11-86|+ 0 20| +0-07]
8 11-85 11-73] +0-06|—0- 08 26 11-81 11-98| +0-02) + 018
120 177 11-74/=0-02/-0-05[0ct. 27 11-89 . |+0-10 ..
15 11-84 ... |+0-05fNov. I 11-89 ... +0°10 ...
181 1187 11-99| + 0-08| +0-20 6 1187 .. +0-08
2 11-96 11.91[+0-17] +0-12 10 11-85 ... +0:06
261 11-82 11-91/+0-03| +0-1¢ 16 1193 .. +0-14

Feb. 3 11-88 .. |+0-04 .. 20 11-590 .. -0-20
5 11-86 11-82} +0-07| +0- 03 26 11-89 +0-10
1! 11-88 11-84) + 0-07| + 0-05Dec. 1 1181 +0-02
18 11-42; 11-86|+ 0-03| +0-07 6 11-93 +0 14

I i

25, 118y L +0-08) . 11 1192 ., +013
281 11:85 .. +0-06] .. 16 11-83 ... +0°00

Mar. 4 1172 —0-07] ... 22 11-82 +0-03

* Accepted value derived from the International Longitnde Project is 57 12™ 1178,
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TABLE 4.—Longitude of Dekra Din and its variation from accepted
value, as delermined from reception of wireless time signals from
Bordeanx and Rugby.

Bordeanx ] Ruogby
Greonwich Date vm?l?:e;ljiis vg]bservgd
: FE] d : s ne minus
Longitude in time Accepted Longitude in time Accepted
[ value* value *
1928 h m s s hom s s
Jan. 8 5 12 1164 - 015 6 12 1176 — 0-03
1 11-82 + 0-03 1180 + 0+01
16 1186 + 007 11-87 + 0-08
21 11-68 -~ 011 11-%0 - 0-09
28 11-73 - 006 11.75 - 004
Feb. 8§ i1.84 0-05 11-87 + 008
15 11-63 — 016 11-62 - 0-17
26 11 76 — 0-03 11-78 - 0-01
Mar, 2 11-82 + 0.03 11-82 + 0:03
8 11-80 + 0-01 11-%6 - 0:03
12 1175 — 0-04 11-69 - 010
16 11-77 - 0:02 11-65 - 0-14
190 11-78 — 001 11-74 - 0-05
26 11-80 + 0.01 1157 - 0-02
April 4 11-88 + 0-09 1181 + 0-02
10 11:80 + 0-01 1175 - 0-04
18 11-76 - 0:03 1182 + 0:03
23 11-73 - 0-08 11-69 - 0-10
30 11-89 + 0-10 11-88 + 009
Mav 4 11:95 + 0-16 11-77 - 0:02
9 11-84 + 0:05 11.%6 - 0:03
14 11-90 + 011 11-82 + 0-03
19 11-80 + 0.01 11-73 — 0-06
23 11-00 + 011 11-75 - 004
Jnue 15 11:73 - 0:06 e
21 11-68 - 0-11 11:71 - 0.08
27 11-78 - 001 11-72 - 007
Tuly 3 11-88 + 0°09 11-71 — 0-08
6 11-95 + 016 11-93 + 014
11 11-86 + 007 11-83 + 0:-04
17 11:90 + 0-11 11-94 + 015
20 11-87 + 0-08 11-87 + 0:08
27 11-85 + 0°06 11-83 + 004
Ang, 5 1188 + 0.09 11-88 + 009
10 11-86 + 0-07 11-86 + 0.07
15 11-89 + 0-10 1) -86 + 0-07
18 11-80 + 0-01 11-61 - 018
22 11-75 - 0-04
25 11:88 + 0-09 11-90 + 011
28 11-82 + 0-03
Nept. 2 11-88 + 0-09
10 11-80 + 0-01 11-87 + 0-08
14 11-83 + 0-04 11-80 + 0:01
20 1178 — 0-01 11-85 + 006
— 25 1175 — 004 11-73 — 0-06

Accepted valne derived from the International Longitunde Project is 5" 12 11*:79.

¢
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TABLE 5.— Longitude of Dehra Din. Monthly means. Time by Transit,

w w
5 2 5 &
< [ ; . 2 (') ‘; n

Month 85 S | Longitude Month g o S | Longitude

) ] =] b

z & I

o c
hm 3 hm s
December 1926 ... 9 612 11.83 (| January 1928 ... 5 513 11.77
January 1927 ... 7 11.82|| February 3 11475
February - 6 11.85 || March 6 1176
March 6 11.80 || April 5 11.80
April 5 1181 || May 5 11.83
May 2 11-:90|} June 3 11.78
October 1 11.89| July 6 11.87
November 6 11.84 || Angust 7 11-84
December 5 11.87 || September 5 11-81

TABLE 6.—Values of 1 division of levels attached to
Zenith Telescope No. 1.

LENGTH OF BUBBLE NO. 6/10 IN DIVISIONS
Date of
observation
w0 | 4 45 | 50 | 51 66 | 60 | 62 | 65 | 70 | 75 Mean
" ” ' " " ~ " " " ) " " " " "
i
14,15 Oct. 24 J0-8283 .. . ... [0-8I85 ... 0.7776, .. .. l0-7792) ... 0-8009
27 Mar. 25 .. [0-8620{ ... } ... |o-g600|0-0000| ... |0-8620 ... [0-9240] 0-8816
I
i Menn 0-841
2,3 July 28 [0-8527| .. . 0‘74'31' .. |0-8488] .. .. |0-7930] ... 0-8092
10,13 July 23 B V] L. 107252 ... |o-7800 ... [0-7740 0-7601
i : Menn 0-785
i | -
- J .
Date of LENGTH OF BUBBLE NO. 9 IN DIVISIONS
observation | |
10 ] 41 | B 50 l 52 55 | 60 | 62 ‘ 66 | 70 | 75 Meon
" | " " " ; ” " " ” " " ” "
14,15 Oct. 21t 9461 0+ 0450 0-9236) .. .. |o-9289] ... 0-9352
27 Mar. 2 0-9000] ... ... |o-p180[0-9650! ... 0-8904

Mean 0-013
22 July 29 .95y o-o17a| .. | .. lo-sesz| .. | o0-9061

10,13 July 28 p-Aisy: 0-8757| ... [0.e381] . | .. [0.0026| ... 0-8963

Mean 04896

jart
=]
=
=
B
N aq0
~
[S]
=3




CHap. IL] OBSERVATORIES 19
TABLE 7.—Graduation error of new Levelling Staves
( Actual length—Reputed length ).
Reputed | Staff Stafft Staff Staff | Stoft Staff -
Length : No. 018A | No. 018B | No. 017A | No.OL7l | No.016A | No.016B
; | ‘ '
Seet Seet Seet Seet Seet Seet Seet
1 + 0001 | — 0003 | + :0004 | — -0001 | + -0005| =— <0001
2 + 0007 | — -0001 | + -00UN5 | + -0003 | + -0009 + +0008
3 + +0001 | = +0002 | + -0005 | — -0001 | + -0007 | + -0004
4 4+ 0004 | + -0002 | + -0005 | + +0001 | + -0012 | + -0008
5 + -0005 | + -0003 | + 0008 | — -0001 | + 0010 )| + -0008
6 + 0006 [ + -0008 | + -0007 | - -0002 | + -0011 | + -0007
v + -0007 | + -0005 | + +0007 | — .0002 | + -0000 | + -0008
8 + +0006 | + -0010 | + 0010 | + 0001 | + 0013 | + -0010
9 + +0008 | + -0006 | + 0008 | — <0002 | + ‘0013 | + -00l1
10 + 0010 | + -0006 | + 0009 | + -0001 | + -0015 | <+ -0014
| Reputed | Staft Staff Staff | Staff | Staff Staff
Length No.015A | No. 01533 | No,07A i No 07B | No.0BA | No.06RB
Jeet feet JSeet Seet fect Seet feet
1 — +0003 | + 0003 | « ‘0003 | — -QO0) | + -0003 | — -0004
2 + 0004 | + -0004 | + °0005 | + +0002 | + -0007 | + -Q001
3 + +0001 { + -000L | + -0001 '0U00 | + -0003 | — -0003
4 + 0001 | + 0006 [ + -0002 | + -0002 | + -0006 + +0001
5 + +0002 [ + -0004 | + -0005 | + -0004 | - -.0009 | + 0002
t + +0002 | + -0007 -0001 | + 0005 | + 0005 + 0003
7 + -0004 | + 0003 | + +0007 | - ‘0001 | + -0004 | + -0004
g + 0003 | + -000%7 0000 | + ‘0005 | + -0008 [ =+ -0003
‘ ‘0000 | + +0006 | — -0006 | — -0004 [ + -0006 | + -0005
10 + 0003 | + -0007 | +# -0006 | + -0005 | +« .COD6 | + -0006
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TABLE 8 —Graduation error of new Levelling Staves

Actual length

- (Reputed length) x

Actual total length

10 feet

Reputed ! Staft Staft Staff | Staff Staff Staft
Length } No.018A | No.018B | No.017A ' No.017B | No.016A | No.016B

Seet l feet Seet Seet Seet Seel Seet
1 +0000 | — 0004 | + -0003 | — -0001 | + 0003 | - -0003
2 : + -0005 | — -0003 | + -0004 | + -0003 | + +0006 | -+ -0006
| — 0002 | — -0004 | + -0002 [ — .0002 | + -0002 +0000
4 \ 0000 | — -0001 | + -0002 | + -0001 | + -0006 | + -0003
5 -00U00 -0000 | + ‘0004 | — -0002 | + -0002| =+ -0001
6 0000 [ + -0005 | + -0001 | — -000O2 | + -0002 | — -0001
7 — -0001 <0000 | + -0001 | — .0002 | - -0002 | — -0001
8 — 0002 [ + 6005 | + -0003 0000 | + -0vOl | — -0001
9 — -0001 0000 | + -0001 | — .0003 | — -0001 | — -0001
10 -0000 -0000 -0000 -G000 -0000 -0000

====—=L=—______y r

Reputed Staft Staff Staff Staft Staff Staft
Length No OlsA l No.015B | No.07A No. 078 No. 06A No. 068

feet jeet ! feet Seet Seet JSeet Jeet
1 ©— -0004 4+ -0002 | + -0004 0000 | + -0CcO2 | ~— -0V03
2 + -0004 + -0002 | + -0005 | + -0003 | + -0006 - 0000
' 0000 © ~ +0001 | + -0002 | + -0001 | + -000L | ~— -00U

! |

4 ‘0000 | + -0003 | + -0004 | - -0004 | + -0003 | — -0001
5 + 0001 <0040 ¢ + +0007 | + -0007 | + -0006 | -— -0LOO1
6 <0000 . + 0002 | + -0004&! + 0008 | + -0001 + 0000
7 + 0002 -0000 : <0000 | + -0004 | - -0001 -0000
8 + 0001 + .0001 | + -0004 | + -0009 | + -0003 | - -0001
9 - 0003 — -U001 i — -0001 : + -000L -0000 | - -0001
19 -0L00 ~0000 | - 0000 -0000 - 0000 -0000

\
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TABLE 9.—FEarthquakes recorded at Dehra Dun during 1927-28.

Time ol beginning.

Indian Standard Distance of

Time epicentre
o.| Date | —————  |Duration}————— | Intensity | Remarks
DebTa | Simlar Debra | gimlas
1927 h m kom m miles miles
1|(0Qct. 8|16 06|16 06 5 %50 200 slight
2, 24[21 53|21 42 6,000 6,000 | consider-
abie
3, 26015 12|15 10 2 slight
4 [Nov. 1| 5 04 8 400 slight
5|, 8| 8 51 41 1,500 slight
6| , 14| 5 51 5 51 47 3,500 3,200 slight
71, 14|10 46 |10 37 30 1,600 2,200 slight
8 w 17| 2 48 2 49 30 2,600 3,300 slight
9 |Dec.29| 0 02 0 01 58 3,000 4,400 | moderate
1928
0fJan. 7| 1 11 1 10 60 3,400 3,700 | moderate
1|Feb. 3[19 31|19 33 20 2,500 5,000 slight
21, 7| 5 37| 5 39 6o 2,500 2,500 | consider-
able
31, 22] 1 39 36 4,300 slight
Ly, 26| 7 24 34 3,300 slight
* *
Bombay : Bombay
5| Mar, 8 4 = 4 20 22 1,700 2,300 slight
w 8[23 53 8 800 slight
6 ., 9|28 44|28 al| 120 2,300 | 1,900 | great |Seistan 1000
miles
il 16|10 46|10 45 120 5,800 5,900 | moderate

w 22110 58110 07 15 2,300 8,700 slight (Bombay suys
sevore, Itis
doubtful if
these are the
same shock )

w 2910 46 | 10 46 30 2,600 3,700 slight North Jtaly.

Jugo Slavi
May 27|15 33|15 31| 88 | 4000 | 4300 | moderate | "0
» 2820 34]21 16| 12 100 | 3,300 | slight

5 16| 5 04 60 3,000 | 3,800 | slight
. 1119 o118 53 55 8,300 | 4,300 | slight
. 8[14 15114 10 60 2,300 | 3,700 | slight

W — O O
—
=
=3
)
-
o

51, 21]22 1022 11 171 6,000 { 5,800 | moderate
61 , 30| 4 35| 4 36| 120 4,700 | 5,200 slight
7 July19; 0 55| 0 55| 183 5,700 | 5,900 | moderate
BiAug. 5/ 0 21| 0 16| 120 2,300 | 8,700 | moderate | Dutch Indies
D0, 10721 06|21 o8 28 560 | 1,200 slight
D1, 12|13 66|13 48 26 3,700 slight
1, 22/ 0 38, 0 37 18 750 | 1,500 slight
21, 230 9 201 9 29 19 350 ( 1,700 slight
BSep. 1|11 39 | 11 42 84 300 900 | consider-
able |
1- w 18|23 26 31 3,600 glight |
51 . 190 1 29{ 1 o7 60 900 | 1,600 slight

* From Daily Weather Reoport,

149
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TABLE 10.—Mean valucs of the constants of
Mugnet No. 17 at Dekra Dun <n 1927 .
Declination H.F. CoNsTANTS
constants
Months Mean Distribution factors Mean values ofn_1
magnetic Accepted value of Monthl
. . - _ y | Accepted
collimation | P 12 P2.3 lor'(1+ :: L2 Q 1 “heans m
roon cm? cm? C.G.S. C.G.S,
Janunary — 6 27 580 | 6-93 80632
February — 6 26 | 579 | 6:93 -40
March - 6 24 5-72 6-74 - 32 -
E =3
April -6 21 | 571 | 689 g -30 2
May — 6 24 5.83 7+09 3 * 24 g
June - 6 25 585 7-01 é 20 'E'
July -6 22 | 590 | 7-12 2 -18 =
August . — 6 26 | 5-86 | 6-96 & 17 ©
September .| — 6 29 | 5.82 | 7.14 o 22 3
=
October - 6 24 592 | 6-94 -33
November -6 16 | 595 | 7-04 "85
December — 6 20 | 5-89 | 7-09 -42

TABLE 11.— Base-line values of Magnetoyraphs
at Dehra Din in 1927.

. . Horizontal

@ Declination force
Months i Mean value | Mean value

; of of
'1 hase-line base-line

I C.G.S.
Jannary | 0 46-1 |  0-32614
February 0 46-2 -32618
Mareh 1 0 461 .32614
April o 460 -32620
May 0 g -32621
June 1 0 46-2 32627
Tuly | 0 462 +32630
Augnst I 0 46-1 +32627
September } 0 46-4 +32625

lfo 46.5%

October { 0 ”} +32621
Novemher el 0 352 32617
December ' 0 35.2 .i 32614

* Up to 10d on 18th Oct.
t From 11* on
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TABLE 12.— Monthly mean values of the Magnetic elements and
annunal changes at Dehra Din tn 1926-27.

Horizontal force] Declination Dip Vertical force
-32000 C.G.S. + . 1°+ N.45° + -33000 C.G.8. +
Months

N A al |y qo=| Annual oml A 1]; o« A 1

1926(1927| chane [1926(1927) craye [1926(1927] (1IN 119261927 Sinter

S % I % I e T

January 925|919| — 6 )28-2(24-1| —4-1(24-427-6 +8-2]|397 [452| +55
February 918|931 +13 [28-1|23-7| —4-4[24-728-2 +3:5]395 476 | +81
March 921 |928| + 7 [2B-1|23:6| —4'5 26-6\28'5 +2-904141479| +65
April 9271920 | + 2}27-4(22-6' —4-8(25-327-6( +2-3}415|463| +48
May o | 9411934 | — 7 (26-9122.5) —4-4{25-728-0 +2:31437 1 474| +37
June .. |9411949 ] + 8 (26-3|22.0, —4-3 26'2128-0 +1:8]446|491| +45
July 948 1946| — 2 |25-9|21-6! —4-3[26-029-3| +3:3|450|514 | +64
August 949|931 | - 18 [25-3/21-2| —4-1[26-230°3| +4-1|45661518| +63
September 041932 — 9 25-0/21-1| —3-9(27-030-5| +3:5]462|520] +&8
October 9241 014| —10 125-0/21-4, —3-6127-630-5| +2:9]457 | 502| +45
November 9311930 | — 1 124-5(20-8, —3-727°0,20-3| +3-3]| 453|515| +62
December 9321925 — 7 [24-4{20°6 —3-827-031-1| +4-1]|452!526| +74

I N | | L
Means 933|031 — 3 fo-3j22-1] —a-2fe6-1]29-2] +3-1]436 |404| +58
*

y = -00001 C.G.§.
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CHAPTER 111

TIDES

BY Majsor C. M. THoMPSON, I.A.

1. Tidal observatories.—During the year under report, regis-
tration by automatic tide-gauges was continued at the following sta-
tions:—Aden, Karachi, Bombay (Apollo Bandar), Madras, Kidderpore,
Rangoon, Bassein, Pilakat or Deserters’ Creek and Basrah. These
operations were carried out under the supervision of this department, the
immediate control of each observatory being entrusted to the local officers
of the port concerned. In addition, the actual times and heights of high-
and low-waters were observed on tide-poles (during daylight only) under
the supervision of the local ofticials at Bhavnagar, Chittagong and Akyab.
The results of these actual observations were compared against the pre-
dicted values, with a view to testing whether the predictions based on
tidal observations taken many years ago, still maintained a sufficient
degree of accuracy.

Table 1 gives a complete list of stations where tidal registrations
have been carried out since the commencement of tidal operations in India
n 1874.  The stations at which automatic tide-gauges are still working
are shown in italics. Minor stations were closed after a few years, when
sufficient data were available from the tidal registrations.

TABLE 1.— List of tidal stations.

|5 o] B2 | £ 2 2
. - - S
= | 2 =5 w g3 g2 s € 8

z 885 | S8% | ©.% 15°%

] Station L 8gs 28 w'S p S Eg Remarks

& 82k R o g S &

o 0OV @ w L g

0 L A |83 s ¢ S o

ETE| Tes | 2 2 =72

N SRS A

1| Suex ... | auto- 1897 1903

matic
2 | Pevim " 1898 1002 53
3 | Aden " 1879 still 49
working

4| Maskat, . 1893 1898 f

5 | Bushire . 1892 1901 8

68 | Karach: ( 1868 1880 *137 *Small tide-

ardchi » 11881 still 47 ) 60 gauge working
working

(Contenned)
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TABLE 1.—List of tidal stations— (contd).
=}
3 s 3| 85| £ g |w_z
K od O o« Hg @ o -]
< 288 S99 2 B 592
3 Station g 25 8ap o3 E 2 & E Remarks
£ = R o g«
] 2283 A g3 a |22
w 9 0 g° 2 3 Z
4 © O et s ©° °
o3 =]
7 | Hanstal " 1874 1875 1 % Tide-tables
8 | Navanar ” 1874 1875 1 not published
1874 1875 1 .
9 | Okha Point " {re-st&rted gz Y::&iﬂ%ﬁ-% is
1904 1906 1
10 | Porbandar personal 1893 1894 2
10A | Porbandar anto- 1898 1902 2 Years 1898,
matic 1899 & 1902
» are excluded
11 | Port Albert Victor personal 1881 1882 1
| (Kathiawar)
i
11A | Port Albert Victor auto- 1900 1903 4
‘l (Kathiawar) matic
12 : Bhavnagar " 1889 1894 5
13 | Bombay (dpolio ” 1878 still 50
‘ Bandar) working
14 | Bombay (Prince's " 1888 1924 a7
Dock)
15 | Marmagao (Gon) " 1884 1889 5
16 Karwar ' 1878 1883 6
17 | Bespore " 1878 1884 6
18 | Cochin " 1886 1892 6
19 | Taticorin " 1888 1893 5
20 | Minicoy . L1891 1896 5
21 (aile " 1884 1890 6
22 | Colombo | W | 1884 1890 6
23 | Triucomalee . | 1890 1895 6
24 | Pamban Pass " ¢ 1878 1882 4
25 | Negapatam w | 1881 1888 5 Years 1883 to
18856 are ex-
“ cluded
: 1880 1890 10
26 | Madras ,  i{ re-started still § 43
' 1895 working 33
27 | Cocanada " | 1886 1891 5
28 | Vizagapatam " 1 1879 1885 6
2) | False Point . | 1881 1885 4
30 | Dablat (Sagar " . 1881 1886 5
Island)
41 | Diamond Harbour .. " 1881 1886 5
32 Kidderpore " 1831 atill 497
working
33 | Chittagong " 1886 1891 5
34 | Akyab . 1887 1892 5

(Continued)
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TABLE 1.—Lust of tidal stations— (concld),

- = o o0
. 5 & SE | 2 2 |y 3
K 232 | 285 | & 8 | .82
-+
=< Station é §' g g8z %"6'“5 & g ‘E Remarks
& o o 3 S qE, & o © g [
% hat BS | 8§ % |Z™2
- 4 O 4t a [=] (<3
0 Q
35 | Diamond Island ... | auto- 1895 1899 5
matic
( 1902 1903 PR
36 | Bassein (Burma ... " <{ re-started still 7
[ 1923 working 5
1880 1881 1 :
37 | Elephant Point ... " 'g re-started }5 Year 1188(?-(811 18
1884 1888 4 exclude
37A | Pilakat or Deserters' “ re-started Observatory
Creek . 1927 1928 1 damaged and
dismantled in
July 1928
38 | Rangoon " 1880 still 48
working
39 | Amberst " 1880 1886 6
1880 1886 6
40 | Moulmein " re-started E 22
1909 1924 16
4l | Mergui ) " 1889 1894 5 :
42 | Port Blair . 1880 1925 45 i
43 | Basrah ... | personall 1916 1922 7E
13
43A | Rasrah . auto- 1922 still 6
matic working
f‘

2. Inspections.—Burma.—The tidal observatories at Bassein,
Rangoon and Pilakat or Deserters’ Creek in Burma, were inspected by
r. D.H. Luxa, the tidal assistant, between February and March 1928.
~ India.—1In addition, Mr. Luxa had intended inspecting the new
idal observatory at the Kidderpore Docks, Calcutta, which was to have
eplaced the old tidal observatory. The latter had been badly damaged
n the 5Hth November 1927, when a steamer collided with it, necessita-
ing the immediate dismantling and removal of the tide-gauge and
uxiliary instruments. The new observatory, however, was not ready
n Mr. Luxa’s return from Burma to Calcutta, and as he had to proceed
) Basrah almost immnediately, the Deputy Conservator to the Port
‘ommissioners, Caleutta, decided to delegate the duty of installing the
de-gange in the new observatory to one of the port officials. This
'as accordingly done and tidal registration recommenced by the 28th
agast 1928,
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The Harbour Surveyor, Port Trust Karachi, carried out an inspec-
tion of the tidal observatory at Manora Point, Karachi, in January 1928,
The tidal observatory at Apollo Bandar, Bombay, was inspected by the
Bombay Port Trust Surveyor in April 1928. No reports have been
received from the port authorities at Aden and Madras as to whether the
observatories at those places have been inspected or not. These obser-
vatories were last inspected by officers of the Survey of India in October

and November 1924. Except for minor stoppages, all the tide-gauges
have worked satisfactorily.

'Irag.—The inspection of the tidal observatories in ’Iraq, was
carried out as a result of the correspondence which arose between the
Home, Indian and ’Iraq Governments, concerning the claim made by the
Indian Government for the payment of the costs that had been incurred
annually in the compntation, preparation, publication and supply of
tide-tables for Basrah, which had been held in abeyance for several years.
On the ’Iraq Government consenting to meet these charges, as well as
the cost of inspection of the tidal observatory at Basrah by a Survey
Officer, the work was undertaken and the following tidal observatoriesin
"[raq were inspected by Mr, Luxa during March and April 1928:-Tani-
mah (Basrah), Muttwa, Abadin, Fao and the Outer Bar Semaphore Obser-
vatory on the Shatt-al-’Arab.

3. Tidal observations in the Rangoon river.—The
tide-gauge installed by Mr. Luxa in the Pilakat or Deserters’ Creek
near Klephant Point on the 16th March 1927, continued to work quite
satisfactorily until 3-30 a.m. on the 18th July 1928, when the tidal
observatory was seriously damaged by a gale, necessitating the immediate
dismantling and removal of the tide-gcauge. The Port Commissioners,
Rangoon, beine unwilling to incur fresh expenditure on rebuilding this
tidal observatory, in view of the rapid erosion that is taking place both
in river and the creek, decided to dismantle and return the tide-gauge to
Dehra Dan.  The Port authorities are arranging, however, to continue to
vecord the times and heights of high- and low-waters, on a tide-pole, in
order to enable comparisons of the results of predictions at Elephant Point
to be made, and to test whether the regular errors between predicted and

actual valnes noticed at Rangoon from 1922 to 1925 are being repeated
at Elephant Point.

. 4. Reduction of Bassein tidal observations.—The re-
cistrations of the vear 1926 have been fully reduced by harmonic analysis.

The results are given in Table 2, where those for 1924 and 1925 are also
shown.

D4
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TABLE 2.—Values of the tidal constants for Bassein
1924, 1985, and 1926.

1924% 1925¢ 1926%

s;{‘;?lfol A,=8:330 Ay=8-162 A,=8-076
R| ¢ |H| « |R| ¢ |H| « |R| ¢ ’ H. .

Eel:-(i);gl Jeel JSeet Jeet feet feet feet

s, lo-078| 149%20 [ 0-078| 14929 | 0-060 | 160°50 |0-060| 160750 | 0-060| 148713 |0-060| 146713
S, |o-606| 9220 |0-6o6| 92-20 |0-743| 91.90 |0-743| 91.99 Jo-746| o5-95 |0-748| 95-95

S 0:009| 93-86 |0:009{ 93-86 0-013| 89-13 |0-013| 89-13
S 0:002 | 242-10 | 0-002| 242-10 0:004| 154+65 [0-004| 154+ 65
Sa 0-040; 02-03 |0-040| 92:03 0:002| 241-70 | 0-002 24170
M, 0-030| 24465 | 0-028 | 267-11 0:018| 101-76 (0-011 | 145:5%
M, 22421 274:G4 |2.175| 50:14 §2-271| 200.36 |2-222| 51.71 |2-260| 101-34 |2-256| B3:12
M, 0-022] 213:76 | 0-021 | 5701 0:006( 311-10 |0-006| 58-77

0
0-237, 332-03 0-240| 78-76 |0-235) 34232
0-081| 24465 0082 38-37 |0-080| 253-71
0+020| 16287 0-020! 38-93 |0-019 | 20606
0, 0-142| 90:81 |0-167| 45-52 Jo.148| 1.55 |0-164| 34.33 |0-164| 262-68 |0-169| 37-32
0
0
0

Ky 0-335| 222-95 10-360| 4681 J0.344 | 222:70 |0-366| 45-22 J0-358| 226-91 |0-365| 48:21
K, 0-147 | 279:05 | 0-185| 107-62 0-217| 271:55 | 0-232| 94-37
P, 0-120| 252:03 [0-120| 62-42 |0-135| 243-55 |0-135| 53-19 J0-135| 245-12 | 0-135| 65:00
I, 0-022} 292.24 10-025| 93-42 f0-009| 267-43 [0-010| 168-19 J0-004 3:27 |10-004| 351:31
Q 0-021| 106-83 | 0-024| 81-15 [o.012| 89-50 |0-013] 40-10 J0-017| 64-36 |0.017| 28-10
Iuy 0-212| 109-99 |0-187 | 38:57 0-208| 118-49 [0-216| 74-89
N, 0081 256-35 |0-372| 51:48 0:366 | 262:67 [0-362| 43-56
vy 0:143) 10736 {0-139 | 35996 0-126| 341:96 | 0-125] 68:47
1o 02511 261+40 | 0.290| 17239 0:275| 276-02 [0-260| 178-58
T, 0-065] 46-01 |0-065| 48-03 0-132| 4851 |0-132| &60:07
(MS), 0183 210:97 |0-178] 16-47 0-186| 73-86 {0-194( 25-04
(23M), [0-086] 8375 [0-081] 308-25 Q:089 | 262-25 | 0-087 ] 310-47
2N, 01381 143.87 10+134| 318:59 0-099| 98-11 (0-098| 68:08
(3LN), (0093 32.35 |0-088] 322-05 0:08%| 247-17 [0-082| 339-82

LKy, [0-052| 317-38 [0-056 1 276.74 J0.003| 260-80 | 0-096 | 20467 | 0-091| 187-03 | 0-002 | 318:11
(ZMLIC), [0-0571 147-98 [0-050| 274-52 J0-081| 2657 |0-062| 266-75 |0-064{ 187-8¢ | 0-06L| 270-10

M |0:101| 53.38 [0-172| 8357 0-143( 195-53 [0-138| 6-43
3 ML |0-091{ 35141 10-130] 37-10 0-048 | 144-26 | 0-052| ©-76
2 M8 10-226( 106-00 {0-219] 60+51 0:229| 36753 |0-227| 1575
é Sa o z2es0r| 233448 | 2.501] 153010 2-153| 241-72 2183 161-9¢
. Ssa [0-126] #8212 |0-426| 28731 0-416 | 122:57 | 0-416 | 322-81

* Tn 1024 and 1926 harmonic analysis for all components was carried out as for an
open coast station,

t In 1925 the analysis was confined to components as for a riverain port, -
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5. Corrections to predictions.—Comparison of the pre-
dicted times and heights of high- and low-waters with those actuall
recorded, has indicated that the corrections which were applied to the
predictions of Rangoon and Chittagong for 1928, (see Geodetic Report
Vol. ITI) should be repeated for 1929. They have been included in the
tide-tables for 1929, and are instead of (and not additional to) the
corrections included in the 1927 tide-tables referred to inthe Geodetic
Report Vol. I1.

6. Basrah.—From comparisons between predicted and actual
values of times and heights of high- and low-waters from year to year,
it was seen that the results were far from satisfactory. The predictions
were hitherto based on the tables of monthly means supphed by the
National Physical Laboratory, Teddington. These tables were dependent
on the results of a few years’ observationsonly, and this fact might have
accounted for the large discrepancies in the predictions. With a view
to improving the predictions, the tide-tables for 1927 and 1928 received
empirical corrections, as regards times only. In the 1927 tide-tables, a
correction of + 44 minutes was applied toall high- and low-water times,
while in the 1928 tide-tables, a variable correction, tabulated for periods
of 5 days, of from + 10 to+ 63 minutes was applied. In the course of
these attempts toimprove the predictions, it was considered necessary to
revise the original tables of monthly means, but as neither funds nor staff
were available for this purpose, the ’Iraq Government was approached to
contribute Rs. 1000/- towards the cost, and on their consenting to do so,
the work was undertaken in the following manner:—

(@) Time and Height corrections.—Before comparing the P—A
values (Predicted minus actual differences in times and heights of high-
and low-waters with respect to sign) of one year with those of other
years, the following time and height corrections were applied.

Time correction.—The mean correction of + 44 minutes, derived
from the results of 1924-1925, and already applied to the predicted times
for 1927, was removed.

Height correction.—A correction of — 11 feet, due to difference in
height between the zeros of the old and new tide-gauges in use at Basrah
before and after 1st April 1922, was applied to the P— A differences 1n
heicht for 1923.

(1)  Tables.—The values of P—A for both time and height of
high- and low-waters for all the months of each year from 1923 to 1927
were classified according to mean time of moon’s transit, and a table of
means abstracted. Since we deal with differential quantities, (excess or
defect from the mean time of moon’s transit) these mean values were
next applied with opposite sign to the original monthly mean values
supplied by the National Physical Laboratory.

(¢}  Time and Height charts.—For the preparation of Time charts,
the mean values of P— A were applied with opposite sign to the differential
quantities in the case of high-water, and with the same sign in the case
of low-water.

For the preparation of Height charts, the mean values of P— A were
applied with opposite sign, both in the case of high- and low-water, to
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the original values supplied by the National Physical Laboratory. These
corrected monthly mean values (differential quantities in the case of time
and actual values in the case of height) were plotted, and 8 charts for
high-water and 8 charts for low-water were prepared.

The Basrah predictions for 1929 have been based on these new
tables and charts.

7. Tide-tables.—The tide-tables for Basrah and the Indian
ports for 1929 were prepared and published. Distribution was comple-
ted by October 1928. Advance copies of the 1929 tide-tables for the ports
Suez, Aden, Bushire, Karachi, Bhavnagar, Bombay, Marmagao, Colom-
bo, Trincomalee, Madras, Dublat (Sagar Island), Chittagong, Elephant
Point and Mergui were prepared and despatched to the Hydrographer to
the Admiralty by the end of March 1928 for incorporation in the Admi-
ralty tide-tables for 1929. The amount realized by the sale of
tide-lables during the year ending 30th September 1928, amounted to
Rs. 7,220/2/-, exclusive of agents’ commission charges and cost of copies
issued gratis.

8. Accuracy of predictions.—Irom comparisons made be-
tween predicted and actual times and heights of high-and low-water,
the predictions for 1927 were found to be as accurate as those for the
preceding year, except at Kidderpore, where a slight deterioration had
taken place, and at Basrah, where the predicted heights did not continue
to show the very marked improvement that had been obtained in 1926.
On the other hand, improvements in the predicted times at Chittagong,
Basrah, Rangoon, and to a lesser extent, at Madras, and Bassein were
apparent. The greatest differences between the predicted and actual
heights of low-water at the riverain ports were as follows:—

Differcnce
Port (predicted Date

minus actual)
o Seet
Kidderpore + 3:2 22nd September 1927
Rangoon .| = 2'8 | 13th October 1927
Pilakat or Dosorters” | _ 1.6 | 16t November 1927

Creck

Bassein — 34 27th July 1927
Basrah + 3.9 12th April 1027

r ¢ N . o
Tables 3 to 14 give the fortnightly mean errors of the predictions
for all stations at which comparisons were made.
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TABLE 8.—Mean errors E, and E, for 1927 .

ADEN

MEAN BERORS e
(Predicted — actual) 30—0_7
PERIOD e = o ] bagh

1927 H W, w. H. W, L. W.
Time Height Time Height Time Ht.] Time Ht, B 3 |3 B’
minutes {| Sfeet minutes “ feet  |minutes| feet | minutes| peee |2 | S |5 |4

+ - + | - + - + | -

Jan. 1-15] 06 0-2 0-40-2 8:7{o.2] 8.8|o-1] o| o] o]0
16-31 47 0-1] 43 0-1| 13-3(0-2| 10.2|0.2] 2| 1} 0] 0
Feb. 1-15] 05 0-0] 47 0-0] 10-5(0-1] 13-5|0-1] 1| 2] 0|0
16-28) 0:5 0-0] 61 o-0] 7-3/0.1] 9-8/0:1] 0|0 0
Mar. 1-15) 2.3 ool 71 o0} 7.6{o.1] 18-9{0.2} 0} 1 0
16-31] 1-0 01 3:2 01 5-8lo-2] 7-4|o-1f 1| 1]0]|0
April 1.16] 2-8 0-0 47 0-0] 9:3/0-1] 12.9]0-2] 2| 2| 0| 0
16-30f 4.2 0-1 0-4 0-1 9-1({0-2] 11-1{0-1] 2| 2] 0| ¢
May 1-15| 4.0 01 2.6/ 0-1 12-0|0-1{ 11-1|0-1] 2| 0] 0| 0
16-31] 7-1 0-0 11 0:0 9-0/0-1] 6-5(0-1] o] 0] 0] 0
Jane 1150 63 0-1] 46 0-0 9:8/0-1| 14-8|0.1} 0| 4] 0] 0
16-30] 4.2 o-1] s 0o-1] 8-0/0-1] 9:3|lo-1] 0| 0] 0|0
July 1-15] 4.0 0-1] 69 00|l 6702} 9.9lo-1] 0| 000
18-31] o086 01 5-3 0-2 5:8/0-2] s-7|0.2] 0] 0] 0|0
Aug. 1-18] 2.6 0-2 81 0-1 14-5|0-2] 9-.7|0.2] 3| 1] of 0
16-31] 8.2 0-2] s6 0-1{ 12.210-3} 10-1|0-1} 2| o} 0} 0
Sept. 1.15 3.4 0-1] 3-8 0-1] 11:3|0-2] 7-2|0.2] 2| 1] 0} 0
16-30] 8.6 0-1] 13.7 0-0] 14-4f0-2] 15-8|0-1] 1| 2] 0| O
Oct. 1-15| 10.2 00l 93 0-1] 11-1}0-1] 10-0|0-1] 1| 0] 0} 0
16.31] 12.6 0.1 13:0 0-1 13-6(0-1| 13.4|0-1] 1} 1] 0|0
Nov. 1-15 2:2(01 0.5 ool 12:1]0.1] 14-410-1] 1| 3] 0] 0
16-30] 9.3 0.0 77 0'1 12.0(0-1] 9-6|0-1] 3] 1 0
Dec, 1-15] 52 0-0 46 0.0 7-910-1] 11-2]0-1] 0] 0] 0] 0
16-31] 941 0-1 7-3 0-1 12.0(0-2| 11-1|o0-1| 3| 1{ 0|90
- | )
Tumm 1074 10-3‘11-1 0-8}124.6| 8.2 1-0'0-5'243-0@3-0 200-3|3.0]27|23 ’0"_0
MzaNg + 4.0 :—TO*F. —+ 4-0 + 0:0 l 10-1 %0-2 10-8 ;)—] . [—I_’_

*® E, is with regard to sign: E, is without regard to sign,
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TABLE 4.—Mean errors E, and E, for 1927.

BASRAH
MEAN EKKORS e e o
(Predicted—actual)
30 06
PERIOD E* E.* "t time. '{Jfllgﬁft
1927 H. W. L. W, H.W. LW,
Time Height | Time Height | Time 1t | Time Hefor| o)
minutos ” Seci minutes ” Jeer | minutes| jeet | minutes| fect | | S |2 | <
+ -~ + | - + - + | —

Jan. 1.15] 30-0 05 13-1 0-0] 40-8(0-%]| 54-4|0-7§16|21]14]16
16-31] 18-6 0-4 24.3 0-3 28.1(0-5| 47-5|0-6]14{18]11 (16
Feb. 1-15] 35-0 0-3 28-4 0-1 44-2{0-4| 61-3(0-6]12]14] 6|11
16-28] 25-9 0-8 30-8 1.3 33.6(0-8] 52.2(1-3]12]19f18]|21
Mar 1-15] 26-9 1-1 36-7 1-5 50.9(1-1] 64-2|1-5]17|20]25(29
16-31] 12-3 15 317 2-1 97.511.5] 39.9(2-1] 7|14}24|26
April 1-16 43.3(1:6 93.6|/2'6 50-9|1-¢] 42-%12-6J11(11]13|16
16-304 16:0 21 30:3 3-1 52.4(2.1] 39.3|3-1]17| 9]126|25
May 1-15] 307 1-8 33-0 2-7 44.0(1-8] 45-3|2-7|17|18] 29129
16.31] 27:5 1-8 21-9 2-4 42.5|1-8] 41.6(2-4]14]14]26| 24
June 1-15] 44-5 12 391 1-6 50-5|1-2] 55-8|1-6]17 2002527
16-30| 56.9 1.2 62-9 1-6 5s.511.2] 65-1[1-6]22|20]27]29
July 1-15] 22-4 1.5 377 2.0 38.011:5] 56-1]/2-0018{18]29|29
16-31] 101 1-4 21-5 1-8 37.4|1-4] 6L-7(1-9]19(24]30]30
Aug. 115) 30-3 14 32-8 1.9 47.1|1-4] 58.2|1-9]23|19]29 27
16.31] 23.7 0.7 300 1-0 35.2(0-%] 83-5|1-0011|16]17 |26
Sept.1-15) 8-2 0.8 25:0 1:0 32.110-8] 42.5[1-0] ol15]17]22
16-30] 2-8 0-6 8- 0.9 31-1]0-6] 38.8[0-9]10|16}12]|26
Oct. 1.15] 7.8 1-3 7.0 1-2 gt.r11.3] 35-0(1-3)12]12]22|24
16-31 67-2(0-9 40.8| 1'3 61:3/0-9] 49-2|1.3[23[18]24 |30
Nov. 1.15] o-2 0-8 9'8 0.7 46-6|0-9] 44.7|1-0]15]) 211622
16-30 12.0(1-3 1.5)/ 18 36-5(1-3] 36.4|1:5]16|16(26 (2!
Dec. 1-15] 150 1-3 17-0 1.2 40-7(1-3] 49-9|1-2]10]17]21 19
16-31] 30.0 1-2 148 1-4 43-2|1-2] 3.6 1-4]17 (152028
Toras,,, 4-74--8'112-5 2745 586:5| 65-9185-2/0-0010-828- Of1104--137 - 2365105}516/576
SR PR T i T Rl e |l R st ST

Meaxs . w51 | w11 | w2 || +15 | a2en|12] 40.8|16

* R, is with regard to sign: L, is without regard to sign.
Noter—The predicted times of high- and low-watcr have received a correction of 4 44 minutes.
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TABLE 6.—Mean errors E, and E, for 1997,

KARACHI

MEAN ERTORS pberd
(Predicted—aclual) 1
PERIOD e e B
of time | height
1027 H. W, L. W. H.W, L. W. . T
E‘e Height_ Time Height Time Ht. | Time Ht. £ ; 3 ;
minutes || feet minutes ” Jeet | minutes| feet minutes'feet RECE R

+ —-_ + | = + - + | -
Jan. 1-15 90 0-2] 14 0-1] 10-7]|0-3] 9-0fo-2| 1{ o] o]0
16 31 45 61| 1.7 0.3 13-1|0-2] 16-4(0-3] 1] 4] o]0
Feb. 1.15 16 03] 15 0-0 781031 7-9[o-2] of 1} 0]0
1628 42 o-1] o6 01 10-8[0-3] 10°4|0 2| of 1] o0
Mar, 1-15 32 01| 67 041 6-5/0-2| 11-2{0:2] o] o] 0|0
16-31| 4.2 03] 63 o1] s-clo-3| 11-2[0-2] 1| 2] o]0
April1as| 247 0-1 27 03 7.6{0-1] 11-1]0-3] o] 1] o]0
16-30 29 o-2] 1.3 0-0 g9/03] 9-1]0.2] of 2} o]0
May 1-15 04 0-2 02 00l s-al0-3] 9-2({o2| 1] 0]o0f0
16-31 2:05 0-0] 7-8 0-3 6-9(0-3] 10-2]|0-41 of 0] 0f1
June 1-15 3.2 0-5] 06 0-4] s81|os]| 12:6l0-4| 1| 2| 3|
16-30 4-05 02|l 25 02 6-7|0-2] 125|0-2] of of 1{0
Juiy 15| 2.4 02| 43 00 g-8|0-2] 167|0-1] of 5] 00
16-31} 60 101 62 0-4 8:2]0-3] 12:0/0'4] 1| 0] 0; 0
Ang. 1-15] 2-7 0-4) 11-6 0-2] 8-:9|0-4} 14-7]0-2] 0| 2] 00
16-31] o0-2 06| 33 0:3] 80|06] 87|03} 0] 0]0?
Sept. 1-15] 7-4 o-2] 75 o0} 85|0-3] g2|o1]of 1]00
1630 1.9f| oe| 53 04| s8.4/06] 9-1]|04] 0] 0] 3"
Oct. 1-15| 2-1 i {04 1041 o-1] 86|0-4| 11-1|01[ of 1} 0[0
16-31 08 0-4] o6 02| 86|o4|] 97[osa| 110!
Sov, 1-15 ol |os] 35 0-3| 10.2]0-5] 10-7|0 3| of 2| 2|!
10-20 u.oj1 0.3| 3-8 01| s-4fo3| 11.1]0.2f of 1} 0}Y
Dec. 1-15 10’ 05| o8 0-4] 83f0-a] 12-4]0-4| 0f 2] 0|0
16-31 5-5’1 0-2 03 0-1] 9-slo-s| 101]02] of 1] 0]°
Torans | 277 48-6:;0-2 6:5] 90°0| 05 17|2-7]2085 51| 2663|500 7}2911/“
Meaxa - 09 : - 03 + 37 ;i - 00] 8% ‘o-s 11-1 (0.2 >|—

® E,is with regard to sign: E; is without regard Lo sign.
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.TABLE 6.—Mean errors E, and E, for 1927.
BHAVNAGAR

89

MEAN ERRORS

Number of
errors exceeding

(Predicted — actual) 30 10
PERIOD = e i [
1927 H. W, L.W. H.W. L.W.
Time Height Time Height Time Ht.| Time Ht | B I= B
minutes “ Feet minutos ” feet  fminutes| feet | minutes| peer | = | S | = | S
- O I - P
Jan, 1-15] 85 01 24-6 0-7] 18-7]0-6] 24-9|0-9] 0| 5] 3| 6
16-31] 87 0-2 16-3|[0-5 17-8|0-6| 22-1]0.9] 1| 6] 4| &
Feb. 1-15) 6-7 0-3 32-3 0-8] 11-5]0-7] 32-3|1-4] 1| 6} 4| 9
16-28] 10-5 0-1 9-3(0-8 14-9(0-7] 21-6|1-0f 2| 3] 3| 5
Mar, 1-15] 9-1 0-0 23 -1 2] 11-6{1-0] 26-5(1.6] 1| 6} 6( 8
16-31 01 0.2 11-8([0:6 9-0/0-4] 14-8}0-7] Of 1} 2| 7
Apil1-15] 1.1 0-2 22.1 0-9] s.2|o-5| 22.7(1-4] of 5] 1| 6
16-30] 35 01 9.7(03 12-3|o-5] 18-6/0-9] 1| 1] 1| 6
May 1-15] 05 06 30-3 0-7] 12-0|1-1] s0-3|1-1] 0| 5] 8| 4
16-31 10-4 0-3 13-s][0-1 10-4|0-4] 13-8|0-5] 2| 2} O
Jone 1.15 45 0.9 6-9]j0-2 9:6|1-3] 9-7]|o-s] o| 0] 6] 4
16-30 3:6)/0-1 14:0)/ 03 11-910-4] 14-4(0-43 1} 3] 0} 1
July 1150 1.0 0% 3-4l1-1 7-510.7] 12.6{1-1] o] 2| 4| 7
16-31 0-9 1-0 21.8{0-5 10.9(1-1] 24-2(1-1) 1{ 6] 5| 9
Avg. 1151 6.7 0-9 7-3]|0-3 16-2)1.0] 13.5)1.0] 1| 1] 5| 7
16-311 1.4 1-3 205 0-3 g-2(1-4] 20.5/0-9] 0| 2]10| 5
Sept. 115 13-5 0.3 167 [ 00 15-9]0-7| 26-5|1-5] 3] 7| of10
16:30] 2.4 1-2 14506 5.6/1-3) 15-7|0-8] 0] 1] 8|
et 115] 1.4 0.2 21.2 0-2] 13-1|o%] 27.3|1-4] 2| 7} 4|10
16.31 1-8 06 8-710:b 6:0|0-7 9-8|1-2] 0] 1] 6|10
Nov. 13| 2.1 03 12.3 a-5] 1050 5] 14-5'0.8] of 2f 3| 3
16-30 1.3 0-3 9307 ¥-5(0-4] 9:8|0-8] o] Of 1| 3
Dec. 1-15 05 0.4 171 o-3l 17-3lo-6] 18-5|0-8) 3] 2| 2! 4
16-31) 3.4 0-2 10-4/0-4 8:00-5| 10-4j0-4] 0f O 1| O
m.q_ az-s‘l 2|-3i0..-',~1o-() gl 725 3] e73 678l 4503 j23-9f 19| 74 54;‘133
_‘m + 2-;77;!“:@— 157 | +o1 | n-alor]| 188]10 ['_T—

* E, is with regard to sign: B, is withont regurd to sign.
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TABLE 7.—Mean errors E, and E, for 1927,
BOMBAY ( APOLLO BANDAR)
MEAN ERBORS Numler of
errors exceediy
(Predicted—actual)
PERIOD e )
e s R ke
1927 H W. L. W. H W, L. W,
Time Height Time Height Time Ht. | Time Ht, B B B‘ 5
minutes “ Jeet minules n Seet minules| feet §minutes| feet GRS E AR
+ - + | - + - + | -
Jan, 115} 1:0 0-1 11:610-1 7-010-2] 14-9{0-2}) 1] 3} o} 0
16-31 1-9/0-2 04|05 7.8|0-3] 7-4]0-6] o] o] ol
Feb, 1-15] 0-3 01 0:2 02 6:2|0-2] 7-6(0-3) 0] 1] 0] ¢
16-28 0:1(0.1 0:0(0:4 8:710-3] b&:0(0.5] 1] oy 0|0
Mar. 1-15] ©0-0 0-1 1.710-1 4.3l0-2] 4-9|0:3] 0l 0] 0
16-31] 1.2 01 1.5 0-1 5:56(0-3] 3.9/0.3] 0| 0] 0
April1-13] 4-9 0-2 0-2]03 7-310-3] 6-5]0-4] 2] 0] 0
16-30 3:3 0-4 1.7 o-1] 7.7|0.5] 6:5/0-3] o] o] 0
May 115 31 01 0-30-1 7:8/0-3] B-1j0-2] 1| 0] 0
16-31] 3.7 01 6:9][0-2 6-5/0-2] 9-1/0-3]1 0f 2]0
June 1-13| 45 0:3] 09 0-3] 5:700-4] 4-8l0-3] o] o] 2]}
16-30] 5-4 0-2] 25 01 7.8{0-35y 4-8{0-2] of 1] o|¢
July 113 1-1 0-3] 2-6 02] 61]o0-3] 7.9/0:3] of of 0|?
16-31] 65 01 10:3 0-1 9-0(0-2] 12:3(0-2| o] 3] 0}
Ang. 1-13 2:3)|0°0 7:8 02] %9lo2] sol|os] 1] 2]o!
16-31 1.0 o021 11 0-3] e6-6/o-2] %-8|o-3] of o] 0]
Sept.1.15 24502 3-8(l0-1 9-3,0-2] 11-2{0-3] o 3} 0| ®
16-50 12“ 0-1] 2.4 0-31 10-3lo2] 67|os] 1] 1]of!
Get. 1413 1.3 |00 31 ool 9.0|o2] 74f0o-2] 0] of0}?
1601] 52 101 55 01 6-5/0-3] s83loz| ol 1]0"
Yev, 1415 2y oo ¢-4]0.0 6-6/0-3] 11-3{0-3] o] 1] 0| °
i
1032 1-o;l30 2 5-0]10-2 4-0{0-2| 10-3f0-3] o] 2} |7 *
Ders 1415 2»3@ 0-2 26 o-1] 77]o-3] s4|o-2] of o] o|®
1621 32001 37001 7103l 71|03} o ¢} 0|9 :
__ q.all . . [ - | o0l 2| 6
Poiais | oaeo 23l 1os| 2 ses| 47 {2~7f1-5 172.4]6-3 133-2|7~1 7|20
i . | ! e
_ SN i — i
M $06 ¢ -00 -05 || +o0-1 7~2{o-3 76103 l ||
I

® [, is with regard to sign: E, is without regard to sign.
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TABLE 8.—Mean errors E, and E, for 1927,
MADRAS
Number of
MEAN ERRORS errors exc:e?iing
(Predicted—actual) —
30 0-4f
inutes | feet
PERIOD E* E.* of cime | hoight
1627 _ HW. LW CH.W. LW, 1.1 1.
Time Height Time Height | Time Ht. {Time Ht. ziglzle
minuled ” JSeet minutes “ Jeet minutes| feet Iminutes| feet giaf=]=
+ - + | - + ’ - + | = l
Jon, 1-15 7-5]0-1 10-3]|0-1 9-3/0-2] 13.4]/0-2] 1} 0] 0| O
16-31
Feb, 1-16
16-28 NoTE:—The actual registrations recorded between the 16th January and the
17th April 1927 were rejected as the inlet hole of the float cylinder was
Mar. 1.15 partially blocked, and the registrations were considered to be faulty.
16-31
April1-15
18-30 0-90.0 5-6]0-1 6-2(0-2] 10-0]0-2] 0] 1] o] 1
Moy 1.15 0.2 0-2 3.4 0-0] 4-9,0-2] 10-3|0-1] 0] 2] 1] ©
16-31 1-7 0-1 1-8 0-1) 4 7|o-2] 4-8/0-1] of o] 2| ©
Juwe 1-15] 15 03] 51 o1} 58!0-3] 5-4|0-2] o] o] 4| 4
16-301 08 ool 1.3 0-1 3-710-2] 3-1lo-2} ol of 2{ s
July 1.15 0-Cl0-1 0 0.2 5.6;0-2] 4-8{0-3] 0| of 0] ©
1631 06 -1 09102 3-9(0.3] 4.9/0-3] o| of 3{ 6
dng. L.15] 0.1 0-1 24 0-2 2-110-1] 38.3{0-2] o| o} 0| o
16-31 5-1ll0-1 6:7:0-1 6-2/o1] 7.7101] 0| 0] 0] ©
Sept.1-15] 09 0-2 1:0,0-2 4-910.2] 5-2j0-2] 0y o] 1] 1
16-c0 2:5000 2:9!0-2 3:4]0-1} 5-0(0-2] of o] o] ©
Oct. 1-15] 2.3 '0-2 0:9:0:2 3-410.2] 5-9{0-2{ o] o] 3| &
16-31 0.%]101 0:2 ’0.3 3-710-2] 4-5(0:3] of 0} 3| 2
|
v |
Yor. 115|105 0.2 05 003 o103l 4-9]oa] 2| of 2| +
| i
16-30 1-0]0-3 8504 0lo3] 6-3loafo| of 4| 7
. ! |
Dec. 1.15 350 041 1-0 io-o 7-510-1] 4-4]o2] o] o] o] ©
18311 0-4 To 1 22 o2 4-1:0.1] 4.2]l0-2] o] o] o] 0
e ——— ' H
Torars . 3.1[ Zfl-R‘l-'i!O-G 13-2. 37-2{ 2-8‘0-2 01-1[4 slres-1{s-0] a ;:!:-,I.n
. ‘ S R JRUR DR PR S
E”s'” =09 l + 01 -1-3 ” +01( 5 zio-z 6002 II,

* K, is with regara to sign: E, is without regard to sign.

F
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TABLE 9.—Mecan errors E, and E, for 1927 .

KIDDERPORE
MEAN EEROBS Numuerg, |
(Predicted — actual) w
iz H, W, L. W, H, W, L. W,
Time Height Time Height Time Ht, ] Time Ht, 3 B Y 3
r—— " Seat minutes " foit |minuces| puet Pninares| poo |3 | A 5|4
+ - + - + - + - D
Jan, 1-15] 17-7 0-4] 66 00| 17910-4] 10 0|0:8] 1] 0} o]0
16-31} 16:6 0-3] 21.9 0-1] 19-8(0-4| 21-9|0-4} 6| 8] 1|1
Feb. 1-15] 197 o3|l 77 0-3 22 3(04] 16-7(0-4] 7| s8] 0]0
15-28{ 24 0 0-2] 227 0-1 24.0/0-3] 23 6|0 8] &| 7] 0]y
Mar. 1-15| 83 0.1 0-8 05 12:8(0-3] 11-0/0-6] 3] 1] 0
1w-31) 126 o-2| 140 0-0 13-4/0-61 14.810-2] 2| o] 8
Aprit1-13] 149 o] 7.0 0-1] 15-6(0-7] 12-8|0-4] 2| 2] 4
16-30| 137 o7l 33 0-0) 15.-5(0-8) 12 6(0-4] of 0] 9
May 1.15] 9-2 o3| 46 02 15-2/0-5] 19 4l0-5] 3| 3] 3
1¢-31] 13.8 04 08102 16-0(0-5{ 10-1(0-3} 1| 1} 0
Jane 1.15) 14-3 o7l 156 o-2) 153|0-7] 17-0{0:5] 2| 2] 6|
1630] 13 4 0-1 6:0 0.5 14-4|1-0] 14.4|0-8] 4| 3}11|¢
July 115) 4% 1-3 17-3 13 13-0(1-3] 17-2[1.3] 1| 1|26
W) 32 1-8 75 16 8:7(1-8} 13:5]1-¢] O] 023\
A L15) 0.8 1-3 12 9 18 98!1 2| 14-8{1.8] 0| 4|17}
16-31 3-9i 1.6 46 2-1 78/16] 130[2-1| o sfag¥
Sere 1615 TS 15 6022 106(1-3] 16 7|2-2] o) 1j22¥
L 153]!-5; 46}24 154(1.6] 98la4] 1: 1]25)2
ENUER 10 2! C’-Ti 77018 10.9/08] 18-1[1 8] o gf10}¥
i 0.6 0 7“| 8:5| 1.7 16-6(0-7] 10 7]1%| 1| o] 8:3
N S b 5 2 Bt L4 7-5]/0-3] 10-3/1-4f 0] ol 0} 9
s

Bo- 1.15] 75 votary damased on the 5th of November 1927, Tide-gange dismant!ed and the
obze yationa discontinued,

terata |isg 8! 59.y ilO-T 4.2 158~9i 376 515-1;0-4 301-3%17-3 303-0‘21-4 441 '9‘{"'“4
i .

. |
Mravs +61 | 203 +62 | +0.8 | 14-4/0-8] 14-7|1:0 ol

* E, is with regard to sign: E. is without regard to sign.
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TABLE 10.—Mean errors E, and E, for 1927,

CHITTAGONG
MEAN ERBORS errorsexcesding
(Predicted—actual)
30 10

rewop e e o time | St

1027 oW w. | H.W. LW,
Time Height Time Height lime Ht. | Time Ht. |g | g |y
minutes ” Feet minutes H Seet | minutes| feet | minutes| eer |00 | S | ud | S

+ - + - + - + -
Jap, 115 4-9 0-7 3.6 0-5] 8:9|0-8] 6-1{0.5] 1| o] 4| 1
16-31] 2-3 0-5] 94 0-3] 4:5|0'5] 12-1|o-5] o] 1] 1| 3
Feb, 1-15% 2.2 03] 6-1 0-4] 7-3|0-7] 9-8(/0-5] 0| O] 5| 1
16-28] 45 0-7] 127 0-1] 5-4|0-8] 13-3|0-7] o] 1} 5| 8
Mar. 1-15] 0-2 04 62 0-0] 8-9|0-5] J0-5|lo-4] 0| 1] 1| O
16-31] 5-3 0-2] 131 0-0] 12-1|0-7] 13.6{0-2] 1| 1] 2| ©
Aprilla1s| 11 0-8] 3-1 0.7 7.0/1.0] 5-4(1.0] 0| O] %| 8
16-30 0-7 1.2 3.5 0-7) 9-0/1-3] 4:-7|1-2f o| o] 9| 6
May 215 70l 01 6-0 0-0] 9:3)10-9} %7-2|0-6] o) of 6} 2
16-31 0-5/0-1 6:2 0-4 5-310-4] 10-9(0-4] 0| 3] 0] 1
June 1.15]  5-5 0-3 0-1 0-5] 7-3/0:5] 4:9|0-6] o of 1| 3
16-30 2.4 0-1 2.7 0-1] 7-7)0-7] 6:-5|0-5] o} o] 2| 2
Juy 1-15 6-3 0:0 4-7(0-1 7-4)0-4] 75|02 0| 0] 1| O
16-31 6-3/10-1 3-4| 01 6:6(0-5] 8-1|0-3] 0| 0f 2| ©
Ang, 1-15 2.4 0.1 0:0 0.2} 5-0(0-5] 8-1{0-3} o] o} 1| 2
16-31 11-9(0-2 8.6/0-2 11-9{0-5] 9-0/0-3] o o] 0| ©
Sept, 1-15 749 '0-3 81 0:-6] 9-0,06] 99(1-1} of 1] 4| @
16-30 85 0-6 10-9 o-21 11-5(0-6] 10-9|0-6} of 1] 1[ 1
Oct. 1-15 a4 0-8 3-4 06 4-9(0.9] 4-2l0-t] 0| 0] 6| 2
16-31 9.7 0-3 13-6 0-1] 11-6|0-7) 13:6|o-7f o 1| 1] ¢
Nov. 1-1;, 900 13-9l 0-4 11:6|0-4] 14-3|0-4f 1| 1] 0| G
16-3G 7.9 0-¢ &-4llo0-1 10-1(0-%7] 10-8(0-3} 0| 0] 3| v
Dec, 1-15 10-8! 0-5 91| 0-2] 11-3|0.5} 10-5/0-2] of o] o} ©
16-31 13-11} 0-3 13.6(10-2 13-1]0-3] 13:6(0:3] 0] 0] 0) ©
- ! ;

'l'\nr‘u,s._. 2141 ”;—;.(,‘50.3‘13.4 5(;_1;;113-6 1-oi5-2 2ce-:§15-4 2265 (12-5 3’11 61}42
L“NS”; Z348 || —os g4 || —02 Ai;é!o-c 9-4@0'5 | l N .

* F, is with regard to sign: E, is without regard to sign.

N°'05—Pr9dicte(1 times have received a correction of + 10 minutes, and predicted low-water
heights a gorrection of + 0.6 of a foot.
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TABLE 11.—Aean errvors k|, and E, for 1927.

AKYAB
MEAN ERRORS errlg:sngx’z;:({mg
(Predicted—actual)

PERIOD £ £ miiﬁm {e(:;sol |
of time | height

lo27 H.W. L. W. H.W. L.W. ‘
Time _*W}leight_ Time’ Height | Timme Ht. | Time Ht. 3' glE N

minuten || Seet minutes ” Seet miuuic.«i Seet minutes'feet LRI RN

+ - + | = + - + | -

Jan. 1-15] 69 0-2] 68 0-5] 6-9(0-3] 6-8|0-6] 0| of 0}4
16-31] 69 03] 6.6 0-4] e6-9lo-5] 6-6{0.-5] o] o] 2|4
Feb. 1-15] 6-8 0:3] 7-2 0'1} e6:-8|04] 7-2{0-3] of o] 2|0
16-28] 6-4 0-4} 75 0-2] 6-4|0.5] 7-5|0-4] 0| O] 3|3
Mar. 1-15] 7-0 0-2] 69 ool 7.0[0-2] 6:9|0:2] o] o] 0|0
16-31] 6-3 0:4] 6'8 0-1] 63|0-4] 6-8{0-3] 0| 0] 00
Aprit1a5] 77 0:-2f] 6-4 o1l %7.7(0-8] 6:405] o] o] of 2
16-30] 7-6 0-2] 68 o-ol 7-6|o-2} 6:8/0.2] o| o] 0|0
May 1-15] 6-7 0-2] 63 0-3 6:7/0-3] 6:3|o-5] of o] 1|2
16-31] 5-8 0-4] 7-0 0'4] 5-8(0-4] 7:0{0-4f o] 0] 2|1
Jane 1-15) 6-3 0-2] 6-4 0.3 6:3|0-4] 6'4j0-4f 0| O} 1|!
i6-30] 5.7 ool 71 0-3] 57|03 7:1(0-3] o] 0] 0f!
July 1-15] 5.9 0-3] 62 0-1 5-9/0-3] 6-2{0-1] o] o] o]0
16-31| 5-3 0-3] 58 0-5] 53|0-3] 58|0o5] 0| o0]o0
Aug, 1-15| 47 0-3] 45 o-3] 47|03 4'5/0-4] c| 0] O3
16-31] 6.3 o1 64 0-1 6-3l0-2| 6:4l0.1] 0| 0] 0] 0
Sept. 1-13)  6-7 01l 63 ool 67)0-1] 6:3jo1] | o]0l
16-30] %-0 | o2 60 0-1 70|03} 60|o1] ofl o] 0|0
Oc. 1-15| 5.7 101 62 01 5-7(o-2] 6-2|oz2] ol o 0|0
16-31]  6-4 ‘ v-ol 52 0-1] 6-4|0-1] 52j01] o} 0] 0|0
Nov. 1-15] 6.2 ‘\ 0.1l 6.7 01 6.2|u-2] 670z} ol o]0l
15-30) 6-0 ‘* 01 57 o-c|l 6olozgl 57/oa] o] v]o]?

bee  1-16] 6-5 ?"0 1 G-3 0.0 65|01 6:3l0-1] o] o] 0] 0
16:31) 6 l{ 0-0] 6-1 0-1 ¢6aloael 61foa] of ofo}?
-l"l_lT.\I:H s ﬂ.\ Ioz; A EET S 7‘: RUER] FECEI TR REE Eu-’i of © 1_1;‘2
I T Y RO I B Gaf03 N
j li L

* E,is with regard to sign: E, is without regard to sign.
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TABLE 12.—Mean errors E, and E, for 1927,

RANGOON
MEAN ERHOHS srrors excesding
(Predicted —actual)
30 140
PrmioD = e s ot
lee7 HW L.W. H.W. L. W,

Time Height Time Height Time Ht.] Time Ht, ; 2 s I~

minutes ” feet minutes “ Jeet  |minutes| seet | minutes| feee | | S |5 | =
+ - + | - + - + | - B

Jan. 1-15 5.2 00 7.8 o-2| 65|03 9.9|0-4] 0| 0] 0of 0
16-31] 1.2 0-3] 5.8 o-1] 6.0{0-4] 12.8|0-4] 0| o] 2! 2
Feb. 1-15 4.4 0-0 9:2 04| 7.6l0-3] 12.7|0-6|] of o] O] &
16-28 0'8 01| 45 0-1 8-8/0-3] 9-6/0-4] of 1] of 1
Mar, 1-15 | 2 0.1 50 o-5] %-9|0-4} 10.8{0-6] o} o} 0| 7
16-31 6-7 0-5 4-3 0.0] %-3|0.5] #7.9/0-4] 1/ 0] 1}0
April 1-15 10-1 02 3.8 0-8§ 14-1|/0-4] 8-n|0-8] 2| 0] 0|10
16-30 72 0-2 4.6 0ol 9-4/04| s.slo5] 1] 0fo|l
May 1-15 63 0-0 54 0-5] 9-.1/0-3] 10-1|0.6] 2| o] 0] 5
16-31 5.7 0.4 2:5 0-4] 7.6/0-4] 9.0/06] 0| 0}joO|3
June 1-15 13-9 0-2 18 0-4f 14-3|0-5] 12.0/0-5] 2| o] 3| 3
16-30 64 0-0 7.3 0.0l #7.1|0-4] 12.1)0-4] 0| o] 2| 1
July 1-15 10°3(10°1 18 0:1| 12.6|0-3] 13.9]|0:5] 2] 2] of 1
16-31 5-8 0-3 5.6 0-4] 83|o-4f 12:0/0-6| o of 3] ¢
Avg. 1-13 12-3 0-0] 2.8 0.0] 13-6]0-3] 13-1]0-2f 2| 2} 0| O
16-31 2l-1ll0.1 8.2/ 0-2 21-1{0-4] 12.2{0-4] 6| o] of ©
Sept. 1.1 7-6[l0-4 13 0.5 10-0(0-6| 11-0l0-6| 1| 1} 7] 1
16-30 13-6 00 16|03 14-1|0-4] 6-1]0-3] 4] o] o] ©
Oct. 115§ 11.9 0-3f 03 1.3] 14-3|0-5] 12-6/1-3] 2| O] 3|15
16311 4.7 0-8 57 0-7] 8.1]0-4] &-1/0-7] 0] o} 2] 5
Nov. 1.15 0-3]10-4 1.9 03 6-9l0-5| 144|0-4] of 1] 1| 5
16-30 3700-1 2-0 01 7.5{0-4] 9.4]0.6| o] of of =
Dec. 1.15 6-2/05 66|02 7.9l0-6) 139]0-3) 1] 1] 1|
1621 2.y 06 62 0-7 6-clo.cf 13-8|0-s] o] o] 6| ¢
Twians | 2051507 | 2.1 | 2.0 24-7| so-3lf2.1]6-1{285-0 |10-] 2632 [13-0] 26 slxo a1
Mas |5y [ oo | —27 | —oz | osloa| mofos]. ]

* E, is with regard to sign: K, is without regnrd to sign,
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TABLE 13.—Mean errors E, and E, for 1927,
PILAKAT OR DESERTERS’ CREEK
Number of
MEAN ERRORS errorl;ne]xgzeoding
(Predicted—actual)
30 10
PERIOD E.* E.* minutes | feet of
1 2 of time | height
1927 H. W, L. W. H. W. LW, ] i
Time Height Time Height | Time Ht. |Time Ht. 3 3 B 3
minutes ” JSeet minutes H feet minutes| feet |minutes | feet GRS AR
Jan. 1-15
16-31 NoTE:—The new tide-gauge was installed in the Pilakat or Deserters’ Creek
on the 5th March 1927 and registrations were commenced on the 20th
Feb. 1-15 March 1927,
16-28
Mar, 1-15
+ -+ | - + ~- + | -
20-31{ 23-9 0-8] 250 0.2 24-0 (0-8] 25-0|0-5] 4| 6] 2|1
April1-15] 12-8 0-4] 1141 0-7] 17-2|0-5] 13-410-7] 6| 1] 2| &
16 30| 20-6 0-4] 16-2 03 20-6|0-5] 16-9{0-5} 3| o] o] 2
May 1-15] 109 0-1] 8-4 0-2] 14-9,0-4] 9:1|0-5] 1| 1| 1|1
16-31| 6-6 0-4] 541 0:0 7-8|/0-5] 8-0[0-6] 0| O] 2| ¢4
June 1-15] 0-4 0-3 1-3 o-1| 96|o-5] 8-8|0-4f 0| 0] 3|0
16-30] 2-3 0-0 7-0[0-4 10-0{0-5}] 10-6{0-6] o| 8} 2| 5
July 1-15) 119 0-0] 13-6 0.3 13-7{0-3| 14-7|0-6} 1| 2] 0| ¢
16311 7.9 0-2{ 41 0-2 9-8|0-41 8:3|0-4] 0| O] 2|0
Aung. 1.15] 7.3 0-1] 6.0 05 9-6!0-3] 9-1(0-5] o| 0] 0| !
16-31 17-8:0-2 11:310-5 19-3|0-5] 12.8(0-6] 3| 1] 2|1
Sept.1-15] 2-9 0-3 0:710-3 8-3|0-5] 9-5/0-4] o] o] 2|!
13-20 79 0-1 4-70-2 13-710-5] 9-7/0-5] 4| 1] 3| ?
Oct. 115] 2-3 0-2] 41 0-4] s-5|o-5| 11:1|0-7] o] 1| 3|7
15-31 3.0 0-3 75003 9:-9(0-5] 10-5|0-6] 21 1] 2| 3
h |
Nav. 1-15) 3.7 0.1 G-1i0-1 9-2(0-3] 11-6|0-4] o] 1] 0| !
15-20 2o 0-5 14100 g-0lo-7| 86|0-6] 1] 0] 5?2
1 i !
Dec. 1-15] 3-8, 101 4100 7-6|0-3] 9-5/0-4] 0| o] 0]
1631 161 {§0.1 104 10+ 17.0(0.4] 14.4]07] 1] 5] 1] ¢
. |
l
Totars . 133»:% ‘%l-li‘O-R‘R-S 104-0| 441{3-8/1-4]238-7(8-9]221-6|102 20]21|32 46
MEANS . + 54 {' -02 + 3.2 +0.1] 12-6{0-6] 11°7{0 6 \II

* E, is with regard to sign ; E, ia without regard to sign.
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TABLE 14.—Mean errors L, and E, for 1927,
BASBEIN
AN KRRORS Numver of
MEAN ERRORS aFFOTS f‘;geel:linz
(Predicted — actual)
(1] Nn-g
PERIOD E, * E.* minutes I feet ol
1 - of time | height
1927 H.W. L, W, H. W, L. W,
Time Heighi Time Height lime Ht, | Time Ht. g’ >z |
minu es Seel minufes “ fet minuter| feet fnonates| for | T 1 1 <
+ - + - + - + _—
Jap, 1-15 06 1:0 15°4 0-6|] 16-5{1-0] 15-4|0.6] 4| G|e7| 3
16-31] 11-5 0-9] 9.7 0-2 22.0/0-9] 19-7]0-4]10| 1]18]| O
Feb. 1-15] 4-9 0-6] 3.0 0-3 i1-710-6] 3-0|0-3] 4| oJ11| O
16-28] 23-5 0-5] 12-0 09 24-8|0-5] 23-5/0-9] &] 6] ¢|18
Mar. 1-15 11 0-3 25-210:5 13-2|0-3] 30-4]|0.5] 1|15] of 7
16-31] 13-4 o6} 17 0-5 17-0|0-6] 23-2]/0-5] 6| v]i13|10
April 1-15 1-0 0-8 21-7 0-2] 16-0|0-8] 24-9|0-3] 3(13]26| ©
16-30] 26-1 o-7] 11-1 0-3 26-110-7) 15-8/0-4] S| 6]15] 9
May 1-15 3.1 1.0 31.8 0-3) 12 6[1-0] 33.2(0-5) 1|1¢])25|11
16-31 1.1 0-8 18-9 0-3] 13-0(0:8] 19-1|0-4] 1| 7]zo0| %
June 1.15 65 0-5 22.5 1101 15:210:5) 26-8]0:51 2(11) 8| 8
1630 2-4 05 16-7 0-1] 12:6|0:5] 17-5|0-4] O 4] &| 8
Ty 1.15] 5.5 0-1 19-4{/0-2 16-2]0-3) 19-4|0-3] 5| &} 3| 1
16 31 11-2 0-0 22-6 1-3] 20-8(0-4] 22.6|1-4f 7| &{ 5|22
Ang. 1-1% 14-9[0-3 21-2 1-2] 22.57(0-4f 22-1(1.2] &| 5] 4|28
16-31 8.8(10-% 243 0-7] 11807 24-4/0-7) 2 9|20|16
Sept. 1-15] 05 1-1 22001 11-3|1-1] 23.8]0-6]) 1{11]20]| @
16-30 11 6{/0-6 291 o-5] 16:210.6] 29-s|0-9] 5({13]12[10
Oct. 1-35 11-2 0.9 20-6 2-a| 16-1]0 3] 24.¢[2-8] 8]14] 20
16-31 18:9 0-6 44:2 2:0] 20-9|0-G| 44-2 |20} 8)20)14]|31
Nov. 115 5.4 0.7 38.1 1-2) 13-110-70 38-311-2] 3|23])18]|27
16-30 244 1-0 52-3 05} 21-47v. 0} 52-3(0-5] nic1feo! 6
Dec, 115 146 0-8 358 0-3) 16-8|0-8] s5.8]0-4] 22§22 8
16-31 G- 05 52-8(0-4 1-610-5] s2810.4] 2] 5110| ©
Torars . | 87.4 l41.1 |12-7(12-1] 37-5|534-8 3-51'11-5 40 <415 (] G421 717-:106:50343‘272
—_— R )
MEANs | - 2.9 —04| =207 - 0.3 1(5-310-7 zc-slo# . ‘ N e

* K, is with regard to sign

: E, is without regard to sign.
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CHAPTER IV

GRAVITY AND DEVIATION OF THE VERTICAL

BY Masor E. A. GLENNIE, D.s.0., R.E.

1. Pendulum Apparatus of the Survey of India.—
This season a new pendulum apparatus has been brought into use.
This is the third type of apparatus used in India. The three types
are:—

(1) The Basevi apparatus, in use from 18635 to 1873 (»ide
G.T.S. Vol. V)

(ii) The Survey of India Potsdam (1902) apparatus, in use
from 1902 to 1925 (vide Professional Papers Nos. 10
ard 15).

(i1i) The Survey of India Cambridge (1926) apparatus, now

brought into use.
The Basevi apparatus was used by Captains Basevi and Heaviside,
observations being made at thirty stations in India from Cape Comorin
to the Moré Plain; but, in spite of the meticulous care with which these

observations were made, later experience has led to the rejection of all
the results.

The reason for this is that no correction was made for the sway of
the apparatus, due to the motion of the pendulum. Sway of the appara-
tus increases the time of vibration of the pendulum. 1If the sway were
the same at all stations, no error in the deduced value of gravity would
result. Ths 1s, ho“e\el by no means the case, as is clearly shown in
§ 138 of Geodetic Reporb Vol. I, page 178. Hence, no correction having
been made for sway, all results in India prior to 1904 are unreliable.

The modern sevies of Gravity Observations in India was initiated
with the Potsdam (1902) apparatus. As in the case of the Basevi
apparatus, only one pendulum ean be swung at a time, but a correction
(the * flexure ” correction), was applied to compensate for the sway
caused by the motion of the pendulum. This correction was determined
by a special “flexure” observation, made several times at each station.

Though the *flexure” observation provided a satisfactory corrce-
tion for sway due to pendulum motion, it did not correct for sway
effects due to actual ground motion, i.e. not caused by the pendulum.
In fact, if the O'round 1s appreciably in motion, the flexure ” observa-

tion eannot be made. At Caleutta in 1904 the obselvatlons had to be
abandoned owing to ground motion,

F2
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In 1923 Dr. F. A. Vening Meinesz published his able treatise on
the theory of pendulums (*‘ observations de pendule dans les Pays Bas ).
He had been led to make a detailed investigation owing to the fact that
in many places in Holland the ground is constantly in motion.

Dr. Vening Meinesz showed theoretically that, if two nearly iso-
chronous pendulums were swung simultaneously on the same stand, and
the changes in their phase-differences and amplitudes taken into account,
the times of vibration, unaffected by ground motion, could be obtained.
The same method also eliminated sway effects due to the motion of the
pendulums.

In the following year he showed in practice the truth of his theories
by a remarkable series of gravity determinations at sea, during a voyage
in a submarine to Java. His gravity determinations in the Indian
Ocean are shown in Table 6.

These results led Colonel Sir G. P. Lenox Conyngham, F.Rr.s.,
formerly Superintendent of the Great Trigonometrical Survey of Iundia,
and now Reader in Geodesy at Cambridge, to design a new apparatus
for the gravity base station established by him at the Cambridge Obser-
vatory. The apparatus, so designed, was constructed by the Cambridge
[ostrament Company and proved entirely satisfactory. In 1926 one
was ordered for the Survey of India, which is now designated the
Survey of India Cambridge (1926) apparatus.

2. Description of the Survey of India Cambridge
(1926) apparatus.—T'he apparatus consists of a massive gun-metal
box, in size 1} ft. long, 9 in. wide and 1 ft. high, without the cover,
which is semi-circular in section.  When the cover is in position, the box
can be hermetically sealed, and the pressure inside reduced. The box 1s
divided by metal partitions into three compartments, one for each
penduluni.

The three pendulums are placed in the box, each resting on two
agates, the top surface of all six agates being carefully ground in posi-
tion, so ax to be all in the same plane.

The three pendulums ave five inches apart, and can all swing in
the same vertical plane, parallel to the long axis of the box.

During observations, the centre pendulum is held still by a lever
pressing on its hob, so as to give it a slight tilt; the two mirrors on its
knife-head form part of the optical system to be deseribed later. 'The
two outer pendulams can be given the required initial tilt by two levers,
which are interconnected, so that one quick motion of a single arm A,
(ni/lra Plate VI) releases the levers, and sets the two pendulums swing-
ing with a phase-difference of 180°.

The pendulums can be raised off the agates, when observations are
not beino made.

A plate-glass window in the cover enables the pendulurs to be
observed, and another, at one side of the box, permits the reading of a
thermometer, placed in a dummy pendulum, and of a small mercury

manometer, both inside the box near the back pendulum. »
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The construction of the flash-box and method of observing the
flashes and reading the amplitudes are exactly the same in principle as
those employed with the Potsdam apparatus in India since 1904, and
described in Professional Paper No. 10. 'The flash-box is however lighter
in design, and the observing telescope is on a separate stand, as the
optical system requires it to be placed about six inches above the flash-
box. The diaphragm of the telescope has two horizontal wires, one of
which is used for the front pendulum, and the other for the back pendu-
lum.

The optical system is shown in the diagram below and is as follows:~
Diagram of optical system
lelescope

\\ Bac 1
{+ T 1 ﬁirfo:amm

7rom Sflash boz

Front pendulum Fized Baclk pendulum
pendulum

Two adjustable mirrors, one above the other are set at the back of
the pendulum box ; each pendulum has two mirrors on either side of its
knife-head which are inclined to the stem of the pendulum at a slope of
1lin 12,

The Hash from the flash-box travels as follows:-

(1) Front pendulum.-Flash-hox to upper adjustable mirror,
thence to back mirror of front pendulum, thence to

front mirror of centre fixed pendulum, thence to observ-
ing telescope.

() Back pendulum.-Flash-box to lower adjustable mirror,
thence to back mirror of fixed pendulum, thence to front
mirror of back pendulum, thence to telescope.

Any of the three pendulums can be used as the fixed pendulum,
and in practice two different pairs of outer pendulums are observed at
ecch station,

Q. Observations.—'There is no essential change in the method
of chservation. Ifirst a series of coincidences of the front pendulum is
recorded, followed immediately by a series of the back pendulum ; then,
after an interval, o second series, is recorded for each. Before and after
each zeries, the amplitudes, duinmy thermometer, and manometer are
read.

Ax the pendulums are nearly isochronous, they can swing for periods
as long as eight hours without their phase-difference changing oo much,
=0 that the pendulums can be swung practically continuously hetween
time signals, thus almost entirely eliminating errors due to irregular
fluctnations of clock rate. Observations for a pair of pendunlums are
completed in 36 hours, six time signals being received in this period
(i. e, three from Rugby and three from Bordeaux).
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4. Sway correction.—Since the pendulums swing in opposite
phases, there is normally no sway of the apparatus due to the motion
of the pendulums, but the observations require serutiny to see whether
ground-motion corrections have to be applied. These corrections can
be computed from the ordinary observations ; no special sway observations

are required.

5. Pendulums of the Survey of India.—The pendulums
which have been used in India are :—

(i) Seconds pendulums used with the Basevi apparatus :—

(a) Kater’sinvariable pendulums Nos. 4 and 1821 in use
from 1865 to 1871.

(b) Russian reversible pendulums Nos. I & II used in
1873.

(i) The four brass, Potsdam (1902), pendulums, used since
1902 with the Potsdam apparatus. These are numbered
137 to 140. Mean time of vibration 0-50725s.

(i11) The three brass, Dehra Din (1924), pendulums, numbered
1 to 3 and used in Kashmir in 1925. The knife-edges
of Nos. 2 & 3 have deteriorated. Mean time of vibra-
tion 0-50731s.

(iv) The nickel-steel Cambridge (1926) pendulums, now in
use with the Cambridge apparatus. These are lettered
A, B, C. Mean time of vibration 0 50795s.

6. Description of the Survey of India Cambridge
(_1926) rendulums.— Quartz pendulums having been found too fra-
gile in 1924 (vide Geodetic Report Vol. 1§ 126), the late Lt.-Colonel
H. McC. Cowie, r.1., then in England, ordered three nickel-steel pendu-
lums from the Cambridge Instrument Company for use with the Survey
of India Potsdam apparatus. In 19206 these were ready, but the knife-
heads had to be changed, so as to be suitable for the Cambridge apparatus,
the chiet difference being the provision of two mirrors inclined to the
pendulum stem. A pendulum is shown in detail in Iig. 1, Plate VII.

_ The bob, stem and stirrup at the top for holding the knife-head are
a"ll In one piece of nickel-steel. Nickel-steel was chosen since the coeffi-
cient of expansion of this alloy, when suitably proportioned, is exceedingly
small.  The eocflicient of expansion of these pendulumsis 4 0.0000 0167
per derree Centigrade, whereas that of the brass Survey of India Pots-
(l‘nm (1902) pendulums, formerly in use, is +0.0000 1934 per degree
Centigrade. Fence the new pendulums are much less affected by tem-
perature changes,

The knife-head is of stellite, a material of great hardness, which
can hf\, polished sufficiently to form a good metal mirror. The knife-
ead is permanently fixed by means of conical wedges in the stirrup
under hydraulic pressure.
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7. Adjusting the length of the pendulums.—The new

apparatus requires the pendulums to be as nearly isochronous as possible.
On receipt of the pendulums from the makers the differences in time of
vibration were found to be as follows :—

B-C 28°x 10-7

A-C 368 x 10-7

This compared very favourably with the Potsdam pendulums

previously in use, two of which differed by as much as 4105° x 107,
whilst the smallest difference was 716°x 10-7. Closer equality was con-
sidered necessary for the Cambridge pendulums. This was attained by
grinding the flat base of the bob of the longest pendulum on a sheet
of fine carborundum paper, lubricated with kerosine oil and laid on a
flat plate of glass. After about three minutes grinding a series of
coincidences was observed, and finally, when near the right length, a
complete observation lasting about one hour was necessary between each
grinding. Thus the whole operation of obtaining close isochronism was
long and tedious, and took about a fortnight of fairly continuous work.
The greatest departure from isochronism is now 11¢x 10-7.

8. Determination of correction factors.—The next
step was to determine the correction factors.

These are :—(1) the density factor, £,
(2) the temperature factor, £.

This was done at the pendulum house of the Cambridge Obser-
vatory, kindly lent for the purpose by Colonel Sir G.P. Lenox Conyn-
gham, who, during the course of the work, gave much valuable assistance
and advice.

In order to save time and eliminate clock-rate errors as far as
possible, a Von Sterneck pendulum apparatus with a single pendulum
was set up alongside the Cambridge apparatus, and all observations of
the pendulums under test were bracketted between observations toa
brass pendulum No. 38), whose density and temperature factors were
known.

By subtracting the observed time of vibration, S‘A(or 8113 ete), of
the pendulum under test from that of No. 38, (8,9 reduced for tem-
perature and density, we get the relation:—

S, — §', = (8,—8 =4, D—#T- F, where Fis the sway correction

for the Cambridge Pendulums. This is zero, when two pendulums are

swung simultaneously, and can be determined, when one pendulum only

is swung, by means of a special flexure observation. (S — S ) is a
a8 A

constant, depending on the two pendulums 38 and A. 4',7) and # T are
the deusity and temperature corrections for pendulum A, similar ex-
pressions applying to pendulums B and C.

The equation involves three unknowns, so three groups of observa-

tions were arranged with the Cambridge apparatus under different
conditions. These were:—
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G group— Atmospheric pressure & low temperature

y — do. do. & high temperature
L , — Reduced pressure & low temperature.

The low temperature was the room temperature. The high tem-
perature was obtained by placing an electric bulb in the front compart-
ment of the Cambridge apparatus and observing to one pendulum only,
at a time, placed in the back compartment. The apparatus was covered
with a blanket, to reduce loss of heat, and observations started about 18
hours after the bulb had been lighted, when the apparatus had reached a
fairly constant temperature. The bulb remained lighted during the
observations.

In this case sway correction had to be determined, and was found
to be 6* x 107,

Details of the observations are given in Table 1. By the method of
least squares, the values of Z#& # were obtained for the three pen-
dulums from these three groups of observations.

The constants obtained were:—

Pendulum A B C

Temperature factor (£) 454 +0-27 45:44+0.20 4°-240-26

Density factor (£) 669 + 5-7 664 +5-0 660 +4-7

The unit is the 7th decimal place of a second of time. For compa-
rison, the constants of the brass Potsdam (1902) pendulums are given
below, in the same units:—

Pendulum No. 157 138 139 140

Temp. factor 49°°240-1 489402 49°-140-2 489401

Density factor 594+2:5 572465 606+1-0 606+1-7

9. Reduced time of vibration at Cambridge and
deduced value of gravity at Dehra Dun.—With a view to
redetermining the value of 4 at Debra Din, the L group of observa-
tions were observed between wireless time signals (Paris rhythmies), so
that the reduced value §, of the time of vibration at Cambridge could
be obtained.

The value of 5 at Cambridge is 981265 cm/sec?, obtained indepen-
dently by Dr. F.A. Vening Meinesz from Potsdam, and by Sir G. P.
Lenox Conyngham from Kew. On arrival in India the pendulums were

ZWIUI]g at Dehra Dan in November 1927. The results are tabulated
elow :—

Station Date A B C
) & &N S
Cambridee oo May 1927 | 00507 3%45 [ 0507 3861 | 0.507 5855
Dehra Din | Nov. 1927 4526 9337 9534
Difference — $©BSl — DBBT6 — BGTI
Deduced valne of g at Delira Dan 9 9.0715 0790732 079-0722
e cm/ sec?
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10. Observer.—All the above observations and the isochroni.
zation of the pendulums were done by Major E. A. Glennie.

11. Wireless receiving set.—In order to receive wireless
time signals with certainty in India, a highly eflicient wireless receiving
set was obtained. 'This set was the R.P. 11, specially designed by the
Marconi Wireless Telegraph Company for time signal reception at wave
lengths of over 15,000 metres.

It has | valves with a 3-foot square frame aerial, and consists of a
detector, a note-filter amplifying stage, a plain note magnifier stage and
a local oscillator. With this, no difficulty is experienced in receiving
time signals in India from Rugby, Bordeaux and Nauen, though signals
from Nauen are rather faint. The directional properties of the frame
aerial enables atmospherics to be greatly reduced.

A device, known as the ““ phazing unit” P. B. 1 with a fifth valve,
can be coupled to the receiver, bringing in a small vertical aerial 30 ft.
high. This gives increased directional properties, and was intended to
further eliminate atmospheries. In practice its use gives a great increase
in the volume of sound, but atmospherics are not reduced, and, if there
are thunder-storms near by, the time signals are best received without
the phazing unit. A picture of the wireless set is given in Plate VIIIL

12. Field Season 1927-28.—The field season was planned
to extend our knowledge of gravity and the geoid to the extreme north-
west borders of India, and also to discover whether any exceplional
Hayford gravity anomalies would be found in the neighbourhood of the
Haman-i-Mashkel in the Chagai district, upper Baluchistan.

The party took with it a large prismatic astrolabe, so that astrono-
mical latitudes and longitudes could be obtained. The field season’s work
is conveniently divided into two main portions, which are described
below:—

I. Observations in Las Bela State and Sind.

Ntations,—Observations were made at seven stations on a lime
running roughly from west to east through Karachi, (the line extending
from Chandragup, 150 miles west, to Kakeja, near the Rann of Cutch,
100 miles to the east of Karacht) as well as at Hyderabad (Sind).

Observations were first made at Karachi, while camels were being
collected by the Wazir of Las Bela for the journey to Chandragup:
These camels proving satisfactory, they were retained for the whole
time until the party entrained at Badin for Hyderabad.

Nature of the country,—Las Bela, though very sandy and diy,
presented a charmingly variable type of scenery, and ahounded in
small zame. Ibex and panther are plentiful in the low Ilaro Range,
west of the Relu station.

Chandragup, which is a triangulation station of the Malrin Coast
series of 1596, turned out to be an active mud voleano, and, in the hills
around. are numberless mud cones, some of them active. An excep-
tionally big one over 1,000 feet high is shown in the back ground of
Plate IX. In the foreground can be seen the valley, fillea with mud,
























Crar. 1v.] GRAVITY & DEVIATION OF THE VERTICAL 55

which being impregnated with hygroscopic salts, remains plastic and
flows exactly like a glacier.

Oil was seen on the surface of a stream in this neighbourhood. The
Sind country, in comparison with Las Bela, was most uninteresting,
mainly a flat clayey plain.

II. Un the Nushki-Duzdap railway extension and in the neighbourhood of
the Hamun-i-Mashkel

Stations.—Observations were made at five stations on the railway
more or less equally spaced from Nushki to Warechah. The Himin-i-
Mashkel stations were spaced about twelve miles apart on a line run
roughly north from Galugah Fort across the east end ol the depression.

Special reasons for observations in the Himun.—The Hamin-i-
Mashkel area was specially selected by the Surveyor General for gravity
observations, because the topographical surroundings were similar to
those of Seattle in America, where exceptionally large negative Hayford
anomalies have been found and Brigadier Tandy was of opinion that, if
similar anomalies were found in this region, some progress towards
the solution of the problem raised by them might be made. The
observations however show couclusively that there are no exceptional
anomalies in this region.

The Hamun-i-Mashkel itself is a vast expanse of saltpetre. Only
a narrow arm of this at the eastern end, known as the Wadi-i-Sullan,
was crossed by the party. Jor about six hours the party cranched
through a white efflorescence of saltpetre, gleaming like snow in the
moonlight.

South of the Haman the ground rises rapidly to the hills. On the
north, for 15 miles or more, it is flanked by a flat desolate plain of light
salt-impregnated soil, covered thickly with small black pebbles; then
the ground rises abruptly a hundred feet in an escarpment to a plain,
which slopes gently northwards. The black pebbles are a very pleasant
feature, since, as a result, there is no glare.

Fverywhere there are signs of voleanic activity, the active voleano
Koh-i-Taftan, over 13,000 feet high, is to the west; to the north is
Mivi Sultan, which is apparently a great cinder cone.

It seems likely that thisis an area of subsidence resulting
from the voleanic outpourings round it. In the part traversed by
the party, except. for a line of high sand dunes near Galugah Tort,
there i« practically no sand.  The area round Rahro is fertile and eulti-
vated, the population migrating to the fertile date groves of Ladgasht
for the Lot weather.

Water supply an the Hamain ared.—1It was most foriunate that
exceptional rains oceurred, filling the water-holes a fortnight hefore the
party entered this area. The water was green and very lively, but no
il health resulted, At the Wadi-i-Sultan sfation, water had to be
carried {o the camp from the Kalandi spring, 15 miles away.,

Climatie conditions in the Ham#n arca.—Remarkable changes in
temperature occur at this time of the vear, thus on the 3rd of March
the maximum day temperature was over 90° in the shade and the
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night was oppresssively hot, but, two days later, there was an ey
wind from the west and the temperature at noon was barely above
freezing point in the shade. During the next week there was frost at
night, 8° of frost being recorded on two occasions, after which it again
became hot.

Visibility—Owing to sand haze visibility in the Hamin ares
was very limited, so that resections from points on the distant mountains
were not possible. The astrolabe was used to give the position of the
gravity stations astronomically, except at Galugah, which was close toa
triangulated point, and heights had to be estimated. This was easy
owing to the extreme flatness of the country, so that the estimated
heights are not likely to be as much as 20 feet in error. Local thunder-
storms made barometric pressure very variable, so barometric or hypso-
metric heights could not be relied on.

Escort.—As there was danger of raiding from lawless bands from
across the Persian border, an escort of eighteen tribal levies was provi.
ded for the party. This escort and the camel men were a very cheery
lot, in marked contrast to those in Las Bela, and the marches were
enlivened with song throughout the night.

They were remarkable athletes; several could clear a height of
over five and half feet with a bad take off. 'They were however poor
marksmen, a two-foot square target remaining nearly 1untact after about
a hundred rounds had been fired at it from a distance of a hundred
vards. The party was undisturbed by raiders.

13. Strength of party, transport and health.—The
party consisted of two officers, a clerk, two computers and 24 khalasis.
The gravity and astronomical observations were done by Major E. A.
Glennie and Mr. B.L. Gulatee, B.a.

Camel transport was employed throughout the season. Owing to
the heat and arid nature of the country the party nearly always marched
at night, frequently striking camp at 5 p.m. and reaching the next camp
at 8 a.m. or later; and then observations would commence at nightfall
the same day.

Except for some fever at TIyderabad, health was excellent.

14. Clock rates.—The clock used for gravity work was the
Strasser and Rohde pendulum clock No. 238, This had been overhauled
at the Mathematical Instrument Office, Calcutta, after the Kashmir
seaxon, awd cave excellent results.

The rates were obfained by cetting time signals twice (hti]_y_' from
Bordeaux, and twice daily from Rugby, the times of receipts of signals,
in Indian Standard Time, being:—

Bordeaux 1.30 p.m. and 1.30 a.m.
Rugby 3.30 p.m.and 11.30 p.m. '
A relay was used to break the ear-phone ecircuit of the wireless
receiver, so that the signals vanished, as coincidence with the clock beats
approached, the first wireless signal after the silent period marking the

coincidence.
G2
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15. Pendulum results.—The differences between individual
and mean pendulums are shown in Table 2.

Times of vibration at Dehra Dan are given in Table 3, and mean
times of vibration and deduced values of g in Table 4. A summary of
results is given in Table 5, which also includes all other modern gravity
observations in India, arranged by seasons. ‘The average height map
of India” (vede Geodetic Report Vol. 1. § 150), now approaching com-
pletion, was used to get out the effects of topography and isostatic
compensation for all Hayford zones outside a radius of 32 miles, and
saved an 1mmense amount of Jabour.

16. Astronomical observations.—At all stations a pro-
gramme of astronomical observations was carried out, using the large
prismatic astrolabe. The positions of three stations in the Hamun-i-
Mashkel area (viz Himian, Rahro, and Wadi-1-Sultan), which, owing
to bad visibility, could not be fixed by theodolite resection, were obtained
in this way.

At other stations the observations give the deflections of the plumb-
line in the meridian, and prime vertical.

The astronomical programme usnally consisted of about four hours
work on three or four consecutive nights at each station, and was plan-
ned to give about twenty aroups of stars.

The clock used was a break-cireuit chronometer No. 12831 by Messrs
T. Mercer & Co. of St. Albans. The pendulum clock was not used, so
that the star programme could be carried out without any interruption
to the pendulum work. The star clock was compared each evening with
the pendulum clock, as the latter was used for the wireless time signals.
A portable drum chronograph by the same makers was employed for the
star ohservations and the clock comparisons.

17. Results.—There has not been sufficicnt time in recess to
complete the astronomical vesults rigorously. Deflections have been got
out hastily by the graphical method from two or three groups of stars
only at cach station.

Chart V. shows in figures the free-air gravity anomalies and
by contonrs the Hayford g;ra,vity anomalies. The height and depth
contours in this chart are avérn-f_‘:e height contours from the average height
map.  Until the astrolabe work has been rigorously computed, and corree-
ti_ons for topography and compensation have been applied to .the deflee-
tions, 1t wonld he premature to form any definite conclusions.  'I'he
deflections are in all cases towards the nearer visible masses. A spur of
high density evidently runs south of Karachi under the shallow sea,
Manora Point and the Oyster Rocks being projections from this spur.
In the case of the Dalbandin and Yakmach deflections which appear in-
consistent, the nearer masses have been concealed in the process of
averaging out the height. Negative Hayford aravity n.noma]ics were
expected near Chandragup; these agree with the mnegative anomalies
obtained in other oil-bearing regions.

_ There are no exceptional anomalies in the Hamiin-i-Mashkel area.
This is probably an area of subsidence which is not overlaid by a great
depth of alluvium. -
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TABLE 2.— Difference between individual and mean pendulume,

season 1927-28.

(The unit is 10-7 sec.).

Name of station A ' v B ‘ v ‘ (o] °
Dehra Dun + 6 + 2 -5 - b - 2 + 1
Chandragup + 8 + 4 + 3 + 3 ~-11 -8
Relu + 4 0 0 0 -3 0
Gadani + 8 + 4 - 16 —-16 + 9 +12
Karachi + 5 + 1 -3 -3 -2 + 1
Sahiji -4 -8 +10 +10 | -6 -3
Vikia -15 -19 +29 + 29 -13 -10
Kakeja + 4 0 - 4 - 4 -1 + 2
Hyderabid (Sind) + 8 + 4 + 4 + 4 —-12 -9
Dalbandin + 1 - 3 1 + 1 - 3 0
Gulugah +3 | -1 -1 -1 | -3 0
Himun + 5 + 1 -6 - 6 + 1 + 4
Rahro - 4 - 8 +17 +17 -13 -10
Wadi-i-Sultan + b + 1 - 3 -3 -1 + 2
Nokkondi +11 + 7 -2 -2 -8 -5
Warechah + 4 0 -10 -10 + 6 + 9
Yakmach + 3 -1 -5 -5 + 3 + 6
Nushki +12 + 8 - 4 - 4 -1 - 4
Dehra Din + 5 + 1 -6 -6 + 2 + B

Mcans + 4 0 - 3
TABLE 8.—Times of vibration at Dehra Dun.
Date A B C Mean
1927-28 s s s ¥
November 3, 4 05079523 0-6079534
v 4 9528 9540
" 4,5 9507 . 0:5079518
1 5 9542 95645
» 5 6 9527 9634
" 6 9528 9538
Mean 05079526 0-5079537 0-5079534 | 0-5079532
April 17 0-5079622 05079534
w 17 9524 9524
w 18 9510 9511
» 18 0-5079537 9528
» 19 9523 9517
n 19 9531 9627
Mecan 06079619 0:5079530 05079522 05079524
General Mean 05079523 0-5079533 0-6079528 0-5070628
Difference Apr.— Nov, -7 =1 -12 -8
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TABLE 4.—Mean ti"mes'of vibration and deduced values of g,
season 1927-28.

Name of station A B C Mean
Chandragap s| 045079803 5079808 5079822 | 0-5079811
B— + 280 + 275 + 294 + 283
g 978-955 978-957 978-950 978-954
Relu s| 0-5079778 5079782 -5079785 | 0-5079782
&8—5, + 255 + 249 + 257 +254
g 978-965 978-967 978964 978965
Gadani s| 0-5079777 -5N79801 5079776 0-5079785
8 —5 + 254 + 268 + 948 +257
g 978.965 978960 978968 978-964
Karachi s| 0-5079787 -5079795 5079794 0-5079792
s8-8y + 264 + 262 + 266 +264
g 978 961 978062 978 960 978 961
Sahiji & 0-5079820 - 5079806 +5079822 0-5079816
5 - & +207 +273 +294 +268
g 978-949 978-958 978950 978-952
Vikia 8| 0-5079864 - 5079820 - 3079862 0+5079849
5—5 + 341 + 287 +334 + 321
7 978932 978952 978934, 978939
Kakeja 5| 0-5079832 5079840 -5079837 0-5079836
§ =6y +309 + 807 + 309 +308
g 978944 978945 978944 978944
Hyderabad (8ind) s| 0.5079738 5079742 -5079768 0-5079746
5—s, +215 +209 +230 +218
g 978-980 978982 978.974 978979
Dalbandin 8| O 5079741 5079741 -5079745 0-5079742
8 ~8, +218 +208 +217 +214
a 978.979 78-983 978-979 978-980
Galugah 8| 0°6079746 -5079760 -5079762 0-5079749
s—gg +223 +21%7 +224 +221
g 978977 978-979 978977 978978
Hamino s| 0-5079713 5079724 5079717 0-6079718
8- 5 +190 +191 +189 +190
7 978-990 978989 978-990 978-990
Rahro s| 0-5079698 5079675 - 5079705 05079692
&~ 5 +173 +142 +177 _+led
9 978-996 979-008 978-995 979-000
Wadi-i.Sultan 0-5079G11 5070610 -507961"7 0-5079616
8~ 8 +058 +086 + 089 +038
g 979.029 979:030 979.029 979-02)

(Continted)
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TABLE 4.—Mean times of vibration and deduced values of g,
season 1927-28—(contd.).

Name of station A B C Mean

Nokkondi s| 0-5079616 0-5079629 0-50792635 05079627
} 8 - 8 +093 + 096 +107 +099

g 979.027 979026 979.022 979025

Warechah s| 05079592 05079606 0-5079590 05079596
§— 8 +069 +073 +062 +068

g 979-036 979035 979-039 979-037

Yakmach . s| 05079681 05079689 0-5079681 0°5079684
. . $ - 8 +158 +156 + 163 - 156
g 979-002 979-003 979004 079003

s| 05079744 05079760 0-5079762 05079756

Nushki
. S—=xp + 221 + 227 +235 +228
g 978-978 948975 .“978-972 978-975
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TABLE 5.—Modern gravity observations in India.
v titude |Longitud

No. é’zc’ Station Date |Height| Latgude fLongitude| g | gy, | g7,

Jeet | o , 4| o 4 4 |cmisec? | em/sec® | em[sec?

1 | 537 [ Dehra Din 1 204/ 2239 (3019 29 [78 03 22 (979-063|—0-074] +0.008

2 |66C| Madras 5 304 20 (130408 8014 54 (978-279|—0-013|—0-053

3 [47B| Colaba 20 304/ 34 (185345 (724847 [978-631|+0-063|+0-06
4 |53J | Mussoorie . 124 404 7129 3027 28 (78 03 33 (978776 + 0-087,

(Dunseverick)

5| ., 1 (Ca.melsBack) 17 504 6924 3027 35 (78 04 32 |978-%793(+0-0685
6 |73H| Cuttack .. |141204] 92 (202905 |86 5201 [978-659|+0-006
7 | 78D| Chatra .| 1 105 64 241240 [882227 (978-878|—0-014
8 | 78C| Kisnapur ...|19 105 113 {2502 26 |88 28 29 |978-956|+0-012
9 | 78B| Jalpaiguri .| 1 205 268 263116 |88 4413 (978-922|-0-113
10 | ,, | Kesarbiri .. (16 205 204 (260741 {88 31 26 {978-952| - 0-060
11 | 78C| Ramchandpur ... [26 205 132 {2540 57 |88 3258 [978-968|—0-019
12 | 78B| Siliguri oo |14 305 387 (264147 [882450 |978-887|—0-149
13 | 78A| Darjeeling ... |21 3 05| 6966 {2702 47 |88 16 08 [978-501|+ 0-055
14 | 78B| Kurseong .. |29 305 4913 |26 6251 (8816 45 (978-626; 0-000
15 |78A| Sandakphi .[12 40511766 |27 06 06 (8800 35 |978-190| +0-189
16 | 53E| Simla ... [161205| 7043 |31 0619 |77 09 50 (978-840|+0-091
17 | 53B| Kalka . 231205 2202 (3050 08 |76 56 22 (979-147/—0-034
18 |44N| Ludhiana 106| 836 |305525 [7551 09 (979.274(-0-042
19 | 44 1| Mian Mir ... |11 106| 708 313137 |742232 [979-383|+0-007
20 | 44J | Ferozepore {19 106| 647 |30 5548 (7437 04 |979-341} + 0007
21 | 43P| Pathankot 3 206} 1088 (321633 (7563903 [979-237|-0-165
22 | 44F| Montgomery ... (18 206| 557 {303947 |730618 |979-321| 0.000
23 | 39J| Dera Ghazi Khan | 1 306 397 |3003 49 |70 456 38 |979-192|—0-097
24 |39N] Multan .19 306/ 404 [301111 (712551 |979-243|-0-055
25 | 39D| Jacobabad .. |17 306 183 |281634 |682705 {979-186|+0-014
26 | 340! Sibi .23 306 434 (293246 675231 [979-119|—0-127
& w | Mach .. |30 306| 3522 |295225 |67 1820 [978-960|—0-021
28 | 24N Quetta 4 406 5520 (301215 |67 0041 |978-851{+0-031
29 oali Hardwar ...| 81206} 949 [2956 29 (78 0919 (979-122|-0"106
30 mG; Roorkee . [181206 867 (295220 |77 63 659 |979-129-0-101
31 | ,, | Nojli 27 1206 879 12053 28 |77 4025 (979:143|—0-088
32 | ,, ' Kaliéna 107 810 (293055 (773906 (979-154{—0-054
a3, ‘lMeerut .18 207 %734 1290026 |77 41 40 [979-1561{—0-024
8t 53H| Gesupur .| 8 307 691 |283302 (774203 [979-125/—0:020
35 \saF Mohan ...|17 307 1660 3010563 |77 54 37 |979-109|—0-070
36| ,, | Asarori ..|26 307| 2467 |30 1425 [77 68 08 |979-059|—0-060

( Continved)
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TABLE 5.—Modern gravity observations in India—(contd.).

D s titude | Longitud

No. 52 Station Date |Height| U054 [LOmEde g | gy, | gy

Seet | o , .| o , o |cm/sect|em/sec?| em]sec?
37 | 53F| Fatehpur’ .| 5 407 1434 {30 2553 |77 43 37 [979°147|-0-074] +0.019
38 |, | Kilst ... [10 407 1684 |30 3108 |77 50 26 {979°131|—0-073(+0.033
39 |53J | Rajpur .. |19 407 3321 {3024 2 7805 47 |979.002|—0-040| + 0-026
40 | 57G| Bangalore ..1 2 208| 3118 |1300 41 |77 35 01 |978°025|+ 0-025|—0-025
41 [57D| Mysore .| 7 208] 2501 [1218 52 |76 40 20 |978.045| + 0-014|—0-023
42 | 57L| Bdgar Shaft ... [21 208 2945 |12 5547 |78 15 41 |978:076| + 0-064! + 0- 009

(Surface)

43 |38 1) Salem |1 308 948 |114005 {7809 10 (978-116{—0-036(—0-04
4} ,, | Yercand " .16 308 4493 |11 4656 |78 1229 [977-908| +0-083) - 0.033
45 | 58A| Ootacamund ... 15 308| 7395 (112437 (764203 (977-735(+0-195| +0-012
46 |38F | Kodaikanal ... [22 808] 7665 |10 13 50 |77 27 56 (977643 +0-167|—0.032
47 (46M| Ujjain ... [311208| 1612 (231160 |75 47 00 |978-677|—0-002(—0-011
48 |40N | Mhow ...| 8 109 1903 |223810 754540 (978-620|+0.009|—0:015
49 | ,, | Mukhtiira ... 16 109| 926 |22 2340 |75 58 40 |978-06h4(- 0:028|—0.019
50 |55B| Mortakka ... |22 109 576 (221320 |760250 {978-703/-0-011|+0-005
51 [55C| Khondwa .. |29 10¢| 1014 [214930 |76 21 30 |978-692(+0.044| + 0.047
52 | ,, | Asirgarh ...| 8 209 2077 [212810 7617 50 |978-584|+0:057| + 0030
53 |460| Jalgaon ... 118 209| 70 (210000 753350 (978:633|+ 0-011{+0-020
54 |55H| Amraoti v | 2 309] 1123 (205550 |77 4540 |978- 6097 +0-025| + 0-026
55 |55G | Ellichpur ... [13 309| 1314 [211820 |77 3040 |978:618]+ 0030/ +0-031
56 |55F | Hoshangibad ... [26 309] 1002 224500 7743 50 (978-719+0-011| + 0-021
57 | ., | Shihpur .| 4 409 1286 |22 1130 (775410 (978-663(+0-01%7|+0-023
58 | 55G| Badniir ... |11 409 2108 |21 54 10 |77 54 10 |978-607|+ 0+ 056! + 0-038
59 | 55T | Saugor . [261100| 1757 235147 (7848  [978-731|+0-021)+0-011
60 |55MI| Damoh .1 51209] 1213 1234954 |7926  978-758/— 0001 +o-0041
61 | G4A| Katni .. 1121209] 1254 |23 5025 [S026  |978:75%7)+0-001(+ 0007
62 | | Umaria . l201200| 1499 233137 |20 54  (978-740|+0+027| +0-029
63 | 64F| Pendra ... [301200] 1996 |22 46 41 |8200  |978°638!+0-021/+ 0-008§
64 1817 Bilaspur ...110 110 ®%g (220353 [s212  |978:681}+0-005/+0-013
65 |643| Raipur. ... 120 110 996 1211356 [8141 978-612{—0:002| - 0-003
66 | 64C| Amgaon ... |31 110 1032 [212131 [S028  |978:614{~ 0004 —0-003
67 155 %| Sconi .. 113 210] 2032 [2205 20 7729 |978-622]+ 0-052| +0-036
68 550 Jubbulpore: ... (25 210| 1467 |23 08 54 [7959  |978-719] +0-028) + 0-039)
69 | 63D| Maihar . 115 310| 1161 |24 1538 [B048  |978:784|- 0009/~ 0-003
70 163(1 Allahabad ... |25 310/ 288 |25 2555|8155  [978-943/—0-012)+ 0-009
711637 | Snltinpur 17 410/ 314 (261606 |82 0436 |078-950| - 0053 —C+027
72 |94D{ Rangoon 181110 164 [164765 |9609 08 |978-467|+0-021/+0-016

(Conlinued)
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TABLE 5.—Modern gravity observations in India—/(contd.).
3 Latitude |[Longitud
1tude | Lon ude -
No. éﬁ Station Date |Height N, E. g 9=7, 9-7¢
i feet | o, 1. , . |em/sec?|em/sec’| emfsect
73 1 85N! Prome ... [281110{ 101 |18 4940 {95 13 40 (978-543[—0-016 —0-00
74 1850 He zada .. [101210] 46 (173917 |95 27 18 |978-481/~0-020| - 0-01
76 |83L| Bassein . . [171210] 23 (16 4711 |94 44.06 [978: 475|+0-01%] +0-00
76 | 94B{ Toungoo .| 2 111 159 (185550 (3627 03 (978568 0-000|+ 0-08
77 94A| Pyinmana ... |14 111 409 (194425 |96 1156 |978-577|—0-004| +0-02
78 8P| Meiktila . . 123 111/ 799 (205126 {95 51 58 (9%78-617|+0-008(+0-02
|
9. 93C| Mandalay .| 2 211 244 (2159 44 |96 06 28 [978+714{—0-017| +0-02
%0 ' 93B| Maymyo . [11 211 3495 (220113 196 28 24 |978.490| +0°061| +0-01
81! | Mogok 3 311] 3685 (2254 51 [96.20 51 (978-539|+0:071 +0:03]
|
82 840! Myingyan .. 19 311 248 |21 28 56 (95 23 50 [978.690(— 0-009) + 0-01
83 63P| Japla .. [221111] 474 [243158 (8400  |978-856(—0-020+0-002
84 72D Daltonganj .| 61211] 507 |24 0205 [8404  [978-827|+0-007| +0°023
! .
&5 ' 73E| Ranchi ... (301311 2167 (232305 |8519  [978-691|+0-051|+0-030)
RG, 73D| Gayi .. 12 112 361 |244742 8500  |978-884(—0-020 +0-003
87, 72K Monghyr (19 112 154 [252253 (8628  [078-909)— 0-056|—0-025
88 72C| Arrah ..130 t12] 188 (253410 (9439  [978.918| - 0-056(-0-02§
80 | 3P| Sasaram .| 9 213 340 [245721 |8359  (978-903|—0-014+0-00°
90 630; Moghal Sarai ... 18 212 257 (251703 (8306  (978-919|—0-029|—0-00
|
9ti ,, | Ruxar .27 212 207 |253442 (8359  (978-933|—0.040|~0-014
43 7IF Muzaffarpor .. | 8 312| 179 [260705 |85 25  [978-934|— 0080l - 0-042
o3 63N| Majhanli Raj .ils 312| 219 [261746 (8368  [978-928( - 0-094|-0-057
94 ., |Qorakhpar .. 125 312 v57 264458 (8323  (978.036|~0-116/- 007
93 54L! Lalitpar 41212] 1199 |24 41 29 78 24 26 |978-814{— 0+ 005|—0-002
g6 ,, | Bioa .11 12 12] 1355 {2410 41 |78 11 46 [978-795( + 0-026| + 0026
97 35F Bhopil \131212 1630 (33 15 38 |77 2500 [978-711|+ 0+029) +0.022
98 54H: Goona 27 1212| 1569 (24 38 48 |77 19 13 |978-807| + 0-026/+0-019
@ ., | Kaiiinpur 7 113] 1763 (2407 11 (7739 17 [978:777| +0-050| + 0039
!
100 54K Jhansi 19 113 858 [252702 178 33 43 (978-910| +0-007| +0-014
01 541§ Gwalior 28 113| 658 |26 13 77 |71812 49 (978 -8568|—0-019|—0-007
102 514 Sipri 9 2313] 1533 (252562 (77 39 26 978-876|+ 0-038| +0-029
1“3'}-"1?; Dhelpar 19 213] 577 [264201 {7754 47 978999 0-019—0°005
104 541 Acra 26 213| 535 (271020 (780107 {979-056/—0-001;+0-017
105 ,up,i Muttra 6 313 662 (272825 (7741 48 (979-072—0-004/+0-015
ST Hithras 113 313 587 273652 17803 22 979-075—0-009) +0° 0L
107 ., 1 Aligarh 21 313 612 (375332 (780031 |979-075|--0-028)~ 000
1] 5711 Kharja .. 128 313 649 291419 i77 5153 |978-082|—0-047~0-01¢
| | .

(Com’inued)
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TABLE 5.—Modern gravity observations in India—(contd.).
B s Latitude |L itud
No.(2 8 Station Date |Height| U0 [FonEtucel g lg—y, |g~%
ﬂA N. K, A (o)
feet | o , . |o , . |cm[sec?| cm[sec?|em|sec?
109 |47B| Alibig .|a71213 12 |1888 30 {7252 10 [078-551|-0-005| ...
110 46C | Surat .. |12 114/ 30 [211006 |72 48 05 978727 +0-027|+0-032
111{ 46F| Baroda .128 114/ 109 (221835 731105 (978749 -0.015/—0-008
11246A| Ahmadabad ... | 4 214/ 156(230120 [723365 |978-836|+ 0-031|+0-036
113 |46D| Damin e | B 214  15(|2024 45 |72 5005 |978-700| + 0+ 043 +0-049
114|45D| Deesa .. |10 214 466 (241520 [72 11 30 [978-900| + 0+ 043 + 0047
15|, | Abn we [19 214 3836 (243540 (724300 [978-679|+0-114] +0-029
116| 46C| Broach . |21 214/ 51[214205 [725900 [978:740| +0-009]+0-016
11745G| Erinpura .. |26 214/ 8722508565 730335 [978-896|+0-016|+0-023
n8|( ,, |Pali Marwar ...| 5 314/ 719254730 [7319 25 [978-950|+0.010|+ 0-020
119|54N| Etawah |26 11 23] 49226 47 00 [79 00 55 |¥78-998| - 0.035|—0-013]
120 |54M| Fatehgarh 61223 493 (27 2206 {79 38 00 [979-023| - 0.052| - 0- 029
121 |53P | Pilibhit . [161223| 610[283905 {7949 31 |979-045 - 0-114|-0-055,
122(54M| Shibjahinpur ... [261223] 6510(27 54 21 {79 56552 [979.040|—0-073|—0"039
123|634 Sitapur .. |12 124 449273313 (804108 [979-003|-0-090 —0-0541
124|62D| Sonaripur .22 124 514282739 18044 24 [979-013|—0-142| —0- 087
125 63K Balraich .| 2 224 403|273402 813541 [978-977|-0+121|-0-062]
126 ,, | Gonda |7 224] 852(270821 815625 [978.949 - 0-123 - 0-085
127|631 | Gainsari C11 224] 364(273143 823545 (975:943|—0-156] —0-091
1281 72A| Bagaha Ghat ... |19 224] 298[27 0806 (840305 [978-928|—0-153|—0-083
129 | 72B| Motibari .. |26 224] 220(263910 |84 5435 (978 -895—0-153|~0-099
130 | 43L| Waziribad Ll27 225 756322648 (7406 28 [979.394|-0-052| 0-000)
1311431 Jhelum 3 325 764(325520 (734241 |979.396| - 0- 088 - 0-022
1321 43G| Rawalpindi 10 325 1754 (333641 |73 0107 1979-346/—0-103{ - 0-047
183] | Murree 15 325 6385(335107 (732316 [970-024|+0°0323/—0-025
1341 43F| Domel 22 325 2239342108 {73 2807 (9792980167 - 0+ 04§
135 | 43J | Shadipur 14 425 5193 341114 [74 41 00 |979-038 -0 116! ~0-030
136| | Gandarbal 1 525 5200341248 |744609 {979-032—0-094 +0-010,
1371, | Hayan 12 525 6U84 34 1354 [7458 29 T8-090)— 0105+ 0-017
138 | 43N| Sondmarg 22 525 9050 341802 1751619 975810/ - 0-013 +0-043
139{ 427 | Churawan 14 625 8151313932 745401 [978-881]—0-056] + 0- 032
140 | 43N Minmarg 20 625 9351!344730 750449 [978-803) - 0-033| +0-035
41 | | Deosai 1 29 62313311 ;34 5721 751441 |978- 625 + 0 146( + 0-090
14214301 Deosai Il .. | 4 72512805 350204 |75 23 47 [973-627) +0-094|+ 0062
143 143N| Deosai  III .| 9 72512391 345547 {7525 38 [978- 674/ +0-111{+ 0-095
1341431 Lalpur . |28 725 5633 340537 )743212 979+080|—0-045; + 0-017%
|

(Continued)
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TABLE 5.—Modern gravity observations tn India—/concld.),
5 . . Latitude |Longitud

No. %‘,2 Station Date Height “L\‘{_“ ¢ |Long1tude 9 |9-15] 977
Seet | o, | o , . |cm[sect|em/sect|cm/sect

145 | 43J | Srinagar 4 895 5198340436 (7449 27 [979-095(—0:070| +0-02]
146 |43 K| Pingalan . |17 825 5227 335428 {7466 59 |979:076|-0 073|+0-012
147 | ,, | Yas Maidan . |22 823| 7867|3349 57 |74 39 57 [973-918|+ 0-024{ + 0-008

148 | 43K| Korag . |27 825[10952 (334832 |74 3319 |978-752|+ 0149 +0-03
149| ,, | Tosh Maidan .31 82510315 |33 5518 |7+ 29 58 |978-808) + 0°135| +0-050,
150 | 35P| Karachi 2411 27 29 |24 50 17 (67 0247 (978-961}+ 0'023| + 0-019
511 35G Chandragup 1312 27 43 (25 26 38 |65 50 34 [978-954| - 0025/ -0-023]
152 | 35K] Relu 3121227 35|25 3958 (66 22 24 (978-965|-0-031|—0-019
153| ,, | Gadani 311227 67 |25 06 36 |66 43 42 [978-967|+0-010|+ 0-007]
154 | 35P| Sahiji 15 128/ 211(245118 |673606 |978-952| + 0:031|+0:025
153 [40D| Vikia 23 128 4724 41 51 (68 03 39 |978-939( +0-012|+0-010,

156 ,, | Kakeja 30 128 33124 42 55 (68 34 26 |978-944|+0-014/+0-01
157 | 40C| Hyderabad (Sind)| 9 228 41 (252259 |68 21 17 (978-979| + 0-004) + 0-008
158 | 34D| Dalbandin |24 228 2786(28 53 31 |64 2454 {978°980| + 0+ 005+ 0-009
1591 31M| Galugah 6 328 1634 /27 5629 (6302356 ({978-978|—0-033(—-0-008
160 30P| Hamin 9 328 1600 (2801 15 |63 04 25 |978-990|—0-028(-0-008
161 ,, | Rabro ... |12 328 1600280718 (6314 979-0u0| - 0027 —0-007
162 {30L | Wadi-i-Sultan ... |16 3 28] 1600 (28 21 14 |62 59 52 |979029| —0-016| + 0-006
IUSE . | Nokkondi 121 328] 2281 (28 40 34 |62 44 42 [979-025] +0-009| +0-019
164 i 30H| Warechah |24 328] 2468(285157 {6164 26 [979-037| +0-034) +0:048
1651 30P | Yakmach .29 3 28] 2103 (26 44 39 |63 50 52 |979-003| + 0-004| +0-014

I

1661 34K| Nushki 1 4 28| 3339293227 (660243 |978-975|+0-002|+0:016
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TABLE 6.—Observations in or near India made by non-departmental

observers.
= . >
éé Station |Date & observer|Height L“tﬁt-“de Longitude g =7, |9-7¢
The de Filippr Kara-koram Ezpedition 1914
Seet | s 1o , | emjsec? | em[sec® em/[sec?

53J | Dehra Din | Alessio 1914 | 2229 |30 19:5|78 03-2[979.079 | —=0-059

437 | Srinagar " . 5217 |34 04-3 |74 49-8(979.090 | —0-073

52F| Leh " , [L1546 {34 101|777 35-1|978-529 | —0-050

52B| Lamayaru ... ” » |11819 |34 17-0(76 46-4(978-575 | —0-035

43N| Dris " ., [10108 |34 25.8|%75 45-4(978-778 | +0-043

52B| Kargi! " " 8901 134 33-7|76 07-5(978-845 | —0-014

52A| Tolti . " w | 7904 |35 02-0|76 06-3(978-853 | =0-140

43M| Wozul Hadur " . 118921 (35 11.9(75 82-3(978.536 | +0-093 |+0-036
52E | Depsang " » 17582 (35 17-4|77 58-4(978-165 | + 0-056

43M| Skirdu . . " 7326 |35 17-8 (75 38-5/978-924 | —0-145 |+0-014
511 Snget Karaul| G. Abetti 1914 (12002 136 20.9 |78 01.6(978-741 | +0-019

51F| Yarkand " " 3937 (38 24-4|77 15-8|979-530 | —0.126

42M| Kashear ... " . 1312 |39 28:3|75 59-1(979-537 | —0-178

.. |Tashkent ... " " 479 |41 19-5|69 17:7(980-078 | —0-059

Dr. Vening Meinesz’s Submarine Expedition*

" 191123 7 57 | 61 B4 |978-136|+0-002 |+0-016

" 2011 23 753 | 6558 [978-111|—0-021 |—0-011
2111 23 7 56 | 68 46 |978-102|-0 032 |—0-014
49D 221123 806 | 7248 [978:113|~0 024

69K 2411 23 720 |17728 978.099(-0.020

59N! Colombo 2811 23 6 56-5 70 61 |978-118(+0.012

68C 51223 5 5.5 80 12 (978168 |+0.080

" 51223 532 | 80 12-5/978-014|—0.069

.- 81223 544 | 87 07 |978-065|~0-020 |—0-013
88B 1012 23 602 {9250 |975-024(—0-068

880 Subnng 12 12 23 5 65-5| 05 19 [978-181|+0-09%7

9B 1812 23 6 01 96 55

978 1812 23 6 01 | 96 59

7L 1912 23 426 | 98 53

* Iide Vol. TII International Geodetic Report 1920,
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CHAPTER V

TRIANGULATION ,
BY CapraiN G, H. OsmasToN, M.C., R.B.

1. General.—No principal triangulation was undertaken, but
No. 15 Party was engaged throughaut the season, at the special request
of the Director, Frontier Circle, on secondary work in the North-West
Frontier Province, where a reliable framework was required to co-ordi-
nate the elaborate network of minor triangulation executed during the last
half century. ' '

This work consisted of two extensions connecting the main primary
series to recent minor triangulation on the frontier, and the commence-
ment of a secondary series through Waziristan. '

The headquarters .moved at the beginniﬁg of November 1927 from
Murree to Peshawar, remaining there till work was completed in the
middle of April 1928, when the party returned to Dehra Dun.

2. Personnel.—The party took the field under Captain G. H.
Osmaston, r. E., with two computers and 35 kbalasis; the latter were
recruited about equally from Panch State and Kohat District with the
exception of a few old hands who were taken from the United Provinces
as skilled helio men. '

3. Triangulation.—Kurram Series,—Taking the different
series in the order in which they were completed, the first series (Kurra_m)
breaks off from the stations of the North Baluchistan series, a fexy miles
N.W. of Bannu, and extends northwards astride the Kurram rver for

70 miles as far as Parachinar and thence by a minor figure to the Safed
Koh Watershed,

The stations were built on bare hill tops ranging in height from
8,000 feet in the north to 2,500 feet in the south.

The preliminary reconnaissance was complicated by the fact that
the series was flanked by the politically inaccessible Tirah on the east
and the Afghan frontier on the west. The problem of avoiding small
figures up the Kurram valley proper was finally solved by means of a
long ray passing over the former country. All the observations were
taken by daylight to signals consisting of helios whenever possible,
otherwise to Lucas daylight signalling lamps or X signals of black and
white cloth. The lamps were used with success up to a range of 24
wiles and the cloth signals up to 35 miles with the sky as a background.
The sky was generally overcast but visibility on the whole was good.






Indian Triangulation: (See Records of the Swrvey of India Vol. IX, p. 137)

Reference numbers and Values of “m”” and “M ™ for all Geodetic Series of th

For 42 Series entering the Simultaneous Grinding (shown in italics below) Mean Square M= 4 1:g4
For Series up to No. 99 4

Mean Squars M= +133

No,| Name of Series Seasons i +m i}[ S(\] Name of Beries | Sensons +m |+M
+ !
: i
|
1{ South Parasnath Mer. ... [18:31-39:3-308] 3'26} 52| Burma Coast |1864-820‘380 039
2| Budhon Meridional . 1833--13|2'242 2:46| 53| Jubbulpore Meridional .., |1865-67(0°340| 03]
3| Amia Meridional . [1834-381'647| 1'88] 54- Madras Lougitudinal .., 51865-800'384 0-37
4| Rangir Meridional .. |1834-641-643) 1'79] 55| Assam Valley Triangu-!
5! Caleutta Longitudina? ... |1834-69{0°369{ 0°32 Iation ... [1867-78]1:690) 265
6| Great Arec Meridional, 56] Brakmaputra Mer. . 11868-74{0°564 0°70|
Sectioy 24°-30° . {1835-66i0°708{0°71] 57| Coimbatore No. 1 . [1869-71|1°547) 2:07
7| Bombay Longifudinal ... |1837-063|0'844 07 4] 58| Bildspur Meridional ... |1869-73{0-302]0-33
8 Great Arc Meridional, 59| Cuddapah ... [1871-72|0°826! 096
Section 18°.24° ... |1838-41/0°567| 0°59] 60| Hyderabad . |[1871-72{1°4051 1'56
0| Great Arc Meridional, .
Section 8°-18° . 1840-74]0"390| 0-36| 61} Malabar Coast ... |1871,74.80/1°532| 1'82
62| Jodhpur Meridional ... 1873-76f0'291 032
10| Singi Meridional .. [1842-62!1°187| 1'1:4 63! South East Coast . [1875-7900°522)0'65
11; Sownth Konkan Coast . |1842-672:176] 193 . il
12| Karira Meridional ... [1843-45/1:507| 181| 64 Eastern Sind Mer. ... 1876-810-244)0'30
65| Siam Branch Triangu-
3| North Malincha Mer. ... |1844-46|1°266] 1°42 lation ... 11878-81{3:711|4'34
14| Chendwdr Meridional ... [1844-69/0°S41|1'06} 66| Mandalay Meridional ... [1889-950°418{0°35
15 G Meridional . |1845-47|0°973} 1-21 -
e Herdiona s 67| Mong Hsat ... (1891.93}3:054{ 301
16| Caleutta Meridional . [1845-48]1°173| 1'99 68 Manipur Longitudinal... ;1894-09/0°453| 0°36
17| South Malincha Mer. ... |1845-53/1'606| 1-97] 69| Makran Longitudinal ... {1895-970285/0°26
18| Khinpiaura Meridional... {1845-62{1°227| 1°07 .
70| Mandalay Lon, . [1809.1908 [1°696| 196
19| Gureani Meridional .., [1846-47)1'165(1°55] 71| Manipur Mer, <o | isioe} (07501081
20, North-East Lon. ... |1846-55(0°446| 0°65) 72| Great Salween . [1900-11{0°404| 0°32
21| Hurildong Meridi 1818-52[1:502 1°0)
wrildong Meridional ... 8-52|1'502|1 73| Kidarkanta 11002031329 1'6?
22| North-Weat Himdilaya ... {1848-53,0'641[0°55] 74) Kalat Longitudinal . 11904-08(0365| 0°23
28| Gurhagarh Meridional ... |1848-62/0'914] 1°21] 75! Baluchistin Triangu-
241 East Coast ... [1848-6310°608|0°7 lation . 11908-09(1-348| 1'08
25| Kardchi Longitudinal ... (1849-53/0°558] 0'60§ 76| North Baluchistin . |1908-10(0'221 0:17
26| Abu Meridional ... 11851-52/0°617] 0°68] 77} Gilgit ... [1909-11j0" 4143037
27! North Pirasnath Mer, ... (1851-52(0°895] 1'25] 78| Khasi Hills . 11909-11/2-038| 301
28) Kithidawir Meridiomal .., |1852-56/0°990( 1°11] 79) Mawkmai ... |1909-11 l‘.§7.3 2:35
29 Fujardt Longitudinal ... [1852-62/0'859| 1:12] 80| Upper Irrawaddy ... |1909-11j0°596 0.49
30| Kathigwar Lon. 1853 (1°481| 1°34] 81| Jnintia Hills . |1910-11{0°986( 1'86
31 Sibarmati .. [1853-34/1'348| 2:84] 82| Bhir oor 19111200794 094
39| Great Indus .. [1853-61)0-359| 043 83| Ranchi .. [1911-12]1°840) 234
33 Rihon Meridional . [1853.63(0°327| 0°37] 84| Villupuram . [1911-12]1°184 178
34| Assem Longitudinal . |1854-60(0-579| 0°71] 85 Sambalpur Meridional... 1911-140":’.50 0:2.1
35! Cuteh Coant .- |1855-580°986) 1-27) 86 Indo-Russian Connecti.n [1912-1312700 392
36! Kashmir Principal . [1855-600°54| 0-86] 87| Khandwi . [1912-130°009 12
37 Jogi-Tila Mevidional ... |1855-6310-181| 0-50| 88 Ashta ... [1913-151°0% ‘Z"’;’
38| Sambalpur Lon, . [1856-57/0°806| 087 sﬂ Buldina - [1013-140°304 €2
39) (Cutch) Comst Line ... {1836-60{0-075| 1°47] 90| Naldrug (1913 141°465 18
10 Kiathiawir 91 Naga Hills ... [1913-14/0°91 0:92
Meridional No. 1 ... |1858-59|0°930! 1°51] 92! Middle Godavari L 11914-150°91 1_29
41| Kathiawar 93| Kohima L 11014131094 17
Meridional No. 2 . |1859-60(1-247| 1-75} +11:077 1'65
12| Kithidwar ‘ 94 Cachar 19:1—{1101 163
icli 3 50.6010-059 1-45] 95 Bombay Island ... 1911- .
Meridional No. 3 .. |[1859-60,0-969| 148 96)! Mndurz “|1916-171°148 159
43| Ridar Longitudinal . [1839-72(0311 0030 | o501 0°8%
44| Eastern  Frontier or o7 B_é,ga]kot . 1919_11(1)‘;7)} 324
Shillong Meridional .. |1860-6 1{0-409] 6-49{ 98! Sind Sagar Triangulation '9"'191-2-' 129
45| Sutley . |1861-63(0-346] 0-53] 99 Rangoon ... 11925-27
46/ Madras Mer. and Coant... 1861-68/0°426] 0" 4(»
47 Kathiawar
Meridional No. 4 . [1863-64(1"154| 1-73) ! ;
48| Faat Caleutta Low. . [1863-690-379( 0-37] | :
|
49| Mangalore Meridional ... [1863-73/0°440]0°45] .
50| Kumaun and Garhwal .. [1864-65/1-742) 1'50/
51| Nasik .. 11864-65/2°033] 3:12
i I L i ——

Mer. = Meridional.

Lon, = Longitadinal.
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Unfriendly tribesmen were effectively countered by militia escorts,
which accompanied the observer as well as the signallers at every station.

Several of the new stations were apparently close to the sites of old
minor stations, but the old mark was found only in one case. The new
stations have auxiliary marks cut on rocks near by and are therefore
much less likely to be lost.

Peshawar Series.—The second series (Peshawar) extends westwards
from the Great Indus series about Campbellpore as far as Peshawar,
where it connects directly with recent minor triangulation in the Khyber
area.

The country consists of the broad Kabul river valley bounded on
the north by the main Himalayan ranges and on the south by the
Cherat hills. Persistent dust haze in the valley held up both reconnais-
sance and observations for a time ; but owing to the excellent road com-
munications it was possible to seize the occasional opportunities to observe,
when visibility was at its best. Connection was made at Takht-i-Bhai
and Karamar (Kaloo Khan) with the work of ‘A’ Company’s triangu-
lators, who were commencing a new series northwards towards Chitral.

Jalala Sar was the only station at which the mark-stone of the pre-
vious minor triangulation was not found, but from the appearance of the
site, it is probable that the new mark differs in position by less than one
foot from the old.

Iiscorts were provided at Jalala Sar and Michni.

All the observations were made by day to 5-inch helios.

N. Waziristan Series.—The third series (Waziristan) was com-
menced in Mareh, breaking off from the same two primary stations
as the Kurram series but progressing southwards. ‘

The intention was to run this new series roughly parallel to the
frontier from the Tochi valley in the north through Razmak and Wana
to the North Baluchistan series in the vieinity of Fort Sandeman.

'I'hree figures were completed by the middle of April, the terminal
stations being a few miles on either side of the Razmak platean. Un-
favcurable weather then cat short further work and the party returned
to recess headquarters.

As far as Razmak the hills are bare and easy to climb, but a certain
amount of clearing on the hill tops will be necessary in the next section
southwards.

. The uncertain behaviour of the local tribesmen is the only serious
difficulty. This season Khdasaddr escorts were taken to all stations and
no trouble was encountered.

The marks of the stations of the old minor triangulation were pick-
ed ap at Shuidar and Shakawat.

Observations were taken only in the day time, to helios when possi-
ble, otherwise to opaque signals.

It i's co psidered that the results would have keen considerably im-
proved if night work had bLeen possible. During the season work was
do_ne as a rule between 11 a.m. & 4 p.m. and sometimes considerable
shimmering of the helios was unavoidable.
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Wild Theodolite,—The small Wild Universal Theodolite with a 33-
inch horizontal circle was used throughout the season; and as thisis the
first time that this type of instrument has been used in the Survey of
India on any but minor work a detailed account of the results obtained
is given in the Appendix to this Chapter.

The strength of the detachment i.e. 35 khalasis, was almost exactly
half the number taken to Burma in the preceding season, when a
12-inch theodolite was used, and other things being equal, a saving of
from 15 to 20 men is effected by using the Wild theodolite, a saving
which covers the cost of one of these instruments in a single season.

4. Computations.—Adjustment has been carried out by dis-
persing the errors in individual triangles and taking the means of
common sides (i.e. braced quadrilaterals have not been adjusted as such).
The data for the triangulation pamphlets have been abstracted in a form
suitable for publication.

The values of m and M, triangular error and order of merit ete,
have been calculated for the three series and these as well as other details
of the triangulation are given in the table which follows :—

TABLE 1.—Particulars of triangulation.

L N. Wagziristin
Name of Series Series

Kurram Series | Peshawar Series

Numbher of new stations built
Number of stations observed

6 3 3
at 7 7 8
7

No. of triangles observed 11 10
Length of A™ in miles 70 60 41
Arsa of AMin sqnare miles ... 864 1908 427
Mean length of sides in miles 218 312 13-7
Average triangnlar error in
seconds 2-67 1-58 272
Value of m (mean sqnare .
error of an angle) 2.012 1.181 1-905
Valne of M (criterion of stren-
oth of the =eries) 2.13 1-00 2:54
Order of merit 83(A) 43 (A) 86 (A)
Instrunments used 3%-inch Wild 33.inch Wild 3%-inch Wild
Theodolite Theodolite Theodo‘lPe
No. 1702 No. 1702 No. 1702
APPENDIX

Field performance of the 3i-inch Wild Theodolite.
During the cold weather, from October 1927 to April 1928, the

small type Wild theodolite was em
the North-West Frontier of Indja.

dary order, i.e. the average triangular error was to be within t

of three seconds of arc.

. . ] (!
ployed on three short extenstons ot
The desired accuracy was of secon

he limit
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The instrument used was No. 1702 fitted with telescopic centering,
a diagonal eye-piece, and special electric bulbs, holders ete. for night
work. This instrument had already seen a year’s service in India, and
had been well reported on.

Sights for the telescope had been suggested as a necessary addition,
and these were fitted before work commenced: no difficulty was then
found in picking up small distant objects.

The country was hilly, with communications by motor road and
mountain tracks. The theodolite and stand could easily be carried
by two men up any mountain, though often during this season one man
carried the whole outfit alone.

A leather man-pack equipment, on the principle of a ¢ rucksack’
was constructed which proved very satisfactory and enabled the instru-
ment and stand to be carried comfortably on horseback. It was
found that the clamps at the base of the theodolite, inside the dome
shaped case, worked loose, and a thin plush cap was therefore provided,
which slipped over the theodolite, inside the metal cover, and held every
thing firm.

Although this theodolite embodies many entirely new features,
the essential qnalities to be examined in order to make a trustworthy
comparison with other similar instruments, are two only ; viz :—those of
“portability ” and ‘“rapidity of operation”, taken in conjunction with
some given standard of accuracy.

Accuracy—As the manufacture of instruments has improved, theodo-
lites for work of geodetic accuracy have gradually decreased in size: the
old 36-inch theodolite with hand-divided circle has given way to the
24-inch and the latter in its turn has been replaced by smaller models
down to the 12-inch theodolite of the beginning of this century, which
has held the field for all the most precise work for the last twenty years,
The results obtained with these smaller instruments are of the same
order of accuracy as with the larger, or perhaps slightly better, and
greater accuracy is hardly called for. The results obtained with the
3%-inch Wild are not as good as those taken with a modern I2-inch
theodolite, and therefore it cannot replace this instrument for geodetic
triangulation. The accuracy was found to be about equal to that of an
8-inch theodolite, with which the best secondary triangulation has gene-
rally been associated.

Portability,—Comparing the portability of the Wild with that
of an 8-inch theodolite of accepted design it has already been stated that
two men are amply sufficient to carry the Wild theodohte and stand
under all conditions, also no observatory tent is required; whereas it
takes at least, 6 men to carry an 8-inch theodolite with its stand in
difficult country, and four more are necessary to carry the observatory
tent, so that the proportion is 5 to 1 in favour of the Wild, indicating
an outstanding advance in design.

. ]fa.pi(lff]/ of opm'ah'«m.—z\gn,in comparing the rapidity of opera-
tion of the Wild with that of an 8-inch two mieroscope theodolite, the
accuracy may be taken as equal, that is to say the same average triangu-
lar error is obtainable from either, if the same number of measures is
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taken in each case. The question to be considered is how long the same
number of observations takes with each instrument.

The setting up and adjusting of the 8-inch, with its microscopes,
takes the best part of two hours, perhaps three hours, including the
time taken to level a platform and pitch the observatory tent : this time
1s wholly saved with the Wild, which has no field adjustments except
levelling, and for which an observatory tent is unnecessary.

The intersection as well as the reading and booking of a pointing
with the Wild take about the same time as the intersection of the object
only, on the larger instrument; walking round and reading the two
microscopes takes up at least as much time again. It is therefore fair
to say that the observations of both vertical and horizontal angles taken
with the Wild theodolite are twice as rapid as those taken with the old
8-inch theodolite.

For secondary work, where an average triangular error of two
or three seconds is not to be exceeded, observations, on one after
noon and during part of the following night, would be sufficient with
the Wild; whereas the same work would nndoubtedly take at least two
days with the other instrument. Here again the superiority of the Wild
is very marked, and it needs little imagination to see the economical
advantages of this instrument over the old type.

If we make a comparvison with the smaller and less precise theodo-
lites at present in use, with 6, 5, or even 3-inch circles, the Wild is more
accurate, as well as lighter and quicker to operate than any of them;
and there is little doubt that it thoroughly deserves its title of ‘The
Universal Theodolite’.

Observations.—1t is not proposed to describe here the details of the
Wild theodolite but merely to discuss points of interest which arose during
the lield season and the resulting conclusions.

It was found that an observatory tent was unnecessary and definitely
ansuitable for use with the small Wild, which requires as much light as
possible for the reading of its circles; the problems of dust and unequal
expansion due to the direct rays of the sun are eliminated by the ex-
cellent protection afforded to the circles, which are completely enclosed.
The instrument is unaffected by any but a strong wind, when some
vibration occurs, but a sereen to protect the observer’s head would probably
improve matters in this respect. ‘

The non-collapsible stand was used throughout and was quite
satisfactory ; sometimes it appeared to twist during the first twenty
minutes or o after being set up, but always settled down after this and
remained quite steady in spite of wind and changes of temperature.

The cross-wires in the telescope are somewhat thick, especially for
observations to opaque signals, but in other respects nothin.;r belfer can
be desired than the telescope which has plenty of magnitication, and
a bright clear field,

The diagonal eye-piece enables stars to be observed comfo‘rtably up
to an elevation of 507, and the lighting arrangements for mght.wm:k
are adeqnate, when a battery of sufficient power is provided to maintain

the lights for several hours on end. I3
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Six zeros only were observed at each station, and the results show
that an increase in accuracy will be obtained by taking more, also the
results might have shown considerable improvement had night observa-
tions been possible in addition to day. '

Regarding adjustments, it has been mentioned in a previous
paragraph that the only field adjustment is for level: nevertheless the
instrument must be thoroughly tested before use, and from time to time
afterwards, to make sure that the factory adjustments have not altered.

Three defects in the permanent adjustments came to light during
the season. ' '

Firstly, a difference of % inch was found between the telescopic
centering and that of a plumb-bob. Telescopic centering however has
decided advantages over centering by the plumb-line; it is quite unaffected
by wind, and it is easy to centre over a point some considerable distance
below the instrument with the telescope, whereas for this purpose the
plumb-bob 1s a clumsy substitute.

A more serious defect than the last was that, after the theodolite
had been levelled, the transit axis was permanently tilted from the hori-
zontal by an angle of about 2 minutes. The direct effect was that the
‘face right’ value of the horizontal angle between two objects differed
from the ¢ face left’ value, if the two objects were at different elevations,
the mean of the two results giving the correct answer. The readings
of vertical angles however were too great on both faces fortunately by
quite a negligible quantity for small angles of elevation. 1t is doubtful
whether a fault of this nature can be corrected by any one but the makers.

The third defect was found in reading vertical angles with this
particular instrument. The mechanical conneclion between the vertical
cirele bubble and the vertical circle, instead of being perfectly rigid,
had someliow become loose, allowing as much as twenty seconds play
between the two.

The result was that a correct reading could only be obtained when
the bubble was centered with a one-way motion of the screw controlling
it. If the bubble overshot the mark, it was useless to bring it back by
reversing the screw, as this made no change whatever in the position of
the vertical cirele, till the bubble had been moved back at least 20 seconds.
Excellent, results were obtained after this defect had been correctly
located, by using only a clockwise twist of the screw for centering the
bubble on both faces. The bubble itself appeared to be very satisfac-
tory, and sensitive to a single second in the reading of the circle.

It is hardly necessary to point out that although several more or
_less serions defects have been found and are recorded above, these only
mvolve defects of adjustment and construction in the instrument which
was being used, and in no way detract from a sincere admiration for
the desion and workmanship of this theodolite.

Method of observation.—The general procedure during observation
of horizontal angles was as follows:—a ‘swing right’ was immediately
followed by a ¢swing left’; the face was then changed and two swings

again taken ; this completed observations on one zero, unless any of the
J
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measures, so obtained, were inconsistent, in which case the zero was
repeated later.

Analysis of the results.—The season’s results have been analysed
and the main points of interest are shown in Table 2. The three series
have been kept separate as they were observed under somewhat different
conditions.

1. Kurram Series.—The weather was cloudy, consequently opaque
signals were sometimes used; but on the whole conditions were favour-
able for good observations.

2. Peshawar Series.—The number of observations taken at each

station was increased, and fine weather enabled helios to be used
throughout.

3. N. Waziristin Series.—In this work time was an important
factor; for political reasons the stations could only be visited for
short periods during the day-time, and in one or two cases auxiliary
marks close to the stations had to be used instead of helios.

In the first and third series observations at each station were com-
pleted in a single afternoon, but, in the second observations frequently
extended over two days. No night work was possible.

TABLE 2.— Analysis of the results.

Name of Series Kurram Series | Peshawar Series N \\Q;zl;:: n

1. No. of triangles 7 11 10

8. No. of angles 18 26 21

3. Mean length of sides in mile 21-8 34-2 13-7

4. No. of zeros 6 6 6

5. No. of measures per zero ... 4 6 4
6. Greatest zero mean minus

smallest zero mean in seconds 6-9 6:5 68

7. Consistently high zero .| F.L. 60 F.I. 60&0 F.L. 60

F. R. 240 F.R. 240 &£ 180 | F.R. 240

8. Consistently low zero e Nil F. L. 150 . L, 160

! F.R. 330 F.R. 330

9. Weight of an angle 069 0-80 0-54

10. Average triangular error ... 267 1-58 272

In the sixth item of the table it is interesting to note that, although
better observed, the second series shows but slight improvement on the
other two, indicating that a difference of 65 seconds is a fairly true
measute of the maximum error due to faulty graduation.

Regarding items 7 & 8 of the table, the zeros used were:—

°,30° 60°, 90°,120°, 150°, F. L, i
180, 210, 240, 270, 300, 330, F. R.}' Out of these, the third zero
consistently gave high readings, and the last, low readings, though to 3
less degree, indicating an error in graduation at these two points.
The amount seldom exceeded 2 or 3 seconds above or below the other
zeros, which was of no consequence in this work.
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CrAPTER VI

LEVELLING
BY N. R. MaAzuMDAR

1. Organization.— No. 17 party was under the charge of
Captain G. Bomford, r.E, from 7th November 1927 to 26th February
1928 and of Mr. N.R. Mazumdar from the commencement of the
season to 6th November 1927 and from 27th February 1928 to 30th
September 1928,

Fueld work.—The field work was conducted by six detachments;
three of them carried out the geodetic levelling of high precision, and
three did the secondary levelling of the Lloyd barrage project of the
Bombay irrigation department. The torsion balance detachment which
was formed to assist the Burma oil company in their torsion balance
survey of the oil fields of Upper Assam, was placed under the executive
charge of this party.

Transfer of work.—Tertiary levelling of the Haveli irrigation
project of the Punjab government was transferred to the Frontier
Circle. The commercial levelling group, which had hitherto done levelling
work for the local governments, under this party, was amalgamated
with the main party.

Distribution of personnel.—The distribution of personnel for the
field work is given in the table below:—

D;t:,ﬂl' Officer in charge Locality Class of levelling [Out-turn
: miles
1 Mr. L. D. Joshi, S. A. S. The Punjab Secondary ) 14

High Precision )| 413

2 Mr. P. B. Roy, S. A. S, The U. P. & Bengal | High Precision 445

3 Mr. Matlub Ahmad, S,A.8.| The U. P, the Pan-| High Precision 368
jab and Bombay

4 | Mr, J. N. Kobli, 8. A, S. Sind High Precision } 205
Secondary 280
5 | Mr. Lalbir Singh, S. A. 8. Sind Secondary 401

6 Mr. B. P. Rundeyv, 8. A. 8. Sind Secondary 394
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. Mr. K. K. Das was in charge of the torsion balance detachment
with Mr. H. C. Banerjea as his assistant.

2. Summary of out-turn.—7Total out-turn was as follows:—

High Precision levelling in both directions ... 302 miles.
12 2] » 3 fore " only ... 861 ’
»” 2 » » back 9 9 23 ”

S,econd.';,ry levelling

3. Work

» (revision) ... ..o 231 )
... 1089 »

of detachments.— No. I detachment under Mr.

L. D. :]oshi did the following levelling: —

(a) S

(b) J

econdary branch leveliing from Jabboina ( bench-mark
No. 181/44A of the secondary line Garhmaharija-
Damamia ) to Kot Maldeo. The Punjab irrigation
authorities wanted to extend the area of operation of
the Haveli project; the branch line was run to provide
control for the tertiary levelling of the extended area.
As the detachment was a single one, the levelling was
done in both directions from Jabboina to Kot Mildeo
and from Kot Maldeo to Jabboina. _

hang-Maghiana-Wazirabad-Ghakkar and Wazirabad-
Jhang-Maghiana: these are parts of new net line 136.
The route was mostly along railway and partly along
canal embankment. In order to have the fore and
back levelling done under different conditions, levell-
ing was done in the following order; first from Jhang-
Maghiana via Phularwan, Wazirabad to Ghakkar tchen
from Phularwan to Jhang-Maghiana and lastly from
Waziriabad to Phularwan. Ghakkar to Wazirabad
was done in 1926-27. 15 primary and 297 secondary

“bench-marks were connected during the work. '
No. 2 detachment under Mr. P. B. Roy did the following

levelling:—

(a) Hathras-Muttra - Delhi-Meerut and Muttra- Hathras;

these are parts of net lines 140, 106 and 153. The
route was along the railway between Hathras and
Muttra and along the Grand Trunk Road for the rest of
the way. 21 primary and 270 secondary: bench-marks
were counected; of the latter, 9 were connected at
Delhi at the special request. of the Chief Engineer,
Delhi Province.

(b) Balasore-Basta-Midnapore- Howral and Basta-Balasore;

these are parts of new net line 121. The route was
partly along the Caleutta-Cuttack trunk road, ]W't])
along canal embankment and partly along railroad.
12 primary and 154 secondary bench-marks were con-
nected. o '

(e) Saharanpur-Delira Dian.—Part of this Ilimalayan Jine

from Dehra Dan to Mussoorie was levelled in 1926-27.
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Dehra Diin to Saharanpur was levelled by No. 3 detach-
ment in October and November 1927 and Saharanpur
to Dehra Din was levelled by No. 2 detachment in
April 1928. o
No. 3 detachment under Mr. Matlub Ahmad did the following
levelling : —

(a) Dehra Dun-Saharanpur.—This line was undertaken to
complete the revision of the Himalayan line Saharan-
pur-Mussoorie. ,

(b) Saharanpur-Ambala-Ludhiana.—These are parts of lines

' 139 and 137. -The route was mostly along main
roads and partly along railway. 16 primary and 144
secondary bench-marks were connected.

(¢) Anjar-Mamuara.—Levelling of this branch line which
was undertaken at the suggestion of the Director
Geological Surveys, was done in 1921-24. As the
agreement between the fore and back levelling was not
satisfactory, further relevelment was required as poin-
ted out in the Geodetic report Vol. I for 1923-24.
This was done during the season.

(d) Connection of the standard bench-mark at Bhaj.—Cons-
truction of this bench-mark was not completed when
the new net line No. 104 was run through Bhaj in
1923-24. It was connected this year with .a number
of bench-marks that were left in the vicinity during
the last levelling for the purpose of effecting the con-

nection.

(e) Nakhtarina Mota to Tatta.—Levelling in one direction
was done from Nalkhtarana Mota to Lakhpat and from
Unhia Tar to Tatta. The Indus river was crossed
between Sujawal and Tatta at Saidpur ferry gldt.
Crossing was made at three places by 3 different
methods: the results are given in page 81 under
“ discussion of results”’. 17 primary and 87 second-
ary bench-marks were connected. -

Between Lakhpat and Unhia Tar the line runs across the Rann of
Cutch. Asin 1926-27, no levelling could be done as the country was
flooded. The officer in charge of the detachment, however, got some
valuable information which would be useful for the future leveller.
The following description of the country given by Mr. Matlub Ahmad,
officer in charge of the detachment, will be interesting.

_ “The portion of the Khori ereek to the west of Lakhpat is just
llvke a sea, while to the east to a distance of ¢ miles it is inundated by
h!gh-\vaf(-,r; where the creck ends, the swamps start; our 5 feet pegs
disappeared in the swamp., It was therefore impossible to ecross this
portion of the Rann. I crossed the creek in boats and landed at Cuteh
Kotri carthen platform and lighthouse. The old Kotri dharmsdila,
Where there was an embedded bench-mark, is now in ruins and is
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surrounded by water on all sides; every effort was made to reach it; but
no passage could be made through the water. Next morning we started
further to the west; it was ordinary swamp up to 4 miles and Said Ali
T.S. about 2 miles west was seen in the midst of wet salt beds or £ars,
These Lars contain thick layers of salt and underneath is water and mud.
They are so dangerous that animals sink down and can not be extricated:
We found several animals thus entangled and abandoned. We could
not get at Said Ali T.S. but it was looking like a mound at a distance.
Not being able to commence levelling from even Said Ali T. S. we
marched further west, crossing many #£ars with great difficulty, the
feet of men bleeding from walking over salt beds. Guni T.S. liesina
large Aar; the guide trying to reach the T.S. had not proceeded a
furlong when he began to sink in the Zar. On reaching the ruined
site of dkarmsdla at Vehr, the embedded bench-mark ecould not be traced
as the dharmsdla was totally washed away. Under the circumstances,
the work was commenced from Unhia Tar leaving a gap of 36 miles
between Lakhpat and Unhia Tar”. The detachment officer further re-
ported that in these 36 miles, there was not even a blade of grass nor
suitable drinking water for man or beast. This year the state of the
Rann is specially bad on account of the last Sind floods; otherwise, the
Rann dries up with the exception of the £ars during February and
March ; from early April to the end of January it is never dry. It will
be necessary to build 3 embedded bench-marks at Vehr, Adhi and Cutch
Kotri. Arrangement will have to be made for transport of water, fuel
and fodder in addition to usual transport requirements.

The country is a difficult one for running a line of levelling as the
kars offer formidable obstacles. Nevertheless efforts will be made to
complete the line as soon as corditions appear favourable.

No. 4 detachment under Mr. J. N. Kohli did the following

levelling :—

(a) Sukkur-Hyderabad; the detachment which was a double one,
worked in the beginning as 2 single detachments with Mr.
J. N. Kohliand P. John as levellers, one levelling from Sukkur
to Daur and the other from Hyderabad to Daur. The old
levelling of this did not close well; parts suspected to be
weak were relevelled in 1926-27, but as it did not disclose
any error, the whole line was relevelled. 7 primary and
234 secondary bench-inarks were connected during the
operation,

() On completion of (a) the 2 single detachments were amalga-
mated ; the combined detachment did the secondary levelling
of blocks H’, I', K, I, and M’ of the Lloyd barrage
project. 84 rectangulation pillar bench-marks and 76 other
bench-marks were connected.

No. 5 deftachment under Mr. Lalbir Singh did the secondary
levelling of blocks Y, Z, C’, D', part of ' and G’ of the Tloyd barrage
project. 139 rectangulation pillar bench-marks and 73 other bench-
marks were connected.



Car. V1. LEVELLING 79

No. 6 detachment under Mr. B. P. Rundev did the secondary
levelling of blocks V, T, U, X, Y, B’, C' and part of F' of the Lloyd
barrage project. 68 rectangulation pillar bench-marks and 216 other
bench-marks were connected.

4, Discussion of results.—I1. Jhang-Maghiana-Wazirabad-
Ghakkar.—Fore and back levelling of this line was done during the same
season as explained in § 3. There was a discrepancy of 1 foot between
the two levellings in a distance of 200 miles. Differences of fore and
back values between consecutive bench-marks all agreed within permissi-
ble limits. Fore values agreed with old levelling; but there was a
uniform accumulation of error in back levelling.

A statement of discrepancies is given below:—

)
28 (B4 Consecutive Heights
5 om @7 v
Bench-mark g E% A é 3 Fore old Old
g5 CHE] 5| Fore Back - 0Old - -
L= Back Fore | Back
JSeet Seet Jeet Seet Seet | feet
Ghakkar 0 -00 -00 -00 -00 -00 <00 -00
Waziribad 11 07 |+ 1-38 |+ 1:29 |+0-09(+ 1:24 |—0-14 |-0:05
Lila Musa . ... | 23 <13 [+ 82:08 |+ 81:92 (+0:16/+ 81.96 |-0-12 [+0-04
Sargodha Ry. |
RH .| 95 -43 (—217-21 [-217.55 | +0-34/—216-89 |+0-32 |+ 0-66
Sargodha Dt.
R.H., ., 1 02 |- 1:04 (- 1:04 -00|—- 1:0% [-0:03 |—0-03
Killa hill 9 <0G [+ 17:70 [+ 17-66 {+0-04|+ 17:%76 |+0-06 |+0-10
Hundewali ... 4 ‘04 (- 17-94 |— 17-98 |+0-04|— 17-95 |—0-01 (+0-03
Sillanwali . 11 <07 |- 26-81 [— 26.83 |+0:02|— 26:82 {-0-01 |+0-01
Sobhaga 11 ‘07 {— 381-88 |— 381:92 |+0-04/— 31-91 [-0-03 [+0-0I
Shiah Jewana ... 13 .08 |- 27-22 |- 2%-32 [+0-10/— 27-21 [+0-01 |+0-11
Chiinel es 9 .06 |— 10°52 |— 10:60 (+0-08/— 10:565 |{—0:03 |+0-05
Thetta Mahla ... 7 05 |- 8.17 |- 3:22 |+0-:05(— 3-19 [{-0-02 |+0-03
Jhang Clourt ... 8 06 |- 7-44 |- '7-46 |+0-02|— 7-41 {4+0:03 |+0°05
Jhang R. S, 1| «02|- 1-40|- 1.40[ 00~ 1-40| -00| -00
Total .« | 203 +0 98 +0-03 |[+1.0!

~ From the table it is evident that there was slow progressive error
i back levelling. Levelling in both the directions was done by the
same oiserver with the same instrument and staves. All the usual
Precantions against accumulation of ervor were observed. The accumu-
lation was uniform ; probable systematic errors bhetween Ghakkai-Sar-
godha and  Sargodha-Jhang were 00165 feet per mile for both the
parts. For a high precision levelling the allowable Iimit of probabie
systematic error is +00106. This line will therefore be revised.

i 2.  Mohanpur-Riniganj—This line was levelled in fore direction
' 1924.25 and in back direction in 1925-26. Its starting point Mohan-
Pur 1s a bench-mark of the line Howrah to Balasore. The height of
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this bench-mark was only available this season after completion of the
levelling of that line. The line was computed this season. It was adjus.
ted between the value of the new bench-mark at Mohanpur and the old
published height of RanTganj which was derived from the adjustment
of theold net ;the closing error was 0 - 88 ft. Howrah-Champdani-Burdwin
-Raniganj-Mohanpur-Howrah forms a small circuit of the new net.
Closing error of the new levelling of this eircuit is (.16 ft. in 308 miles
which proves that there is no serious error in the new levelling of
Mohanpur to Raniganj.

3.  Dehra Din-Sahdranpur.—The following table shows the diffe-
rences of heights obtained between the levellings of 1861-62,1905-07 and
1927-28:— '

Changes of heights between Saharanpur and Dehra Din.—

s Observed heights
P
. | DBench-mark 1905-07 |1927-28|1927-28
= 1861-63 | 1905-07 | 1927.28 | - - -
el 1861-62 [1905-07 1861-62
. . - feet . Seet . Jeet. Seet | feet | feet
41,63G| S.B.M. Saharnn- ' ‘ '
par ... - 000 - 000 000 -000| -000] -000)
49 533G | Nojli T.8. (top of
tower) + 35-188|+ 35-175 .. |-0:013
9/33F | Fatehpur D.B, © ... |+ =83.208|+ 83-162) ... !-0-043
17/53F | Moban ... |+ ©86-676|+ 587-003|+ 587-014{+ 0-327|+0°011}+0 338
150, 533F [ Bonndary " stone ... |+1631.274(+1631-399] ... |+0-125 ..
151;33F | Asarori D.B, ... |t 1566-328) + 1666-486| ... |+0-158
A7/53F| Mohabawila ... |+ 1193.834| + 1194197 + 1194.258| + 0-363| + 0-061| + 0-42
154 53F | Dehra Din Base- ' '
Live E. End... | + 1056+ 346 + 1056736+ 1056 778| + 0-390| +0-042| + 043
12/53J| Dehra Dan ' )
Iren plig .. | +1326-408| + 1326849 + 1826-946| + 0-441| + 0-096| + 0-537
]

Rises between 1861-62 and 1905-07 were attributed by Sir Sidney
Burrard, k.cs1., R.E, FRS, to the Kangra Valley earthquake of
1905, Levelling of 1927-28 points to a further rise of the Siwaliks
and of Dehra Diun over Saharanpur. The rise is however not very
phenomenal.  As it is not impossible that such differences may be due to
ignorance of staff error and other sonrces of systematic errors, no definite
conclusion ean be drawn at present.

1. Sahiranpur-Ambila-Ludhiina.—In the annual report on Stan-
dard bench-marks, Garrison Engineer Ambala reported that there was
subsidence of ground near the Standard bench-mark eitnated in the
compound of St. Paul’s Church, Ambala Cant. and that there appeared
to be asubterrancan crack in the ground. The bench-mark was connected
last winter while levelling from Saharanpur to Ambala ; examination
of this levelling showed that the ground about St. Paul's Church has

sunk by about ¢ inch below that about the Roman Catholiec Church which
J2
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has itself sunk by § inch below the grounds about the Wesleyan Church.
This revelation led to further comparison of the old and new levelling
between Saharanpur and Ambala. The comparison indicated that there
was a slow steady rise of ground up to Jagadhri and then a slow fall up
to 3 miles beyond Ambala. The new levelling was done last winter in
onedirection only. The maximum rise indicated is 2 inches only. It may
be noted that in 1912-14, bench-mark 71/33 B at St. Paul’s Cathedral
was found to have subsided by 7 inches since its original connection in
1860-62. The levelling of this line will be further scrutinised next year
when the back levelling is completed.

5. Nakhtarana Mota-Tatta: Crossing of the Indus river.—-The
Indus was crossed between Sujawal and Tatta near Saidpur ferry ghdt.
The crossing was made at 3 sites by different methods.

1st site.—One Zeiss Model III and one American binocular level
fted with micrometer eye-piece were on an island; distances of staves
fom the instruments were 980 and 920 feet for back and fore staves
rspectively ; height of ray was 5 feet above water in each case. Direct
teadings of staves were taken with Zeiss level and micrometer readings
were taken to targets fixed on staves at the height of 1-3 feet with
the American binocular level.

2nd site.—(close to 1st. site). Instruments as above were on the
right bank of the viver. One staff was across the river; the other staff
was on the same bank as the instrument but across a bay so that both the
rays were over the water, but one ray was close to right bank ; distances
of the staves from instruments were 1,608 and 1,424 feet for back and
fore staves respectively. Height of the eye was 5 feet above water in
each case. Readings were taken by Zeiss level on targets sliding on
staves and by American binocular level by targets fixed at 1-5 ft. on
back stafl and 30 ft. on fore staff.

3rd cite.—(} mile below the Ist. site). 2 micrometer levels were
on oppo-ite hanks., Tarcets were fixed at object ends of levels.  Simul-
taneous -adings of targets were taken by micrometer levels and the
nearest = iaff was divectly read. Instruments were on a high bank close
tothe wi.ier; height of lmys was 11 feet above water; distance between
levels wa: 1,400 feet.

At ihe same site another set was taken in the same way but with
the instrument. of the richt bank away from the bank with 630 fect of
sand between the instrument and water.  Rays were 16 feet above water.

In every site and in all cases the collimations were very carefnlir
determin i.mmedia{e]y before observations and were frequently checked
during olservations.

For determining the length of rays, a base 10 cha_ins long was
measured with (Gunter’s chain and plane-table triangulation wag done
from this hase on a scale of 200 feet = 1 inch.
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A summary of the results is given below:—

. Distances of | Difference
the Level Target crossings | of height Remarks
Seet Seet |
1 | Zeiss Model III ... ] no target ggg ((g; —1-809§ Inst:ruments on
American binooular | target fixed | as above |—1-889 island
to staves

2 | Zeiss Model 111 ... | targeta sli- 1608 (a) —~1-880 Instruments on right

ding on 1428 (b) g bank, one ray acros

staves the river anothe

American binocular |targets fixed asabove |-1-877)|across a bay
to staves
3 do. do, target 1400 —1:832 | Rays across water
fixed to
instrument
do. do. do. 2084 —1-848 | Rays partly acros
. river partly across
sand,

Mean —1 861

(o) back staff (b) fore staft
Undoubtedly the best method of crossing a river is by equidistant
rays over water from an island, as this cancels most of the errors. In
8 short crossing like this where the width of the river is below 2,000
foet, any of the other methods may be adopted, if no island is available.

5. Probable errors.—Probable errors of high precision lines

S 3a® i
were computed by the formule —O,=g7 M= \/[W -’ x 5
where o.=probable systematic error.

7. = probable accidental error.
A =discordance of the results of the fore and back levelling
between consecutive bench-marks.
S =total discordance.
r=distance between consecutive bench-marks.
I.=Total distance
These are given below in foot and mile units:—

Probahle Pmlml)lfz

Line accidental aystematic
error error

feet Seet

1 Muttra-Hathras + 00280 + 00025
2  Howrah-Balasore + -00290 +.00050
3 Saharanpur-Dehra Din ¥ 00354 + 00130
4 Buhar-Tatta +-00333 + +00037
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Permissible accidental and systematic errors are + -00416 ft. and
+ +00106 ft respectively.
Probable error of secondary levelling computed by the formula
N
p.e.=14 % is:—
Jabboana—Kot Maldeo + -0051 ft.

6. Progress of the new level net.—The following addi-
tions were made to the completed mileage of the new level net :—

i * Miles
Iﬁ':e Name of Line complgtd Remarks.
. on main
line
104 Viramgam-Tatta 53 Portion Buhar-Nakhtarana not
yet done
140 Muttra-Bareilly 27 Muttra-Bareilly line is completed
121 Calcutta-Bhadrakh ... 153 Portion Balasore-Bhadrakh not
yet done.
1014 | Sukkur-Hyderabad ... 94 Portion Bandhi-Hyderabad not
: yet done.
Total ... 327
Previously reported 4999
Total completed 5326

7. Research work.—Results of Capt. Bomford’s researches
on (1) Levelling across unbridged rivers (2) Error due to refraction
when levelling up a hill (3) The correction for staff length, are published
in Professional Paper No. 22 “Three Sources of Lrror in Precise
Levelling ”.  His conclusions and recommendations are given below :—

(1) Levelling across unbridged rivers.— There are not many wide
unbridged river crossings in the primary net, and it will be proper to go
tosome expense to cross them; it is suggested that some or all of
the following recommendations be acted on :—

(2) That levels with micrometer eye-pieces be used. The levels to
change sides daily. If it is not practicable to change sides,
and if an irreversible instrument is used, collimation must
be done by Gauss’ method, on account of the risk of change:
of collimation with change of focus.

(5) That crossings be made at a number of sites covering some
miles of the banks. No elaborate preparations should be
made at each site. One day's work should be done at cacl:,
and not more than one day should be wasted between cach.

(¢) Tf suitable sites can be found, and il high level erossiy: sre
not available, the level may be et up in the middle of vhe
river on an island. A very firm base is not rvequirnl. i
only necessary that the level should be steady whie tue
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observer is sitting still, and that it should not change height
by more than half an inch while he changes from one side
ol it to the other.

By using 3 levels in such a case an increase of accuracy can be
obtained, each half of the river being crossed by reciprocal
angles. The centre observer works with each of the other
two in turn. It is not necessary to measurve the height of
his instrument on a back staff, and if the rays are equal his
collimation error is immaterial.

If the crossing is more than 13 miles wide every endeavour
should be made to do this, even to the extent of sinking a
wooden trame full of stones in shallow water. Such a cross-
ing is twice as good as a simple crossing at water level.

(@)  Sites just below river junctions should be avoided as a pre-
caution against systematic differences of water temperature
on either side.

(¢) The whole of the observations should not be made when a
prevalent wind is blowing from one side to the other, The
observations of any one day may be so done but not the
whole of the work

(/) Increased height may perhaps be obtained artificially by sta-
ging, as is done in triangulation. Butit1s probable that:
the necessary preparations would lead to an expenditure of
time, which would have been better spent on making more
numerous crossings.

() Water-gauges should also be used in several wq_all.sepa,ralted
sites 1f possible; if the conditions are suitable it is possible
that they would give more consistent results than the levels.
The observations might perhaps be made on the same days
as the other crossings, so avoiding waste of time.

(¥)  Errors due to refraction when levelling up a hill.

Rule 1.—If the rise in any section about 5 miles in length average

less than 1 foot per station (i.e. 50 feet in 5 miles), that section 18
con~nlered flat and no action is necessary.

Note A.—When taking out the average rise, any negative rises
are of course numerically subtracted from the positive rises.

Note B.—With shots averaging 4 chains, and d*T/dh*= +020°C
par {r*, this rule allows an error of 002 per mile, which is tolerable for
consilerable distances. .

Rule 2.—IF the country is not flat as defined in rule (1), 1t 18
covsidered to have a dangerously persistent gradient after it has risen
more than 50 feet. if the length of the shots (station to stail) m \_\'lllch
the rise has oecurred has averaged 3 chains or mcre, or 16 feet if the
shots have averawred between 14 and 3 chains. 1f they Lwe averaged
less than 14 chains there is no limit, o

Note (. This rule admits an error of -010 ft. before nny action 18
taken.
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Rule 3. Once a gradient has been found to be persistent {i. e.
after it has risen 50 or 100 feet as above) the length of shot must be
reduced to 14 chains, until such time as the gradient is reversed or so
reduced that the rise per station does not average more than 1 foot with
a longer shot.

Note D, 1} chain shots admit an error of +005 per mile (at the
worst slope).  This can be tolerated for some miles.

Note E. If the gradient be reversed or reduced as above for one
or more consecutive shots, the length of these shots should not be
restricted, but the dangerously persistent gradient cannot be considered
to have ceased until the down ll or level has continued for at least one
mile (see also note I). 1.e.1f the rise be resumed before one mile, the
length of shot must immediately be reduced to 1} chains, without
waiting for a second rise of 50 or 100 ft.

Note . 1f after reversal the down hill gradient be such as to
come under rule (2), the up grade is considered to have ceased and the
length of shot must in due course be reduced on account of the down
grade.

TRule 4. The above 3 rules are repeated substituting the words
“fall” for “rise ”’, ““down ” for “up” and wice versa.

If, in future, temperature measurements should again be made and
a correction applied, it would be better to take the temperature at three
points vertically above each other near the instrument.  For d®T/dh* is
the essential quantity which has to be measured, and it is much better
determined by 3 such measures at one place, than by measures at
3 places some chains apart.

(3)  The correction for staff length.—It is concluded that the pre-
sent method of applying the correction is satisfactory, but that staves
should be paired to within 0004 (i. e. 0-004 ft.). If they start the
season within 0°002 ft. the above limit is not likely to be exceeded. 1f
it shoulld be exceeded, the desirability of applying the correction more
rigorcusly should be considered.
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TABLE 2.—Check-levelling.
Discrepancies between the old and new heights of bench-marks.

[VoL. w.

Differencel
2o foheck—
A4 Observed height above (+) or original),
Bench-marks of the original levelling that X below (—) starting bench-mork, | The sign
were connected for check-levelling £ 28 determined by ";%i’:ottﬁ:
. 2] E height
23 wis
T
§§ _Euflntlﬁ
No, |Desree Description 2 Date °f1 Original ]Ch"if.k' t:‘l‘;g‘nﬁzi;;
NO, g igi s evellin
sheet A | ieveiling | eve0E | 99728 | origimally
levelled
imilesl l ' feet | JSeet ‘ Jeet
Line 55 P (Jabboana to Kot Maldeo) at Jabbodna
180 44 A | B.OM. on tri: pillar 0-00 | 1926-27 0:000 0-000;| 0-000
- H.PbB.M. (Type B) at ; _ _‘

" | AD 1926 Jabboina ... | 0-34 " + 0-407 {+ 0-391 |—0-016
184| ., |B.OM. on tri: pillar 0-67| , |- 1-657 |- 1-662 |—0-005
182 ., |B.OM.on , . | 0480 | |+ 3:850 |+ 3.847 |-0-003
183| ,, B.OM. on plinth of schuol| 0:54 ’ + 2-782 |+ 2:9780 |—0-002

Line 136 (Jhang to Lahore) at Jhang-Maghiana
G.1.8.
72 44 A 0O (Type B) at Jhang: ‘
B.M. Maghiana R 8. | 0:-00 | 1911-13 0:000 0-000 | 0-000
1911
169 ,, |B.OM. at Deputy Commi-
ssioner’s office...| 0-78 [ 1921-22 [+ 8-087 |+ 8-983 |—-0-004
168 , |GTS ~ & 23-24
(70) O on bridge 0:96 " + 7.554 |+ 7-550 |—0-004
B.M.
G.1.8.
T " O (Type B) at Session
B.M. bouse ...} 1:22 |1911 13|+ 1:398 |+ 1:396 |—0-002
1911
() on gate pillar of ;
167 " G.TS. tahsil 1-36 | 1921-22 |+ 8.623 {+ 8:618 (—0-00>
B.M. & 23-24 _
Line 136 (Jhang to Lahore) at Sargodha -
G, T.8,
78 | 43D O at Rly. rest house 0-00 | 1911-12 0-000 0-000 | 0-000
B. AL & 12413
1911
@.T.8. - "
6 O near M.S.17 2.01 . + 7797 |+ 7757 |-0°0
B.M. s
74 " . o 13 3-44 . +13-314 | +13-300 |-0-01
., 1  onbridge 4-82 » + 8741 |+ 8736 |~-0:005
G.T.S. 00
7| . O near M.8. 14 484 |, |+ 9467 |+ 9:467 | 0O
B.M. ) ot
7| ., |G.T.S8. QO B.M.at four mill | 4¢-97 ” + 5705 |+ 5683 |-0
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TABLE 2.—Check-levelling— (contd.).
Discrepancies between the old and new heights of bench-marks.
Difference
go (c'he'CRI;
A . original).
Bench-marks of the original leve]lil_lg that E bg'l)lsvel('v_e;i s]igi_%}i];'g“%g;gé:n)agﬁ The sign
were connected for check-levelling f,;}E a8 determined by ’ tg:’t“;.the;
§d height
a9 was
o greater
g3 and the
% | Dateo Check- (1038
Degree e 2 ate o Original el e -
No. Description S levell
et ’ U R | lelime | i iy
levelled
l miles l Seet I feet l vfeet
Line 136 (Jhang to Lahore) at Wazirabad
6| aan |75 at 8. end of Palkhu
BM bridge . | 0-00 1922 0000 0-000 0-000
. - + at railway officer’s '
rest house 0-41 " -=10-121 |-=10:109 [ +0:012
G.T.8.
47 " O at well 0-87 " -10-142 [-10.173 |-0.031
B.M,
-G.T.8. .. (Type B) at
8| ,, B O R Whazirabad 2:10 w |-14-991 [-15-007 {-0-016
< BM ~
Line 140 (Mutéra to Bareilly) at Hathras
, GTS.
32| 541 O (Type B) ot Hathras
B.M, R.S. 00 1915-16 0-000 0-000 0°000
A.D. 1905.
G.T.8.
a, O at Hathras R.S. 00 " +2-932 | +2:929 |-0-003
B.M.
+ 1.8, )
81 ., | O at Mahadco's temple| 0-5 " +3-278 | +3-290 [+0-012
B.M.
G.T.S. ’
o, O  at Hathras I. B, 11 , +3:375 | +3:365 |-0-010
B.M.
13 » Stone Bench-mark (no ins-
cription) at Hathras T.B. 1:2 " +0-987 | +0:9%75 |=0-012
Line 140 (Muttra to Bareilly) at Muttra
8% | 51T | Standard, Muttra 0.0 |1905-06| 0-000 0-000 | 0-000
G.T.8, )
163 m ' O onstone 0-1 |1925-27| ~0.027 | -0-028 |—0-001
— B.M.
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TABLE 2.—Ckeck-levelling— (contd.).
Discrepancies between the old and new heights of bench-marks.

[Vor. 1.

Difference|
o (c_heck—
£ Observed height above (+) or %giugl)
Bench-marks of the original levelling that | & ; e : e sigu
were connected forgcheck-les'ellligg -:!_:E below (us ﬁiﬂﬁgﬂﬁeﬂeﬁgh'm‘k' -;](}::%?:
g8 height
Wi
£g greater
gg and the
= ign—,less
E Date of Check siflllsﬁ 23
Degre g Y Original Al N
No- | ebeet B | ol | levelling | 5ying [iheo when
levelled
|miles | Seet l JSeet ‘ Seet
Line 121 ( Howrah to Bhadrakh) at Balasore
78 | 73 K | Standard, Balasore 0-0 |[1881-83 0+000 0.600 | 0-000
@&.T.85,
79 " (O  at manicipal office | N-9 . + 4176 |+ 4-171 |-0-005
B.M.
G.T.8.
61 " O at Mahideo's temple | 14 " + 3817 |+ 3'864 40047
B.M.
3.T.8.
64 O (Type B)at Circuit
B.M. house 1-9 » | +14-458 |+14-432 | -0-026
A.D. 188l
Line 104 (Viramgam to Tatta) at Bhij
95 | 41 E | B.OM. on rock in situ 0-00 | 1921-22 0 000 0:000 | 0-000
83 G.T.S. & 23-24
21 . 0O onstep 0-31 + 6:193 |+ 6-190 |-0-003
B.M.
93 . | B.O .on stone .| 035 “ + 7:969 [+ 7968 |—0-001
85 + at memorial 0-41 " + 2:088 |+ 2-083 [-0-003
86 B.OM. on stone flooring 0-57 " + 4+546 |+ 4.540 |-0'006
88 O oo plinth 079 . — 0:300 |- 0-337 [-0°087
90 B.OM. onstone flooring 0-83 " - 5456 |- 5-492 |-0 036
91 | B.OM. on step 0-88 " - 5951 |- 6-0 9 [-0-038
96 | | B.OM. on flooring 0.03 W |+ 2-286 |+ 3283 |-0°003
l 1
Line 104 (Viramgam to Tatta) at Anjar
&
64 | 411 | (Type B) at Anjar 0-00 |1921-22| 0-000 | 0:000 | 0:000
¥ | & 23-24
G.T 8. 1
65 QD  on stone 0.03 " — 4-661 |- 4.662 |— 0:00
B.M.
G.T,S.
A C o . step .| 268 , |+ 8-549 |+ 8:5:7 |+ 0-008
(1) B.M.
G.TS.
al o0 .o, 1.80 | ., |- 64-683/— GL.671|+ o-oﬂw
» B.M.
P G.T.S, ! 001
62 . . QO . . 3.26 o |— 74-293)- 74.202;+ O
() | B |
L
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TABLE 2.—Ckeck-levelling—(contd.).
Discrepancies between the old and new heights of bench-marks.
Difference
u; (check —
8 Observed height above (+) or %‘Egi"-" .
lench-marks cf the original levelling that i _ ine N € slgn
were connected for check-levelling g—E below (“ )di?el;';ﬁgeb; %;h mark, -:hg:ngﬁ:s
g8 height
£ was
-~ g greater
So and the
5° Date of Check s'lmlli;"?]?ss
Degree " = ate of | Original K- | TN B
No- | Description = ; levelling (than wh
seet * A | g | levelting | 55728 fonginally
levelled.
| miles ‘ feet l JSeet ‘ JSeet
Line 104 (Viramgam to Tatta) at Nakhtarana Mota
37| 41 E | (I'vpe B) at Nakhtarana... | 0-00 | 1921-22| 0-000 [ 0-000 | 0-000
& 23-24
G 1.8.
130 ., O on step 0-02 " + 2095 [+ 2:092 |-0:003
B. M
129( ,, B.C M. on rock in situ 0-10 " + 3655 |+ 3:656 |+ 0001
G.1.8.
36 " O at platform 3:76 " - 5-506 |- 5:526 {-0:019
B.M.
Line 101 (Kardachi to Khanpur) at Sukkur
98 [ 40 A | (Type C) E. of Loco store | 0-0 | 1921-23 0-000 0:000 | 0-000
100| ,, |(TypeC) at King's Hill
Battery {10 . |+50-310 | +50-335 |+0-025
249
(49) G.T.8. at traveller's bnn-

” B.M galow 1-2 " +35-455 | +35-472 [+0:017
Bl B.OM. on reservoir step | 20 " +13-201 |+13-207 [+0-006
01/ , !8.B.M.at Sukkur 2-1 W |+49-074 [+49-112 [4+0-038

Line 150 (Kotri to Barmer) at Hyderabad
16140 © [ S.B.M. at Hyderabad 0:0 |1924-26 0-000 0-000 0°000
G.T.S.
ar| O at tappadar’s school | 1:1 " —39-235 |-29:230 (-0°004
B.M.
G.T.S.
B O on bridge No. 7 1'6 —14-1323 |—14°140 | -0-007
BM. i
416 | |B.OM. on culvert No. 17...[ 1-1 . 1-30.302 |-10-163 |+0-030
4171 | |B.OM. on watercolumn ... | 13 " —30'648 |-30-511 [+ 0037
v8l . [BOM., . pido 2.0 . |-31.957 |—31.0928 1+C-020
419 . B.M .
éB " on boundary pillar | 3:0 . +31:209 |+31-276 |+ 0-007
2] (Type C) at Ganjo Takkar
hill . 31 " +22:164 [+32-246 [+ 0:082
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TABLE 2.—Check-levelling—(contd.).
Discrepancies between the old and new heights of bench-marks,

; [VOL v,

Differencd
%o (cl_le_ck]—)
. . original).
Bench-marks of the originnl levemng thot E boe}’::rZE(} 23;‘.;3;‘{;&:{:‘1{&& _E[ll’e SitK“
were connected for check-levelling *,;-E us determined by ' th:ltmthees
=B height
.8 was
=g grenter
33 and the
3 | Date of Check. [inoaan
Degree . = e Original t€ck- | in 1927
No. D t 3 original : levell th
o sheet escription Q levelling levelling f;’%é’ég or?;;r.lil‘ltn)ileyn
levelled
lmiles ' I Seet | Seet | Jeet
Line 1014 (Sukkur to Hydergbad) at Nawabshak
231 | 40 B |B.OM. on culvert 0:0 | 1924-25 0.000 0-000 | 0.000
232 G.T.S. at inspection bunga-
" low .| 03 " -~ 0-041 |— 0-035 |+0:006
B.M.
233 ” " ” 1 ) 0-3 7] + 0930 |+ 0-934 +0:004
G.T.S.
236 a ., " » 0-4 " — 1.855 |— 1.854 +0°001
B.M.
A.D. 1924
35 ” B-OM ” " " 0-4 " - 0-724 |- 0-726 |-0-002
G.T.S.
34, o . " “ 0-4 " — 1-540 (- 1-541 |~0-001
B.M.
237 . |B.OM. on ash-pit 0:6 w |+ 0:244 |+ 0-233 [-0-011
G.TS
2381, O atrailway station...| 07 ” + 3:071 |+ 3-057 |—0:014
| B.M
1904
240 'B.O M on culvert No. 201 | 2.2 “ — 0-035 |- 0-046 | +0-009
i i
127 | . Iron pipe 25-6 | 1921-22 |—= 3-335 |- 3443 [=0-108
i ‘
Line 52 C (Shahpur to Mahrabpur) at Khadro
!
i | 81-72 0
105 ; 10 B |B.OM. on verandah 0.0 | 1921-22 0:000 0-900 | 000
i 94.76
1701, |B.OM. on bridge 0-1 | 1922-23 | +12-998 |+13:010 | +0°012
| G.T.R,
07} . (OJ 1-2 | 1921.22 [+ 4.920 [+ 4599|0021
B.M. "
IOR! IB.OM. on mile-stone 3-7 — 1-666 {— 1739 [-0-073
! |
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TABLE 2.—Check-levelling—(contd.).
Discrepancies between the old and new heights of bench-marks.
Difference
) (check —
q ob. d height ob ) original),
Bench-marks of the original levelling that E belggze—)saﬁtin; l?ev:cl(:mn?l.\', Eggnsc;tgeus
were connectad for cheok.-levelling -;-E 28'determined by thot tha
g8 height
o4 wae
S greater
So and the
57 | pas £ Check. |10 027 8
¢ | Degree ot k] axe ot | Original sei- | in 1927
- | oot Peseription A | gl | levelling | eerie than when
lavelled
’miles ' Seet | Seet ‘ Seet
Line 101 A (Sukkur to Hyderabid) at Kandiaro Road R.S.
G.T.S.
1140 A O on culvert No. 41 ... 0.0 | 1927.28 0:000 0-000 0-000
B.M. .
G.T.8.
308 O on culvert No, 37 1:5 " - 0:986 (— 0-992 {=0.008
B.M,
9| 40 B G'gb'ar. Kandiire Road
BM R.S 2.4 " + 5-:253 |+ 5 228 |-0-025
Q. 1.8
80f O oo bridge No. 33 ...| 4-3 w |— 0853 |- 0-389 (-0-036
(50) B.M.
G.T.S
181} (O on culvert No. 29 ...| 654 ' - b5:224 |— 5-284 |—0°'060
B.M.
G.1.8.
1821 O on masoury pillar ... | 6-0 " — 5.502 |— 5572 |—0-070
(49) B.M.
G.T.8.
183 |, O on culvert No. 28 ...| 8:2 , — 6:398 |— 6-605 [—-0-107
B.M.
G.T.S,
184 o) . ., 23 .| 88 " — 7930 |— 7-842 [-0-112
B.M.
G.T.S. .
185 O at Bhiria Rd. R.8. .. | 10-5 W  |— 4-619 |— 5-048 |=0.129
B.M.
TLine 52 L (Dawr to Bandki) at Moro
L.B.
4214060 | O at Movo 0-0 [ 1925.26 0-000 0:000 | ©'000
Bt M.
4* . IB.OM. av I.B. Moro 0.0 . + 1066 |+ 1-067 |+0-001
37%1 35 W |B.OM. on M.8, Moro 1 0.6 " + 1-081 |+ 1:¢01 |=0-080
G.T.S S
) '~ at Digtrict bungalow, '
B0 o My i | 1.6 — 1-338 |— 1.854 [+ C-010
B.M. . "
G.T.S. . N
“ o O at Post Office, Moro| 17 " — 0:601 |— 0:578 (+0-C2
M.

* Nerial Nog, in Line 52 I, (Danr to Bindhi)
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TABLE 2.— Ckeck-levelling—(contd.).
Discrepancies between the old and new heights of bench-marks.

[Vor. 1v

Differenc
i‘:‘? (:be}:kﬂ]—
£ N original),
Bench-marks of the original levelling that [ lg})gvevr(v 36)‘ ‘;3%?&:‘3‘?;’:01(:“1“% The sign
were connected for check-levelling {Ef a9 determined by ' 'Iigeléf;thes
< 0
gE heigl:t;e
,‘H-ﬂ was
QS grenter
gg 'audtllle
Degree . g Date of Original Check- slll%l};ﬁf;es
No. sheet Description 5 original | Jevelline levelling |than when|
levelling © 1927-28 | originally
‘ levelled
Imilesl feet [ Jet | feel
Line 52 L (Daur to Bindhi) at Moro—(contd.)
G.T.S. |
45%| 35 N O at hospital, Moro 19 | 1925-26 - 1-8345 |— 1°343 [+0-002
B.M.
G.T.S. . . .
137 40 B in Police Lines, 2.0 [1921.22 [+ 0-361 |+ 0390 |+0-029
oro Y
B.M.
G.T.S.
46% | (O at Barrage Bw., Moro| 2-1 |1925-26 |+ 0-964 |+ 0.984 | +0 020
B.M.
138 ,, |G.T.8.0B.M. at P.W.D.
bungalow, Moro | 2.2 | 1921-22 {— 0°571 |- 0-565 |+0-006
Line 101 A (Sukkur to Hyderabid) at Dawr
216| 40 B B?\ri on bridge No. 203 ... | 0-0 |1924-25 0-000 0-000 | 0000
a.T.8.
BM. at PW.D, LB,
217 . 0 Daur . 0.7 " —2:117 |- 2113 | +0-004
’ {A.D. 1924
218’ . BOM.atP.W.D, I.B, Daurf 0-8 " +1-399 [+ 1.412 |+0°013
G1LS
219 O at P.W.D.I1.B., Daur| 0.9 N —1:009 |- 0-599 |+0-010
B M.
| e
2200 at Daar R.S. 1-1 " +4:715 |+ 4-678 |-0-037
i B.M.
Line 101 A (Sukkur to Hyderabad) at Mahrabpur
_b,[, | —
217 10 A G.TS.OB.M. at P.W,D,
‘ [.B., Mahrabpur 0-00 | 1921-22 0-000 0-000| 0-000
| G.TS. ‘
PR O on bridge No.60 ... | 0-24|1924-26 | + 5-124| + 6-131; +0:007
[ B.M.
' G.T.8,
32, O .+ 4w w»54..|1-81 " +11-845 | +11.865 ] +0:020
! B.M.
G.T.8,
218 O W w62 1.69]1921-22| + 6.091| + 6069 —0:022
B.M.
G.T.8. 002
8 T Q " " ) 68 ... 3'71 1924.25 1 + 7'693 + 7695 +0:002
B.M.

* Serial Nos. in Line 52 L (Daaur to Bandhi).

L2
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"TABLE 2.—Check-levelling— (contd.).
Discrepancies between the old and new heights of bench-marks.
Diﬂerencel
0 (c!xe.ckl—)
g . original).
Bench-marks of the original levelling that E b(gll;s:r(v_eg ?t?f#xt):g(;;z}(ngagi _E"‘]i‘e e
were connected for check-levelling o as determined by ' th:tngh:sF
g8 height
2.4 wns
Q5 grenter
§§ _and the
Degree: *E Date of | (riginal 1Ch?f-k- 81;31;9_2'71(%288
No. : Descriplion < et gk evelling |th h
sheet . A | i, | tevellive | T1927.28 |‘originally
levelled
'miles| | Seet , feet | Jeet
Line 52 C (Skahpur to Mahrabpur) at Makrabpur
21740 A |[G.T.5.OB.M. at P W.D.
1.B.,, Mahrabpur ...| 0-00!1921.22 0-000 0-000| 0-:000
26 ., |B.OM. on culvert o | 4-48 " + 8:509| + 8.502| —-0-007
a5, [B.OM. , .| 6.43| + 9677 + 9-693| +0.016
a4 . [B.OM. .. . 6:79| ., |+ 6-169] + 6-230| +0-061
213 .. |Top of iron pipe 7-25 . + 8:000( - 8-057| +0-05%7
a2 ,, [B.OM. on culvert 10-38 " + 5-230| + 5-293| +0:063
Line 101 (Kardchi to Khanpur) at Mehar :
G.T8.
59 |35 M| O Musto'a type at
B.M.  Mehar 0:00 | 1920-21 0:000 0:000 0-000
A.D.1921
G.TS. ,
ST . QO on zinc plate .| 083 " — 7-408|— 7-105| +0-003
B.M.
60 u.1.s. at mukhtiarkar's
" B.M office e | 0+46 ) - 0-373|— 0-377| -0-004
G.T.S.
61 » O on bridge 0:56 " + 8-089|+ 8:077) -0-012
B.M.
G.T.S.
821 O . culvert w | 1-83] |- 0-969|= 1:042|-0-073
B.M.
G.T.8,
65 O, bridge 5.03 w  |— 15-228|+ 15-220] —0-003
R.M.
G.T 8.
6| . i O Muato's type at
BM.  Kolachi village| 6-11| , |~ 0:316{— 0-344]| —0-028
| |aDpamm
Line 101 (Kardchi to Khanpur) at Kakar
T Teas .
213N O atl B Kakar 0-00 | 1920-21 0.000 0.000 | 0000
B.M.
22| . |B.OM. onbridge 017 . 4+ 9:427 |+ 9-440 [+ 0-013
G.T.8.
21 on wheel guard
" B, Stone 0-47 " - 3:309 |— 2-304 [+0-005
G.T.S.
B ., | O oneculvert w248 |- 4-834 [— 4830 | +0:004
.M.
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[Vou 1v,

TABLE 2.—Check-levelling—(concld.).
Discrepancies between the old and new heights of bench-marks.

Differenc
& (c_hepk]—)
k] . \ original),
Benob-marks of the original levelling that | & b%}’;?fid) 2:;5&?1;1{;‘1’)21(&;“‘;; The sign
were counected for check-levelling s u8 determined by ’ ':‘:i:"'“:i?
g g beight
g was
= grenter
83 .undt}\e
=} 81gn —,legy
3 Date of ; Check- |in1927.28
¢ Degree e K oy Original ¢ o 292
No D t 2 1 ; levelliny |th
5| ol | RN | i o v
levelled
lmiles ' Seet ‘ JSeet ~ . feet
Line 101 (Karachi to Khanpur) at Kakar—(contd.)
G.T.S.
80 |35 M| O on culvert 3.67 | 1920.21 |- 2:569 |- 2:550 |+0:019
B.M.
Line 52 4 ( Ruk to Sehwan ) at Dadu
116§ 35 N |B.OM. on culvert No. 680 | 0.00 | 1921-22 0-000 0.000 | 0-000
115 ,, [Top of iron pipe 1:16 " — 2:459 |- 2:470 |-0-011
G.T.S.
14| ,, 0O on culvert No. 1 1-51 ” + 2117 |+ 2-112 [-0-005
B.M.
G.T.S,
113 ' O " 7 2-41 s + 1:939 |+ 1953 (+0-014
B.M.
G.1.8.
112 " O ' 13 3:41 » + 0:616 [+ 0-651 |+0°035
B.M.
G.T.8.
111y, O " 22 4-49 " + 2446 |+ 2°549 (+0-103
B.M
17| ., |B.OM . 671 1441 , |+ 3148 |+ 3-188 [-0-010
118 " B.OM. " 667 2-09 . — 0°417 |— 0-437 |-0'020
Line 52 A (Ruk to Sehwin) at Bubak Road R.S.
129, 35N [B.OM. on culvert No. 602 { 0-00 | 1921-22 0-000 0000 | 0000
130" . [Top of iron pipe .| 1.38 . |- 5-358 |- 5-366 |-0:0'8
131y ,, |B.OM. on platform of
; Bubak R.S. 1-94 " + 0990 |+ 0°979 [—0-011
132| . |B.OM. on culvert No. 588 | 2.48 w |+ 2-709 [+ 2-718 |+0°009
Line 101 (Karichi to Khinpur) at Johs
G.T 8,
48| 5N O Musto's type, Johi ... | 0:00 | 1920.21| 0:000 | 0:000 | 0-000
B.M,
A.D. 1921
G.T.8, '
47 " O at police office, Johi | 0.06 " - 0:582 |- 0-580 |+0°002
B.M.
49 G.T.S. at nn.:th('er(‘Lr's
" | mm.  office, Johi 0-18| , |4+ 0978 |+ 0.171 |-0-002
51{ ,, B.OM.in temple. Johi ... | 0-34 N + 2569 |+ 3456 |+0-897
501 , |B.OM. in hospital 0-49 i + 0959 |+ 1-878 ~0-081
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TABLE 8.—Revision levelling.
Discrepancies between the old and new heights of bench-marks.

99

Difference

(revision

6o - origi-

Bench-marks of the original levelling that £ Difference between orthometric |22l). The

were connected during the revisionary EM heights, above (4) or below (=) 8ign +
operations wy the starting bench-mark tc]l)el;otes

at the

EH height

“!:u...s was

o g greater

a8 From and the
Degree L 2 Date of From revision si;g’llo_‘,.'.l_ezgs
No. sheet Description A original | published 1927-28 then ;vlhen

levelling heights | (unadjust-|” %",

ed) originally

levelled

l miles l | Jeet l JSeet I Seet

Part of Line 140 (Muttra to Hdithras)
2 | b4 E | Standard, Muttra w.| 0°0 [1905-06 0-000 0-000| 0-000
40 " at Kachahrs w:| 0:0 " + 2.035/+ 2:032|-0°-003
2 ”" on culvert .| 0°9 " + b5-680{+ 6-682(+0-002
20| ,, |at Muttra R.S. e | 1:4 " + 13:527[+ 13-529(+0-002
(11(3,1) w | (Type B) at Muttra | 1-5 |1925-27 |+ 13-703|+ 13-692|-0-011
18| ,, |on bridge 2.1 |1905-06 + 1-857|+ 1-835/-0-022
L I 24 w [+ 1-609/+ 1.610)+0:001
o e ] 244 " + 1.619/+ 1:631/+0-012
161, |on pillar we | 401 , |+ 4-005+ 4.019/+0-014
16| | | on culvert 5.9 " + 9:521/+ 9:.530|+0-009
44 | |on bridge 7.5 " + 30:038/+ 30.046|+0-008
131, | (Type B) at Raya R.S. 94 . |+ 24-853/+ 24.876|+0-023
131 | |onstone 10:1 . + 22.64b + 22:673+0-028
11| | on bridge 11-6 w |+ 23-455/+ 23.428/-0-027
0, . 13-4 w |+ 24.382/+ 24-361|—0.021
9| ,, [ onstone pillar 14-8 » |+ 21:630[+ 21-554/—0-076
81 , | on bridge 16-3 " + 24-%768{+ 24.%703/—0-060
71 . |oodrain o174 W |+ 17-874)+ 17-822|-0-052
5| . |(Type B) at Murein R.S. |19-0 w |+ 12.247|+ 12:177)-0-070
1), Jonwel .| 2400 . + 21-802(+ 21-723/-0-079
891 54 T | Telegraph office .. |26-2 w |+ 24.920/+ 24-946/+0-025
22| ,, |(Type B) at Hathras R.S. |26°7 " + 24:327+ 24-238/ -0 089
Part of Line 121 (Howrah to Balasore)

455! 79 B | at civil court, Howrah ...| 0-0 |1913-14 0000  0-000] 0:-000
267 . | on platform 0-4 . |- 8-%92/— 3-820[-0-028
46| ., |onlever 10 o= 4-100l— 4-161|=0-001
481 | on sluice 36 . |= 2.r60j— 2°681|—0-021
251, | on memorial vase .| 48 [1881.83 |— 1.4C6/— 1-837)+0:109
gg; w | at Supdt's house, Sibpur... | 5+1 [1913-14 — 5-024j— & 030/—0-006
(464)| at lamp-post 02 |1924-25 |— 0-712(— 0-LRO+0°023
B3, lat P& T, 0, 0-3 |1018-14|— ©-R21/~ 0-829/—0-008
2L\ | on seat v | 05 | 1924-25 |4+  0-859+ 08140002

828, |on plinth .| 12 . |— 4.649— 4-c11]+0-03
a1t | on step 1-3 o= 1eBhZl— 1-57Gi4+0°006
821 |, [at Supdt's quarters 1:5 " — 1:3b62[— 1:3%2--0-020
8¢ | |at waiting hall 1-5 w = 0-083/— o-sgs?i—n-on;
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[(Vor. 1.

TABLE 3.—Revision levelling—(contd.).
Discrepancies between the old and new heights of bench-marks.

Liiference
(revision
Ed - origi-
Rench-marks of the original leve]lmg that =3 bifference between orthometric |0ei). The
were connected during the revisionary E heights, above (+) or below (~) | Bi80 +
operations 3 the starting bench-mork denotea
g s that the
o height
&4 was
@ 8 grenter
ga From |ond “;9
3 Date of F ison [SIEN ey
No. D:{::: Description g o:igeh?nl publl.;)sl)l:ed rrgg;;ﬂn :E 1027}-128
lovelling | “heights | (unndjust. |'2onWhen
ed) originally
levelled
| miles | | Jeet l feet l Jeet
Part of Line 121 (Howrah to Balasore)—(contd.)
823 | 79 B | at parcel office 1-6|1924-25 |— 1:082(— 1:086/—-0-004
831| ,, |at chandmdri bridge 0-9 " — 4-507|— 4-526(—0-019
832 " on plinth . 1-3 " - 077 - 0-763.0-014
346| ., |onlock ..| 20-4|1881.83 3-488/— 3:354{+0-134
246 " at I.B. Ulnbaria . 20-6 . - 7-910(- 7-946|-0-076
29| 730 |at I.B. Jaleswar .| 1194 " - 22-098)+ 21-479|-0-619
28 " on culvert ..|120:5 " + 21-864| - 21-661|-0-203
7| . " ” 121.3 “ + 24-919| + 24-749/-0-170
26| ,, |at PatnaT.S. 122.3 “ + B9-967|+ 59-719(-0-248
25 “ on culvert 123:4 ), + 22-013| + 23-944{+0-031
20! ., |on bridge 128-7 , + 7-033 . 7-063]+0-030
17 . . " 132-3 » + 9:210[ + 9:250{+0:040
14| , (Type B) at Basta 184-5 " » 0-840|+ 0-287,-0-553
5 “ at Nayapara 141-8 " . 1.789|+ 1-552|-0-287
66! 73K | on bridge 151-1 v - 11-951{ + 11-952]+0-001
761 ., |at D.B. Halasore 152-0 “ + 24-066|+ 24-078|+0.-012
7ﬂi . ;Standnrd v 153:0 “ + 24.839|+ 24-210|-0-129
Part of branch line 61 A (Sakdranpur to Dehra Din)
|
41 ‘ 5 Standard, Sshiranpur 0:0 | 19056-07 ' 0-000 0:000{ 0-000
: G T.S.
™, O onstep of well 1-2 .. - 1-801]- 1-545|-0-044
B.M,
49 QO on top of tower of
| Nojli T. 8. 97 " + 35-187 + 36-173/-0-014
G.T.8.
42 | B onstep 0-0 . + 0-185/+ 0-176/+0:021
i B.M.
4 'R.OM. on bridge 68 + 27-081|+ 27-049-0-032
' ! Q
9 33F :ﬂ'j:%"nt Fatehpur dak
‘ B bungalow 14-9 " + 83188 + 33-1;)4|—0'031
. i B.M. 1 . 05
1 | on bridge No. __ ...| 19-8 +102-279! + 102274, - 0-005
,} i O 85 " 1
| LBM 1
13 : N i . =01+ 50167 ~0-012
2 : o " @ -1 " +150-179{ + 150-1 ‘l
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TABLE 3.—Revision levelling — (contd.).
Discrepancies between the old and new heights of bench-marks.

Ditterence
(revision
bn —origi-
Bench-marks of the original levelling that E Difference between orthometric |0¢l). The
were cobnected during the revisionary & heights, above { +) or below (—) sin +
operations w 'k the storting bench-mark denotes
g tﬁ'é? tlllte
£4 wes
@ ] greater
22 From and tllle
Date of From revision |58, €88
No. I:g%;ie Description g original | published len‘;.];—l% tl]n 1941’”‘
levelling |  heights | (unadjust- 01’_;‘“.“’ ﬁ"
) ginally
M levelled
I ‘ miles Seet l JSeet | Jeet
Part of branch line 61 A (Sahdranpur to Dehra Diun)—(contd.)
16 [ 53F |B.OM. on bridge No. 1 ... | 22'5 | 1905-07 | + 206-915| + 208 895|— 0-020
48
17 " Stone B.M. at Mohan ... | 27°2 ” + 586-955| + 686-994] + 0039
18| , |plp ooboundarystone |9s.0 | ,, |+689-011|+669-019|+0-008
G.T.S. g
194 ) on bridge No. = .., | 28-2 " +706-197| + 706:246{ + 0049
B.M. 94
G,T.S.
0| , O , . . 10..|286 w | +742:333|+742-402[+0:070
B.M.
G.T.S.
ay BO on iron bridge ... | 29-8 " +824-400| + 824+ 494] + 0-094
M.
Q.T.S. 4
2 " Q on bridge No. — ... | 30-3 " +876-561|+876:651(+0-090
B.M. 96
G.T.S.
2, O w . o B0..[308 . +933-976( + 934-071| + 0095
B.M.
G.T.S. 14
u|, c . . w == e | 32:9 » + 1289-911 |+ 1290-037(+0-126
B.M. 98
%, 1 on boundary stone... | 33-2 ” + 1316-589 | + 1316.710( + 0-121
G.T.8 6
B, Q on bridge No. — ... | 334 w |+ 1367043 | + 1368-088 | + 0115
B.M. 99
G.T.S. 1
n " Q v . " 11 .. | 339 " + 1462.713 | + 1462-863 | + 0-150
B.M. 99
G.T.S. b
8 1 o . . vy —— ... | 342 " + 1512-086 | + 1542-240 | + O+ 154
B.M. 100
30 ) % onhoundarystone... | 346 " + 1831-007 + 1631-371 ]+ C-164
A w [B.OM.onastronomical
pillar ... | 850 ’ + 1566-261 | + 1565450 | + 0198
G,T.S, a
33 " QO on bridge No.——. ... | 35-3 " + 1491-779 | + 1491-081 | + O 102
B.M. N 101
. Q.T.S.
Bl (O Embedded at Asirori| 360 " + 1408537 | + 1408651 |+ 0111
B.M.
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TABLE 3.—Revision levelling—(contd.).

(Vor. .

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

Difterenc
(revisiou‘T
n°:|° — origi.
Beuch-marks of the original levelling that ] Diflerence between orthometric |08l The
were conuected during the revisivnary ;.u heights, above (+) or below (—) | 68D +
operuations @ o the sturting bench.mark gﬁ:{"ﬁs
g8 heigh:se
g F
sb-“s wos
Y- greater
2 From and the
Degree . 2 Pate of [ From revision s.‘g'llg'éilm
No. | ¥ beet Description 2 original | published | 1927.08 |in1927-28
2 levelling | heights | (unadjust- than when)
originally
ed
levelled
] miles \ l Seet , JSeet Jeet
Part of branch line 614 (Sahiranpur to Dehra Din) —(coneld.)
37 [ 63 F | Stone B.M. at Mohabawidla| 37-1 | 1905-07 | + 1194121 |+ T1o4-225] +0-104
39 " O on plinth level 39.85 " + 1057-156 | + 1057-263 | +0-107
40 | ,, |Colonel Everest's upper
m_ark of Dehra Diin Base-
Line E. end T.S. 39:6 " + 1056-661] + 1056-741 | +0-080
Q.1.8.
431 . b(%[ on well 39-4 ' + 1084-704 |+ loss-olz(+0'118
1! 53J |on culvert 400 , + 1100 661 | + 1100-775 | +0°114
110 " B.OM. on culvert 40-6 " + 1134-416 |+ 1134-676 |+ 0130
a.'T.s. . ] . +0:143
2| . |p o, on bridge 410 " + 1140-097 | + 1140240
. 0-147
109 ” 4 on boundary pillar 41-8 ) + 1103496 |+ 1103-643 |+ 0°1
0% .
107 1 Wheel guard rail 42 .4 " + 1232-834 | + 1292-987 +0-153
G.TS. "
5, O in tahsil, Dehra Din | 43-1 . + 1280.122 | + 1280-207 [+0°1}
i B.M. .
106 ' !B O on sluices 43-5 | . |+ 1307.488|+ 1307643 |+0°159
? G.71.8. . 163
6 . ., |Bench-mark at Dehra Din | 44-0 “ + 1020756 | + 1320-018 | +0°]
1904
121 . | Iron Plugin D.G.B'S office 149
P Dehra Din .| 440 " + 1026758 | + 1326903+ 01
! Cole's Satellite Station
“ale's Sat Station, 0165
Dehra Din 1869 441 o |+ 13380074+ 1335130 | ¥
ry.0R 0-149
9 » | 8tandard B.M. Dehra Din | 44:2 " + 1334-110| + 1331-250 +
10 o} 142 | szesz]y aansam |+ 0147
I i} "
11 ;| | Standard B. M. at Dalan- 0-153
wila, Dehra Din 445 " + 1328.263 | + 1329516 | +
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Discrepancies between the old and new heights of bench-marks.

LEVELLING

TABLE 3.—Revision levelling — (contd.).

103

ﬁﬁ@:e
(rews_lo_n
‘b__‘n - origi-
Bonch.marks of the original levelling that ] Difference between orthometric | nel). The
were connected during the revisionary E# heights, above (+) or below (~) | SIEn +
operations BB the starting bench-mark denotes
g8 thn_t the
22 T
o
o8 greater
He . From | Shd B0
No. Dﬁlgree Description = (],)rni'é?n(:ll pubf?sr{\]ed rleS‘:ZlGS-lQan in 1926.26
sheet = levelling | heights | (unndjust- thun when
ed) originally
levelled
miles | fect ' Seet I JSeet
Part of Line 104 (Buhar to Tatta)
4/ 40D (Type B) at Buhar 0.0 | 1889-90 0000  0-000] 0-000
G.T.8
5 . O  at bridge 76 , |+ 14-096/+ 13-704/—0 392
B.M.
G.1.8.
2] . O on M.S5,Mughalbin6| 16-4 " + 11:662/+ 1i-¢¥5/+0-013
B.M,
G.T.S.
6 O at Chah Hitho
B.M. Wih bridge 19.9 " + 13369+ 13:407|+0-038
A.D. 1890
G.T.S.
20f O on M.S. Sujawal 10 | 22-3 " + 14-191+ 13-893|—~0"298
B.M.
2, :O "o " 8| 244 " + 17-501|+ 17.486|=-0-015
o B.M.
G.T.S.
3, O  on bridge 26-5 + 22:609|+ 22-318|-0-091
B.M.
G.T.8.
24 O . M.S. Sujawal 5| 278 w |+ 19-439+ 19-822) +0-383
B.M.
G.1.8.
@’ O 4 . " 1| 310 W |+ 17-608/+ 18-9%0 +1-362
B.M.
201, | E.B.M. at Snji