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Dr. JamEs DE GrAAFF HUNTER, M. A., 8C.D., F.INST.P.

Dr. de Graaff Hunter, whose portrait faces this page, joined
the Survey of India in 1907, as Mathematical expert, his designation
being changed to Mathematical adviser in 1913. He was brought
on to the cadre of the Class I Service in 1915, and was eventually
promoted to be Director of the Geodetic Branch in 1928. Owing
to drastic retrenchment in the expenditure of the Department,
Dr. Hunter’s service was brought to a premature close in November
1932, when he proceeded on long leave pending retirement,.

Except for a period during the Great War, Dr. Hunter spent the
whole of these 25 years in the Trigonometrical Survey, or Geodetic
Branch, with headquarters at Dehra Din.

During 1908-09 he was employed on principal triangulation in
Kashmir, and in 1916-17 on the Madura and Bagalkot Series in south
India. From September 1917 to July 1919 he was on military
service with the Mesopotamian Survey Party with the rank of
Captain. He did much valuable triangulation, both in Triq and
in Persian Kurdistan, and was in charge of surveys in southern
Kurdistain when the rebellion of May 1919 broke out.

Dr. Hunter’s chief interests were connected with the obser-
vatory section and computing office at Dehra Dun. Besides his
outstanding mathematical genius he had a very sound and wide
knowledge of physics, and a distinct mechanical skill, and he
introduced many improvements into methods and instruments. He
designed the original Hunter Short Base described in Departmental
Paper No. 10. His researches into subjects affecting the figure
of the earth have roused world-wide interest, and he has recorded
and published his deductions in a valuable series of publications,
lectures, and contributions to technical papers.

He is responsible for the production of the fifth edition of
the Auxiliary Tables of the Survey of India, and of the Geodetic
Reports of the Survey of India from 1922 to 1932.

Amongst his publications may be noted:

Gravity Survey In Dictionary of Applied Physios Vol. IT
Trignnometrical Heights and Atmospheric

Refraction Do. Do.
Geodesy In 13th Edition of Encyclopedia Britta-
Atmospheric Refraction P:)lfceassional Paper No. 14, Survey of India
The Earth's Axes and Triangulation Professional Paper No. 16

Geodesy Departmental Paper No. 12



i

In 1920 he was awarded the degree of Doctor of Science at
Cambridge.

He represented the Survey of India at the International Union
of Geodesy and Geophysics in 1922, and he presided at Section of
Mathematics and Physics of the fifteenth Indian Science Congres
at Caleutta in 1928.

Dr. Hunter’s deep knowledge and sound judgment in all
geodetic and geophysical branches of science will be seriously
missed in the department.
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INTRODUCTION

1. The year 1931-32 has been heavily overshadowed by
retrenchment and changes in organization. The Geodetic Branch,
which latterly had consisted of 48 per cent geodetic units ( Com-
puting & Tidal Party and Nos. 14, 15 & 17 Parties) and 52 per cent
non-geodetic units [ No. 2 Drawing Office, Forest Map Office, No. 16
Party (Publication and Stores) and Training School ],—the per-
centage being on the basis of expenditure—was reduced all round.
It on the other hand, absorbed a topographical circle ( Central Circle)
less one party (No. 5) which was transferred to the Eastern Circle.
The Geodetic Branch now consists of 36 per cent geodetic units
(detailed in next paragraph) and G4 per cent non-geodetic units
(No. 2 Drawing Oftice and Forest Map Office, No. 1 Party, No. 20
Detachment, Printing Office, Photo-Zinco Office and Workshops).
These reductions and amalgamations started gradually from about
December 1931, but did not very seriously affect the field units until
t];eir field programmes, curtailed in some instances, had been com-
pleted.

2. The new organization provides the following geodetic
units:

(a) No.14 Party (Geophysical) with 3 potential detachments:

(7) Pendulum.
(i) Latitude and Longitude (deflection ).
(#21) Gravity gradiometer.
(b) No. 15 Party (Triangulation and Levelling) with three
sections:
(7) Triangulation and base-line.
(#2) Levelling.

(#2) Protection and Maintenance of stations and bench
marks ; Workshops and Stores.

{¢) Computing and Tidal Party with the following sections :

(7) Computing Section.
(%) Tidal Section (prediction and occasional analysis ).
(ii2) Observatory Section (Latitude, Longitude, Time,
Magnetism, Meteorology, Seismology. and Standards
of measurement).
(w) Printing Office.
(v) Photo-Zinco Office.
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The Geodetic units have been seriously cut down. It is fortu-
nate that improvements in instruments and methods of observation
have advanced rapidly in recent years, and admit of field results
being obtained more rapidly than was formerly possible.

3. Pendulum work. (Chapter IV). An apt illustration of the
last remark is provided by the gravity work, and great credit is due
to Major E, A. Glennie, p.s.o., R.F., who has been in charge of these
operations for a number of years. For the season 1931-82 the ori-
ginal programme was to determine gravity at stations in a belt exten-
ding nearly across India roughly on a line from Bombay to Calcutta.
Access to much of the region by rail was impracticable and two
14-ton motor trucks were employed with great success. Reductions
in personnel were necessary. The conditions of roads in India made
this form of transport quite a speculation, which was happily fully
justified. 1In fact expectation was surpassed and Major Glennie
was able to propose additional stations for observation. In all,
46 stations were occupied, bringing up the total number of depart-
mental gravity stations in India and Burma to 273, (of which
only 11 are in Burma ). The field season extended from November
20th, 193] to May 3rd, 1932 ; the unusually late date of termination
being made possible by keeping the final month for observations
in the hills, and was particularly desirable owing to Major Glennie’s
anticipated absence from India during the next field season.

In addition to improvements in the routine of observation which
allowed so many stations to be occupied, methods of reduction of
observations now enable this to be in an advanced stage when
the party returns from the field. Major Glennie has also been
able to develop further his ideas for the interpretation of gravity
results in relation to the known geology, and to apply them to eluci-
dation of crustal formations. Some of this work is set forth in
Chapter IV, para 6; but in this connection his Professional Paper
No. 27 ( Gravity Anomalies and the Structure of the Earth’s Crust),
published in 1932, should be read. It is to be remarked that

the conclusions are not in accord with the Hayford concept of
isostasy.

At the end of para 12, Chapter IV, Major Glennie denies the
“ common but erroneous impressions ” that the geoid tends to follow
the surface configuration. I think he is correct. Any additional
matter anywhere, of course, raises the potential everywhere and more
particularly in the vicinity of extra matter: so that as a result the
geoid would be higher there than if the extra matter were removed.
But this does not show that the geoid is elevated at that point above
the reference spheroid. It is possible to have a depressed geoid
agsociated with either excess or defect of local gravity, Stokes’
formula indicates the rise of geoid due to gravity anomalies, from

which it is clear that anomalies all over the world affect the
geoidal level,
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4. Triangulation. (Chapter V). The Dalbandin Meridional
Series along meridian 65° E. in Baluchistan, linking the Kalat and
Makran series, was observed by Captain G. Bomford, r.E., with very
satisfactory closure. The large Wild instrument was used and
contributed to the rapid completion of the work in 9 weeks of
observation. No night observations were made.

The series comprised some very long rays, one of which from
Malik Surinda H.S. to Choto-i-jik H.S. is 80 miles long, and actually
the longest ray of the Indian geodetic triangulation. The average
triangular error was 0”°71, m=0"'47 and M=0"-32,

Astronomical observations were made at 7 stations for latitude
and 5 stations for azimuth to extend our knowledge of the form of
the geoid into Baluchistan. It is pleasant to be able to record that
the Wild theodolite proved very convenient and expeditious for this
work.

The geoidal contours resulting from these and other available
deflections are discussed in para 9 and illustrated with reference to
the International spheroid in Chart XV. The rise of the geoid
above this spheroid is notably large and shows that the Survey of
India spheroid, (derived from data available in 1923 ) fits this part
of the geoid better than the International spheroid and that even the
Survey of India spheroid has too large a value of the inverse of
the ellipticity. In Kashmir the superiority of the Survey of India
spheroid was demonstrated previously.

Every effort is being made to extend the region in which the
geoidal form is determinable: and in the coming field season
(1932-33) a line of deflection observations (both components) is
being carried from the eastern boundary of India across Burma to the
Bwrmo-Siam borders. It is much to be hoped that this will be
further extended by neighbouring surveys through Siam and Malaya,
and subsequently through the Islands of the Dutch East Indies
where thorough triangulation has been effected.

5. Levelling. (Chapter VI). Owing to need for economy no
geodetic levelling was effected this season. It is regrettable that
progress with the level net of high precision is thus arrested, and
will remain so for the coming season too. It is however far better
to close down work on this net until funds are available to make
substantial progress, sufficient to close definite cireuits in reasonable
time, and thus avoid all chance of confusion by changes of level.
In 1932-33 only one precision levelling detachment is taking the
field: and this will conneet the levelling systems of Tondia and
Burma. Junction with Siam is postponed till 1933-34.

6. Geodetic Charts. (Chapter T and Chapter VIT, Sec. IT).
The interest in geodetic data increases greatly when the avea covered
18 extended. 1t is accordingly of great importance to he aware of
the possibilitics of extensions. One should be acquainted with the
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work of adjoining countries. With this object in view two charts
have been produced. One is the Inder Chart of Geodetic Surveys in
India and neighbouring countries on the scale of 1/6 M. On this are
shown all the operations of geodetic interest performed not only in
India and Burma but also in the adjacent countries Siam, French
Indo-China, Malaya, and Ceylon.

The second chart Geodetic Swrveys between India and Australia
is on the scale of 1/10 M (appx.) and primarily purports to illus-
trate the situation as regards geodetic triangulation. Enquiries
were made from the following authorities :

{ 1) The Director of Commonwealth Lands and Surveys,
Melbourne, Australia.

(2) Het Hoofd van den Topografischen Dienst, Batavia,
Java,

(3) The Director, U. 8. Coast and Geodetic Survey,
‘Washington.

{4) The Surveyor General, Federated Malay States.
(3) The Commissioner of Lands, Sandakan, N. Borneo

and from their replies the chart has been compiled. A brief account
of the situation is also given in Chapter VII, Sec. II by Mr. Gulatee.
From these it will be seen that the Indian triangulation system is
joined with Burma and Siam and French Indo-China, while the
connection of Siam and Malaya can be made by a small amount
of observing. Between Malaya and Sumatra triangulations there is
agap of some 180 miles. When these two gaps are filled triangula-
tion will be continuous from the trijunction of Persia, Afghanistan
aud Baluchistan (A 30" N., L. 61° E.) up to the Soenda Archipelago
(A8 8..L.117°E.).

[n this chart are also shown the submarine pendulum observa-
tions of Dr. Vening Meinesz. These give an additional force to
the necessity of completing the triangulation connections suggested
above, which should be followed up by deflection observations,
continuous from Burma.

7. Tidal operations. These are described by Mr. R. B. Mathur
in Chapter IfI. They consist mostly of predictions, but analysis of
observations (para +) of the Orissa ports Chandbali and Shortt
[sland have been practically completed. Basrah predicitions (para 5)
have not responded to ordinary treatment used for riverain ports,
and it is thought that the relatively larger amplitude of the diurnal
components contributes to this lack of success.

3. Mr. Mathur also reports (Chapter I1) on the work of the
ubservatories.  Longitude observations have been made regularly
by transit titted with moving wire micrometer. The result suggests

some residual personality between the two observers of such an
order as 0"°05.



INTRODUCTION ] INTRODUCTION xiii

Clocks. The Riefler clock has worked well. The recently
installed Shortt clock gave trouble owing to leakage in the vacuum
chamber. This was finally corrected about August, but there is not
sufficient experience of the running of the clock to justify any
statement concerning it.

Latitude variation. Observations have also been continued with
satisfactory accuracy. The amplitude of variation of latitude at
Dehra appears to be considerably greater than that observed else-
where. The idea occurred that this might be due to a seasonal
change in tilt of the atmosphere’s isopycnic surfaces. Enquiry from
the Meteorological Department has resulted in intimation that the
surfaces do tilt by a variable amount which qualitatively fit the
suspected abnormalities, but quantitatively is only about 1/5th of
what is required. Tt is possible however that these tilts are accen-
tuated by the special topographic situation of Dehra Dan.

0,  Research items.

Longitude observation. Experiments have been made with a new
plan of observation of time for longitude determination. The posi-
tion of a star is read against a scale at definite instants, regulated
by a shutter which is actuated by the clock. It is hoped that by
this means personality will be avoided or much reduced. The
experiments are not yet completed, but give considerable promise of
success (see “ Observatories " Chapter IT, para 6 ).

Snow peaks. (Chapter VII, Sec. I}. It has been a matter of
interest to determine whether the Himalayas are still rising. About
25 years ago several series of observations of vertical angles to snow
peaks in the Kumaun Himéalaya were made and the height of the
peaks were determined (vide Professional Paper No. 14). During
March 1932 further observations were taken and these will be con-
tinued in 1933. The results so far obtained indicate that no con-
siderable change in altitude has occurred in the last quarter of a
century: the small changes in the height values deduced being
within the likely errors to which the ohservations and their reduction
are sithject.

Isostasy. A paper on the “Hypothesis of Isostasy’ by Dr. Hunter
was read at the Geophysical Meeting, Royal Astronomical Society in
Octoher 1931. Tt has been reprinted in the Geophysical Supplement
to the Monthly Notices of the Royal Astronomical Society.

travity and the (Feord. In 1849 an important paper by Sir
G.(i. Stokes was published. At that time the gravity data was
scanty, but now although much remains to be done, the data avail-
able is much increased and there is prospect of useful application of
Stokes' formule,  The paper concerned is difficult of access, being
out of print and for various reasons full use of it has not been made.
I have accordingly thought it desirable to reproduce portions of
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the paper. so as to render it accessible to our geodetic workers,
The extracts and comments have beeu made by Mr. B. L. Gulatee.

10. Personnel. The personnel of the Geodetic portion of the
Geodetic Branch is given on pages xvi and xvii.

Deura Doun, l J. pE Graarr HonTER,

November 1939, ) Director of the Geodetic Branch.






xvi GEODETIC REPORT

[Vor. v

PERSONNEL* OF THE GEODETIC BRANCH, 1931-32.

Director, Geodetic Branch

Lr.-CoLoner F.J. M, KiNg, R.E., to 20th Oct. 1931

DR. J. DE GRAAFF HUNTER, M. A., 8C. D., F. INST. P, from 21st Oct. 1931

COMPUTING AND TIDAL PARTY
(RECORDS AND RESEARCH)

Class I Officers

Captain G. Bomford. ®.E., in charge, to
26th Oct. 1931, from 1lst Feb. 1932 to
22nd Feb. 1932 and from 25th May
1932 to 19th July 1932.

Dr. J. de Graaff Hunter, m.a, sc.p.,
F. INST, P., in charge from 27th Oct.
1931 to 31st Jan. 1932 and from 23rd
Feb. 1932 to 268th Feb. 1932,

Lt.-Colonel A. H. Gwyn, 1. A. in charge
from 1st Mar. 1932 to 24th May 1932
and from 20th July 1932,

Mr. B. L. Gulatee, m.a.
Mathematical Adviser.

Class IT Officers

Mr. M.N. A, Hashmie, B.4., to 21st Apr.
1932,

(Cantab. ).

Lower Subordinate Service
1 Librarian.
4 Clerks.

ComruTiNg SECTION

Upper Subordinate Service
Mr. R. C. Ray, 22nd Nov. 1931.
Mr. M, Chntterji.
Mr. S. Mitra to 6th Nov. 1931.
Mr. H.C. Deva, B.A.
Mr. T.N. 8harma, B.A. to 16th Nov. 1931.
Mr. A. K. Maitra, B.A.

Mr. R. K. Bhattacharya. B.A. to 11th Oct.
1931.

Mr. Sayed Irshad Ahmad. B.a. to 23rd
Nov. 1931,

Mr. C. B. Madan, B.A.

Upper Subordinate Service—(contd.)
Mr. M. Das Gupta, B.sc. to 16th Nov,
1931.
Mr. J. N. Kohli from 1st Dec. 1931.

Lower Subordinate Service
14 Computers.
TipaL SgcTiOoN

Class II Officers

Mr. R. B. Mathur, B.a., Tidal Assistant,
to 25th Oct. 1931 and from 1st Feb.
1932.

Mr. D.H. Luxa, Tidal Assistant from
26th Oct. 1931 to 31st Jan. 1932,

Lower Subordinate Service

9 Computers.

OBSERVATORY SECTION
Upper Subordinate Service

Mr. H. C. Banerjea, B.A.

Mr. G.P. Rao, M. A.

Lower Subordinate Service

6 Computers.

MaeNETIC OBSERVATORY
Mr. Shyam Narain. B.8c.
DrawiNGg SECTION
(ApminisTerep BY O.C. 2 D.O.)

Upper Subordinate Service
Mr. L.D. Joshi, to 10th July 1932,

Mr. A. A. S. Matlub Ahmad from 11th
July 1932,

Lower Subordinate Service
6 Draftemen.

14 PARTY (GEOPHYSICAL)

Class I Officers
Major E. A. Glennie, p.s.0., R.E., in
charge to 24th June 1932.
Captain G. Bomford, g.B., in charge from
26th June 1932,

Lower Subordinate Service

2 Computers.
1 Clerk.

¢ Excluding No. 2 Drawing and Forest Map Offices, Printing and Photo-Zincé

Offices, No. 1 Party and 20 Detachments.



INTRODUCTION ]

INTRODUCTION xvii

15 PARTY (TRIANGULATION AND LEVELLING)

Class I Officers
Captain G. Bomford, r.E. in charge,
to 22nd Feb. 1932
* Lieut. [. H. R. Wilson, R.E.. in charge
17 Party from 26th Oct. 1931 and 15
Party from 23rd Feb. 1932.
Class II Officers
* Mr. D. H. Luxa in charge 17 Party to
25th Oct. 1931.

Mr. N. N. Chukerbutty from 8th July
1932.

Mr. M. N. A. Hashmie, B.4A., from 22nd
Apr. 1932,

Upper Subordinate Service
% Mr. P. B. Roy to 15th Mar, 1932.

Upper Subordinate Service—( contd ).
* Mr. A.A. 8. Matlub Ahmad to 10th
July 1932,
* Mr. J.N. Kohli from 21st Sep. 1932.
Mr. P. K. Chowdhury.
* Mr. I. D. Suri.
Mr. L. R. Howard.
* Mr. Mohd. Faizul Hasan.
* Mr. A. P. Dutta ( Probationer ).
¥ Mr. K. R. Gopalaiengar ( Probationer )
to 17th May 1932,
Lower Subordinate Service

15 Computers.
2 Clerks.

* Officers of the late No. 17 Party which was in existence up to 20th Feb. 1932,






Cuarrer 1

COMPUTATIONS AND PUBLICATION OF DATA
pY B. L. GULATEE, M.a.

1. Dalbandin Meridional Series. This series was observed
by No. 15 Party in 1931-32, and links up the Kalat Longitudinal
and Makran Longitudinal series which were lying pendant since a
long time. The series starts from Kisanen Chappar—Pulchotau
Hill Stations of the Kalat Longitudinal series and closes on Kapar—
Buzgalaband Hill Stations of the Makran Longitudinal series. The
series has heen adjusted between its terminal sides and the closing
errors have been dispersed. Details of closing errors are given in
the chapter on Triangulation.

2. Mong Hsat Series. The revised Mong Hsat series has
been adjusted between its terminal sides in Mandalay Meridional
and Great Salween series. The closing ervors are given on page 5,
Table 2 of Geodetic Report Volume VIL

3. Mawkmai and old Mong Hsat Series. It has been
realized that Mawlmai series (series No. 79 of the list of Geodetic
series ) and certain portions of the old Mong Hsat series which have
not, been effaced by the revised Mong Hsat series are not of geodetic
character. They have consequently been adjusted graphically and
will in future be treated as (+.T. minor work.

. 4. Adjustment of minor triangulation. Satisfactory
progress has been made with the adjustment of topographical
triangulation in N.W. Frontier (see Geodetic Report Volume VII,
page 7). The graphical adjustment of shect 1/M 39 and of
Synoptical Volume I/A is now complete and that of I/M 34 is well
in hand.

The minor triangulation in 92, I, J, K and Nepal triangulation
of 1924-26 have also been adjusted .

5. Lambert Grid. The conversion of the co-ordinates of
existing trigonometrical stations and points in N. W, Frontier has
been continued steadily.  About 8,000 points have so far been
converted and 10,000 points classitied in accordance with pava 87(c),
Chapter VIII, Handbook of Topography. The tirst Grid triangula-
tion pamphlet has been compiled for shect $8.0.

8. Publications. The stock of a 1,000 copies of A sketch
Of‘ the Geography and Geology of the Himilayan Mountains and
leet ”. by Colonel 8. G. Burrard and Mr. H. H. Hayden, which was
1ssued in 1908 as a centenary review of the geographical lunowledge
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that had been gained from 1807 to 1907, has been exhausted. The
book proved invaluable as a work of reference for surveyors, and
explorers, and there has been a steady public demand for it both in
India and Europe and it has consequently been decided to bring out
a revised edition. Sir Sidney Burrard has revised the geographical
portions Parts I, IT, ITI, in collaboration with the Geodetic Branch
Office. Part IV, which forms the geological portion has been
revised by Dr. A.M. Heron, of the Geological Survey of India,
Parts T and IT are now at press.

The triangulation data for 19 Indian and 1 Persian degree
sheets have been compiled. 16 Persian pamphlets (19 degree
sheets) have been printed. 3 Indian pamphlets have heen re-
printed.

Reprint of levelling pamphlet for sheet 40 has been made
complete for the press. 260 miles of High Precision levelling
and 300 miles of Precise levelling have been printed as addenda;
1 Secondary levelling pamphlet has been reproduced hy Gestetner,

A start has been made with the compilation of Auxiliary
Tables, Part VI, which will explain the various forms and formule
in use in the Survey of India.

In addition to the above the following publications have been
seen through the press:

(¢) Geodetic Report Volume VII.
(b) Auxiliary Tables, Part V ( Lambert Grid ).

(¢) Professional Paper No. 27 “ Gravity Anomalies and
the Structure of the Earth’s Crust .

(d) Departmental Paper No. 14. “ Instructions for use
of the Wild Universal theodolite and the Wild
Photo-theodolite ”.

(¢) Geodetic Handbook, Part I, (Geodetic Triangulation:
Section IT, Computations ).

(f) Part A (Triangulation Tables) of Auxiliary Tables,
Part IV.

{9) Record Volume XXIIL. “ Report of Sind Rectan-
gulation ”.

7. Miscellaneous Computations. The gridding of vari-
ous special maps has necessitated the computation of many sets of
grid cutting-points on meridians and parallels which had not bren
included in the regular tables.

Sir Aurel Stein’s barometer, time and latitude observations
made during his journey through E. Turkistin in 1931 were re-
duced. The method of reduction used is desceribed in appendix to
* Record Vol XVIT of Survey of India, Memoirs on Maps of Chinese
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Turkistan and Kansu ”. Leh was used as the base station and it was
discovered that height 4,043 feet of IXashgar adopted for the reduc-
tion of his previous observations of 1915 was in error, and accounted
for the marked disagreement between the heights of stations which
were common to his 1915 and 1931 journeys. An attempt was
made to arrive at a more reliable figure for the height of Kashgar
and the following information was collected :

No. SOURCE SyYsTEM HEi1gHT | POINT OF REFERENCE

1 | Capt. Trotter ... | Hypsometric | 4,043 | Not defined in the
records.

2 ! Sven Hedin ... | Barometric 4,278 | British Consulate,
Chini-bogh.
3 | 3 Russian Maps

(C.Clementi) | Not known 4.213 Do.
4 | Abheti ... | Barometric 4.406 | Not defined.
5 [ Survey of India
1931 (Lch a
base ) ... | Barometric 4,453 | British Consulate,
Chini-bagh.
6 | Director Gene-
ral of Obser-
vatories ... | Not known 4,200 Do,

From the ubove no definite conclusion can be drawn, and for
reduction a provisional value of 4,200 feet was accepted as the
height of British Consulate, Chini-bagh. This gave a much better
accord between the stations common to 1915 and 1931 observations.

Deflections have been computed on Hayford system for 92 sta-
tions,

On requisition from Manager, Raipur Tea Estate for a sundial,
tables were made for its construction,

8. Index Chart to Geodetic Surveys in India and
neighbouring countries. The index chart on the 1/6 M scale.
(Chart XXT in pocket at end ), showing Indian Geodetic triangula-
tion and its connections with foreign triangulation, the Indian level
net, latitude, longitude, azimuth, pendulum and tidal stations and
all other information of geodetic interest, which was last issued in
1923 has been brought up to date with considerable additions.

9. Triangulation connection to Awustralia. A chart
((‘]mrt XXIT in pocket at end) has been drawn showing triangu-
]:Lt-'mn from India and Burma through Malay Peninsula to the
neighbouring Islands e, g. Java, Sumatra, Celebes and Phillipine

Islands ( see Chapter VII, Section II).
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10. Geodetic triangulation and levelling in Malaya.
A chart on the scale of 1 inch =382 miles ( Chart XVIII in Chap-
ter VII, Section II) has also been prepared to show the geodetic
triangulation and levelling in Malaya. The base-lines, astronomical
latitude and azimuth stations and the contemplated junction between
the Siamese and Malay triangulations have been clearly depicted.

11. Exploration Krab file. Progress has been made with
the compilation of information for a Krab file on 1/M sheets, which
will show all exploration and other survey worg not published in
the ordinary pamphlets.

12. Supply of data. On the amalgamation of the Central
Clirele with Geodetic Branch, the Central Circle records have been
lodged in the Computing Oflice.

The number of requisitions for triangulation, traverse and
levelling data have consequently greatly inereased.

13. Chart Section. The chart section has completed the
following work:

(a) Charts for 22 triangulation pamphlets.
(D) Chart for 1 levelling pamphlet.
(¢) 17 charts and plates for Geadetic Report, Volume VII.
(d) 3 charts for Geodetic Report, Volume VIII.
¢) 10 charts for Professional Paper No. 27.

{
(f) 3 figures for Departmental Paper No. 14,
()

About 40 miscellaneons charts and figures.



CHAPrER II

OBSERVATORIES

BY R.B. MATHUR, B.A.

1. Standards of length. The six 24-metre invar wires to
be used in the measurement of bases in Burma during the field season
of 1932-33, were measured on two different days in September against
the 24-metre base, the base itself being standardized against the
4-metre invar bar before and after the comparison on each day. The
wires will be remeasured after the close of the field season and there
will then be available the records of their changes in length over a
period of two years.

The fundamental nickel 1-metre and Silica l-metre standards
which were sent to the National Physical Laboratory, Teddington,
for standardization were received back during the year. Their
respective certificates show a decrease of 0°0044 mm. in the former
since 1914, and practically no change in the latter since 1925.

2. Longitude. The record of the longitude of Dehra Dan
was maintained as in previous years, by bi-weekly observations,
(weather permitting ) for local time with the bent transit, combined
with the reception of wireless time signals from Bordeaux and
Rugby, or from both, as a rule during the day, but during the night
whenever, owing to atmospheries or weak reception, the day recep-
tions were not successtul. The time observer was Mr. H. C. Banerjea
from 1-10-31 to 31-1-32 and Mr. R. B. Mathwr for the rest of the
year. The Riefler clock was used as the standard for observations
and receptions except for the period 15-1-32 to 29-4-32, when the
Shortt clock was so used.

The resulting values of longitudes are given in Table 1 and the
monthly mean values are as follows:

Obscrver Bordeaux Rugby
h m s h m s
(| September 1931 ... 5 12 11.%0| 5 12 11-75
October oo 11-%3 11475
H.CB November . ... 11+%5 11-78
December ... 11475 1178
January. 1932 . i 1173 1178
February w o 1185 11.88
March R 1157 11-78
April . e 11:56 11-75
R.B. M ; May W 11:74 11+73
June e 1150 11:74
July o eee 11-76
August .o 11-68
September ,, . . 11-%70 11.67
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8. Clocks. The Riefler clock stopped once in October 1931
and again in January 1932, On the latter occasion it was opened
and cleaned and has since worked satisfactorily. The cause of these
stoppages is considered to be some particle of dirt on the driving
mechanism.

The vacuum of the Shortt clock has been the source of much
trouble, until the end of June and necessitated the frequent use of
the air-pump; then on the dome and the base glass plate being
opened, a leak was discovered in the valve and remedied. Prior to
this, the vacnum held satisfactorily for a period of about 34 months
and the clock was used as the standard, but as soon as the pressure
was increased for the purpose of taking rate observations with
changed pressure, the leakage started again and could not be located
and remedied until 28-6-32.

With a view to regulating the rate, the dome was once opened
on 8-1-32 to change the weight on the pendulum tray.

There was a short stoppage of the slave pendulum on 1-8-32,
due evidently to a full in the current of the batteries which actuate
the clocks. The weights on the tray of the slave pendulum were
adjusted several times to control the hits and misses of the synchro-
nizing tongue.

The error, rate, pressure and temperature of the two clocks
for their respective periods of observations are given in Table 2. In
the cage of the Shortt clock readings in column 6 of this table are of
the oil gauge, the clock being kept nearly in vacuum with a pressure
of about 30 mm.

The unusually hot weather during the months of June and July
necessituted artiticial cooling tor the clock rooms.

4. Latitude variation. Another cycle in the programme
of this work was completed in January 1932; Tables 3 and 4 give
the vesult of the obhservations. The final closing error of the
groups is 40707 and has been distributed amongst the groups as
in the previous year to give the mean monthly values of latitude;
the variation is larger this year although the same standard of
aceuracy has been maintained.

It is considered that Dehra Din owing to its topographical
situntion may bhe exposed to abnormal variations of refraction on
account of a possible non-horizontality of the surfaces of equal air
density.  Should this view gain strength from meteorological records,
it 1« proposed to transfer the work to some place in Southern India,
which would be outside the Himalayan influence and where the layers
of equal air density may be expected to be more nearly horizontal.

5. Seismograph and meteorological observations.
The Omori seismograph was in operation throughout the year, anl a
list of the earthquakes recorded is given in Table 5. The three very
great earthquakes were those in Japan, the Eastern Archipelago and
Mexico, which occurred on 2-11-31, 14-5-32 and 3-6-32 respectively.
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Meteorological observations were recorded at 8 and 17 hours
until the end of December 1931, but afterwards as a measure of
economy at 8 hours only.

6 Experimental and other miscellaneous work.
Comparative transit observations were carried out by Messrs. Mathur
and Banerjea for a period of about 33 months, to discover personal
difference, if any, with the impersonal micrometer of the bent transit.
The results which are given in Table 6 show that there was on an
average a difference of 0-05 seconds between the two observers and
that this difference was more than doubled when stars were inter-
sected by the observers between two wires instead of on the single
wire on which intersections are usually taken. Neither of the
observers had any previous experience with the two-wire method, and
both still feel more confidence in the single wire for the observation
of any moving object; the increase in the personal difference is
probably due to this. The sign of the personal difference as given
in Table 6 means that Mr. Banerjea judges the instant of an inter-
section to be a little later than Mr. Mathur would, in other words
he is ( comparatively speaking ) farther behind the star.

To eliminate this class of personal difference, Dr. de Graaff
Hunter has devised an apparatus consisting of an illuminated
shutter, electromagnetically controlled by a relay which is actuated
by the clock whose error is being determined. The opening of the
shutter at every clock second enables the star to be seen ulongside
the scale fixed in the focal plane of the object-glass. The scale
used is a special one imported from England and divided to 0-1 mm.
The period of the opening is regulated so as not to exceed 0-07 of a
second and the position of the star is estimated in scale division
at every opening of the shutter. In practice an opening every
second was found to be too quick for accurate work, and passages
at every third opening were estimated. A series of a few nights’
observations were taken by Dr. Hunter, Captain Bomford and
Mr. Mathur and the results of these observations are given in Table 7.
The vesults hardly suggest any systematic errors and give hopes
that with a sufficiency of intersections and with the apparatus per-
fected, there is every likelihood of per-onal differences being elimi-
nated by this method of observation.

There remains for decision the manner of illaminating the
field of view and of matching with it the light reflected from the
llnm'in;;' shutter, so as to minimize the sensation of movement and
its distracting effect on the observer. This has led to the trial of
severul devices.  Experiments with concentrated light thrown in
sideways through the edge of the glass on which the seale lines arve
engraved, have shown that the divisions are thrown up clearly, well
luminated on a dark background. This is expected to obviate
the ifficulty cansed by the light reflected trom the shutter ; tests
are i progress.
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Comparative observations with the astrolabe using the eye-and-
ear method, and the transit with the impersonal micrometer, were
taken simultaneously by Messrs. Mathur and Banerjea on four
different nights, to ascertain whether any systematic difference exists
between them, and whether the eye-and-ear method yields better
results than the tappet method of recording the passages. The
results which are given in Table 8, whilst not sufficient to explain
the difference between the observers, as obtained with the impersonal
micrometer alone as given in Table 6, are a sufficient indication that
the eye-and-ear method may be superior to the tappet method ; but
more observations in this respect are needed.

In connection with the vertical observations to snow peaks from
the Camel’s Back h.s. in March 1932 by Mr. Hashmie (see chapter
VII, section I), a series of vertical observations extending over about
a month were taken at Shaw’s refraction station by Computer Prem
Narain using the Wild theodolite, whilst Mr. Mathur carried out a
two nights’ programme for latitude and longitude deflections at the
Camel’s Back h.s. in April 1932, using the big astrolabe and the port-
able wireless set. The clock used for reception and time observa-
tions was the 8. & R. clock 238 of No. 14 Party (Geophysical ).

The levels of No. 15 Party were tested and their standard tapes
standardized before and after the field season.

Consequent on the amalgamation of the Central Circle with the
Geodetic Branch, the duty of the storage, upkeep and re-issue of
instruments for all the field units has devolved on this Section.
29 theodolites and 40 levels, besides s-veral other minor instruments
were received during the year under report. These were examined,
repaired and adjusted before re-issue.

Four Hunter Short Bases (new model ) were standardized and
supplied to the Frontier Circle units.

A Fortin’s mercurial barometer belonging to the Forest Research
Institute was overhauled and refilled, and some barometers and
thermometers were standardized for departmental use.

The motor attachment for the driving of the impersonal micro-
meter of the north transit was received at the end of July 1932 and
will be affixed during the winter months, when the experimental
work on the transit eye-piece illumination and shutter is completed.

7. Magnetic observations. Except for a slight change
in the absolute observation of Declination and Hor 1/011tal force, the
usual programme of magnetic observations combined with a con-
tinuous photographie 1((01(1 of declination, horizontal force-und
vertical force was carried out. The declination and H, . observa-
tions were taken twice every week up to 22-7-31 and consisted
of 1} set un each occasion, but from that date onwards, only single
sets of observations were taken three times a week. The ou]_y severe
magnetic storm recorded during the year occurred on 29-10-31.
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The three magnetographs have worked satisfactorily, except for a
few stoppages for short periods, of the driving clock of the H. F.
and Declination instruments.

The mean scale value for 1931 for an ordinate of 1/25-inch
were :

4-26 gammas up to August
" 1422 gammas from September
Vertical force ... 9-78 to 10-43 gammas
Declination ... 1-03 minutes.

Horizontal force

The mean temperature for the year was 27-0°C. with maximum
and minimum values of 27 2° and 26 6° C., the temperature of reduc-
tion being 27:0°C. A considerable fall in the moment of magnet
No. 17 has occurred since the temperature experiments of May and
June 1931, when the values of log 72K for magnets Nos. 17 and 5B,
were also determined. In computing the values of the magnetic
elements, use has been made of new correction tables derived from
the values of a and B determined in the temperature experiments
mentioned above.

The mean values of the magnetie elements at Dehra Din during
1931 were:

Declination ... E. 1° 86
Dip ... N.45° 35"9
H. F. ... 0:33001 C.G.8S.
V. F. ... 0-33698 C.G.S.

Table 9 shows the mean monthly values of the magnetic colli-
mation, the distribution constants P ., and P ., the accepted values
of log (1 + P/r* + Q/r*)~* and values of m for Magnet No. 17.

Table 10 gives the mean monthly observed values of the declina-
tion and horizontal force base-lines.

Table 11 shows the mean monthly values of the elements for
1930 and 1931 and the annual changes for the period. Tables 12-15
give the mean monthly values of the magnetic clements and the
hourly deviations deduced from them for the winter and summer
months ; whilst the classification of the magnetic character for all
days of the year is given in Table 16.
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TABLE 1. Variation of Longitude of Dehra Dan from accepted
value, as determined from reception of wireless time
signals from Bordeaux and Rugby, 1931-32.

Observed value minus Observed value minus
Date accepted value* Date_ accepted value*
(Greenwich) (Greenwich)
Bordeaux I Rugby Bordeaux Rugby
1931 1932
s s o $ s
Sept. 14 - 017 - 013 Feb. 27 + 009 + 016
16 - 003 — 002 Manr, 2 + 0'10 + 008
18 — 003 - 001 5 + 005 + 003
22 + 002 10 + 007 + 0°06
25 — 010 — 006 13 — 002 — 002
30 — 004 16 — 009 — 008
Oct. i — 003 000 20 — 006 — 005
5 — 001 000 23 - 010 - 005
8 — 005 — 004 26 — 013 - 012
12 - 014 - 012 31 — 003 + 001
19 — 005 — 003 April 5 — 004 - 004
Nov. 10 - 007 — 003 6
13 — 006 11
17 — 003 + 002 14 — 001 000
20 — 008 - 001 21 — 007
24 000 + 001 27 — 004
27 — 002 000 May 2
Dec. 1 000 + 001 3 — 008
4 — 008 — 006 6 — 005 — 012
7 + 002 000 10 L — 009
11 — 006 — 004 13 — 0056
16 — 010 — 003 17 — 008
17 + 0°02 — 002 21 — 006
22 — 009 — 002 26 + 001
24 — 006 + 001 30 - 001
27 + 003 June 4
31 — 004 + 004 8
1932
Jan. 3 — 005 11 + 002
7 - 005 + 002 17 — 005}
12 - 008 000 — 0'05)
- 22 — 009 — 009
15
16 — 006 000 28 — 007
18 - 007 - 002 July 2 + 002
21 ~ 008 ~ 001 6 — 00l
27 - 007 — 004 12 — 005
28 — 008 — 003 18 - 00l
Feb. 4 + 007 + 009 2 =010
7 + 0'06 + 008 Aung. 4 ~ 013
. + 008 9 — 018
0°0;
12 + 003 + 006 27 - 004
16 000 + 005 Sept. 4 — 010
20 + 012 + 012 11 - 018
24 . + 009 15 - 011
19 - 009 - 012

* Accepted value of Longitude is 5" 12* 11*-79 ( as determined in 1026 ),
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TABLE 2. Error, rate, temperature and pressure of Riefler clock
No. 450 and Shortt clock No. 34 by the bent transit instrument,
at 20 hrs. Indian standard time, 1931-32.

1 2 3 4 5 6 7 8
No. of Time During preceding
stars period
Date Error T REMARKS
North | Soutl Rate * | Pres- T(Z:';'_
or outh per day | sure It)
. -ure
1931 m s s mm, C.
Oct. 1]+1 0512 5 6 +0°23 598 268 Observations on
5 06'16 5 6 +0°26 598 267 Riefler from
8 06-98 5 5 +0°28 598 267 this date.
12 0804 4 5 +0°27 598 26°6
19 ([+1 0970 5 5 +0°24 597 26'7 |{Riefler clock
Nov. 10 (-0 0100 3 3 602 26°5 stopped on
23rd Oct. and
13 0077 3 3 +0°08 602 26'6 was restarted
17 0058 5 6 +0°05 602 266 on Bth Nov.
20 0032 5 5 +009 601 26'8 when the
pressure was
24 0022 5 5 +0'03 602 267 reduced to
27 0017 5 6 +002 602 266 600 mm.
Dec. 1 0017 51 5 000 602 267
4 0017 5 6 000 602 26'6
7 00°18 5 5 000 602 26°5
11 0019 5 5 000 602 26'6
16 00'24 5 6 —-001 602 267
17 0029 5 6 —005 602 267
22 0041 5 5 —002 602 267
24 0047 6 5 —003 602 26°7
217 0064 5 5 —006 602 2677
31 0081 5 1 —-0'04 602 267
1932
Jan, 3 0097 5 5 —005 602 262
ki 0101 5 5 —-001 602 26°7
12 |-0 0130 5 ki —006 602 26°7
15 |+0 0920 5 5 195 26'6 | Observations on
16 0916 5 [ =004 200 26°8 Shortt clock
18 09'10 51 6 —-003 210 25'9 from this date.
21 08'93 b5 6 —006 212 263
27 08'68 4 3 —004 250 26"7 | From this date
28 08'63 3 4 —0'05 26'5 26°8 onwards the
observations
Feb. 4 0825 4 4 | —004 | 282 26°6 were with the
7 0812 4 4 ~0'04. 306 266 intersection
12 1+0 0790 4 4 | =004 | 312 265 of double wires
newly fixed.

* +' rate = gaining, —'¢ rate = losing. ( Continued )
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Error, rate, temperature and pressure of Riefler clock

No. 450 and Shortt clock No. 34 by the bent transit instrument,
at 20 hrs. Indian standard time, 1931-32—(contd.).

1 2 3 4 5 ‘ 6 | 7 8
No. of Time During preceding
stars period
Date Error ) ' ) "_’fl’,él’n_ REMARKS
Rate* | Pres- A
North [South pera-
per duy| sure ture
1932 m s s mm. C.
Feb. 16 |+0 0779| 4 | 4 | —oo03| 325 | 267
20 07°57 4 4 —-006 334 267
24 0751 4 4 —002 34°0 26'6
27 07-38 3 6 —004 34°5 26'6
Mar. 2 7°29 5 6 —-002 350 266 | Observations on
5 07°23 5 5 —-0'02 358 26'6 single wire as
well as be-
10 0R'98| 5 5 | —005| 364 267 tween double
13 0689 5 b1 -~003 368 266 wires.
16 0674 4 4 —-005 370 26°5
20 06°52 5 5 -0'06 YN 267
23 06:33 5 5 -0'07 373 26'4
26 0613 5 5 —-007 378 26'5
31 05°65 5 5 -010 380 26°5
Apr. 5 05°32 [ 5 —0°07 382 264 | Intersection on
[ 0529 5 5 —003 385 2656 single wire.
11 o485 5 3 | —goo| 384 264
14 0455 -+ 4 =010 386 26'6
21 0394 5 5 —0'09 385 263
27 (+0 0338 3 5 -009 387 263
May 2|-0 1982 4 4 598 26'5 | Observations on
3 w982l 5 5 0°00 598 26'9 Riefler clock
from this date.
6 1972 4 4 +003 598 26'8
10 1969 2 2 + 001 598 267
13 1973 4 4 -001 598 267
17 19'66 4 4 +002 598 26'8
21 1965 4 4 0'00 598 272
26 1972 4 4 -001 601 28'3
30 1991 3 4 —-0'05 602 282
June 4 20°02 5 5 —-002 603 289
b 2003 4 4 000 603 284
11 2001 3 4 +001 601 276
17 1996 4 4 +001 600 280
22 19'96 4 4 000 600 27'9
28 1986 4 3 +002 600 217
July 2 1992 5 4 —~002 601 283
[} ‘—0 1981 5 3 +003 602 287
* +'* rate = gaining, —'*rate = losing. (Continued)
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TABLE 2. Error, rate, temperature and pressure of Riefler clock
No. 450 and Shortt clock No. 34 by the bent transit instrument,
at 20 hrs. Indian standard time, 1931-32—(concld.).

1 2 3 | 4 5 ’ 6 [ 7 8
No. of Time During preceding
stars period
Date Error Ter- ReMARKS
North |South R[t't‘) t | Pres- pera-
per day sure ture
1932 m s s mm, C.
July 12 |-0 1974( 4 4 | +001| 602 28°5
18 19'66 5 3 +001 600 273
25 1943 4 3 +0'03 601 276
Aug. 4 1908 4 3 + 004 600 273
9 18°86 ] 4 +0°04 600 272
26 17'66 2 3 +007 600 270
27 1762 5 5 +004 599 26'5
Sept. 4 16'91 5 5 +0°09 599 267
11 | 1622 4 4 +0'10 599 27°1
15 1588 4 4 +0'09 598 26'5
19 -0 1547] 4 | 5 [ +010 } 598 ‘ 264

t 47 rate-=gaining, -"° rate=Ilosing.
: g
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TABLE 3. Latttude variation
Declination errors of groups
Right Ascension Latitude by
Evening Morning morning
h;m h ? h m h m T T ”
I—I1 | 818 to 1009 |12 22 to 14 50 | 20th Feb. ’31 to 15th April 31 |—0-30+ .03
II—IIT| 12 22 to 14 50 | 16 00 to 18 04 | 21st April ‘31 to 23rd May '31 [—0:02 + -04
III—IV] 16 00 to 18 04 | 18 56 to 20 58 | 28th May '31 to 17th Aug, ’31|+0:12+:04
IV—V |18 56 to 20 58 | 22 11 to 1 04 | 17th Ang. '31 to 12th Oct. '31{+ 005+ -03
V_VIj2211to 104| 304to 5 14| 23rd Oct. 31 to 4th Dec. ’31 |+0-16++05
VI—I| 304to 514| 818 t0 1009 | 9th Dec. 31 to 30th Jan. ’32 |+ 0-06 + -04
Closing error +0-07
TABLE 4. Latitude variation
Prelvminary Results
Month Monthly mean Latitude M onthﬁesnigxﬁs Annual
February 1931 30 18 51457 0400
March “ 51443 —0:14
April ” 51.29 —0+28
May " 51-07 -0-50
June » 5122 —-0:36
July " 5126 —0:32
August " 51-19 —0.38
September " 51469 +0.02
October " 6213 +0+56
November . 52.06 + 0049
December " 52.06 +0+49
January 1932, 30 18 5202 + 045
Annnal mean 51-57
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TABLE 5. Earthquakes recorded at Dehra Dam
during 1931-32.
Indian standard time @
Tntensity 8
No.| Dnute of a4 % REMARKS
1st P.T. | 2nd P.T. | Lome | Muxic) gy, | Yecor a
1931 | A m s |k m s |k m s m |k m miles
1/0ct. 3|16 08 20t|16 09 20 |16 10 30 |16 12 (16 34 | slight | 400
2| , 4/05820|10910|12150]|136]|5 40 |moderate | 6000 Solomon Isinds
3] » 6[40250|40340|40420)405]|445 | slight | 300 | 4°E,
ace. to Kow).,
4 10{602 50 | 6 1340 | 6 26 10 | 6 40 | 9 33 | slight |5800
5| . 1022 34 10|22 37 50 |22 40 40122 41 (23 06+| slight |1400
6| . 28{0 2430 02500|025|0 40| slight { 100
7|Nov. 2{15 41 40 115 49 00 (15 57 20 |15 59 [17 37 |very great| 3600 [ Destructive in
Japanese
Islands of
Kyushu and
Shikoku.
8] ., 420 53 20 (20 54 30t[20 55 20%{20 55 {22 11 | slight | 400 Quetta, Balu-
chistan,
9 , 5[17 54 40 |17 57 50 {18 01 20 |18 03 |18 53 | slight |1400| Seismograph
clock under
10 [Dec. 1815 27 10 |15 33 50 |16 44 40 [15 50 |16 37 | slight [3600| jaraits fom
. Nov, 1931,
1932
11|Jan. 4[17 25 00 .. |17 25 30 [17 26 |17 28 | slight | 100
12, ,, 916 03 30 |16 13 10 (16 24 50 (16 26 [17 02 | slight |5200
13, ., 2919 22 20|19 33 40 wo |19 34 |22 55 | slight |6600
14 Feb. 12| 6 27 50t, 6 36 20%| 6 42 10 | 6 44 | 8 03 | slight |3900
16 ' Mar. G| 4 51 50 | 4 52 50 | 4 53 10 | 4 53 | 5 02 | slight | 300
161, 26| 5 40 40 | 5 50 50t| 6 08 404 6 14 | 7 29 | slight |6300
171 .. 2615 32 20 |15 40 40 (15 55 20416 07 |16 35 | slight |5000
181 ., 2714 20 40 14 22 50114 23 |14 38 | slight | 500
19; ,, 28| 6 13 30 | 6 20 30 | 6 26 50t| 6 28 | 6 55 | slight [3200
20 Apr. 18 (16 56 201(16 59 20117 02 30 |17 03 [17 19 | slight [1200
21 May 14 18 50 40 (18 58 20 {19 09 40 (19 16 {22 04 |very wreub|4200| Enst Indian
Archipelago,
(nce. to Kew).
221, 21715 59 00+|16 13 30 |16 45 1016 50 |17 55 | slight [12000] Destructive in
2, 26 |21 5% 30t(22 00 40+/22 06 40t{22 17 (23 30 | slight |3r00|Coutet Ameriey
240 ., 2817 59 40t| 8 06 50| 8 16 00 | 8 18 42 | slight 3700 {nce. to Kew).
25| June 316 25 10 |16 41 1017 03 2017 30 |18 53 [very mreat| 9800 Destructive in
26| ,, 18(16 01 5O 16 05 slight Mig(m“;slh N.,
27| ., 18(17 02 30 17 06 slight )
28 July 25 16 03 30 [16 06 16 27 | slight
29Ang. 12| 940 20 | 9 46 10 12 | slight | ...
30 ,, 14110 13 20 |10 156 50 [10 17 40 [10 19 |11 18 |moderate [ 900 | Felt in Assam.
311Sept.15 116 51 3016 58 30 (17 05 40|17 03 |17 26 | slight |3400 o
321 . 1520 20 4020 30 00 (20 38 00120 45 |21 04 | slight |4600 Destrustive in
331, 23[20 00 20 (20 07 00 [20 12 30 |20 13 [20 45 | slight |2900| ~° :
31, 27105910 (10560112101 25| 224/ slight |3100 Df;:cr;;;;;‘;:,i"
Buolkan
Poninsula, |

t Recognized with dificulty.
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TABLE 6. Personal difference between observers with the vmpersonal

micrometer.
Personal Personal
Error Error difference Error Error difference
Date Date
{by R.B.M.)|(by H.C.B.)| (R.B.M.— (by R.B.M.)|(by H.C.B.)| (R.B.M.—
H.C.B.) H.C.B)
1931 1932
m 8 m s s m s m 8 §
Nov. 16 |~0 0:70 |—0 0-63tf| —0-07 || Jan. 3|-00-98 |-0 0:97 -0-01
17 63+ -58 —-0-05 ki 1-03 1:01 —0-02
20 42t -32 —0-10 12 1-34 1-30 —0'04
gi gg* gg* _881 Obsgervation on Shortt clock
26 19 +19¢ 0-00
m s m 8 8
27 -19% -17 -0-02 |l Jan. 15 +0 9-20
29 20 174 -0:03 |! 16 9-16
Dec. 1 <211 <17 —~0-04 18 [+0 9:02 9-10 -0-08
3 23 -17t] —0:06 21 8-87t 8:93 —~0:06
4 - 23+ 17 —0:06 27 8-58+4 B8-68% —0-10
6 <24 -184| —0-06 28 8-53* 8:64% —0-11
7 - 244 -18 —0-06 || Feb. 4 8-25 8-34 —-0-09
10 -22 «19¢| —0-03 7 8:12 8-25 —0-13
11 25+ -19 —0-06 12 7-90 7-99 —0-09
13 -30 21| —0-09 16 759 791 | -0-12
16 -35% <24 —0-11 20 7-5%7 773 —0-16
17 -36 -29 —-0-07 24 7-51 7-64 -0-13
21 41 139t —0-02 27 '+0 7-38 [+0 7:49 -0-11
22 -45% -41 ~-0-04
24 b4 47|l ~0.07
: | Mean from 16-11-31 to 21-1-32 —0:05
27 =70 | 64| —0-06 |
311-00-86 —~00-81 | =-0.05 1 w o 27-1-32 to 27-2-32 —0°12
; |

* From 27th and 28th January 1932 observations made hetween two wires.
t Interpolated values.

TABLE 7. Discrepancy between observers using the Shutter system of
obscuring and opening the view of the star while transiting.

Number of Discrepancy

Date stars and Observers | in seconds
faces of time

1932

July 13 2x1 M-B —0-03
25 15 x 1 M_B -0-07
Aug. 18 10x1 M—B -0-08
27 64 x2 M—B +0-12
Sept. 1 4x2 M_—H +0:05
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TABLE 8. Discrepancies in time error, as obtained by the
eye-and-ear method of recording passages with the Astrolabe
and the vmpersonal micrometer with the transit.

1 2 | 3 | 4 5 6 7 8 9
Error by Astrolabe Error by transit
_ _ Mean of
Date (3) (6) (4) (6) (7) & (B)
Observer |P.V. Stars; Quadmnt | opserver |  Errvor
sturs
1932
s s s s s s

April 18 | RRB.M. |+36-85 |+36:70 | HC.B. [+36:61 | 4+0-24 | +0:09 |+0-165
20 | HC.B 51-98 51-68 | R B.M. 51-95 | +0-03 | —0-27 |—-0-120
21 | R.BM 60-70 60-75 | H.CBH. G064 | +0-06 | +0-11 |+0:085
22 | H.C.B. {467-47 [+67-33 | R.BM. [+67-37| 40-10 | ~0-04 |+0-030

TABLE 9. Mean values of the constants of Magnet No. 17

an 1951.
Declination H.F. constants
constants
Distribution factors Mean values of m
Month Mean
magnetic Ty Ty T T N I
collimation P P Accepted value of |Monthly| Accepted
12| T 23 [log 1+ Pir’+Qir')-! mean m
- ., ] em? | em? LGS, [GREH
Janmary .| ~ 6 12 |6 12 658 807-03| 807-03
February...| — 6 14 [632'6 49 ' 6-96 6-96
March = .. -6 14 5-91 6'84-| 714 7-14
April | — 6 17 | 578|627 - 7-29 7-29
' e g a (T2 727
Moy o} =6 17 | 580 | 8216 2 b15-23| (523
car | ] c (403 \ 403
June ..l — 6 10 |5-84 | 665 ° alz15 12-17
\ <
Inly .| —6 18 |608 648 w 2.15( 215
Angust .| - 6 18 |6-17|7-17" 3 2-09 2.09
September -6 14 |6-17|%7-53 1 gz 156 1-56
jr
October .| — 5 66 | 616 | 7-55 | 1:63 1:63
November — 6 05 | 633|752 1-51 1-51
December — 6 05 |6-36 691 §01-40( K01-40
a up to 20th ¢ up to 9th
b from 2l1st d from 10th
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TABLE 10. Base-line values of Magnetographs at
Dehra Diin in 1931 from Magnet No. 17.

s Horizontal
Declination force
Month Mean value Mean value
of of
base-line base-line
o , C.G.s.
January 0 270 0'32,?21} (I:
February 27-2 761
March 275 759
April 27-9 274
=9 427 ¢
May 27 A1 d
- TR2 | e
June 27-6 ey f
July 28-3 787
August. 280 779
September 285 72
October 291 ' 783
November 28-3 | T4
December 0 243 i 032776
a  Up to 10" on 13th. d  From 11" on 20th.
b From 11" on 13ih, e Up to 10" on 10th.
¢ Up to 10" on 20th. S From 11" on 10th.

N.B. The above values have heen accepted,
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TABLE 11. Monthly mean values of the Magnetic elements and
therr annual changes, Delra Dian, 1930 and 1931.

’7 Horizontal force Declination Dip Vertical force

032000 C.G.S. + E.1°+ N. 45°+ 0°33000 C.G.S. +
MonTH '_——E_E; T _EVET 75 gn ‘ . 'gj 8
1930 1931 E% 1930{1931 g E 1930(1931 E E 1930|1931 SE

<o <o -3

Y Y Y ’ , ’ , . ’ Y Y Y

January 952 974 +22 186 (100 | —3°6 328 [35'5 | + 27 |586| 662| +76
February | 958 978 +20 J12°9] 98| —31 [337 (354 | +1'7 |610| 664 | +54
March 963 981 +18 {12°'5| 97| —28 [33'335'3 | +2'0 | 608|665 +57
April 954 1003 +49 [12°5] 971 —28 |34'9 {3477 | —02 |630| 676 | +46
May 963 | 1009 | +46 |11'9| 83| —36 [343[343] 00 |627|674] +47
June 964 1016 +52 116 | 84| —32 [34°4 [35°0) +0'6 |630, 694 | + 64
July 962 1027 +656 J12:1} 83 —38 1343355 | +1°2 1626 715| +89
August 972 1008 +36 11'6 | 79 —37 347 (36°4| +1°7 | 644|714 | +70
September] 957 1006 +49 J11'5| 83 —32 |34'5 368 | +2°3 }625| 722 +97
October 956 1007 +51 115 | 75| —4°0 |36:3 (37'1 | +0'8 |659| 727 | +68
November| 976 996 +20 I0'9| 78| =31 355374 +1'9 | 664|723 | +59
December| 973 1012 +39 |103| 74| —29 [35°5 374 | +1'9 1662 | T38| +76
Mean 963 | 1001 | +39 [11'9| 86| —33 [345 (359 +1'4 |631| 698 | +67

v =0-00001 C.G.S
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TIDES

BY R.B. MaTHUR, B.a.

1. Tidal observations. During the year under report, regis-
tration by the automatic tide-gauges was continued at the following

seven stations :

Aden, Kardchi (Manora), Bombay ( Apollo Bandar), Madras,
Calcutta { Kidderpore ), Rangoon and Basrah.

These observations were carried out under the supervision of
the Survey of India, immediate control of each observatory being
entrusted to the local port officials. Automatic registrations were
also continued at Colombo and Trincomalee under the supervision
of the Superintendent Trigonometrical Surveys, Ceylon, who supplied
new values for mean sea-level at these places, showing no appre-
ciable change.

In addition, the actual times and heights of high and low water
were observed on tide-poles (during daylight only), under the
supervision of the local port officials at Bhavnagar, Chittagong, and
Alkyab.

A complete list of stations at which tidal registrations have
been carried out, since the commencement of tidal operations in
India in 1874, is given in Geodetic Report Vol. V, pp. 31-33.

2. Inspections. The tidal observatory at Kidderpore was
inspected in August, that at Karachi in December 1931, and that at
Bombay in April 1982, The Kidderpore observatory was moved by
the Port authorities from its previous site om the 1st March and
reopened at Garden Reach, about a mile down stream, on the 17th
March 1932.

All the inspections were carried out by the local port officials.
No inspection reports have been received during the year from
Aden, Madras and Rangoon.

Except at Basvah, the automatic gauges at all the ports have
worked satisfactorily with few minor stoppages. The tide-gauge at
Basrah, which is of a smaller type went out of order on several
occasions between the date of its removal to Margil on the 27th
April 1931 and the end of the year (see Table 6, page 33). [t
was dismantled for cleaning from the lst January to the 1st February

N

1932, and was then found to work better. N
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3. Harmonic analysis. Computations are in progress for
the determination of the necessary constants for the prediction of the
tides at Chandbali and Shortt Island, Orissa Coast, and will be
completed shortly. The predictions for these ports will be included
for the first time in Tide-tables of the Indian Ocean for the year
1934.

The data for the analysis include hourly day and night
readings, supplied by the Port Officer, Orissa ports, for the period
1st May 1931 to 4th May 1932.

4. Corrections to predictions. Empirical corrections
have been applied to the predicted tides for 1933, in the case of
Basrah, Kidderpore, Chittagong and Rangoon. The corrections for
Chittagong and Rangoon are given in Tables 2 and 3, respectively;
they differ very slightly from those for 1932, and are similarly
derived. The corrections for Kidderpore are the same as those for
1932, given in the Geodetic Report Vol. VI, pp. 36-37.

5. Basrah predictions. These commenced with the pre-
dictions for 1917. From comparisons with the actual times and
heights from year to year it has been obvious that the predictions
are not quite satisfactory. The port is much affected by the peculiar
behaviour of the floods of the Tigris and BEuphrates, and is about 70
miles from the sea.

In order to improve them, an empirical correction of + 44
minutes was applied to all predicted times of high and low water
for 1927, and corrections varying from + 10 to + 63 minutes ( Geo-
detic Report Vol. TIT, p. 61), were applied to the times of the
1928 predictions. Before the 1929 predictions were taken up,
corrections were applied to the original charts supplied by the
National Physical Laboratory, Teddington, and a new set of time
and height charts was prepared. These corrections were derived
from the differences of the predicted and actual values of times
and heights for the period 1923-27 (Geodetic Report Vol. 1V,
pp- 34-35). The predictions from 1929 to 1932 were based on
these new charts.

In March and April 1928, the Tidal Assistant inspected the
observatory with a view to making the recording of actual values
more reliable, and as a result an empirical table of corrections to
times has been prepared (Table 1). But it has been found from
a comparison of the actual tides of 1932, that there would be no
improvement if these corrections were applied to the 1932 prodie-
tions. Consequently there is little prospect that the 1933
tide-tables, the predictions for which make use of these corrections,
will prove accurate.

The method of prediction for riverain ports is based on the
assumption that the diurnal inequality is small, but in the case of
Basrah it is at times quite large. It seems likely that the method of
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predictions which has proved fairly satisfactory for Indian riverain
ports, cannot be adapted to Basrah, and that good predictions
will not be obtained without serions research, which the Survey of
India is not at present in a position to undertake. The problem is
one that could probably best be dealt with by the Liverpool Tidal
Institute. For their immediate needs the port authorities have
devised a system of empirical corrections to the Admiralty predic-
tions for Shatt-al-Arab bar at the mouth of the river, which has
been giving better results than the Survey of India predictions, and
the latter will be discontinued from 1934.

8. Tide-tables. The Tide-tables for 1933, have been prepared
and issued. They contain information similar to those for 1931
(Geodetic Report Vol. VI, p. 34) i.e. daily predictions for 68
standard ports, non-harmonic constants and tidal differences for
about 470 ports and anchorages, in the Indian Ocean and the Far
East, and harmonic constants for about 170 ports. Separate tide-
tables in pamphlet form have also been published for Bombay, the
Hooghly River and the Rangoon River. Advance predictions for
1933 for the following 14 ports were sent to the Hydrographer of
the Navy in December 1931, in exchange for information received
from him, for inclusion in the Admiralty Tide-tables: Suez, Aden,
Bushire, Karachi, Bhavnagar, Bombay, Mormugao, Colombo, Trin-
comalee, Madras, Dublat « Hooghly River), Chittagong, Elephant
Point ( Rangoon River ) and Mergui.

Similarly advance predictions for Karachi, Bombay, Colombo,
Madras and Dublat were also sent to the United States, and those
for Bombay, Colombo and Dublat to the Japaunese, Hydrographic
departments. The amount realized from the sale of tide-tables
during the year ending 30th September 1932 was Rs. 6,0G4/1:4/-
exclusive of agents’ commission.

7. Accuracy of predictions. Tables 5 to 17 have been
prepared from comparisons made between the predicted and actual
times and heights of high and low water tor 1931, at the 12 stations
mentioned in paragraph 1 and at Pilakit or Deserters’ Creek,
Rangoon river. The 1931 predictions for the ports mentioned in these
tables are practically of the same standard as those for the previous
year except in the case of Bhavnagar and Trincomalee, the former
being slightly worse and the latter somewhat better, chiefly as regards
ﬂ_lﬂ number of errors exceeding 30 minutes and 1 foot. The greatest
differences hetween the predicted and actual heights of low water,
as registered by the automatic tide-gauges, at the riverain ports are

given in Table 4.
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TABLE 1. Time corrections applied to Basrah for 1933.

Dates
Month Tide | 1st-5th |6th-10th [11th-15th[16th-20th{21st-25th |26th-31st
minutes | minutes | minutes | minutes | minutes | minudes
__ ’ |
High ol — 3 - 6 — 8 + 3 + 14
Jamuary - Tow | w27 0 4+ 23 | 419 ) +15 | + 39 | + 63
|
High + 26 + 17 + 8 | = 2 0 + 2
February .. | 7 5 + 8 | + 61 + 368 | + 12 +15 | + 18
High | + 5 - 3 - 11 - 19 - 14 | -9
March .| T + 22 + 12 + 2 - 8 -1 + 8
April High | — 5 0 + 5 + 9 + 15 + 21
! | Low + 12 + 14 + 16 + 18 + 27 + 36
May High + 28 + 14 0 - 14 - 24 ~ 34
v Low + 44 + 28 + 12 - 4 - 10 — 16
High | - 43 - 41 - 39 — 36 - 25 - 14
June ) row | —22 | —23 | — 20 | ~2¢ | — 9| + 6
High | - 2 - 3 - 2 - 2 - 2 -2
July Low + 21 + 21 +21 | +21 +15 | + 9
R High | - 2 + 4 + 10 + 15 + 12 + 9
August Low | + #1101 | 18 | +25 | +23 | 421
High + 00 + 5 + 3 + 2 + 5 + 8
September | XU\ L 20 | w21 | +22 | +22 | + 25 | + 28
| migh | + 11 [ + 71 + 3 o + 2| + 14
October ‘l Low | +32 | +29 | +26  +22 | +25 | + 28
- N )
High | + 7 | + 7| + 7+ % + 1| -5
| Lnl H y
November Low + 30 + 31 + 32 +33 0 + 27 + 21
i 1
High | - 10 - 15 - 20 -2 | —17; - 8
December Low + 15 + 13 l + 11 + 8 + 14 1 4 20

The above corrections are based on the mean fortnightly results
of the comparisons between the predicted and actual times from

August 1929 to the middle of November 1931, computed for 5-day
periods.



Osiip. 11 ] ' TIDES 9

TABLE 2. Corrections applied to Chittagong for 1933.

Dates
Month Tide 1st-15th 16th-31st

Time Height ‘Time Height

minutes Sfeet minutes Seet

January High + 11 +0-3 + 10 +0-2
Low + 13 +0-7 + T +0-7

February High + 6 +0-3 + 7 +0:2
Low + 8 +0-8 + 4 +0-7

March High + 8 +0-1 + 7 —-0-1
Low + 4 +0'6 + 5 +0:5

April High + 5 +0-1 + 10 0-0
Low + 6 +0-6 + 11 +0-4

May High + 13 -0-1 + 11 -0-2
Low + 12 +0-5 + 11 +0-4

June . High + 10 +0-3 + 8 +0-3
Low + 13 +0-9 + 11 +1-1

July High + 9 0-0 + 10 +0-1
Low + 9 +0-5 + 7 +0-7

August High + 8 ‘ +0-2 + 9 +0-3
Low + & ' +07 + 10 +0-9

September . High + 13 1 +0-1 - 15 0-0
Low + 14 |  +0-8 ' + 17 +0-8

October High + 20 +0-3 + 21 +0-2
Low + 21 +0-9 + 20 +0'8

November High + 22 -0'1 + 19 +0-3
Low + 23 +0-5 + 21 +0-8

December High + 18 +0-2 i + 12 +0-4
Low + 16 +0:6 '+ 12 +0-7

The above corrections are hased on the mean fortnightly results
of 'the comparisons between the predicted and actual times and
heights from 1923 to 1930. (These corrections are slightly different
from those for 1932 given in Geodetic Report Vol. VII, p. 34, the
latter being based on similar data from 1923 to the first 8 months,
and not the end, of 1930).
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TABLE 3. Time corrections applied to Rangoon for 1933.

Dates
Month Tide 1st-5th | 6th-10th ‘llth-lﬁth 16th-20th| 21st-25th | 26th-31st
minutes | minutes | minutes | minules | minutes | minutes
January ... | High - 11 -1 -1 - 20 - 22 - 22
Low - 6 - 8 } - 12 - 16 - 19 - 18
February..| High | — 22 | — 22 i —22 | —~23 | —24 | - 23
Low - 17 -17 | - 17 — 18 - 18 -1
March .| High | —21 | —19 ! —17 | -16, -15 | -
Low — 16 - 15 | - 14 . - 13 P 12 -1
April .| High | -1 | —11 | — 9| = 71 - 6! ~ s
Low —10 | —10 | - 7 - 5] - 31 -3
May .| High | — 5 - 4 - 4 - 5 - 61 - 8
Low - 4 - 4 - 4 - 4 - 5 | - 8
June | High | - 5] ~ 5! - 8] | -1 | -un
Low -1 - 8 i - 8 - 8 - 9. —-10
July High - 14 -1 |, =17 - 19 - 21 - 20
Low - 12 -~ 14 I - 15 - 15 —~ 16 - 16
August . | High , —20 | =19 | —19 | —19 | —19 | = 17
Low | - 16 - 15 - 14 - 12 - 10 - 9
September High — 14 l\ - 12 - B - 5 - 2 - 2
Low - 8 l - 7 - 5 - 3 -1 + 1
October High | — 21 ~ 2| — 1| + 1| + 2] + 4
Low + 2 |+ 4 + 6 + 8 + 9 + 10
November High + 3 + 6 + 6 + 7 + 7 + 5
Low + 11 + 11 + 11 + 10 + 9 + 8
December High + 4 + 3 0 - 3 - 6 - 8
Low + 7 + 5 + 3 0 - 3 - 4

The above corrections are based on the mean fortnightly
results of the comparisons between the predicted and actual times
from 1927 to 1931, computed for 5-day periods.
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TABLE 4. Greatest differences between predicted and actual
heights of low water for 1931 at riverain ports with automatic tide-
gouges.

’_'a;S Predicted
28 Port minus Date
g 2 Actual
v A
Jeet
1 | Basrah +2:8 | 18th May—afternoon.
2 | Kidderpore (Caleutta)... — 1.7 !14th and 27th October and
: 10th November— morning.
3 ’ Rangoon +2:2 | 29th and 30th October—mor-
1 | ning.
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TABLE 5. Mean errors E* and Ey* for 1931,

ADEN
MEAN ERRORS
(Predicted —aotual)
PERIOD VE|' E*

1981 W, L. W. H.W. L. W.
Time Height Time Height Time Ht; Time Ht.
minittes iE Seet minutes ” feet minutes| feet | minutes| feet

! 1 !
+ -+ - + - [+ | -
Jan. 115 7.6 |02 0.7 102 18-5 |0-2] 9.5 (0.2
1631 1-6 1041 2.6 01 10-9 |0-2] 11-0 j0-2
Feb. 1-15 9‘3% 0.0} 42 ‘ 0.0 15-1 [0-2] 13.1 |01
16-28| 33 j0-0 85 |‘ o-0] 7.8 loe|11-5 |01
Mar. 1-15] 2.7 01| 22 |§o-o 13-3 |0-1] 10-5 |02
16-31] 75 4‘0~o 1"” i o-0] &8-4|0-1f11:1101
Apri;rl-m 34 1 o0 P15 {0-1 7.7 lo-1] 9-4 |0-2
16-30] §-5 ool 75 ‘ o-0) 112 |0-1] 125 |0-1
Muy+1-1.’» -2 = 01} 1-3 ‘ 0-1] 108 j0-1} 18-2 {0.3
16-31 +3 lo-1] 0.2 I o-2| 58lo01| 6502
June 1-15 1% {0-1 05 ! o0-z2] 9.0l0.2]186 |02
1630 25| ?ov4 0-7 ; 0-3] 5-3]0-4] 3.8 03
July 1-15 \ 162 0.2 53 | 0-3{ 22-2|0-2] 9.7 {03
18-31 5 | 0-1 ' 2l |o1| 96loz] 6702
Aug. 115 5.8 {011 2.9 | 100 a.gio2) 7702
16-31 17-7 {01 7.0 |01 179 02| 9402
Sept. 1-15 9:654 03] 045 i 0-4110-5 [0-3) 6.0 |0
16-30 1117 01 157 0-1]14-9 jo-1] 17-0 |01
Oct. 1-15 37001 . 62 \ 0-1} 7-0lo-1] &9 02
16-31 ‘ 52103 C1s oz 10-2 |0-3] 10-0 {02
Nov. 1-15 . BB 03] 5.9 "0 1 R710-3] 6.8 (0.2
16-30 C 1.9 J0-1 R0 0.0l 91 (02| 119101
Dec. 1-15 3-7 {0-0 67 | o-1] -2 (01| 8802
16-31 1.6 0.2 ‘ 3.0 | 01 8.4 ]0-2] 5402
I i :
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TABLE 6. Mean errors E\* and E* for 1931.

BASRAH
MEAN ERRORS Number of
errors exceeding
(Predicted —actual)
39 05
PERIOD E* E* minutes | foot of
1 2 of time | height
1931 H. W, L. W. H.W, L.W. 1
Time Height Time Height | Time Ht. | Time Ht. |p Ble &
minutes ” Seet minutes ” JSeet minuter| feet minutes| feet RN
+ -_ + -— -+ — -+ —_— J |
Jan. 1-15 20 03} 227 00 36'0 | 03] 626 | 051 14| 2 4 16
16-19 249 07 78 i 01| 531 | 07| 642 | 04] 4| 6] 3| O
Feb. 1-15
16-28
Mar. 1-15 The tide-gauge was out of working order from
19th January to 27th April.
16-31
Aprill-15]
2130 215 | 02 20'6 10 48'5 | 02| 394 | 10} 5| 2] 0| 6
May 1-15| 53 07 330 15 608 | 08| 619 | 15]22| 171726
16-31 29 || 08 132 || 1'4 90 | 0'8) 467 | 1'4|15|25]25) 27
June 1-15 .
me 1-15 Registrations not available from 1st to 16th Junc; clock stopped.
16-28 357 || 04 235 || 08 466 | 0'4] 555 | 08|13 (16] 7|13
July 6-15] 166 01 419 0'6 385 | 04| 683 | 07]12|15] 3|13
16-31 45 03] 116 01 32:8 | 04} 596 | 004]14)24}11| 9
Aug. 13
10153] 179 03} 158 o2] 511 | 0'4] 675 | 04§ 9(14] 6] 3
B 17&31] 19 02| 105 03] 208 | 0¢] 370 | 03] 1| 2] 1] 1
Sept. 1-16 5 0'4] 300 04l 315 | 5] 455 | o411 |12]12: 7
1621 .
28.31) § 171 3 01] 103 02 316 | 07] 408 | O8] 6 |11]11: 7
Oct. 1-15 58 | 02 28'9 05 406 | 0°5] 53'3 | 0'8]17|19]10]|20
16-31 48°3 02 162 |02 629 | 05] 634 | 05|26[20]11| @
Nov. 1-16 07 02| 121 01 41'8 | 03] 419, 0°5]15| 8] 8| 3
16-30 | T
Dec. 115 The tide-gauge was out of working order fromn
1621 16th November 1931 to 31st January 1932.
Toravs..| 76 [ 1aa | 2] 2-7|237~4- L 00T | 64 ro] aoss| 73 so7-u‘10-4]1&3{215'129516“.

Meaws . | = 44 [ = oo | v LR l] + 0-4' 404 o-sl sa-aloﬁl i | l

*E, is with regard to sign: E, is without regard to sign.
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TABLE 7. Mean errors E* and E* for 1931,
KARACHI
MEAN ERRORS eri‘;g‘@
( Predicted —actual )

3 [
= i [
1951 H W L. W. H. W, L. W, T
”T—ime Height Time Height Time Ht.» Time Ht. 3 B g; {
minutea || Seet minutes ” Jeot | minutes] feet |minutes| feet | B | |2 S0
+ - + | = + - + | - } \
Jan, 1-15| 36 03] 31 02| 9.9 03] 9-8lo2] 0] 0 Oih
16-31 2.5 0-3 27 0-1}13-3 |0-af 17:3 [0-2] 2| % 0'1..
Feb. 1-15 2.3 01| 06 0-2 10-5 [0-2[ 111 [0-3| 1| 2[00
16-28 01 03] 30 o1 9.9 (0-3]1880-2] 1| 7|0
Mar. 1-15| 0.2 02| 92 0-0] 75 |02)113-1l02] 0] 1 oln
16-31 1-8 0-3 2.9 02| 85 loal122 |02 1| 3|0
Aprill-15 | 47 0-2] 02 0.0y 85 02| 9501 2|1 ol}n
16-30 22, o-2| 07 0-0f 7-0l0-3] 91(02] 0|0 ofn
May 1-15 23| o3 4.0 to-1] 61 [o-3] 8701} 0} 1 0%'1
16-31 22! 00| 27 03 6902|157 |0-3] o] 2|0

June 1-15 1-4'1 05 25 0-4)11-7 |o-5] 153 [0-5] 2] 1] 5
16-30| 3.4 03] o1 00| 67 |0-4]12:3[0-2] ol 1]ols
July 1-15 09| 04 41 0-2] 156 |0-4] 14-4 |0-3] 1| 3| 2|*
16-31] 2-3 | 0-2 0:5 [[0-1 7.4 |0-2] 85 |0-2] ol o] O°F
Aug. 1-15 80 0-5] 20 0-3|12:6 |0:5] 10-8 [0-4] 21 1] 1|"!
16-31 0-9‘} 0-3 0-2 |00 7.2 |o-3| 11-2 |o-2] 1} 1{0)0
Sep. 1-15| 4-6 01| o3 01 10-2 lo-2] 133 Jo-2] 21 4] o]0
16-30 ) 32| oo 0-9 ||0-1 82 [o-1] 75 02| 1] of of0
Oct. 1-15] 3.0 1fo-o 11-0 0-2 5.8 10-2] 15-9 [0-3] 0} 5] 0|
16311 0-2 | 0-0 2.8 1[0-2 8-5 0.2] 9.7 02| 2| o] 0"
Nov. 1-15| 0-1 | ‘ 02| 58 00 6.6 |0-2f13.1 [0-3] o] 3] o[!
15-30 09 }: 03 27 0-1{ 5.8 |0.3}11.3 0.2} of 2| 0}"
Dec. 1-15 1-7 1’ 05| 74 0-4] 68 05f159[04) o] 32|
16-31] 8-4 ! 0-3] 71 01135 [0-4]13.4 |0-2) 1] 4| 0"
—_—
Toracs.. | 805 | 30-4 [0.0 58] 622 [ 2nn |12/ 2 2fres 71 poro [5 21 51|10 !

Meavs .|+ 00 | - o2 I + 16 H - o~b| 89 \o-nl 124 |0-27 ‘ I

* E, is with regard to sign: E, is

without regard to sign.
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TABLE 8. Mean errors B * and E,* for 1931.

35

BHAVNAGAR
MEAN ERRORS m.lj;‘s“;‘;‘;;;:,ﬁl,g
( Predicted —actnalt) 20 o
PERIOD E* E;* 1:;:;‘11{:; {?xtgl?:;
1931 H oW LW H.W, L.W.
Time Height Time Height Time Ht.| Time Ht. 3 3 .3 3
minntes Seet minutes ” feet  fminures| feot | minvures reet | B | S | W | S
P R [ R R
Jan. 1-15| 11-7 0-2 5-9 0-9]| 22-7 |0-6| 14-8 [1:0] 6] 0] 2| 6
16-31| 19-9 05| o8 0-0 19-9 |0-7]| 11-5 |0-8] 2| o) 5| 4
Feb. 1-15] 15-7 0-1 15-4 1-2] 16-4 |o-8] 21-1 |1-7] 2| 4] 6| 7
16-28| 18-7 01 43 [|0-0 18-7 |0-41 18-5 |0-7] 2{ 2] 1| 2
Mar, 1-15] 11-1 0-0 12-1 1-6] 13-9 |0o-7] 17-1 [1-9] o] 2] 3| 7
16-31] 16-1 0-2 7-4 0-0| 16-3 j0-4] 17-8 |0-4] 1| 1] 1| O
April1-15] 10-3 0-2 110 17115 j0.7) 141 t1-7] 1| o] 4| 7
1630 | 11-7 0-3 77 0-2] 13-1 |0-5] 13-0 |0-4] 0] o] 2| 1
May 1-15 1-9 0-4 16-7 1-1] 87 |o-9f16-7(1-4] 0| 2] 5| 5
16-31| 11-8 0-1 13-2 0-1] 142 |o.6] 146 J0-8] 1| o] of 3
June 1-15| 4-2 0-6 3.2 0-2] 81 ]o8f11-5{0:8) 0| o] 5|3
16-30| 11-1 0-1 11-8 ||0-0 13-5 |0-5]12-2 |0o-3] o] o] 1] 1
July 1-15] 12-3 05 5.3 (00 12-3 0.6 8.3 06| 0| o] 4] 1
16-31] 2.6 05 32-9 0-2] 81(0-8|32.90-8] 0| 8| ¢ 5
Aug. 1.15] 4.2 0-6 143 0-0]15-1 [o-6]21-1 [o-7] 1| 4]l 1, 4
16-31| 9-8 1-1 365 05 10-4 \1-1] a6-5 {1-2] olio] 9| o
Sep. 1-15] &8 0-3 27-4 (|00 12:6 [0-6| 3¢-1 |1-4] o] @ 0110
16-30) 5-2 0-3 17-3 |07 9.7 |o-50180(1:0] 0] 1 2§ 5
Oct. 1-155 3.9 0-6 19-6 0-4111-7 lo-s| 27.9 |2.2} 0| 6] 6 12
16-31| 8.3 0-3 25:1 || 0-4 11-5 |0-4} 251 Jo7] o] + o? 3
Nov. 1-15] 7.2 0-3 291 0-8] 23.2 |o-8] 32.1 | 1.6] 5] 7 3! 8
16-30] 6.7 0-4 13-2 |{0-2 136 [o-a| 133 loea| o o] 1. 0
Dec. 1-15{ 11-3 0-8 23.0 1-2] 21-3 0.9 231 (18] 3} & 5 8
16-31] 159 0-0 5.1 o-1] 17-6 [0-7] 106 |0-8] 0] 2 3: 3
'f'mmiz:m-s 1v9\0-2‘a-3| 0-8 |357-5 1-.4’9-7'3'1“1‘-1 15-3‘4&5-9[24-5]24’mlm111
Meaws . +9-7“x;ff§§‘| *14.9”“’_0.3llll?{'jo.7|i}»f;’ﬁf{|' I

* . .
B, is with regard to sign: B, is without regard to sign.

t A

ctual values aro tide-pole rendings during daylight only.
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TABLE 9. Mean errors E\* and Ey¥* for 1931.
BOMBAY (APOLLO BANDAR)

MEAN ERRORS enl‘f)“r:‘:::agsjn,
(Predicted —actual) ® T
PERIOD E,* E.* Ln;nt‘-ﬁ; fho::!:ql
1951  OH W, oL w H. W, I Lw | 7
Time Height Time Height Time Ht. | Time Ht. |k | B AR
minntes || Sfeet minutes “ feot  minutes | feot |minum Seep | || H| &[4

+ - + | - + - + | -
Jan. 1-15 9-0 0-2 1031 - {0-4]11-1)0-3{11-9 [0-4] 1| o] o] o
16-31 11-2 0.1 12-1 0-1]13.7 [0-3] 12.9 |0-2] 4| 3] o]0
Feb. 1-15 4-9 flo-1 6-3 |[0-0 8.0!0-3] 8.7 |0-2] of o] of0
16-28 7.6 0-1 8-9 0-2] 9.6 |0-2] 12.0 {0-3] o] 1] 0f0
Mar, 1-15 63 08 14-6 0-2| 124 {0-3] 15-3 |0-3] 1| 1] 0|0
16-31 55 0-4 | 39 02|104 04| 9.9]0-3] o 0] 2}
April1-15 2.0 0.2 110-3 0-1] 12.6 [0-4] 13-0 |0-3] 1| 1] ¢}0
16-30 6-7 0-4 106 0-3| 12-7 [0-5] 13-0 |0-3] 0| 1] 0] ¢
May 1-15 13-9 0-2 233 0-1] 16-6 {0-4] 23-3 |0-2] 3| 8] 1|0
16-31 89 0-0 14:2 [|0-2 11-0 |0-3] 14-5 [0-3] 0| 0] 0|?
June 1-15 3.3 03 10-4 o-2| 6.8|0-3]12-9 0o-4] 1| 1] 010
16-30 7-0 0-1 10-8 0-0] 8-3|0-2]11-4]0-3] of 1] 0f0
July 7-15 97 0-4 681  |0-5]14-8|0-5]16:3|0-6] L] 1] 2|0
16-31 19 | 0-2 1 12 0-4] 9.3|0-4] 6.7 [0-5] 1| 0} 03
Auy. 1-15 | 84 05 P18 0-6| 14.8 |0-5] 8.7 |o-6] 1| 1] 114
16-31 19 0-1 3-2}; 0.4} 9.3 (03] 11.7 j0-4] o] 3} 0|}
Sept.1-15]| 1-1 ‘110-1 3.9 . o0-0l13-9 (0-3] 143 j0.2] & 3] 0]°
16-30 2.1 u)a 2.8 01| 7.6 [0-3| 82 03] ol 2] o)
Oct. 1-15 22!!‘ o1 19 o-1} 6.5 ]0-2] 10-5|0-3] 0 2] 0| ¢
[UR) ROy lo-1 24| |oo| 61]0oz2]| s2]0a] 0 1o
Nov. 15) 1.7 | "'lm-o 1ol o] 5.6 loa| 7.3]03] ol ofore
168301 24 00 37 0-1] 7-2|0-3] 11.0 {0-3) 0 a0} "
Dee. 1-15 48 :'; 0.3 l 66| o3l 93 |0t 8104 11 0f0 !
16-31 a-;!i 0.0 ! 50 o-2§ 115 [0.2] 9.1 |o2| 2] 1] 0}°
. ! T
Toraus .| 7-6 28 [o-6]as| 111 jiea-2 [0-2] 4.6 2481 (78 276.9 |78 |21 |24 6]
Meaws | =501 I f&.{l P E 0”.?' 15ﬂ5.3|'7ﬂ.’;"|5.5|"7 | |

* E, iz wilh regard to sign : E; is without regard to sign.




Ogap. mr.] TIDES 87
TABLE 10. Mean errors E\* and E,* for 1931.
COLOMBO
MEAN ERRORS errors sacecding
(Predicted —actual)
30 0-3
PERIOD £ £ o time | heient
S w. LW HW. LW,
Time Height Time Height VTime~I'{t.7 ElAmf_Etﬁ 3 3 3 B
minutes “ Feet minutes ” Jeet | minutes| geet | minutes| feee | = | A | E | S
+ - + | - + - + | -
Tan. 1-15] 6-0 0-2]| 124 0-2] 9-4|0.2]21.0(0-2] 0| 6] 5| 4
1631 12:2 0-0 88 01 16-6 jo-1) 11.5 [0-2] 5| 3] o] 1
Feb. 1-15] 2-8 0-0] 13-4 0-0] 19-0 [0-1] 27-6 {0-1] 4| 6] 0 ©
1628] 81 0-af12.3 22| a6 lo-al12-7 (02| 1] 2] 5] 1
Mar. 1-15] 7-3 0-3] 19 0.2 18-4 |0-3] 156 |0-2] 4] 4] 8 6
16-31] 9.9 o-1] s8-8 0.0l 11-6 |0-2] 121 |0-1] 2| 2 o| 0
April115] 4-6 0-1 14-3 0-1 15-3 |0-1] 17.2 |o-1f 1| 4 1? 1
16-30| 17-0 0-1{ 120 0-0 18.0 |0-1]) 2¢-1 |01 5] 5 1; 0
Moy 115] 7.8 00| 63 0-2 14-4 {0-1] 25-4 [0-3] 3] 8} 2! 8
1631) 9.8 0-1] 121 01 19-8 |o-2] 18.6 |0-1] 5] 5 1{ 4
June 1-15] 171 o0-2] 18-0 0-1| 19-1 |0-2] 198 |0-1] 4| b 4-! 1
1630 5.9 0-2] 138 0-1] 19-4 |0-2] 20-6 |0-1] 5] & 3) 2
July 1-15] 19-8 0-1] 51 0-0 20-7 |0-1] 16:7 |0-1]) 6| ¢ 10
16831 2.1 02| 05 0-2|12-8 [0-2] 150 [0-3] 3( & 6\ 7
Ang. 1.15] 9.6 o2l 73 0-3] 21-4 [0-2] 15-4 |0-3] 3] 2 3410
16-311 161 o1 121 0-1117:6 [0-1319-4 (0-2] 4] 3 0;10
Sept. 1-15 ) 205 0-2} 16-7 0-0] 25-0 [0-2] 200 [0-2] 7| 5] 61 4
16-30) 4.5 ! o0.0l12.0 02 276 [0-1] 26-3 [0-2] 5| 2 0[’ 3
Oct. 1-15 19.6 01 157 0-3 20-0 10-2 16:3 |03 5 1 3' 8
16-31] 1149 0.9 10-6 0-3 12-5 {0-2] 11-3 {0-3] 1| © 5£1‘1
Nov. 115} 13-0 o-o] 4.8 0-2 14.0 '0-2}15-3 |0-3] 4| 3 5;10
wan) 119 0.9l 11-4 0-1| 14:7 [0-2] 14-1 |02} 1] 2[ 4, 3
Dee. 195) 2.4 o-4] 24 0-3] 116 [0 4f 149 J0-a] 1) 2 20%15
16311 4.3 | o.1] 75 0-0] 141 [0-2 1m-1(01] 2] 1 J! i
. a —
Tis‘ 2177 i i‘[o.ﬂa obao.2 “1-5’1«'—1‘()2-6 ;4.--1-|424.-n ]‘4-6 ﬂl‘ﬂh‘ sn!ul
Meaws .| 4103 “ﬁ—o-l +10:0 | —0.0 | 16 [o-2| 177 [o2| | |

* E, i3 with regard to sign: E, is without regard to sign.
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TABLE 11. Mean ervors E* and E* for 1931.

TRINCOMALEE
N

MEAN ERRORS erm:.'ﬂ‘;ﬁ:;}'m

(Predicted —actual)
3 | o2
PERIOD E. » E,* miuptel foot of
) 2 of time | heighl
1931 H, W. LW HW_ | LW T
Time eight Time Height Time Ht | Time Ht. |k 3 ¥
ninules || Seet mintes I| Seet minutes| feet Iminutes| feet CEEY R

+ - + | =1 + - + | -
Jan. 1-15| 26-8 0-4] 19-3 0-1]| 30-6 {0-4] 22-7 |0-1]11]| 8]28| 3
16-31] 38-3 0-3] 38-4 0-1] 40-0 [0-3] 40-7 |0-2|22[15]23| ¢
Feb. 1-15| 39 04| 79 0-3] 17-1 [0-4] 17-1 y0-3] 5] s{u|u
16-28| 76 0-3 12-9 0-3] 221 |0-3]| 20-7 0. | 5{11]18]19
Mar. 1-15] 164 ! 0-4] 151 0-5] 30-1 [0-4]| 36-1 |0-5] 9|14]24|18
16-31 | o34 0-4] 45 0-3] 26-1 10-4] 28-6 [0-3] 7|13]28|18
April1-15 | 14-3 } 0-4] 15-2 0-4] 20-6 [0-4] 40-2 |0-4| 6]14|24]18
16-30{ 28-2 0-4] 20-0 0-4| 28-6 |0-4] 21-8 [0-4] 14| 7]28|
May 1-15 | 59-2 | 0-3| 667 0-3] 58-2 [0-3] 667 |0-3]19|25]20|N
16-31] 15-7 \ 0-7] 23-0 0-4] 262 |0-7] 27-0 |0-4f10| 11|21 |%
June 1-15 47 0-5 148 0-2] 29-8 |0.5] 30-2 |0-2]11|12]29|12
16-30 | 17-8 06| 296 0-2] 22-5 |0.6] 32-4 [0-2]| 5|13]28)?¢
July 1-15 22:6 0-1 17-2 0:1]| 46-9 |0-2] 47-9 |0-2|16| 24|11 ¥
16-31 429 | 013 39-3 0-2] 49-5 [0-3] 43-3 |0-3]| 21| 16|16{H
Aug. 1-15 | 35-4 0-0] 220 0-5) 47-1 [0-1] 36-5 [0-5]12| 7| 016
16-31 | 624 0-1| 361 0-4] 62.4 [0-1] 38-3 |0-5]15]10] 3] 7
Sept. 1-15 | 61-7 0-2] 466 0-2]| 65-9 [0-3] 54-9 [0-4]16| 15|11 M
16-30| 364 01| 366 0-2| 45-4 j0-1| 45-8 |o-2]|17|21] 1| 7
Oct. 1-15| 115 0-0 2-8 0-1]37-0 [0-1] 35-4 |0-2|12}13] 3|1
16-31 6-9 05 26-6 0-1| 32.6 |0-5] 37.8 |0.3] 11 |12]24|16
Nov. 1-15 | 33:0 0-3] 211 0-2) 33-8 {0-4] 43-3 |0-3] 10! 16] 14|13
16-30 214 0-3 35-3 0-2] 39-9 [0-3] 49.8 |0-3|11| s|11|V
Dec. 1-15| 0-2 08| 29 0-4| 28-0 |0-8] 327 |0-4|12]| 7]28|%
1631 7.0 05 19:7 0-4} 235 (05| 39-6 |0-4| 7]10}25|%
J —J
Toraus... [i70-5 1019 \!o-ois-:a 1080 111%H-ﬁ H 65 [a68-9 ’x-a sos- 5 ‘7-(1' |z73‘29'i~|47”5{
SRR LS oo e T | A A A A Al IO nduin M
MeAxs ... + 157 ]1 -0-3 | +10-0 H —03 l 36-2 |0-4| 374 [0-3' \ ‘

* B, is with rogard to sign: E, is without regard to sign.
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TABLE 12, Mean errors E\* and E,* for 1931.
MADRAS
MEAN ERRORS errors enceeding
( Predicted —actual)

30 0-4
= = minuten| oo of
1931 W, . H W, LW,

Time Height Time Height Time Ht. | Time Ht. |y 2 B g
minutes ” Seel minutes H Jeet  |minuter| feot | minutes| peer | H |5 | | S
+ - + | - + - + | =
Jan, 1-15 14-8 0-2 16-1 0-3] 15-0 [0-2) 17-0 [0-3| 1| 2] o] 3
16-31 50 0-0 7.3 0-0|] 5-5[01] 7-8|0-1] of of o] 0
Feb. 1-07 76 0-1 69 0-2] 7-so-1] 7-6]0-3i 0} o} 0] 2
16-28 Readings faulty.
Mar. 415 6.3 0-1[ 6-9 0-1[13-0 [0-1| 11:6 |0-1] 0] O] O] ©
16-31] 7-7 0-1] 6-4 0-0] 8:8|0-1} 7-3|0-1] 0] O] Of O
Aprill-15] 9.7 10-1] 126 10-0 11-0 |0-1] 13-6 |0-2] of 1] 0| 1
16-30| 10-5 01 147 0.1 10-5 {0-2)15-1 [0-2) 0] 2] 0] ©
My 1-15] 6.2 0-1 40 }'0-2 7.9 {0-3] 8-4(0-3] 0| of 1| 0
16-31] 9.4 lo-5] 81 0-3] 97 lo5] 9.10-3] o| o]15| 9
June 115 | 5.4 0-3| 54 0-2| 67 (03] 8302 o]l of 7| 3
16-301 1.5 0-3 1-1' 0-2] 3-8 |0:3] 40f0-2] of o)r2| 3
July 1-15] 5.9 o-1] 6-3 ! 0-1] 7.9 |o-2] 80j0-1] 0] 0] 1] 0
16-31] 3.0 0-1] +-0 \ 0-0] 45 01| 5602] o] o] o] 0
Aug.1-15] 4.4+ 0-2 57 ?0-2 5.0 10.2] 6-2 :0-2 o o] of 4
16-31 32102 2.9.03 76 loz| 9.9.03f ol o] 1] 6
Sept.1-15] 8.3 0-1] 45 00| s-6 01| 71 01| of of of 0
16-301 3.7 0-3] 45 : 0-2| 6103] &7 fo~2 o] o] oo
Oct. 1-15) 3.4 0-2] 3.6 “ 0-1y 6:6:0-2] 7:5(0-2] Of o} 2| 2
1631 11 05] 23] | 0-3] 5.9|05] 51 (0-4] 1] o]1s]15
Nov. 1-15{ 5.5 0.2l 44 | 0-1] 81021 7-2|0-2] 0f Oy 7|3
16301 3.1 os5| 28 o-4] 6105 4.7 |0o-4] 0} 0]22)18
Dee. 115 4.5 o-s] 01 0.5} 6-0l0.6) 6.0{05) 0y ofaulie
1631 | 9.4 lo-5] 90 0-3] 103 [0-5] 9.8 0:3] o 0|16 3
e— 1
TTMN\ 109-5 | 30-5 i;o-ﬁ!‘kﬂ 107-3 L343 ‘[0-3‘3-3 183-3 ' 5-00193-65-4 2‘ 5 [124{ 87
M + 304 H —o2 | 432 H —70-1|78;)’0'1| ﬂ-4-}0-2| ! ‘

L S
E, is with regard to sign: E, is without regard to sign.
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TABLE 13. Mean errors E\* and E* for 1931.
KIDDERPORE { CALCUTTA )

MEAN ERRORS erglllsm;)leclegzlﬁn,

( Predicted —actual)
_30 10
ramion e R 4 [
Time Height | Time LW Height Time i, TinI]‘e: Vi, | g 3'!;-
minutes | feet  minutes “ feet | minuted] geet |minuted geee | 5 | 5 El-

+ - + | - + - + -
Jan. 1-15] 2-2 0-0 7-8108, 9-0 |0-2] 9-4|0-4] o] 2] 0}
1831 0-3 0-2] 0-8 0-3‘ 12:6 |0-2] 65 |0-5] 0| o] 0|+
Feb. 1-15| 2.8 0-1 7-4 (05 |10-0]0-4}13-9 07| of 3] o]
16-28| 1-3 0-2| 66 0-2 8:3 |0-4] 92 |0-4f 0| 2|00
Mar. 1-15] 1-8 0-5 5.5 |06 10-0 {0-5] 13.0 |0-6] 0| 1} 0;3
16-31 1-0 {0-0 0-1 0-5 9.5 [0-5] 7-1]0-6] 0 1 1‘2
April1-15 36 0-2 5-7 (|05 12-1 |0-4] 14-6 10-6] 0| 4 11.2
16-30| 5-4 0-4 1-3 |00 101 [0-4] 10-2 03| of o] 111
May 1-15] 66 0-9] 35 0-2| 12-4 |0-9] 13-1 |0-4] 4| 3] 8]
16-31] 5-8 06 8:0(0-1 10-8 io-s 16-4 |0-3] o| 4] 8; 0
June 1-15| 0-1 0-1] 9-0 0-0 9-2 |0-4] 15-6 [0-4] O] 4] 1} 0
16-30 16 0-2 11-1 [0-2 10-3 [0-2] 131 [0-4] o] 3] 0]3
July 1-15 1-8; o-1] 25 0-1 9.8 |0-2] 87 (0-4] 0 0] 0}0
16-31 4--6;0-2 12:0 0.4 10-1 |0-6] 14-2 [0-6] 1| 5] 5|7
Aung. 1-15] 1-4 0-3] 22 0-1 80 [0-4}13-6 (0-3] of 2] 00
1311 08 0-5 1-9 {0-1 7.5 [0.7] 10-7 [0-4] 1] 2] 9]}
Sept.1-15} 1-3 04 0-9 {|0-1 9-4 |0-4] 20-1 |0-3] 1| 6] 00
1630 69 : 1-1] 45 0-5] 91|11} 123 |0.5] of 1|16} 14
Oct. 1-15]| 78 | 1-3] 53 0-9l11-0 |1-3] 9.2 |0-9] o] 1]23|12
16-31] 3-8 3] 72 ; 1-1] 9w (13| 8.4 |1-1] 1] p]21)H
Nov. 115 53 | f 13 7-65 12| a0f13|1s0|12| ol 5]er)
16-30| 3.5 } 10} 74 } 0-8| 6:4|1-0] 8.9]0-8] 0] 2 10! i
Dre. 1115 0-3 i 0-4 LN 0-2| 7.4 |0-4) 108 0-4] 0] 8]0} 0
16-31 2-9i ; 0-4] 57 | 02| 8-4|04] 9.3]04] 010 OI;”
Torss | 630! 92 Jozhnsf sun [ 781 [+0]51 229-3]11-1| 2063 12| #|55 1259
MEans | I +2:3 ” —-05 l -10 1‘ - 0-0 | 9-6 |0-6' 11-9].;)-45-7 7‘44 ]

*E, is with regard to sign: E, is without regard to sign.
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TABLE 14. Mean errors E* and E* for 1931.

CHITTAGONG
MEAN ERRORS e o ing
(Predicted —actualt) - 1
30 1.0

PERIOD E* E* Zlf"f::ﬁ:; {uneolrsﬂrt

1931 H W L. W. H.W. L. W, .
Time Height Time Height | Time Ht. | Time Ht, B B B B
minufex H feet minufes : teet minutes feet |minutes| feet m "] : =

el -]

Jan, 115 56 0-1 29 : 0-1] 68 |0.1 4.3(0-3] 0| 0] 0] O
1631] 28 02|l 06| - |01 4-4 ‘[o 3] 3-.80.2] of o] 1|1
Feb. 1-15| 0-9 0-0 07 | 03| 48;06] 34|03} 0|0]1f1
16-28 0-8 | 0-1 1-8 io 1 49 03| 28020l o]o]o
Mar. 115 1-5 0-2 35 01 6-1'0-2! 4.3(0-6) 0] 0] of 1
16-31 0.9 105 0-0 l 4 83 05| 7-8|0-5] o] o] of O
Aprill1s| 5.7 01 5.9 10-2 8.0 07| 64]0a| of of 4|1
16-30| 0-1 0-1] 55 l03 9.8 10-3] 9:310-4] 0| O] O| O
May 1-15| 61 0-2‘ 35 0-1] 91 !0-7 66|05l o] of 1|0
16-31] 3.4 0-31 6-9 0-3 5.8 05 7-2]|0-4] 0] o] 3|0
June 115 3-1 0-41 9-2 0-6 a7 :0-5 9-210-7] o| o] 3| 5
16-30] 2-3 0-2| 10-8 0-3 5103 121 |0-3] of o] o 0
July 1-15] 3.6 l}o 4] 94 0-1 5-2 30-5 9-9|0-5] 0, 0] 2|0
1631| 3-8 0-2i 8-8 0-3 6-1.0-4| 8806 0] of 1|1
Avg. 115)] 6.9 o-o! 14-1 05 7.2 ‘o 5] 14-1 [0-5] o] o] 0] ©
16-31 2-8 lo-1] 95 0-4 6-4 (0-3| 10-4 jo-7} 0| 0f 0] 3
Sept. 1-15| 0-1 01, 1-0 03| 51 07| 91]0af o] of 80
16-30 12:1 !0-1 2:2 0-0]12-1 |0-4] 51|0-4]0)j0] 11
Oct. 1-15 64 %0-5 61 04| 7605 72l05] 0 o] 113
16-31 08 j1-0 05 ‘ 0-4] s5.8|1.0] 63los] 0 o] 8] 0
Nov. 115 5-1i o7l 35 : 05| 5107} 4907] 05 Of 4] 5
16301 3.7 ‘ ;0-4. 3-7 io.l 5:1 (04| 5-71o2f ol of 10
Dec. 1-15| 5.1 ! }0 6| 3.2 i 01| 6-3jo-6] 5-1l0a]ofofs)1
161 49 i0-7 31 ‘1010 6-6 [o7] 47101 OE of a o
Tomass.. | 647 | 23-8 || 24| 481056 [ 10-8 3-8 |2-2]156- 4117|1705 [10-2] 0] 0 4423

Mesws...| 4107 “ 01| +40 || +or| esfos| 71josf | | |

L ] EI

is with regard to sign : B, is without regard to sign.
t Actual values are tide-pole readings during daylight only. ¥
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TABLE 15. Mean errors E* and E,* for 1931.
AKYAB
MEAN ERRORS en’g“mm;;;;{m
( Predicted —actualt)
ao 08
s i i
1931 w. LW W, W, R
Time Height Time Height | Time Ht, | Time Ht. B B B;
minutes | fect minutes ” fert | minutes| feet [minutee| feet | 5 | A .-n",.i
+ - + -1 + - + | - I

Jan, 1-15] 5.3 01 55 0-1 s-3lo2| 55|03] of o] 0|0
15-31] 66 i lo| e 0-4 66 (0-1] 6-1[0-4] o} o) o1
Feb. 1-15] 56 0.0 56 0-0] 56|0-3] 56|02} 0| o] o0
1-28] 51 01| 33 0-3] 51]01] 5-3]0-3] 0] ofo}1
Mar, 115 | 5.4 0-2 42 0-2| 5-4|0-2] 6-205] of of o1
1631 6.3 0-1 5.6 0-1 6-3 |0-2] 56 |0-2| o] o] o]0
Aprilt-15] 6-4 o |o-of 65 0-1 6-4 |0-2] 6502} of o} 0|0
wa0| 53 | Joa| 47 0.3 53 10-3] 47 |0-3] of of 0|2
May 115 5.7 ;_“ 02| 5.7 01 57 !0-3] 5-7]0-2) o) o] o]0
1631 6-4 ‘ 01| 63 0-1 64 |0-2] 6:5]0-3] o] 0] o]0
June 1-15 | 6-4 ’” o-1] 60 0-2 6-4 01| 60]02| ol o] o0
16-30] 5-6 100 53 00 5-6 |0-2] 53 |01] of of o]0
July 1-15] 61 %;0-1 55 01 6-110-2] 5:5|0-1] o] o] 1|0
1631) 551 02| 48 01 6-0|0-2] 48 0-2] of of ofo
Aug. 1-15] 4.2 {0-0 41 0-0 4.2 |0-1] 4-1(0-3) 0] 0] 01
1631 4.9 101 45 0-0 4-9|0-2] 45 03| 0] o]0l
Sept. 1-15| 4-6 | '10-2 19 0-2 46 |0-3} 49|02 of of o]0
16-30) 55 » o-1] 57 0-2 55|0-2] 57|0-3] of o] 00
Oct. 1-15) 5-3 | 0-0 5 0:0 5:3 0-3] 45 ]0-2] o) 0] 0] 0
16-31) 5.3 | 0-1] 41 00 53 0-1] 4-1]0-2 oi o] o] 0
Nov. 1-15| 45 0-0{ 4-7 0-1 45 102| a7 o2 oi of o0
10630 &9 ozl 7 01| 4-71]0-3] 4.7 |02 Oi of o] 0
Do, 115500 9‘0-0 50 0-1 5-0 [0-1] 5.0 1;0-2 o nfofo
-3t EERCE] EE 0-0 49 {03 4-9&0-3 o vjolo
Torans . |1:m-n‘ [1-0 1--»|\1g4-;1 hz-z\o-ﬁ 1911 |49 126-4‘5-9|k()~l7(7l’1|/“

Means I + 54 ‘ —o-ol + 502 \ +01 | 55 o-2| 5.3 }0-2| |

h

* B, is with regard to sign:

t Actual values are tide-polo readings during daylight only.

E, is without regard to sign.

L e
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TABLE 16. Mean errors E* and E,* for 1931.
ELEPHANT POINT (PILAKAT CREEK)

MEAN ERRORS Number of
errors exceeding]
(Predicted —actualt) I
30 10
mtnutes | foot of

PBRIOD E* Ez* of time | ‘height

108 H W, LW H W, L. W, )
Time Height | Time Height | Time oo | Tive B | g | g |
minutes “ feet minutes H Seet | minuten| seet |minutes| geer f 0 [ ] | 2

| - ||+ =1 + - ; + | -

Jan. 1-15 29-3 0-2111:0 '10'1 29-3 (0-4] 12:6 [0:4]13' 1} 0| O
16:31| 40-9 07| 360 04 452 [0- 7] 36-0 |0-4]29 (22| 6] 4
Feb. 1-15 | 23-1 0-4] 144 | 0-3[ 254 o.5]| 157 jo-5{1af 1] 3| &
16-28 | 34-7 0-7) 26-6 0-3 34-7 10-7]26:6 |0:3]15| O} 51 1
Mar. 115 | 29-2 0-3] 14+7 0-1] 33-8 |0-4y 14-9 [0-5]21| 2] 0] 1
0:6y16| 4] 2, 2

16-31] 30-5 0-6!19-3 0-5 30-7 10:6]19-6

Aprill-15
16-30
May 1-15
16-31
June 1-15
Observations discontinued from 1st April 1931,
16-30 whern the tidal observatory was dismantled.
Tuly 1415 See Geouetic Report, Vol VIL page 32.
16-31
Aug. 1-15
16-31
Sept. 1-15
16-30
Oot. 1-15
16-31
Nov. 1-15
16-30
Dec. 1.5

16-31

e ————
T ‘ ‘ y -
R LT I |zafzzo | ujo-a oo 1 | a-a fr2sea |27 hor

T i | [ IR B \

H.lll 16 | H-'

MEAng I care | _0_5' +20-3 “ +o.z|:x:;-z|0-u zo-glo-ﬁl | i

» . .
+ 12' 'tq with regard to sign: E, is without regard to sign. )
])l'et'lictic()"n:a'fI vnéllles are tide-pole readings taken at D’il kit Creek, about 800 feet \1pththe ;1tle;10f
or ; 7 i i i \ i ile-
Phant Point of 18890{}:1'1,]'3 P iint of 1884-88, which latter is again about 2 miles up that of Lle
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TABLE 17. Mean errors E* and E,* for 1931.

RANGOON
MEAN ERRORS ergurf‘f:c'eﬁ;..,
(Predicted —actual) ——
30 2]
FERIOD Ew Es of time | o
1ost HW. LW H W, L.W. ]
Time Height Time Height ]| Time Ht. | Time Ht. B B B;
minutes |! Seet minutes || seet | minutes| foet minufeulfvel A -
+ - + | - + - + | -

Jan. 1-15] 26 03 5-3 |03 5:0 |0-4] 15-7 |0- 6] o] o] 1]«
16-31] 68 01| 73 05 9-0 [0-3] 147 l0-5] 1| 2] 0
Feb. 1-15| 1-0 0.2 28 0-2] 8-1|0-5] 143 0.6 0] 1] 3|4

16-28| 6-4 o-1] 80 0-2 10-4 |o-3) 11.0 jo- 4] 1] 1] o1
Mar. 1-15] 1-8 0-4 3.8 0-1] 11-2 [o-6] 12-4 [0- 5] 3| 1} 5;2
16-31] 53 0-2 7-5 05 9-4 [0-3] 118 J0o-6] o] 2] o)1
April 1-15 0-2 {04 2.9 0-3§ 131 [0-5]11-2 [0-5F 2| 1 4|3
16-30 1-4 (01 3-8 03 5-9 (0-3] 11-9 jo- 5] of 1] 0|3
May. 1-15 0-3 (/01 2-0 0-5] 9.2 |o-4]11:5 p-a| 2] 2| olw
16-31] 1-2 10-0 0.7 0-1] 5005|129 0-5) o of 1,2
June 1-15} 5-3 };0~1 76 01| 49]0-2013-8[0-5) 1|0 0;2
16-30| 3-0 i30~2 21 0-2 73 [0-4] 112 0.5 0] 0 03
July. 1-15} 83 ‘ 0:0] 14-4 0-0] 12:8 |04 19-020-4, 3'i 3 Oi?
631 43 ‘]‘0-3 26 (04 72 |0-4f14-3 05| 0) 0 4;5
Aug. 115 83 0.2 87 0-2 10-6 |0-4] 130 [0 4] 1| 1] ol 1
16-31] 135 0-3] 32 0-7] 156 {0-5] 11-3 [o- s 0] of 1]10
Sept. 1-15] 13-6 0-4 7-3 03 180 |0-5] 13:6 0.4 ] 3] 2 630
1630| 26 0-3 34 09 110 [o-5] 7.7 09| 1] of 118
Oct. 1-15] 89 0-2 6-2 0-3 16 oslu-4lo 7] 1) 2 2| 6
16-31 1-3|0-3 6-R 1-0 10-3 10-4] 99 ?1-0 31 0012
Nov. 1.15] 27 0-6 1-4 0-71 %006 131 ;r) slol1]slt
1630 7.2 02 86 0-6 102 [0-3[ 142 08| o of 17 ¢
Dec. 1-15| 43 0-6 21 |[0-8 67 06| 15:0 0-n | ol 1] of 7
16-31) 4-2 0-1 7-2 0-1 6:310-4| 15-6 goum 01 011
Totass ... {111-3 ‘ 32 | 5-2|0:5]105-5 \ 20-2 i|7-3{z-o 231-7|10 2f310-5 [14-3'22 223 1!
Mzans | +45 laso2 +36 [+o0z | 9704 12-9~0-e| | ‘

* E, is with regard to sign: E; is without regard to sign.
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CHAPTER 1V

GRAVITY

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

(1) Freip Season 1931-32

1. Programmme. This field season, the party was equipped
with two 14-ton Ford Mot r Trucks, hired for the whole season.
As a result of having fast transport always at hand, a very full
programme was possible.

Starting from Bombay, the party zigzagged right across India
through Caleutta to Jessore, putting in 27 gravity stations on route,
and then, turning north-west. observations were made at 19 more
stations in the plains and hills. Chart IIT shows the location of
these stations. The total mileage amounted to 5,800 miles. No
mechanical troubles of any sort occurred. A considerable distance
was over temporary roads or rough cart tracks in remote areas ; the
lorries were frequently stuck in soft sandy patches in the rivers and
a good deal of rough pioneering had to be done. On one occasion
it took eight hours to traverse three miles.

Observations were made in rooms wherever possible, but the
pendulum tent was frequently used.

2. Strength of the party. In order to carry the whole
party with its equipment in two light lorries, great reduction had
to be made in the establishment: one clerk, two computers and
three khalisis were left hehiud in a headquarter’s camp at Dehra
Diin, and the party which took the field consisted of one officer,
five khalisis, two drivers, two cleaners and two private servants.
This party fitted in the lorries quite comfortably without overloading.

he inconveniences due to the very small establishment were
more than compensated for by the great advantages of motor
transport.  Practically the whole party contracted malaria while in
the Orissa Hill States, otherwise health was good.

3. Method of observation. The method of observation
was the same as in the previous two field seasons. Except in the
Calcutta neighbourhood, and in April, wireless time signals were loud
and clear, Within a radins of 100 miles of Calcutta wireless
cf)n(litions were exceedingly bad, and at Barrackpore, only the night
signals could.be heard and those only with difficulty  Jessore was
nearly as bad. To get over this difficulty the Nauen signal received
at 5.30 a.m. Indian Standard Time was taken. This signal proved
80 convenient that it was used throughout the latter end of the
ficld season, leading to a speeding up of the programme.

46
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The normal programme with this signal was:

1st pavy 3.30 pm. ... Rugby signal: start pendulums,
11.30 pm. ... Cand A.Complete 1st measure
and commence second measure,

2Np paY 5.30 am. ... Nauen signal: complete 2nd
measure and commence Ist
measure of pendulums A and B,

3.30 pm. ... Rugby signal: complete Ist
measure and commence 2nd
measure.

11.30 pom. ... Rugby signal: observations
completed.

It was frequ ntly possible to finish work at one place at 11.30
p-m., and commence work a hundred miles away at 3.30 p.m. on
the next day.

A further change in procedure is in contemplation whereby
all observations at a place can be fully completed in 24 hours.

An objection to the use of the Nauen 5.30 a.m. signal is
that the corrcections for this signal are not published in Admiralty
Notices nor in the Bulletin Horaire. The German publication has
to be obtained.

The automatic warning now sent out before the Rugby time
signal is a great boon and is all that is required. It consists of the
code GBR GBR GBR TIME repeated four times, begin:ing 45
seconds before the time signal and ending 20 seconds before it.

Bad wireless reception in April near the hills appears to be due
to thunder clouds situated close to the hill tops. A thunder
cloud away from hills does not have an adverse effect on wireless
reception, except for the harsh crack when an actual lightning
discharge occurs.

Two Mercer chronometers were used throughout the field
season for all observations, but the rate of one chronometer ( Mercer
No. 13560) proved so erratic that the observations made with it
have not been included in the final results, except at places where
wireless reception was bad.  Nevertheless in spite of the erratic rate,
amounting at times to a change in the 24-hourly rate of eight
seconds in a period of less than eight hours, the results obtained
with the bad chronometer are practically identical with those
obtained with the good one.  This is because the programme is 80
arranged that the pendulum swings nearly continuously hetween
time signals. Erratic rate variations do however have some effect
during the three quarters of an hour occupied in changing pendulums.
Hence obsgervations with the bad clock have not the same weight
as those made with the ¢ood one. .









Cmar. 1v. ) GRAVITY 47

At Barrackpore, before observations were commenced, the
pendulums were left hanging still on the agates for an hour, to see
if there was any sign of ground motion, but none was detected.
1t is a feature of the Cambridge apparatus that even if there is
ground motion the mean time of vibration of the two pendulums
when observed simultaneously is practically unaffected by the
motion. It however the ground is found to be in motion, the two
pendulums should "not be swung in optical combination. It will
then be possible to apply a correction for the small residual effect
of the ground motion on the mean time of vibration of the pair of
pendulums.

4. Results. The results are shown in Tables 1 to 4. Table 2
shows good agreement between pairs of pendulums except where
marred by bad wireless reception.

(i1) REsearcn WoRrk

5. Standard Gravity Formula. A standard gravity
formula suited to the International spheroid has been adopted at the
Stockholm meeting of the International Geodetic Union in 1930.
The formula is:

Yor = 978-049 (1+0-005288 sin? ¢ —0-000006 sin? 2¢ )
where ¢ is the latitude. The Helmert 1901 formula has hitherto
been recognized as the standard. This is:

You = 978:030 (1 +0-005302 sin? ¢ —0-000007 sin?® 2¢)

Any value of voy can be readily changed so as to obtain the
va’lue corresponding to another spheroid X with equatorial gravity
G’y by the following relation :

'Yox = YoH + ASX + (G’! — 978030).

Similarly any anomaly Ay obtained with the Helmert formula
can be converted by the expression :

A.x = A.ﬂ - ASX - (G,! - 978'030 )-

_ Values of Ag are given in Charts V and VI for the Inter-
national spheroid and for the S. of I. No. II spheroid. In the case
of the Standard International formula the value of the constant
term ((3', — 978:030) is +0-019 cm/sec.

Hayford anomalies (¢ — e ) obtained with the new standard
formula are given in Chart VII. It will be obvious from what follows
that the new formula yields anomalies which are less suitable for
Iml_ia than those obtained with the Helmert 1901 formula.  This is
mainly due to the high value of G, adopted. A more suitable
value for India for use with the International sphevoid is 978-017
em/sec? (see Geodetic Report Vol. V, page 56 ).
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8. Crustal warpings and geology. Last field season’s
work has provided large additions to the gravity data in India, and
has also resulted in some important alterations in the anomaly
contours drawn previously in areas where the data was scanty

In addition to this, the new edition of the Geological Map of
India has just been published. It is therefore proposed to examine
the conclusions reached at the end of last recess ( Sept. 1931) in
detail, so as to see how far they are justified in the light of the
more recent geological and gravity data.

In Professional Paper No. 27 (1932) it has been claimed that
gravity anomalies are mainly due to deep-seated crustal warpings.
If the warp is gentle and widespread it may not be indicated on the
surface of the land by any obvious geological or topographical
features. Other more abrupt and less widespreading warps may be
indicated on the surface by special features. The g — oy anomaly
developed in Professional Paper No. 27 is intended to portray these
small warpings. Briefly the ¢ — vy anomaly has been derived from
the Hayford anomaly by removing the effect of the widespread and
gentle warpings ( Hidden Range) and by a correction necessitated
by the actual lack of isostatic compensation. Since the 8. of L
Spheroid II is the spheroid best suited to India, the g—+yp anomalies
will be referred to it. Comparison will be made with the Hayford
anomalies ( g—vcy) using the Helmert formula ( see Charts VIII and
IX) since it would be unfair to the isostatic hypothesis to use

the unsuitable new standard formula for the purposes of this
comparison.

A crustal up-warp will not necessarily be visible on the surface
ag an elevation. The movement may be so gradual that denudation
keeps pace with it. First the most recent geological formations
will vanish through denudation, and then the older, until finally in

the older or greater up-warps the fundamental igneous rocks will
be exposed.

Exposures of certain typical igneous rocks may therefore be
accepted as definite indications of crustal up-warps. Small local
exposures of volcanic or effusive rocks may also be taken as evidence
of crustal up-warps close by, but not necessarily at the actual site
of the outerop, since the rocks may have come through fissures or
failures of the lower slopes of the up-warp, or may have spread over
adjacent down-warped arveas.

The Deccan trap is a vast sheet of rock covering both up-and-
down-warps of the crust. and only definitely associated with an
up-warp at the main focus (or foci) of effusion.

A crustal down-warp naturally provides a basin for the
accumnlation of sediment, and if the down-warp is slow, sedimentation
will keep pace with it—that is, in land areas where there will be an
up-warp nearhy to provide the sediments.  Sedimentary deposits will
therefore be found in the down-warped areas, but the sedimentary
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origin of the rocks may be concealed by metamorphic action,
and they are then grouped in the geological map under the head
“unclassified crystallines, gneiss etc.”” which includes rocks of either
sedimentary or igneous origin.

As already indicated above, sedimentary rocks may be found on
up-warped areas where the elevation has been either too small or
too recent for their complete removal by denudation. Generally
speaking one would expect down-warps underlying the lroader
sedimentary formations, such as the main exposures of the Vindhyans
and Cuddapahs.

The broad alluvial plains of Northern India are in a separate
category, they overly and flank a crustal area still in active move-
ment, and like the Deccan trap, conceal both up-warps and down-
warps of the crust.

From the above considerations, the following conclusions are
reached :

(4) The fundamental igneous rocks ( granite, syenite,
charnockite and khondalite) definitely indicate
crustal up-warps.

(#) Sedimentary formations and unclassified crystallines
are indefinite. Their situation with reference to
group (¢) will provide a clue.

(4t) Volcanic rocks and small patches of effusive rocks
indicate a crustal up-warp nearby, but not necess-
arily at the site of the exposure.

{iv) Deccan trap and alluvium conceal the nature of the
crustal warps underlying them.

Chart X is a geological sketch map adapted from the new
Geological Map of India. The above four groups are shown in it
as follows :

Group I Red.

II Sediments ......... Blue, unclassified crystal-
lines ......... pink.

ITT Red and green.

IV Decean trap ............ green, Alluvium and
unclassified areas ......... white.

7. g—v; and the igneous rocks of Group I. Tt the
igneous rocks of Group I definitely indicate a crustal up-warp,
7 — v¢ must be positive over these areas, and stands or falls accord-
Ing to its success in showing them.

I.  East coast and Sonthern India.

Commencing near Cuttack and extending down the East coast
of India to South of Madras and then turning west across India
roughly along Lat. 12° is a very striking belt of igneous rocks.

G
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This is very well demarcated by the g — vy anomalies. There are
sixteen gravity stations in this area and of these fifteen yield posi.
tive anomalies averaging + 0-020 cm/sec®. One only is negative
(No. 171 Parvatipuram, g —yp= —0-007, g—vyeg = —0-:009). The
Hayford anomalies (g — v ) fail to show the feature. Only five
of the sixteen anomalies are positive.

The negative ¢ — vy anomaly at Parvatipuram appears to be
associated with a very small positive anomaly at Dusi (No. 170,
g— vy = +0:001, g —qyog = —0:005). If so, the peculiarity
disclosed at Parvatipuram is not purely local.

II.  Alarge exposure of syenites roughly along Long. 77° from
Lat. 12° to 15° with other smaller outcrops to the west.

All g — vy anomalies in this area are positive, all Hayford
anomalies are negative (5 stations average g — yp = + 0-01],
g — yem= — 0-027).

IIT. A large outcrop of granite about Lat. 20° Long. 80°.

There is no gravity station on this exposure, but on the unclassi-
tied crystalline rocks to the south observations at Bhopalpatnam
gave a remarkably high positive anomaly (g — vy = + 0-044,
g — Yeg =+ 0:033). Evidently high positive anomalies are to he
expected over these granites.

IV. Granite and volecanic rocks WNW. of Calcutta near
Puralia and Sar: and SW. of Daltongany.

All this area is strongly positive (Sari g — yp = + 0-061,
g —yeg =+ 0:053, Daltonganj ¢ —yp= + 0:024, g —yon =
+0-013).

The general run of the anomaly contours indicates an extension
of this positive area to the similar igneous area south of Shillong.

V. Bundelkhand Granite.

Stations on this area ave:

No. i Station 9=7r | 9~ Ycu
100, Jhinsi . [+0:014 |+0-014
261  Binda .. |+0-016 | +0-013
95 ' Lalitpur ... |—0:014 |—-0-002

Lalitpur is near the southern boundary of the exposure,
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VI. Igneous rocks of the Ardvalli Hills and to the NE. in
the same line towards Delha.

All g — yp anomalies in this region are strongly positive except
Degana which is somewhat west of the line.

The stations are:

No. Station 9=7% | 9—Yer
114 | Deesa ... |+0-040 |+0-047
115 Abu .. [+0-012 |+0-020
117 Erinpura «. [+0-011 {+0-020
118 Pali Marwar «. [+0-013 [+0-021
215 | Ajmer v [+0:050 [+0-062
224 Ringas e |+0:044 [+ 0-044
225 Rewari ... [+0:031 [+0-012
214 Degina ... |—0-021 |—0-016

VII. Igneous rocks of Baluchistin.

There are no gravity stations in the igneous area. A positive
g — vr anomaly ( +0-023) is found at Warechah which is near the
Koh-i-Taftin volcano and where there are rocky outcrops.

The g — 4oy anomaly is positive at Warechah also, but the
Hayford anomalies are also positive over most of the light deep
alluvium of the Hamin-i-Mashkel depression. This is certainly a
depressed area and so positive anomalies are unsatistactory. The
9 — 7p anomalies over this depression are all negative.

VIII. Igneous rocks of the outer Himdlaya.

All along the outer Himalaya small patches of granite, and in
Kashmir Tertiary volcanic rocks as well as granite are shown in the
(f}eo]ogical Map. DPositive anomalies (g —yp and g — ycy) are

ound,

. Summing up the foregoing, eight igneous arcas have been
cited. In all of these the g — vr anomaly is predominantly
positive, The Hayford anomaly isequally positive in many of the
areas, but it is negative in the two largest and most strongly defined
areag,
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Out of a total of 41 stations in these areas, the anomalies give
the following numbers :

Positive Negative
g — F ... 38 3

8. g —v and the Cuddapah system. The great basin of
Cuddapah sediments north-west of Madras is exactly defined by
the g — vy anomalies. These are all negative. The Hayford
anomalies are negative too, but they are also negative over all the
surrounding igneous rocks, so that no clear distinction between the
two types of avea is obtained, as is the case with the g — v,
anomaly.

The ¢ — y¢ anomalies show that in this area the crustal
layers are depressed. D.N. Wadia ( Geology of India, p. 72) says,
“To account for the enormous thickness of the Cuddapah sediments
PR it is necessary to suppose that a slow and quiet sub-
““ mergence of the surface was in progress all through their deposition,
“ which lowered the basins of sedimentation as fast as they were
“filled.”

Another large area of the same system is to be found about
Lat. 22° Long. 82° around Jagdalpur. The crystalline rocks in
Bastar state are very strongly banded and may be assumed to be sedi-
mentary in origin. All the anomalies in these large areas are
negative indicating a crustal depression. The Hayford anomalies
fail to demarcate the area, being positive in the northern part near
Bilaspur over the sediments, and negative in the south over the
adjacent igneous areas.

9. g—vy* and the Dharwar sytem. The outcrop of
Dharwar rocks near Sawai Midhopur, and to the south-west of this
place, evidently occupies part of the same great basin as the
Vindhyans, but other outcrops of this system have been caught up by
the rejuvenation of the Aravalli Hills and its more recent extension
northwards, (see Professional Paper No. 27, Chart IV, transverse
crest lines 2 and 3 ).

In this connection two errors in Professional Paper No. 27
require correction. Firstly Sawai Madhopur is wrongly stated to
be a typical Vindhyan Station (Professional Paper No. 27, p. 15)
and secondly the rejuvenation of the Ariavalli Hills is ascribed to
a recent period, ( Professional Paper No. 27, p. 21). Actually
the rejuvenation was contemporary with the depression of the
Vindhyan basin. These corrections affect minor details only and
are not in any way adverse to the conclusions reached in
Professional Paper No. 27.

Station No. 252 Chaibasa is on an outcrop of the Dharwar
system ; here gy —yp = —0:005, ¢ — v = +0-007,
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Other exposures of the Dharwar system are usually associated
with igneous outcrops and evidently overly crustal up-warps, so
that the ¢ — vp anomalies are positive. Denudation following the
uprise has left only the narrow bottoms of the synclinal folds ( see
Wadia: Geology of India, p. 61).

10. g—vyr and the Vindhyan system. Quoting Wadia
(Geology of India, p. 77), the Vindhyan system ‘occupies a large
“extent of the country —a stretch of over 40,000 square miles—
“from Sasardm and Rohtas in western Bihar to Chitorgarh on the
“Aravallis, with the exception of a central tract in Bundelkhand.
“The outerop has its maximum breadth in the country between Agra
“and Neemuch.” Except at Sipri, near the outcrop of Bundelkhand
granite, and in the extreme north-east, all this area shows negative
anomalies.

The stations are :

No Station 9=7 | 9~ Yeu
216 Nimach ... |—0-024 [—0-004
222 Kotah ... |=—0-007 |+0-003
102 Sipri ... |+0-020 [+0-029
223 Sawai Madhopur ... |—0-025 |—=0-021
60 Damoh ... |—0-009 [+ 0-004
69 Maihar .. [—0-013 |—0-003
260 Mangawin w. |+0:008 |+0-015
89 Sasaram ... |+0:026 |+0-009

. The stations which show positive g — vp anomalies are those
which have been involved in the uprise of the second crest of the
Hidden Range ( see Professional Paper No. 27, p. 21 and Chart 1V).

The Vindhyan system evidently overlies a deep crustal down-
warp, a large part of which is concealed by the Deccan trap.

11. g—y; and the Gondwana system. Again quoting
XV&dia (Geology of India pp. 113-14). “Three large tracts in
3 the Peninsula can be marked out as prominent Gondwina areas:
“ (_1) a large linear tract in Bengal along the valley of the Damodar
Jwer with a considerable avea in the Riajmahal hills; (2) an
. Xpansive outerop in the Central Provinees prolonged to the south-
288t in a belt approximately following the Mahianadi Valley; (3) a
. eries of more or less connected troughs forming an clongated bavpd
« along the Godavari river from near Nagpur to the head of its
“delta.” There is also (4) an area around Pachmarhiand (5) areas
in Kathidwar, Cutch and Jaisalmer.
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Stations in these areas are listed below:

Aren No Station 9=7p | 9= Ten

(1) 267 Dhanbad wo |[+0:021 [+0-019

84 Daltonganj . |+0:028 |+0-025

(2) 259 | Ambikipur o |-0-023 |+0-002

63 Pondra w. |—0:015 |+0-008

(3) 205 Chinda ... |+0-001 [—0-002

175 Yellandlapad .. |+0:009 |—0-013

(4) 220 Pachmarhi o |[—0-044 {—0-044
(5) No gravity stations ‘

Areas (2) and (4) present no difficulties. Chart IX shows
that they form part of an extensive down-warp.

An explanation will now be sought for the positive g — 7
anomalies in areas (1). The same explanation will perhaps
serve for area (3), though more stations are required for the
proper elucidation of this area. D.N. Wadia (Geology of India,
pp- 110-11) says: “The Gondwana system is in many respects
“a unique formation ......... .. the peculiar mode of its deposition
““in slowly sinking faulted troughs............ stamp these rocks with
‘“a striking individuality among the geological systems of India
............ The formation of thousauds of feet of river and stream
‘““deposits cannot be explained in any other supposition............ It
‘““is suggested that the mountain-building and other crustal move-
“ments of an earlier date had their reaction now in the subsidence
“of large blocks of the country to the equilibrium-plane, between
“vertical or slightly inclined fissures in the crust.” 1If this expla-
nation is correct, the crustal warp theory requires that the g — 7p
anomalies should be negative; but quite another explanation is
poesible, which appears to fit the facts better. The Gondwins
deposits of Bengal are associated with dykes of ultra-basic igneous
rocks (Wadia: Geology of India, p. 119) and outcrops of igneous
rocks occur nearby. The area is in fact one of crustal up-warp,
not subsicdence (see para 7). There has been vertical pressure
from below upwards. Rifts due to tension have developed in
the Archaan crystalline rocks, and in these the Gondwana
sediments have accumulated.  Widening of the rifts due to continued
pressure from below and increasing tension led to down-faulting of
these sediments. This solution of the problem explains the positive
anomalies. The explanation is the same as that given in Profes-
sional Paper No. 27, p. 25, for positive anomalies over deeps in the
Java Seas.
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12. ¢—vy, and the sedimentary areas of the Himalaya.
The Purina sediments and Siwaliks overlie the up-warp of the crust
referred to in para 7. ¢ — yp anomalies are therefore positive.

No. Station 9= | 9= Ycu
5 Mussoorie . [+0:072 {+0-053
1 Dehra Diin .. |+0:034 |+ 0-006

36 Mohan ... |140-040 [+0-003

North of this outer up-warp negative gravity anomalies indicate
the deep down-warp under the folded sedimentary mountaine of the
Inner Himalaya,

The abrupt fall is shown well by the anomalies:

No. Station 9= | 9= Ycq

143 | Deosai TIT ... |+0-054 |+0-095
- Wozul lladur <. [40-002 [+0-036
iSkﬁrdu ... |~0-015 [ +0-015
| Depsang ... |—0-075 | —0-064
' |

Deflection data avatlable confirm these conclusions. The geoid
rises over the outer up-warp and then falls steadily until the axis of
the down-warp is reached. The deflection at Depsang is small (about
2"to the NE.) indicating that this station is just on the northern
side of the down-warp. Capt.G.T. McCaw voices a common but
erroneous impression in the South African Survey Journal ( April
1932, p. 97) when he says, “ the geoid would still tend to follow
“the surface configuration, just as it persists in rising under the
“Himilaya.” Data in India show that the geoid has no tendency

to follow the surface configuration.

13. g—vy; and the Deccan trap. The Deccan trap is a
great sheet concealing the underlying crustal structure. Gravity
mvestigations  form the only economically feasible method of
discovering this structure.  After making a detailed examination of
the Decean trap area with pendulums, it should be possible to =elect
areas where deep borings would he a profitable speculation.

. The first part of field season 1931-32 was devoted to the rongh
delineation of the crustal down-warp underlying the trap, which
had been disclosed by the negative gravity anomalies at Dhond and

urduvidi, The down-warp has been found to be much more
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extensive than was previously expected, and has led to considerable
changes in the anomaly contours east and north-east of Bombay.
The following stations overly this down-warp:

No. Station 9= | 9= Tom
186 Kurduvadi ... [—0-012 |—0-041
185 Dhond w. |—=0:015 |~0-039
228 | Talegaon ... |—0-028 |—0-048
230 Jamkhed ... |~=0-003 |—=0-021
232 Sangamner ... {—0-018 [—0-020
233 Satana .. |—0:034 [—0-035
234 Daulatabad ... |=0-008 |—0-014
236 Chikli «. |=—0-014 (—0-016
236 Pusad <. |=0-003 |—0-009

The large negative ¢ — vy anomaly at Satina probably does
not imply an increased depth in the down-warp there, but rather a
decrease in thickness of the trap. The gravity effect of 450 feet of
trap (density 2-83) is +0-001 em/sec?; if, therefore, thereis 9,000
feet of trap at Talegaon, the effect due to the down-warp there must
be —0-043 ¢em/sec?, whereas at Satana, if the trap is only 1,800 feet
thick, the effect of the down-warp will be —0-039 cm/sec?,

In the north it is unlikely that this down-warp extends into
the Vindhyan down-warp north of the Narbada river; it is more
probable that it is closed by an up-warp along the line of the
Satpura Range. All gravity observations so far made on this range
have yielded positive anomalies. Geological evidence is also in
favour of an up-warp here (see Wadia: Geology of India, p. 12).

More gravity stations are required to define the western boundary
of down-warp. The very abrupt change from negative to large
positive anomalies between Talegaon and Bombay strengthens the
opinion already formed that there has been a fracture of the crust
near Bombay and that there is to be found the main focus of
effusion of Deccan traps (see Professional Paper No. 27, p. 16
and Fig. 4).

14. g —yr and the Indo-Gangetic alluvium. Like the
Deccan trap. the alluvium conceals the nature of the underlying
crustal structure. TF there is an up-warp of the crust, under the
allusium, so gradual that the denudation at the surface keeps pace
with it. there will be little or no indication of the up-warp until the
rocks underlying the alluvium are raised to the surface. The g — 7¢
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snomalies show an up-warp under the Punjab alluvium. A very
recent up-warp, probably still proceeding extends south-west from
midway between Saharanpur and Ambala to the Aravalli Hills.
Swface indications of this up-warp may be found in recent changes
in the direction of the rivers in the Punjab. The axis of this up-
warp is the watershed, on the northern plain, between the river
systems of the Arabian Sea and the Bay of Bengal.

A similar up-warp under the alluvium is shown by the anoma-
lies south of Darjeeling; this up-warp is still progressing and is
shown by a gradual rise in level in this area relative to Howrah
where tidal observations show no change of level (see Geodetic
Report Vol. VI, p. 104 et seq.)

Last season’s work has straightened out the southern boundary
of the * Gangetic Trough ”. The southerly extension of the trough
south of Lucknow in the Chart of Hayford anomalies in Geodetic
Report Vol. VII is removed. The second crest of the Hidden
Range (see Professional Paper No. 27 Chart IV) is now very
clearly defined Ly the ¢ — vyp anomalies. The ¢ Gangetic trough ” is
probably merely a shallow relic of the Tethys basin which has
escaped the recent orogenic movements.

15. The crustal structure lines of India. g — 7¢
anomalies disclose two systems of crustal structure lines in India :

(1)} An ancient and somewhat intricate mesh of up-and-
down-warps in the peninsular area.

(2) Imposed on this and to the north are the broad
sweeping lines of the later Hidden Range--Tethys
movement. The simple character of the mesh of
this last system is a sign of its juvenile and unstable
nature.

These structural systems are shown in Chart XI.

Dr. F. A. Vening Meinesz has shown the structural lines in
the Indian Archipelago. His gravity values connote an up-warp
of the crust underlying Java and Sumatra, flanked by a down-warp
to the south and west, and he says, ‘it seems likely that the
““Ganges valley anomalies are the continuation of the negative strip
“of the Indian Archipelago”. Chart XI is opposed to this conclu-
8lon, it is more probable that the Sumatra down-warp will follow
the curve of the Nicobar and Andaman Islands and continae under
the folded sediments of the Arakan Yoma Range, perhaps ultimately
connecting with the northernmost trough line shown on Chart XI.

A continuation of the geoid eastwards across Burma from India
would go far to settle this problem.

16. Conclusion. Theoretically, gravity can give no clue to
the‘distribution of mass in the earth’s crust (see McCaw, Soufh
African Survey Journal, April 1932 p. 97), but this is only the
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case if other geological and geophysical data are ignored. If data
from deflections, geology and earthquakes are used together with a
considerable mass of gravity data, the field of possible solutions of
the crustal distribution of mass is narrowed down enormously,—
possibly to a unique solution.

Gravity work is being carried on with increasing enthusiasm
by practically all civilized nations in every part of the world, and
is rapidly leading to a good understanding of the crustal processes
of thelearth. While being international in outlook, Indian gravity
work is of great local importance. The preliminary programme
of gravity work is restricted to the more or less uniform spacing of
gravity stations about seventy miles apart all over the Indian area.
The uncoloured spaces on Chart IX show work yet to be done,
Assam is untouched and Burma nearly so, and in Bwrma too
deflection data ave required before the gravity work there can be used
with confidence. Some gravity work in Ceylon will be necessary
for the proper understanding of the rather baffling conditions in
the extreme south of India. The crustal structure disclosed by the
preliminary gravity programme will be a guide to geologists, not
only m areas covered by alluvium and Deccan trap, but also in
other areas where the superficial geological data are puzzling.
After this, detailed gravity survey of selected areas, aided by geolo-
gical experts, will be only a short preliminary to the commercial
exploration of promising localities.






3 mm ,; i ey | Bk
S Nmted 003 R LAHORE g0 “ \ﬂ R |
3@ 84 ® Quetta S > it g T’
Y . £ 3@. ultan A 4’ L ] ) 2 ;@ I
. L 1§ 9 il
28 .o s : . S f‘ Lo
L . ) ELHI Q@ e e roy;
& ) .Axm e ° W
3 T] 3 5 4@ Jodz,fg). Luckpowo "‘“ﬁ@
¥ [ . 54> 6350
24 Rariclia o ommm L L&hi ad® ‘
ODeesa = o n;anp‘“ ® 5 7':_
36 ' .Ahmndﬁbad. o ® e jupbu i ® B v
2 L
Al -
|| v ﬂ q 0 /_/5, B g smbs\mt\-
20 GPuRo * e - .
1| ? L ®
| ® 3
’l 7 ( * " - )
| BOMBAY ® Poona\® )
I -+001 B A
°|i @ 7% 5\6 wf]um- 74?’
16| - Secunideribad i
‘i 5 F A 77
|
ii g
| R
°| @endulum stations (D :
12 MADRAS papdulum stations (Nom
| Dr. Vening Meinesz's
:i The work of Basevi &
‘ this chart which shows
I‘ half-seconds pendulums i
; 000 67
Bo‘i mmmnee
l' = "
I . EYLON g
i: 5 9 Gulom¥o 8 Miles 100 0
|
R ek e e ‘: X
68 72 76 80° 84

RegNo 24000.1932(C.0)8.1:350.

Published under the direction of Brigadier R, H. Thomas,
1030

T\_'
-"_-j
i
S -
|
- ¥
o r,s L) 4
ol E e s
| : Q -E a % @? e
I % = 4 P
) 8 1003 = \,
AN mels s Wi
N G |A 5 N
: 6 9 BangRok % QA '-“;E
L \} e P 14
e | A“DAMAN ov @ . il -
2 I3 |SLANDS GBLT 1
]}, =PP—C ki = Adl
\ Port Blair B‘[Au : AN
B Rt !} iC '\v"rf;:
out with the . 9 9 “ ©5 {
£ b / 0 .
] § ;
I\
HIGOBA: 5
‘ SLAND w Q
400 Mil:
\ 8?8 b 97 (1)
92 96 100 1o -
General of India, Tyel 0zincographed at the Survey of India Otfices, Dehra B



® Jubbulpore

K. S
NacPur
®

Secunderabad

Reg:No.25 000.1832(C.0)8.1-350.

Published under the direction of Brigadier R H. Tho!

@Bangaloge
*
&
Trichinopoly this chait which &
¥ the half.seconds §
O Nagarkoil
. chY (% b0o N
lom
59 0
©
-
76 80

6 3
@mdu]um stations (De

MADRAS Pendulum stations (Non
Dr. Vening Meiness's




Oxna Point

EXPLANATION
+0-080 Contour i 5 4/ o 7 B SV —
+0-060 L N e W S ST 5 —
+0-040 oM U R A & =
+0-020 I il i e e S S
0-000 .
-0-020 . NSO ——
~0:040 iy —— d— - —" -
~-0-060 LA | g o -
~0-080 ) s 0 5 o 7V S 417
=0:100 ” F o

+ve gravity anomalies
-ve - &

o
Porbanoar

Prince

BOMBAY
Apolia|

v

Marmagao

Kirwar

Mangalors

Calient

Diamond 1 o o
Moutts of to ¥

REFERENCES
slations (Departmental ). . L]

GW Gamerta

-’o JSLANDS




16

rma
¥
. s
ol
,: “
il S0 s
|
2 2
KARACH) e
!v"‘ = .“
ot 2 L
%%, A —
A e
g i ok
- pr: i}
Onfa pornt (g Hanstay ‘ I\
5 Narbit 1
Porbandan ,’I .
rt Albdr -,-!
7 - o~
» prince ock (ol e : 1 s
BOMBAY (‘\ - Sl :
Apalio|Bandar - o.
- \.\b\ N
- S\J » L B
Balgn um oE
EXPLANATION ety LI | A
+0-080 Contounr D T e e
40080, . e - g & S
40040 e e {5
+0:020 2 T e (e
0:000 SRl 7
7 S N st o P
~0-060 g ey e e
-0-080 s e — e -
. Calfent " oy
+ve gravity anomalies o osypora ) /, )
~ve » " /7‘
Coehlin “.‘.“L / j ‘
<]
. Tuom
L s — "'nlr.y.l 2 .“.":‘wl omp =
T —— ‘t — o (_
S \\\.\\'5\.'4"/
~—

37 DDD.1933 (€.0.).8 1= 300,

Published under e d

- 4

Vi am Basse! prant! Y =
S| e 6|A b m::“ ottt s
. o v D o
o Mouths of 8¢ 3o
0 ; .M
S ; ~ i
: N
REFERENCES 4 oaMAN qin werkl 1
- mbiu"'(Dep‘rtmenml)“......,...‘..‘. 0, . ot
FPendulum stations (Non Dspsrtmen'f"])"" """ e = ﬂ 8 i
Dr. Vening Meiness's stations. .. ..cooneeoooness ¥ < Rhear cap &
hi
~ N X
w L 0
- s
: ; d!
.'. “& Dmoam T 0%
9 amorta 2
g 1sLANDS 9
e bl
Scali 1 Trich =260 Miles or 16,640,000 &
Mils 100 0 100 200 00 Sk » O
7 »
= W : * o s o -::‘_'_'___J
= ’ 5= ol f
- /ﬁr’— R 100
& o
84 8 e HELIO.6-10, OEHRA

var enecal of Indiy




BRI

Prince’s Doek ‘l' ! .
souear&JI[L |
ApoliolBandar e
P A9

16

Belgann
o
EXPLANATION Marmagao
+*0-100 Contonr .., ....——m.... — i oo s
+0-080 N - , N :
+0:060 . idl R 5 i e REFERENCES
:gg:g R T I P . atations ( Departmental). :
0-000 . “— ol —‘_ e : stations (Non Departmental) .. . ...=
Manigilars i
1 ~0-020 ‘: ______ gl ng Meinesz's stations, .
=0-040 pF T s s e o v et
=0-060 " o & A 3 S ey — ¥
\ Calient
l +ve gruvity anomulies | | oy n Boypore
-vo » . A 3

Coen|

% ot v
e nannwnany Qeodetin Ranart Vol T
A% 0 O.0 I oI5 350



imE| |}k
L L T
Ae G S & e
4 ': - 4 i
2 e Ve R k. ’ 3
@y 3 A
¥ lign e H&‘
=~ * . 0
= ey ol o
o ¥ .L| ‘ ‘ t
Il - Bukkur S . . d .7
' : vt = § _
» . 2l
i :o”? . 5 | o .
o v ) | &, WL
(0 i ‘.‘. ’ 'h.pl ‘ : ‘
24 i - S Otogs 5,
§ o > 7 ;
E’ 0’ o = e
".,o 4, : |
s -
o Ahinal]
oK oy (R . ct:;g_\:m Cniagont
35 arbour \
Porvandar ! R' pijmend Kl‘ ) G“.
o ousat Q¥
4 (sagar 1) & . Vo
s Mouths ~
v ‘ o 3
- Faise Poink
5 1
- Princad poox * . (
8 2 ks
apotaey | |
| o
7 : §a
s RAI aouialn 7
i 8 -
16+ ) it s B N G|A L i B :
o ¥
AF Damond - 5 3]
, M f the
EXPLANATION " D -
\ magen oy -
Group Special igneoug rocksa oy ‘ . s
iy T e L T T U P ! :
" i Sednmentary formations ., .. W v r._‘- ; . ; )
Unclassified crystallines .. N o ! - m
1 3 i Voleanic vocks and trapa i Z ' i Mlﬂ:un L3 3
" iV Deccan TIRD, n v vy o Pex Maignlors 1973 | ‘ o ‘”
Allavinm (M 4 { f k 4 )9 /
< Rose, “
Unclassified 8reas} Uncolonred RS T B . | ‘ °? :
Callent At » L i
= S . ; D o (]
' . . : .
Coenln 2 o ¥ - -
L) - e TR :
i ; N _
g TouesHn | Trincarmame it ] BAR 0
Trin r Ll O
Minicoy \ S
. Tl BT 1 ". 1BLANDS % ;
A Oape Comorit | Wy
1 W e b Seale 1 Tnioh =260 Milea or 15,840,000 ?
ON) w100 o 100 200 300 400 Miles
e : — 0
i A
M’ : Gl 000
L 72 76 TS 88 02 90 100
! 5 WELIO.5.1.0.DEHRA DTN

M5.22.0.0. 01992 e 15 =308

Published wlmﬂ'_i\ N 0., 8urvayer General of Indis,




16]

72

o w Ir‘J_ IR
; . TSt eimmm g
2 = S ;
d I. |1 i 77 :“ . - .III
o A g -
5y = Iy / : ‘-'1|
e A 3 / e .
Y T >
3 |
\v [
2Sipur s
Ak ol Hyderihad /
A
4
2 /
4, - 4
%oy AN
Naviinar , l
Ok ha Point Hid. l ( Qmﬂ
Bha u.md'l—"'
Porbandar - - "‘
Al Victor
7
\\— — s e HI
4
? Princed Dock
BOMBAY'
ApolinfBandar
¢
Marmagao
EXPLANATION v . ~
: N
Hidden range Tethys movement > \
Crests —— -

Tronghs e i
Ancient Crustal movements T —— = ‘_L
Cresu.;....._____ ’,

Troughs oL L :l::"
Cothin ualus O
=
Minicoyd 1, Naguekol]
64

76

WpEe -,
- t) = . "_‘-: Y
ofilons i
s e
- —(J i » "r ]
Ty
: cALoUTTA \csent CRCE =
s - oifand Marveur W aA ks
== ol o =
R ) 2
[ i saliu
i apthe 3 .
i = e : g
Faise poin i’ : [
7 & ot
i Q o
" ’ T‘. % -
. -~
-
B RA ouimelt \‘
; " Eiophant 3
O L s e
A Y o F i &
Mouths of the i
| e
| ) BANOKOR
| ;
.t “
‘ mard
“ 5 AHDAMAN %“
\‘ BLANDS Qﬂo
port BIIF *
) . nw,( s | o
: y g
.
ﬁo }
L]
o
.
-~ v e
(9 mozul 0 -
?
- R 1 T awos "
) Sealo 1 Tnch«250 Miles or 1584000
: = ol L 400 Wi
L =} t | 0
¢ = i — L -
7 ‘ ; 100
3 88 o2 =

o




14

*__.'T.._..
e ! -
o[... v
‘9
Hikaner 4]
|
=
Jgnpu
(=} /
sty
%%, ; 3
=
. / v
o Ak
Okha Poing
Porvandar <

, n Cochin! adurs
i L™ »: Q, £
z 64 69 72 76

Meg S 1400 0 I OI8: 360

-\.‘_ = -
l;' “ 11 !l
oo e
| '-
> . ;N
o| chuagont MANDALAY .
o )
salin =
ol %
7 i",,_. o
20 N ¥ %o
A 1
Mouimel
n
eg|A L ;
p B N ‘
g | 1
Mouths of & il
b4 gAMOI
] "
i g ‘
J ol :
3 ANDAWAN T ﬁ
(ELANDE \Bﬂ
- '.
. ml 05 .
g ’.' o
0 7 IR
.
o
. 0 o
ICOBAR o
%
1 .
Soale | Ineh-250 Miles or 15880000
- s 200 00 Milee 0
" L —— |
, \ - 90 100

o Indis,

HELIO. § | O DEHRA DUN.
APt WFE ERRVE






Caar. 1v.] GRAVITY 59
TABLE 1. Times of vibration at Dehre Dun, season 1931-32.

Mercer Chronometer No. 12831.

Date CA AB Mean
1931
s s s

October 19 - .| 0507 9514
- 20 9484
I 9501
21 9511

. 0507 9509

22 o 9511

|
Mean o | 00507 9503 | 0°507%7 9510 | 0507 9507
Date CA AB Mean
1932
s S s

May 8 | 0507 9490
9 . 9402
" 9496

10 0507 9506

11 9498

9515

{
Mean .| 0507 9403 { 0'507 9506 | 0°507 9500

Adopted mean times of vibration

I s 8 s
General Mean | 0507 9498 | 0°507 9508 - 0507 9503
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TABLE 2. Differences between individual and mean pendulums,

season 1931-32.

\The unit is 10~7 sec.).

Name of station CA v AB v
Dehra Dun (October 1931) ... + 2 -2 -2 + 2
Talegaon . + 9 + 5 -9 -5
Ahmednagar + 5 + 1 -3 -1
Jamkhed + 2 -2 -2 + 2
Bhir ... + D + 1 - 4 Q
Sangamner + B + 1 -5 -1
Satona + 6 + 2 -8 -2
Daulatabad + 4 Qa -4 0
Chikhli + 2 2 -2 + 2
Pusad + 8 + - X -4
Niagpur -1 -5 + 1 + 5
Kanker + 6 + 2 - -3
Jagdalpur + 4 0 -4 0
Bijapur (Bastar) + 2 -2 -1 + 3
Bhopilpatnam + 5 + 1 -6 -2
Bhadrachalam -5 -9 + 5 + 9
Sukma + 6 + 1 - b -1
Jeypore + 1 -3 -2 +r 2
Pottangi + 1 -1 -3 + 1
Singpur + 1 - 3 -1 | + 3
Tukia + 2 -2 i -1 i + 3
Jonk ... + 2 -9 v )
Sambalpur 0 - 4 0 + 4
Angul + 3 -1 -3 + 1
Phulhani + 0 + 5 -0 'l -5
Chnibasa +10 + 6 ; - 10 - 8
Midnapore + 3 —- 1 ‘ - 3 +1
Barrackpore —16 - 20 | +17 +21
Jessore + 8 + 4 , Y -0
Sari ... + 2 -9 : -1 + 3
Dhanbid + 7 0+ -7 -3
Kolebira + 8 + 2 — 8 -2
Ambikapur + 7 ! + 3 -7 -3
Mangawian i + 6 1 + 2 . -5 -1
RBanda + 9 —u — 9 + 2
Shahpur (Cawnpore) - + 3 : -1 -3 + 1
Budaun + 2 | ~ 2 -2 + 2
Haldwani + 1 1 - 3 -1 + 3
Bhowali . + 5 i + 1 — 4 0
Rinikhet ’ [ | 0 -5 -1
Darshani 113 ‘ + 0 —12 - N
Kumaria i -1 ! -5 + 9 4 6

i !
Rimnagar e +10 + 6 --10 -8
Moradabad . -8 ~10 + 5 ! +11
Bijnor 13 - _ 9 | v 2
Kotdwara +10 46 -10 — 6
Lansdowne ree + B + 9 -8 -2
Dehra Din (May 1932) v T + 3 -8 -2

i - o I —

Mean ‘ + 4 | - 4
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TABLE 3. Mean times of vibration and deduced values of g,
season 1931-32.

Name of Station CA AB Mean

Talegaon s| 05081328 0°508 1346 0508 1337
g 978358 978354 978356

Abmednagar s 0°508 1241 0°508 1251 0°508 1246
g 978391 978391 9768391

Jaimkhed s 0'508 1273 0°508 1277 0'508 1275
[4 978°379 978381 978380

Bhir s| 05081187 0°508 1196 0°508 1192
g 978412 978412 978°412

Sangamner H 0°508 1115 0°508 1125 0508 1120
g 978440 978'439 978'440

Satana s 0508 1001 0°508 1013 0508 1007
g 978484 978483 9768484

Daulatibad s| 0508 1074 0°50% 1082 0508 1078
g 978°456 978456 978456

Chikhli s| 05081039 0508 1043 0'508 1041
g 978469 978471 978°470

Pusad s| 0508 0912 0'508 0928 0508 0920
q 978518 978°516 978'517

Nigpur s| 0508 0676 0'508 OA74 0°504 0675
g 0978609 978'614 978611

Kinker s| 0508 0898 0°508 0911 0508 0904
q TR 524 TR 522 978523

Jagdalpur s| 0508 1168 0508 1176 0508 1172
g 978°419 978°420 978°420

Bijipur ( Bastar) s| 05081075 0'508 1078 0'508 1077
g 978455 978'458 978457

Bhopilpatnam s 0"H08 0821 0508 0832 0508 0826
q OTH BN 978553 978°553

Bhadrichalam 2| 0508 1042 0'50% 1032 0508 1037
g w8468 ATRATS 78472

Sukma s| 0508 1104 0508 1115 0°508 1110
g TR 414 0781 TS L4

Jeypore s| 05081245 0508 1248 0508 1216
q QTH390 a478°392 978301

Pottangi s|  0'508 1290 0°508 1296 0508 1293
) q 978372 7R BT 97RAT73

Singpur s| 0508 0924 0°508 0926 0508 0925
q 078513 97H516 978515

Tukla S| 0508 0760 0'508 0772 0'5084 0771
q 7RG | OTNBTE 97HBTIH

Jonk s|  O50R 0777 l 0508 0781 0508 0779
g TRAT0 | O7R5T2 O7R°AT1

Sambalpur s| 06080530 1 0508 0530 0508 0530
9 OTNEBS . OTRG69 7R GET

Angul s| OBOBOAYT . 0°50S 0523 0508 0510
q 978678 | OTH6T2 978675

Phulbani s| 05080870 | 0508 O8RT 0'508 0879
g 978'534 978631 978533

Continued.
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TABLE 3. Mean times of vibration and deduced values of g,
: season 1931-32—(contd.).

Name of Station CA AB
Chaibisa s 0508 0386 0508 0406
g 978721 978717
Midnapore s| 0508 0258 0°508 0263
g 978770 978772
Barrackpore s| 0'508 0176 0508 0143
g 978°802 978818
Jessore s| 05780111 0:508 0128
g1 978827 978824
Siri s 0507 9935 0507 9938
g 78805 978897
Dhanbad s 0°508 0140 0508 0154
[ 975'816 978'814
Kolebira 8| 0508 0558 0508 0570
q 978655 978654
Ambikapur s 0°508 0550 0508 0564
g 978657 978656
Mangawan s| 05080075 0508 0086
g 978841 978'840
Banda s 0.507 9811 0507 9815
[4 978943 908942
Shahpur (Cawnpore) s| 05079734 0507 9740
g 978972 978974
Bndaun s{ 05079508 0507 9512
[ 979°059 979061
Haldwani s 0'507 9657 0507 9659
g 979002 979005
Bhowali s 0°508 0234 0°H508 0243
g 978779 978780
Rinikhet L] 0'508 0266 0'H08 0275
(4 9THTET 9787767
Darshani 3| 0507 9965 0507 9990
g ) 975'883 OTH'BTT
Kumaria 8| 05079630 0507 9627
q ’ 979°012 979017
Ramnagar 3 0'507 95H0 0507 9600
g 979 032 979028
Moradabnd s 0507 9471 0507 9458
g: 979073 979082
Bijnor s 05079323 0°507 9128
7 979130 979°132
Kotdwara 3| 0507 9456 0507 9477
g 979079 aTA0Ts
Lansdowne s 1 0508 0088 0508 0100
g1 978836 079°835

Mean

0508 0396
978719
0508 0261
978771

0508 0160
978'810
0508 0119
978826

0507 9937
908898
0°508 0147
978815

0508 0564
Q7TN654
0508 0557
978657

0508 0081
978°841
0507 9813
978943

0507 9737
978073
0507 9510
9749060

0507 9658
979:003
0508 0239
97RTT9

0.508 0270
978767
0507 9978
978880

0'507 9629
979015
0°507 9590
979030

0°507 9465
979078
0°507 9326
979131

0-n0% 0487
(Rt
0508 0094
QT RID
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TABLE 4. Modern grawity observations in India.
{ Additions in field season 1931-32).
| !3’5‘ Stati Dat Height Latitude Longitudei - -
x‘,_!f:z: tution ate eigh N. B, ’ q 9=7, | 9=7y "’—10
| Seet |77 e ] emfsec? | em[sec? | cmlisec? | cm/sec?
2441 F| Talegaon 211131 2060 (18 44 01(73 40 44{978:356| —-014 | —-0R3 | —-048
247 I Ahmednagar ... [2411 31| 2164 (19 04 49(74 45 54/978-391( +-013 | —-060 | — 011
2047 N| Jamkhed 271131! 1906 (18 44 1775 18 20/978-380| —-004 | —-068 | —-021
%17 N| Bhir 301131 1753 |18 59 38(75 41 56{978-412| —-001 | —-060 | ~-013
%241 1) Sangamner 41231 1803 |19 -33 36/74 12 29| 978440 *000 | —-061 | —-020
2946 L Sntina 81231} 1854 (20 35 53[74 12 13/978-484| —-011 | ~-073 | —-035
1447N| Daulatibad 111231 1887 |19 55 06(75 12 46|978-456 | + 004 | —-059 | —-014
2355 D] Chikhti 141231 2076 |20 20 24/76 15 55/978-470| +-010 | —-060 | —-015
2 3 Ef Pusiul 171231 1109 19 54 46/77 33 43(978-517| —-008 | —-045 | —-009
75 0| Nigpur 211231| 1019 (21 09 1879 03 42(978-611| +:004 | —-030 | + -005
s 4 H| Kinker 271231 1325 20 14 43/81 30 30{978-523| — 001 | —-046 | —-008
2965 I Jagdalpur 3012311 1821 [19 05 32(82 O1 44/978-420| +-009 | —.052 | —-017
. [4085 B Bijapur (Bastar)| 3 132| 1150 (18 47 35[80 48 575978457 —-001 | —-039 | —-013
U 6B Bhopalpatnam | 6 132] 460 18 51 42|80 22 50(978:553| +:027 | +-012 | + 033
#65C Bhadrichalam (14 1321 173 (17 40 14/80 53 23| 978 -472| —-018 | —.024 | —-025
24 65 F| Sukma 18 132 630 |18 24 12(81 39 47/978 444 | —-037 | —-060 | —-040
24485 | Jeypore 22 132] 1959 (18 51 5082 34 30/978-391| + 005 | —-060 | —-023
%563 J| Pottangi 25 132] 3059 |18 33 56|82 58 03|978-373 | +:107 [ +-008 | +-038
246 55 M| Singpur 31 132| 1136 |19 29 54|83 18 40/978-515| + 018 | —-020 [ +-016
HTHLL Tukla 5 232| 682 20 14 57[82 51 08|978:575| —-009 | —-032 | —-002
US4 I Jonk 8 232 1015 |20 55 24|82 30 41/978-571| —-022 | —.056 | — 024
29640 Sambalpur 12 232| 564 (21 27 42[83 59 00|978-667 | —-001 | —-020 | + -004
250f73u Angul 16 232| 425 (20 49 57)85 06 11/978-675| +-032 | +-018 | +-032
5113 D| Phulbni 19 232 1540 (20 26 1184 13 48978-533| +-018 | —-033 | ~-007
%27 F| Chaibisa 24 2382 769 |22 32 4185 4% 35/978:719( +-002 | —-024 | +-006
23113 N Midnapore 28 232| 129 |22 25 16|87 19 35(978-771| +-002 [ —-002 | +-006
24]19 B Burrackpore 2 332 21 22 45 59/88 20 50/978-810| +:009 | +-006 | + 016
255279EJ Jessore 7 332] 22 23 09 41/89 12 33/978-826 | —-001 | —-002 | +-008
56730 Suri 11 3321 2064 (23 54 42/87 31 36/978-896 | + 043 | +-034 | +-055
271 I Dhanbad 14 3321 761 [23 48 08|86 25 40{978-815| + 015 | —-011 | + 020
28/13 B. Kolebira 17 332| 1880 (22 42 04[84 41 52)978-654| +-031 | —-032 | + -014
259 840! Ambikipur 21 332 1953 (23 06 48[83 11 50/978-657| + 014 | —+052 | +-002
260]6311 Mangawan 26 332 1038 |24 38 43[81 33 53/ 978-841| + 010 | —.025 | +-015
%163 C Binda 20 332| 420 (25 28 4580 19 54/978-943| —-003 | ~-017 | +-013
%263 B Shihpur
(Cawnpore) ... 1 432| 412 |26 27 50[80 15 29/978-973| —-043 | —-057 | ~-023
23153 P, Budaun 4 432| 551 [28 01 34(79 07 41/979-060| —-068 [ —.077 | ~.026
%453 0] Haldwani . 6 432| 1466 (29 13 21[79 31 57/979-003| —~-121 | — 167 | ~-045
26553 0| Bhowali .9 432 5600 [20 22 5979 30 52/978-779| +-031 | —-151 | +-001
%6153 0| Ranikhet 111 232 5944 (29 37 38(79 26 08/978-767| +-032 | —-159 | +.021
87630 Darshani 14 432 4996 (29 53 27|79 36 24/978-880| —-059 | —-187 | +.020
8153 0! Knmaria {18 4.32| 1886 (20 32 1479 09 43/979-015| —-095 | —-151 | —~.008
%3530’ Rimnagar 20 432! 1119 |29 23 37[79 07 20,979:030| —-139 | — 174 | —.052
270’53 L' Moridibid [23 432| 651 |24 50 53|78 46 07,979.078| --.083 | ~-115 | ~-045
LB Bijnor 195 432| 764 (29 22 49[78 08 017979131 —-070 | —-086 | ~ 016
MK Kotdwira 27 432] 1261 |29 44 3978 31 16/979-077) —-106 | ~.145 | —-024
273'5”, Lansdowne 29 432| 5568 (29 60 3078 41 00/978-835| + 047 | —-134 | +-031
———

Page lxii.
»  Ixiil.

»  Ixvi,

Corrigenda.

ment to Geodetic Report Vol. VI,

Supplement to Vol. VI.

Station No. 26, under Sheet No. rend 34.0 for 35.0

Station No. 67, under Sheet No. and Long. read 55.N and 79°
29" for 55.F and 77° 29’ respectively. .

Station No. 200, under latitude read 14° 27" 52" for 14° 17’ 527,

N°Tri‘h}s tr;.bliei is i;h;; Vso,cnn(il n;ldrernéizmigo tl-;éiiist of gravity stations given in the Supple-
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TABLE 5. Values of g—ryr.
S. of I—II S. of I—II
£z ’ £ °

o R - 3 2= a

| 85| g2 w | 23] g3
5 & 22 |97 | 97| 8 B = I e PO I

S| 1 | E9 2] 8% | ED

» SR ‘E & os p%
cmisee? | em sec® | emfsec? | cmisec? cmfsec® | cm/sec? | cmfsec’ | cm/sec?
228 | +.020 | —-019 | —-034 | —-023 | 251 | +.014 | +.028 | +:005 ; —-025
220 | +.021 | —-011 | +-001 | +-003 | 252 | +-008 | + 030 | +-020 | ~+006
230 | +-018 | —-013 | —-010 | —-003 | 253 | -+-001 | +-080 | ++020 | + 001
281 | +.017 | —-010 | —-001 | +-004 | 254 000 | +.027 | +-030 | + 015
232 | +.028 | —-006 | —-008 [ —.018 | 255 000 | +-024 | +.023 | +-011
283 | +.018 | ++005 | —-023 | —-034 | 256 | +-008 | +:016 | +-070 | +-063
234 | 4 -Ot& | +.001 | —-001 | —-008 | 257 | +:007 | +-018 | +:035 | +-022
235 | 4018 | +-006 | —-002 | —-014 | 258 | +:016 | +-026 | +.029 | —.001
236 | 4.012 | +-007 | +-004 | —-003 } 259 | +.020 | +-032 | +.017 | —-023
237 | 4+.010 | +-023 | +:018 | —.003 | 260 | +.010 | +-025 | +-031 | +-008
238 | 4013 | +-022 | +-004 | —-019 | 261 | +-004 | +-021 | +.020 | +-016
239 | +.004 | +.017 | —-004 | —-023 | 262 | +-004 | +-015 | —-006 | —-013
240 | +.010 | +-007 | —.002 | —-007 | 263 | +.005 | +-002 | —-007 | —-002
241 1 +-006 | + 006 | +-044 | +-044 | 264 | +.022 | —.011 | —-025 | —-024
242 [ +-003 | —-005 | ---015 | —-001 | 265 | +.038 | —-018 | +-021 | ++013
243 | +-008 | +-005 | —+024 | —-u25 | 266 | 4 .042 | —-020 | +-041 | +-031
244 | +-022 | +-014 | —-011 | —-035 | 267 | +.052 | —-024 | + 050 | +-034
245 | +:024 | +-012 | +-049 | +-025]| 268 | +.028 | —-017 | +-.012 | +-013
246 | +:020 | +-021 | +.028 | —~-001 | 269 | +.018 | —-016 | —-032 | —-022
247 +-010 | +-024 | +:010 | —-012 | 270 | +.006 | —:004 | —-026 | —-016
248 | +-011 | +-028 | —-011 | —-038 | 271 | +.008 | ~.007 | +.004 | +-015
249 | +:005 | +.031 | +-017 | —-007 | 272 | +:020 | —:017 | —-004 | +-005
250 | +-006 | +:030 | +:045 | +-021 | 273 | +:033 | —.020 | +-052 | +-051
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TABLE 6. Values of g—nyct
a g =] = i a e
; 25 g- S| g- k] Sa|g- Sq | o=
§£ } LR P gﬁ I ™Y gé’ I =Yg §z° 7Y :’jé’ 9=Y¢ Eé Lo M
5] w wn w0 w w
1|--010] 55 |+-013 | 109 |—-021 | 163 |+ -003 | 217 |—-004 | 271 |—-032
2 (=072 56 |+-004 | 110 |+ -014 | 164 |+-032 ]| 218 [+.010| 272 [--040
3 (+-045 [ 57 |+-005 | 111 {—-026 [ 165 (~-002 | 219 (—-039{ 273 |+ -015
S 58 |+-020 | 112 |+-019 | 166 | -000 | 220 |~ .039 .
51+ 037 1 59 |—-006 § 113 [+ -031 | 1687 |+ -021 | 221 |~ 011 Stations of
6]—-012] 60 |—-013 | 114 +-.030 | 168 |~.032 | 222 |~.014 Exvedition
T[=-012 ] 61 [—-010 | 115 |+-022 | 169 |+ -009 | 223 |~ 038 |yyoou
8 [+-022 [ 62 |+-012 f 116 (—-003 | 170 |—-023 | 224 (+ -027 Hodur |+ -021
9]-~-037] 63 1--009 | 117 |+ 006 | 171 |—~-025 | 225 |~ -004
10 /~-014 1 64 |—:005] 118 |+-003 | 172 [+ -002 | 226 |—-008 - 079
10|+-004 | 65 |~-021 | 119 |—-030 | 173 |~ -024 [ 227 |~ 026 [2eeor®| ™ 40
121056 | 66 |—-021 1120 |—-046 | 174 |~ 020 | 228 |- 066 o
B Yar- _—
13 1+-015 | 67 [+-018 | 121 [—-071 | 175 [—-031 | 220 [— 020 [5o%:,
I41--007] 68 [+ 013|122 |~-055 | 176 |—-026 | 230 |- 039 o
15 }+ 031 69 |—-020 1 123 |—-071 ) 177 |—-063 { 231 |—-031 Dr. V. Meinesz’s
16 14+.020 | 70 —.008 | 124 |~ 084 | 178 |~ .061 | 232 = .0ag | Scvstation
17 (+-002 | 71 |=-045 ] 125 |~-079 | 179 |- .045 | 233 |— 053 -
8 ~.014 | 72 |—-002 [ 126 |~-102 | 180 [—-0%76 | 234 |—.032 15 |+ -002
190+ 024 | 73 1—.022 | 127 [—-108 | 181 |—-059 | 235 |—-0a1 | 16 [—-024
2014021 74 |—.036 | 128 |—-105 | 182 |~.077 | 236 |- -027 | 17 |—-026
21 |~.088| 75 |—-013 | 1209 |—-116 | 183 |— 077 | 237 |- .013 ig —'821
- Uy
22 1+.003 | 76 |+-008 | 130 |— 016 | 184 |+ -050 | 238 |- -026 20 |—-083
31080 | 77 |+-008]131 |~-038 ] 185 |—-057 | 239 |—-035 | 21 |—.05%
2 |—-047 | 78 |4.005 | 132 |—-063 | 186 |—-059 | 240 [~-032 | 22 |- .00
25 (+.022| 79 (+.010 | 133 {~-040 | 187 |~ -048 | 241 |+ 015 53 —-020
26 1—.075{ 80! .000 134 |—-053 ] 188 |—-033 | 242 |- 04t 24 — 014
27 |~-019 81 |+.014 | 135 |~ -045 [ 159 {—-046 | 243 |— 058 23 13%?
2 1--009 1 82002136 |—-005 | 100 |~ 031 | 244 |—-041 | 27 |Z.007
291033 | 83 |—.015 | 137 |+-002 | 191 |- 044 ] 245 |+ -020
30 |—.060) &4 [+:008 1138 |+ -028 | 192 [—.044 | 246 |- .002 {——|——
31 |—.045 1 85 )+ 013 {@39 [+-017 | 193 [—.037 | 247 |- -020
32 1-.023] 86 |—.014 | 140 |+ 020 | 194 |—.059 | 248 |~ 042
33 {—-008 | 87 |—-042 | 141 |+ -075 | 195 [— 086 | 249 |— 014
34 (—.011 ]| 88 {~.045 | 142 [+ 047 | 196 |~ .005 | 250 |+ -015
35 1—.0131 89 |—.008 | 143 [+ 080 | 197 |—.061 | 251 |~ 025
3 |~-.012| 90 {—-022 | 144 |+ -002 | 198 |~.046 | 252 |~ 012
371+.003 ] 91 |- 031 ) 145 |+-006 | 199 |—-091 ] 253 |- -012
38 1+.017| 92 —.009 | 146 [—-003 [ 200 |—-089 | 254 |~ 001
3 1+.010| 93 |--074 ] 147 |~-007 | 201 |~ 059 ] 255 [~ 009
40 (044 | 94 |~ 087 { 148 |+ -019 { 202 (—.053 [ 256 (+-038
41042 95)~.019 | 149 |+ -035 | 203 |—.041 | 257 [+ -003
42 |--010| 96 |+-009 | 150 |+ -002 | 204 |—.023 | 258 | ~-003
43 1—.087 | 97 |+ 005 | 151 |—-040 | 205 |—-020 | 259 [~-015
41052 | 98 |+.002 | 152 |—-036 | 206 |—-0m | 260 |- .002
46 —.007] 99 [+:022 1 153 |—-010 | 207 |~ 036 | 261 |~ .004
46 1-.051 1 100 |—.008 | 154 |+ -008 § 208 |+ -007 | 262 |~ -040
F)=-028 1101 1—.024 ] 155 |~ -007 | 209 |—.000 | 263 |~ 042
#1032 | 102 '+ 012 | 156 [—-003 | 210 [—-009 | 264 |~ 081
49 1— 037 | 103 l_-nzz 157 |- 009 | 211 [—.005 | 265 |~ -015
500 ~-01a 104 1 000 158 |—-a07 | 212 | 009 | 266 |+ -005
51+ -029 | 105 [~ 002 | 159 |— 026 | 213 {4 .009 | 267 |+ .013
52 |+ .012 | 106 J--ooe 160 |—.024 ] 214 |—.033 ] 268 |~ .024
53 1+-002 f 107 |~.025 | 161 |— 023 | 215 |+ .045 | 269 |~ .068
64 [+.008 | 108 l—-oas 162 |—-.010 | 216 {—.021 | 270 |~ .061




CHAPIER V

TRIANGULATION

BY CapTaiN G. BomFoORD, R.E.

1. Summary. The season’s programme consisted of primary
triangulation in Baluchistin with one detachment, and comprised
the reconnaissance and observation of the Dalbandin Meridional
series, which runs roughly along the meridian 65° East, and connects
the Kalat and Makran Longitudinal series.

Astronomical observations were made for latitude at 7 stations,
and for azimuth at 5. These provided additional data regarding the
form of the geoid in Baluchistan, of which the outline has now been
determined.

2. Strength of the party. The field detachment was
organized as follows:

Observing ... Captain G. Bomford, r.E.
1 Recorder.
16 Khalasis.
9 Escort.
Station-building ... Mr. Khushal Khan, sub-Asstt. Supdt.
15 Khalasis.
9 Escort.
13 Heliotrope squads ... 3 Khalasis each.

3. Transport and supplies. 55 camels were engaged as
permanent transport, and a variable number of donkeys in addition
(up to 15), for moving light camps over difficult ground. On the
average it was found possible to get donkeys up to about 1,000
feet below the stations, although at some stations the building
material, camp and water had to be carried up 2,000 fect or more.
It was sometimes possible to engage 5 to 10 local men to help in
this work.

Although the country has a bad reputation for shortage of
water, sufficient good water was nearly always found at the hei_tds
of nilas in the hills on which stations were built. When marching
from station to station it was found convenient to carry enough
water for one night, but it was never necessary to camp for two
successive nights out of reach of water. In winter the local camels
only require water every second day, and can go without it for a
third, if necessary.
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- |1838-41 (0567 Hyderabad
|1840-740-390|0-36] 61| Malabar Const
) 62| Jodhpur Meridional
. [1842-6211-187 63| South East Coast
1842-67/2-176
1843-451-507|1:81| 64| Eastern Sind Mer.
65 Siam Branch Triangu-
North Malincha Mer, o | 1844-4611 266|142 lation e
elumlwﬂi Meridional ... |1844-69(0-841/1:06] 66| Mandalay Meridional ey,
. ... |1845-47(0-973(1:21 ‘
t L 67| Mong Hsat *
16 | Caleutta Meridional .. [1845-48/1-173(1-99] 68 Manipm- Longitudinal
17 | South Malancha Mer. ... [18435-53[1-606|1-97| 69| Makran Longitudinal
18 | Khanpisura Meridional ... |1845-62|1-227(1:07 70| Mandalay Lon
|19 G‘uzrwd;i Mt;"idional « |1846-47[1-165|1-55] 71| Manipur Mer. -
20 | North-East Lon, oo |1846-55(0: 446065 =
91| Huitaong Meridional ... |1848.53)1+502 1-927 72| Great Sulveen (s 105)
73| Kidarkanta
22 | North-West Hi o |1848:53(0-641 |0-55] 47| Kal inal
23| Gurhagarh Meridional ... |1848-620-913|1.21] T4 %:,:2,,’;;’."&“}‘,‘3;;@.
24| East Coast . |1848-63 |0+ 608 0+ 71 lation
25| Kavachi Longitudinal ... |1849-53|0-558)0-60 ita
26| Abu Meridional - [18s1.52]0-617 0. as| 17| §orth Baluchistin
27| North Parasnath Mer, - [1861-52(0-89511-25) g | Khasi Hills
28 | Kathicwar Meridional ... |1852-56(0-990(1-11
20 | Gujarat Longitudinal « |1852-62(0- 859|112 2(1’ ﬁ?ﬁfalﬁrﬁgﬁddy
30| Kathiawar Lon. 1853 (1:4811-34) o | Bhir 191112 0
31 | Sibarmati +oo |1853-54(1-848 (2. 84 anohi 1911-12 [1-8:
32| Great Indus - [1853-61/0-359 0. 43] 53 32,'::‘;‘,‘,;,.,,,, 1911412 |
33| Rahon Meridional - [1853-63(0-327(0-87| g~ Sambalpur Meridional 1911-14
34 | Assam Longitudinal <o | 1854-8010-579 1071} 4 A i i 012-13
35 | Cuteh Const ... |1855-58 |0+ 986 127 :‘; ;;',;‘,:’nﬁ;;“’““ Connect"",l,, 1913.13
36 | Kashmir Principal + | 1855-60)0+884(0+86] gq | Ashta o | 1913-16
a7 | Jagi-Tila Meridional e |1865-A3|0- 481|059 : 1913-14 (0
38 | Sambalpur Lon. .- [1856-570-8080-87] fo g:,’;‘:.':; 1913-14
38| (Cuteh) Const Line - |1856-600-975(1-47] gy Naga Hills 1913-14
40| Kathiawir i 5 1914-15
1| gieridional No. 1 - |1858-59{0-030|1-51| 52| Middle Godavari 191415
athiawar e H14-15
Meridional No, 2 . |1850-60(1-247[1.75] 4| Chehar =
42| Kithiawar 1911-14
Meridional No.3 .. 1850.6010-0691.4a] o | Fombay Tsland 191617
; -1
43| Bidar Longitudinal . |1859-72/0-311 |0 30| 7 | Bigalkot wa
44 | Eastern Frontier or 1925-27
Shillong Meridional .. |1860-64(0-408 0. 40] 60 | om0 162748
45 | Sutle - [1861-63/0-346(0-53) 1 5 | Pagh s war 1927-28
Madras Mer, and Caast ... |1861-68)0-426 0. " 8
47 Kithiawar Sy - 102 | North Waziristin 1027-28
| Meridional No, 4 . [1863-64(1-154 173|108 | Chittagong Ly
48| Bast Caleutta Lon. (1863 69[0-379 |0+ 57104 Mong Heat Rt
49| Mangalore Meridional ... |1863-73]0-440(0-45]105| Great Salween 1929-31
50| Kumann and Garhwal .. | 186485/ 1743|150} 108 | Burma Coast 1830-81
mi Nisik .| 1884-65(2: 033 3~12'107 Dalbandin 1931-32

Mer, = Meridional

* Replaced by 104,

Lon, = Longitudiﬁni.




ALl Rhh L
Cn O TR
"'_ | T ‘ - ]
ONa ataha i 0] i
: su g A
| - 1 \*
31 (g AN
] Karieh B doribia i i [ s 'f: F A
[ Karmg s e I T iy
ol y - ] A
: | i i ‘ ! ¥
I J .\ ‘“@ .
‘ o ; ¥ an
36 i g : B\ Korigoria Hi | . : 1 v
¥ 0 ! : A o o . ‘ e il r "
W - -~ k =
’6 @ ‘h N - 5 i T0 G i
E i \ ,‘
i v ‘F Q A; o N
i | . | : I
! 8 RS |
i @ s ; wa 1(
‘ )
Bas . )
i 16 vV ; »
i 3 \ " 4. 3 g
I REFERENCES ‘ ’ ’ B~ =
f 4, &
Series of Triangulation .. .. ... i 86 = ; =
: 66 Additions since 1981 iy i s eraap e » MAN \
| MADRAS Number of Series (Vide table opposite) ... . .. 28 Sy fo— = 5
]| — Base Line R | |SLANDS s GULF
i‘ ! Astronomical Azimuths. v van ol Port Blair 0 o M N
| | Triangulation series and bases of Ceylon,Siam, = ° wes N A | .
I Indo-Chins, Malaya & Russia are shown in red. | @ " “ 05 B o ! k
i } 6 lu some cases where stations lie very close “ 87 1 . ' - :
| i to each other some are omitted. ) -
| ! f }
\' il \ e i b
- 8.[,'-~ s, O Trincomalee - N a A
! NICOBA = N N
| e 2, IBLANDS NS '
' - Scale 1 Inch=250 Miles or 16,840,000 . LN .
| | Milesto 0 100 w0 30 400Miles 88 @7 ‘ o
et i —— " s | \. { A% ‘ = i,
1 | S
= - e i e e - - - = = jl e L_:L;,,V: - ~ e - == 71r G . %
84 68 72 76 80 84 88 92 96 100 10kl

RegWNo 31 0001932(6.0)8.1- 325 ? d under the direction of Brigadier R. H, Thomas, D, S. O., Surueyor General of India,  Hellozincograohea at the Survey of Indi |







Crar. v.] TRIANGULATION 67

No supplies, other than water, firewood and grazing, can be
obtained in the area visited, except at Dalbandin, Kharin Kalat,
Panjgir and Jau, and about one month’s supplies were generally

carried.

In the matter of supplies and transport, the party was
fortunate in receiving the most willing assistance from the Nawab of
Kharan.

4. Narrative of season’s work. The station-building
detachment left Dalbandin on 1st November to build a station on
the Ras Koh. The observing detachment left on 3rd November to
assist the reconnaissance by building Malik Surinda H.S., where
they were surprised to find a station already built, probably by the
party engaged on the Kalat Longitudinal series in 1908. It was
consequently only necessary to post the helio squad. The highest
point on the Ras Koh (9,872 ), on the other hand, proved to be too
narrow for the building of a station, and no other near point could
be found from which all necessary stations were visible. The
difficulty was eventually overcome by the observing party building
a new station, Shehin, on a hill 5 miles west of the Rias Koh, and
revisiting Kisanen Chappar H.S. from which observations to an
unsuitable point on the Ras Koh had already been made. The
work then proceeded according to plan without unforeseen difficulties
securring.

Trouble had been expected from the great length of some of
the rays employed, especially from that between Malik Surinda H.S.
and Choto-i-jik H.S., which is 80 miles long, across the Kharan
desert, but in the clear air of Baluchistan they caused no difficulty,
8 12-inch heliotrope often appearing uncomfortably bright in the
telescope. This ray is notable as the longest side in the figures of
the Indian geodetic triangulation.

Examination of existing maps had suggested that the stations
at Razak and Choto-i-jik might not be intervisible, and this proved
to be the case. Any other siting of these stations would have
greatly reduced the strength of the triangles crossing the Kharan
desert, and the difficulty was overcome by the expedient described
In para 5.

Mr. Khushal Khan had completed the building of his 10
stations by 28th December, and he posted the last heliotrope on
Bn'/,;_;'n]nband H.S. on hth January, within a few hours of the time
appoi ted in the programme drawn up before work started.  Obser-
vations were completed at Churchuri H.S. on Lith January.

The party was favoured with very good weather, only four
days being wasted by reason of had visibility, althongh thin layers
of high cloud frequently caused much anxiety and annoyance by
dimming the heliotropes. There were occagional showers of rain,
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but only two really wet days. Some discomfort was caused by a

very cold north wind during parts of December. The health of the
party was exoellent.

5. Ray Razak-Choto-i-jik. As mentioned above, these
two stations were not intervisible, while it was most undesirable to
adopt a shorter side as a base for the large triangles to the north.
The following expedient was therefore adopted. A third station,
Puchinak H.S., almost in a straight line with the other two, was
built on the intervening ridge, and observations were made between
it and Choto-i-jik and Razak (see Chart XIV). The ratio of the
sides Choto-i-jik—Puchinak and Puchinak-Razak was also determined
by observations between Puchinak and Zangilak H.S. The small
angles Puchinak—Choto-i-jik—Razak and Puchinalk-Razak-Choto-
i-jik can be determined from the above data, with the result that
the angles of the triangle Salambek—Choto-i-jik—Razak and of the
quadrilateral Choto-i-jik—Gandan can be calculated, and these
figures can be computed as if the stations at Choto-i-jik and Razak
had been intervisible. The indivect determination of the angles
involves a little loss of strength but much less than would have
resulted from any possible re-arrangement of the lay-out.

6. Wild theodolite. The instrument employed was Wild
Precizion Theodolite No. 59. This instrument had just been to the
makers for reconditioning, and was in perfect order. It worked
excellently, and caused no anxiety or trouble. Details of the out-
turn of work, and accuracy, are given in Table 1. The average
triangular error of 0”71 is well up to the usual primary standgrd,
while the out-turn, of 9,650 square miles in 9 weeks of observation,
exceeds what could be hoped for from a 12-inch theodolite even under
the favourable conditions enjoyed in Baluchistan.

The programme of observation was 3 measures tace-right or
3 face-left on each of 20 zeros, intersections of each station being
made in pairs and repeated if the difference exceeded 2 seconds.
With this programme a station with 5 or G rays can be completed
in a single full day if the heliotropes are showing steadily, but at
all except one station observations were spread over parts of at le.‘.ast
two days in order to lessen the risk of serious lateral refraction.
This was the more important since no observations were made at
night, the Arganl lamps being dispensed with on account of trans-
port ditliculties.

7. Connections with other triangulation. Table 2
shows the closing error of the cipeuit formed by the Kalat, (+reat
Tudus, Makviin and Dalbandin series. The first three of these have
already received some provisional adjustment, so that the figures
given are not those which would have arisen if the circuit had been
computed by itself.  The zero closing error in log side is, of course,
attributable only to chance: if the previous adjustments hail heen
ignoved, it would have been 0-0000057. a reasonable valuc. The
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closing error in position, about 13 feet, represents 1: 250,000 of
the length of the circuit, which is satisfactory.

In accordance with the usual custom, in order to provide self-
consistent values for immediate topographical use, the closing errors
have been distributed through the Dalbandin series, without
disturbing the series which have already been adjusted. The small
size of the closing errors has made it possible to distribute them by
a less elaborate method than that usually employed, without doing
undue violence to the observed angles.

Several stations of the series are identical with stations and
intersected points of old topographical or exploratory triangulation.
The errors of the latter are shown in Table 3. The points concerned
are all sharp and no considerable part of the discrepancies can be
attributed to lack of identity. Although the errors are large, as
judged by modern standards, the majority are barely plottable at
the scale of } inch =1 mile, and they show that the old triangula-
tors maintained a standard well suited to the work which they had
in hand.

8. Astronomical observations. With a view to adding
to our knowledge of the form of geoid in Baluchistan, astronomical
latitudes were observed at the 7 stations forming the eastern flank of
{he series, and azimuth was also observed at 5 of them. The results
wre given in Table 4.

The latitude programme consisted of observations to Polaris
and three circum-meridian stars, two south and one north. Three
face-right and three face-left measures were made of each. The
computations show a surprising fact, namely that the latitude
derived from the south member of a north and south pair was
invariably greater than that derived from the north member, the
average being 4”-2. See Table 5, columns 2 and 8. Such discre-
pancies ave generally attributed to error in the assumed refraction,
but such a large difference is hardly possible on this account. More-
over, if this was the cause, the difference should be greater in low
altitude pairs than in high, which is not the case. It is thought
the discrepancy may be due to the fact that no diagonal eye-piece
or reflecting prism was used, and that under these circumstances
the observer tends to look into the eye-piece somewhat from one side.
If parallax is present this discrepancy will then result, but it is
hard to see why it should be of the same sign at 7 diffevent stations.
The accordance of the means of high and low altitude pairs suggests
that fairly accurate cancellation has taken place when north and
south pairs are meaned, and from the last column of the table 0”-6
18 deduced as the probable error of the mean at each station. This
18 sufficient for the object in view.

The azimuth programme cousisted of observations to Polaris,
one face right and one face left on cach of 10 zeros. The accord-
ance of zero means gives an average probable error of 0”45 for
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the astronomical azimuth, which after multiplying by cot \ i
equivalent to 0”85 in the deduced deviation of the vertical,

The Wild theodolite has sometimes been ecriticized on the
grounds that it is not well adapted to astronomical work. This
criticism is thought to be entirely unfounded. A programme of
4 latitude stars, 6 time stars, and azimuth on 10 zeros was com-
pleted on the average in 3 hours, in very cold weather.

9. The Geoid in Baluchistan. Chart XV shows all the
stations in Baluchistin at which the deviation of the vertical has yet
been observed, and the anomalies found. The data are hardly
suflicient for an accurate determination of the form of the geoid, but
they fall roughly into two lines along which fairly accurate integra-
tion is possible. Starting at Vijnot 'I'. 8. with the compensated geoid
25 feet above the International spheroid (see Geodetic Report
Vol. VII, Chart X, fig. IL), integration via Jacobabid, Quetta,
Dalbandin, Jau, and Karachi, to Khori T. 8. gives the height of the
compensated geoid there as 44 feet. This does not compare very
well with the value of 30 feet shown in Geodetic Report Vol V,
Chart XII, but the western edge of the geoid as shown in the chart
cannot be considered to be well determined. Geodetic Report Vol. V1I,
Chart X has shown that the 20 and 25-foot contours required
to be bent considerably to the north between longitudes 68°and 70°
so that it is probable that the 30 and 35-foot contours require some
similar moditication. In this case Khori T.S. would about fall on
the 35-foot contour, leaving an error of 9 feet to be distributed
round the circuit. This has been done. A second line of deflec-
tions extends westwards from Dalbandin, and with the height at
Dalbandin determined, integration along it presents no difficulty.

East of longitude 65° the prime vertical deflections depepd
either on longitude stations, or on azimuth stations which are 1n-
cluded in a well-closed circuit of triangulation. See Table 2: ’fhe
closing error in azimuth is only 1”-3. The small difference of 0" 9
between the prime vertical anomaly at Dilbandin longitude station
and the nearby azimuth station at Kisanen Chappar (No.8) also
suggests that there has been no serious accumulation of azimuth
error, and that these prime vertical deflections are accurate. West
of Dalbandin, on the other hand, the prime vertical deflections
depend on the azimuth of an unclosed series, and the 5”7 difference
between Warechah longitude station ( No. 3) and Tuzgi azimuth
station (No. |) suggests that the azimuths may be in error b'_v
2 seconds or 8o, although the two stations are too far apart for tlhls
to be more than a suggestion, and the quality of the triangulation
is such that an error of 2”7 in azimuth is not to be expected.

Tt may. therefare, he coneluded that east of longitude 5° the
broad outlines of the compensated geoid are covrectly shown along
the eircuit of integration, but that the further geoidal rise to the
west although probably correct, is not so certainly established.
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The great separation between the compensated geoid and the
International spheroid is notable. Even in the well-established
prt it is 50 per cent greater than has been found anywhere else
p India, and the gravity anomalies (see Chart VII), do not
nggest that this geoidal rise is due to local excess of mass.
hesumably the rise is simply evidence of the general bad fit
ktween the International spheroid and the geoid in this part of
ida. If the Swrvey of India No. IT* spheroid is adopted as a
fowre of reference, the geoidal anomalies are considerably reduced,
ithongh they remain large: the rise from east to west between
lngitudes 70° and 61° is reduced by 20 feet, and that from north
nsouth between Quetta and the coast is reduced by 15 feet. A
ssideration of the geoidal form and of the intensity of gravity in
fashmir ( see Geodetic Report Vol. VII, Chapter IV, Section I)
hs suggested that the International spheroid does not fit the com-
pensated geoid well, and the present extension into Baluchistin
onfirms this opinion: it even seems to go further and to call for a
pheroid with a larger major axis and consequently greater flatten-
ing than the Sulvey of India No. II spheroid.

TABLE 1. Primary Triangulation 1931-32

Dilbandin Meridional Series

Season .. . 1931- 32
Number of new qtn.tmnq bmlt . 12+
Number of stations observed at . ‘ 14
Length of triangulation in miles e 190
Area in squarce miles s 96501
Mean length of sides in miles. .. 1k
Number of triangles observed 20
Average triangular error . . 0”771
Maximum triangularerror .. . : 1789
' Value of m . - 07472
Value of M § 0 -2
Value of p || . 4 55 feet
Value of T || 3 09 feet
Order of merit ... - S (eq)
Instruments used . . Wild No. ho
\
* 0 =6,378,541 metres, b=6356,07T3 melres,  1fe = 2024

t Includes two stations of extension into Alaukrin, built and observed to.
but not visited

1 Includes 3/5 of arca of partially olserved figure of extension into Makrae.

§ See Professional Paper No. 16, page 91

Il See Geodetic Report Vol TIT, page 27.
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Closing errors of Dalbandin Meridional Series,

(a) In terms of
Kalat Long. and
Dalbandin Mer.

(b) In terms of
Makrin Long

(a)-(b)

Latitude of Buzgalaband H.S.
Longitude of Buzgalaband H.S. ...
Height of Buzgalaband H 8. (feet)

Log side Buzgalaband-Kapar

Azimuth of Kapar at Buzgalaband

26° 30’ 04”-23

68° 28" 04”7

26° 30’ 04733

65 37 28 .01 | 65 37 27 -93
3369 3361
5:0826793 5.0826793

68° 28" 03"+4

—0".10
+0 .08
+8

0-0000000
+17.3

TABLE 3.

Connections with old Topographical triangulation.
Latitudes and Longitudes in seconds, heights in feet,

Discrepancy. New minus Old

Station
Khirin An. Tate Talbot Kitchen
1883-84 1889-90 1889-90 1889-92
Lat. + 2-44*% — 198
Malik Surinda ... | Long. — 1-86 + 7-42
Height —-62
Lat —0-70% + 3:35 + 117
Razak Long. +1-02 + 479 4 0:09
Height + 1 -3
Tiat. + 2-99 + 1-90
Choto-i-jik Long. + 6-94 + 0-08
Height +11 -9
Lat. + 0-96
Gandan Long. - 0-38
Height + 1
Lat. + A-Rb + 1-70
Zangilak T.ong. + 716 - 040
Height +26 +19
Lat. + 53* + 1:0%
Churchuri Long. + 61 1-4
Heigrht +23 6
Lat. I
Kandahari L(mg — 12
Height 428

* Intersected point of old triangulation,




DEFLECTION STATIONS

Second Addendum to Table 1 of ‘ Supplement” to G. R. Vol. V1.
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TABLE 4
S 6 Inée:nutio(;ml Calculated Deflec- Cnlculr;!;sgsDeﬂec.
. pheroi tions
Al & Height  Deflections Hnyford System I%Zﬁﬁl}‘,ﬁ,’;,’,f“f;‘
- » Observed at in 2584 mil
é & feet . ~01 miles
#| @
Meridian| P.V. |Meridian] P V. |Meridian| P.V.
624 | 34 G | Pulchotau H.S.| 4253 [+ 21 |— 0-4| +1-6 | —1-3
625| 34 H | Shehin HS.| 8699 |+ 67 |+ 39| +2*| —3*
626| 34 H | Salambek HS | 2178 |— 1:5 |+ 2-4 | —0-7 | —2:0
627| 35 E | Razak HS. | 6775 |+ 81 +3 *
628| 35 E | Gandan  H.S.| 7522 [— 5-1 —7 *
629 | 35 F | Churchuri H 8. | 6815 |— 7-5 |+13-2 | —8 * | +5 *
630 | 35 I | Buzgalaband 3361 |- 8-0 |+188 | —8 % | x2 *|
H.S.
| ;

absence of adequate maps.

* These figures may be in error by two or three seconds on account of the
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DEFLECTIONS 1931-32.
EVEREST'S SPHEROID ]
=
Nome of Deflections 'E'
Latitude Longitude Azimuth ob:etfvt:lmfor )
Azimuth Meridian| P.V.
o ’ " o s " -3 ’ " ” "
A 29 11 04-6 A 79 27 35-3 | Kisanen 624
G 2011 06:9 | G 6505 47-8 | G 79 27 31-4 |Chappar H.S |— 23 [+ 74
A 28 49 52-1 A 110 16 55-3 | Kisanen 625
G 2849496 | G 6506 08:9 | G 110 16 49-1 {Chappar HS.|+ 2.5 |+11-3
X 28 17 35°9 A 175 28 144 626
G 2817414 G 6509024 | G 175 28 11-7 | Shehin H.S. \— 55 [+ 9.7
A 27 42 175 627
G 274213-2| G 6523 585 + 43
A 27 16 34-1 R T 628
G 2716429 @ 6535073 - 88
A 26 53 32.7 A 106 17 37-4 | Zangilak 629
G 265343-6| G 6539047 | G 106 17 26-3 H.S. [~10-9 [+20-3
A 2629 53-0 A 183 29 54-8 | Churchuri ' 630
G 2630043 |G 6537280 |G 183 29 41-9 —~11-3 +25~9|

Corrigendum. Supplement to Vol. VI, page xv.

Station No. 2, under Longitude, for 60° 5" 10”90 read

60° 55" 10” - 90.

Notk:

Minus sign denotes N. or E. deflection of the plumb-line.
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TABLE 5. Astronomical Latitude.

Latitude by south star | Latitude by
minus mean of
Latitude by north star |low altitude
: - e m e ———————| pair minus
Station . Latitude
Low High by hizh
altit_ulde altit}lde a.lytitugde
pair pair pair
Col. 1 Col. 2 Col. 3 Col. 4
" T " i
Pulchotau +1-5 +0+6 -1-3
Shehin ... +2-8 +8-2 +0-3
Salambek +2-7 +4-4 —~1-3
Razak ... +6-1 +4:0 +1:0
Gandan ... +4-0 +4-2 +2:7
Churchuri +6-7 +9:0 +0-9
Buzgalaband +3-3 +1-3 -30
R. M. S.
Mean+3+9 |[Mean+4-5 —1"-90

Probable error of mean at one station = 4 x 0-67 x R.M.S.

= 0" 63.
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CuaprEr VI
LEVELLING

BY Licur. I. H. R. WiLsoN, R.E.

1. Organization. Three detachments were formed and
employed throughout the season as follows: two on secondary
levelling, and one on tertiary levelling.

No. 17 Party (Levelling) was amalgamated with No. 15
Party ( Triangulation) from 1st March 1932 under the designation
of No. 15 Party ( Triangulation and Levelling ).

Secondary levelling was carried out for the Bhakra Dam
Project ( Punjab Iirigation ), for the Bihir and Orissa P. W. D.
(Irrigation Department), and for the Lloyd Barrage Project.
Tertiary revision levelling was ecarried out in Bahawalpur State,
where discrepancies between the Survey and the P. W. D. had come
to light. This amounted to the revision of some 445 east-and-west
lines and partalling in 67 sheets.

2. Summary of out-turn. The total out-turn of levelling
vas as follows :

Secondary levelling 778 miles ( 870 gross )*.
Tertiary levelling 4,560 miles.

3. Work of detachments. No.! detachment under Mr.
P.B. Roy, with Computer I. M. Saklani as second leveller, and
Mr. A. P. Datta (U. S. S. Probationer under training ), was employed
on the following secondary levelling in connection with the Bihar
and Orissa flood avea drainage scheme :

(@) Charibatia to Kendripira, partly along Kendrapira
canal, but the major part was across country via Rangini,
Rajnagar, and Kiarbank, crossing en route the Dhamra river
which is about 1} miles wide, by both Target and Vertical
Angle methods. Total mileage 89 miles ( 102 gross ).

(b) Kiarbank to Puri, partly along unmetalled roads, and
partly across country via Anauntpur, Michgaon and Kondrak.
Total mileage 89 miles ( 95 gross ).

(¢) Puri back to Puri, across country as far Jankia and
then along metalled roads via Khurda and Pipli. Total mileage
89 miles (94 gross).

*  The first of theso figures represent the direet distance levolled between
terminal bench marks. The gross total includes additional check-lovelling at ends
and branch-lines to G, T. Stations ete.

7
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No. 2 detachment under Mr. I.D. Suri, with Computer Hamid
Ullah Khan as second leveller, and Mr. Gopalaiengar (U. 8. S,
Probationer under training }, was employed on the following second-
ary levelling for the Bhakra Dam Project ( Punjab Irrigation ):

(a) Bhiwani to Bahadurgarh partly along the railway line
and partly along unmetalled and metalled roads via Dadri and
Jhajjar. Total mileage 78 miles ( 80 gross).

(b) Hansi to Bhatinda, partly along Hissar distributary
of the western Jumna canal and partly along the railway line
via Jind and Jakhal. Total mileage 136 miles ( 140 gross).

{¢) Mansa to Sohuawala, partly along Musha Branch canal
and partly along the camel track via Phaggu. Total mileage
41 miles (51 gross).

(d) Badopal to Narwana, partly along the metalled road
and partly along Sirsa Branch canal via Suanyana. Total
mileage 47 miles (67 gross).

(e} Narwana to Rijpura, partly along the road and partly
along Sirsa Branch canal via Kaithal and Patiala. Total
mileage 91 miles (112 gross ).

{f) Doraha to Patiala, along Patiala Branch canal (Feeder)
and the Patiala navigation channel via Bharthala and Rohti.
Total mileage 42 miles ( 43 gross ).

(g) Chandigarh to Doriha, partly along metalled road
and partly along the Sirhind canal via Rapar. Total mileage
72 miles ( 82 gross).

No. 3 detachment under Mr. A. A. S. Matlub Ahmad, with 11
levellers and 1 camp assistant, were employed in revising some of
the levelling carried out in Bahawalpur State for the Sutlej Valley
Project in seasons 1924-25-26, as discrepancies had been found
between the 17 Party and the P. W. D. values. This involved the
revision of 3,957 miles of single tertiary levelling along east-and-west
lines and 603 miles of partal levelling on north-and-south lines. In
order to complete the work before the end of financial year this
detachment was reinforced by Mr. Mohd. Faizul Hasan and Computer
Sibte Ali who joined on 23rd December 1931,

On the completion of this work, at the request of the Chief
Engineer Lloyd Barrage, Mr. Mohd. Faizul Hasan, with Computer
Sibte Ali as second leveller, was also employed on connecting the
bench marks fixed at the ends of the barrage road bridge at Suldour

with line 101 (portion Jacobabad-Khinpur ), the total length levelled
being only 4 miles.

4. Probable errors. Probable errors of secondary levelling

were computed from the formula: p.e. = i—}ix/z%g, where A is
the discordance between two levellers and L the total distance.
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These are given below in foot and mile units :
. Probable
Detachment Line orror
No.1 Detachment |%75F Charibatia—Kendripira +0-00377
"y " 75 G Kiarbank-Puri +0-00313
" ’ 39 B Puri-Puri +0-00314
No. 2 Detachment |578 Bhiwini-Bahadurgarh +0-00408
" ) 57T Hansi-Bhatinda +0-00383
. 570 Mainsa—Sohuwila +0-00330
. 57V Badopil-Narwana +0-00325
- 57 W Narwiana-Rajpura +0-00359
) . 61K Chandigarh-Doriha +0-00272
" . 57X Doraha-Patiila . +0-00311
Sukkur Barrage Dett.[ 52 M S.B.M. at Sukkur—Barrage road brldge
Sukkur ..| *0-00386
5. Progress of the new level net. No high precision

levelling was carried out during this field season, so the total figure
given in Geodetic Report Vol. VII remains unchanged.

6. Bench marks.

The following bench marks have been

uded to the list of Primary Protected bench marks published in

Geodetic Report Vol. III, 1926-27.

I:EE;? No. of bench mark Dsi%le(;:e No. of bench mark
40C 505 53L 326
43H 90 54D 41,7
45D 159, 166 54K 184
445G 178(77)1' 73K 129
73 M 269, 302, 328, 330, 326, 342
45 H 53, 67
73N 18, 65, 83, 88, 122
457 125, 134
730 81, 97(26)'*100
450 21,73 76, 93, 116, 124, 137
5P 19 79B 909, 918, 951
53G 351(196)+ 93G 4
93 1 56
53H 124, 566
93K 56
53K 143, 236
930 21, 54

+ Old numbers of B. Ms. which have received revised heights, the old numbers

being shown in brackets,
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7. Invar Staves. Invar staves fitted with steadying poles
have now been introduced for Precise Levelling. Their consistency
in length has obviated the continuance of the policy of weekly
comparisons against a field standard tape, which is necessary
when using wooden staves. The use of steadying poles, in stead
of guying the staves, makes for increased out-turn. They have
been fitted with bubbles on the side of the staff, of which one is
always visible to the observer at the moment of reading. This
ensures a verticality within 30 minutes of the true perpendicular
i corresponding to a displacement of 1 inch at the top of the staff ).
Experiments with a staft fitted with a more sensitive graduated
bubble show that the average displacement is well under 0-5
inches—a figure which even the extreme displacements recorded
seldom exceeded.
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TABLE 1.—Tabular statement of out-turn of work,
season 1931-32.
N Number of
: Total
Distance levelled bench marks
number of feet Mean corlqg(_:l_t_ed___
oo number of] .
Detachments ] :E s:ut.ilo_nls Em“y
li “l"d 1led Months :;': ﬁ.ﬁ Totnl| Rises | Falls “ﬂ,:i',:g.' . E
mnes levelle ] 58 truments ‘Sg wB| B
= = e were 29| 2 g S
£ 13| E 2
set up R A= n
4| o
Mis, lMls. | Mls. | feet feet A
No. 1 Detachment,
Branch-line 75 F
Charibatia- Nov. 31 to
Kendrapara Dec. 31 89 | 13 | 102 459 455 975 55
[ ]
Branch-line 75 G | Dec. 31 to
Kiarbank-Puri | Jan. 32 89| 6| 9 710 704 986 70
Branch-line 39B| Jan. 32 to
Puri-Puri Feb, 32 89 | 5| 94| 1,007 1,024]| 1,016 6
INo. 2 Detachment.
Branch-line 578
Bhiwini- Oct. 31 to
Bahiadurgarh Nov. 31 8 2 80 459 409 760 1 70
Branch-line 57T | Nov. 31 to
Hinsi-Bhatinda | Dec. 31 136 4| 140 716 15 1,250 159
Branch-line 57U | Dec. 31 to
Mansa-Sohiwala| Jan. 32 41 | 10 51 257 316 456 41
Branch-line 57V
Badopil-
Narwana Jan. 32 47 |20 | 67 337 352 648 1 54
Branch-line 57 W| Jan. 32 to
Narwana-Rajpura| Feb. 32 91 | 21% 112 { 679 561| 1,010 122
Branch-line 61 K
Chandigarh- | Feb. 32 to
Doraha Mar. 32 | 72 10| 82 932 | 934 872 113
Branch-line 57 X | Mar. 32 to )
Doraha-Patiila | April 32 | 42 { 1| 43 312 | 327 432 5y
Sukkur-Barrage
Detachment, h
Branch-line 52 M
Standard B. M.
at  Sukkur to
Barrage  road
bridge, Sukkur | March 32 4 4107 146 90 | 1 1 10

* Includes 3 miles and 34 chains of relevelment.



Cuarrer VII
RESEARCH AND TECHNICAL NOTES

BY B.L. GuLaTEE, M.A.

I. Secular change of Himalayan Heights

1. During the period 1905-09, observations were made by
Mr. H. G. Shaw to determine the heights of certain snow peaks,
with a view to watch any possible rise of the Himalaya mountains.
These observations are now being repeated after a lapse of about
25 years.

At the same time, the opportunity was taken to obtain further
material for the analysis of the discrepancy which exists between
the values obtained for the height of Mussoorie above Dehra Din,
a8 determined by spirit-levelling and direct vertical angles.

In March 1932, Mr. M. N. A. Hashmie observed vertical angles
from Camels’ Back h.s. (Mussoorie) to Dehra refraction station,
Nag Tibba H. S., and also to the snow peaks Bandarpimch, Srikinta,
Jaonli and Kedarnath. The instrument used was 12-inch Theodolite
No. I, in which the zero of the vertical circle can be alteved. The
eye-piece micrometer was arranged for reading vertical angles, and
three micrometer intersections were taken at each observation.

Tt was intended to make two sets of observations to each pea_k
every day, each set on five zeros; this was not, however, possible 10
the case of the snow peaks, for visibility was bad and the peaks wers
covered in cloud most afternoons.

Vertical angles were observed with the Wild precision theodolite
from Dehra refraction station to Camel’s Back h. s, simultaneously
with those taken from Mussoorie.

2. Data. The following table gives the data for the stations
and peaks under observation:

Orthometric M('\'i‘li:lu“ Prliill‘fl
' i i S, L. Aellee- | eerbier
et e fonitude h vuIr ht tion  |deflection

Muesoorie Refmetion Station ... | 80 27 40'38 | 78 01 17-60 Tn
Cnmel’s Baek h. s, . 30027 36-35 | 7R OF 31-21 ~19°5
Dehrn Relraction Station . 30 19 28-52 HO03 230t

-85
Nag Tibha H.S. [ 30 35 1109 78 09 0957 oo
Bnln(}n.rpﬂnch .. 31 00 12-1 YL S VD i
Srikanta ] B0 57 252 | 7R 48 2200 i
Joonli | 30 081 174 | 7R 51 254 :
Kedarnath .| 30 47 530 | 79 o4 0O7-0 |

82
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3. Changes in heights of snow peaks. As observations
st the time of minimwn refraction (2 to § p.n.) were not possible
on account of weather, it was decided to use those observations
which fell within half an hour of noon; these were reduced to
standard temperature (60”) and standard pressure (2330 inches ).

To avoid refraction uncertainties, these observations were com-
pared with those taken by Shaw at the same hour during the
months of March and April 1907 and 1908 ; sufficient observations
conforming to these limits had not been taken in 1905, 1906 and
1909.

The results are as follows:

Differences of Height in Feet.

‘ Year Bandarpinch T Srikanta | Jaonli Kedarnath | Nag Tibba
1932 minus 1907 - 12 + 44 - 18 + 05 + 02
1932 minus 1908 - 04 + 39 - 19 - 3.7 00

The results show no evidence of a systematic change in the
height of the peaks within the last 25 years. The differences
given are probably due to refraction peculiarities or observation and
graduation errors.

It is hoped that further observations will be undertaken in the
arly months of 1933.

4. Discrepancy in height of Mussoorie. Simultaneous
reciprocal observations between Dehra Dan and Mussoorie were
taken on nine days. Taking into account the plumb-line deflections
aind adopting the same method of reduction as that used previously
(vide Professional Paper No. 14, Chapter II ), we find:

feet

Differcnce of height between Dehra refraction

station and Camel’s Back h.s. .. 4798-21
Rise of Geoid 10-97
Difterence by triangulation ... 4787-24
Differeuce by Spivit-levelling (1929-30) ... 4738-89
Triangulated height difference winus spirit-

levelled height diflerence e — 1415

"This is rather large as compared with the previous discrepauey
of +0-54 foot derived from Mr. Shaw’s observations of 1905-09,
m the assumption of the geoidal vise being 10-56 feet ( see
Geodetic Report Vol. VI, p. 73). Rigorous computation, however,
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gives the rise of the geoid between Dehra refraction station an
Mussoorie refraction station to be 10-94 feet, which reduces the
discrepancy still further to +0-16 feet.

The tigures from Mr. Shaw’s work are deduced from a larger
number of observations spread over 5 years, whereas the 193

observations are comparatively few, and so do not carry the same
weight.

II. The Triangulation of Malaya, Indo-China,
Dutch East Indies, Borneo and the
Phillipine Islands.

1. This note is an outcome of inquiries addressed to the various
governments in pursuance of the resolution passed at the triennial
conference of the International Union of Geodesy and Geophysics at
Stockholm in 1930, that Siam and neighbouring countries should
collaborate with each other in effecting junctions between their
systems of triangulation with the object of continuing, if possible,

the chain of triangulation to the Australian Continent and the
Phillipines.

Chart XXIT (in pocket at end) gives triangulation of Malap,
the Dutceh East Indies and the Phillipines.

2. Details of triangulation. A short account of triangula-
tion of each country and the source from which it is derived is
given below.

(a) Malaya. Triangulation is based on Everest’s spheroulé
Geodetic datum is at Kertau, Lat. N. 3° 27" 53”96, Long. B. 102
37" 24”65, where plamb-line deflection is taken to be nil. There
are 7 latitude and 3 azimuth stations. No longitudes have been
observed. Accuracy of the triangulation is good, m being equal to
about 0-6 seconds, and figures are quite well conditioned (vide
Chart XVIII). Closure between bases on main chaiu was 1/50,000.
The junction between Siamese and Malay triangulation has heen
planned, and will be completed by the end of 1932.

The above information is extracted from ‘“An acgount Of.th]e
Primary Triangulation of Malaya” by Vietor A. Lowinger (29th
April 1931). _

(1) Indo-China. Primary Geodetic Triangulation of Indo-China
consists of two meridional chains and six chains of parallel.

. \ « . 1 e )f
Clarke's 1880 ellipsoid has been chosen as the figure ¢
reference.

Seven bases have been measured since 1899, The closure of
cheek hages and common sides is of the order bf 1/7,000 and
differences of azimuths are as much as 80”7, The large diserepancy
in azimuth cannot be explained.
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There are 4 astronomical stations.

Above information is extracted from “Etat d’Avauncement des
Travaux Geodesiques en Indochine” by General Mailles.

(¢) Dutch East Indies. The triangulations of Sumatra and
Java have been adjusted and form a continuous chain, the geodetic
datum being at G. Genock.

The primary triangulation of Java was executed from 1861-80.
Its m equals 1-8 seconds. There are 3 base-lines measured with
Repsold apparatus, the mean probable error of each base being
0-26 x 1076,

No geodetic astronomical work has been caivied out. Bosscha
Observatory at Lembang took part in the 1926 Longitude operations.

The triangulation of Sumatra (1883-1916) was adjusted in 1931,
and is controlled by 2 base-lines measured by Jiiderin apparatus.
Its m equals 0-8 seconds.

There are 4 statious at which astronomical latitudes and azimuth
have been observed very accurately. No longitudes have been
observed. Bessel’s ellipsoid has been used.

Small Soenda Archipelago (1912-18). Its primary triangulation
system forms a continuation of the Java system, the accuracy of its
sngles being about the same as in the principal chain of Sumatra.

The above information has been taken from “Geodetic Survey
in the Netherlands East Indies” by Prof. J. H. G. Schepers and
Captain F. C. A. Schult.

Celebes  Triangulation (1911). The triangulation is being
adjusted ; its accuracy is about the same as that of the principal
chain of Sumatra. There are 3 Dbase-lines and 4 latitude and
azimuth stations.

Dutch Borneo. No primary triangulation exists, as the country
is mostly swampy and covered with primeval torests. The necessary
fixed points for surveying are determined astronomically.

British North Borneo. Primary triangulation was started in
1930, Two bases about 4 miles in length were measured at Tanan
and Jesselton respectively and the angles of the extension nets were
measured. The work had to be stopped on account of finanecial
stringency.

(d) Phillipine Islands, There is no primary triangulation, Main
triangulation which has been adjusted is seeondary, controlled by
98 measured bases, 52 obscrved azimuth and 49 latitude and longi-
tude stations.

Average triangular error does not exceed 3 seconds.  (Ylarke’s
spheroid of 1866 is used, geodetic datum being at Tuazon, Lat. 13°
83" 41”7-00 N., Long. 121°52°03”-00 E.  The project for connecting
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Phillipine and N. Borneo is approved by the governments concerned,
and the junction will be completed in 1932.  Full details regarding
the triangulation of Phillipine Islands are given in two volulneos
issued by the Department of Commerce and Communications Bureau
of Coast and Geodetic Surveys.

(e) Commonwealth of Australia. No active progress is being
made at the moment towards consummation of this work.

There is primary geodetic triangulation in New South Wales
effected by 18-inch and 10-inch theodolites comprising about 300
triangles. Its m equals 05 seconds.

The other five states have their own individual surveys, but
contain no triangulation of geodetic quality.

When the geodetic triangulation of Australia is started, it is
proposed that basic work should be a chain of well-conditioned
triangles traversing the commonwealth as a grid. -

3. Conclusion. Chart XXII (in pocket at end) shows the
progress of triangulation in the various countries. A connection

between Malay States and Sumatra or Java seems to be very desir-
able.

1t appears also that there is room for extending the Java and the
Small Soenda Archipelago triangulation eastwards along Sumbawa,
Flores and Timor. When this is done, we shall have a continuous
chain of triangulation, starting from Lat. 30°, Long. 90° in India to
Lat. 8° 8., Long. 117° E. in Soenda Archipelago.

No connection exists between the Celebes triangulation and
that of Java. The only possibility is through the islands in the
Flores Sea, but it looks as if this junction will present some
difficulties.

III. Extracts from Stokes’ Gravity and Geoidal Paper.

This is a synopsis of Stokes’ paper “On the variation of
gravity at the surface of the earth” published in the Mathematical
and Physical Papers, Vol. I, only those parts being abstracted as
are necessary for a complete understanding of his formula for the
rise of the geoid above its reference spheroid.  Stokes’ comments
on the applicability of his formula to actual earth, and remarks as
to how to deal with masses external to the geoid ave also given.

Stokes established a general conneetion between the form of
the geoid and variation of gravity on it without making any
assumption about the distribution of matter in the interior of the
carth.  He says  “it appears that if the form of the suctace be
given, gravity is determined throughout the whole surface uxm\._pt
80 far as regards one arbitrary constant which is contained in its
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complete expression and which may be determined by the value of
gravity at one place.”

“Let r=a {14 u) be the equation to the earth’s surface where u
is a small quantity of the first order, a function of 6 and ¢. Let
» be expanded in a series of Laplace functions w, + w, +.... The
term u, will vanish provided we take for a, the mean radius or the
radius of a sphere of equal volume”. We may therefore take for
the equation to the surface

r=a(l+u +u+ ... ) . .. (8)
The attractional potential at all points extema] to the surface
is given by
V=Y/r+ Y+ .. (7
At the points of the ear th’ surface, we have
V+Liwsin®d =¢ o (4)

We thus get from (4), (7), (8), omitting the squares of

small quantities
a w’ab

1
7 — — _ p—
I_Y"(r+r2u‘+"') 9,3
Let ¢ be gravity at any point of the swface of the earth, dn an
element of the normal drawn outwards at that point. and dr an
element of radius veetor, then

(% — cos?8) (10)

d d
— 2 _“ 2,2 gin?
9= — dn(7+%w1 sin? ) = d')-(V+%m7 sin® ).
“We thus get
Y, Y,
g = a~(]_9" - ..)) +——(‘7u, + Buy +...)

— 3wl (54— cos?f) — w’a (1— cos* @),
which gives on putting
7

0

. 2 2 —_

— o =06 z

a? ! .1
w’a/id =m S

and neglecting squares of small quantities

g=(}11—%m (L —cos*@) + uy + 20, + ... } (12)

In this equation, is the mean value of ¢ taken throughout
the whole surface since we know that

2T
{ J’ w, sin 8 df dp = 0, if n be different from zero .
) 0
“ Equation (12) makes known the viavialion of gravity when
the form of the smeface is given, the surface heing supposed to be
one of equilibrium ; and conversely, equation (8) gives the forin of
the surface if the variation of gravity be known.
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If we suppose that the surface of the earth may be represented
with sufficient accuracy by an oblate spheroid of small ellipticity
having its axis of figure coincident with the axis of rotation,
equation ( 8) becomes

r=a {1+e(%,~—cos?0)} o (14)

where e is a constant which may be considered equal to the
ellipticity ; we have, therefore in this case u; =0, », = ¢ (4 —cos*§),
u» = 0, when »n is greater than 2, so that (12) becomes

g=(¥{l—(%1n—e)(§—cosﬂﬁ)} s

which equation contains Clairaut’s Theorem ”.

Equation (7) will not give the value of the potential throughout
the surface of a sphere which lies partly within the earth, because
this satisfies the equation ¥* V= 0 while in mass-filled space, ¥V
should satisfy ¥V* V =—4 mp.

“ Nevertheless we may employ equation (7) for values of r,
corresponding to spheres which lie partly within the earth, provided
that in speaking of an internal particle, we slightly change the
signitication of ¥, and interpret it to mean not the actual potential,
but what would be the potential if the protuberant matter were
distributed within the least sphere which cuts the surface in such a
manner as to leave the potential unchanged throughout the actual
surface. The possibility of such a distribution will be justified
by the result, provided the series to which we are led prove
convergent ”’,

“Suppese the variation of gravity known by means of Pen-
dulum experiments performed at a great many stations scattered
over the surtace of the earth and let it be required from the result
of the observations to deduce the form of the surface. A series of
Laplace’s functions would most likely be practically uscless for this
purpose, unless we are content with merely the leading terms in the
expansion for the radius vector; and the leading character of these
terms depends, not necessarily upon their magnitude but only on
the wide extent of the inequalities which they represent. We must
endeavour therefore to reduce the determination of the radius
vector to quadratures 7,

By Clairaut’s formula, we know that corresponding to
.= {1 + € (%—00590)},
we have g.= G {1 —(Zm —¢€) () —cos? ) }

Put g=gc+Ag, T=r,+aAu,
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then by (8) and (12), if
Ag=G3 v, =GF(6,¢) o (42)

=g

we shall have Au =3 o,/(n—1) ... . (48)

n=9

Multiplying both sides of (42) by P, we get

T (2m
v, = {(2n+ 1)/dm }[ I F(6,4') Pasin @ d§’ d¢’
o Yo
substituting for v, in (43 ), we get
™ (2" (2n+1)
4‘ =!’ J’ /, 7 . . ! ! ’
mow=| | P8¢ 3] e | P.]sing o' dg’ (44)
we want now to find an expression for the sum of the infinite series

§=3{ (2 +1)/(n—1) | P,

Consider the seriesy = 2 { (2n +1)/(n—1) } ¢-Lp,

dy _ -
75_2(2'”_*-1); P,.
Let 4 be the angle between the directions determined by the

mgular co-ordinates (4, ¢) and (', ¢’ ), then
1/6/1—=28cos ¥+t =P, +P {+ P+ ...

£ s -
therefore, % L £z ;l—z: dt = &g [1(/(\/%—2Ccoswlr+C9)—Po—P1C]
= Z (say

Differentiating we get § t2 2L = % (2,/¢).

¢
therefore, v = 2Z/¢ + 3[0 (Z/¢?) dg,
1
S = 'gy= 1/sin §y» —2 (1+cosy) + 3§O(Z/§‘2) dt.
=1

= cosec 3y +1 —6 sin 4y —5 cos Y
—8 cos ¥ log{sin W (14 sin byr) }

In the expression for Awu, we may suppose the line from which 6’
is measured to be the radius vector of the station considered. Let
the angles ¥, x be with reference to the station considered what
8, ¢ were with reference to the North Pole, then

1 (™ 27
Au:mgo [0 Agf(‘\]r)sm\lrd'\lf dx (4'6),

where f(4) = cosec 4y +1 —6 sin §y» —5 cos ¥
—3 coswog{sin } (1+ sin w)}.

L
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Knowing Ag over whole globe, we can get Awu by a simple
process of summation.

It has been shown by Mr. G.P. Rao, that if Au is known,
then determination of Ag can also be reduced to quadratures.
Thus corresponding to Au = Zu,,
we have Ag = G (n—1) u,.
2

™
W, = {(2n+ 1)/4m }K j Au P, sin ¢ d6" d¢’,
0

0
T (27
therefore, Ag = G/4-n“‘ j Au (2 (2n+1) (n—1) P} sin 8 dé' d¢'.
0

[}]
We want to sum the series
S=3(2n+1)(n—1)P,
Starting from the identity

TPt =1//I—2Ccos¥ + &%) — B, — P, ¢,
and multiplying both sides by ¢ and diﬁerentiating we get
: El
@+ D) BE =8 cony—8)/ { (1= 2 tcos v +)7 }

4 1
—2 2yl —2

{2/ (1-28conp+t7)* ) G E TEVEeny
Multiply both sides of the above equation by {~*and differentiate,
and then put { = 1.

We get S = (1—1} cosec? 3v).

m 2w
Hence Ag:G/47r( ( Au (1—1 cosec? 34 sin y dyr dx (47)
U

"0

It might be noticed that at the origin ¥ = 0, the integrand
becomes — <.

As regards the applicability of his formule to earth, Stokes
says “ Hitherto the surface of the earth has been regarded as a
surface of equilibrium. This we know is not strictly true. The
question now arises, by what imaginary alteration shall we reduce
the surface to one of equilibrium?” The surface of the sea,
supposed to be prolonged under the continents by means of canals
“forms indeed a surface of equilibrium but the preceding investiga-
tion does not apply directly to this surface, in as much as &
portion of the attracting matter lies outside it. Conceive however
the land which lies above the level of the sea to be depressed till
it gets below it, or which is the same, conceive the land cut off at
the level of the sea produced, and suppose the density of the earth
or rock which lies immediately below the sea-level to be increaged
till the increase of mass immediately below each superficial element
is equal to the mass which has been removed from above it. The
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whole of the attracting matter will thus be brought inside the
original sea-level and it is easy to see that the attraction at a
point of space external to the earth, even though it be close to
the surface, will not be sensibly affected. Neither will the sea-level
be sensibly changed, even in the middle of a continent ”.

“The surface of equilibrium which by the imaginary displace-
ment of matter just considered has also become the bounding surface
is that surface which at the same time coincides with the surface of
the actual sea, where the earth is covered by water and belongs to
the system of surfaces of equilibrium which lie wholly outside
the earth. To reduce observed gravity to what would have been
observed just above this imaginary surface we must evidently
increase it in the inverse ratio of the square of the distance from
the centre of the earth, without taking account of the attraction
of the table-land which lies between the level of the station and
the level of the sea”.

“ Gravity reduced in this manner would, however be liable to
nary irregularly from one place to another, in consequence of the at-
traction of the land between the station and the surface of the sea”.
“To render our observations comparable with one another, it seems
best to correct for the attraction of the land which lies underneath
the Pendulum ”. Stokes proves however that the omission of this
orrection produces no sensible increase in the value of ellipticity e,
“unless the land be on the whole higher, or the sea shallower in
bigh latitudes than in low ”.

It would be of interest to give Stokes’ definition of ellipticity
of the earth, “for, when the irregularities of the surface are taken
into account, the term must be to a certain extent conventional ».

Let the earth be r = a (14 uy + u3 +.........).  (The term u,
an be made to disappear by taking origin at the centre of gravity
of volume ).

The surface » =a (1 + u,) represents an ellipsoid, and if its
principal axes are taken as co-ordinate axes, then v, must be of the
form €, cos 2¢ sin®@ + € (4 — cos? 8).

The earth being nearly an oblate spheroid, ¢; will be small
tnd ‘““¢ is the constant, which determines the effect of earth’s
thlateness on the motion of the moon ™. This constant is called the
ellipticity of the earth.
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Sterling Prices of Publications. The prices to be charged
for Survey of Indin publications in sterling equivalents in English
money have been worked out under the rules given in letter No. A-401
dated the 17th January 1924 from the Under Secretary to the Government
of India, Department of Industries and Labour, Delhi, to the Secretary
to the High Commissioner for India, General Department, 42 Grosvenor
Gardens, London, S'W. 1. These sterling prices are subject to fluctuation
with the exchange rate and will be revised from time to time. The prices
at the current rate of exchange are:

Price in ' English Price in English
Indian money equivalent Indian money equivalent
Rupees Annas | Shillings Pence | Rupees Annas | Shillings Pence
0 2 0 3 4 8 7 6
0 4 0 5 5 0 8 3
0 8 0 10 8 9 0
0 12 1 3 6 0 9 9
1 0 1 9 6 8 10 6
1 2 1 11 7 0 11 6
1 8 2 6 7 8 12 0
1 12 3 0 8 0 13 6
2 0 3 8 8 14 6
2 8 4 6 9 0 15 0
3 0 5 3 9 8 16 0
3 b 0 10 0 16 6
4 0 6 9 10 8 17 6
4 4 7 ; 12 0 19 6

PART I. NUMERICAL DATA

Triangulation Pamphlets. Each covering one square degree. giving
descriptions, positions. (lititude and longitude) and heivhts of trinnuuln_ted
points and other data with chart. Thechart shows the plon of trianul{lathn
with the position of stations and points. Triangulation data falling in
1/M sheet are printed in a series of sixteen pamphlers A to P In the
last pamphlet of every series, a coloured map is given in addition to the
chart, to 1 llustrate the topouraphieal features of the area covered by the 1/M
sheet. Pawmphlets having this map are charzed lts. 1-8 extra.

_ Charts Nos. XTX & XX at the end of the Geodetic Report shew what
triangulation pamphlets have been published.

Price Re. ] per pamphlet. Published at Dehra Din.



levelling Pamphlets.

LIST OF PUBLICATIONS

95

@) Lovelling of Precision. Giving heights and descriptions of all Bench
marks fixed by Levelling of Precision and of certain selected secondary

lines.

Each pamphlet embraces an area of 4° x 4° and the numbering is

the same as that of the corresponding sheets of the 1/M map of India.
Bach is illustrated by a map of the area.

® Levelling of Precision in India and Burma.

Published at Dehra Dun.

Pamphlet

Latitude Longitude Published Price
Sheet | Distinctive name of sheet N. E. m
o [+ G o

34 | (Quetta) ... 28-32 | 64-68 | 1916 | Rs, 2-0-0
35 | (Karachi) ... 24-28 | 64-68 | 1911 | Rs. 2-0-0
38 | (Kibul) 32-36 6&-72 [ 1912 Rs, 2-0-0
39 | (Multdan) . 28-32 | 68-72 | 1913 | Rs. 2-0-0

Addendum to 39 1916 | Rs. 2-0-0
40 | (Hyderabad, Sind) 24-28 | 68-72 | 1911 | Rs. 2.0-0
41 | (Rajkot) 20-24 | 68-72 | 1913 | Rs. 2-0-0
43 | (Srinagar) ... 32-36 | 72-76 ' 1913 | Rs. 2.0-0

Addendum to 43 1915 | Rs. 2-0-0
44 !(Lahore) 28-32 | 72-76 | 1926 | Rs. 3-0-0
45 | (Ajmer) 24-28 | 72-Y6 | 1911 | Rs. 2.0-0
46 | (Baroda) 20-24 { 72-76 1912 | Rs. 2-0-0
47 | (Bombay) ... 16-20 { 72-76 | 1912 | Rs. 2-0-0

Addendum to 47,

Island of Bombay 1915 | Re. 1-0-0
48 | (Goa) 12-16 | 72-76 | 1912 | Rs. 2-0-0
49 | (Calicut) 3-12 72-76 1911 Re. 1-0-0
52 | (Leh) 32-36 76-80 1912 Re. 1.0-0
53 | (Delhi) 28-32 76-80 1929 Rs. 3-0-0

Addendum to 53 . {n the press.
54 | (Agra) 24-28 | 76-80 | 1930 | Rs. 3.0-0
55 | (Nagpur) ... .| 20-24| %6-80 | 1912 | Rs. 2-0-0
56 | (Hyderabad, Deccan) ... | 16-20 | 76-80 j 1931 | Rs. 2.0-0
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Lovelling Pamphlets—(Continued).

I
Pamphlet Latitude |Longitude|Published ,
— N E in Price
Sheet | Distinctive name of sheet ' ’

57 | (Mysore) ... 12-16 '7(?—88 1919 | Rs. 2-0.0
58 | (Ootacamund) 8-12 | 76-80 1914 | Rs. 2.0.0
62 | (Manasarowar) .. | 28-32 | 80-84 1922 | Re. 1.0-0
63 | (Allahabad) ..| 24-28 | 80-84 1923 | Rs. 2-0-0
64 | (Raipur) ... 20-24 | 80-84 1912 | Rs. 2.0.0
65 | (Vizagapatam) .| 16-20 | 80-84 1913 | Rs. 2-0-0
66 | (Madras) ... 12-16 | 80-84 1912 Rs. 2-0.0
72 | (Katmandu) ... | 24-28 | B84-88 1930 | Rs. 2-0-0
73 | (Cuttack) ... 20-24 | 84-88 1913 Rs. 2.0.0
Addendum to 73 1927 | Rs. 2-0-0

74 | (Puri) .. | 16-20 | 84-88 | 1913 | Rs. 200
78 | (Darjeeling) | 2428 | 8892 | 1923 | Rs. 2.00
79 (Calcutta) 20-24 | 88-92 1924 Rs. 2.00
83 | (Dibrugarh) we | 24-28 | 92-96 1912 | Rs. 2.00
84 | (Akyab) ... .| 20-24 | 92-96 1918 | Rs. 2-0.0
85 | (Prome) ... . | 16-20 | 92-96 1917 | Rs. 2-00
92 (Bhamo) ... 24-28 | 96-100 1918 Rs. 2.00
93 | (Mandalay) ee | 20-24 | 96-100 1917 [ Rs. 2:0:0
94 | (Rangoon) 16-20 | 96-100 . 9.0.0

95 | (Mergui) } | 12-16 | 96-100 | 1916 | Rs. 20

(b) Levelling of Precision in Mesopotamia.

Descriptions and heights of bench marks in Mesopotamia in one
pamphlet, published at Dehra Dan, 1923. Price Rs. 3
(ii) Levelling of Secondary Precision.

Descriptions and heights of bench marks, printed by Gestetnel
at Dehra Dan.
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Lovelling Pamphlets—(Oontinued).

97

Serial
No

Line number

Situated in
degree sheets

Published
in

Price

-y Y

10

11
12

13

14

16

52E (Rohri to Jam Sahib)

52F (Shahpur to Mirpur Purana)...

52@ [Landhi canal bungalow (39th
mile) to Khipro]

52H (Khipro to Ghulam Bhurgnn)

521 (Mirpur Khas to Tando Ghu-
lam Ali via Umarkot and
Dadah)

523 (Mirpur Khés to Tando Ghu-
lam Ali via Digri)

52K (Digri to Dadah)

70J (Barikar to Hazaribagh RO’ld)

74C (Howrah to Uttarpara) - O

74D (Baidyabati to Sheoraphuli)

74E (Bandel Church to Bandel

Ry. Stn.) [

74F [B. M 251(118)/79A to
Pandua Ry. Stn,] y

74G (B.M. 126/73M to Saktigarh )
Ry. Stn.)

74H (B.M. 116/73M to Burdwan
Ry. Stn.)

70E (B.M. 85/73M to Mankar
Ry. Stn.)

70F (B.M. 76/73M to Panagar
Ry. Stn.)

70G (B. M 58/73M to Durgapur
Ry. Stn.)

70H (B.M. 28/78M to Raniganj
Ry. Stn.)

701 (BM. 15/73M to Asansol,
Kalipahari & Churulia)

70M(Khana Ry. Stn. to Galsi
Ry. Stn.) '

-

77Q (Calcutta to Narayanpur)
77R (Narayanpur to Nardyanpur)

87A (Moulmein to Paan)

87B (Moulmein to Welkali) ]

87C (Babukon to Kawmyathyi)

87D (Nyaungbinzeik to Nat- |
chaung)

40C,D,G& H
40 G
40G& H

731and 72 H
&L

79A&B

731&M

1928

Ag. 12

As. 12
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Levelling Pamphlets—( Continued ).

25 . Sitnated § i
%2 Line number de;:r'i:a zdhel:ts Pnl;gshed Price
17 |88B (Kynulitaga to Myitkyo) R
88C (Dalanun to Pazunmyaung)
88D (Pegu to Zenyaungbin)
88E (Myitkyo to Okpo)
88F (E.B.M. at R. D. 25 of the | |85 LN,O &P
Yenwe Bmbankment to Uaw) [ |and 94 B,C&D| 1928 | Rs,2
90A (Nyaungzaye to Kandin)
90B (Ma-ubin to Bassein)
90C (Sagamya to Pantanaw)
90E (Thonze to Rangoon) J
18 |B89A (Kyaukse to Minzu) h
89B (Ywakainggyi toAmarapura)
89C (Kyaukse to Mandalay)
89D (Tangdn to Shwebo) > 321& %Coﬂzdk’ Re 1.8
89E (Kabo to Myittaw) ' e " s
89F (Okshitkan to Paukkan) !
90D (Meiktila to Yewe) i
19 | 29C (Nira to Batgarh) . ! 471 &J ‘ 1929 | As.6
20 |53A (Madad Chandia to Mehar) 35 M ” "
21 | 54B (Shikarpur to Kambar) 40 A " "
22 | 54C (Wariaso to Rato-dero) 34 P35M,
39 Dand 40 A. " »
23 | 351 (Garh Maharajato Damamia)| 39 N 44 A&B " "
24 | 55K (Aherbela to Multan)
55L (Rangpur to Muzaffargarh)
55M (Muzaffargarh to Basti B N&O ” As. 10
Maluk)
25 | 550 (Sujabid to Sabuwili) 39 0 ” As. 6
26 | 55P (Jabboana to Kot Maldeo) ... 44 A ” »
27 | 56H (Kasav to Basirpur) 44T T&JT " "
28 | 57D (Lodhran to Bahawalpur) BHN) " ”
29 | 57H (Basirpur to Lodhran) 39 0,44 B,C
&I ” "
30 | 57J (Kutabpur to Adamwahan) ... 39 0 » "
31 | 57L (Dingarh to Khanpur) IVLOLP " "
32 | 57M (Mithra to Khanpur) 39 H& L and
40 E & I ” ”
33 | 57N (Chachran to Khanbela) .| 39 KL&O ” "
34 | 74B (Kidderpore to Dublat) 79 B " "
35 177V (Hastings Bridge to
Dakhineswar) 798 " "
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e . Situated i Published .
Line namier St in | Poved | g
36 | 70K (Allahabad to Barakar) ...|63 G,K& O,
72 C, G, K&L
and 73 1 1929 | As. 14
37 |70L (Mughal Sarai to 63 O&P and
Hazaribagh Road) 72D&H " As. 10
38 | 55N (Basti Maluk to Kabirwala) | 39 N & O 1930 | As. 6
39 | 55H (Abdul Hakim to Garh
Maharaja) § 39N&44 B , As. 6
55J (D'\ma,mm to Ahar Bela)
40 | 29D (Gotuar to Kaladgi) | 47L&P 1931 | As. 8
41 | 29B (Nira to Jhalki) .| 47T K&O 1930 | As. 6

Nore. See also pamphlets of “ Levelling of Precision in India and Burma”
prges 95 and 96, for certain selected lines of Secondary Precision.

Tide-Tables.

From 1881 to 1922 tidal predictions based on the observations of
the Survey of India were published annually by the India Office,
London. From 1923 the predietion and publication have been under-
taken at Dehra Dan by the Survey of India, and until 1930 were
published as follows :

(1) A single volume styled «mie Major Series?” priced Is. 8.

(%) Combined Pamphlets varying in préice from Rs. 1.2 to
Rs. 1-8 per copy.

(3) Separate Pamphlets for individual porvts priced As. 12 per
copy. (For names of these ports see Geodetic Report
Volume V, pages 31-33).

Commencing from 1931, a new form of publication styled «Tjde.
Tables of the Indian Ocean? has Dbeen iutroduced priced Rs. 3 per copy.
This comprises full tide-tables for the 40 Indian ports predicted by the
Survey of India, and 22 other standard ports in the Indian Ocean’ and
Far East, also for 6 English and Mediterrnnean ports. In addition, it
contains the non-harmonie tidal eonstants and tidal differences for Al-70
ports and anchorages, and the barmonie tidal constants of about 170
mportant tidal stations, mainly in the Indian Ocean and Far Last.

Separate Pamph]ets of tide-tables have also been published for
the following ports :

Bombay ... price As. 12 per copy
Hooghly River ... ,, IBs.1-8
Rangoon River ... , Rs 1-2
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PART II. GEODETIC WORKS OF REFERENCE

Everest’s Great Arc Book,

1. An account of the Measurement of an Are of the Meridian be.
tween the parallels of 18° 3’ and 24° 7', by Captain George Everest,
F.R.8, &c., East India Company, London, 1830. (Out of print).

2. An account of the Measurement of two Sections of the Meridional
Arc of India, bounded by the parallels of 18° 3' 157, 24° 7' 117 and
29° 30’ 48", by Lt.-Colonel G. Everest, F.n.8. and his assistants, East India
Company, London, 1847. (Out of print).

3. Engravings to illustrate the above. London, 1847. (Out of print).

G.T.S. Volumes. Describing the operations of the Great Trigono-
metrical Survey.

Vol. I The Standards of Measure and the Base-Lines, also an Introduc-
tory Account of the early operations of the Survey, during the
period of 1800-1830. Dehra Dun, 1870. (Out of print),

Vol. 11 History and General Description of the Reduction of the
Principal Triangulation. Dehra Din, 1879. (Out of print).

Vol. 1Tl North-West Quadriluteral. The Principal Triangulation, the
Base-Line Figures, the Karachi Longitudinal, NW. Himalaya,
and the Great Indus Series. Dehra Din, 1873. (Out of print).

Vol. 1V North-West Quadrilateral. The Principal Triangulation, the
Great Arc Section 24°-30°, Rahin, Gurhagarh and Jogi-Tila
Meridional Series, and the Sutlej Series. Dehra Din, 1876

Price Rs. 10-8.

Vol. IVA  North-West Quadrilateral. The Principal Trinngulation, the
Jodhpur and the Eastern Sind Meridional Series with the details
of their Reduction and the Final Results. Dehra Dun, 1686.

Price Rs. 10.8.

Vol. V. Pendulum Operations, details of, by Captains J.P. Basevi and
W. J. Heaviside, and of their Reduction. DehraDin and
Calcutta, 1879. Price Rs. 108

Vol. VI South-Enst Quadrilaternl. The Principal Triangulation and
Simultaneous Reduction of the following Series: Great Arc
Section 18°to 24°, the East Coast, the Calcutta and the Bidar
Longitudinal, the Jubbulpore and the Bilaspur Meridionals.
Delira Dun, 1880, (Out of print.)

Vol. VIT  North-East Quadrilateral. (General Description and Sin]ul-
taneous Reduction. Also details of the following five series:
North-East Longitudinal, the Budhon Meridional, the Rangir
Meridional, the Amua Meridional, and the Karara Meridional.

Dehra Dun, 1882. Price L. 10-8.
Vol. VIIT North-Enst Quadrilateral. Details of the following eleven
series :

Gurwani Meridional, Gora Meridional, Hurilaong Meridional
Chendwar Meridional, North Parasnath Meridional, North
Malincha Meridional, Calcutta Meridional, Hast ("aleutts
Longitudinal, Brahmaputra Meridional, Eastern Ironter
Section 23°-26°, and Assam Longitudinal. Dehra Dun, 1882.

Price Rs. 108.
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G¢.T.S. Volumes—(Concluded).

Vol. IX Telegraphic Longitudes. During the years 1875-77 and 1880-81.
Dehra Dun, 1883. Price Rs. 10-8.

Vol. X Telegraphic Longitudes. During the years 1881-82, 1882-83,
and 1883-84. Dehra Dun, 1887. Price Rs. 10-8.

Vol. XI Astronomical Latitudes. During the period 1805-1885. Dehra
Dun, 1890. Price Rs. 10-8.

Vol. XII Southern Trigon. General Description and Simultaneous Re-

duction. Also details of the following two series: Great
Arc Section 8°-18° and Bombay Longitudinal. Dehra Dan,
1890. Price Rs. 10-8.

X111 Southern Trigon. Detailsof the following five series: South
Konkan Coast, Mangulore Meridional, Madras Meridional
and Coast, South-East Coast, and Madras Longitudinal.
Dehra Dun, 1890, " Price Rs. 10-8.

X1V South-West Quadrilateral. Details of Principal Triangulation
and Simultaneous Reduction of its component series.
Dehra Dun, 1890. Price Rs. 10-8.

Vol. XV Telegraphic Longitndes. Trom 1885 to 1892 and the Revised

Results of Volumes IX and X: also the Simultaneous
Reduction and Tinal NResults of the whole Operations.

Vol

=

Vol

Dehra Dan, 1893. Price Rs. 10-8.
Vol. XVI Tidal Observations. From 1873 to 1892, and the Methods of
Reduction. Dehra Dun, 1901. Price Rs. 10-8.
Vol. XVII Telegraphic Longitudes. During the years 1894.95.96. The

Indo-European Ares from Karachi to Greenwich. Dehra
Dun, 1901. Price Rs. 10-8.

XVIII Astronomical Latitudes, From 1885 to 1905 and the deduced
values of Plumb-line Deflections. Dehra Dun, 1906.
Price Rs. 10-8.

Vol. XIX Levelling of Precision in India.  From 1858 to 1909. Dehra
Dun, 1910. Price Rs. 10-8.

XI1XA Bench Marks on the Southern Lines of Levelling. Dehra
Dun, 1910, Price Rs. 5.

.XIXB Bench Marks on the Northern Lines of Levelling. Dehra
Dun, 1910. Price Bs. 5.

Vol.

=

Vol,

Vo

PART I1II. HISTORICAL AND GENERAL REPORTS

Memoirs.

1. A Memoir on the Indian Surveys, by C.R. Markham, India
Oflice, London, 1871. Price Rs. 5.

2. A Memoir on the Indian Surveys. (Second Edition), by C. R.
Markbam, ¢.B., ¥.1.8., India Office, London, 1878.
Price Rs. 5-8.
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Memoirs—(Concluded).

3. Abstract of the Reports of the Surveys and of other Geographical
operations in India, 1869-78, by C.R. Markham and C. E.D,
Black, India Office, London. Published annually between 1871
and 1879. (Out of print).

4. A Memoir on the Indian Surveys, 1875-1890, by C. E.D. Black,
India Office, London, 1891. Price Rs. 5.8,

‘““Notes of the Survey of India” are issued monthly. Price 4s.2.

Annual and Special Reports.
Annual Reports of the Revenue Branch. 1851 to 1877. (Out of print).

Ditto Topographical Branch. 1860 to 1877. (Out of print).
Ditto Trigonometrical Branch. 1861t01878. (1861 to 71,
out of print). Price Rs. 2.

In 1878 the three branches were amnlgamated, and from that date

onwards annual reports in single volumes for the whole department, were
published as follows:

from 1877 to 1900. Price Rs. 3 per volume.
General Reports {from 1900 to 1922, Price Rs. 2 ger volume.
From 1900 onwards the Report was issued anmually in the form
of a condensed statement known as (a) the *“General Report” supple-
mented by fuller reports, which were called (b) * Extracts from Narrative
Reports " up to 1909, and then (¢) * Records of the Survey of India” until 1921,
From 1922 the annual reports are published in three separate volumes of
octavo size, viz., (z) General Report which is confined to reportingthe Survey
operations of the ordinary field parties and detachments with only brief abs-
tracts of Geodetic operations, Map Publication and Office work. _Published
annually Price 1922-25 Rs. 2, from 1925 Re. 1. (d) Map Publication
and Office Work report which contains all the Index Maps showing the
Progress of Map Publication on all scales, with reports on publication and
issue. Published annually beginning with year 1924. Price Re. 1. (¢)
Geodetic Report which includes full details of all scientific work of the
Geodetic Branch, Survey of India excluding the work of the Dehra
Drawing Office and Publication Office.
These fuller reports are available as follows:

(b) Extracts from Narrative Reports.

1900-01. Recent Improvements in Photo-Zincography. G.T. Trian-
gulation in Upper Burma. Experimental Base Measurement with
Jiderin Apparatus. Topography in Upper Burma. Calcutta, 1903.
(Out of print). ‘

1901-02, G.T. Triangulation in Upper Burma. Topography 1
Upper Burma. Sind, Punjab. Calcutta,1904, (Out of print). )

1902-03. Principal Triangulation in Upper Burma. Topography 1t
Upper Burma, Shan States. Survey of Simbhar Lake. Introduction_nf’?he
Contract System of Payment in Traverse Surveys. Traversing with the
Subtense Bar. Compilation and Reproduction of Thana Maps. Calcutts,
1905. Price s, 18
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Annual Reports &c.—(Continued).

1903-04. Utilization of old Traverse Data for Modern Surveys in
the United Provinces. Identification of Snow Peuksin Nepal. Topo-
graphical Surveys in Sind. Notes on town and Municipal Surveys. Notes

on Riverain Surveys in the Punjab. Calcutta, 1906. Price Rs. 1-8.
1904-05. Triangulation in Baluchistan. Survey Operations with the
Somaliland Ilield Forece. Calcutta, 1907. Price Rs. 1.8,

1905-06. Topography in Shan States. Calcutta, 1908. Price Rs. 1-8.
1906-07. Triangulation in Baluchistin. Topography in Shan States.

Calcutta, 1909. . Price Rs, 1.8.
1907-08, Topography in Shan States. Calcutta, 1910, Price Rs. 1-8.
1908-09. Calcutta, 1911. Price Rs. 1-8.

(¢) Records of the Survey of India,

Vol.I 1909-10, Caleuita, 1912. : ~ Price RBs. 4.
Vol. II 1910-11, Calcutta, 1912, Price Rs. 4.
Vol. IIT  1911-12, Calcutta, 1913, . . Price Rs. 4.

Vol. IV 1911-13. Explorations on the North-East Frontier. North
Burma, Mishmi, Abor and Miri Surveys. Calcufta, 1914.

Price Rs. 4.

Vol. V. 1912-13, Note on the relationship of the Himalayas to the Indo-

Gangetic Plain. Calcutta, 1914. Price Rs, 4.

Vol. VI 1912.13. Linlk connecting the Triangulatons of India and Russia.

‘ Dehra Dan, 1914, Price Rs. 4.
Vol. VII 1913-14. Note on Scales and cost rates of Town plans.

Calcutta, 1915, Price Rs. 4.

187992 Part 11
regions. Dehra Dun, 1915. Price of each part Rs. 4.
Vol. VIII (A) 1914. EBxplorations in the Eastern Kara.koram and the
Upper Yarkand Valley, by Lt.-Colonel H. Wood, ».E. ~ Dehra-
Dun, 1922. Price Rs. 3.
Vol. IX 1914-15. Criterion of strength of Tndian Geodetic Triangu-
lation. A traverse signal for City Surveys. “The plains of
Northern India and their relationship to the Himalaya
Mountains” an address by Colonel S.G. Burrard, r.rs,
Report on Turco-Persian Frontier Commission. Calcutta, 1916,
Price Rs. 4,

Vol X 1915-16. Mechanical Integrator for caleulating Attractions
(illustrated). Traverse Survey of the boundary of Imperial

Deihi, Dehra Duan, 1917. Price Rs. 4.

Vol. XI 1016-17. Triangulation; use of high trestle for stations and
100-foot mast signals. Note on Bagevi’s Pendulum Opera-

tions at Moré. Photo-Litho Office; New method of pre-

paring  Lnyer plates; Dovelopments and  Improvements in

, preparing Tint-plates, Dehra Dun, 1918, Price Rs. 4.
Vol. XII Notes on Survey of India Maps and the modern development of
Indian Cartography, by Lt.-Colonel W.M. Coldstream, Rr.E.,
Superintendent, Map Publication. Caleutta, 1919. Price Rs. 3.

Yol VIII {1‘%5'79 Part I}-Explorations in  Tibet and neighbouring

N
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Vol. XIII

" Vol. XIV

Vol. XV

Vol. XVI

Vol, XVII

Vol. XVIII

Vol. XIX

Vol. XX
Vol XX1

Vol. XXII

Vol. XXIII

(¢)
Vol. I

Vol. 11

1917-18. Photo-Litho office ; the Powder Process. Problem of
the Himalayan and Gangetic Trough; Review by Dr. A,

Morley Davies. Dehra Dun, 1919. DPrice Rs. 4,
1918-19. Levelling in Mesopotamia.  Dehra Dan, 1920.
Price Rs. 4.

1919-20. Tevelling ; proposed new level net. The Earth’s Axes
and Figure, by J. de Graaff Hunter (a paper read at the R.A. 8.
Geophysical Meeting). Report on the expedition to Kamet,
Note on the Topography of the Nun Kun Massif in Ladakh.

_ Dehra Dan, 1921. Price Rs. 4.

1920-21. High Climbs in the Himalaya prior to the Everest
Expedition. Mt. Everest Survey Detachment, 1921. Traverse
Survey of Allahdbad city. Settlement of Boundary between
Mysore and South Kanara, Dehra Dun, 1922. Price Rs. 4.

1923, Memoir on Maps of Chinese Turkistan and Kansu
from the Surveys made during 8ir A. Stein’s Explorations,
1900-01, 1906-08, 1913-15. Dehra Dun, 1923,  Price Rs. 12.

1921-22. Traverse Survey of Allahabad city. Settlement of
Boundary between Mysore and South Kanara. Notes on
Revision Survey in the neighbourhood of Poona. Dehra Din,
1923. Price Ra. 4.

1901.20. The Magnetic Survey, by Lt.-Colonel R. H. Thomas,
p.8.0, R.E, and E.C.J. Bond, v.p. Dehra Dun, 1925.
Price Rs. 4.

1914-20, The War Record. Dehra Dun, 1925 Price Rs 3.

. 1922-23-24. T, Air Survey in the Irrawaddy Delta 1923-24, by

Major C.G. Lewis, r.E., and 1I. Reconnaissance Survey in

Bhutan and South ‘Tibet 1922, by Captain H. R. C. Meade, LA.
Dehra Duan, 1925, Price Rs. 1.8.

1926—J¥xploration of the Shaksgam Valley and Aghil Ranges,
1926, by Major K. Mason, M.c., r.E. Debhra Dun, 1928.
Pyice Rs. 3

1926-30. Report on Sind Rectangulation, 1926-30, by Lt.-
Colonel A.H. Gwyn, 1.a. Dehra Dan, 1932.  Price Rs. 1-8.
Geodetic Reports.

1922-25. Computations and Research. Tidal work. Time and
Magnetic observations, Latitude and Pendulum obscrvations
in Bibhir, Assam and Kashmir. Levelling. TLecture on ' The
height of Mount Everest and other Peaks”. Dehra Diin, 1928.

) Price Ra. 6.
1925-26. Computations and Research. Tidal work. ‘Time and
Magnetic observations.  Preparations for the International

Longitude Project. Triangulation. TLevelling. Investigation
of the behaviour of tree bench marks in India. Dehra Dun,
1928. Price Rs. 3.
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Annual Reports &c.—(Concluded).

Vol. IIT  1926-27. The International Longitude Project. Computations
and Publication of data. Observatories. Tides. Gravity and
deviation of the vertical. Triangulation, Levelling. Hesearch
and Technical Notes regarding Personal Equation Apparatus and
the height of Mount Everest. Delra Duan, 1929.  Price Rs. 3.

Vol IV 1927-28. Computations and Publication of data. Observatories.
Tides. Gravity and deviation of the vertical. Triangulation.
Levelling. Dehra Dun, 1929. Price Rs. 3.

Vol, V. 1928-29. Computationsand Publication of data. Observatories.
Tides. Gravity and deviation of the vertical. Triangulation.
Levelling. Research and Technical Notes. Dehra Dun, 1930.

Price Rs. 3.

Vol. VI 1929-30. Computationsand Publication of data. Observatories.
Tides. Gravity. Triangulation. Levelling. Research and
Technical Notes. Dehra Dan, 1931. Price Rs. 3.

Vol VII 1930-31. Computations and Publication of data. Observatories.
Tides. Deviation of the vertical. Gravity. Triangulation and
Base Measurement. Levelling. The Magnetic Survey. Dehra
Dun, 1932. Price Rs. 3.
Vol. VIII  1931-32. Computations and Publication of data. Observatories.
Tides. Gravity. ‘Iriangulation. Levelling. Research and
Technical Notes. Dehra Dan. 1933, Price Rs. 3.

PART IV. CATALOGUES AND INSTRUCTIONS

Departmental Orders.
From 1878 to 1885 the Surveyor General’s orders were all issued

is “ Circular Orders”. Since then they have been classified as follows :
1. Government of India Orders (called *Circular

. Orders ” up to 1898).
From 1885 to 1904 as 2. Departmental Orders (Administrative)

3. Departmental Orders (Professional)

In 1904 the various orders issued since 1878 were reclassified as follows:
Number to date,

1. Government of Indin Orders, 856
9. Circular Orders (Administrative), 4929
3. Circular Orders (Professional), 196

4. Departmental Orders (appointments, promotions, transfers etc.)
" These are numbered serially and had reached the above numbers
by September 1932. Government of India Orders and Circular Orders
(ddmenisiretive) are bound up in volumes from time to time, as shown
below, while Circular Orders (Professional) are gradually incorporated
in the Survey Handbooks. Besides the above, temporary orders have
been issued since 1910 in the form of *Circular Memos”, These either
lapse or become incorporated in some more permanent form, and are
therefore only numbered serially for each year. Bound volumes of orders
we available as follows:

1. *Government of India Orders (Departmental) 1878-1903.
Calcutta, 1904.

' " 1904-1908. Calcutta, 1909.
(Out of print).

" " 1009-1913.  Calcutta, 1915.
. " 1914191 8. Calcuttn, 1920,
1919.1924. DehraDun 1929,

o Fdi'_lgp-r;rt;e’ngal use oﬁl;y.
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Departmental Orders.—(Concluded),
2. *Circular Orders (Administrative) 1878-1903. . Calcutta, 1904,

., 1904-1908. Calcutta, 1909,
. " 1909-1913. Calcutta, 1915,
" ” 1914-1918. Calcutta,  1920.
" . 1919.1924. Dehra Dun, 1926,

3. .* Regulations on the subject of Language Examinations for
Officers of the Survey of India. Calcutta, 1914,

4. *Map Publication Orders 1908-1914 (Superinteudent,. Map
Publication’s Orders.) Calcutta, 1914.

5. Specimens of papers set at Examinations for the Class II
Service. Dehra Diin, 1927 & 1929. Price Re. 1 per year,

Catalogues ahd Lists.

1. Catalogue of Maps published by the Survey of India, Cafcutta,
1931. Price Re, 1.

Lists of new maps published during each month appear in the monthly
NOTES OF THE SURVEY OF INDIA. These monthly lists are aleo
issued separately.

2. Catalogue of Maps of Burma. Calcutta, 1925
Price As. 8.

3. Catnlogue of Maps of Cantonments and Military stations. Dehra
Dun, 1927. Price 43 8.

4. Catalogue of Books in the headquarters Library, Calcutta, 1901.
' (Out of print).

5. ~Catalogue of Scientific Books and Subjects in the Library of the

Trigonometrical Survey Office. Dehra Din, 1908. Price Re. 1.
6. Classified Catalogue of the I'rigonometrical Survey Library. Dehra
Dun, 1921. Gralis

7. Green Lists. Part I List of Officers in the Survey of India

(annually to date 1st January. Supplementary Edition

dated 1st July 1932), Culcutta. Price Rs. 1-2.

Part II History of Services of Officers in the

Survey of India (annually to date 1st July. 193.2

Edition not published), Calcutta. Price Rs. 1-2.

8 Blue Lists. Ministerial and Lower Subordinate Establishments
of the Survey of India.

Part 1 Hendquarters and Dehra Din offices (pud-

lished annually to date lst April. 1932 Edition

published on 1st July ), Caleutta.  Price Its. 66.

Part IT Circles and parties (published _:\nnlmlly to

date 1st January. 1932 Edition published on lst

July ), Caleutta. Price Its. 8-10.
9. List of the Publcations of the Survey of India ( publishcd nnnnally)
Dehra Duan. (frals

10. Price List of Mathematical Instrument Offce. Corvected up to
Ist September 1927. Calcutta, 1928. Grahe.

—

* For Departmental use only.
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Tables and Star Charts.

1. Auxiliary Tables, To facilitate the calculations of the Survey of
India. Fourth Edition, Dehra Dan, 1906. (Out of print).

2. ' Auxiliary Tables. Of the Survey of India. Yifth Edition,
(revised and extended), by J. de Graaff Hunter, »r.A., sc.D., F. INST. P.
In parts— :

Part I Graticules of Maps, (reprinted). Dehra Dun, 1926.

Price Re. 1.

Part II Mathematical Tables, (reprinted with additions).

Delra Dun, 1931. Price Rs. 2.

Part III Topographical Survey Tables, (reprinted with addi-

tions), Dehra Dan, 1928. . Price Rs. 3.

Part IV Geodetic Tables, (A) Triangulation Tables. Dehra Dun,

1931. Price Re. 1.

3. Tables for Graticules of Maps. Extracts for the use of Explorers,
Dehra Dun, 1918. Price As. 4.

4. *Metric Weights and Measures and other tables. Photo-Litho
Office. Calcutta, 1889.

5. Logarithmic Sinesand Cosines to 5 places of decimals. Dehra Din,
1886. Price As. 4.

6. Logarithmic Sines, Cosines, I'angents and Cotangents to 5 places of
decimals. Dehra Diin, 1915. (Out of print).

7. Common Logarithms to 5 places of decimals, 1885. (Out of print).

8. Table for determining Heights in Traversing. Delra Diun, 1898.

Price As. 8.

9. Tables of distances in Chains and Links corresponding to a sub-

tense of 20 feet. Dehra Diun, 1889. Price As. 4.

10. * N . 10 feet. Calcutta, 1915.
11. * " " 8 feet. '

12. Tield Traverse Tables. First Edition. Calcutta, 1928. Price As. 8.
13. Star Charts for latitude 20° N., by Colonel J. . Hobday, 1.s.c.

Calcutta, 1904. Pyice Rs. 1-8,
14. Star Charts for latitude 30° N., by Lt.-Colonel 8. G. Burrard, ®.E.,
r.s.  Dehra Dun, 1906. Price Rs. 1-8.

15. Star Cbarts for latitude 15° N. Dehra Din, 1928.  Price Rs. 2.

16. Star Charts for latitude 30° N. Dehra Dun, 1928.  Price Rs. 2.

17. Catalogue of 249 Stars for epoch lst Jan. 1892, from observations
by the Survey, Dehra Dan, 1893. Price Rs. 2.

18, * Rainfall, maximum and minimum temperatures, from 1868 to
1927, vrecorded at the Survey Office Observatory, Dehra Dun, 1928

19. * Booklet of conventional signs for use on Plane-table Sections.
Second Edition, 1928,

0ld Manuals.

1. A Manual of Surveying for India, detailing the mode of operations
on the Revenue Surveys in Bengal, and the Nort'h-_\Vestern Provmcgs.
Compiled by Captaing R. Smyth, and II. L. Thuillier. Caleutta, 1851.
(Out of print).

2, Ditto Second Edition. London,1855. (Out of print).

* For Departmental use only,
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0ld Manuals.—(Concluded).

3. A Manual of Surveying for India, detailing the mode of operations
on the Trigonometrical, Topographical and Revenue Surveys of India.
Compiled by Colonel H, L. Thuillier, c.s.., F.r.58., and Lt..Col. R. Smyth.
Third Edition, revised and enlarged. Calcutta, 1875. (Out of print).

4. Hand-Book, Revenue Branch. Calcutta, 1893. Price Rs. 2-8.

Survey of India Hand-Books.

1. *Hand-Book of General Instructions (in 2 vols.) Fifth Edition.
1927.

2. Hand-Book, Trigonometrical Branch, Second Edition. Calcutta,
1902. (Out of print). .

3. Hand-Book of Trigonometrical Instructions. Third Edition. Parts
in pamphlet forms : '

Part I Geodetic Triangulation. First Edition. Dehra Din

1931. Price Rs. 2-8.

Part V The Tides. First Edition, revised, Dehra Din, 1926.
Price Rs. 2.

Part VI Levelling. Second Edition, revised, Dehra Din, 1928.
Price Re. 1,

4. Hand-Book, Topographical Branch. Third Edition. Calcutta, 1905.
(Out of print),
. 5. Hnnd-Book of Topography. Tourth Iidition. Calcutta, 1911,
Chapters, in pamphlet forms
Chapter I Introductory. Fifth Edition 1932. Price 4s.8.
» Il Constitution and Organization of a Survey Party.

reprinted with additions, 1923. Price 45. 6.
w III Triangulation and its Computation. revised 1930.
Prioe Re. 1.

» IV Theodolite Traversing. Third Edition, 1927.
Price Re. 1.

" V Plane-tabling. Third Edition, 1926. Price Re. 1.
» VI TFair Mapping, reprinted with additions and re-

vised, ( Sixth Edition ) 1928. Price Re.. 1.
»  VII Trans-Frontier Reconnaissance. Third Edition,
1924. Price 4s. 8.

» VIII Surveysin War. Second Edition, 1930. Price Re.1.
" 1X  Forest Surveys and Maps. 1925. Price As. 8.
" X Map Reproduction. ‘Third Edition, 1928.

Price 4s.8.

" XI Geographical Maps. Second Lidition, 1926.
Price As.8.
»w  XII Air Surveys (Provisional Edition). Al Press.
6. *Photo-Lithe Office, Notes on Organization, Methods and Processes,
by Major W. C. Hedley, ®.&. ‘Third Edition. Calcutta, 1924
7. The Reproduction (for the guidance of other Departmonts) of Maps,

Plans, Photographs, Dingrams, and Line Tlinstrations. Calenbta, 1914,
Price Ba. 3.

8. Survey of India Copy Book of Letterlng. Calcutta.  Price Is. 38

e

* For Departmental use only.
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Notes and Instructions.

Drawing and paper.
1. *Notes on Printing Papers suitable for Maps, and on Whatman
Drawing Paper, by Major W.M. Coldstream, n.e, Calcutta, 1911.
(Out of print).

Printing and Field Litho processes.

2. *Report on Rubber Offset Printing for Maps, by Major W. M.
Coldstream, R.E. Calecutta, 1911,
., 8. *Notes on the “Vandyke” or Direct Zinc Printing Process, with
details of Apparatus and Chemicals required for a small section. Compiled
in the Photo and Litho Office, Survey of India. Caleutta, 1913.

(Out of print).

4. *Notes onsome of the Methods of Map Reproduction suitable for the
Field with appendix—Suggested Equipment Tables for the Light Field
Litho Press (experimental), by Lieut. A. A. Chase, n.E. Calcutta, 1911,

5. *Report on a trial of the equipment of the lst (Prince of Wales’
Own) Sappers and Miners, for reproducing maps in the field,
by Lieut. A. A. Chase, R.E. Calcutta, 1912. (Out of print).
Base Lines and Magnetic.

6. *Notes on use of the Jiderin Base line Apparatus. Dehra Din,
1904. (Out of print).

7. *Miscellaneous Papers relating to the Measurement of Geodetic
Bases by Jiderin Invar Apparatus. Debhra Diu, 1912,

8. *Instructions for taking Magnetic Observations, by J. Eccles, m a.
Dehra Dan, 1896, (Out of print).

9. Rectangular Co-ordinates. On a Simplification of the Computations
telating to, by J. Becles, m.a.  Dehra Dan, 1911. Price Re. 1.

10. *For Explorers. Notes on the use of Thermometers, Barometers
tnd Hypsometers with Tables for the Computation of Heights, by
J. de Graalf llunter, a.a.  Dehra Dan, 1911, (Out of print).

11. *Amended Instructions for the Survey and Mapping of Town Guide
Maps. August 1919

12. *Notes on the map of Arabia and the Persian Gulf, with a general
index of place names on the map, 1905-08, by Captain F. Fraser Hunter,
La.  Calcutta, 1910.

13. Accounts Pamphlet. Notes on accounts for field units. Debra Dun,
1928, Price Re. 1.

PART V. MISCELLANEOUS PAPERS
Unclassified Papers.

Geography.

1. A Sketch of the Geography and Geology of the Himédlaya Moun-
tains and Tibet (in four parts), by Colone! 8. G. Burrard, r.E.,, F.R.8., Supdt,,
Trigonometrical Surveys, and H. H. Hayden. n.a., F.a.8, Supdt.,, Geological
Survey of India. Culeutta, 1907-08. (Second Edition at press).

Part I The High Peaks of Asia,
" TI  The Principal Mountain Ranges of Asia. ?Price Rs. 2
» 11T The Rivers of the ITlimalaya and Tibet. S per part.
' 1V The Geology of the Himilayx.

* For Departmental use only.
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Unclassified Papers.—(Continued)

2. *Report on the Identification and Nomenclature of the Himilayan
Peaks as seenfrom Kdatmandu, Nepal, by Captain H. Wood, r.E. Calcutta,
1904,

3. Routes in the Western-Himalaya, Kashmir ete., by Lt.-Colonel
T. G. Montgomerie, B.E., F.R.8., F.R.6.8. Dehra Dun, 1909. (Out of print).

4. Routes in the Western-Himalaya, Kashmir ete., with which are
included Montgomerie’s Routes. Volume I. Punch, Kashmir and Ladakh,
by Major Mason, m.c., R.E., Second Edition, Calcutta, 1929. Price Rs. 6.
Exploration.

1. *Account of the Survey Operations in connection with the
Mission to Yarkand and Kashgar in 1873-74, by Captain Henry Trotter, r.E.
Caleutta, 1875. (Out of print).

2. Report on the Trans-Himalayan Explorations during 1869. (Out of
print).

3. Report on the Trans-Himalayan Explorations during 1870. Dehra
Dan, 1871. (Out of print).

4. Report on the Trans-Himalayan BExplorations during 1878.
Culcuttn, 1880. (Out of print).

5. Where is it. Reference index showing geographical position
of all important localities in INDJIA and adjacent countries, in four parts.
Calcutta, 1928.

Part 1 Place names. Cities, towns, and other sites. 3
» IT Railway stations. Complete list, 1928. | Price
, TIT Loecalities. Districts, States, Tribes etc. b As. 19
,» 1V Physical. Ranges, passes, peaks, glaciers, T
rivers, canals, lakes, bays, capes, islands ete. J
6. Glossary of Vernacular Terms used in Swivey of India Maps.
Calcutta, 1931. Price As. 5.

Special Reports.

1. *Report on the Mussoorie and Landour, Kumaun and Garhwal,
Ranikhet and Kosi Valley Surveys, extended to Peshawar and Kighin
Triangulation during 1869-70, by Major 1. &. Montgomerie, B.E. (Out of
print).

2. Report on the Recent Determination of the Longitude of Madras,
by Captain 8. G. Burrard, r.E.  Caleutta, 1897. (Out of print).

3. *Report on the Observations of the Total Solar Eclipse of Gth April,
1875 at Camorta, Nicobar Islands, by Captain J. Waterhouse. Calcutta,
1875. (Out of print).

4. *The Total Solar Eclipse, 22nd January, 1898. Dehra Dun. 1898,

(1) Report on the observations at Dumraon.
(2) Report on the observations at Pulgaon.
(3) Report on the observations at Sahdol.

5. *Report on Local Attraction in India, 1893-94, by Captﬂiﬂ
S. G. Burrard, n.E. Calcutta, 1895. (Out of print).

6. *Report on the Trigonometrical Results of the Earthquake in
Assam, by Captain 8. @, Burrard, r.E. Caleutta, 1898. (Out of print).

7. *Notes on the Topographical Survey of the 1/50,000 Sheete of
Algeria by the Topographical Section of the *Nervice Geographique
de 1'Armée”, by Captain W. M. Coldstream, ®.E. Calcutta, 1906.

* For Departmental use only,
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Unclassified Papers.—(Concluded).

8. *The Simla Estates Boundary Survey on the scale of 50 feet to
I inch, by Captain E. A. Tandy, r.E, Calcutta, 1906.

9. ¥*A note on the stage reached by the Geodetic Operations of the
Survey of India in 1920, by Lt.-Colonel H.McC. Cowie,».E. The Magnetic
Survey of India, by Major R.H. Thomas, p.8.0, R.E. and a note on the
present levelling policy, by Major K. Mason, m.c., R.E. Dehra Dun, 1922.
(Out of print).

fleodesy.
1. Notes on the Theory of Errors of Observation, by J. Eccles, m.a.
Dehra Diun, 1903. Price 4s. 8.

2. *Note on a Change of the Axes of the Terrestrial Spheroid in
relation to the Triangulation of the G.T. Survey of India, by J. de Graaff
Hunter, m.a. Dehra Duan. (Out of print), now incorporated in
Professional Paper No. 16.

3. Report on the Treatment, and use of Invar in measuring Geodetic
Bases, by Captain H. H. Turner, r.E. London, 1907. Price As. 8.

Projections.

1. On the projection used for the General Maps of India. Dehra
Dian, 1908.

2. *On the deformation resulting from the method of constructing
the International Atlas of the World on the scale of one to one million,
by Ch. Lallemand. Yranslated by J. Eccles, ar.A., together with tables for
{he projection of 1/M Maps on the International system. Dehra Din,
912

Mapping.

1. *A Nate on the different methods by which lills can be represent-
ed upon maps, by Colounel 8. G. Burrard, c¢.8.1, R.E, F.R.S., Surveyor
General of India. Simla, 1912,

2. *A Note on the representation of hills, by Major C. L. Robertson,
¢.M.G., R.E. Dehra Din, 1912,

3. *A Note on the representation of hills on the Maps of India, by
Major F. W. Pirrie, 1.a.  Dehra Dun, 1912,

4. *A consideration of the Contour intervals, and Colour Scales, best
suited to Indian 1/M maps, by Captain M.O’C. Tandy, R.E. Calcutta,
1913, (Out of print).

Professional Papers.

No. 1. Projection. On the Projection for o Map of India, and adja-
eent Countries, on the scale of 1: 1,000,000, by Colonel 8t. G.C. Gore, n.E.
Second Edition. Dehra Duan, 1903. Price Re. 1.

No. 2. *Base Lines. Method of measuring Geodetic Bases by means
of Metallic Wires, by M. Jiderin, (Translated trom Memoires Présentes
par Divers. Savants a ' Académie des Sciences de I Institute do France).
Dohra Din, 1899. (Out of print).

No. 3. Base Lines, Method of moasuring Geodetic Bases by means
of Colby’s Compensated Bars, compiled by Lieut. I. McC. Cowie, n.x.,
Dehra Dan, 1900. (Out of print).

* For Departmental use only.
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Professional Papers.—(Continued).

No. 4. Spiritlevels. Notes on the Calibration of Levels, by
Lieut. E. A, Tandy, =..  Dehra Dun, 1900. (Out of print).

No. 5. Geodesy. The Attraction of the Himalaya Mountains upon the
Plumb-Line in India, considerations of recent data, by Major 8.@G.
Burrard, .. Second Edition, Dehra Dun, 1901. Price Rs. 2.

No. 6. Base Lines. Account of a Determination of the Coeflicients of
Expansion of the Wires of the Jiderin Base Line Apparatus, by Captain
G. P. Lenox-Conyngham, r.. Dehra Dun, 1902, Price Re. 1.

No. 7. *Miscellancous. Calcutta, 1903. Price Re. 1.

(1) On the values of Longitude employed in maps of the
Survey of India.

(2) Levelling across the Ganges at Damukdia.

(8) Esxperiment to test the increase in the length of a
levelling staff due to moisture and temperature.

(4) Description of a Sun-dial designed for use with tide-gauges.

(5) Nickel-steel alloys and their application to Geodesy.
(Translated from the French).

(6) Theory of electric projectors. (Translated from the French),

No. 8. Magnetic. Bxperiments made to determine the temperature
coefficients of Watson’s Maguetographs, by Captain H.A. Denholm
Fraser, B.e. Calcutta, 1905. Price Re. 1.

No. 9. Geodesy. An Account of the Scientific work of the Survey
of India, and a Comparison of its progress with that of Foreign Surveys.
Prepared for the use of the Survey Committee assembled in 1905,
by Lt.-Colonel 8. G. Burrard, n.E, F.R.8. Calcutta, 1905. Price Re. 1.

No. 10. Pendulums. The Pendulum Operations in Tndin, 1903-1907,
by Major G. P. Lenox-Conyngham, r,E. Dehra Dan, 1908. Price Rs. 2.6.

No. 11. Refraction. Observations of Atmospheric Refraction, 1905-09,
by H. G, Shaw, Survey of India, Dehra Dan, 1911. Price Re, 1.

No. 12, Geodesy. On the Origin of the Iimalaya Mountains,
by Colonel 8. G. Burrard, ¢.8.1., R.E, F.us. Calcutta, 1912,  Price Re. I.

No. 13. Isostasy. Investization of the Theory of Isostasy in India,
by Major H. L. Crosthwait, R.E. Dehra Dun, 1912. Price Re. 1.

No. 14 Refraction. Tormule for Atmospheric Refraction, and their
application to Terrestrial Refraction and Geodesy, by J. de Graaff
Hunter, m.a. Dehra Dan, 1913. Price Rs. 2.

No. 15, Pendulums. The Pendulum Operations in India and Burma,
1908-13, by Captain H. J. Couchman, ».E. Dchra Din, 1915. Price Rs. 28.

No. 16. Geodesy. The Earth’s Axes and Triangulation, by J. de Graaff
Hunter, m.a. Dehra Din, 1918. Price Rs. 4.

No. 17. Isostasy. Investigations of Isostasy in Himalayan and neigh-
bouring regions by Colonel Sir 8. G&. Burrard, x.c.8.1,, R.E., F.R.8. Dehra
Dauan, 1918, Price Re. 1.

No. 18. Isostasy, A criticism of Mr. R.D. Oldham’s memoir " The
.structure of the Himalayas and of the Gangetic Plain”, by Lt.-Colonel
H. McC. Cowie, r.e. Dehra Dun, 1921, Price Rs. 18.

* For Departmental use only,
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Professional Papers.—(Concluded).

No. 19. Aerial Photography. Experiments in Aeroplane Photo Sur-
veying, by Major C. G. Lewis, i.E., and Captain H. G. Salmond, (Late z.A.F.).
Dehra Dun, 1920. Price Rs. 1-8.

No. 20, Air Survey. Reconnaissance Survey from Aircralt, by
Lt.-Colonel G. A. Beazeley, p.s.o., R.E. Dehra Dun, 1927. Price Rs. 1-8.

No. 21. Rectangulation. TIrrigation and Settlement Surveys 1926, by

Major J. D, Campbell, p.s.o., ».e. Dehra Dan 1927. Price Rs. 1.8.
No. 22. Levelling, Three Sources of Error in Precise Levelling, by
Captain G-. Bomford, ».e. Dehra Dun, 1929. Price Rs. 1.8.
No. 23. *Air Survey. Air Survey of Waziristan 1923 to 1928, by
Captain G. I. Heaney, n.8. Dehra Dun, 1928. Price As. 8.
No. 24. Air Survey. Notes on Air Survey in India, by Major W.J,
Norman, M.c., .E. Dehra Dun, 1929, Price Rs. 1.8.

No. 25. Glaciers. The Representation of (laciated Regions on maps
of the Survey of India, by Major Kenneth Mason, m.c., R.E. Dehra Din,

1929. Price As. 8.
No. 26. Geography. DMount Iiverest and its Tibetan Names, by Colonel
Sir S. G. Burrard, x.c.s.1.,, ¥.r.8. Dehra Dan, 1931. Price As. 8.

No. 27, Gravity. Gravity Anomalies and the Structure of the Earth's
Crust, by Major E. A Glenuie, p.s.o, ®.E. Dehra Dun, 1932, Price Rs. 1-8.

Departmental Papers.t

No.1l. Type. A consideration of the most suitable forms of type
for use on maps, by Captain M. O'C. Tandy, r.E.  Dehra Dun, 1913.

No. 2. Symbols. A review of the Boundary Symbols used on the maps
of various countries, by Captain M.O’C. Tandy, ».k. Dehra Dun, 1913.

No. 3. Maps. Extract from “The New Map of Italy, Scale 1:
100,000, by Luigi Giannitrapani.  Translated from the ltalian by
Major W. M. Coldstream, r.i. Dehra Dun, 1913.

No. 4. Town Surveys. A report on the practice of Town Surveys in
the United Kingdom and its application to India, by Major C. L. Robertson,
€.M.G., R.E. Dehra Din, 1913,

No. 5. Stereo-plotter, The Thompson Stereo-plotter and its use, with
notes on the tield work, by Lieut. K. Mason, r.z. Dehra Dun, 1913.

No. 6. Levelling. Levelling of Iligh Precision, by Ch. Lallemand,
Translated from the French by J. de Graaff [lunter, »t. . Delra Dan, 1914,

No. 7. Standard Bars. Bar Comparisons of 1907-08, by Major H. McC.
Cowie, R.E. Dehra Din, 1915.

No. 8. Helio-Zincography. Report on Rubber Off-set Flat bed Machine
Printing, by Captain 8. W. Sackville [Iamilton, r.E. Calcutta, 1915.

No. 9. Sterco-Anto-Plotting. A translation of Paul Corbin’s French
Stéréo  Autogrammétrie, by Lt.-Colonel . McC. Cowie, w.E. Dehra
Din, 1922.

No. 10. Base Lines. A Boolklet of Instructions with full descriptions
and tables for the Hunter Short Base, First Kdition compiled by Major
C. M. Thompson, r.A. Dehra Duan, 1928, Second Edition Compiled by
H. C. Banerjea, n.o. Dehra Dun, 1931

No. 11. Gravity and Isesinsy. TInvestigations regnrding .Gm\‘ity and
Isostasy by W. leiskanen (Transluted by V. Pelts ltsg. Revised and com-
pleted by Major C. M. Thompson, r.4.)  Dehva Diin, 1928

* or Official usc only. + For Departmental use only.
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Departmental Papers.*—(Concluded).

No.12. Geodesy. Geodesy, by J. de Graaff Hunter, M4, scp,
F. INST.P. Dehra Dun, 1929.

No. 18. Spherical Trigonometry and Astronomy. Notes on Spherical
Trigonometry, and Astronomy etc,, by Lt.-Colonel C.M. Thompson, 1.4,
Dehra Dan, 1929.

No. 14, Wild Theodolite. Instructions for the use of the Wild Universal
Theodolite by Captain D.R. Crone, n.E., and the Wild Photo-Theodolite
by Lt.-Colonel C. G. Lewis, 0.B.., r.E. Dehra Dun, 1932.

No. 15.  Air Survey. Notes on Air Survey and Map Publication in
England, 1931, by Major H. R. C. Meade, 1.4., with a foreword by Captain
D. R. Crone, r.E. Calcutta, 1932,

Professional Forms.

A large number of forms for the record and reduction of Survey
Operations are stocked at Dehra Dun.

List of more important contributions by the Officers
of the Survey of India to various extra-departmental
publications and related articles.

1. +India’s Contribution to Geodesy, by General J.T. Walker, &,
¢.B., F.R.8., LLD. (Philosophical Transactions, Royal Society, Series A,
Volume 186, 1895).

2. +On the Intensity and Direction of the Force of Gravity in India,
by Lt.-Colonel S§.G. Durrard, n.E., F.R.8. (Philosophical Transactions,
Royal Society, Series A, Volume 205, pages 289-318, 1905).

3. fA climb on Kolahoi, by Lieut. Kenneth Mason, n.E. (Royal
Engineers Journal, November 1910).

4. +O0n the effect of the Gangetic Alluvium on the I’lumb-ling in
Northern India, by k. D. Oldham, F.n.s. (Proceedings of the Royal Society,
Series A, Volume 90, pages 32.40, 1914),

5. 1On the origin of the Indo-Gangetic trough, commonly called the
Himalayan Foredeep, by Colonel Sir 8. G. Burrard, k.c8.1., R.E., F.RS.
(Proceedings of the Royal Society, Series A, Volume 91, pages 220-238, 1915).

6. §Three comprehensive articles on “ Comparators for the Indian
Government” from a report by Major H. McC. Cowie, n.E. (Engineering,
Aug. 20, Aug. 27, Sept. 3, 1915).

7. |iIdentification of Peaks in the Himalaya with notes, by Colonel 8it
8. G. Burrard, g.¢.8.1,, &.E., F.r8. (Geographical Journal, September 1918).
8. ||Geological interpretations of (eodetic Results, by Colonel 8ir

8. G. Burrard, .c.s.1,, n.E, F.RS. (Geographical Journal, October 1918).
9. |[War Surveys in Mesopotamia, by Colonel ¥. W. Pirrie, ¢.M.G.,
LA, (Geagraphical Journal, December 1918).
10. ||Air Photography in Arclhiology, by Lt.-Colonel G. A. Beazeley,
D.8.0,, RE. (Geographical Journal, May 1919).

* For Departmental use only.

t Obtainable from Messrs. Dulau & Co., 37, Soho Square, London, W., or Messre.
Harrison & 8ons, 8t. Martin's Lane, Lendon, or the Royal Society ab Burlington
tlonse, Liondon,

{1 Ohtainnble from the Institufion of Royal Engineers, Chatham.

§ Obtainnble trom Charles Robert Johnson at the offices of * Engineering”, 35 snd
36, Bedford Street Strand, London, W.C,

| Obtainalle trom the Royul Geographicai Society, Kensington Gore, London. 8.W.7
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List of more important contributions by the Officers
of the Survey of India &c. &c.—(Continued).

11. *Mapping from Air Photographs, by Lt.-Colonel M. N. MacLeod
B.E. (Geographical Journal, June 1919).

12. *Reminiscences of the Map of Arabia and Persian Gulf, by
Lt.-Colonel F.F. Hunter, ps.o, 1.a. (Geographical Journal, December
1919).

13. *Central Kurdistan, by Major K. Mason, m.c, B.E. (Geo-
graphical Journal, December 1919).

14. *Surveys in Mesopotamia during the War, by Lt.-Colonel
@. A. Beazeley, p.s.0., R.E. (Geographical Journal, February 1920). )

15. tA lecture on the Earth’s Axes and Jigure, by J. de Graaff
Hunter, m.o. (The Observatory, May 1920).

16, *A brief review of the evidence uwpon which the Theory of
[sostasy has been based, by Colonel Sir 8. G. Burrard, x.c.s.1,, R.E,, F.R.5.
{Geographical Journal, July 1920).

17. *A note on the topography of the Nun Kun Massif in Ladakh,
by Major K. Mason, m.c.. R.E.  (Geographical Journal, August 1920).

18. *Notes on the Canal System and Ancient Sites of Babylonia in the
time of Xenophon, by Major K. Mason, m.c., R.E. (Geographical Journal,
December 1920).

19. fAn Exploration in South-East Tibet, by Major H. T. Morshead,
1.8.0., &.E. (Royal Engineers Journal, Januvary 1921).

20 iTopographieal Air Survey (with plates and maps), by
Lt,-Colonel G. A. Beazeley, pn.8.0., R.E  (Royal Engineers Journal,
February 1921).

21. tProjection of Maps. A review of some Investigations in the
Theory of Map Projections, by A. E. Young, and Colonel Sir 8. G. Burrard,
E.Cc.8.1., R.E., F.1t.9, (Royal Engincers Journal, March 1921).

22. tReport on lixpedition to Kamet, 1920, by Major II. T\ Morshead,
.8.0., R.E. (Itoyal Engineers Journal, April 1921).

23. *The Circulation of the BLarth’s Crust, by Lt.-Colonel
E. A. Tandy, r B. (Geographical Journal, May 1921).

24, §Johmson’s Suppressed Ascent on I3 61, by Major K. Mason,
¥.c., n.E. (Alpine Journal, November 1921).

25. *Stereographic Suwrvey. The Amntocartograph, by Lt.-Colonel
M.N. MacLeod, ps.o., R.E. (Geographical Journal, April 1922).

26, 1The “Canadian” photo-topographical method of Survey, by
Captain and Bt. Mujor E.O. Wheeler, m.c., n.E (Royal Engineers
Journal, April 1922).

27, §The Survey of Mr. W.1I. Johnson in the K'un Lun in 1865,
by Major K. Mason, m.c., RE.  (Alpine Journal, November 1922).

28. ||Gravity Survey, by J.de Graaff Hunter, m.a., sc.p., F.INSI.T.
(A Dictionary of Applied Physics, Vol. 11T),

* Obtainable from the Royal Geugraphieal Sociely, Kensington dore, London, B.W. 7,

1 Obtainable from Messrs, Taylor & Francig, Red Lion Conrt, Flect &trect, Lowvdon,
w.C.

t Obtainable from the Inatitulion of Royal Inaincers, Chatham.

§ OlLtainable from Alpine Club, 23 Savile Row, London, W, 1.

|| Obtainable from Messrs. MacMillan & Co. Limited, Si. Martin’s Streel, London,
W.C., Bombay, Calcutta, Madras, Mclbouine.
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List of more important contributions by the Officers
of the Survey of India &c. &c.—(Continued),

29, *Trigonometrical Heights and Atmospheric Refraction, by J. de
Graaff Hunter, m.a., se.p., F.INsT.P. (A Dictionary of Applied Physies,
Vol. 111).

30. Geodesy, by Colonel Sir G.P. Lenox-Conyngham, n.E, rRs.
and J. de Graaff Hunter, m.a, sc.p., F.INST.2. (Enc. Brit. 12th Edition,
Vol. XXXI, 1922).

3l. {The proposed Determination of Primary Longitudes by Inter-
national Co-operation, by Colonel Sir G.P. Lenox-Conyngham, =z,
F.I8. (Geographical Journal, February 1923).

32. tRecent Developments of Air Photography. (1) The adjustment
of Air Photographs to Survey points, by Lt.-Colonel M. N. MacLeod,
D.8.0, R.E.  (Geographical Journal, June 1923).

33. Mount Everest, by Major H.’I" Morshead, ps.0., R.E (Royal
Engineers Journal, September 1923).

34. tKishen Singh and the Indian Explorers, by Major K. Mason,
M.C., R.E. (Geographical Journal, December 1923).

35. §Electrical vegistration of height of water at any time in Tidal
Prediction, by J. de Graaff Hunter, M.A., sc.D., F.INsT.P. (Journal of
Scientific Instruments, Vol. I, No. 8, May 1924).

36, |[[Graphical methods of plotting from Air Photographs, by
Lt.-Colonel L. N. F. I. King, 0.B.E., R.E.

87. +The Demarcation of the Turco-Persian Boundary in 1913-14,
by Colonel C. 1I. D. Ryder, r.E. (Geographical Journal, September 1925).

38. Geodesy, by J. de Graaff Hunter, m.A, sc.D., F.INSLP.
(Enc. Brit. 13th Edition, New Vol. ii, 1926).

39. **The De Filippi Expedition to the Eastern Kara-koram, by B.B.D.
and Colonmel Sir G. P, Lenox-Conyngham, =m.8., F.r.S8., 4. (Nature,
13th February 1926).

40, tThe Problem of the Shaksgam Valley, by Colonel Sir Francis
Younghusband, k.c.s.1., k.c.L.E. (Geographical Journal, S8eptember 1926)

41, +The Shaksgam Valley and Aghil Range, by Major K, Mason,
M.C., R.E. (Geographical Journal, April 1927),

42. A Break-Circuit for Pendulum Clocks, by J.de Graaff ITunter,
M.A., Sc¢.D,, F,INsT.P. (Bulletin Géodésique No, 14, April, May, June
1927, Paris),

43, +A Graphical Discussion of the Figure of the Larth, by AR
Hioks, ¢.D.E, F.R,8. (Geographical Journal, June 1927).

44. 1Survey on Active Service, by Captain G. F. Heaney, RE. (Royal
LEngineers Journal, June 1927).

45. A Report on the (reodetic work of the Survey of India for the
period 1924-27, by J, de Graaff Hunter, .., Sc.p., F.INST.P., presented
at the third meeting of the International Union of (eodesy and (Geophy-
sics, Prague, September 1927, Delra Din, 1927. Price e, 1

* Obtainable from Messrs, MacMillan & Co. Limited, $t. Martin's Street, London:
W.C., Bombay, Calcutta, Madras, Melbourne.

t Obtainable from the Royal (teographical Society, Kensington Gore, London, S.W. 1.
1 Obtainable from the Institution of Roynl Engineers, Chatham,

§ Obtainable from the Tnstitato of I'bysics, 90 Great Russel Streot, T.ondon, W.C. 1.
|| Obtainable from H.M. Stationery ollice, Adastral House, Kingsway, London, W.C.2,

28, Abingdon Strecet, London, S.W,

#* Obtainable from the office of Nature. St. Martin's Street, London, W.C. 2.
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List of more important contributions by the Officers
of the Survey of India &c. &c.—(Continued).

46. *The Stereographic Survey of the Shaksgam, by Major K.
Mason, M.c., R.E. (Geographical Journal, October 1927).

47, *Figure of the Earth: correspondence by J. de Graaff Hunter,
M.A., SC.D,, F,INST.P, (Geographical Journal, December 1927),

48. *Figure of the Earth: correspondence by Captain G, Bomford,
n.e. (Geographical Journal, December 1927),

49. *Reply to Captain G. Bomford’s letter on Figure of the Earth
(No. 48 of list), by Captain G, T. McCaw and A.1R., Hinks, c.B.E., F.RS.
(Geographical Journal, December 1927),

50. Tigure of the Earth. Presidentinl address by J. de Graaff Hunter,
M.A., Sc.D., F.INST.P., at the Section of Mathematics and Physics of the
Fifteenth Indian Science Congress, Calcutta 1928 (Published by the Asjatic
Society of Bengal, Calcutta).

51. * Note on Sir Francis Younghusband’s Urdok Glacier, by Mnjor
Kenneth Mason, ar.c., R.E (Geographical Journal, March 1928).

52. tSome Applications of the Geoid by J. de Graaff Hunter, m.4.,
sc.D., F. INST.P, (The Observatory, June 1928).

53. 1The Attraction of the Himalaya, by J. de Graaff Hunter,
M.4., sc.D., F.INST.P. (Himalayan Journal, Vol, I, No. 1, April 1929,
pages 59 —66),

54. *The Kara-koram : Correspondence regarding the proper nomen-
clature of the Kara-koram Himalaya, by Colonel Sir 8. G. Bwrrard, x.c.s.1.,
R.E., F.os, Dr. I'G, Longstaff and Major Kenneth Mason, m.c, n.E. (Geo-
graphical Journal, Septembtr 1929 and January 1930).

55. § The Geographical Representation of the Mountains of Tibet by
Colonel Sir 8. G. Burrard, x.c s.1., ®.E, F.R.8. (Proceedings of the Royal
Society, Series A, Volume 127, 1930, pages 704-712).

56. || The Glaciers of the Kara-koram and Neighbourhood, by Major
Kenneth Mason, uM.c., n.15. (Records of the Geological Survey of India,
Volume LXIII, part 2, 1930, pages 214-278).

57. A Report on the Geodetic work of the Survey of India for the
period 1927-30, by J. de Graaff Hunter, mM.a.. sc.D., F. INSL. T,
presented at the fourth mecting ot the International Union of Geodesy
and Geophysics, Stockholm, August 1930. Dehra Dan, 1930, Price Rs. 1-12.

58. The Indian Geoid and Gravity Anomalies by J. de Graaff Hunter,
M.A., se.p., P INsT.P, and Captain G. Bomford, r.®. (Bulletin G ¢odésique,
No. 29 Jan. —Mar. 1931, pages 20, 21, Paris).

59. Construction of the Geoid, by J. de Graaff Hunter, m.A,, sc.D,,
rivst.p. and Captain (. Bomford, n.e. ( Bulletin Géoddésique, No. 29
Jan.—Mar. 1931, pages 22-26, Paris).

* Obtninnble from the Royal Geographical Society, Kensinglon Gore, London, 8.W. 7,

+ Obtainable from Messes, Taylor and Prancis, Lied Lion Couwrt, Ileet Street,
London, W.C.

1 Obtainable from Messra, W. Thacker & Co.. 2. Creed Tane, Ludgate Hill, London,
E. C. 4. or Messra, Thacker, Spink & Co.. Caleatda.

§ Obtainable from Messrs. Dulan & Co., 37, Sobo Square, Tondon, W., or Messrs.
Harrison & Sons.,, St. Martin's Lane London. or the Royal Society at
Burlington House, London.

Il Government of India Central Publication Branch, Calcutta.
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List of more important contributions by the Officers
of the Survey of India &c. &c.—(Concluded).

60, *Two Notes on Short Tertiary Bases, by J. de Graaff Hunter,
M.A., S¢.D., F.INsT.P. (Empire Survey Review No.1l, Vol I, July 193],
pages 12-15).

61. +tContribution to discussion on paper by Mr. A. R. Hinks, c.n.E,,
F.R.8. ‘‘Some Problems of the Earth’s Crust”. British Association, 1931,

by J. de Graaff Hunter, m.a., sc.p, F.INsT.P. (Geographical Journal,
November 1931).

62. 1, §The Hypothesis of Isostasy, by J. de Graaff Hunter, m.a,,
sc.p., F.INST. P. ('he Observatory, Dec. 1931 and Geophysical Supple-
ment to Monthly Notices of the Royal Astronomical Society, Jan. 1932),

63. *Review of Captain Hotine’s *“Survey from the Air Photographs”,
by J. de Graaff Hunter, a.A., Sc.D,, F.18sT.P. (Empire Survey Review No, 3,
Vol. I, Jan. 1932, pages 134-137).

64 ||Stokes’s Formula in Geodesy, by B.L. Gulatee, ».a. (Cantab)
(Nature, 20th February 1932).

# QObtainable from the Crown Agents for the Colonies, 4 Millbank, London,
S.W. 1.

+ Obtainable from the Royal Geographical Society, Kensington Gore, London,
S.W. 7.

t Obtainable from Messrs. Taylor and Francis, Red Lion Court, Fleet Street,
London, W.C.

§ Obtainable from the Royal Astronomical Society, Burlington House, London,
Ww. 1.

i| Obtainable from the Office of Nature, St. Martin’s Street, London, W.C, 2.
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