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Colonel R. H. Phillimore, whose portrait forms the fronti-
spiece to this volume, was commissioned in the Royal Engineers in
June 1898, joined the Survey of India in June 1903, and retired in
June 1934 after serving continuously in the Department except for
an interval of five years during the War.

Between 1903 and 1926 he served in topographical parties in
Burma and the Eastern Circle, mostly in charge of No. 9 or No. 11
Party. During the War he was on active service in France and
Salonica from 1915 to 1919, being four times mentioned in
despatches and awarded the D.S.O., French Medaille d’ honneur,
and a brevet of Lieutenant-Colonel. After 1926 he was at different
times Director of all the circles except the Southern, including
periods as Director of the Geodetic Branch and as Director, Map
Publication. Colonel Phillimore was the author of Chapters I, IV
and XTI of the Topographical Handbook (Introductory, Theodolite
traversing, and Geographical maps ).

He officiated as Surveyor General for 3 months in 1931. This
period coincided with the financial crisis which led to drastic
retrenchment in the Department, and Colonel Phillimore had to
undertake the unpleasant duty of inaugurating it.

After his retirement Colonel Phillimore is maintaining his
comection with the Survey of India by preparing a series of Record
Vpllllnes dealing with its early history. He deserves the gratitude
ot the} Department for undertaking this valuable work, for which he
's emmnently fitted by his intimate knowledge of the Department
and its traditions.
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INTRODUCTION

1. The year 1933-34 has been a satisfactory one for the
Geodetic Branch of the Survey of India, and it has been found
possible to undertake a large amount of geodetic work.

2. Base-lines.—(Chapter I). Three new hase-lines have been
measured and extended, one in Baluchistin, one at Poona and one
in Assam. This completes the present programme of modern base-
lines.

The invar wires were re-standardized at Dehra Dian between
the measurement of each base-line. In contrast to the previous
year, they have maintained their lengths well. The 4-metre invar
bar by which the wires are standardized has been recompared with
the nickel and silica 1-metre standards, and has been found to have
arown by 0-5 in 1,000,000 since 1930, a satisfactorily small amount
{ Chapter VII, para 66 ).

Triangulation.—( Chapter I, para 8 ). No triangulation has
been cairied out except the extensions of the base-lines, but a
primary series to replace the Assam Valley secondary series has been
reconnoitred. It is hoped to observe it in 1934-35, and to extend
it throngh independent Niga territory to longitude 96° in 1935-36,
and thence south to join up with the Upper Irrawaddy and
Mandalay Meridional series in Burma.

Chapter T, para 9 contains some discussion on the best time of
day for the observation of horizontal angles. Tt is concluded that
there is little to choose between the (hﬂ"eront times of day, except
that the afternoon is to be avoided at stations in absolutely flat
plaing or where bad grazes oceur for other veasons. It is of course
hest to observe at the greatest possible variety of times,

4. Levelling.—( Chapter TI). The Burma levelling has heen
carried up to the Siamese frontier in latitude 21°, longitude 100°,
and a new line has been run from Mandalay to Lashio and beyond,
to check the triangulated heights of the Great Salween series. No
progress has been made with the high precision level net in India,
but the 1934-35 programme contains provision for two detachments
on this work.

Secondary levelling was carried out in the area disturbed by
the 1930 Pegu (Burma) ecarthquake, but no notable changes of
level were found. A considerable amount of secondary and 'reltlal'y'
levelling was carried out in Bihar to record possible changes after
the great carthquake of 15th Jan.  All heneh marks were found to
have sunk, some by as much as 4 feet. This levelling, and the
possible connection hetween the earthquake and tho apparent
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changes of level found in this area in previous years, is discussed in
Chapter II, para 14. Further levelling in this area will be carried
out in 1934-35.

5. QGramty.—(Chapter III). The Pendulum detachment, after
a long tour down the west coast of India, completed an extensive
programme in Ceylon and then, thanks to facilities kindly afforded
by Lt.-Colonel E.B. Seymour Sewe]l C.1.E., F.R.8., leader of the
John Murray Expedition, did a series of observations in the Maldive
and Laccadive Islands.

Gravity results in Ceylon show a satisfactory agreement with
the geology. They suggest however that the tilted syncline, which
iz the main feature of the geological structure of the island is not
symmetrical, but has been distorted by a disturbance in the Adam’s
Peak region. It is hoped that geologists will investigate this.

In the Maldives gravity data cannot lead to a definite value
for the thickness of the coral. The results are examined in the
light of various assumptions, and lead to conclusions in agreement
with the subsidence theory of coral island formation whether isos-
tasy is accepted or not. If, however, the subsidence is due to iso-
static adjustment then the subsidence has been nearly three times
greater than that required if isostasy is not accepted.

Work at Minicoy leads to the interesting conclusion that the
Laccadive Islands are tectonmlly distinet from the Maldive 1slands.
It must be admitted that this is based on very scanty data, but it

appears to be supported by data on the west coast of India and by
the topography of the islands.

In the tield season ot 1934-35 the programme of pendulum ob-
servations includes Cutch and part of Rajputina.

6. Deriation of the rertical—( Chapter 1V). Two detach-
ments were employed on tracing sections of the geoid hy means of
stations at close intervals. Ono detachment, 01)smv1nu both com-
ponents of the deviation, worked from the Aesam Burmm frontier
through Bengal to Bihdar. In 1934-35 it is hoped to extend this
section to near Agra, and also to observe in Sind and Baluchistan.

The whole section from Persia to Indo-China should be completed
i 1935-36.

The seeond detachment, observing latitude nnly, worked be-
tween Cape Comorin and Hyderibad (Doccan) It is hoped to ex-
tend this section up to Agrain 1934-35. These observations con-

siderably modify the form of the geoid in southern India as hitherto
gshown on our charts.

The observations of recent years in Tndia and Burma, and
also some communicated hy the Siamese Survey Department,
have been used to draw an extended chart of the geoid ( Chapter
TV. paras 47 and 48). The resulting figuwre shows remarkable
departures from the curvature of tho [nternational spheroid,



INTRODUCTION INTRODUCTION 3

which cannot be remedied by any change in the arbitrary constants
at the origin. Thus the radius of curvature of an east-to-west sec-
tion 2,500 miles long is 700 feet greater than that of the spheroid,
while the curvature of a 2,000-mile meridional section is 1,500 feet
less than that of the spheroid. Also, the geoid in the south of
Siam appears likely to be elevated 100 feet above any spheroid
which at all closely fits these two ares. 1t appears that thesc irregu-
larities can only be caused by widespread depaltures from isosta-
tic equilibrium. More latitude observations in Siam along meridian
99° or 100° would be of great value.

7. Delra Dim Observatory.—The Observatory took part in the
international longitude project of October and November 1933,
with three transits of different kinds operated in twrn by four differ-
ent observers (Chapter VI). The result, 5" 12™ 11*78, agrees well
with previous values, and the different observers agreed well among
themselves when using the same instrument, but the three instru-
ments show systematic discrepancies (a range of 0°-13), and the
probable error of the mean must be reckoned to be as much as
+0°-03. This is much Jarger than the figure usually quoted for
observations of this exteut, but 1t must be 1ema1ked that a very
much smaller figure would probably have heen given if only a
single instrument had been in use.

Dr. de Graaff Hunter’s new type of “shutter” transit has given
- . b
promising results.

The regular longitude observations were carried on during
the rest of the year, as also the usual magnetic, meteorological
aud seismographical observations. No progress has yet been made
towards starting a latitude variation programme at Agra (Chapter
VII, paras 66 to 70).

8. Tude predictions.—(Chapter V, paras 55 to 59). The Tide-
Tables of the Indian Ocean for 1935 have been prepared as usual.

9. Stokes” formula.—(Chapter VIII). Stokes’ formula relat-
ing the 1ntens1ty of gravity and the shape of the geoid provides a
means whereby the 1et('1euce datums of dmconnected geodetic
surveys could be brought into terms with each other if sufficient
gravity data were 'Lvalla.ble. In Chapter VIIT Mr. Gulatee discusses
the precision with which this can be done.  He concludes that the
vertical separation between geoid and spheroid at the origin cannot
be usefully determined, but th‘tt the deviation of the vertical could
be determined within a second if it could he assumed that there
exist no anomalics representable by low order harmonies (such as
the 2nd, 3rd and 4th). The possibility of the existence of a
second harmonic, however, with an amplitude of as much as 0+ 020 gal
introduces doubt which may awount to several seconds in an
extreme case,
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10, Non-departmental publications.—Several papers relating to
geodesy in India have been published in European and other
periodicals.  The Bihar earthquake, and the movements of ground
level in Bengal recorded in Geodetic Report Vol. VI have led to some
discussion(t) (20 G A paper on the computation of gravity ano-
malies by the late Mr. G. P. Rao, tormerly a Geodetic Computer of
the Survey of India has appeared in the Journal of the Indian
Mathematical Society'*’.  Dr. W. Bowie has written a paper com-
paring isostatic conditions in India with America and Canadal®),
A reply to this by Major Glennie will appear shortly in the same
periodical.  Mr. B. L. Gulatee has written an article on the deflec-
tion of the plumb-line in the Hydrographic Review!®),

REFERENCES

vy The Indian Earthgnake (193.1) Area, by Drv. J. de Graaff
Hunter, c. . g, ( Nature Vol. 133, Feb. 17/34).

(2)  Grownd levels in Bikir an relation to the Karthquake of
Jan. 15, 1934, by Colonel Sir Siduey Burrard, v. &. s.
( Natwre Vol 133, April 14/34).

(50 Changing ground levels in Bengal, by Dr. J.de Graaff
Hunter. (1. E. Jowrnal Vol, XLVIII, June/34 ).

() Ona method of Computing Gravity Anomalies, by G. P.
Rao, a. a. (Journal of the Indian Math. Soc. Vol. 20).

(20 comparison of  Isostasy in India and in the United
States and Southern Canada, by Dr. W, Bowie.
((ferlands Beitrige Zur Geophysik, 11, Heft 2, 1934 ).

(80 Deflection of the  Plumb-line, by B.L. Gulatee, m. A
( Hydrographic Review Vol. X, No. 2., Nov. 1933).

LL. Personnel.—The personnel of the Geodetic Branch during
the year is given on the following pages.
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PERSONNEL* OF THE GEODETIC BRANCH, 1933-34.

Director, Geodetic Branch

CoroNEL R. H, PHILLIMORE, D.s.0.. to 18th Feb. 1934
Lr.-CoLoNEL C.G. LEWIS, 0. B, E.. k. E., from 19th Feb. to 21st June 1934
Lr.-CoLoNEL C. M. T'HOMPSON, I. A., from 22nd June 1934

OFFICE OF THE DIRECTOR, GEODETIC BRANCH
Ministerial Service
Head Assistant Assistants
Mr. Diwan Chand Mr. Krishna Lal Sharma
20 Clerks.
COMPUTING AND TIDAL PARTY
(REcORDS AND RESEARCH)

Class I Service CorruriNg SECTION
Captain G. Bomford, ®.E., in charge, to , . .
7th Nov. 1933 and from 19th Mar, 1934, Upper Subordinate Service

Lr.-Colonel C.G. Lewis, 0.8.8. K.E, in Mr. M. Chatterii
charge, From 8th 0 25t Nov. 1933, § Chatterji (Head Computer).
Mr. H.C. Deva, B.a.

(Charge was held by the Director. ]
Geodetic Branch from 26th Nov. 1933 Mr. A. K. Maitra, 8. a.

to 18th Murch 1934). Mr. C. B. Madan. B. a.
Mr. B. L. Gulatee. wm.A. (Cantab.),
Mathematical Adviser. Lower Subordinate Service

OBSERVATORY SECTION
Class II Service

Mr. R.B. Mathur. B.A. (Tidal Assistant
to 30th Nov. 1933).

Magnetic Observer
Mr. Shyam Narain. B.sc. (AvmiNisterED BY O.C. 2 D.O.)
Lower Subordinate Service

12 Computers.
1 Librarian.

CHART SECTION

Upper Subordinate Service

Mr. A. A. S, Matlub Ahmad from 7th
June 1934.

5 Computers.
TipAL SECTION
Upper Subordinate Service

Mr. H.C. Banerjea. B. a. (Lidal Assistant Lower Subordinate Service
from 1lst Dec. 1933).

Lower Subordinate Service
9 Computers.

6 Draftsmen.

No. 14 PARTY (GEOPHYSICAL)

Class I Serrice Lower Subordinate Service
Major E. A. Glennie, p.s.0., R.E. in 5 Computers.
charge,
Class II Service

Mr, R. B. Mathur, B. A., from 13t Deec. 1933,

* Excluding No. 7i I;a,rty 20 Défﬁélimént, No. 2 Drn,wingi and Forésf M.'-;.[’)“Ofﬁc’cra;;:
Printing. Photo-Zinco, Stores and Workshop Sections, and Training School,
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No. 15 PARTY (TRIANGULATION AND LEVELLING )

Class I Service
Captain G. Bomford, k.E., in charge.
Class II Service

Mr. N. N. Chuckerbutty, L.c.E.
Mr. M. N. A. Hashmie, B. A.

Upper Subordinate Service

Mr. A.A.S. Matlub Ahmad, from 15th
Feb. to 6th June 1934,

Mr. J.N. Kohlij, to 15th Aug. 1934.

Upper Subordinate Service—(contd.)

Mr. B.P. Rundev, from 3rd Mar. to 6th
June 1934,

Mr. Mohd. Faizul Hasan.

Mr. P. K. Chowdhury, to 15th Aug. 1934,

Mr. I.D. Suri, from 27th Feb. to 6th
June 1934,

Mr. L. R. Howard.

Mr. Mohd. Zafar Ali Qureshi.

Lower Subordinate Service

6 Computers and 2 Clerks. T'his excludes
13 Lower Subordinates temporarily
employed on Bihir levelling.






Reference numbers and Values of “m” and “M? for all Geodetic Series of the
(See Records of the Survey of India Vol. IX, p. 137).

Indian Triangulation.

For 42 Series entering the Simultaneous Grinding (shown in italics below) Mean Square M=+ 1.04
For Series up to No. 107 . Mean Square M=+ 1.52
N\».' Name of Series Seasons [ +m | + M |No Nawme of Series Seasons | +m | + )|

11 South Parasnith Mer. 1831-39(3-308|3-26] 52| Burma Coast (.?e.e 108) 1864-82 [0+ 3800 39

2 Budhon Meridional 1833-43|2- 242]2-46] 53| Jubbulpore Meridional 1865-67 [0-340(0.31

3! Amiia Meridional . |1834-38({1-647|1-88) 54| Madras Longitudinal 1865-80 (0-384|0.37

4| Rangir Meridional . [1834-641-643(1-79] 55| Assam Valley Triangu-

$ | Caleutta Longitudinal 1834-69|0-369(0- 32 lation ... | 1867-78 |1-690|2-85

B Great Arc Meridional, 56| Brahmaputra Mer. 1868-74 (0564|070

Section 24°-30° 1835-66(0-708(0-71] 57| Coimbatore No. 1 1869-71 |1:547(2.07
7 | Bombay Longitudinal 1837-63(0-844 0 74] 58| Bilaspur Meridional 1869-73 10-302(0.33
8| Great Arc Meridional, ) 59| Cuddapah 1871-72 |0-826(0-96
} Sectiom 18724 1838-41|0-567|0-59] 60| Hyderabad 1871-72 |1-405|1+56
Q| Great Arc Meridional, .
Section §°-18° 1840-74(0-390(0-36] 61| Malabar Coast 1871,74,80 |1-532|1-82
62{ Jodhpur Meridional 1873-76 |0-291 0-32\
10| Singi Meridional ... [1842-62|1-187|1-14] 63| South East Coast 1875-79 |0-522(0-65
11| South Konkan (oast .| 1842-67]2-176{1-93
12| Karira Menidional 1843-45{1-507(1-81] 64| Eastern Sind Mer. 18%76-81 |0- 244030
65| Siam Branch Triangu-
13| North Malincha Mer, ver [ 1844-46|1-266]1- 42 Jation 1878-81 |3-711(4-34
14| Chendwir Merdional . | 1844-6910-841(1-06} 66| Mandalay Meridional 1889-95 |0-418{0°35
15| tiora Meridional 1845-47{0-973|1-21
67| Mong Hsat® ... | 1891-93 (3-054(3-01
16| Caleutta Meridional .|1845-48)1-173|1-99] 68| Manipur Longitudinal 1894-99 |10-453|0-36
€ P
17 | South Malincha Mer. 1845-53|1-606(1-97) 69| Makran Longitudinal 1895-97 10.285(0-26
18| Khinpisura Meridional ... |1845-62|1-227|1-07] 4 Mandalay Lon ... 8901000 |1.696|1-96
o [1880-1902 .
19| Gurwani Meridional 1946-47]1-165|1-55| 71| Manipur Mer. 7 9131016 § [0+ 750/0-81
20| North-East Lon. 1846-55(0- 446 |0-65] =, 1900- 0+404(0-32
21| Hurildong Meridional 1848-52|1-502|1-92 72| Great Salween (See 105) u .
o . 73| Kidarkanta 1802-03 [1-32311-62
22 Nnrth_-West Himdlaya 1848-53|0-64110-55] 4| Kalat Longitudinal 1904-08 [0:365(0+25
23 | Qurhigarh Meridional . |1R48-6210-914 1 21 75| Baluchistan Triangu-
24! East Coast 1R48-63(0-608(0-70 lation 1908-09 |1.348{1.08
25| Karichi Longitudinal 1849-53(0- 558 |0- 60 North hist 1908-10 [0-22110+1
26| Abu Meridional 1851.52{0-817 [0-68 10| Gorth Baluchistin 100 102 o3
271 North Pirasnith Mer. 1851-52{0-895(1-25 ) Khﬁsi Hills 1909-11 [2:038(3+01
ag | K ihic wa Iy -
2% Kithidwir Meridional 1R52-56{0-990(1-11 U b 1909-11 |0.596 |0- 49
29| Glfj(u:fnt pongilu«linal 1852-62{0-859(1-12 2(1) Jali)l‘:fira ;,ris}lv;addy 1910-11 0.9363 (1)-86
10| Kithiawar Lon. 1853 (1-48111-34] 4» | Bhir 1911-12 [0-794(0-94
a1 | Sabarmati 1853-54(1-348(2-A4) g2 ! Ranchi . :

. 53-54|1-34 3 | Rinchi 1911-12 |1-840 (234
:':t g,:.haf ];Iflu_al' . lH:_)ﬂ-F:} 0'34)8 0-43 #4 | Villupuram 1911-12 |1-184/1-78
3 I "dhon Mendional 1853-63|0-32710-37 45 | Sambalpur Meridional 1911-14 (0-250|0-21

]
""_‘; Asstm f’""g""""“’l 1834-6010-57910-T1] gq | Indo-Russian Connection |1912-13 |2-790(3-92
Ar 1 Cutch Const 1K35-5K10-986/1-27) 47| Khandwa 1912-13 [0-999|1.27
3';": Kashmir Principal 1855-60|0- 984 (0-86] ua | Ashta " 1913_1:,) 1-048(1-33
AT Jogi-Tila Meridional 1855-63(0-48110-59] g | Bulda . .
kL] S::mha.lpur Lon. 1856-57|0- 808 [0- 87 9‘0 N:{g::; }2}:’;:}1 (1)-:;?5: (1)':2
39| (Cateh) Coast Line 1856-60(0-975(1-47] 91| Niea Hills 1;,1:3_14_ 0:913/0-96
40| Kathiawar . _ .
AN o 92| Middle Godavari 1914-15 |0:913(1-08
" ; ](,])p'l’::’;:’ll;,:ml No. 1 1858-59(0-930(1-51 93 Kphi!na. 191415 1.0’:3 1.39
i Moridional No. 2 1859-60| 1-24711.75| 4| Cichar 1914-15 [1-077|1-65
42| Kathiaware
) a5 911- AP
Muridional No. 3 1839-600-969 1 48] ga ﬂﬂ'gf{fj Island ;3:“;’ 1-1481-53
43| Bidar Lonyitudinal 1859-72|0-311 (0. 30| 7| BRgnlkot 1916-17 |0-701 [0-K3
3| Eastern Frontier op ¢
. 99 - . 25

-I qﬁlhvl‘lnm] Meridional 1RR0-64(0- 409 0)- 49 100 g?;:f:;n }gg’:}_;; ;.gg é-gf;
B3| Sutle ING1-63,0-346.0- 531101 | Peshawar 1927-28 |1-267|0- 4%

5 Madvae Mer_and Const 18R1-BR/0 426 (0- 40

7 Kathiawir 102) North Waziristan 1927-28 (1-895|2-47

Moertdional Noo 4 1963-5.4 1- 1541 -73]103| Chittagong 192R-30 [0-453]0- 45

8 Eost alcutta Lon. 1863 Al 0-37910. 57|10+ Mong Hsat 1920-31 [0-441{0-38

¥ Mongaloee Meridional 14637310 440(0- 45]105 | Great Salween 1929-31 |0.682|0- 58
50 l\'v-m‘num and (Garhwal 196485 l-7<l-2‘|-50 1068| Burma Coast 1930-31 {0.205(0- 19

51 Nsaik 1944-65 2-0311‘3-]2 107 ] Dalbandin 1931-32 |0-472(0-32

i

*  Replaced by 1n4.

Mer. = Meridinnal

Lon. = Longitudinal.
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CHAPTER 1
TRIANGULATION AND BASE MEASUREMENT

BY Carraiy G. Bomrorp, R.E.

I. Summary.—The season’s programme consisted of three
base-lines with their extensions, and reconnaissance for a primary
series to be observed next year in place of the existing Assam
Valley secondary series. The base-lines are at Padag near Dalbandin
in Baluchistan, at Poona, and at Namtiali near Sibsigar in Assam.
The invar wires were brought back to Dehra Dan and re-standardized
between each base-line. They held their lengths satisfactorily.
(See Chapter VII).

Consideration has been given to the question of what is the
best time of day for observing horizontal angles. The subject is
discussed in para 9.

2. Padag base-line.—The base-line is 10 miles long lying
across the side Pulchotau H.S.—Kopahdar H.S. of the Kalat
Longitudinal series (see Chart IT). The easternmost 7 miles
ave on hard bare clay, and the remaining three miles are on gently
sloping gravel. It is divided into two (unequal) halves by the
centre station. The centre and two terminal stations are almost
exactly in line, and are built up about 4 feet above the plain. At
the west terminal the ground is 60 feet above the other two stations,
so that the triangulation ray along the base is reasonably clear of
the ground except during the midday minimum refraction.

In this base and the other two, the system of measurement was
by invar wires in catenary, as in other recent base-lines. Wires
Nos. 247 and 248 were used for the east-to-west measure, and 244
and 249 for the other. No. 252 was used as a daily standard of
comparison, and 243 was used in addition every third or fourth
day only. '

Before measurement is started, the positions for the tripods
are laid out by marks on pegs, or on slats nailed to pegs, accurately
aligned and at approximately the right intervals. The spirit-levelling
15 carried along these pegs before and after the measurement.
During measurement an assistant measures the heights of the tripods
ab_ove the pegs, hut when the rise or fall in a bay exceeds two feet
this is checked by direct levelling between the tops of the tripods.
(Jm‘nparisons with the field standard have been made daily, some
before and some after work, in such proportion as to make the mean
temperature of comparizson the same as the mean temperature at
which the hases have been measured.

7



8 GEODETIC REPORT (1934.

The Padag base-line was reconnoitred and laid out by Messrs,
L. R. Howard and P. K. Chowdhury with about 20 khalisis between
28th Nov. and 22nd Dec. The extension was observed by Captain
Bomford between 12th and 22nd Dee. The measurement was
done by Captain Bomford and Lieut. C. A. Biddle, r.E. assisted by
Mr. Chowdhury, one recorder, and about 40 khaldsis, between 23rd
Dee. and +th Jan., the average out-turn being 110 bays a day.
Temperatare conditions were rather extreme, wmkmcr temperatures
varving from 27°Ct on 26th Dec. to - 6°C on 4th Jan., but conditions
were otherwise cood.  Water was brought by train flom Ahmedwal,
The results are given in Table 1.

TABLE 1.—Padag Base-line.

Fast to West ‘ West to East Mean value
Section No. ' of
No. 248 No. 24% } No. 244 No. 249 each section
1 1911017 191140 l 1911-013  1911-015 | 1911-016 metres

w

1441 - 824 1441825 . 1441-821 1441-825 1441 - 824,

i
3 1-+41-071 1441-072 ‘\ 1141069 1441069 1441-070

Total E. Half | +793-912 +793-915 1 4793-903 4793909 4793-910

-+ L 1RE2-623 1:-h42-626 | 1442623 1442626 1442-625 “
Y 12559 1442-781 | 1442779 1442780 1442780

6 ‘ THE2 45 1-HE2- 451 | 1412- 451 1442455 1442-453 .,
7 1HIZ2-16E 1442466 ‘ 1142 - 464 1442164 | 1442- 464 “
s 1 1456+ 653 1166655 I 1166652 1466 654, 1466 - 654 o
9 | L2115 1442 446 1 144215 1442 - 445 1442445 "
10 1105-850 1105-872 | 1105-8%0 1105-872 1105-871 .
11 1131606 1131-608 | 1131606 1131-606 1131-607 “

Total W, }Izllf§10.$1lli-ﬂ94- 10.916-908 110,916-890 10,916-902 10916899

Length of Basel15.710-806  15.710-823 (15.710-793  15,710-811 | 15.710-809 metres

|

Length of Base from East to West ( Wires 248 and 247) =15.710- 815 metres.
Lenueth of Base from West to East (Wires 244 and 249) =15.710-802 metres.



Cuar. 1.] TRIANGULATION & BASE MEASUREMENT 9

The discrepancy between the east-to-west and west-to-east
measures is 1 in 1,200,000. By direct measurement the log of the
ratio of the two halvesis 9-6425909 and by triangulation 9-6425912,
which by chance is nearly identical.

The measured length of the base is reduced to Indian feet by
the relations

1 standard yard =0-914 399 20 metres

1 Indian foot =0-333 331 886 standard yards*,
and is 51544 - 918 Indian feet.

The average spheroidal height of the Padag base is 2,817 feet,
viz., 2,680 feet above sea-level plus 137 feet, the estimated height of
the geoid above Everest’s spheroid. Reduced to spheroid level, the
length of the hase is then 51537-980 Indian feet or 47121274 log
feet.

The triangulated log length of the hase-line in terms of the Kalat
Longitudinal series is 4+ 7121302, so that the discrepancy measured
minus triangulated is —0-0000028.

In view of the early morning temperatures being so much lower
than those at which the coefficients of expansion of the invar wires
had been determined, a determination was made on 30th Dec. by
the careful measurement of nine bays with all six wires during
the cold of the morning and again in the afternoon. The results
were as follows:— )

Increases in mm. per 24 metres per °C under 10 kq. tension.

Wire Nos. ; 243 244 ' 249 248 249 252
\

|
Previously accepted : + 0054 | 4 -00581 - -0009‘ —-0028 | —-0044 | —-0050
. | ‘ |

—-0060| —-0030 | — - 0066

December 1933 | +-0040 | -+ -0047 | —+0036

The day selected for the work had an unfortunately low range
of temperature, and the mean difference hetween the morning and
midday measures was only 9°C, whereas 15°C or 20°C had been
hoped for. The results, however, agree well with the old values,
and the latter have been accepted unchanged. The worst discrepancy
(in No. 248) is only 1 in 1,000,000 per 8°C, and the mean of the
four working wires differs by 1 in 1,000,000 per 17°C. The
difference hetween the mean temperature of base measurement at
I’oﬂ(]ag and of the two related standardizations at Dehra Dan was
7 C, 80 the temperature coefficionts arve considered to be well enough
determined. At other base-lines the temperature differences have
been much Joss.

¥ See Supplement to Geodetic ].’,(;])(n't Vol. V1. 1;:;g(~:'i. -

B



10 GEODETIC REPORT (1934,

The base extension was carried out with 53-inch Wild theodolite
No. 59. Three face left or three face right measures were made on
28 zeros, the small increase on the usual programme being to allow
of observations at four different times of day, asdescribed in para 9.
The average triangular ervor was 17-11.

3. Poona base-line.—The base-line is 6} miles long and
is connected to the side Dighi H.S.—Mandvi H.S. of the Bombay
Longitudinal series, through two new hill stations (see Chart II).
The line is across undulating country, covered with grass and dry
cultivation. It is divided into two halves by a centre station at
which the two terminals subtend an angle of 175°. The ground
falls quite steeply in tront of the west and centre stations, which
have been built up to a height of 4 feet, but a low crest in front of
the east terminal necessitated the building of a tower 14 feet high,
of the type described in the Geodetic Report for 1933.

In 1840 Lieut. W.S. Jacob of the Bombay Engineers prepared
a base-line at Poona and connected its terminals by preliminary
secondary triangulation, but it was never measured. The east
terminal of the present base is identical with Jacob’s station, but

the west terminal is about 200 yards west of his, in what appears to
be a rather better site.

The line and the new stations were prepared by Mr. Howard
hetween 23rd Dec. and 13th Jan. The measurement was carried
out by Captain Bomford and Mr. Chowdhury assisted by Mr. Howard
hetween 19th and 27th Jan. and the extension was observed hy
Captain Bomford between 28th Jan. and 11th Feb. The system of
work was the same as at the Padag base, but the rougher ground
reduced the average daily out-turn to 100 hays a day. The results
are given in Table 2,

The discrepancy between the east-to-west and west-to-east
measures is 1 in 10,000,000, By direct measurement the log of
the ratio of the two halves is 0-2647366, and by triangulation

02647320, a discrepancy of 1 in 100,000. The measured ratio is
of course accepted.

The measured lengths of the two halves of the hase in Iudian
feet are 22572-536 and 12270-038. The mean spheroidal
heights of the two halves are 1,826 and 1,932 feet, viz., 1,871 and
1.977 feet above sea-level minus 45 feet, the estimated height of the
geoil below Everest’s spheroid. Reduced to spheroid level the
lengths of the two halves of the base are 22570565 and 12268904
Indian feet, or 43535424 and 4-0888058 log feet.

The triangulated lng lengths of the two halves, in terms of the
Bombay Longitudinal series are 4:3535421 and 4-0888055, so that
the discrepancy measured minus triangulated is +0-0000003. The
smallness of this figure speaks well for the accuracy of our
predecessors’ work (1862-63), and also for their judgment in
deciding that a hase-line at Poona was not essential.
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TABLE 2.—Poona Base-line.

East to West West to East Mean value
Section No. of
No. 247 No. 248 No. 244 No. 249 each section
1 1634-102 1634-:101 | 1634-103 1634-104 1634102 metres
2 1610-130 1610-129 | 1610126 1610-128 1610-128 "
3 1609- 866 1609866 | 1609864 1609868 1609- 866 .
4 2025977 2025:979 | 2025-974 2025-977 | 2025977 "

Total E. Half | 6880-075 6880-075 | 6880067 6880-077 | 6880-073 "

5 1921-039 1921038 | 1921-038 1921-040 1921-039 o
6 1818849 1818-849 | 1818-849 1818-851 1818- 849 "

Total W. Half | 3739-888 3739-887 | 3739887 3739-891 3739-888

Sum of tW0 110619963 10.619.962 [10,619-954 10,619-968 [10.619-961 metres

Sum of two halves from East to West ( Wires 247 and 248) = 10.619-962 metres.
Sum of two halves from West to East (Wires 244 and 249) = 10,619 961 metres.

The base extension was carried out with 5l-inch Wild theodo-
lite No. 59, on the same system as that at Padag. The average
triangular error was 0”+72. At this base extension the small size
of the hills and the freedom from any astronomical observations
made it possible to adopt the following routine without interruption
throughout the seven stations:—Leave first station in the morning:
arrive next station that afternoon: observe four zeros (three
measures FR or three FL on each) that evening and four that
night: observe six zeros next morning, six in the afternoon, four
that evening and four that night: march to the second station and
start observations there next day. The weather was, of course, fine.

4. Namtiali base-line.—The base-line is 7 miles long, and
1s connected to fowr stations on the adjacent hills, of which
two will form part of the new Assam Valley series which is to be
observed in 1934-35 (see Chart IT). The line lies in flat paddy
fields. Tt is divided into two halves by a centre station at which
the two terminals subtend an angle of 170°. The three stations
are towers 10 or 12 feet high, of the type described in Geodetic
Report 1933, Chapter I.  Some difficulty was experienced in tinding
a line clear of village sites and bamboo jungle, and Rs. 600 was
gpent on compensation. The line is crossed by a few small streams,
hut it was not found necessary to use the 72-metre wire.
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The line was cleared and the new stations built by Mr. M.N.A.
Hashmie between 18th Oct. and 27th Nov., and Mr. Hashmie
observed the extension between 28th Nov. and 25th Dec. Mr. Howard
laid out the pegs between 6th and 24th Feb. The base was
measured by Captain Bomford and Mr. Chowdhury assisted by Mr,
Howanl, between 25th Feb. and 4th March. The system of work
was the same as at Padag and Poona, but the flat ground and an
equable temperature raised the average out-turn to 120 bays a day.
The results are given in Table 3.

TABLE 3.— Namtialt Base-line.

East to West West to East : Mean value
Section No. of
' No. 248 No. 247 No. 244 No. 249 each section
|
1 { 1607 584 1607586 | 16075581 160% - 586 1607 -584 metres
|
2 ! 1606 - S840 1606-891 | 1606-885 1606 - 889 1606889
)
3 ! 1606 - 681 1606685 | 1606-683 1606 - 687 1606685
4 ! 1178295 1158-296 | 1178- 202 1178296 1178-295
i
Total E. Half | 5899453 5000-438 | 5999 141 5999.458 | 5099453
|
0 [ 1604 T84 1604786 | 1604781 1604.-785 1604 - 784
[ 1HRT - 185 1567186 | 1567 184 1567188 1567186
7 16832176 1632179 | 1632-174 1632157 1632- 176
8 T71-308 T71-309 Ti1-307 771:-309 771308

Total W. Half 3573-453  A375-459 0 5375-446  B3T5-459 | 5575 454
Sum of two

halees LLATHY0R 11574017 1111.574-897 11.574-917 | 11.574-907 metres

Sam of two halves from East to West (Wires 248 and 247) = 11.574-911 metres.
Sum of two halves from West to East ( Wires 244 and 249) = 11.574-902 metres.

The discrepancy between the east-to-west and west-to-east
measures is 1 in 1.300.000. By direct measurement the log of
the ratio of the two halves is 9-9681686, and by triangulation
99621703, a diserepancy of 1 in 250,000,
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The measured lengths of the two halves in Indian feet are
19683347 (east) and 18292-267 (west). The mean spheroidal
heights of the two halves are 499 and 500 feet, viz., 324 and 325
feet above sea-level plus 175 feet, the estimated height* of the
geoid above Everest’s spheroid. Reduced to spheroid level the
lengths of the two halves of the base are 19682-878 and 18291-830
Indian feet or 4-2940886 and 4-2622572 log feet. No comparison
with triangulation is at present available.

The base extension was carried out with 54-inch Wild theodo-
lite No. 130, on 20 zeros (3 FL or 3 FR on each). The average
triangular error was 0”46, an exceptionally small figure.

5. Accuracy.—From the measures given by the four indepen-
dent wires in Tables 1, 2 and 3, the probable errors of the base-lines
might be deduced as:—

Padag 1:3,700,000
Poona 1:5,200,000
Namtiali 1:2,300,000.

Figures deduced in this way are, however, notoriously unreli-
able for they make no allowance for the error in the standard by
which the lengths of the wires are determined, or for error in the
triangulation which extends the base to a side of normal length.
In Geodetic Report Vol. VII ( page 20) it was concluded that the
mean of the errors of standardization of the wires in 1930 was
probably less than 1:1,000,000, but that it might be 14 :1,000,000.
The standardizations described in Chapter VII of this report are
rather 1nore satisfactory, but the possibility of an error of
1:1.000,000 cannot be denied, and this possible error ( or even some-
thing a little larger ) is a better guide to the accuracy of the actual
measurement than the probable errors given above. This figure of
1:1,000,000 is not well determined, but it is of little consequence,
for the probable error of the extension is certainly larger, and is the
ruling factor in the accuracy of the base as a whole.

The average corrections applied to the observed angles when
grinding the three base extensions have been 0”-46, 0”34 and
0”-50 at Padag, Poona and Namtiali respectively, which being
multiplied hy 0-845 give 0”39, 0”29 and 0”42, for the probable
errors of unadjusted angles at the three bases. Given the probable
error of an unadjusted angle, the probable ervor of the ratio of

. " Data arc rather scanty. and this height may possibly be in ervor by 50 feet
(1 in 400.000 of the earth’s rading ). The rednetion to sea-level must be reconsidered
when the azimuth observations of the new Assam Valley series have provided fuller
information ahout the shape of the geoid in Assam.



14 GEODETIC REPORT {1934,

any two sides is determinate, but in complicated figures the compu-
tation is very long*. The following discussion is not rigorous but
is thought to be reasonably accurate.

For the probable errors of the adjusted angles a rough rule is
Adjusted p.e. = unadjusted p.c. x \/ t_t"

where ¢ 1s the number of angles observed and = is the
number of equations of condition ¥.

At the three bases, the fractions under the square root are
5/16, 9/30 and 9/27 respectively, so that the average probable errors
of adjusted angles are 0”°22, 0”'16 and 0”'24. These probable errors
apply to the rather small, partial, angles whose errors are determined
by the grinding. The larger angles on which the extension pri-
marily depends average about twice the size of the partial angles,
and their probable error may reasonably be taken as o/ 2 times as
much.

Given the probable error of an adjusted angle, an approximate
value for the probable error of the final side is easily obtained,
(assuming the base-line itself to be errorless). At Padag, for
instance, where the extension is very symmetrical, the error of the
side Pulchotau-Kopahdar evidently depends only on the errors in
the two angles West-Pulchotau-East and West-Kopahdar-East, and
is easily expressed in terms of them. The other two figures are
rather more complicated, but can be treated on similar lines and the
results are:—

Probable error of final side at Padag = 1:650,000.
v " ” » Poona = 1:550,000.
" ”» ”» 5, Namtiali= 1:580,000.

As remarked above, these fizures are large compared with the
probable errors of base measurement ( being about twice the “possi-
ble errors”), and so approximately represent the total probahle
errors of measurement and extension combined.

6. 1930-33 Base-lines.—The lengths of the three base-lines
in Burma described in last year’s report require reduction by one
part in a million on account of the 4-metre invar standard bar
having since heen shown to have grown by a less amount since 1930
than had been expected. (See Chapter VII of this report, para
66 d). The lengths of these bases, and of the 1930-31 Kengtung
base, as reduced to spheroid level, require further modification now
that the form of the geoid in Burma is better determined ( see
Chapter IV ). The height of the geoid above Everest’s spheroid at
Keéngting, Mergui, Amherst and Kalemyo is now estimated to he

—_—

* See Dr. de Giraaff Hunter in (feodetic Report Vol. VII, p. 144, At Poona a
determinant of 22 rows would he involved.

+ G.T. Vol. IL p. 195.
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265, 305, 265 and 120 feet respectively in place of the previous
estimates of 250, 300, 254 and 150 feet. Revised figures for these
base-lines are given below :—

P _— ] Kalemyo | Kalemyo
Keéngtung Mergui Amherst (N. haif) | (S. half)
Measured length
(Indian feet) ... | 38.463.99 16,290-22 44,561-23 119.802-33 | 14.748:36
Mean height above
spheroid (feet) 2815 323 279 593 542
Reduced length
(Indian feet) ...} 3845879 16.289-97 14.560-63 |19.801-57 | 14.747-98
Reduced length
(log feet) 4+ 53849956 4-2119202 46489513 4. 2967010 | 4°168%325
Discrepancy M
measured minus |—0-0000080
triangulated. ¥+ 0-0000047 |+0-0000075 + 00000128
(Burma grinding| + 0- 0000063
1916)

7. Astronomical observations.-—Astronomical observations
for azimuth and latitude were made at the stations of the Padag
and Namtiali base-lines and their extensions, in order to calculate
corrections to horizontal angles on account of the dislevelment of
the theodolite. The largest corvection was 1721, The resulting
values of the deviation of the vertical are given in Chapter IV,
Table 5. These observations were not made at Poona, as the small
angles of elevation between the stations there would have caused
the resulting corrections to have been much smaller.

Latitudes observed with Wild theodolite No. 59 again showed
the persistent difference between north and south stars noticed in
Geodotic Report Vol. VIII, page 69, in spite of the reflecting prism
being used at the eyepicce, so the explanation there suggested
(that the discrepancy is due to parallax) is not likely to he correet,
The effect was not so noticeable in the observations made with

No. 130.

8. Assam Valley series.—The cxisting Assam Valley series
was weakly observed as a secondary series in 1867-78 (m=1-69),
and in its eastern half where it leaves the hills, the triangles have
very short sides.  Tn 1934-35 it is proposed to reohserve the
western half, where the triangles are of veasonable size, and to
replace the eastern half by a primary series through the Niaga Hills
which will conneet with the Namtiali base, and which in 1935-36
it is hoped to extend through independent Niga territory to longi-
tude 96, where it will twn south and eventually join the Upper
DIrrawaddy and Mandalay Meridional series in latitude 25°,

¥ In terms of the Mong Hsat and Great Salween series respectively.
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In 1933-34 Mr. Hashmie, after completing the extension of
the Namtiali base-line, built 6 new stations and visited, repaired
and cleared 25 old ones in preparation for next year’s observations
(see Chart ITT). Work began in the Naga Hills on 29th Decem-
ber, and was completed near Gauhati on 1st March. Transport in
the Niga and Mikir Hills was by coolie, but motor transport was
generally obtainable in the plains. Movement in the Naga Hills
was found to be easy, but the Mikir jungles are difficult and
unhealthy.

Rain and cloud caused delay and anuoyance during most
months of the season, and trom February there is apt to be
thick haze. '

9. Best hour for horizontal angles.—This subject was dis-
cussed in Geodetic Report Vol. V, Chapter I, where morning,
evening * and night observations of four old triangulation series
were separated out, and separate triangular errors were formed
from each, from which was deduced the probable error of a single
measure at different times of day. The results suggested that
there was little to choose between night and evening observations,
with a slight pretference tor the evening except in low rays over
bare plains. Morning observations appeared to be good in jungle-
covered hills, but bad in barren hills. No morning observations
had been made in the low-lying series, and none in the heat of the
afternoon in any of the series.

When the Padag and Poona base extensions were being ohserv-
e, observations at each station were grouped into four sepalate
times of day, with a view to further investigation of the suhject.
In a base-net a large number of redundant an(rles are observed, so
that the final grinding of the figure gives a very strong measure
for each angle, not entirely (19pendont on its direct measmement
Thus iu the Padag base extension there are 11 conditions among
the 16 angles obsevved, and at Poona there are 21 conditions
amone 50 angles,  The selected times of day were :—
fa) Morning.—Sunrise to about 10.00, before helios start
“jump”
(1) Afternoon.—1:5.30 to 16.00, at the worst time of day.
(¢) Evening.—17.00 to sunset with helios fairly still.
(/1 Night.—One to four hours after sunset.
At each time of day three measures of each angle were made on
6 ov R zeros well distributed round the circle. Table 6 gives, for
each angcle, the observed morning, afternoon, evening and night
means minns the general mean (spherical angle) derived from the
arindineg. T view of the strength of the ground figure and the
* Rotweon 16,00 hours and snnset. This penod was referrod to as “afternoon”

in Val. V. but is now ealled "oy ening " to distinguish it from the period 13.30-16.00
henrs which is called - afternoon™ in the later part of this paragraph,
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number of zeros used at each time of day, the entries in Table 6
are believed to give the error of each angle on account of horizon-
tal refraction, with a probable error of about 0”-2 (see para 5).
They consequently provide a basis for discussing the merits of
different times of day in the type of country concerned.

At Padag, the East and Centre base stations are on ahsolutely
flat bare ground. The West station is on bare ground slightly
sloping from north to south. Pulchotau and-Kopahdar are preci-
pitous hills. At the three base stations the afternoon was obviously
not a fit time of day for observations on account of the size and
wide movement of the helio images. At Pulchotau and Kopahdar
movement of the helio caused some annoyance in the afternoon,
but was not bad.

At Poona, the West and Centre base stations are on quite
sharp, grass-covered, rises. The East base station is on flat grass.
Dighi H.S. is on a flat ridge with bad grazes in the direction of the
other stations. Shelarvadi H.S. is on a rounded hill.  Sulki and
Mandvi are steep hills.

. The last column of Table 6 shows the average* errors of the
different angles at the four different times of day. Table 4 gives
the mean of these average ervors of all the angles at each of the twelve
different stations, from which it is seen that the three Padag hase
stations and Dighi H.S. are notably worse than the others, as was
expected except that Poona East end was expected to be had too.
This division into “good” and “bad” stations is necessary, for, as
will be apparent later, at “bad” stations afternoon angles are very
bad and must be avoided, while at *“good” stations they are no
worse than others.

TABLE 4.—Average of errors at diffevent stations.

Padag Base Poona Base
Station Averaze Station e

Centre Base 112 Centre Base 0" 84
Tiast Base 1702 liast Base o 048
West Base 1707 Waest Base e [N tirt
Kopahdar . 0”649 Dighi . \' 1700
Pulehotan 0762 Shelarvadi ‘ 0”55

| Sulki o

1 Mindvi o"-57

|

¥ Thoe word “average ' ig nsed for the mean without regard to sign.  The word
mean” is used for the mean with regard to sign. or for the mean of undirected
numbers.

C
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For the good and bad stations of each base Table 5 shows the
average error at cach of the four times of day, and the average
errors of the 11 different combinations in which the different times
may be meancd together. The last two lines show the mean of the
two bases.

From the first four columns of Table 5, which give the time of
day separately, it is seen that afternoon is very bad at the “bad”
stations, but that otherwise there is not much to choose between
the times of day. Rather surprisingly, night appears to be the
next worst (confirming Geodetic Report Vol. V), but this does not
mean that night observations are to be avoided, because the night
errors tend to be of opposite sign to the day ones, and provide
valuable cauncellation.

Considering combinations of different times of day, it is seen
that at “ good ” stations the mean of any two times, except perhaps
afternoon and evening, gives practically as good a result as the mean
of all four. At “bad > stations combinations of afternoon with
any one other time are spoiled by the bad afternoon errors, which
also have a similar effect on all other combinations, so that the mean
of morning, evening and night, ignoring the afternoon angles, is
the best combination.

There remains the question of how an observer is to distinguish
hetween “ good ” and * bad ” stations before completing his obser-
vations. Precipitous hills like Pulchotau and Kopahdar are obvi-
ously “ good ”, and rays along a flat base-line are ohviously “bad ™.
At other stations a convenient rule will be that a ray i1s “bad ™ if
at any time of day four consecutive careful intersections* of the
mark will not generally come within a range of 5 seconds (1i.e.
apparently 2} seconds on the 5i-inch Wild ). At such stations
observations should not be made at the worst time of day, but at
other stations a more moderate unsteadiness of the mark has no ill
effects, and observations may be made at any time of the day or night.
At all stations, of course, the more variety the bhetter, and for
primary triangulation it is recommended that observations at any
station should generally cover parts of at least two days and one
night, or two nights and one day.

¥ The telescope being moved off the mark by the slow-motion screw only.
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TABLE 6. —FErrors tn Horizontal Angles,
The figures

The groups of three stations form triangles.
oppusite each station relate to the angle at that station.

(1934,

M =morning, A =afternoon, E=evening, N=night, m=final value
from grinding.

| ! Average of
Station { M-m | A—m | E-m | N-m | preceding
; columns
Kopahdar P 4019 | —0-08 —0-04 | +1:75 0-51
Pulchotau i +1:88 | +0-7T7T | +0:92 | —0-10 0-79
Paday East +2:23 | 40:99 ; +1-49 | +2-92 1-91
Kopnhdar -0:07| +0-12 | +0-60 ‘ +0-88 0-12
Pulchotau +0-13 | +0-04 | +0-94 ) ~0-52 0-41
Padag Centre —-1-03 | —0-64 | —0-67 | +0-72 0-77
I | -
Pulchotan —-0:97 | -0-49  —1:34| +0:93 0-93
Kopahdar 4049 | +1-40 | +0:79 | —0-49 0-79
Padag West L0 =092 +0:52 ¢ 40-16 | —=0-16 0-44
re R o
Kopahdar +0:26 | —0:20 | —0-64 | +0-87 0-49
Padag Centre +1:13 | +3-96 | +2-89 | +0-36 1-99
Padag East #0799 [ 4063 | +1-37 | +0-25 0-76
Padag Centre . l +0-23 | =258 | =169 | —1-26 1-44
Pulchotau i +1-25 4073 | —0:02 | +0-42 0-61
Padag East L4l LE | 4006 | —0-18 | +2:37 0-94
| 7 o
Pulchotau L =08E | 045 | =040 | +0- )1 ¢ 0:52
Patuy Centre +0-11 | +0:52 | —=0-21 | —0-03 0-22
Padag West P =008 | =317 | ~1-33 | +0-87 1-41
i
- _ ey -
Kopahdar 012 | +1:52 ) +1:39 ¢ +0:-39 ' 0-9
Fadag Centre —-1:22 | =124 | ~0-54 +0-87° 0-92
Padaxr West —0-66 | +3-89 | +1-89 ’ —0-83 - 1-82
Padac West -0-20 | =5-17 L —0-33 l +0-90 1-71
Pulchotan p +0-41 | +0-28 0 ~0:42 | +0-83 0-48
Padag East +0:01 [ +0-R9 { +0:11 | +0-82 041
I
, - { ]
Padayg West +0:14 | +2:00 | —0-Y8 | —0-03 0-79
Palar East +1413 | —0-63 | —0-29 ' +1-55 0-90
Padag Centre +0-34 | —=2:06 | —1-90 —1-29 1-40
! | i
Parda West =052 +5-89 | +0-9] | —0 K6 205
["rulng Eaat S92 —0.00 | +1-08 |t 180 1-20
Kopahdar PFDeRS ) 41482 ) +0:7H L +1-26 1-00
: i

( Continued)
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TABLE 6.— Errors in Horizontal Angles—(contd.)

Station

Dighi
Mandvi
Shelarvadi

Mandvi
Dighi
Sulki

Dighi
Sulki
Shelarvadi

Sulld
Mandvi
Shelarvadi

Shelirvadi
Dighi
Poona LEast

Shelarvadi
Poonn East
Poona West

Shelarvadi
Dighi
Poona West

Sulki
Shelarvadi
Poona East

Sulki
Dighi
Poona Last

Dighi
Sulki
Poona West,

Poona Liast
Sulki
Poona West,

Dighi
Poona Last
Poona West

+0-
+1
+1-

-1

M-m

+0-6
-—-0-5
+1-

—0-6
-1
+1-
—0)-

+0-

+0-

+0-

+0.
+0-
+0-

+0-0

+1-

—-0-
+0-
—0-

+0-
+0
B

+0-
72
+1

04
o1 |
19

95
o4
42

18
ok

06

22

A—m

+1-
+1-
—0-

-1

+1-
-1
+0-

+0

-32
99
13

61
25
- 26

B2
—0-
—-0-

03

21

38

Average of
li—m | N--m | preceding
columns
+0-23 | —0-53 0-94
—-0-15 | —0-51 0-35
+0-5 +1-11 0-82
+0:62 | —0-49 0-60
—1-15 | +0-:51 0-74
+0-48 | +0-67 0-70
—-0-92 | —0-02 0-84
+1-57 | +0:50 0-79
+1-15 | +1-08 0-80
—1:09 | +0-17 0-76
+0-47 | ~1-00 0-77
—0-58 | +0-03 ’ 0-34
—0-14 | +0-%5 054
+0-01 | —0-23 0-78
—-0-72 | —0-08 0-25
4154 41661 1-25
+0-24 | =047  0-48
+042 | 4059 0-82
|
+1-40 | +2-41 1-41
+0-8 | +0-37 1-36
+0-32 | —0-41 0-40
+0-91 : +0-08 0-57
+1-29 ° +0-33 0:58
+0-25 | —0-32 0-67
—-0-65 | —0-41 0-62
+0-92 | —0-22 0-58
—-0-47 | —0-40 0-75
. -
—1-78 | —0-39 1-17
+1-74 | +0-09 0-89
+0:22 | —0-19 0-29
+0:01 | +0-15 0-57
+1:04 | —0:32 051
+0-12 [ —1-49 0-87
—0-86 | —0-61 0-73
—0-47 | —0-54 0-61
+0-10 | +1-00 0-63

18

( Continued )



22 GEODETIC REPORT (1934
TABLE 6.—Errors in Horizontal Angles—(concld.)
i Average of
Station M-m | A—m | E-m | N—-m ! preceding
i columns

Poona West +0-75 | —0-32 | +0-38 | +1:83 0-82
Dighi +0:-44 | —0-70 | —0:-60 | +0-81 0-64
Poona Centre +0-51 | +1-82 | +0'68 | +0:10 0-78
Sulki +1:15 | 4071 | +2-08 | —0'75 1-17
Poona West —1-19 | 4029 | —0:16 | —2-32 0-99
Poona Centre —0:22 | —2:92| —1-59 | +0-46 1:30
Dighi ~1-39 | +2.24 | —1-18 | —1-20 1-50
Sulki —~0-60 | +0-48 | =033 | +0-85 0-57
Poona Centre +0-34 | +1-47 | +1-01 | —0-40 0-81
Dighi —0:38 | +2:08{ —0-26 | —1-42 1:04
Poonu East +0:79 | +0:32 | —0:38 | —0-06 044
Poona Centre +0:32 —0:65 | —-0:35 | +0-91 0-56
Poona East —0:08 | +0:38 | +0-10 | —0-49 026
Poona West +0-47 | +0-50 | —0-28 | —0-83 0-52
Poona Centre —~0-20 | —0-80 | —0-23 | —0-85 0-52
Shelarvadi —0-12| 40-99 | +0-25 | +1:33 0-67
Sulki 4006 | +0:37 [ +0-17 | —0-41 0-30
Poona West —0-15 1 +0-5 +0-54 | —0-90 0-34
Sulki +1:08| +0-13 ! +1:90 | —0-35 0-87
Shelarvadi —0-20 | +0-45: +1:30 | +0-62 0-64
Poona Centre +0:17 | —2-49 ’ —1-13 | —0:58 1-09

B ' L I
Shelarvadi +0-20 | +0-23 | —0-01 | —0-29 0-18
Poona East .l 4069 | +0:22 | +0-14 | +0:02 0-27
Poona Centre .l +0:44 | +0-74 | —0-13 | +2-05 0-84

|
Poona Centre +0-39| +0:43 | +0:46 | —1:04 0-58
Poon‘a. Wegt . +1:01 l +0:27 | +0:69 | +1-41 0-85
Shelarvadi | —0:32 | +1:44 | +1-55 | +1-95 1-32
Shelarvadi +0-97 | —0:25 | 015 +0-46 0-46
Dighi +1:03 | —4-31 | +0:26 | +1-18 1-70
Poona Centre +0:13 | +1:40 | +0:23 | +1-15 0-73
|

. e
Sulki —0:56 | —0-88 —0-Y8 | +0-44 0-72
Poona Centre +0.02 | +2:12  +1:36 | —1-31 1-20
Poona East +0:40 | ~1:24 | +0-11 | —0-34 0-52
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CHAPTER 1T
LEVELLING

By Carrain G. Bomrornp, R.E.

10. Summary.—The original programme of the party consisted
of two detachments working in Burma, namely a single detachment
carrying the Burma ]c\velhno up to the Siamese frontier south of
Kéngtang, and a double (le‘rachment relevelling the area of the
Pegu (1930) earthquake and running a new Tine from Mandalay
to Lashio in the Northern Shan States. This programme was
completed, but three double detachments and eight single (tertiary)
detachments were formed late in the season for levelling in the
Bihir (1934) earthquake area.

The total out-turn of levelling was:—
Hich Precision 220 miles * ( 220 gross )T.
Precise levelling 284 miles (355 gross ).
Secondary levelling 585 miles (675 gross) .
Double tertiarvy levelling 271 miles.
Single tertiary levelling 1,272 miles.
Partal levelling ( for check) 196 miles.

11. Kengtung-Siam.— No. 1 Detachment under Mr. J.N. Kohli
carried out high precision levelling in both directions from Kéngting
in the Southem Shan States to the Me-hsai bridge on the Siamese
frontier, and left five bench marks in Siam. Detalls are given in
Table 1. The Siamese survey department have not yet carried their
Jevelling up to the fmntu-l. but hope to do so shortly. The line
follows the fair-weather motor road through Mong Hpayak and
Mong Len, but the road was not open for motor tlanspmt until
January. Permanent transport was necessary as there are few
V]“&OPS on the route, and carts were engaged until the road was
unod enough for a motor lorry to be subqhtuted for them.

12. Pegu earthquake area.—After the earthquake of 5th May
1930, some local changes of level were reported, and the bench
marks in this area have now been checked. Local subsidences may
have occwrred near tanks and canal banks, but few of the bench
marks show any significant change.

. The work was carried out by No. 2 Detachment under Mr.
Faizul Hasan with Mr. Z. A. Qureshi as second leveller,  The

*i,e., 110 miles in both directions,

t' lho first of these figures represents the direet distance levelled between
terminal bench marks. The gross total includes additional check-levelling at ends,
and branch-lines to G.T. stations etc.

23
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main lines from Rangoon to Pyinbongyi and from Pegu to Myitkyo
were observed on the precise system, and the rest on the very similar
secondary system. Details are given in Table 1. Table 3 shows
the changes of height found. The only suggestion of a general
change of ground level is that Pegu may have sunk three or four
inches relative to the country 10 miles to the north, but this may
not be real. There is a gap of 10 miles just north of Pegu, where
no old bench marks were found, and where changes may possibly
have occurred. The revised figures in Table 3 are based on Rangoon
standard bench mark, and adjusted on to the embedded bench marks
at Pyinbongyi and Myitkyo, on which the closing errors were
+0-147 and +0-123 feet respectively.

13. Mandalay-Lashio.—On completion of work near Pegu,
No. 2 Detachment undertook precise levelling of the line from
Mandalay to Lashio. See Table 1. The main object of this work
was to provide a spirit-levelled control for the heights of the trigo-
nometrical stations of the Great Salween series, which were thought
liable to appreciable error. (See Geodetic Report Vol. IV, Chart I).
The line was therefore continued beyond Lashio to Loi Hsam-Hsip
H.S.. 6116 feet high. In point of fact, the triangulated heights
were found to be good, being only 2 feet too low.

Up to the foot of the hill Loi Hsam-Hsip there is a good
motorable road, but the last 1,500 feet are steep and levelling was
difficult.

While passing through Caleutta on its retwrn the detachment
undertook 5 miles of secondary levelling to fix the new standard
bhench mark at St. George’s Dock.

14. Bihar earthquake area.—The earthquake of 15th January
1934 caused visible changes of ground level in parts of Bihar, and
it was feared that such general changes might have occurred as
would lead to serious flooding and changes of river beds in the
monsoon. A line of the old level net (1870-72) runs from Bagaha
on the Gandak river, through Motihiari, Muzaffarpur and Darbhanga
to Purnea, and a secondary line ( 1920-21) also runs from Bagaha
through Raxaul and Sitimarhi to Darbhanga. The relevelling of
these two lines was sufficient to reveal any large general changes in
the central area, but since the degree of disturbance was at first
completely unknown it was also decided to run new lines of tertiary
levelling 10 miles, 5 miles, and in places 1 mile apart, across two
areas of about 2,500 and 2,100 square miles each, where disturbance
was especially feared. Such lines could not of course show changes
of a foot or two, but they would have revealed the existence of any
large deeply depressed area which might have come into being.

Colonel R.H. Phillimore visited Patna in February, and
arranged the programme with the local government. M. N. N.
Chuckerbutty was placed in charge of the \',vork, which was carried
out by three secondary detachments under Messrs, A, A. 8. Matlub
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Ahmad, B. P. Rundev and J. N. Kohli, and eight tertiary levellers.
The three secondary detachments were employed on relevelling the
old lines, and the tertiary levellers on the new lines. Each area of
new levelling was first swrrounded by a circuit of double tertiary
levelling, connected with the old lines, and then broken down by
east and west lines of single levelling. The single tertiary lines
were afterwards checked by north to south partal hnes These detach-
ments arrived in Bihar on different dates between 23rd February
and 15th March 1934. Field work was completed by 23rd May
1934, and the vesults (the ground heights of 23,000 points) were
given to the Bihar government on 31st May. Details of this work
are given in Table 1.

The changes in the old lines are shown in Table 4. The revised
Higures there given are based on Bagaha, hut no other old hench
marks are accepfed as unchanged. The circuit Bagaha-Motihari-
Darbhanga-Sitamarhi-Bagaha “had a closing error of +0-696 feet,
which has been adjusted. The table shows a sinkage of 1} feet at
Purnea, which so far as the accuracy of the levelling goes should
not be error, but which may be due to the earthquake or to a
slow rise at Bagaha during the 60 years since the old line was
levelled. Elsewhere bench marks show sinkages of up to 41 feet,
and it is noteworthy that there are only four cases of elevation, of
which the largest is 0-029 feet. The largest sinkages occurred on
structures whuh had presumably sunk 1nt0 the 010und and the em-
hedded lwnch marks generally show smaller chanoes, a]thouo}l one
case of 2-7 feet oceurs. Although they are never actually in contacf
with h@avy structures embedded bench marks are generally in towns,
which are areas of 'wcumu]atlon and so liable to local sinkage if
underlaid by running sand. Consequently even the embedded bench
marks do not pr ov1dp positive evidence that the country as a whole
has sunk, although it seems very possible that it has.

In view of the small changes which have occuired, the new
tertiary levelling lines provide little or no information. Contours
hased on them show the Kosi and Baghmati rivers running on the
crests of alluvial fans, and so liable ’m migrate, but this is a common
state of affairs, As a result of the wor k, howevm, it was possible
to reassure the local government that whatever flooding might
result trom choking of river beds or weakening of emban]nnents,
general changes of ground level were unlikely to aggravate the
position,

15. Secular changes in Bengal and Bihar.—Tt is proper to
consider what connection, it any, the earthquake has with the
apparent changes of ground level during the last 70 years which have
heen discussed in the Geodetie R(Apm fq Vols. VI and 1933. Past
levelling has suggested a steady vise, while the earthquake appears
to have caused a sudden fall. Those who advocate the acceptance
of the levelling results, and who would like to believe in the rise of

D
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northern Bengal, would certainly prefer to have seen a rise as a
result of the earthquake also, but the two opposite movements are
not incompatible. Dr. de Graaff Hunter * has suggested the
restoration of isostatic equilibrium as the cause of the steady rise,
as is reasonable, but it is evident that this is unlikely to have caused
the earthquake and the resultant depression.

It must, however, be admitted that until recently some force
has been at work, which causes depression in this area, for it is filled
with recent alluvium to a great depth. The force is presumably
the north to south pressure which has created the Himilayas
and the associated overthrust faults, and it may still be acting. TIf
s0, it is not unreasonable that this horizontal force should rnamtest
itself in occasional earthquakes which suddenly deepen the depres-
sion, while the vertical forces of isostatic readjustment should act
slowly and continuously to elevate it. Alternatively, and perhaps
more probably, the depression during the earthquake may have no
direct connection with tectonic forces, and may simply be due to
consolidation of vigorously shaken alluvium. The great outpowing
of water and sand supports this view.

Next season Purnea will be connected to less distwrbed bench
marks to the east to verify the sinkage there, and a line will he
begun from Bagaha, through Benares and Allahabad to old 1880
levelling near Jhansi. which should throw further light on this
question.

16. Probable errors.—The probab]o errors of the high precision
and precise lines levelled in 1933-34, caleulated hy the usual
formule, are given below:—

Detachment Line Probable I’robable
systematic error | accidental error
B - 1
: Seet'miles Sfeetmiles *
No. 1 Detachment 88 K Portion Kéngting- ;
Me-hsai Bridge ... . +0-00073 +0-00237
Nu. 2 Detachment : 99 G Mandalay-Lashio +0- 00345
|
do. .88 Rangoon-Pyinhon- !
gyi revision +0:00265
do, '87  Pegu-Myitkyo re- ;
vision © X0-00308
|
do, | RS G Thanwtpm— I (ma'yl
i revision +0:00293
l
dn, \ SSH Ohneo Thongwm- ‘
Ohne revision ... + 000332

®* Nature, Vol, 199, page 236,
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17. Progress of the new level net.—No levelling for the new
level net ( which excludes Burmma ) was carried out this year, so the
figures given in Geodetic Report Vol. VII remain unchanged.
Out of 15,800 miles the equivalent of 8,915 miles has been com-
pleted.

18. Protected bench marks.—The following bench marks have

been added to the lists of Primary Protected bench marks published
in Geodetic Report Vols. II1 and VIIL

Degree No. of bench mark D‘eglee No. of bench mark
sheet sheet
35P 115 84D 3,29
43H 138 851 5
45 127 and not 125 as given| Y3B 43, 89
in G.R. Vol. VIII.
581 63 and not 36 as given | Y3E 38
in G.R. Vol. 111,
wr | 1,53
o8 M 50 and not 60 us given !
in G.R. Vol. I1I. 930 | 79
st | 3 |
93P 1 22,29
81.¢ 21 I
102D | 17
I
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. [1984.

TABLE 1.—Tabular statement of out-turn of work,

season 1933-31.

Detachments
aml
lince lovellod

0. | Detachment.

Part of line 88K
( Taunggyi-
Me-hsai Bridge ).
Portion Kéng-
tung -Me-heai
Bridge ( Fore)

Ditto ( Back)
INo, 2 Dclachmmt._‘

Revision of Part
of Line 88
( Elephant Point
-Thaazi).
Portion Rang-
von-Pyinbongyi |

Revision of Part
pf Line 87 (Pegu-
Amherst). Por-
tion Pegu-
Myitkyo

Revision of
Secondary line
88 (3 Thanatpin--
Tongyi

Revision of
Secondary line
88H Ohne-
Thongwa-Ohne

Line 89G
Mandalay-
Lashio

Secondary line :
74L Hastings |
Bridge- !
Rajibagin Ferry |
Station

Bihdr Lwelh'na
Section
Revision of
Seonndary line

TIA Bagaha- |
Darbhanga

Mouths

Nov. to
Dee. 33

Dec. 33 to

Feb. 34

Oct. to
Nov. 33

Nov. 33

Nos. to
Dec. 33

Dec. 33

Jan. to

* April 34

April 34

Feb. tn
April 34

Total

Distauce levelled number of feet

Mean

Total | Rises | Falls

branch-lines

number of
stations
at which
the ins-
truments
were
set up

=2 | Extras and

=
=

Seet ' Soet

Number ot
bench marks
connected

Protected
Primary

Others
Others

Rock-cut

’ I |
,

!
! [
1

110 .. 110 | 8315
i |

110

, 110 7,638

6y 73 365 oY

37

313

198

30 5

i
159 \ ShY
|

L1
|

13

476

110,894 116,759
! .

939 -

3,06k

2,932

91k

572

300

5,610

98

1,498

102

9

93

37

31

74

6+ | 209

6* | 198

® All nld.

4+ Includes one old.

( Continued)
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TABLE 1.—Tabular statement of out-turn of work,
season 19353-34—(concld.)

. Total Nuwber of
Distonce levelled number of feet - ;—bggf!l:";l:fsi
oo number of Protected
Detachments E ﬂé’ :{"I‘rj}l"i'(‘;l Primary
. niud Months “ g-&:‘ Total (| Rises Fulls theins- | — 7 — z
lines levelled g i E truments | + 2 2z
AR were g 5
= - 3 set up ,-E %’ e
(@]
Mis. | Mis. | Mis, | feet | feot &
. . e
Bihdar Levelling \ i ‘
Section—(concld.) ‘ [ ‘
fedaaddlmmnt LA<Litl 7 | |
Revision of Part ! : !
of Line 71 | ‘ i
(Gorakhpur- | : .
Purnea). \
Portion Bagaha—| March to
Darbhanga April 34 | 166 31 | 147 1,090 1,205 1.721 9% | 201
g b
Revision of Part {
of Line 71 * | |
( Gorakhpur- !
Purnea). I
Portion Purnca~ | March to
Darbhanga May 34 i 157] 37 | 19t] 1,186 | 1,132 1936 A% | 200
]
Double T'ertiary | March to \
Lines April 34 | 271 2711 1,640 1,352 |\ 2,630 2501
' ;
Single Tertiary | April to ’
Lines May 34 11.272 1,272 10.642 1.1101
Partal Lines | May 3¢ © 196 96| T7E[ 907! Lado 15t

* All old.

t Pakka points.
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TABLE 2.--Check-levelling.

Discrepancies between the old and new heights of bench marks.

[1934.

Differencef
(check~
2 Observed height above (+) or |y Final).
Bench marks of the original levelling that 1;-:';‘ belos\lfl(vf) Slb?;-;t iln ; ]J)g:l (e:h mag]l{ i THSI::SJ
were conuected for check-levelling e as determined by that the
58 height
g: was
- reater
SE’ fnd the
| 2 Date of Cheek- |'be lomst
Degree g o ate of | o iginal eck- | in 1933
Moo |SGeE) Dewoton & orgel | (R | erling uhan e
! levelled
“ l | miles { Jeet [ Seet I Sfeet
At Kengtang on line 88 K.
E o
48(PP): 930 | S.B.M. 00 | 1930-31 0°000 0'000| 07000
47 o Prism 00 . — 07738| — 0736+ 0:002
46 » | Prism 00 ’ — 0%33|— 0%53| 0-000
45 i!Iron bolt 00 " — 0460 | — 0460 0-000
44 i Plinth 01 » + 19322 | + 19'316 |— 0:006
42 ! Flooring 0-2 " + 27653 | + 27648 |— 0-005
19 Flooring 0-4 » — 80278 | — 80265 |+ 0-013
50 | Step 05 — 81°010| — 80998 | + 0-012
51 o 1 Step 06 — 79156 | — 79147 | + 0-009
|
At Mandalay on line 89 G
! S
2(PP)| 93 B | S.B.M., Mandalay ... | 00 |1909-10 | 0'000 0:000| 0000
39 (1) » Rock .| 00 [1930-31: — 3211| — 3°210/+ 0001
40(38)| ,, |Culvert 09 . - — 10319 — 10°317 |+ 0°002
41 (5) » Culvert 111 ' — 10768 | — 10758 | + 0°010
168 (54)| , Plinth 26 | — 6427 — 6452~ 0025
169 . | Platform coping 32 — 6468 | — 6457+ 0011
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TABLE 3.—Revision levelling.

Discrepancies between the old and new heights of bench marks.

iDlﬁ'erence
&0 (revision -
Bench marks of the original levelling that =t Difference between orthometrie y original).
were connected dwring the revisionnry Ep heights, above (+) or below (=) |The sign+
operations n'H the starting bench mark i Jenotes
51 | that the
E g theight was
| &8 | ereater
w5 | and the
i
| o of From T p L9
No. ]:i?:io! Deseription E ! E:-li':rei{lnl pnblished | l'eFvi;)il:)ln ;2‘;};;"[};;‘;'
o ; levelling heights 1933-34 { levelled
! ! ‘
[
i ‘ I m’iles' | et i feet ‘ JSeet
Revision of Part of Line 88. ( Rangoon—Pyinbongyi ).
32 } 91D |S.BM.,, Rangoon |
| Cantonment ... | 0-0|1909-10| 0-000 | 0:000 | 0:-000
‘)Q(’)’I); " Stairs Shwedagon l
i Pagoda ...| 0-2 - — 0:393 ' — 0-391 | +0:002
130(54), ., | Parapet of drain 0-4 —51-274 | —51-376 | —0-102
131(30), .. | Parapet of drain 1-1 —R7-646 | —67-5498 | +0-048
132(29) | .. Plinth of railway office] 1-2 —77e916 | =77-951 | —0:035
133(28) | .. | E.B.M.atrailway office] 1-2 —79-139 | —79-157 | —0-018
134(27) | . Step of Sule Pagoda 1-6 , —89-543 1 —89-560 | —0-017
135(17)1 .. |S.BM., Rangoon | \
Custom House ... | 2-1} —89-387 | —89-422 | ~0-035
137 (22) . Stone block 2.7 —92-240 ‘ —92.502 | — 0262
138(24) 1 . Stone block 2-7 . " —91-918 | —92:047 | —0-129
140(18) . .. Graham Smith’s B. M 2:4 . —93.001 | —93-003 { —0-002
141(20) ! ,, | Passengers’ waiting j
; room ...| 2:5 , —01:842 | —91-884 | —0:042
142(19)| ., | Passcngers’ waiting
room ... | 2-5 —91-901 | —91-909 [ —0-008
144(21)| ,, | Bed-plate of Tidal
Observatory ... | 2:5 " —88:826 | —88:884 | —0-058
150(34) | .. |Ry. bridge No.7 " ...| 3-5 —92.167 | —92.286 [ —0-119
156 (38) | ., L.B.M. at Togyaung-
gale R.S, ... 84 —91:549 | —92-207 | —0-658
157 (40) " Bridge No. 16 ... 1101 —91-087 | —91-228 | —-0-141
158 (41) “ Bridge No. 17 ol 11-3 —90-350 + =90:551 | —0-181
163(46)| ., |E.B.M. at Ledaung- i
gan R.S. ...|17-2 o —88-534 | —89:681 | —1-147
166 (49)| .. | Bridge No. 25 20-3 N —92.622 | —Y2-956 | —0-334
327(2) | 94 C | E.B.M. at DabeinR.S. | 23.7 y —85-229 | —85:540 | —0-311
328(217)| . Pillar at Dabein 1.B. 23.7 11924-25 | —90-166 | —490-4056 | —0-239
1L (5) » | Culvert No, 30 25-7 | 1909-10 | —&7-399 | —87-676 | ~0-277
334.(7) . | Bridge No. 34 ’ 28-8 —86-930 | ~86-941 | —0-011
336(9) .. | Bridge No. 36 vy 812 —86-584 | —86-630 | —0-042
337(10), ., | E.B.M. at Tongyi ..| 31-4 ! . —85:156 | —85:283 | —0-127
338(71)| .. | Bridge No.37 ~ ..!31.6| . |—=86-418 | —86-458 | —0+040
344.(16) | ., | Bridge No, 48 . 84, —84-415 | —84-396 | +0-019
M6(18) ), |E.B.M.at TawaRS. [ 39:3 —83.462 | —83:521 | —0-059
350(21)| ., | Bridge No. 53 | 42:3 j . —82.167 | —82-024 | +0-143
354(25)| ., | Bridge No, 57 [ 455 1 . — 76668 | —76:794 | —0-126
356(27) [, |Platform coping
Pegu R.S. 475 " —74-829 | —75-241 | —-0-412

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

Discrepancies between the old and new heights of bench marks.

.

(1934,

Difference|

% (revision -

Bench marks of the original levelling that ] Difference between orthometric |, Ori#inal).
wore connected during the revisionary E heights, above (+) or helow (—) (Lhesien+
operations e the starting bench mark denotes

gd that the
o A height was|

&5 greater

I g and the
! .o i sign—,lesy
{ Degree | @ Date of From From tl]?wilg%j}-{g

No ' sheot Deseription a original | published revision 01:i inall
’ levelling | heights 1933-34 ginaly

! 1 | levelled

\ ’ miles l ‘ Sfeet l JSeet I Seet

Revision of Part of Line 88.

( Rangoon—Pyinbongyt )—

(comcld.)

357(29) ’ 9+ C | Platform coping. !
: . Pegu R.S. ... 476 | 1909-10 |—74-693 | —74-933 | —0-210
338(38) | i Platform coping, : '
{ Pegu R.S. ... | 47-7 1 . —74-637 | —74-939 | —0-302
350(31) i O at Pegu R.S. 477 “ —75-890 | —76-222 | —0-332
361(32) 1 . S.B.M., Pegu 48-6 ’ —76-549 | —76-800 | —0-251
d64(40) . ., ! Bridge No. 1 501 —66:-597 | —66:990 | —0-393
A685(-+41)y + .. | Bridge No. 4 | 220 . —67:639 | —67-949 | —0-310
376(290)1 ,, | Zine plate ool 82.1 | 1928-29 |—~71-403 | —71-425 | —0-022
3TT(291)0 . Interred B.M. at | ‘
Payagale R.S.| 62:6 | . [=76-893 | —76-881 | +0.012
378(284), ., | Bridge No. 76 | 82-7 " -75.203 | —=75-210 | —0-00%7
379(285) Bnd-ro No. 79 L 6851 " —%73-142 | —73:160 | —0-018
380(286); .. Bndup No. 81 [ 66-1 —-75-214 | —"75-214 0-000
AS1(MNT) Bndge No, 82 Q 666 . —-%72-119 | —=72-174 | —0-055
BN2(288) Bridge No. 84 687 - 4 " =%2.657 | —=%2-6%0 [ —=0-013
2R9(61) E.B.M. at Pymbon«r-
yi R.S. 675 —69:656 | —R9-656 0-000*1
Revision of Part of Iine 87. ( Pegu—Muyitkyo ).
361(32) + 94 ¢ { S.B.M., Pegu .- ‘ 486 | 1909-10 ‘.—76-549 —76-800 | —0-251
N3(31) Iron holt 49-8 " —52-548 | —52-042 | +0-506
HNT(37) |  E.BM. at P. W.

‘ office, ’l}nmtpm 55-2 . —B7.084 | —87-262 | —0-178
388(36) | .. | Culvert 53+3 » —R85-118 | —853-464 | —0:346
38910ty E.B.M.at Thana.tpm

‘ I.B. 554 | 1912-13 [—R9.971 | —90-126 | —0-153
390(102) . E.BM. at Pa.g:m-

: Nyoung-bin ... | 57-3 » —84-537 | —84-919 | ~0-1382
391(103). Abutment of sluice | 573 " —85-847 | —86-123 | —0-276
m(mnl Ta-wa lock .. | 63-8 " —83-971 | —83-429 | +0-542
N)(m:) .+ | E.B.M.at Ta-walock| 63-8 " —H2-555 | —82-094 | +0-461
BR(18) | P E.B.M.at TawaR.S. | 65-3 “ —R3-462 | —83-521 | —0-059
awa(1o6) E.BM.atMinywa L.B.| 616 " —8§2.072 | —82-075 { —0-003
Wo(107): Zinc plate on wall... | 61-6 " —87-557 | —R7-535 | +0-022
104(108) Bridge No. 21 .. %19 , —%6-005 | —"T6-068 | —0-061
107(109) Wing-wall of Abya

escape ... | 751 »  |—83-162 | —83-128 | +0-034

* The old height of the E.B.M. at Pyinbongyi was accepted for adjustment. See

page 24,

(Continued)
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TABLE 8.—Revision levelling—( contd. )
Discrepancies between the old and new heights of bench marks.

Difference
” (revision)—

- . ginal
Bench marks of the original levelling that =] Diff R original),
were connected during the revisionary E » heliglel!;g?ﬁ%gsz“('efl)l g: l’iiolgzst(n_c ) TRZ:&&‘:
operations wE the starting bench mark thut the

ES height

= was

- greater

S and the
I sign—,less|

Degree . ® Date of From From in 1933-34
No. sheet Description a original | published | revision |than when
levelling heights 1933-34 originally

levelled

i
| ' \mile.s | ’ Seet | Seet ’ Seet

Revisvon of Part of Line 87. ( Pequ—Myitkyo )—( concld. )

110 91C | E.EBM. at Abya LB.| 75-2 | 1912-13 |—77-369 | --77-369 | 0-000
409(113) » | Ry. bridge W | 79-1 w  |=75-951 | —75-867 | +0-0R7
410(114) » | Home signal . | 79-8 w  |—1T9-355 | =79-510 | +0-045
111(115) » | E.B.M. at Abya R.S. | 80-1 . —88-052 | —87-964 | +0-088
415(163) . | B.B.M. at Myitkyo | 84-3 | 1923-24 |—82-992 | —82-970 | +0-022
416(309)(t12) | ., | Myitkyo lock gate... | 85-1 » —81-124 | —81-101 | +0-023
417(310) » | Myitkyo lock gate... | 85-1 | 1928-29 | —80-910 | —80-890 | +0-020

111 . | BEBM. at Myitkyo
lock ... | 85-1 | 1912-13 |="79-423 | —'19-423 | 0-000%

Revision of Secondary line 88 G ( Thanatpin-Tongyi ).

N !

389(101) 94 C | E.B.M. at Thanat- |
, pin LB. .. ! 55-4 | 1912-13 |—89-971 | --490-126 | - 0-155

+18(234) » | K.B.M. at Thanatpin! |

| township office ... | 55'8 | 1926-27 |~88:657 | —88-809 | —0-152
HH(235) « - Ry. bridge No. 17 ... ' 56-0 . —82-427 | —82-610 | —0-183
120(236) » , Ry. bridge No. 18 ... | 56-2 »  1=79-412 | —79-590 | —0-178
121(237) » i Ry. culvertNo. 20 ... | 58-2 » —87-312 | —87-447 | —0-135
122(238) .| Ry. bridge No. 22 .. ' 59-0 " —85-156 | —85-253 ! —-0-097
423(239) » | Ry. bridge No. 23 ... | 59- 1 . —87-303 | —87-413 | —0-110
124(240) .+ | Ry. bridge No. 24 ... | 59-8 o |—80-412 | —80-570 | —0-158
425(241) » | Ry, bridge No. 25 ... | 60-4 »  |—85-427 | —85-483 | —0-056
1427(243) » | Ry. bridge No. 27 ... | 616 ” —86-776 | —86-863 | —0:087
128(241) » | Ry. bridge No, 28 ... | 62:0 o |—81-688 | —81-799 | —~0-111
129(215) » | Ry. bridge No. 29 ... | 62:8 » | —BE:651 | —HA-T49 | —0-08K
K30 (:246) » | Ry. bridge No. 30 ... | 63-6 " —86-600 | —&6-700 | —0-100
31(217) » | Ry. bridge No, 32 ... | 63-9 . —79:342 | —79+445 | —0-103
132(:218) « | Ry. bridge No. 33 ... | 64-6 o |—H86:866 | —H6-982 | —0-116
143(219) .« | Ry. bridge No. 35 ... | 65-0 . —81-444 | —81-616 | —0-172
11250) « | Ry. bridge No. 36 ... | 65-9 —89-311 | —89-487 | ~0-176
135(251) « | Ry. bridge No, 37 ... | 66-4 " —86-346 | —86-543 | —0-197

¥ The old height of the E.B.M. at Myitkyo lock was accepted for adjustment.
(Continued)

See page 24.

1
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TABLE 3.—Revision lsvelling—( contd.)

Discrepancies between the old and new heights of bench marks.

[1934.

| Differen
i (revision-
Beoch marks of the original lovelling that £ | Difforoncy betwoen orthometric |miial
were connecied during the revisionary 2. | heights, above (+) or below (=) 7 0 tus
vperalions *u the sturting bench mark that the
: g g : height
- was
- grenter
i ’ 33 and  the
3 sign -
Dugres . ! g Date of From From in 104334
Nv. sheet Description ' originsl | published | revision |than when|
lovelling | hvights 33-34 | origivally
; levelled
i l miles l Seet . JSeet |I Seet
Revision of Secrmdnry line 88 (F ( Thanatpm—To'nq yi )—( coneld. )
N N
u.(.m) 84 C | Ry. bridge No. 0 ... 87 al 1926-27 | —75-187| —75-483 | —0-206
s(251), [ Ry. bridge No. 81 ...~ 884! —83-T72| —83-996 | ~0- 224
WY(255) . !Ry bridge No. 42 ...« 68.9| —~N7-881 | —88-129| —0- 248
+0(256), . | Ry. bridge No. 3 o893 . —82. 1421 —82.710| —0-268
muﬁ)l E.B.M. at Ohne 70-81 " —U3- 587 | —93-923| —0-336
L3 258)| E.B.M. at Ohne L.B 71-+i . —40- 424 | —40-781 | —0-357
H3(259)] Plinth of pagoda T1-70 L | —86-6803| —87-102( =040
(26 1), Zinc plate on tree ... 740, ., | —90-0U1| —40-400| —0-304
T (262), | Zinc plate on tree ... 777 . —40-805 | —00-550| +0-255
926 1) i Zinc plate on tree ... | 80-0 ” —94:035 | —05-323 | —1- 288
SR m)| ; E.B.M. at Tongyi R.S.| 81-3| 1908-10 | —85-156 | —&5- 283 | —0-127
Revuwn of Nee mufury Ime 88H { ( h rw—I'hnngwa—Ohrw)
HL(257) 9 ¢ E.B.M. at Ohne 70-8 [ 1928-27 | —93-587 | —93-923  —0-336
K049 Zinc plate on tree ... | 73-0 . —90-879| ~91-175| —0-296
SETES) E.B.M. at Thandin... | 75-9 ~90-790 | ~91-046 | —0-255
530271 EBM. at Kannyi- |
naung ay.3! —49-804 | —~89-985 | —0-181
SE(272) .. E.B.M.at Thavetknn D839 —40.005{ ~90-233; —0-228
1Y 57) 4D EBM. at Emon .. 80-8! —91-713| —91-979 ' —0- 266
1710 v . E.B.M. at Siminaing ' 958 . ‘—93-191 —92-498 . —0-307
173( % E B.M. at Chaukindan; 101-2 " | —04-106 —94-882 —0-778
178 Sh Zinc plate on tree .. 108:2) .. ' —S87-725 —89-101 —1-378
1T8( SK) E.B M. at Kadon Baw;107-9! .. . —43-767' —93-993 —0-228
1770 ~7 Iron plate on tree ... [109-8 1 —90-372 —90-612' —0-240
IR AT 7)) E.B.M. at Ksnmnv.. 112-2 . —95-631 —95-890| —0-259
LSz on Concrete pillar llu-s —91-958 —92-230| —0- 281
194 20 E.B.M. at \Ving‘yl e P17 4 . —9R-254 —98-688 | —0- 14|
1853( 23) Concrete pillar BICK T —483- 4B ~93-857| —0-371
INT(a) Zinc plate on tree ... 122-8 L —97-584| —07.902! —0-318
Issg 99 E.R.M. at Kadatpana '123.01 .o —98-]94 ~HR- 459 | —0-275
1500 99) Platform of pagoda 124-1. —9B. K9 —U7-004 | —0-535
190y Concrete pillar '125-8 ‘ ,95-3;7' —06-086  —0- 23
12 1) Step of tank 128-0 —94-231 —94- 443, —0-212
1L 03) Zinc plate nn tree ... | 128-1 | —9R. 140 —9R-252] —0- 112
1940 1) E.B.M. at Thongwa  128.3 —99. 268 ' —99-831 ' —0-683
195611G) Masonry block 12m.3 —96-358 ) —97-050 —0-643
R d: Masoery block 1283 —96- 426 —97-153 | —0-727
2004 [ow y Step o pagoda P 130-2 —91-987 | —92-3331 —0-3468
Fﬂ(l 19) Concrete pillar 133-5 . —91.387 L—m .582| —0-195 L

(Continued)
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TABLE 3.—Revision levelling—( coneld. )

Discrepancies hetween the old and new heights of hench marks.

Difference]
(reviisiion—
original),
Difference between orthometric (T)e sgi“:,ll
heighta. above (+) or below (=) | enotes
the starting bench mark that the
height
was
greater
and the
| sign—,les
Date of From From in 1933-34
original | pulilished revision [than when|
levelling heights 1933-34 |originally
levelled

‘ ’ imilesl ' JSeet ’ JSeet |feet

Beneh marks of the original levelling that
were connected during the revisionary
operntions

Distance from starting
bench mark

Description

Revision of Secondary line 88 H ( Ohne=Thongwa—Ohne )—( concld. )

204(112): 9+ D | E.B.M. at Zwedaw .. |134-9] 1926-27 | ~93- 466 —94-:]67?—0'901

200(/16)| . | E.B.M.at Kayan ... |142-§ " —94-916 | —95-122 | —0- 208
211(118)| ., | Stone pillar 143-0 - —89:820( ~90-127| —0-307
212(117)1 .. | E.B.M. at Kayan R.S.|143:0 " —92-645 [ —Y2-898 | —0-253
211120)| . | Ry. bridge No. 63 ... | 144-1 . —85-587 | —K5-R8T | —0-300

2190125 .. | Thetkegon R.8. ... |146-3] . —90-849 | —91-568 , —0-719
220 125)0 E.B.M. near Thetke- |
g(m R.S. ' 147! o —95:842| =96:345 | —0-503

"""(129) « | Ry. bridge No. 55 148-61 .. | —89-664| —89-429| —0- 265
457(273)) 94 C | Ry. bridge No. 54 ... | 1493 | , . —~N6-406 | —86-715| —0-309
1827 1)) .. | Ry. bridge No. 53 ... (1501 - —S&7-6874 | =87 947 ~0-27:
459(275)] .. | Ry. bridge No. 52 ... |150-4 " ~82-598 [ —83:413 | ~0-815
WO(276) ., Ry. bridge No. 51 ... |151-6 " ~77-548 | —7R-850 —1-302

81 (277 . E.B.M. at Murn

1 village | 152-4 I —94-964| —95-276| —0-312
2(279)] .. | Ry. bridge No. 50 ... '152-2 .o =R1-908 [ —82-448 | —0-542
WA(279). . | Ry. bridge No. 49 ... 152:9, . ' —87-910| —88-410| —0-500
W1(280). . | Ry. bridge No. 48 ... [ 133-4° P~ NTO12( - 8K-424 0 — 04512
#i5(257) . | Ry. bridge No. 47 ... 15391 .. —84:-T18| —85-147 | —0- 429
66(282) . | Ry. bridge No. 46 ... 1 154-4] . | =87-%76 | --SK328 [ —0-552
Wi(293) . | Ry. bridge No. 45 .0 153-11 | =89-600| —90-012| =0-412

H(257) .. | EB.M. at Olme L1563 ;=93 BNT | — 43923 | —0- 336
I
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(1934,

"TABLE 4.—Revision levelling.

Discrepancies between the old and new heights of bench marks,

Differenc,
. (revision -
= ) originall,
Bench marks of the original levelling that F] Difference between orthometric |[The sign+
were connected during the revisionary 3, | heights, above (+ ) or helow (=) | denotes
operations @ the starting bench mark that the
g E height
=3
&5 gl"':lll\ster
- - - 28 and the
=2 sign—, less
Degree L % Date of From From in 194
No. ‘ Deseription = original | published | revision [than when
shert A levelling |  heights 1934 originally
levelled
l ‘ miles | Jeet ‘ JSeet ‘ feet
Remsion of Part of Line 71. ( Gorvakhpur—Puirnen).
3] 72 A | E.BM. at Bagaha
R.S. 0-0 | 1920-21 0-000 0-000| 0-000
2 » . Step of shiwdla 3-8 1870-72 1+ 2-367]+ 2-165/—0-202
1 . Step of well 4-6 “ +  2:321|+ 2-135|—0-186
b ,.  Bakwa T.S. 13-9 — 6:089— 6-264—0-180
+ | 72 B | Patjirwa T.S. 446 “ — 30-294|— 30.713{—0-414
9 . | Step of shiwila 42-2 " — 42-594|— 43-150|—0-556
16 ' Step of well 595 . — 68-052|— 6Y-845H|—1-793
15 1 Step of shiwdla 59-6 — 66:732|— 68-582|—1-830
26 : Step of tank T4-9 . — 74223 — 78345 - 122
25 : S.B.M.. Motihiri 75-0 | 1909-10 |— 572 876/ — 74.509|—1-633
20 i Step of church 76-4 | 1870-72 |— 76-243/— 77-332|—1-08Y
18 .. ! Ripdi T.S. 79-2 . — T7-105{— S1-692|—4 58T
8 | 72F HarpurTs8. L1315 —~ 114478~ 115-205|~0-727
10 Step of tank .o |12%-8 —117-607 —118-447[—0-840
11 i Step of well 1278 . ;—116-51.‘4—117-2149 —-0-771
32 S.B.M.. Muzaffarpur  |128-0 | 1909-10 , — L15- 584 — 116-301|—0-712
13 Stone seat o (1286 L 1R70-72 1 =111 244 —112-372|—1-128
1+ " Sawajpur T.S, 1380 1= 115-500[ = 117 - 848 —2- 348
15 . ! Step of tank 128-9 — 114577 —115-518{—0-941
16 i Paladpur T.S. 134-3 i—116- 776 —118- 644 —1-868
41 . Step of masjid 163-5 . 1 —124- 554 — 125-889|—1-335
38 ! Bridge 164-7 | 1920-21 | —129-205(—131- 944 -2-739
a7  Culvert . 1165-5 i —=130-317[— 13- 661| — 1+ 344
38 - E.B.M. at Darbhanua |
: R.S. ... 1663 '—135 50R[ — 137 436[—1-928
33 ] | Bridge 168-7 |~ 124-981] — 126 042 — 1081
a4 | Bridge 168-9 W =125-4300 — 126-674) — 1244
" ' | Veranda 171-2 [ 1870-72 | —129-631| — 130- 597| —0- 966
bR g Bridge 171-9 | 1920-21 |~127-801| —129-071|—1-270
19 | .. ! Chotaipati T.S. 170-5 | 1870-72 | —135-978| — 137 198|— 1-220
4 1 72.J  Veranda 1771 . 1= 1230279 — 124 244{ — 0- 985
11 “ .. 1 Harpur 'S, . 11802 e = 128-6835 —130- 714 —2-079
5 112K ' Step of shiwila 2321 —136-912 — 141 - 426{ — 4-514
6 | 72N Well 1290- 8 {—112- 1711 —114- 108] —1-937
7 ) .. ' Step of shiwdla 1299- 3 |—136-076 —137-333| ~1-257
7 1720 Well 3085 . —149-044 =150 558 — 1 -Hl4
9 Veranda 313-9 o |—154-96i| =156 68| — 1677
1 . i Step of well 317-0 " —1(’51-753I — 16:3- 859 — 2- 106
302 \ ) Step 3226 | 1930-31 —168~292|—-169-919 —1-627
. |

( Continued)
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TABLE 4.—Revision levelling—(contd.)

Discrepancies between the old and new heights of bench marks.

Diﬂerenct;l
w (reyision—
Bench marks of the original levelling that fs Difference between orthometric .I?l?gsmnl)_;_
were connected during the revisionary G | heights, above (+) or helow (—) den l?el
operntions 4 the starting bench mark enotes
= that the
g8 height
E,g was
- greater
22 and the
| sign—,less]
Degr 1 Date of From From in 1934
No. ;::gaee Deseription A original | published | revision |than when)
shect levelling | heights 1934 originally
levelled
I , ‘ miles ’ I Sfeet ' Seet ' Seet

Revision of Part of Line 71. ( Gorakhpur—Purnea )—( coneld. )

13 | 720 ‘ Stone B.M., Purnea... 3226 ’ 1870-72 [—171-968 —173'369!—1-401

169 . i Bridge 319-3 | 1809.1900 | — 165- 625/ —166-9711 —~1- 346
168 . | EBM.at PuneaR.S. [319-6 ~165-076|—166-252|—1-176
H0 .~ | Purnea D.B. .. [321-9 | 187172 |~ 1%0- 011[—172-379 —2-368
177 | .. |S.B.M., Purnea ... [323-0 | 1909-10 [ —169- ;‘q —1570-807|—1-429
\
Rewvision of Secondary lne 714 ( Darbhanga—Bagaha ).
I

by 72 A | E.-B.M. at Bagaha R.S.} 0-0 [ 1920-21 0-000 0-000| 0-000
52 " Bridge over Gandak 0-9 . + 12:383)+ 12-372—-0-011
50 . Culvert No. 65 05 o + 11:236)+ 11-243|+0-007
49 . Bridge No. 62 1-97 " +  8-U8KI+  R-979—0-009
18 .« | Bridge No. 59 3-8 ) + 10-992'+ 10-977|—0-015
A% “ Bll(l"‘(‘ No. 55 53 . + 14-088,+ 14:053|—0.015
14 " E.B.M. at Kh.upu]\hl.L 5+h " + 5728+ 5-709/—0-019
15 .. | Bridge No. 5l : 62 + 16-Y28/ + 16-898[—0-030
e . | Bridge No. 52 75 . + 26-214/+ 26-148[—0-066
43 | . | Bridge No.48 .| 9-3 + z:;--33|+ 23152~ 0-071
42 0, Bridge No. 46 .. | 10-% + ‘.’.H-OIQI+ 27933/ - 0:085
Q) “ E.B.M, at Bhairoganj| 10-8 + 185171+ 18-428(—0-089
40 « | Bridge No, 444A e 11-9 + 28-078+ 28-395(—0.083
139 “ Culvert No, 42 133 + 22:586,+ 22.517(—0-069
38 . Bridge No. 41 o | 14-3 + 2h-t&1\+ 26706/ —0-015
35 " E.B M. at Harinagar | 16-1 + 13-227' 4 13-236/+0-029
R . Bridge No. 39 | 187 + 23.421! + 23:435/+0-014
3 1 . | Bridge No. 37 | 178 i+ 21-092 4 21-080—0-012
32 1 .. | Bridge No. 34 oo | 1944 oo L4 11-7685 4 11-707|-0-058
N .. | Bridge No, 33 | 2045 w4+ 4-4324  4-361|—0.071
30 “ Bridge No. 32B | 2244 1~ 2:316 —  2-44%|-0-131
29 » | Bridge No. 31 o | 2307 — 11:319 — 11-476/—0-157
28 » | Bridge No. 29A ... | 255 " — 15717 = 15-944/—0-197
27 « | E.B.M. at Narkatia- 1 i

ganj L 25 — 21-065 — 21-262|—0-197
26 « | Culvert No. 69 263 — 12:324— 12-517/—0-193
25 « | Bridge No. 68 .| 27-86 . — 18-828 — 19-021—0-193
23 " Bridge No. 7A .| 290 " — 25131 — 25-298|—0-167
22 » | Bridge No. 67 ] 294 " — 15-983 — 16-139|—0-156

(Continued)
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TABLE 4.—Revision levelling—( contd. )

Discrepancies between the old and new heights of bench marks,

i « f 'Diﬂorence
. . ) {revision—
Reunch marks of the original levelling that t Ditference between orthometric : Originul),
were counected during the revisionary 5. heights, nhove (+) or below (—) Thesien+
sperntions "‘E i the starting bench mark ; tf}::;,oﬁls
; i o
- height was)
&3 | grenter
JE— e B e and the
f _‘ , § 3 i : sigu-l'.::m
i - in 19
! P N Date of I From Trom
Nu l:l‘lm ) Deseription E ! original | published | revision tg;‘}g]‘x}:ﬁ;‘
i ¢ levelling | heights 1934 levelled
| - - e e e e
1 1
i X l miles l l Jeet ‘ Jfeet ' Jeet

Rervision of Secondary line 714 ( Darbhanga—Bagaha )—( contd.)

’ |

21 72 A | Bridge No. 65A ... | 30-9 | 1920-21 |—=27-779 |—27-890 |—-0-111
20 . E.B.M. at dokhula ... | 31:3 “ —36.146 |—136-274 |—0-128
19 - .. Bridge No. 61 ] 317 “ —25-367 |—25-469 |—0:102
18 . Bridge No. 63A e | 3202 " —32:154 | —32-314 [—0-160
146 " Bridge No. 62 v i 3405 . —-27:953 |—28:102 |—0-149
15 ..+ Bridge No. 80A . 353 s —30-867 | —31-029 |—0-162
1t . Bridge No. 59 L. 36-2 . —31-220 (—31-438 [—0-218
13 . Bridge No. 54C L] 388 N —32-382 |~32-603 |—0-221
12 . Bridge No. 54 Clsees| L, |~30-634 |—30-928 |—0-204
11 " Bridge No. 33 o 1002 " —33.206 [—33-560 [—0-354

9 .. - E.B.M. at Sikta 404 ) —41-169 |—41-498 |~0-329
10 .. Sikta 'T.S. L0 " —27.388 |—27-764 [—0-378

N .. Bridge No. 51 42:0 v |—33-888 |—34.168 |—0-280

l
T . ' Bridge No. 49A [ 43-8 " -33-399 |—133.852 —0-453
u .. Bridge No. 19 44 . |—33-5%5 |—33-908 ' —0-333
tt  72R  Bridge No. 18 A L " ~31-760 | —31-957 [—0-197
8] . E.R.M. at Bhelwn . #4-7 —39-987 |—40-701 |—0-T71
0 . Beidge No. 45 SR U B " —30-488 | —130-883 |—0-395
AN . Bridge No, -+t 50 . —30-576 |~130-855 |—0-279
Ho . Harnihi T.9. 549 . —15-021 |—45-405 |—0-1364
N . E.B.M. at Raxaul ... 351-0 . —35-334 |—135-782 |—0-148
i . Bridge No. 1 .. 5349 . —35:114 |~33-451 |—0-337
3 . RBridge No. 39 L 359 " —31-729 |—=32-120 |—0-391
o . Bridge No, 37 ., 670 “ —34.828 |—35-275 |—0-447
a2 . Bridge No. 35 1 I , —44-812 |—135-355 |—0-543
i . E.BM. at Adipur | 585 . — 477486 |—47-844 [—0-358
3o . Bridge No. b4 ] 592 " — 316817 | —135.229 |—0-611
29 . Bridee No. 33 o —~19-488 |—:19.920 |—0- 132
N . Bridge No. 32 ) S . —36.927 | =749 |—0-46T
25 . Irillge No, 31 {832 . V=577 1=46-139 [—0-368
Itk T2F  Bridge No. 30 657 o l—rt01e 45333 | —1-017
163 E.B.M at Chauradanal 658 . —52.068 |—53-004 [—0-WI8
142 Bridge No, 29 R . —42.030 |—42-449 |—-0-419
14 Bridge No. 28 .| 78 . —_48-159 |—49.192 |—1-033
1) Bridge No. 27 | Ba-a v —43e165 |—43.603 |—0- 43R
19 Bridge No. 23 | veew 480134 |=50-566 |—2- 132
JiN Bridge Nuo. 21 L1705 0 . 1=51-270 |—51-612 |—0-342
17 Bridge N, 20 ) R . [—43-986 | —14-288 | —0-302
1 Bridze ol T2 T —37.224 |- 07-670 | 04168
| |

(Continued)
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TABLE 4.—Revision levelling—( contd.)

39

Discrepancies between the old and uew heights of bench marks.

Beneh marks of the origined levelling that
waere connected during the revisionary

No.

Difference hetween orthometric
heights, above (+) or below (—

Difference

(revision —
original),

The sign +
denotes

135
133
132

ok
o5
o1
93
92
1
88
85

St

4
operations ‘:'1; the starting beuch mark that the
g8 height
Eﬁ wn:
reager
f N
2] sign—, less]
Degree o ] Duate of From From in 1934
sheot Desceription a originn! | published revision |thun when
levelling | heights 1934 originally
levelled
I l miles [ feet ‘ feet l feel
Revision of Secondary line 714 ( Darbhanga—Bagaha )—( contd ).
| !

72 I' | E.B.M. at Ghorasahan' 729 [ 1920-21 |— 41-816|— 15-476[—0-660
.| Bridge No. 17 vee s 7406 1 = 43-632|— 41:658|—1-026
.« Bridge No. 15 1763 , |— 51-126|— 51-806{—0-6R0

" Bridge No. 12 L7749 w 1= B1-238|— 52:317,—1:079
5. B.M. at Kundwa i
.‘ Chainpur (Y w1 D013~ 59-239(—0-226
i Bridge No. 10 791 . |— D3:505|— 53:709|—0-204
Bridge No. 8 . 80-8 — 54-252/— 54-801/—-0:549
“ Stone pillar at Goa- I
bari 83-0 [— 54775 — 53-631|-0-856
Bridge No. 1 83-6 " '— 53-3191— 54-893 —-1-5%4
| E.B. M. at Ba,ua,gnm 84+t . j— 61-180(— 61-393{—0-213
. | Platform coping 847 » i— 93-554{— HH-158/—1-604
Bridge No. 91 86-3 o [— 48995~ 50-575|—1-580
Bridge over Baghmati| 87-8 .= 35-726|— 35-881|—0-155
Bridge over Baghmati) 88-1 l— 35-870|— 35-862|+0-008
.| Bridge No. 88 893 ‘— 53-122|— 54-510/—1-388
E.B.M. at Dhang 89-6 ”" = 63-933|— 64259/ —0-326
Bridge No. 86 90-1 o = 56-H43— 5S-T761|—2-216
. Bridge No. 85 .1 90-8 n \— 58-158|— 58.729/—0-571
- Bridge No. 83 191-9 . {— 61:031|— 63-004{—1-973
| Bridge No. 81 | 93-5 s = 64515 — 663731 857
i Bridge No. 78A 95-0 CT 68.470|— 69-679:—1-209
‘ Bridge No. 75 96- 4 ) {— 73.034/— 75.0568|—2:024
;EB“ at Riga R.S. 96-6 " l— 78.456|— 78:970|—0-514
E.B.M. at Sitimarhi '102 |— 88-675|— 90-576|—1-901
Platform coping . ‘10- 5 . I— 80-.685|— 82:341|—1:656
Bridge No. 62 .. |102-8 1= 82.587— 85-772)—3-185
" Culvert No. 56 11056 i— 87-946/— 91-528|—3-582
¢ Bridge No. .11 ... |108-1 i— 91.45b6|— 94-995~3-540
| Bridge No. - .. 11091 = 91-784— 95-797|—4-013
| Bridge No. IH ... 1110-1 " — 96-224|— Y7-854:—1-630
| E.B.M. at Bajpatti... 110-6 . —101-221|—102- 483/ 1. 262
I Bridge No. 18 o 11147 " — U8-9Y65|~100-586G]—1-621
{ Bridge No. 44 L1125 —101-102/—101-941|—0-839
I Bridge No. 41 11406 {—104-387 —105-632[—1-215
» | E.B.M.at Janakpur
i Road R.S. |117-8 ’—111~]HH—112-769—1-581
 Veranda. Janakpur
| Road R.S. [118-0 | | }—104 751|107 - 446 —2- 695
i

(Continucd)
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TABLE +.—Revision levelling—

GEODETIC REPORT

(conceld.)

(1934,

Discrepancies between the old and new heights of bench marks,

Difference
® (revision—
= . origiual).

Bench marks of the original le vellmg thut ‘£ Diffcrence between orthometric |Thesign+
were connected during the revisionary = heights, above (+) or below —) denotes
operations 2 = the starting bench mark that the
ge height
E.’-‘ was
b g greater
o2 ond the
\' £ sign—,less|
" Degree o w Date of From From in 1934
Ne.  { gheet Deseription a original | published { revision [than when)
she levelling heights 1934 originally
; : levelled
| ‘ . miles ’ Seet } Seet I JSeet
Revision of Secondary line 714 ( Darbhanga—Bagaha )—(concld. )
83 [ 72 ¥ | Bridge No. 36 I119' 1 |1920-21 [—106-825|—108 924] — 2094
K2 , ‘ Brldf'e No. 34 ... 11202 " —109-677 —113-522)4‘—3'“45
81 y ‘ Bridge No. 32 .oh1zp-l - ~109-612(—112-166 —2-554
Y " Bridee No. 30 L1228 " —111:515/— 114454 —2-4939
78 " 1 E.B. M at Jagiara... [122'9 5 —118-561 —121-315’—2'75‘1'
T " Bridge No. : Q ... |123-6 » —112-856|—=114-045 —1- 189
75 ., Bridge No. 26 12407 . —116-526|—118-219: —1-693
Tt y Bri(lge No. 25 12502 —116- 754 —117- 720 —0-966
73 . Bridge No. 24 Lo l1eseT . —~117-025(—119 363 —2-338
72 Bridge No. 21 12614 " ~118-268|—119- 344 ~1-076
Al o Brld"‘e No. 15 Lo 1129-7 . —123-098|—125-111, —2-013
bR E.B. \I at Kd.mtd,ul 129-9 —~131-943|—132- 866/ —0-923
67 \ Bridge No. 12 ... |130-9 " —120-860|—122-004|—1-144
66 ' Brlcl"‘e No. 11 ~...131-6 o —121-162{—122-272/—1-110
65 o Bridge No. § ... .132-8 —~120-636i—121-877|—1-241
61 " [ Lulvert . .. 1134-0 . —-124-7551—126-895i—2~140
63 | Bridge No. 5 1361 . —121-228i— 122-307|—1-079
(23 L B. M at Muh(tm ! i ‘ _
| ma.dpur 11373 » —132-280]—133-431'—1-151
HO Pld,tform coping ... \1 375 ” —123-465|— 125049/~ 1" 094‘
59 ! Bridge .. 1382 . |—126-742]— 127 qqs;—l-zsb
3K | Bridge 142-7 " —129-205|—131-944! — 2739
11 Step of mugjid, Dar- .
bhanga 11439 | 1870-72 |~ 124- 554 — 125889 — 1335

"




Cyar. 11.] LEVELLING 41

TABLE 5.—Isst of triangulation stations connected by spirit-levelling,
season 1935-34.

Height above
mean sea-level Difference

Name of station (Trian.—Lev.) 1 REMARKS

Spirit- Trian-
levelling | gulation

i JSeet Jeet JSeet

(Great Sclween Series

Loi IIsam-Hsip H.S. ' 68118203 6116 ! -2

Tat. 23 23 34-216 |
Long. 97 D8 34.186 1

Upper mark-stone,

F



CuarrER II1
GRAVITY
BY Major E. A. GLENNIE, D.S.0., R.E.

19. Programme.—TField season 1933—-34 was a remarkable one
in many respects. Commencing in the last week of August the
party did not return to Dehra Din until the following May having
completed observations at seventy-one stations, of which 41 were in
India, 21 in Ceylon, 8 in the Maldive Islands and one at Minicoy in
the Laccadive Islands. The total mileage by road amounted to
abhout 5,800 miles of which 1,700 miles were in Ceylon.

Two lorries were engaged for the whole season to carry the
equipment and personnel. These were the same two loiries used in
the field season 1931-32 and they were again under the able manage-
ment of the owner, Mr. R.V. Knowles., Thanks to his efficient
maintenance, there was no mechanical trouble of any sort through-
out the long season.

The rafting across Cochin Harbour was nearly disastrous. On
the Ernakvlam side an accumulation of rain water in the hoats
surged to one end when the weight of the first lorry came on the
raft and it was only prevented from sinking by the shallowness of
the water. At the Cochin side the two back wheels of the second
lorry slipped between the quay and the raft, and at one time there
was danger of the whole lorry falling back into the harbour.

The field work commenced before the end of the monsoon and
it was sheer Juck that no delay occurred owing to floods. Starting
at Nasik, the party after ohservations at Peint proceeded north to the
Tapti river. While camped close to the edge of the left bank, the
river rose seventy feet during the night, and in the morning was
still rising rapidly. A hurried departure followed, but the observa-
tions had been completed. Tt was at this time that the city of
Surat and all its neighbourhood was flooded.

Turning back south from the Tapti river, the programme
extended down the whole west coast of India to Cape Comorin, then
round to Dhanushkodi, and so across to Ceylon.

Ceylon was reached during Christmas week. It had been
anticipated that there would only be three weeks available for work
i Ceylon. Actually the party was there two full months, and a
much more extensive programme was possible.

While in Ceylon the party received much assistance and
!1r>s[)ita]ity from the Ceylon Survey Department. In particular | am
indebted to Mr. J. E. Jackson, Superintendent of the Trigonometrical
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Office, for his co-operation and advice in arranging the programme,
and to Dr. H. Jameson, Superintendent of Colombo Observatory, for
kindly allowing the party to camp in the observatory grounds.
Through the courtesy of the Swrveyor General of Ceylon, a
Government surveyor, Mr. V. T. Muttunayagampillai, was attached
to the party. He assisted very greatly, arranging camping
places, levelling from the Ceylon Survey bench marks, computing
coincidences and carrying out other routine work.

Ou 17th March the equipment was loaded on H.E.M.S.
Mabahiss for the cruise to the Maldives. During the ensuing four
weeks the party was privileged to collaborate with the John Murray
Oceanographic Expedition. The Expedition made all arrangements
for the gravity programme, often, it is feared, at considerable incon-
venience, and with some disorganization of their own scientific work.
All members of No. 14 Party aboard were treated as guests, and are
greatly indebted to Lt.-Colonel R. B. Seymour Sewell, ¢. 1. k., ¥.R.58.,
the leader, and all the members of the Expedition for a most
enjoyable and successful voyage.

Sailing south-west from Colombo the first gravity station was
in Addu atoll south of the equator. The next station was 2}°
north of the equator in Kolumadulu atoll. Then came a visit to
Malé where Lt.-Colonel Sewell made arrangements for the main
gravity programme with the Maldivian authorities. This consisted
of a line of six stations running across the archipelago east and west
about lat. 57 15", Two stations were in Fadiffolu atoll, and four
stations in South Malosmadulu atoll. This occupied eleven days,
and during this time the party cruised in a small sailing craft
engaged locally, while H. K. M. S. Mabakiss steamed away to the
Horsburgh atoll tor intensive vesearch work there. During this
period Lt.-Commander Farquharson, r.N. accompanied the party and
carried out an arduous programme of maguetic observations while
the gravity work proceeded. The Expedition next proceeded to
Minicoy, where gravity observations were made, and then returned
to Colombo wheve No. 14 Party disembarked on 13th April 1934.
The party then travelled back through India making gravity
observations at three stations en roufe, and entrained for Dehra
Din on 3rd May. The last part of the journey was very hot,

Observations in India and Ceylon were usually made in rooms,
and only occasionally in the large pendulum tent. In the Maldives
and at Minicoy, a small double Hly tent and a shouwldir! were placed
end to end.  The use of the large pendulum tent would have caused
delay and extra trouble, as the jungle on most of the islands was
very dense, and a great deal of clearing would have been required,

A small prismatic astrolabe, made by Jobin, was taken into the
field, and observations for astronomieal latitude and longitude were
made at three stations in India and at tive stations in Ceylon.
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This is the tirst time that this small pattern astrolabe has been
used for field work in India. Only a short programme was possible,
and in Ceylon the weather conditions were very bad, but results
show that under better conditions and with a slightly longer pro-
gramme this instrument can be relied on to give good results. The
results of these observations are given in Table 5 of Chapter IV,
No correction for personality has been applied to the astronomiecal
longitudes, and this may be considerable.

20. Strength of the party.The party which took the field
consisted of Major E.A. Glennie, r.1., six khaldsis, two motor drivers,
two cleaners and two private servants, thirteen in all. In
addition, in Ceylon the party was joined by one Ceylon Government
surveyor with his servant. The surveyor, however, had his own
touring car, so the load on the lorries was not increased.

Owing to the very limited accommodation on H.E.M.S. Mabahiss
the party was reduced to Major Glennie, one khaldasé and one private
servant for work in the Maldives. The remainder stayed in Colombo
in camp at the observatory.

The health of the party was excellent throughout except for a
tew cases of malaria contracted at Addalaichchenai in Ceylon. A

course of plasmoquin and atebrin cured these promptly and there
was 110 recurrence.

21. Method of observation.—In the three previous seasous
the middle pendulum was omitted aud the front and back peudulums
were swung in optical combination. The results were satisfactory,
but the method had the disadvantage that the values of the times
of vibration tor the difference between a pair of pendulums for any
set of observations were not known. This difference is a valuable
indication of the accuwracy of the observations, and also shows the
effect of ground motion. The use of a tree middle pendulum also
permits of correction for ground motion when this occurs. This
season, therefore, observations were made with the middle pendulum
in pusition and hanging free.

In order to save time, only one pair of pendulums was swung
at each station, and risk of errors due to a change in length of

a pendulum was obviated by chauging the pairs in rotation at
successive stations thus:—

STATION Prenpunums
front. Dack.
271 A (!
275 (! B
276 B A
277 A (! and so on.

The Marconi wireless set R.P. 11 with some of the original
D E3D valves in use since 1926 was employed. These valves are
now obsuvlete and are becoming less sensitive through age.  The set
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is specially designed for the valves and requires extensive alterations
to adapt it to modern valves throughout; the use, however, of a
Phillips A 225 valve as a detector with the H.T. voltage of all
valves reduced from 100 to 60 volts gives greatly improved receptionn.
This improvement was introduced in January.

Wireless reception was good everywhere until the return to
Dehra Dan, where reception is always bad in April, May and June.
Some trouble was experienced owing to the partial breakdown of
insulation in a transformer. This was re-wound at Colombo.

Wireless rhythmic signals from Rugby, Bordeaux and Nauen
were used. These are transmitted at the following hours:—

. Station G ML
[ . el

h m

N, Nauen .1 00 01
B, Bordeaux .| 08 01
R, Rugby U I 43 I 54
N, Nauen . 12 01
R, Rughy . 17 5o
B, Bordeaux o 20 01

The normal programme of observation consisted of three sets
of observations lasting 22 or 24 hours between signals as follows:—
Set 1 R,—N, or R —1,

Set 2 N, —DB, R.—N,
Set 3 B, —R, N,—B, or R,
The Nauen signal after January was transmitted on a wave
length of 13,000 metres aud could not he received, and the normal
programie 1)ecame —

Set 1 — R, or in the Maldives Set 1 R,—B,
Set 2 ( } 1{, _ Set 2 B B,
Set 2 Set 5 Bl-lul
Set 3 R, Set 1 R, —R,

If these sets are wnig‘hted according to the time intervals between
signals, only the rate ervor duce to the reception of the first and last
signals at the station cffects the mcean results; there therefore
appears to be no very serious objection to using time signals only
two hours apart, so long as the whole series of observations at a
station are consecutive m(l arc spread over about 24 hours, though
it is of course hest to avoid observations with unequal weights,

For the same reason, pairing signals from different transmitting
statmns is not objectionable so ]mw as the covrrections applied
v the first and last transmissions are taken from the same source,

¢, both from the Bulletin Horaive or both from the Admiralty list
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of wireless corrections. Since corrections for the N, signal do not
appear in either of these lists, the N, signal should not be used as
the first or the last siznal at a station.

22. Hayford computations.—To facilitate the Hayford com-
putations, a revised average height map of Ceylon was prepared in
the field.  As the area of Ceylon is comparatively small, the average
heights of 10-minute squares were got out, instead of 30-minute
squares as in the case of Average Height Map of India published
in Geodetic Report Vol. V. The excellent 1 inch to 1 mile
topographical sheets of the Ceylon Survey Department were used
for the computation of the average heights.

The average height map was used for the outer zones of the
Ceylon computations. Without the aid of these average height maps
and the charts in Professional Paper No. 15, it would not have been
possible to complete the isostatic reductions of seventy-one stations
within the year.

The height estimations and Hayford computations for Dr.
Vening Meinesz’s sea station close to Minicoy were entirely redone;
the final Hayford correction amounted to + 0-0266 gal as compared
with +0-0260 gal obtained by the United States Coast and Geodetic
Survey, a close agreement which may be considered very stisfactory.

23. Results.——The times of vibration at Dehra Dan are shown
in Table 1. In Tables 2 and 3 are given the mean differences
between the times of vibration for each pair of pendulums, the
times of vibration, the deduced values of ¢ and the probable errors
at each field station.

Table 1 gives the details ot theoretical and observed gravity
and the Free Air, Bouguer, and Hayford or isostatic anomalies, with
reference to Helmert's formula of 1901, and forms a third addendum
to Table 2 of the Supplement to Geodetic Report Vol. VI.  Table 5
wives values of ¢—1yp the crustal warp anomaly, and Table 6 gives
values of g—vy.;, the isostatic anomaly with reference to the
International gravity formula of 1930. This last table is a first
addendum to Table 6 in Geodetic Report Vol. VIIL.

24. Probable errors.—_The probable error of the deduced
value of 4 is a combination of the probable errors at a field station
and at Dehra Dian of () the actual pendulum observations and (h)
the clock rate correction. These are considered below :—

() Probable ervor of pendulum  observations.——Assuming
no ground motion and no change of length of pendulums, the
difference, As, between the times of vibration of a pair of pendulums
should be a coustant quantity.

It A" be the difference for a single set for any observation
then A« — Ax is a measure of the accuracy of observation, which is
independent of clock rate errors, and independent of the time
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interval between first and last series of coincidences, so long as this
is reasonably long, say more than one and a half hours.

From all observations in field season 1933-34 we obtain in
units of 1077 sec.

Pendulums A-C C-B B-A
As -3 —14 +7
p.e. +0-4 +0-6 +0:6

There is an apparent inconsistency here, if we accept the condition
(A-C)+ (C=B) + (B -A) =0; the failure of the condition must
be due to small differences in the times of the individual pendulums
depending on whether they are swung on the back or on the front
pair of agates.

If v=As" - As, and n is the number of sets of observations at a
station, then the probable error of the time of vibration of the mean
pendulum (excluding errors due to clock rate) is:—

08453 |v|
6 =————

20y n
Here As is accepted as the true value of the constant difference
between a pair of pendulums, and ¢, is the probable error resulting
from errors in observation of pendulum coincidences and are.

Temperature and pressure readings are taken to an accuracy
which is ten times that actually required, so errors on that account
may be considered to he negligible.

Errors due to faulty correction factors for temperature and
density also will tend to cancel out, at least during the field season
under consideration, as the conditions in the field and at Dehra Dean
were very similar.

(b)) Probable errors of clock vate corrections.—Cloek rate errors
are due to two causes:—

(#) Errorvs in the wireless corrections to time signals issued
from the observatory.

(+7) Errors of reception in the field and at Dehra Dun.

The Admiralty Notices wireless corrections, and the Bulletin
Horaive demi-definitive corrections give corrections to the same
signal referred to the Greenwich and Paris observatory clocks
respectively,  The difference between the two corrections issued for
the same signal is therefore a measure of the difference between the
observatory clocks. Plotting these differences for the Rugby 10 a.n.,
the Nauen noon and Bordeaux 8 p-m. signals daily for the last half
of August, we get lines which cross and re-cross at random in a
narrow hand.
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Judged by this method the mean difference between the
observatory clocks (Greenwich — Paris) is very closely —0-025 sec,
for the whole period, and so one can assume with sufficient accuracy
that in any period of 24 hours at this time the difference between
the two clocks remained constant, and that any departure from this
value is due to error of reception.

We have therefore a number of independent observations for
the difference between the two clocks, and the probable error of a
single observation is found to be +0:005 gec., and, as this is a
combination of two signals, the probable error of the rate for a
oiven interval is the same.

Reception in the field cannot he so good as in ohservatories.
Nevertheless sienals are clear, and the method of observing coinci-
dences by using the clock to interrupt the earphone cir cult is a very
accurate one.  An estimate of the probable error in the field as
amounting not more than fowr times that in the observatory is
cortainly on the safe side. This amounts to a probable error of
one and a half coincidences, which is really unlikely under good
conditions,

Henee we have for rate corrections:—

(/) Probable error due to ohservatory = +0-005 sec.
(/1) Probable error due to field reception = +0-020 sec.
Combined probable error = +0-021 sec.

It a number of sets of observations are taken consecutively and
are given weights according to the intervals between time signals,
then errors due to the intermediate time signals cancel out and
only the rate ervor due to the initial and final signals need he
considered.

In the past field season three or four consecutive sets were
always observed, thn- interval between beginning and ending signals
usu*tl]\ being 16, 22, or 24 hours aceording to circunstances.

Hence the probable ervors in rate and in rate corrections in
these (ifferent cases are :—

Total interval 24 hours 22 honrs 16 hours

p.e. of rate por 24 hours, .o+ 021 sec. + 023 see. 1 : 032 sec.

p-e.of rate correction to 2, e, +1-23 x 10-72ec. +1:35 x 10—73ec, +1 88 x 10-7 sec.
These probable errors apply equally to the mean of a single

pendulum or to the mean of the pair of pendulums at a station.

() The probable error of the mean time of vibvation of a
pair of pendulums at a station is €, =4/ € + €
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(d) Probable errors at Dehra Diin=c¢,.—These are derived
in the same way and are shown below for each pair of

pendulums :—

Pair AC CB B A
Sec. x 1077 Sec. x 1077 See. x 107

€, +0-69 +2-03 +2.28

e, +1-23 +1-23 +1-23

€, +1-41 4287 4+2.59

€, +1-63 +0-73 +0-08

€, +1-23 +1-23 +1-23

€, T 204 +1-43 +1-23

€ +1-75 +1-96 +2-03

of the mean of observations

in August 1933 and May

€, 1s the p.e.

1934 where ¢, = r\//e"'ize-?"f .

(e) Probable ervor of g.—The probable error of the differ-
ence in time of vibration at a station and at Dehra Dan is
\/eﬂs + &,

The probable error in the deduced value of ¢ in milligals is
e,=0:38,/e + ¢, , where ¢, and ¢, are in units of 1077 sec.

The probable error in g is shown in Table 3 for each station.
The mean probable error in ¢ is +1-1 milligals and only two
stations have a probable error as high as + 2 m1]]10 als.

This probable ervor in ¢ is independent of any error in the
adopted value of ¢ at Dehra Dun, viz. 978-063 gal.

This point is discussed in the next paragraph.

25. Observations at Colombo.—Within recent years three

determinations of gravity have heen made at Colombo., They are:—
Date Observer Value Height
fret
1929 Vening Meinesy, 978-147 0
1952 Lejay D78 155 20
1934 - Glennie 978-132 20

The 1934 value is based on 979063 ¢al for Dehra Dun.  This
is probably too low. A correction of + - 009 gal is required to bring
it in terms of the value, 979-072 gal, 01)t&111+'(] in 1927 with the
Cambridge apparatus. A further correction of —-003 gal is required
to Vening Meinesz’s determination, and of — <001 gal to Lejay’s, to
correct them for change of height and latitude when reterring them
to Colombo Observatory, the site of the 1934 ohservations.

e}
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Applying these corrections, and adding the difference from
Colombo to Dehra Dan, +0-931 gal, obtained from the 1934
determination the following values at Dehra Dan can be added to
the list of Dehra Din values given in the Supplement to Geodetic
Report Vol. VI, page xii;

Deduced value of g

Observey at Delra Din
Lejay 979-085
Vening Meinesz 979-075

Father Lejay used elastic pendulums for his determination.

Evidence is therefore accumulating that the adopted value of g at
Dehra Din, 979-063 gal, is too small. Tt is likely that 979-072 gal
is near the truth, so that there i is a discrepancy of only 3 milligals
between the 1934 determination and that made by Vening MemeS/
in 1929, In the discussions of results in India, Cey]on and the
Maldive and Laccadive Islands which follow, the gravity anomalies
are hased on the old value of ¢ at Dehra Diin ; this is immaterial so
long as data from external sources are not considered. These
require a correction of minus 9 milligals to refer them to the Survey
of India value at Dehra Dian. This correction has therefore heen
applied to Dr. Vening Meinesz’s determinations at sea, wherever use
is made of them in this chapter.

26. Consideration of results.—In Chart VI of Geodetic
Report Vol. V, a comparison of the geoid with gravity data was
made. The agreement was very qtr1k1no‘ except in the extreme south
of India. Here the geoid rose while gravity anomalies became
increasingly negative. This season a revised geoidal section has
been made for southern India (see Chapter TV ), and in consequence
the discrepancy between the gravity data and geoid has been very
largely removed. The geoid is now found to he deeply depressed
in southern India.

This striking depression of the geoid and the large area of
negative gravity anomalies in south India requires explanation. It
cannot he attributed to any apparent deficiency in the density
of surface rocks. For this reason gravity work in Ceylon was
considered especially important, as it might throw light on the
conditions in the adjacent parts of Tmlla,—a hope wh1ch appears
to have heen justified.

Ceylon is a small and nearly detached continental block appar-
ontly fairly simple in its tectonic structure, and the explanation
given for this structure appears to apply equally to southern India,
and perhaps, indeed, to peninsular India as a whole. Similarly
conditions on the west coast of India appear to throw light on
those in the Maldives and Laccadives.

Hence in the discussion which follows, Ceylon will first be
considered, then the Indian results and finally those in the Maldives
and at Minicoy.
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27. The structure of Ceylon.—The only account and map of
the geological structure of Ceylon is that given by Dr. F. D. Adams
in 1929 in the Canadian Journal of Research. He writes “The
Island is thus a great syncline whose axis runs throughout its
leugth in a general north to south direction, passing a short
distance to the east of Kandy and of Nuwara Eliya. This syncline
is closed on the south by the great sweep of the strata around the
southern part of the Island here dipping everywhere inward, that
is to the north, but it is open to the north where the strike of the
oneiss before sinking beneath the low land covered by Tertiary
deposits commences to open out, as has been mentioned, into a
trumpet-like form. This great syncline of archean rocks which
constitutes the Island of Ceylon thus plunges to the north and
disappears beneath the Miocene strata which occupy the northern
end of the Island ”.

The syneline is largely composed of gueiss, quartzites and
limestone, and is evidently for the most part sedimentary in origin,
but there are great intrusions of iguneous rocks, particularly in
the central highlands.

Turning now to the evidence from gravity data, Charts X and XI
show (rla,v1ty anomalies in Ceylon, and their relation to anomalies
in India are shown in Charts XI1 and XIII. The ¢sostatic anomalies
g - v¢ and the crustal werp anomalies, ¢g--vp both show increasing
negative anomalies as one proceeds inland from the coast, except in
the north. Interpreting the results according to the hypothesis of
crustal warping, the g —vr anomalies show that the island overlies
a downwarp of the crust, which is deepest in the north, according
well with the geological description quoted above.

Ag‘lP(-‘anllt with the superiicial geological evidence, as pictured
by Adams, is however not exact. Fl om the north of the island
down to about lat. 8% the deepest part of the downwarp runs
centrally, but thereafter the gravity anomalies show that the centre
of the trongh curves eastwards passing near Bibile, and then swings
back towards the centre at the south of the island.

South-west of Ratnapura too is a deep downwarp which at first
sight appears to conflict with the geological evidence of an anticline
in this neighbourhood. Agreement with geology 1s obtained, if a
local positive or upwarping disturbance is assumed in the neighbour-
hood of Adam’s Peak, pushing castwards the decper ]ayels of the
trough resulting in an asymmetrical syncline with an axial plane
hading to the east. To the south-west the strata has been crushed
both up and down between this local upwarp and the more general
upwarp off the south-west coast.

Evidence in favour of local disturbance in the Peak region of
Ceylon is afforded by Mr. E. R. Bartlam, Principal of the (.,eylou
Technical College, who from the available data considers
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that Adam’s Peak represents the remains of a voleanic core,
Gravity anomalies plainly show a positive tendency in  that
area. More gravity work is required to give a better picture of the
structure at the extreme south of the island. The trough may
extend seawards near Hambantota or may curve round ending in
the crushed depression below the anticline discussed above.

On the whole the geological evidence tfavours a combination of
the two: the seaward extension being shallow and soon terminating,
and in the charts the anomaly contours are shown accordingly.

More gravity work is also required in the Adam’s Peak area.
It was intended to do this, but it was prevented by the arrival of
the John Murray Expedition at Colombo bringing the Ceylon tour
to an end.

The positive g — yp anomalies on the east coast and the very
small negative anomalies on the west coast indicate upwarps
flanking these coasts. From a consideration both of the geological
structure and the gravity anomalies, the conclusion is reached that
originally there was a more or less symmetrical downwarp and
that subsequently this was squeezed by the flanking upwarps and
distorted by failure of the crust in the Peak region. An upwarp
south of the island has closed the syncline there.

The evidence in fact is strongly in favour of lateral compression.

28. India._The first statious in the field season were devoted
to an attempt to delimit the north and west boundaries of the area
of negative anomalies east of Bombay. There was a possibility,
though an unlikely one, that this downwarp joined into the
Vindhyan depression north of the Satpura Range. From the small
positive g —vyp auomaly (+3) and the g—vy.y anomaly (4 15)
obtained on the left bank of the Tipti, it appears that these two
downwarps are divided by an upwarp under the Satpuras.

The remaining work in this area resulted in a shifting west-
warll of the zero anomaly contours of both g—vy.y and g—vp (see
Charts XII and XIII). In consequence the rise to the large
positive anomalies at Bombay is very abrupt.

Between Pauvel and Coliba, g—rvycy changes from —18
milligals to + 63 milligals, that is a gradient of about 4 milligals per
mile. There does not appear to be any other locality in India where
the gradient markedly exceeds 3 milligals per mile. This result
seems to contirm the statement already made in Professional Paper
No. 27 that near Bombay is to be found the main source of
upwelling of the Deccan trap. There must be a great dyke under
the sea off the coast extending north from Bombay, and very high
positive aravity anomalies are to be expected at sea over this.

South of Bombay the positive upwarp shown by the ¢—7r
anomalies on Chart XTIT skirts the coast passing out to sea near
Mangalore : inlawd, and paralleling this upwarp, is a downwarp
which in its turn extends seawards south of Mangalore.
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Deflections of the plumb-line support this. Seaward deflec-
tions are found near the coast, especially large near Bombay and
becoming smaller southwards. The extreme south of India, in the
same way as Ceylon, appears to have been squeezed down between
upwarps. These are the upwarps running from the Nilgiris to the
east coast south of Madras, and two upwarps to the south, one under
the gulf of Manaar and another which approaches the west coast
near Trivandrum.

Over these deep downwarpings in south India the geoid will be
depressed. Superimposing on these the depression of the geoid
over the trough south of the * Hidden Range ”, an explanation is
found for the deep depression of the geoid and the negative gravity
aniomalies in southern India.

29. Maldive and Laccadive Islands.—The scientific equip-
ment of the John Muwray Expedition included an apparatus for
coutinuous echo sounding. The depths obtained by this method
in addition to those available in the latest Admiralty charts have
been employed for the Hayford reductions. Special runs were
made to obtain the profile of the bank on the east and west sides
of the archipelago. These are shownin Plate XV. A smooth curve
giving the average profile was drawn from these and employed
where other depth data were not available. The sites of the gravity
stations were always on the lagoon side of the island, so topo-
araphical changes in the nearer zones were small.  In view of the
very considerable amount of depth data available, the Hayford
reduction work may be considered free from appreciable error.

Results on the Maldive Islands are shown in Plate XVI. The
large negative anomalies and their increase towards the central me-
udlan of the archipelago are noticeable.

At Minicoy in the Laccadive Islands in addition to the gravity
station on land there is the submarine gravity station observed by
Dr. Vening Meinesz out to sea on the west. The results at these
two statlom show a tectonie condition apparently ()ppuSltP to that
under the Maldives, since the crustal warp anomaly is positive over
the land and negative out to sea.

From the gravity and deflection observations on the west coast
of India it is known that a posmw area flanks the coast as far
south as Mangalore; if this is extended to Minicoy it is significant
that a line drawn from Minicoy to Mangalore will skirt the southt'rn
margin of Kalpeni and Andvoth Islands Ellicalpeni Bank, and
other shallow soundings. Tt scems therefore a plausible deduction
that the great positive upwarp off the Bombay coast runs south
under the Lacceadives to Minicoy, while the flanking depression of
thv crust on its east side continues out to sea south of Mangalore

v the line of the Maldives, where a continental fragment of the
er llbt has been crushed in the downwarp or subme)gul by it.
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This conclusion is supported by Vening Meinesz’s work in the
Java sea. Sumatra and Java are flanked on the south and west
by a great band of negative anomalies. This band persists whether
its line is marked by islands or by deep sea. Over Sumatra and
Java large positive gravity anomalies are found, but further east
the high positive area underlies the deep Banda sea, while the
negative baud continues along the curve of the islands to Ceram.

Evidently the superticial conditions are incidental only. It is
to the deeper warpiugs of the crust that the greater part of the
anomalies must be referred.

The Admiralty charts also show a marked difference between
the Laccadive Islands and the Maldive Islands. Instead of the
striking linear arrangement of the Maldives with great atolls ten
to twenty miles across, the Laccadives show a counfused medley of
small islands, reefs and banks.

Though the Laccadive Islands are believed to overlie an
upwarped avea of the crust, a small amount of recent submergence
is not excluded. The original upwarp, if associated with the
Aravalli upheaval, may have occurred in geologically remote times,
but any subsequent contrary movement has been much less thau
the original upwarp.

30. The formation of the Maldive Islands.—The formation
of the Maldive [slands will be considered first with reference to the
isostatic anomalies and secondly in the light of the crustal warp
hypothesis.

(a) ISOSTATIC ANOMALIES

[n Fadiffolu atoll the two stations Difuri and Kanifuri are
at the extreme east and west margins of the atoll and there are no
stations in the middle of the lacoon. In South Malosmadulu atoll,
Fonimagudu is on the eastern edge and Twadd on the western
edge; while Mamidu and Mandu are in the lagoon.  All the
anomalies are negative and the largest anomalies are at the two
stations in the lagoon.

In the Hayford corrections no allowance has been made for
the low density of the coral rock, since its thickness is unknown,
and it is at the stations in the lagoon that the error on this account
would be greatest.

Considering only the four stations in South Malosmadulu
atoll, assume 3,000 feet thickness of coral rock, density 1-8, the
deficiency in mass due to this low density being uncompensated.
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Changing the topographical corrections accordingly the following
results are obtained: —

Station 9=7cu ( corregt;d%’;‘gr coral
(uncorrected) |*3 400 feet thick )
mgal mgal
Fonimagudu .. -73 —-47
Mamadu —81 -~49
Mandu -1 —45
Turiadun -4 —45

The correction has therefore largely removed the discrepancy
hetween the lagoon stations and the marginal stations.

The same assumptions applied to the Difuri and Kanifuri
corrections give the following results:—

; 49—Ycu T=%Yeu

Station (uncorrected) (corrected)
mqal manl
Difuri — K6 -6
Kinifuri -1 - 44

Kanifuri thervefore falls into line fairly well, hut Difuri is
exceptional.

k2]

Jonsidering the five aceordant stations, the mean “correctec
anomaly is —46 mgals, and assuming that this anomaly is due to
an additional thickness of coral, density 18, again with the defect
uncompensated, four thousand feet additional thickness of coral is
required.  According to the usual explanation of the formation
of the coral islands over a subsiding land mass, however, isostatic
adjustment is given as the cause of subsidence. Defect of mass is
therefore inadinissible, so compensation must be allowed for. With
compensation of licht coral rock an additional five thousand feet
thickness is required.

The isostatic anomalies therefore, if solely due to the light
coral vock, imply a thickness of 7,000 feet of coral uncompensated
or 12,000 feet compensated. 12,000 feet thickness brings the coral
deeper than the immediately surrounding ocean, a result which is
only consistent with isostatic adjustment if the original land mass
or bank on which the coral was formed was an upwarp of the ocean
floor and not a continental velie of normal sial.
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The density (1:8) which has been assumed for the coral is
probably the lowest permissible, computations with higher densities
would yield greater thicknesses of coral.

These caleulations are based on the Helmert gravity formula
of 1901; if the Bowie formula of the International gravity formula
of 1930 were used, the computations would require very much
greater thickness of coral. The formula based on the Survey of
India spheroid which is used for the g—vy anomalies, would give
hetter results since it reduces the Helmert negative anomalies over
the Maldives by 18 mgals. The total resulting thickness of coral
(density 1:8) is then about 5,000 feet uncompensated or 9,000 feet
compensated.

The employment of this same gravity formula in India without
additional corrections would be unsatisfactory. The negative
anomalies in south India would indeed be reduced, but the apparent
advantage would be offset by a greatly increased area of very high
positive anomalies in the northern part of the Peninsula. The use of
this formula for the adjacent Maldive region without additional
corrections is therefore hardly justified.

The conclusion therefore from this investigation of the isostatie
anomalies is that, if the isostatic anomalies are due to local, super-
ficial anomalies of density, the Maldive Islands mark the original
site of an oceanic ridge, not « continental hlock, which has since
sunk down under isostatic adjustment. Under Minicoy is part of
the same ridge not yet isostatically acjusted.

(b) CRUSTAL WARPING

According to the hypothesis of crustal warping, gravity ano-
malies are mainly due to the up and down warpings of the lower
layers of the crust.  These tend to balance out, and over a very wide
area equilibrium is reached very closely. This is a necessary result
of the working of the ordinary laws of mechanics and of strength of
materials ¥.  Hence the Hayford method of computation provides
an easy means of allowing for this general equilibrium. When
computing the g—«p anomaly Hayford compensation is assumed
to be lacking over an area of ahout sixteen hundred square miles
immediately surrounding the station, This anomaly is then assamed
to sive a measure of the underlying erustal warping, combined with
the effect due to local departures of the superficial strata from
normal dengity.  In India there appears to be a general hroad
warping of the lower crustal layers superimposed on the more local
warpings.  In order to give prominence to the local warpings and
0 to bring out more clearly the local tectonic structure, a  Hidden
Range™ correction is applied to the crustal warp anomalies, which
15 intended to remove the effect of the general warping. In the

_® See " The Hypothesis of Tenstasy” hy Dr. J. do (. Hunter. ( Geophysical
Supplement to Monthly Notices of the Royal Astronomical Society, Jan. 1432).
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Maldive Islands there is no reason to assume any general warping
of this nature, nor is it likely. The crustal warp anomalies there-
fore contain no ‘“Hidden Range” correction.

If the underlying rock has a smooth level surface, which is
not improbable, the argument used for the extra large isostatic
anomalies at the two lagoon stations hold good also for the ¢ —vp
anomalies. In the table below, is given (%) the isostatic anomaly,
J—7cs» using the gravity formula on which the anomalies are based,
(4) the erustal warp anomaly, g—vp and (44) g—p corrected for
the effect of 3,000 feet of coral density 1-8.

. g—7r
Station d—Yes 9—YF corrected for
o - 3.000 feet of coral
mgals mgals mgals
Difuri —48 —28 + 2
Kanifuri —53 —13 =15
Fonimagudu ... —55 —148 —23
Mamadn —63 —58 —26
Mandu L —-53 —21
Turadu —n6 -39 -10
[

Interpreted according to the previous explanation the g—vyg
anomalies indicate a downwarp. It can be assumed that the coral
has formed over the top of a block of sial of normal density which
has foundered in this downwarp. The small outer anomalies show
the effect of flanking upwarps. The greatest anomaly may De
taken as indicating the amount of downwarp. Table ITT in
Professional Paper No. 27 gives a means of computing the appro-
ximate depth of the downwarp.

The following assumptions may he made:—

( ©) No thickness of coral.—An unreal assumption since
there 1s no roek to be seen on the islands other than coral
and the purely superficial heach or island sandstone.

(7)) Three thousand feet of coral.

(/77) Downwarping equal to the thickness of coral.—An
mteresting assumption, which implies that coral formation
has kept pace with subsidence if the original land was nearly
at sea-level,

Of course subsidence may not be quite the same as the down-
warping; there might be a sageing of the Dlock in the middle, or

=
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on the other hand a crushing upwards of the block. The table
below gives results according to the above three assumptions:—

Computed depth of downwarping in feet

Assumed Downwarping A

thickness Coral density | Coral density
Nil 1%.000 17.000
3.000 7.500 Not computed
4.200 ; 4.200 Not computed
6,500 Not computed 6,500

Plainly the crustal warp anomalies alone cannot yield a definite
result for the thickness of the coral, but the conclusion drawn from
them is that the Maldive Islands overlie an area where a block of sial
has subsided as a result of the downwarping of the lower crustal
layers. Whether this conclusion or that derived from the isostatic
anomalies is to be preferred is a matter for argument in the light
of the various theories of coral island formation, continental drift
and so on.

31. The tectonic structure lines.—On the whole, the effect
of this season has been to produce a simplified picture of the
tectonic structure. This is shown in Chart XVII. Two great
upwarps flank the coasts of the peninsula, another crosses it from
the east at ahout lat. 25°. Between these the crust underlying
the Indian peninsula has been wrinkled and squeezed up and down.
Superimposed on all is the very gentle warp of the “Hidden
Range” which is no doubt a more recent movement probably
associated with the Himalayan uplift.
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TABLE 1.—Times of vibration at Dehra Dun, season 1933-34.

Date A Weight B Weight C. Weight
1933 .
s s s
August 12th . | 0:-507 9506 8 0:507 9509 8
" 12 9494 6 9497 6
" 13 9517 12 9513 12
» 13 9492 6 9489 6
" 14 0:507 9512 10 9491 10
" 14 9504 6 9497 6
" 15 9516 8 9513 8
» 15 9512 8 9531 8
” 15 9510 6 9523 6
N 16 9475 8 9492 8
Weighted mean ... | 0:507 9502 0-507 9513 J 0507 9502
Date A Weight B |Weisht C Weight
1934
s S S
May 'Tth ~ | 0-507 9497 6 0-507 9504 6
" 7 9508 73 9503 73
» 8 ‘e 9505 7 9516 73
“ 8 0-507 9508 6 9495 6
5 8 9509 9 9489 9
" 9 9504 ) 9488 5
" 9 9508 6 9516 6
" 9 9514 93 9521 95
" 10 e 9492 4 9499 41
10 9524 5 9511 5
Weighted mean ... | 0-507 9508 0-507 9511 0-507 9500

Adopted mean tvmes of vibration.

s s s
General mean ... 1 05079505 | 0-5079512 | 0-507 9501
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TABLE 2.—Mean differences of pavrs of pendulums, season 1933-34,
( The unit is 1077 sec.)

Station ‘ Station | ~_, © | Station
No. A-C | v No. C-B v v No. B-A v
; i
374 - 07 |+ 25 25 |+ 53 1419-6 26 [+15°1 |+ 84
277 — 90 — 58 218 =193 - 5.0 279 |+ 87 |+ 20
280 — 20 4+ 1-2 281 [ -17-7 — 3-4 282 [~ 15 |— 82
| ‘
2R3 — 2.3 '+ 0-9 284 |— BT |+ 36 285 |+ 6:7 0-0
28 — 13+ 1.9 287 1-16-T (|~ 2.1 288 [+ 77 I+ 10
280~ 03 4+ 2°9 200 ' -13-3 |+ 1-0 201 |+15:3 |+ 86
202+ 13 4+ T3 293 ' -13-0 |+ 13 291 [+ 77 |+ 10
205 — 23 4 09 296 =143 | 0 297 |- 20 |— 87
298 - 17 =15 299 -10-3 i+ 40 300 |~ 4+3 |-11'0
301 — 33 ‘= 0-1 302 i-16-7 |— 24 303 1 +14-3 |+ 76
01— 07T T+ 25 305 1+ 43 4186 306 |+11-0 |+ 43
307 1= 17T .+ 1-5 308 I—17-0 - 2.7 309 [+ 8:0 |+ 13
i .
310 1= 3.0 1+ 02 311 =150 != 05 312 |+10-3 |+ 36
413 - 60 - 2K 314 1=20-3 |- 6-0 315 |+ 97 |+ 30
316 — 60 — 2-8 317 = 87 |+ 56 318 |+ 27 |{— 10
39— LT = 15 320 =130 |+ 1- 321 1— 07 |— 7t
322 — 57— 25 323 1 -19-7 = 5-1 324 |+ 57 |— 10
325 — 70 ‘= 3-8 326 |—17-3 ‘,— 3- 327 1+ 07 |= 60
. l |
2R — bR — 16 329 —18-5 i— -3 330 |- 2.0 |— 87
$HIL = 07T+ 25 332 -12-2 '+ 2-1 -
333 - B35 o~ 33 334 i -31.0 —19-7 335 |+13-7 |+ 7:0
336+ 15 [+ 47 337 =235 — 92 338 +16-8 1+ 01
349 - 7 ~ 3-8 310 |-17-8 —~ 3.5 31 i+ 2:0 |— 47
31— 83— 5.1 343 —11-0 '+ 3.3 344 [+ 0-3 |- 64
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TABLE 3.—Mean times of vibration, deduced values of g and
probable errors, season 1933—-34.

. PENDULUMS Probable

St;‘gon Mean error of
- A B [ C Mean

274 3| 0-508 1070 0-508 1071 0-508 1071 | + 1-62
g 978+ 459 978458 978459 0-9

275 s 0-508 1033 0:508 1038 0:508 1036 488
g 978477 978-470 978474 2-0

276 s| 0-508 0485 0:508 0501 0-508 0493 237
q 978- 685 978- 682 978-684 1-2

277 s| 0-508 0891 0-508 0902 0-508 0898 260
q 978528 978-523 978526 1-2

278 s 0-508 0860 0-508 0841 0-508 0851 1-79
q 978543 978-546 978545 1-0

279 s| 0-508 1112 0-508 1120 0-508 1116 1-30
g 978 444 978443 978 444 09

280 s| 0-508 1533 0-508 1535 0-508 1534 1-73
q 978281 9%78-279 978280 09

281 s 0-508 1579 0-508 1552 0-508 1566 3-10
g 978266 978272 978-269 1-4

282 s| 0-508 114} 0-508 1113 0:508 1144 217
q 978 431 978431 978-433 1-1

283 s| 0-508 1689 0:508 1691 0-508 1690 1-89
q 978221 978-219 978-220 1-0

284 s 0-508 1299 0-508 1291 0-508 1295 2:50
q Y78 374 Y78 373 978374 1-2

285 s| 0-508 1788 0-508 1795 0-508 1792 1-36
g 978183 978183 978183 0-9

286 st 0508 1763 0508 1764 0-508 1764 1-72
q 978193 978191 978-192 0-9

287 s 0-508 1448 0-508 1432 0-508 1440 2-08
7 978317 978-319 978318 1-1

288 s| 0-508 1949 0-508 1957 0-508 1953 1-39
g 978.121 478120 978-121 0-9

289 s| 0-508 2254 0508 2254 0508 2254 150
g 978003 978-002 978003 09

290 s 0-508 2261 0-508 2247 0-508 2254 1-39
q 978003 978004 978004 0-9

291 5| 0-508 1644 0-508 1658 0-508 1651 2.04
g 978238 978236 978-237 1-1

292 s| 0508 2311 0:508 2307 0508 2309 2.32
g 977981 977981 977981 1-1

293 s 0-H08 1828 0-508 1815 0-508 1822 1-53
g 978-170 978-171 978-171 09

294 5| 0-508 1778 | 0-508 U783 0-508 1782 1-47
g Y78 187 978 187 978187 1-0

295 s| 0-508 1980 0-508 1983 0-508 1982 1-44
g 978109 978106 Y78-108 09

296 8 0-508 1911 0-h0R 1896 0-508 1904 1-30
q 7R 138 978140 978-139 0.9

297 s| 0308 1814 0-508 1852 0-508 1R48 2-95
] 978162 978161 978162 1:4

(Continucd)
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TABLE 3.—Mean times of vibration, deduced values of ¢ and
probable errors, season 1933-34—(contd.)

St“tion - __P?NDULUMS M Probable
No. ean error of
A | B ‘ C Mean
|
2U8 s| 0-508 1902 ‘ 0-508 1904 0-508 1903 | + 1.32
g 978-139 978-137 978-138 08
294 s 0-508 2560 ‘ 0-508 2549 0508 2355 162
g 977-888 9717-888 977-888 10
|
300 s 0-308 2482 0-508 2487 0:508 2485 3:07
q wr7-915 9r7-916 977916 1-4
301 s| 0-308 1867 0-508 1871 0-508 1869 1-41
g 978-152 i 978-130 978-151 0-9
302 s 0-508 1995 - 0-508 1979 0-508 1987 1-39
g 978106 978-108 978107 09
303 5| 0-3508 2082 0-508 2096 0-508 2089 2-17
g 978070 978-067 | 978069 11
304 s| 0-508 2082 0-508 2083 0-508 2083 1-36
q 978070 978-068 978069 0-8
305 s 0-508 1981 0-508 1982 0-508 1982 4-64
g 978111 978-107 978-109 1-9
306 s| 0-308 1982 0-508 1992 0-508 1987 1-67
q U78- 108 978-107 978-108 1-0
307 s| 0-508 1998 0-508 2000 0-508 1999 1-57
g 978102 978100 978-101 0-9
308 s 0-508 1878 0-508 1862 0-508 1870 229
g 978-151 978-153 978-152 11
304 s{ 0-308 1971 0-508 1985 0-508 1978 2:19
g 978112 978110 978111 11
310 s| 0308 1934 0-508 1937 0-508 1936 1-44
q 978127 978 124 978-126 09
311 s 0-508 1863 0:508 1847 0-508 1855 1-48
g 978-157 978-159 978-158 09
312 s| 0-308 1908 0+508 1918 0-508 1913 1-57
q 978- 137 978-136 9%78-137 1-0
313 5| 0-308 1937 0-308 1943 0-508 1940 1:53
g 978125 978-122 978124 0-9
|
314 s | 0-308 1825 0-508 1806 0-508 1816 1-97
7. ! 978-171 978174 978-173 1-1
315 s 0-308 1990 0508 2000 0-508 1995 1-50
7 97%:105 978104 978-105 1-0
! i
316 s 0-308 1409 0-308 1915 | 0-508 1912 1-43
9 | 978 136 978-133 978135 0-9
AT s 0-508 2041 | 0-508 2033 | 0-308 2037 1-87
a, 978088 978087 978- 08K 1-0
38 5| 0-308 1955 | 0-508 1959 0-508 1957 214
g, WiN-119 978-120 978120 11
314 s 0-308 2027 0-508 2032 0508 2030 1-65
7 78041 978 - OR'7 978089 0-9
320 0508 1900 0-508 1888 0-508 189t 141
7] 978 143 978113 978-143 0-9
321 5, 0-308 1979 | 0-508 1977 0-508 1978 2-87
] 978109 978-113 978-111 13
L _J

(Continuced)
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TABLE 3.—Mean times of vibration, deduced values of ¢ and
probable errovs, season 1933—-34—(concld.)

i PEnNDULUMS Probable
Stﬂﬁ':)on Mean error of
- A B | C Mean
I —_—

322 s| 0-508 2687 0508 2694 0-508 2691 + 1-50
g 977 - 836 97% - 832 977 - 834 09

323 s 0-508 2394 0-508 2374 0-508 2384 1-93
q 977-952 977956 977 - 954 1-1

324 s| 0-508 2187 0-508 2188 0-508 2188 1:00
¢ 978029 978031 978030 0-9

325 s| 0-508 1870 0-508 1874 0508 1872 324
q 978:151 978148 978-150 14

926 s 0-508 1813 0-508 1796 0-508 1805 1-24
q 978-176 978-178 978177 0-9

327 s| 0-508 2032 0-508 2032 0-508 20:32 1:-80
q 978089 78092 978091 1-0

328 s{ 0508 1791 0-508 1797 0-508 1794 1330
g 978182 978178 978~ 180 0-8

329 3 0-508 204( 0-508 2028 0-508 2037 1-83
q 978- 086 Y78 089 978- 088 1-0

330 s| 0-508 2259 0508 2260 0-508 2260 2-86
q 978001 978 - 004 97R- 003 1-3

331 s| 0-508 2651 0-508 2652 0-308 2652 1-10
g 97 -850 977848 WiT- 849 08

332 8 0-508 1928 0-508 1915 0-508 1922 0-03
q YKk 1:32 978132 978-132 0-8

333 s| 0:508 1988 0-508 1993 0-508 1991 1-149
q 978106 Y78-102 978104 0-9

334 s 0-508 2045 0-508 2013 0-508 2029 523
q 978087 978 005 978091 21

335 s| 0-508 1942 0-508 1956 0508 1449 296
i w78 125 uTs- 121 978123 11

316 s| 0508 1982 0-508 1984 0508 1983 2:72
q Y78 108 ! 978-106 978105 1-2

337 s 0- 508 2007 0-508 1985 0-508 1996 230
q 9%78:101 978-105 978-103 1-2

BRI ¢| 0-508 2012 | 0-508 2027 0508 2020 239
" 978-096 | 978-094 978095 12

3139 s| 0-508 1995 0-508 2001 0-H08 1998 2-12
q 978103 Y478 - 099 978101 1-0

340 s 0-508 1988 0-508 1972 0-508 1980 1-58
q 978108 978110 978109 1-0

11 s 0-508 16848 ° 0-508 189G 0508 1692 1-80
7 97K 221 978221 978221 1-0

342 s, 0-H08 1938 0-508 1941 0-508 1939 2.8
" 978-126 978122 978 124 1-2

313 s 0508 1861 0-508 1853 0-508 1857 1:55
q 978157 978-156 978157 1-0

34 si 0-508 1522 0-508 1522 0-508 1522 1-89
[} 978.285 | 978- 28K 978- 287 11
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TABLE 4.—Modern gravity observations in India.
(Additions in field season 1933-34).
IR . -
No.: gg‘ Station Date |Height| Lotitnde L°“§f“de! g 9=74 | 9~ | 977,
: \ X i

! ’ Seet | 2 010 emfsec® | emfsec? | emlsec? | cmfsec
274 47 F. Nasik S) 9 933{ 1937 |19 59 42|73 46 28| 978-459 | +-006 | ~.059 | =02
275 46 H; Peint 111 933 2035 20 15 15(73 30 05/978-474| + 016 | —-050 | 024
276 tth Tapti 14 933| 477 |21 31 1474 12 53/978-684| —-006 | —-019 | Moos
277 v1 E! Shahapur 19 933| 192 |19 27 14{73 19 48/978-526| —-059 | —-065 | 049
278 +7 F| Panvel .221 933) 40 |18 58 3873 07 06/978-545| —-027 | —-028 | =018
279 17 F Mahid (23 933 35 |18 04 32[73 25 29)978-444| —-080 | —-080 | —-063
280 17 K Umbraj 25 933| 1938 |17 24 2674 06 07/978-280| — <030 | —-095 | —-036
241 +7 L Kolhipur 27 Y33 1842 (16 42 3374 14 43|978-269| —-015 | — 077 | —-043
282 +7 (¥ Ratnagiri 130 933| 10 |17 01 1473 16 43)978-433| —-038 | —-038 | —-039
283 N l; Tambulvadi ... | 61033 | 2294 (15 55 0574 17 21/978-220| + 017 | —-060 | —-030
284 44 E' Vengurla .1 71033| 58 |15 51 4073 39 12|978-374| —-036 | —-037 | ~-043
245 1 M; Dhirwar -]101033| 2390 (15 27 39/75 00 09|978-183 | + 010 | —-071 | —-027
286 4R J| Yellipur .. 1121033 1777 (14 57 5674 42 56/978-192| —~ 015 | —-075 | ~-051
287 48 J; Karwir 1141033 23 |14 47 27/74 06 41/978-318 | —-046 | — 046 | —-050
288 49 N| Anantapur .. [171033( 2081 |14 03 5475 12 47|978-121| —-019 | —-089 | — 056
289 37 C) Hassan .. 1191033/ 3095 |13 00 0976 06 06|978-003| +-002 | —-102 050
290 48 O Mudgere 01211033/ 3211 |13 08 1375 38 34{978-004| +-007 | —-099 | —-057
291 48 L) Mangalore ... [231033| 135 |12 52 41/74 51 28978-237| —-036 | — 050 | —-046
292 8 P! Mercara . 1291033 | 3723 (12 25 44/75 43 50| 977-981| + 061 | —-063 | 025
203 M’ Cannanore ... 1311033| 40 |11 51 4275 21 24{978-171| —-073 | —-074 | —-083
291 49 M| Calicut 131133 23 (11 15 0175 46 40| 978-187 | —-037 | —-038 | —045
295 38 B Pilghit .| 51133| 304 (10 46 13/76 39 09]978-108 | —-073 | —-083 | 072
206 58 B! Trichar 71133| 38 |10 30 4476 13 07/978-139| —-059 | — 060 | 072
297 58 C: Cochin 131133| 11 |9 57 5976 14 41|978-162| —-022 | —-023 | — 043
208 58 C Kottayam .. 161133 83 | 9 34 52/76 31 27/978-138 | +-043 | —-030 | —-051
299 38 C' Pirmed L T18 1133 3322 | 9 34 34/76 58 20977 888 | +-026 | —-079 | —02
300 34 Gi Thekkadi 20 1133 | 2897 | 9 35 3577 10 32| 977-916 | + 014 | —-082 | —OK8
301 58 D Quilon 241133 36 | 8 53 0876 35 30/ 978-151| + 001 | —-000 | ~-035
302 58 ' Punalar 261133 111 | 9 01 01768 55 48/ 978.107| —-040 | —-043 | — OB
303 58 H Tenmalai 291133] 527 | 8 57 5777 04 19| 978-069 | — 037 | —+053 | — 07
304 '38 H Shencottah 301133| 562 | 8 58 2677 15 00{978:069 | —-034 | —.052 | — 05
305 58 D' Trivandrum 21233| 24 | 8 29 0576 57 08 978-109 | —-031 | —-032 — 067
306 58 Hf Cape Comorin : 61233| 108 | 8 04 44(77 32 47| 978-108 | — 014 | —-017 ~-063
307 38 H_Pilameottah . 81233| 141 | 8 43 00/77 44 04/978-101| —-035 | —-040 | — 067
308 54 [, Tuticorin '111233| 5| 8 47 3178 09 32| 978.152| +-001 | +.001 | —021
309 58 ¢ Sattar . 151233| 209 | 9 21 3477 55 29/978-111] —-036 | —-043 | — 05
310 5% K' Rimnad 1211233| 20 | 9 21 30[78 50 24 978-126| — 038 | —-039 | — 06
311 5% O, Dhanushkodi 251233 4 | 9 10 29|79 25 16/ 978-158 | — 003 | — 003 —'"‘;1

312 3% P, Manaar 291233 7|8 38 3379 54 57/ 978137 —-018 | —-018 | —0
313 67 €' Kinkesantorai :311233| 11 |9 48 5880 02 52/ 978.124| —-055 | 055 |~
314 67 . Mullaittiva .3 134 13 | 9 16 0280 48 50/ 978-173| + 010 | + -012‘ —'?}61

315 67 D Anuradhapura | 7 134| 288 | 8 20 5580 23 24/ 978-105| —-007 | — 016 | ==

316 58 P’ Puttalam 9 134 5| 8 01 3979 49 52/978-135| +-005 | +-005 —-gfj‘;
317 68 R Ratnapura 119 134 177 | 6 41 01]80 24 13 978-088 | +-005 | + 001 —'Of,)'.-
319 59 N Bentota '21 134] 26 (6 25 2579 59 50[978-120| +-027 | +-028 | — V1
i F,
319 k8 B! Badureliya ‘i22 134 51| 6 30 55180 14 42(978-088| —-003 | — 003 ‘gg
320 K8 (¢ Mitara (24 134110 5 56 A6[S0 32 52| 978143 + 059 | 4 0621 7L
321 68 F. Hambantota 125 134] 61 | 6 07 1381 07 3R/ 978-111| + 028 | + 029 | =W

(Conti’nlwd)
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TABLE 4.—Modern gravity observations in India.

GRAVITY

( Additions in field season 1933-34)—(concld.)

65

® . : Latitude [Longitude

No.| @9 Station Date |Height g q—y g=ry g—
ﬁz N. 3. A B C
Jeet | ° "2 1 emfsec | em/sec | em/fsect | cm/[sec’
32268 B| Diyatalawa 28 134 4103 | 6 49 01|80 57 37/977-834| +-115 | —-019 | —-032
323 68, F| Badulla 31 134 2193 | 6 59 23|81 03 30/977-954| +-053 | —-057 | —-057
324 68 E| Bibile 2 234 796 | 7 09 3581 13 36/978-030| —-005 | —-031 | —-084
325 |68 F| Pottuvil 4 234 17 | 6 51 27|81 49 56/ 978-150| +-048 | +-051 | —-061
126 |68 E| Batticaloa L9 234 6 | 745 17181 41 02|978:177| + 054 | + 057 | ~-040
127 |68 A| Polonnaruwa .., (13 234 212 | 7 57 2280 59 55'978-091| — 018 | —-025 | —-0%9
328 |67 H| Trincomalec 15 234 17 | 8 33 1781 13 47| 978:180| +:038 | +-:040 | —-041
329168 A| Dambulla 17 234 534 |7 51 3780 39 10,978-088 | +-011 | —-006 | —-053
330 68 A| Peradeniya 20 234 1587 | 7 16 04{80 35 52/978-003 | + :039 | — 014 | — 044
331 |68 B| Talawakele 22 234 3967 | 6 56 2080 39 46/977:849 | +-116 | —-014 | —-023
332 |59 N| Colombo 25 234 20 | 6 54 18179 52 13|978-132| + 029 | +-030 | —-042
4331 ... | Midu 22 334 5| 035 5473 10 45/978-104! +-073 | +-085 | — 087
334 ... | Timarifuri 24 3 34 4] 2 13 12|73 09 18;978:091| + 054 | +-065 | —-076
335 [50 G| Difuri 29 334 4| 5 23 3653 38 00/ 978-123| + 047 | +-057 | —-066
336150 G| Kanifuri 31 334 4|5 221273 19 12/978:107| + 032 | +-038 { — 071
337 |50 G| Fonimagudn ... | 2 434 4| 5 15 5473 10 24,978-103 +-029 | +-033 | —-073
33850 G| Mamadw A 434 4|5 13 3073 03 36/978:085| +-022 | +-024 | —-081
339 150 C| Mandu 5 434 41 5 11 3072 58 00 978-101 | +-029 | +-031 | — 077
340150 C| Turadn 7434 5] 5 02 4272 48 42/ 978109 D +.040 | +-048 | — 074
1 |9 T Minicoy 10 434 618 19 0373 03 51{978-221: + 084 | +:115 | —-029
2157 C] Sira 22 34| 2178 |13 44 48|76 53 56 97?‘!-124-7 +-007 | —-066 | —-018
343 48 N| Divangere o1 434] 1938 [14 27 59075 55 11 978-157 —-013 | —-078 | —-036
314 |47 K| Snren 20 434] 2542 (17 57 54{74 01 B8/YI8-2R7 | +-004 | —-081 | ~-038

| | .
NoTg:--I'his table is the third addendum to the list of gravity stations given in the Supple-

ment to Geodetic Report Vol VI
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TABLE 5.—Values of g—wy.
(The unit is 1077 sec.)
! Corrections to g—Ycg Corrections to g—yoy
! [, . =
Station | & 8o | S _ Station o a =
No. S| S®| g |77 No. 2E | By |0
B |24 | 4% 8% |28 | 2%
SRR By 5% | = (%tn
- . . ]
: i ‘ 1
274 =19 — 1+ 424 —21 310 0] +22 | +19| -2
275 =13 — 6 +24| —20 311 + 10 +22] 419 + 1
276 — 7. =20 +25 + 3 312 1 0] +22| +19! -320
M7 —5F 0 +24| —30 313 0| +251 +19| —55
278 - 3‘| +11 +24 + 14 314 + 2 +24| 419 —-19
279 — 8 +22! 423 —26 315 — 3] 421 | +28| -2
280  —20 +26| +23, -7 316 + 1] +19| +18| —10
281 —18 1 +31 | +22) — 9 317 -10 | +16 | +18 | —29
282 —- 2431 +22] +12 318 0 +12 | +18| =27
283 —19} +36 0 22| 4+ 9 319 — 4| +15| +18| —45
284 — 2 436 +22| +13 320 + 6| +11 | +18| —13
285 0 —20 | +36 +21] + 3 a21 + 1 +15 | +18| —W0
| | .
266 —15 1 +34 1 421 -11 322 —28 | +17 | +18| =25
287 - } +34 1 +21, + 3 323 —24 | +18 | +18| —45
268 | ~19| +33  +21 | —22 324 —11 | +19 | +18 1 —a8
)
289 ' =28 +30 +20| —29 325 T+ 5| 418 18| =20
200 | —-27 ) +30 . +20| -3 e |+ B o+2 +18 | + 4
291 |~ 1| +290 +20| + 2 327 | — 20 +20| 18| -4
! | :
202 —27 +281 +20| - 5 328 o4 kw2 | +18] + 3
293 -1 +26] 420 -39 329 1 — 8 419 | 418} —22
294 - 2% +25 0 419 — 3 1430 —19 418 +18 | —27
| | . !
! j i 5
295 — 8 +24 ! +19| —48 31 =B84 417 | +18 | —22
296 —2;+23.+19 —32 332 P+ 1 46| +18 ) = T
297 0 +32] +19| -3 333 |+ 24 o #1710 —W
! i \
298 — 1] +21 +19 —12 334 +18 0 ow17 . =l
209 —19 | +21 0 +14  —51 335 + 20 0| ¢8| —28
300 —26’ +21 1§ +19 —~ 34 336 +10 0 +18 ] —I8
1
301 09 419 +19  + 3 337 + 7 0 18] -
302 -5 +19 +19' -31 238 + 5 0] +18] =08
103 -9 +191 +19 -38 139 + 8 O] +I18| —h3
} i
304 —11 | +19’ +19° —a8 340 L+ T o) +181 =39
305 -1 +17| +18¢ =33 BAN| .+ 31 0l +18| +M
306 0 \ +17 { +18  —28 BBV —21 +33] +21 +15
! ‘
407 -2 +19] 418 —32 343 R VI R S
30K 0 +20| +19  +12 bt ~214 i po1 boug | -8
04 ~ 3 +21 ] +14 -2 !
i |
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TABLE 6.—Values of g—ryer.
(The unit is 1077 sec. )
Station No.| g —yea1 [Station No.| g—v¢ |Station No.' g—v¢; |Station No.| 7—ya
1
|

274 —40 292 — &t 310 — 87 328 - 60
275 —42 293 —102 311 — 60 329 - 72
276 —-13 294 — 61 312 — 80 330 —~ 63
277 —67 295 - 91 313 —118 331 - 42
278 —36 296 -9 314 — 83 332 — 61
279 —81 297 — 62 315 — 80 333 —106
280 -4 208 - 70 316 - 67 334 - 95
281 —61 299 — 41 317 - 72 335 - 85
2RY —-57 300 - 87 318 - 76 336 - 90
283 —48 301 — 54 319 - 93 337 - 92
284 —61 302 — 83 320 - 67 348 —100
285 —45 303 — 86 321 — 93 339 — 96
286 —69 304 — K4 322 - 51 340 - 93
287 —68 305 — 86 323 - 78 341 — 48
288 -4 306 — 82 324 —103 342 - 36
289 —69 307 — 86 325 -~ RO 343 - 54
290 -6 308 — 46 326 — 59 344 - 56
291 —65 309 - M 327 — 98




CuaprrER IV
DEVIATION OF THE VERTICAL
Y CarraiNn . Bomroky, R.k.

32. Summary.—A detachment under Mr. R. B. Mathur, B. A.
measured both components of the deviation of the vertical at 35
stations along a line from the Burma frontier through Bengal to
near Ranchi in Orvissa. This work extends the section across Burma
reported in Geodetic Report 1933, Chapter III, and connects it
to that part of the Indian geoid whose form is fairly well known.
During the next two years it is hoped to extend this section across
India to the Persian frontier.

A detachment under Computer J. B. Mathur measured the
meridional component of the deviation of the vertical at 86 stations
along a north-and-south line tfrom Cape Comorin to near Hyderdbad,
Deccan. It is hoped to extend this section to near Agra in 193435,
where a short length of the east-and-west line will connect it to the
Ajmer-Ladakh geoidal section described in Gecdetic Report Vol.
VIIL., Chapter 1V.

As a result of the last two seasons’ work it is now possible to
draw provisional geoidal contours in Burma, to which Siamese
observations also contribute. The result shows a very remarkable
reoidal rise to the south. Data in Lower Burma and Siam are at
present regrettably scant, but the rise appears to be real, and agrees
with results obtained from Stokes’ formula by R. A. Hirvonen*
(see para 48).

While making pendulum observations, Major E. A. Glennie
observed 7 latitude and longitude stations in south India and Ceylon
(see Chapter III). A few astrouomical latitudes and azimuths
were also observed in connection with the Padag ( Baluchistan) and
Namtiali (Assam) base-lines. These, together with all the obser-
vations described above, are tabulated in Table 5 ( pages 80 to 87)
which constitutes the fourth addendum to the list of deflection
stations included in the Supplement to Geodetic Report Vol. VL.

LATITUDE AND LONGITUDE OBSERVATIONS IN BENGAL

33. Astronomical observations.—The instruments and sys-
tem of work were the same as those used the previous year
(Geodetic Report 1933, pages 16 and 17). At all stations ohser-
vations were made for one night with the prismatic astl'olabe.(large
model), which was checked by comparative observations with th(’;
bent transit at about every fourth station. A series of four nights

* “The Cul-lré.il;l;nt‘t‘llWl};alilrli-ﬂil)ns Vir)i:gt.’he Geoid” by R.A. Hirvonen, Helsinki 1934,

68
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observations to determine personal equation was made with both
instruments at Dehra Duan both before and after the field season.

During the first part of the season the longitudes were based
on the Rugby 10.00 and 18.00 G.M.T. signals, but later it became
impossible to receive the former, and use was made of the Bordeaux
20.01 G.M.T. and 18.00 Rugby signals. On many nights ouly one
signal was received and the rate of the clock was then determined
hy two distinet series of astronomical observations. This procedure
involves no loss of accuracy, but is tiring for the observer. In
1931-32 Major Glennie found wireless reception (15000-18000
metres) difticult in the neighbourhood of Calcutta, and this appears
to be a permanent characteristic of the place.

34. Personal equation.—The personal equation of transit and
astrolabe was determined at Dehra Dun as follows :—

Date | Longitude by ‘ Longitude by

abe | Transit i Astrolabe
L L

Nov. 27 SM12m1 174 shm e

28 11 :75% 11 -6R*

29 11 54 1159

30 11 65 11 -63*

Dec. 6 11 -65% 11 63

7 11 +751 -

Weighted Mean 11 67 11 -63
April 20 11 - 66 1 -7
21 11 75 11 -86

25 11 71 11 -76

26 i 1179 11 -72
Mean 11 -73 11 -78

-

The accepted longitude of Dehra Dun is 5" 12" 11°-77, so the
corrections to the transit and astrolabe are +0°-10 and +0°-14
before the tield season, and + 0%-04 and —0*-01 atter the season.

Table 1 shows the differences between the transit and astro-
labe at the Reld stations where they weve both used. According to
the transit, corrected in accordance with the Dehra Dun obser-
vations, the proper correetion to the astrolabe is +0°-05 during the
first half and +0°-09 during the second. The Dehra Din obser-
vations of the astrolabe itself suggest +07-09 for the first half
and +0°-02 for the second.  The values which have heen accepted
are +0°-06 for the first half of the season and +0°-05 for the
second,

* Low weight on acconnt of clock comparisons being insuflicient,
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TABLE 1.—Personal cquation of the Astrolabe.

! 1 I Astrolabe | | 1‘
’ Obscrved correcton | i Directl
i Interpolated: 5 A : ; y
o jrmerpo s Transit | (2)+ )= | ' interpolated|
Date : t::)r'll‘e;%tgg?t minus I corrected Means i correction | Means
P ‘ Astrolabe I Transit minus to Astrola.be‘i
. i Astrolabe i |
(1) 2) | o (4 Gy I () "
1
s s s s $ s
Dehra Nov, ‘ ’
& Dec. +0-10 ; +0- 14
Dec. 24 +0-10 ~0-05 ! +0-05 +0-12
Jan. -+ +0:-09 -0-18 -0-09 +0-10
19 +0-049 +0:01 . +0-10 +0-05 +0:09 |[+0-09
27 +0-08 +0:15 ! +0-23 +0-08
Feb, 6 +0-08 -0-01 : +0-07 +0-07
16 +0-07 -0-09 | —0-02 +0-06
Mar. 2 +0-07 | 0-00 \ +0-07 +0-05
12 $0:06 | +0-02 | +0-08 +0-04
20 +0-06 i +0-01 +0-07 +0.-03
27 +0-05 | +0-09 +0-14 +0-09 +0:02 |[+40-02
April 5 +0-05 -0-03 +0-02 +0-01
11 +0-04 +0-11 +0-15 +0-00
Dehro April +0-04 —-0-01

35. Geodetic positions.—All except four of the observations
were made at previously lixed trigonometrical stations. The re-
maining four were fixed by resection from points recently fixed by
topographical triangulation.

36. Probable errors,—The mean probable error of the deter-
mination of latitude at each station was +0”-43: of local time by
the astrolabe +0°-022: and of local time by the transit +0°-023.
The average probable error of the time-keeping of the “ mean clock”
between stars and wireless was +0°-015. These figures are _all
satisfactorily low but they are of little importance in determining
the probable error of geoidal height between the ends of the sec-
tion. This depends almost entirely on systematic error in the
personal equation, and as the latter is based on two short groups
of observations at Dehra, it cannot be taken as less than 0°-02 '(35
in Geodetic Report 1933). The resulting probable error of gemdal
height in a section 430 miles long is then + 3-3 feet, or say + 4 feet
to allow for other sources of error.

If this + 4 feet is combined with the + 46 feet found for tl}e
probable error of the Burma section (19:33), the probable error 1n
zeoidal height in the 900 miles between Orissa and Indo-China 18

-1 feet, so the accuracy attained is certainly sufficient to record
the main features of the geoid.

37. Narrative of season’s work.—The detachment, consist-
ing of Mr. R.B. Mathur, one computer, and 35 khaldsis, left Dehra
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Din on 9th Dec. Leaving Chittagong on 16th Dec and observing
one station en route they 1eached the Burma frontier on 30th Dec,
and then worked back through Fenny, Jessore and Bankura to Jhalida
(40 miles east of Ranchi), where work closed on 13th April.

Transport in the Chittagong Hill Tracts and the Lushai Hills
was by coolies, of whom 70 were semi-permanently engaged.
Transport across the Bengal delta, by carts, coolies and boats, was
difficult on account of the frequent chanoes necessary. In one
march of 15 miles it was necessary to mako 5 changes of transport.
From Jessore onwards transport was generally hy cart or rail. The
health of the detachment was good until the end of February, but
there was a good deal of fever as the weather got hot.

38. Computations.—Field computations were carried out as
in the previous year. The times of emission of the wireless signals
have been corrected in accordance with the *‘definitive” lists of the
Bulletin Horaire. Geodetic positions are in terms of cumrent G.T.
values, i.e., those published in the triangulation pamphlets.

39. The geoidal section.—Chart XX shows the stations
ohserved and the detailed geoidal contours which result from them
in combination with a few older stations. Plate XXT shows sections
of the geoid and compensated geoid with reference to the Inter-
national spheroid. It also shows a section of the geoid as hitherto
given in Survey of India charts. The old section differs consider-
ah]) from the new in showing a rise from the Ganges delta towards
the west. The new section is of course correct, as the old one was
hased omly on a few azimuth observations (see next pillit) Tho
old and the new lie fairly parallel between longitudes 867 and 887,
and the datum of the new section has heen clmqpn to make them
agree there,

40. Laplace stations.—Scveral longitude stations are at or
near old azimuth stations, and more or less accurate Laplace equa-
tions can consequently be formed. Table 2 schows the deflections
at these places deduced from longitude and azimuth observations
respectively, and the azimuth error of the triangulation which is
consequently inferred. The deflections ave with respect to Everest’s
spheroid.  Where the azimuth and longitude stations are not iden-
tical, two or three of the latter have heen meaned together.

The comparisons with Chittagong and Caleutta longitude
stations show that there is nothmn qenom]y wrong with fhe new
work: differences of deflection of 17-7 and 0”7-0 may well oceur
between stations 40 miles apart in even the flatest country.  The
astronomical azimuth observations : appear to have heen carefully
made (in 1863-69), and it can only be concluded that the Kast
Caleutta, triangulation series, to which most of the azimuth stations
belong, is of exceptionally low quality.
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TABLE 2.— Laplace equations.

P.V. def-
Longitude . Distance | lection lI;tY (,l,ef)' Deduced
ong1 Azimuth station | between |(Everest) |t r,on 0Yy| errorin
station ; ‘ s ;7| azimuth |triangula-
; i 1&2 | by longi- at? | 4
‘ tude at 1 - } on
2 | | s |
‘ L ——
Pokimurn 1 miles " v "
Maji Tan ... | Chittagong
Betagee ) . Laplace 40 -~ 97 — 8:0 | For com-
Pokimura ; parison
Maji Tan ... 1 Semn Tan H.S, 12 - 97 - 40 - 22
Retagee ) ;
Haripur T , - D .
Milgaon Gangapur T.S, 15 -10-2 - 02 - 42
Bashakpur ) f P N .5 2. ]
Haripur g ?Lakhmagar T.8, 12 - 85 +12:0 - 89
Daulatpur . | Daunlatpur T.S, 0 —-11-8 + 4-% - 6-9
::lr:x;:.l:lnt )‘ . Calentta Laplace 35 - 75 — 7'5 | For com-
parison
Madhpur ' Madhpur T.S. 0 - 01 + 84 - 36
Tilabani ... 1 Tilabani H.S. 0 - 50 + 0-9 - 25

The errors in this triangulation, and in the deflections deduced
from its azimuth stations, account for the errors in the old geoid
referred to in para 39. Tt can be said with some confidence that
most of the Indian triangulation is free from errors of this size
(after adjustment on Laplace stations), but the present case em-
phasizes the fact that little reliance can be placed on geoidal
features whose existence has been deduced solely from azimuth
stations. This fact has of course been realized since Dr. de Giraaff
Hunter first started to draw the Tndian geoid, but until recently
few longitude stations have been available as an alternative to
azimuths, and some years must still elapse before sufficient will
he available to verify all the main features of the geoid. Itisa
fortunate fact that the most striking geoidal features in India run
more or less east and west, and their form is consequently based on
meridional deflections, whose accuracy cannot be doubted.

LATITUDE OBSERVATIONS IN SOUTH INDIA

41, Programme.—The instrument used was the small Zenith
Teleseope on a portable iron stand (see Geodetic Report Vol. VII,
page 50).  Ahout 10 pairs of latitude stars, 2 deviation stars, and
an occasional collimation star, were observed at each station, onone
night only. Apart from the reduction from two nights to one, the
system of work was the same as that described in Vol. VII. The
average probable error of the astronomical latitudes was +0”-25.

* Corrected for the known azimuth errors at old La'p’lace stations. assuming
error at intermediate stations to have accumulated evenly, See Professional Paper
No. 18. Table XCIV.
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To avoid doubt in the geodetic value of the latitude, the obser-
vations were always made at or in the immediate neighbourhood of
an existing triangulation station or intersected point. Sinece only
the meridional component of the deflection was observed, the
stations were placed as nearly as possible on a north-and-south
alignment.

42. Narrative of season’s work.— The detachment, consist-
ing of Computer J. B. Mathur, one computer and 10 khalasis, left
Dehra Dan on 4th Dec and started work at the south end of the
section. Transport was by country carts, but coolies frequently
had to be engaged to carry the camp up to the trigonometrically
tixed hill-tops. Work closed on 26th March.

Cloud caused some delay and annoyance in December and
January. The health of the detachment was good.

This season Computer J. B. Mathur was doing work which
has hitherto been done by officers some grades senior to himself,
and he deserves credit for his satisfactory out-turn of thoroughly
reliable work.

43. The geoidal section.—Plate XXI shows sections of the
geoid and compensated geoid with reference to the international
spheroid, and also the geoidal section as previously determined.
Between latitudes 17°and 13° the old and new sections agree well¥,
but hetween latitudes 13° and 11° paucity of data in the old section
has resulted in a sharp drop of 20 feet being completely missed.
The comparatively high geoid which has been supposed to exist in
the extreme south of India has caused some surprise when contrasted
with the low values of gravity found there, and it is satistactory to
tind that no discrepancy really occurs. Therise in the compensated
geoid under the Mysore plateau (lJatitude 13°) tinds its counterpart
in the relatlvely positive Hayford gravity anomalies there (see
Chart XIT in Chapter II1), although the most positive gravity anoma-
lies seem to occur (near latitude 12°) rather south of the crest of
the geoidal rise. The explanation probably is that a narrow belt
of intense gravity anomaly can result from masses which are too
local to have much offect on the geoid.

THE GEOID IN INDIA, BURMA AND SBIAM

44. Siamese data.—The geoidal section given in Plate XXI
gives the form of the geoid a]ong_‘ the noltheln trontier of Siam,
so that values of the mer ridional compounent of the deflection in Siam
and Lower Buwrma will suffice to determine its form approximately
in that country. Unfortunately, not many stations are ava,ilal»]e,
hut they agree among themselves so closely in giving a fairly
uniform bouthm ly (1<\ﬂect1011 that a very large (jeoula] rise to the
south can be fairly confidently predicted from them.

* The old value in latitude 17" has been used as datum.,
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The Director of the Royal Siamese Survey has kindly commu-
nicated the information given in the first four columns of Table 3.
The geodetic latitudes require careful consideration. They are
computed on a spheroid with Everest’s axes, but with a centre
which is not coincident with that of the Indian Everest spheroid.
They can, however, be readily brought into Indian terms by apply-
ing the discrepancies at the three Indo-Siamese junction points as
given in Geodetic Report Vol. VII, page 5%. Geodetic latitudes
relative to Everest’s spheroid are next converted to the Indian
international spheroid in the usual way by means of Chart XI § of
the Supplement to Geodetic Report Vol. VI, and the results are
given in column 6. A further point which must be considered is
that the Indian triangulation has never been adjusted on to its
Laplace stations . The resulting error generally has little effect
on geodetic latitudes and longitudes, but in Burina the azimuth
errors are large, the country is far east of the origin, and all
geodetic latitudes are wrong by an appreciable amount. They
have to be increased by about 0”9 in long 92° 1”-5 in 96°, and
2”-11in 99°. The corrections are important because of the large
meridional extent of the country which is being considered. They
are applied iu the 7th column of Table 3, and the last column gives
the final values for the deflection.

45. The geoid in Burma and Siam.—The data available
south of the main cross-section are the 9 latitude stations in Siam
siven in Table 3, and 15 iu Burma. Several of the latter are grouped
close together, and for practical purposes the deflection is only
known at 6 places. These are shown in Table 4 and Chart XVIIL

There are also three longitude stations where the deflection in
the prime vertical is kuown, and 12 azimuth stations. Azimuth
stations in low latitudes are useless, however, and at present nothing
can be done beyoud a rough determination of the rise of the geoid
from north to south.

Although 15 stations and groups in Burma and Siam are not
much, they are evenly distributed, and the constancy of their
deflections is remarkable. Ouly one station or group, that near
Akyab, has a northerly deflection, and that is fully accounted for
by the local topography. Tt is also far west of the general line of
stations which is heing considered. The mean southerly deflection
of the 15 groups is +3” 4, amnl 13 of them lie between + 2”9 and
+5”+5. It may also be noted that of the 44 latitude stations in the
main section line from east to west, 42 have southerly deflections.

* This rongh adjustment will eventually bave to be replaced by a regular
“gimultaneous adjustment” of all the triangulation in Siam and Lower Burma.
This is not practicable at present, but the results are not likely to differ by more than
1” in latitude From those now arrived at.

t Except the yeodetic azimuths when required for deducing A-G at astrono-
mical azimuth stations.
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CHar. 1v.]

TABLE 3.—Siamese Latitude Stations.

Geodetice Lati-

,, , w
i 7 : 1 Geodetic . i
; . . Geodetic ! N Geodetic - tude (Interna-
Name ; L . ! >u:.c~.~c=:.ow~ ! Latitude ‘ H.mﬁacm.w ! Latitude tional. corrected. A—-G
| Longitude | Latitude o (Indian terms, | o :
; S _ (Siamese terms)| Everest) (International ). for Laplace !
,_ h A . adjustment) (3)=(7)
(1) | (2) (3) | (4) | (s) (6) 1y
; ] ’ 2 ’ " ! =] ’ 1" : =l 7 1 X el ’ " > ’ g 1"
m | | ,
Koh Yao-yai .. 98 36 7 7 58 32-09 7 58 21-11 7 58 21-11 P 7 58 25.31 T 588 27-31 + 4-8
Base N. Nagorn Sridharmraj . 99 58 | 8 28 4764 8§ 28 3704 S5 28 37-04. S 28 41-24 8 26 43-24 + 4.4
! |
Khao Pikglohng Bingphakbie ... 98 16 1 9 00 15-98 9 00 07-00 9 00 07-00 9 00 10-50 ¥ 00 12-70 + 33
Khao Guaang .- 99 56 _ 12 27 3%-18 12 27 30-00 "12 27 2875 , 12 27 '31-45 12 27 33-45 + 47
m _ ,
Khao Srabap 102 13 ;12 33 06-05 12 32 5818 12 32 56-93 12 32 59-93 12 33 01-93 ~ 41
, |
, | _,
Base S. Rajburi : 99 50 |13 33 18-51 13 33 11-51 13 33 09-91 | 13 33 12:21 13 33 14-21 + 4-3
| w ,
Khao Bhrik - 101 33 114 54 05-89 14 53 58-18 14 53 56-43 14 53 58-43 14 54 00-43 + 5-3
! i
_ ; ‘ .
Base E. Nagorn Sawarn ... 100 11 ;15 23 10-86 15 23 06:01 15 23 04-21 15 23 05-91 15 23 0O7-Y1 + 29
Khao Kungkang 99 04 15 28 26-10 ' 15 28 23.67 15 28 21-87 15 28 23-47 153 2§ 25-47 - 06
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TABLE 4.—Latitude stations and groups in Lower Burma,

‘ 5& A —~G (Interna-
: 23 A=G 1 gonal, corn ted
Station or group Latitnde jLongitude g & | (Interna- ' 0[:_ ’Lca(,);lﬂl:ge“
; 7z B tional) adjustment)
- _ - e
| a ’ o ’ " "
|
Akyab . .1 20 08 | 92 54 | 3 - 0.7 - 1.8
|
!
Prome 18 49 , 95 13 1 + 4.2 + 2-9
Rangoon ( Syriam) ... 16 44 . 96 17 1 + 51 + 36
; | | .
Moulmein .| 16 30 97 38 | 3 + 6.2 + 404
i |
Amherst ... 116 04 | 97 42 | 5 + 54 + 37
Mergui ... Wi 12 22 | 98 45 | 4 | + 59 + 3.9
, | i :

Tf the deflections at the 15 groups are integrated up as if they
all stood in the same longitude, there results a fairly uniform rise
of about 70 feet between latitudes 20° and 8°N. As the geoid in
latitude 20° is already 65 feet above the Indian International
spheroid, the abnormality in the south of Siam amounts to the
large tigure of 135 feet. This is discussed in para 48.

It must be emphasized that the form of the geoid in Burma
is not yet at all well determined (except along the one section
line). Apart from the broad fact that there is a great vise towands
the south, no details are known.

The geoid contours are shown in Chart XXIT, and those of the
compensated geoid in Chart XXITI.

46. Dr. Vening Meinesz’s trough of negative anomaly.—
Dr. Vening Meinesz has discovered a trough of intense negative
anomalies along the south side of the Bast Indies*. Tt is of
interest to speculate whether this connects with the Indian Gangetic
trough. Major Glennie considered this point in Geodetic Report
Vol. VIIT (page 57) and concluded that the probable line of
extension was through the Andaman Islands, Arakan Yoma and
Chin Hills. Plate XXI shows clearly that no negative tl'Oll.gh
passes up through the Ganges delta, but shows a wide depression
of the compensated geoid across the Chin Hills, with its deepest
point under the small Pondaung Range. This supports Major
(slennie’s eonclusion, although strong southerly deflections rathfl‘
suggest that the basin is closed towards the south as shown m
Charts XXIT and XXTIT in latitude 22°. The broken contours

* " Releve Graﬁn‘-i;nelriqu:"ﬂ Maritime de l’Arch'ié;i Indien”. Delft 1931 ; and in
the Journal of the Royal Geographical Society. April 1931.
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drawn in these charts between latitudes 16° and 22° must not be
taken as an expression of opinion whether this trough or others
extend to the south or not, and the point can only be settled hy
further gravity or deflection observations there.

47. The Indian geoid.—Charts XXII and XXTIT show revised
contours of the geoid and compensated geoid * in Tndia relative to
the International spheroid .

The new data which have been incorporated are:—

(@) The section from Orissa to Indo-China. See Geodetic
Report 1933, Chapter III, and para 39 of this report.

(1) The section from Ladikh to Ajmer. See Geodetic
Report Vol. VII, Chapter IV.

(¢) The section from Cape Comorin to Hyderabad. See
para 43.

(d) The section across the Bikaner Desert. See Geodetic
Report Vol, VII, Chapter IV.

(») The longitude observations in south India. See
Chapter IIT, para 19.

(f) Data in Baluchistin. See Geodetic Report Vol. VIIT,
Chapter V.

(g) Advance results of the 1934-35 programme in
Baluchistan and Sind, comprising a line of 37 new stations
from near Sukkur to the Persian frontier. This section
considerably mocdifies item ( f).

Of the above, items (a) (b) (¢) (d) and (g), are part of the
two main section lines which it is hoped to complete in 1955-36.
Ttem (¢) is of interest in that it revises some old values of the deflec-
tion (based on azimuth observations) which made an apparent rise
of the geoid towards north Ceylon. This is now abolished and the
geoid follows expectations in falling towards the area of intense
negative gravity anomalies situated there.

48. Conclusions.—The spheroil on which Charts XXIT and
XXIIT are based has an arhitrarily placed centre, and would have
to be tilted and raised or lowered by unknown amounts to make it
identical with the spheroid used hy any other suwrvey. Never-
theless, three things are quite clear, namely:—

() The average radius of curvature of the geoid along a
line 2,500 miles long roughly east and west in about latitude 26°

* It may he repeated that the compensated geoid is a figure which Ties below
the ceodd by an amount equal to the geoidal rise caused by the actual topography
and ITayford compensation. Tt is an equipotential surface of the golid uniform
gphieroid and the Hayford anomalies. Tt is related to g—vye in the same way as
the aeoid itsolf is related to g—v4 .

t  This figure has International axes. and the minor axis is parallel to that
of the earth., Tts centre ix <o chosen as to make it fit the Indian compensated
geoid (1927).
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is 1,000 feet greater than that of the international sphe-
roid. Plate XXIV shows a section along this line, and the
blue curve (which fits the section well) has a radius of
curvature 1,000 feet greater than the spheroid. Part of this
1,000 feet may be due to the mountains which terminate the
end of the section. If these mountains are compensated on
Hayford’s system, their effect is avoided by considering the
compensated geoid. TIts radius of curvature is 700 feet
ereater than that of the spheroid.

() The average radius of curvature of the meridian, on
the other hand, along a line 2,000 miles long is less than that
of the spheroid, as shown in Plate XXV. No blue curve has
heen drawn to fit the geoid itself as it is abnormally distort-
ed by the great mass of the Himilaya, whose effect must he
removed before a useful result can be obtained. The com-
pensated geoid is fitted by a radius of curvature 1,780* feet
less than that of the international spheroid t.

(¢) The geoid ( and compensated geoid) in the south of
Siam will be elevated about 100 feet above any spheroid
which at all closely fits the geoid (or compensated geoid ) in
India and northern Burma.
Tt is important to consider whether these points can be attri-
buted to errors of observation, but it can be said with confidence
that they cannot, except possibly in the case of (¢). Thus:—

(<) An error in the fundamental standard of length can-
not explain both (@) and (%) : nor can it explain (¢).

(i) 700 feet, the smallest figure quoted in items (« ) and
(h) amounts to 1 in 30,000 of the earth’s radius, while
1,780 feet amounts to 1 in 12,000. Tt is not possible that
arcs of the Indian triangulation should be in errvor by such
fractions as these. The simultaneous adjustment was based
on 10 hase-lines on which the average cloging ervorf (before
adjustment) was 1 :100,0004.

(/i{) Ttems (@) and (b) are not affected by possible azimuth
error, Ttem (¢) is sensitive to azimuth error in the lon'g
east-and-west line from the origin to northern Siam, but it

* Field-work in progress while this report is at press shows that the difference
of geoidal height nlong this section between latitudes 17° and 24” is ahout 20 feet less
than that shown on Charts XXII. XXTIIT and XXV. The difference arises from com-
parative paucity of astronomical stations in the old arc. The figure of 1.780 feet
¢iven above will be reduced to about 1.500 feet on this account.

+ Two arcs at right-angles saffice to determine a spheroid. The figure which
rosults from these two ares (2.500 and 2.000 miles long) has a semi-major axis of
6.37R8.568 metres (180 metres greater than the International spheroid ) and a flat-
tening of 1/290°5. These figures are not of conrse put forward as the pmbnl}lc
dimensions of the earth's figure, hut simply to illustrate the extent to which its
shape in Tndia differs from that spheroid which hest fits the earth ag a whole.

I Withont regard to sign.

§ Profeasional Paper No. 16, Table LIIL,
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CHAP. 1V.] DEVIATION OF THE VERTICAL 79

requires an accumulated error of 300 feet in latitude to
account for it. It may he remarked that the allowance that
has been made for Laplace closures has reduced the geoidal
rise by about 40 feet. To account for the rise between
latitudes 20° and 8° it would be necessary to suppose that
additional errors of 10” or 20” in azimuth had occurred and
had not been detected by the fairly numerous Laplace stations
which are available. This is impossible.

(iw) The provision of further astronomical stations will
modify the figures in items (a) and (1), (see footnote to
page 78 ), but it can safely be said that error or paucity of
astronomical observations cannot account for these two items.
At the ends of the sections the angles between the Inter-
national spheroid and the blue curves in Plate XXI are
about 3”, which caunot possibly be the mean error of the
very large number of astronomical stations available at the
ends of each arc. Item (¢) is of course more weakly
determined in this respect, but the two arcs of items (a)
and (b) are probably better supplied with astronomical
stations than any arcs which have ever been measured.

ltem (c¢), the great rise of the geoid towards southern Siam,
receives confirmation from the work which R.A. Hirvonen* has
based on Stokes’ formula. Hirvonen has collected together all
available values of ¢, and has calculated the undulations of the
geoid which result from them. He finds a depression of 68t metres
inlat 10°N long S0°E, and of 11 metres in lat 10° long 100"
The difference hetween — 68 and — 11 metres is 57 metres or 187 feet,
which compares very well with the 160 feet shown on Chart XXI1I.
Hirvonen’s work goes some way towards providing the confirmation
which this geoidal feature is in need of.

The present geoid charts, being drawn with an arbitrary datum,
do not conform with Hirvonen in showing the whole of India and
Burma as a depressed area. This omission is not significant, and
very great extensions of the geoidal survey will be necessary betore
it includes a suflicient area of more elevated geoid to show up the
fact that India as a whole is depressed. Gravity observations,
however, are already suflicient to indicate that this is the case. as is
shown in Chart XTIV (Chapter 111 ) where gravity anomalies relative
to the International formula are very predominantly negative.

The three geoidal abnormalities listed as (a), () and () above
represent departures {rom the spheroidal state after making allow-
ance for the effects of topography and Hayford compensation.  In
widu-spruml features of this nature the exact type of compensation
(Hayford or Airy, local or regional) is a matter of little con-
sequence, and these abnormalities must probably be attributed to
departures from hydrostatic equilibrium,

*“The Continental Undulations of the Geoid” by R.A. llirvonen. Publications
of the Finnish Geodetic Institute, No, 19, Helsinki 1934,

' Uis Tahle 11 modified by his piyge 70,
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GEODETIC REPORT [1934.
TABLE 5
Calculated Deflec-
. . International Coleulated Deflec- tions,
2 zo Height Spheroid tions. Uncompensated
— - Observed at in Deflections Hayford System | Topography to
2 ] feet 2564 miles
3| 4 e
Meridian| P.V. [Meridian| P.V. |Meridion| P.V.
" " " " " "
686 | 56 H | Dorapalli  hus. | 2031 |— 6+0
687!  H | Impagat H.S.| 2329 |— 7.1
688 H | Jaganpalli rock | 1201 - 73 T
689 H|Tnduvasi hes. | 1512 |— 30 | * I
i
690 |57 E | Kire Belagal | 1415 |— 4:0 T "
- e _HS. S D I _
641 E | Palakurti rock 1379 |— 0-2 !
692 E| Pulikénda H.S.| 1797 [+ 09 T |
SR N U B
693 E | Koilkénda h.s. | 1943 |— 2°6 ;
694 F | Kanampalli 1510 |+ 42| | |~ o B
o rock peak I N R S
695 F | Devarakonda 1836 |+ 38
R D NS : ©.- % AN AR SR S S S R
696 F | Gollapalle h.s.| 1516 |+ 4°3
697 ¥ | Urakonda H.S. | 2180 |+ 5:9 [ R T
698 | F | Penukdnda hws. | 3088 |+ 57| | | |
699~ G | Konduru white | 2347 |+ 69 B |
ridge o B R
700 G | Gudem hill staff | 2435 [+ 5:6 :
S S N N DU N
701 G | Kalkote h.s. | 3370 |+ 3-3 |
[ R
702! G | Halasurbetta 3335 |— 3-0 !
o HS. _ - N
703 | H | Bannergatta 3269 |~ 7-2
- H.S. [ IO S B
70+; H |Devarabitta | 3365 |— 5-2 |
o H.S. N _ o [
705! H | Mariyalam H.S.! 3416 |— 7-9 |
706|  H | Pénnagaramn IVIW‘ 1760 |— 7-0 '
h.s. | ‘
70758 E| Vellakaradu h.s.| 892 |- 6-2
708| T E | Pakkanadu b, | 1116 1= 90| | |~ i+
709 E | Palakapalayam | 1023 — 3.7 R
] hill temple -
710 E | Molsi white 524 [— 0-3
temple
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DEFLECTIONS 1933-34
EVEREST'S SPHEROID .
%
Nome of station | Deflections 'E
Tatitude Longitude Azimuth observed for k)
Azimuth  |Meridian| P.V.
° ’ " o ’ " <] ’ " " "
A 16 53 56-2 , - 8-0 686
G 165402-2|G 17740080, |
A 16 42 25-32 - 170 687
G_16 42 32-29| G 77 39 12-99] . _
LA 16 27 147 B - 72 A88
G 1627 21-9| G 77 38 30-2 |
“A 16 02 23-1 — 89
G 160227-8|G 7730435 o o
A 15 48 39.37 — 3.6 690
G 15 48 42-94| G 77 40 59-20 L
A 15 37 40-3 T + 03| |
G 15 37 40-0 | G 7 34 15-7 .
A 15 28 10-01 + 14 892
G 15 28 08-62] @ 77 35 56-47 - L
FAT15 19 1145 [— 20 693
'G 1519 136 | G 7736 36-2 | o o _
A 14 52 23-9 t 49 894
G 1452190 | @ 77 37 459
A 14 40 34-00 + 46| 695
G 14 40 29-41] ¢ 77 38 57-31 D L
A1a3 et | B + 51 696
G 1431160|G 7738189 | o
A 1415 50-73 + 68 697
G 14 15 43-941 G 77 36 29-63 T e
A 14 0t 09-1 T T + 6.7 6YS
G 1404 02-4 | ¢ 7735015 e .
A 13750 433 '* T + 7Y " hyy
G 13 50 35-4 | ¢ 77 37 09-8 - o
A 13 38 387 - I PN, O 700
G 13383201 & 17735 50-0 e
A2 o T T + 45| |®o1
G 13251056 | G 7736051
A 13 09 36-47 o T - 18 702
G 13 09 38-27\ @ 77 37 13-35 ——
A 1248 32.61] T T — 58 703
(+ 12 48 38:37| @ 77 34 33:55
A 12 37 2351 T l=ag T Yo
G 1237 27240 @ 7737 31T L
A2 22 93.99 - B B =83 705
G 1222 40-32) @ 77 42 21-09
A 2oy as1 | T =54 |06
12 07 50-5 | 477 52 486
A nrssoer | T o ) T - 4.5 707
G 155 14:2 | G 77 50 49-4
Atraoesg| T T - A P PYTRS B [ Tov
1140311 G 7747 332
A 127109 | - =18 709
G 11271220 G 7746159
A 115 B4 - + 1.7 |mo
G 115330 @ 77561052

NoTe:—Minus sign denotes N. or E. deflection of the plumb-line.



82 GEODETIC REPORT (1934,
TABLE 5
. Caleulated Deflec-
. s International Calculated Deflec- tions,
;4 7 Height Spheroid tions. Uncompensated
_ - Observed at in Deflections Hayford System | Topography to
41 8 foet 2564 miles
3| @ * . )
‘ Meridian| P.V. |Meridian| P.V, |Meridian| P.V,
" n " " " n
711! 58 F | Nallichinam- 558 |— 1:6
patti temple o
e F! Veriyapur h.s.| 1793 [+ 6+5 )
713 F | Kamapillae 12385 |+ 0-3
conical hill .
714 F | Karadupatti 746 |— 5.0 I N R
o red mound -
TTE‘ G | Perumalai h.s.| 626 |— 2:6 T
[ o —— _ ; e
716 G | Maiyittanpatti | 416 |— 0-8
' N road s.
71_7‘ K| Kutiparai H.8.| 354 |— 0-5 D
718! G | Minakshi H.S.| 330 |— 0'1 B -
719, G| Melparai Patti | 401 | — 0-3! - )
g h.s. |
720( H| Melpatnam hill | 519 |+ 1-2 - -
| temple _ | —
721 H | Kanimarpéttai 685 |+ 05
. H.S. o I
722 K | Ramnad 20 [+ 42 |+ 2-4 -
723\ O| Dhanushkodi... | 4 + 89 o N
724 P| Manaar T+ 5 - 6 T
725 P | Puttalam 5 B A
726 | 87 C| Kankesanturai 11 h
727 C | Mullaittiva 13 A
728 | 69 B | Batticaloa 6 T
%99 59 N { Colombo clock 20 |+ 2 |- 7% - T
o tower . [ )
730| 8+ F | Sangao h.s.| 4530 |+ 6-2 [+ 4-0
731| " B| Sairep 5000%(+ 14 = 34| | | T
73%| B Lungsin LB. .. | 1037 |7 0.8 |= 32 o o
733 B| Baro Harina ... | 500%+ 7|+ 0 T
734 B| Thothingmura | 1261 |+ 2-9 |— 3.2 N -
h.s. I
735|79 N | Pokimura 1300% + 0

* Approximate,
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DEFLECTIONS 1933-34—(Contd.)

EVEREST'S SPHEROID

o
, P
[Nome of station| Deflections E
Latitude Longitude Azimuth observed for - 3
Azimuth  |Meridian| P.V.,
-] / " o ’ " o 7 " [ "
A 10 47 088 + 05 711
G 1047083| G 7752276
A 10 31 03:6 + 897 712
G 1030 54-9 | & 77 47 53-0
A 10 15 485 + 26 13
G 1015 45-9 | G 77 53 066 L
A 1005 01-3 - 2:6 714
G 1005039 |G 7755 304 B
A 953227 - 01 715
G 953229 G %158 218 L
A 939576 + 1.7 716
G 939559 G 7758025
A 928 46-92 + 2-1 717
G 928 44.87|G 78 00 37-76 B
A 912 3389 + 2-6 718
G912 31-34 G 77 58 48-91 .
A 902176 - + 2-4 719
G 902152 |G 7751134 o
A B 45 275 T + 39 720
G 845236 |G 7746 20-9 o
A 8302272 + 34 721
G 8301937 G 77 37 25-16 L -
A 9213714 75850272 T + 68 [+ 1-4722
G 92130-3|G 7850289
T4 7925 209 + 7-6|723
G 910285 G 7925164 o
A 858354 | A 17954564 - + 8 |- 8 |721
G 858271 *) G 795507 % A R
A 801 49 A 719 49 53 725
G 802¢t G 17950t B .
A 04858 A4 80 02 36 - 726
G 949+¢ G 8003t -
A 91616 A 80 48 55 2%
G 916t G 8049 ¢t -
A 74520 A 81 41 08 - 728
G 745 +% G 8141 ¢t
A 6560380 4 79 50 26-18 Y5 =9 |739
G 65559 %) G 795038 * _ _ _
A 22 44 340 A 93 03 353 - + 4-7 |— 5-8]730
G 22 4429.3| G 93 03 44-6 - o
A R 0L0 | A 9349 104 o ~ 02 |—=13-0{731
G 2249 042 | G 92 49 276 R
A 252461 | A 92735 081 | — — 0-8 |—12-6{732
G 2252459 |G 9235250 ) )
A 225527 14 922300 | T Y5 |-10 (%33
G 2255 21 G 92 23 14 e
A 22532284 9208270 T T ¥ 1.2 |—12-5/%731
G 2253216 |G 92 08 437 I
A 22 56 28‘; ) A'A Ql 58 47 S R R T = 9 735
G 22 56 G 91 58 40

|

NoTk:—Minus sign denotes N. or E. deflection of the plumb-line.

* Reduced to Indian terms vide Ueodetic Repart 1933, page 33.  Observations
are not of 1933-34.

¥ Not yet available,
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GEODETIC REPORT [1984.
TABLE 5
Calculated Deflec-
sl g S eroia | o | Unoompansated
% eig Deflections Hoyford System | Topoaraphy to
g g Observed at kX 3505 Tilon
lMeridin.n P.V. |Meridian| P.V. |Meridian| P.V.
o " " " " ”
736 79 N | Maji Tan H.S.| 291 |+ 1:1| —1'5
737| N | Botagee .| 200%+ 1 -0
738! N | Bijar Singh T.S.| 49 [+ 1.0 | —0-8 ’ —
739| M | Kadra T.S.| 23|+ 1-4| +0-3
740| M |Matabi  T.S.| 24|+ 21| +0-8| | | |
741 I | Bashakpur T.S.| 28+ 2.3 +1-0| |  |° |
742 I |Haripur T.5.| 16|+ 43| —1-4| | | |
743\ I | Mailgaon T.S. 14 |+ 8-8| =27 ) e
T+ [ |Jhaudi  T.S.| 16|+ 36| =33| | | T
745 I |Kandia  T.5.| 17|+ 48| —0-9 T T
746 | E | Hatinra  T.S.| 16 |+ 4:7 | —2+8 B e R
747 E | Daulatpur T.S.| 17|+ 5:0| —4-1 - T
748| E | Baliakandi 1.8.| 16 [+ 3:1 | +0-4 -
749 E | Basantia 'T.S. 21 [+ 27| —0.3 T
730| B | Bhaturia T.8.| 20 |+ 25| +1-3| | |
sl B | Pipragachhi g 2 |v 2y | =09 | | |
762! B ! Berghom —ri—s T4y 26| 401 | - N
763|" B |Simabat T.S.| 80|+ 13| +0-5 e e
7e8| B |Satten  T.S.| @6+ 7| =17 | | 7T
755 A | Dastanpur T.S. 60 |+ 3-3| —1-6 | | B
756 73 M | Hakistapur T.8. | 76 |+ 2.6 | +2.2| | |
757) M | Madhpur T.S.| 131 [+ 0.5 | +6-4| |
7581”1« | Karasoli H.S.| 328 |+ 1.0 3.6
38| M Kela " The. |0 |4 1e2 | =i-0 T B
0| 1 ilsra;,mi.a;—’H:s;; ) 2 =1 T

.Ap

proximate.
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DEFLECTIONS 1933-34—(Contd.)
EVEREST'S SPHEROID _
- . 2
Nump of Deflections =l
Latitude Longitude Azimuth obig:lelgl[or — 5
Azimuth Meridian| P.V.
o ’ " o ! ” o ’ " ” ”
A 2256 51-720 A 91 46 37-47 - 0-6 |—10-4{736
¥ 22 56 52:30| G 91 46 51-90 i L
A 2258296 A 91 38 22 -1 |—-9 737
G 2258305 |G 913833 e
A 2259 5860 4 91 22 4625 — 0-7 |- 9-5/738
G 22 59 59-30 G 91 22 59-71
A 2300 29-41| 4 91 13 59-34 ~ 0-3|— 83739
G 23 00 29-68 G 91 14 11-54
A 2300 37-000 4 91 05 2205 + 0-5 |— 7-7|%710
} 23 00 36-55 G 91 05 33-70 I
A 2300 48-42/ A 90 5+ 5727 + 06 [— 7.4 741
G 23 00 47-78/ G 90 55 08-49 o -
A 2308 47-18/ 4 90 40 34-74 S |+ 2B 12707142
G 23 08 44-70| G 90 40 48-48 o L
A 2307 49-79 4 90 22 22-12 T T+ 2:0|~10-8/743
G 2307 47-84 G 90 22 37-07 e ]
A 2308 37-06l 4 90 12 53-68 + 18 |—11-3{ 744
G 23 08 35:23] G 90 13 0918 o
A 23709 46-34 4 90 02 53-74 T + 31 | = 8-8/745
G 23 09 4325 G 90 03 06-69 -
A 23 09 32-63] 4 89 52 04-9R o T T 2R | <1061 T8
G 23 09 29.86| G _ 89 52 19.68 N I
A 23 08 46.85 4 89 42 4173 I P N e R 8
G 23 08 43-76) G 89 12 5776 L -
A 2308 07-13| 4 89 31 36-45 T + 1.2 (= 7.2/748
G 23 08 05:90| G 89 31 A7.48 o
A 23 07 54-64) A 89 22 25.95 + 08 |~ 7-8/749
G 23 07 53-84 G 89 22 37-63 L
A 23 07 52.900 4 89 11 32-86| T T i+ 06 = 6-11750
G 23 07 52:30| G 89 11 42-66 N i
A 2258 49.40 A 88 59 14-33 + 0:3 [— 82751
G2 58 49-07) G 88 59 26-49 |,
A 2275213.68) 4 88 42 37-80 + 0-8 |— 7-0/752
(22 52 12-8% G 88 42 48+60) o ]
A 22 57 33.65 4 88 32 52.20 - =06 |— 6-5 753
G 22 57 34-230 G 88 33 02.43 - N
PA 22758 37774 S8 14 1356 _ + 2.8 |— 8-6/754
DG 22 58 85.02 G 88 11 2607 o
P A 2302 54093 4 8805 8188 + 1-3 |— 8-4/755
(23 02 53:631 G 88 05 1376
PA 23 04 07770 A 87 66 1913 T + 06 |— 1:5/756
(2304 07-19] ¢ 87 56 27415 e .
A 2309 5145 A ST 14 3401 T T T T = 1. | — 0-01757
G 23 00 5306 G KT A4 3720 |
A 231471393 4 87 25 0440 T — 1.2 |— 27758
(23 14 15.120 @ 87 25 10-47
A 232318614 S7 08587 T T =11 |- 81759
G228 1071 G w707 107 )
A 2323 43413 A 86 5O 02-2i) + 0-2 [—= 7-1/760
23 23 42.97 @ 86 59 113

NoTe:—Minns sign denotes N, or I, deflection of the plumb-line.
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GEODETIC REPORT [1934,
TABLE 5
Calculated Deflec-
s s Internationul Caleulzted Deflec- tions.
Z Z Height Spheroid tions. Uncompensated
- - Observed at in Deflections Hayford System | Topography to
E § feet 2564 miles
[i o ee
Meridian| P.V, [Meridian| P.V. |Meridian| P.V,
n ”n " n " "
761| 73 I | Gorangdih h.s.{ 740 |+ 17 |= 0:0
762 I | lilabani H.S.| 1327 [+ 37 |+ 08 -
76317 I | Bawa h.s.| 1048 |+ 6:3 |— 0-7
764! 1 | Trijunction 1112 |+ 46 |+ 2-1
1. No.3 s
765, 34G ‘Padag Base 2740 |+ 82 |+ 2:0
West S.
765" G | Padag Base 2678 |+18-7 |— 81
o Centre S.
767! G | Padag Base 2676 |+13:0 |— 4.2
‘ East S.
Sf I | Kopahdar H.S.|¢790 |+23-7 |— 68
7b9 83 J | Namtiali Base 322 |+15:0
| East S. I N
770 $ " J | Naginimara 1821 |+22:8
B HS.; |
771 J | Namtiali Base 328 | +14-7
B Centre S. ~
772 "J | Namtiali Base 322 |+13-6
West S.
73 J | Anaki H.S.| 2947 |+29-3
Tk J | Molungyimsen | 2517 |+25-7 T i -
H.S S
775] J | Lirumen HS. ) 2667 |+19-9 '
! ‘
! | i I [ o T SRR S—
Non-Departmontal omarvations
776 95M , Khao Kung- + 26 '
o |_kang* ) [ MR P
Il O | Base S. Rajburi* + 6-3
718 P  Khao Guang” Y67 o
779, 96 K | Khao Pakglohng ¥ 53
o i Bangphakbie * i —
780 P | Base N. Na.rrurn ‘ ¥ 64
- Sndharmn] i _ -
781 97 I Koh Yio-yai* + 6-8
i —
L. —,,—_———
792104 A | Base E. Nagorn + 5:0
| Sawarn* | | | ——— |
7 3’ F';Kha.o Bhrik * + 7-b
LT _Ll Khao Srabip* | |+ 6:2 | 7 1

* Reduced to Indian terms ( vide Gendetic Report 1934, Chapter IV), but without

correction for Laplace adjustment.

Observations are not of 1933-34.
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DEFLECTIONS 1933-34—/(Concld.)
EVEREST'S SPHEROID .
2
Name of station| Deflections E
Latitude Longitunde Azimuth observed for 2]
Azimuth  |Meridian| P.v. | @
[ I " =] ’ n [+ ! " n "
A 232416-5| A4 86 46 36-3 - 0:6 |~ 59761
G 2324171 | G 8646 46:0
A 2325 01-22] A 86 33 06-06 + 14 |— 5-0l%62
G 23 24 59-87) G 86 33 1464
A 2326452 | 4 86 16 08-2 + 4:0 |- 6-4/763
G 232641:2| G 86 16 18-4 B
A 2326018 4 8559 59-8 + 23 |2 3-4{%64
G 2325595 | G 86 00 06-7 |
A 29 04 52:5 A 209 17 22-7 | Pulchotau |+ 3-8 [+ 9-5/%65
G 29044871 @¢ 650146 | G 20917 17-4| = HS.
A 29045740 A 159 41 49-2 | Pulchotan |+14:3 |— 0-7:766
G 2904 43-1 G 6508 30 G 159 41 49-6 H.S.
A 29 04 49-1 A 142 24 38-%7 | Pulchotau |+ 86 |+ 3-2/7%767
G 2904 40-5 | G 65 11 27 G 142 24 36-9 _HS.| .
A 2854 057 A 177 39 261 Pulchotau 1+19:3 [+ 0-7 768
G 28 53 46-42 @ 65 06 36-28) G 177 39 2 7 H.S.
CA 26 49 320 A 272 57 ;4 Naginimara | +12-0 69
G 26 49 200 | @ 94 41 560 | G 272 58 H.S. | ;
A 2649 17-2 ] A 4416 15'5 | anaki H.S. {+19-9 o
‘G 2648573, G 9450 09| G 44 16 * R
CA 2648 462 | TT|"A 267 52 04-8 | Naginimara |+ 11-7 | it
(G 2648345 | G 9438 247 | G 26752 * H.S. l_ ]
A 2648 32.9 | A 266 06 57-2 | Namtiali +10-6 T2
G 2648 22:3 | G 94 35 03-3 | G 266 07 * Centre S. o
[A 26 43 527 “I"A 224 13 '30-8 | Naginimara |+ 26-4 773
G 2643 26-3 | G 94 44 01:7 | G 224 14 * HS. .
A 26 40 20-8 A 243 22 101 | Anaki H.S. |+22-8 4
G 2639 580! @ 9436 183 | G 243 23 * L
A 26 39 234 “A 25932 26-2 | Molungyim- +17-1 775
G 2639063 G 943105-9|G 259 32 * sen HS.| | |
3 Siam
“A 1528 261 T T + 42 776
G 1528 219 G 99 04 I
A 1333185 N o + 86 T
G 1333099 @ 99 50 B
A 1227 382 + 9-4 ity
G 1227288 7 99 56 -
A 900180 + 90 7
G 900070 G 4816 — |
A 828 478 T +10-8 780
G 828370 G 99 58 I
A Tssaza T — +11.0 781
G TH5821-116G 98 36 o S
A 1523109 T - + 67 782
G 1523 042 | G 100 11 )
A 14 54 05-9 T + 95 783
G 14 53 56-4 | G 101 33 . L
A 12 33 08-1 + 9:2 784
G 1232569 @ 102 13

NOTE:— Minus sign denotes N. or E. deflection of the plumb-line,
* Not yet available,



CHAPTER V
COMPUTING OFFICE AND TIDAL SECTION
BY Caprain G. Bomrorp, R.E.

49. Summary.—The Computing Office has largely been em-
ployed on work which is described in other sections of this report,
especially that in Chapters I and IV. It has also, as usual, dealt
with a large number of small cases of which no mention can be
made in an annual report. The Tidal Section has followed its
usual routine.

COMPUTING OFFICE

50. Geodetic triangulation.—The grinding of the Poona and
Namtiali base extension nets (see Chapter 1, paras 3 and 4), with 21
and 18 condition equations respectively, has provided experience in a
type of work which has not been called for in India for the last
20 years, and many unforeseen difficulties resulted. Clearer rules
have been drafted for inclusion in the Handbook.

sI. Minor triangulation.—The adjustment of minor triangu-
lation in 1/M sheet 35 has been completed, and sheets 29 and 30
are in hand. Adjustment and computation in parts of sheets 45
and 54, where No. 1 Topographical Party is now working, have
also been undertaken.

52, Lambert grid.—During the year comparatively little pro-
gress has been made with the conversion of triangulation data on
the N. W. Frontier into terms of the Lambert grid, as the office
has Dbeen busy with the computation of field work. Only 1,000
points have been converted and 1,500 classified according to quality.
Five grid triangulation pamphlets have been printed, and four more
gent to press,

53. Publications.—The data for four Persian degree sheets
have been compiled. Two Persian triangulation pamphlets, one
Indian pamphlet, and addendum pages for seven Indian degree
sheets have been printed. Five Indian pamphlets have been
reprinted.

An addendum to levelling pamphlet No. 53 (Delhi) has been
printed, and No. 40 (Hyderabdd, Sind) has heen reprinted. The
data of ahout 200 miles of precise levelling have been printed and
issued as addenda to existing pamphlets, and three secondary
levelling pamphlets with about 600 miles of data have been
reproduced by gestetner,

58
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In addition to the above, the following publications have been
seen through the press:—
(a) Geodetic Report 1933.
(6) Record Volume No. XXIV.  Riverain Surveys in
the Pungjab.
(¢) Record Volume No. XXV. Surveys tn Swait, Chitral
& GHilgit by Lt.-Colonel C. G. Lewis, 0.8.E., R.E.
(d) Handbook of Topography, Chapter XII, Air Surveys.
(¢) Handbook of Topography, Chapter VII, Trans-frontier
Leconnarssance.
54. Chart Section.—The Chart Section has completed the
following work:—
(a) Charts for 4 grid triangulation pamphlets.
(b) 17 charts and plates for Geodetic Report 1933.
(¢) 10 charts and plates for Geodetic Report 1934.
(d) 8 torms and diagrams for Handbook of Topography,
Chapter VIL.
(¢) About 170 other miscellaneous charts and diagrams.

TIDAL SECTION

55. Tidal observations.—Registrations with automatic gauges
were continued by the port authorities at Aden, Karachi, Bombay,
Calcutta and Rangoon, and daylight observations on tide-poles were
made at Bhavnagar, Chittagong, Akyab and Chandbali. The
Calcutta Port Commissioners also started a XKent's pneumatic gauge
at Dublat on st April 1933. The Ceylon Survey Department
completed their 5-year series of observations at Colombo and
Trincomalee on 15th January 1934. The gauge at Colombo is still
working under the control of the port authorities, but that at
Trincomalee has been dismantled.

A list of Indian tidal stations is given in Geodetic Report
Volume V, pages 31 to 33.

56. Inspections.—The port officials inspected the tidal obser-
vatory at Karichi in February, at Rangoon in May and at Bombay
in May and July. The gauges have all worked exceptionally well,
the only break being one of a single day at Bombay.

57. Corrections to predictions.—Empirical corrections have
hiven applied to the predicted tides at Kidderpore, Rangoon,
Chittagong and Chandbali on the same lines as those tabulated
N previous reports.

58. Tide-tables. —The Tide-tables of the Indian Ocean for
193k, and the separate pamphlets for Bombay, the Hooghly River
and the Rangoon River, have been prepared and issued as usual.
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Advance predictions for 1935 have been sent on the usual exchange
basis to the Hydrographic departments in England, the United
States and Japan.

The amount realized by the sale of tide-tables during the year
ending 80th September 1934 was Rs. 3,145/10/-, exclusive of agents’
commission.

59. Accuracy of predictions.—The greatest errors recorded
in the height of low water during 1933 at the ports mentioned in
para 55 are given in Table 1. Tables 2 to 14 give detailed results
of comparisons between the predictions and the times and heights
actually vecorded at these ports.  The quality of the predictions is
the same as in previous years except for some deterioration at
Kidderpove, to meet which a revised correction table has been
introduced.  Predictions at the new port of Chandbali are satisfac-
tory. although its riverain character prevents its predictions
attaining any high degree of accuracy.

TABLE L.—Greatest differences between predicted and actnal heights
of low water during 1955.

I'redicted !
Iort minns Date REmArks
Actual |
— — ' — ——————
Jeet :
Aden —0-5 i March 12, 27. 29 Apl. 26, 27, ‘?

+0:5)1 May 10. 11, June 28, Oct.
21 and Nov. 17.

Karachi --0-49  Dec. 11.

Bhivnagar - —3-3  Peb. 25 and Aug. 5. ‘

i
Bombay (Apollo Bandar) —1-7  May 17. 18, |
Colombo —0-5 May 18, June 16. Aug. 25

and Nov. 23.

Trincomalee - -18 Oct. 31 ;

‘ 3
Madras .o =0-9 | March 25,
Chandbali . —h-8  Aug . | Riverain port
Dublat ) -2 | Awg b Do,
Kililerpore (Calentta)... -0 July 18, , hao.
Chittageonge . [ \ April 5 and July 23, : ho.
Akyab . =16 June s, |

Langoon +2:00 Aug. 26, | Riverain port
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TABLE 2.—Mean errors E;* and E* for 1933.
ADEN

MEAN ERRORS erg:}smel;?:lc‘:e(()lring
( Predioted — Actunal ) ]

— 30 0.7
FEmOD B £ of tima | naeht
913 o e ——
| Tome Height | Time W Height | Tims Ve, Time w'm. Elegls =
- e — o — R A ”
minutes H Seet minttes “ feet  |minutes| feer m,-,,,,;,,]f,,., CANEE R

I, ! e
+ - - + - ‘ + | = : |

Tan, 1-15 3.2 10-1) 35 i 0-2] s-3lo-2)105 02]1/0]0]0
16-31 10 io-o 35 ; 0.1} 54 (0-1] 9.6 o0-2]0 0 ofo
Feh, 115 14 01| se2 ~ Joz] 290001204 020 oo
16-28 15 0-0] vy : 0-1] 4-6lo-1]108 0-2]0 : ifolo
Mar, 1-15 1-0 1 jo-l 2:4 0-2) 5-8loa] wa3ioz2]o ; 2100
16-31 78 Et)-l 35 : 0-2] %-81(0-1] 83 50-2 1 ; olofo
Aprill-15 | 246 01| 7 01 7501} %4 }0-2 2'0lolo
1630 ‘ 3.3 0.2} 7 0-2] 5.8 |o-2] &1 jvo-z 0 ofjofo
May 1-15 ] 3.3 50.1 31 | 0-1f{ 8-t [01f 64 3;0-2 1,0fofo0
16-31 E 14 }0-0 16 ' 01| 56 |o-1] 44 io-l v;0jolo
Tune 115 1-6 040 301 f 0-1] 84 {0.2] 5-3:0.2{0.0]0(0
18-30 ( 8.9 0.2] 00 | 03] 91021 43 .0-3]2 0jojo
Taly 1-15 f 9.0 01 141 o-1] 103 (01| 61 o2f2 ofolo
1631 ‘ 10:1 |0-0 401 o-1]10:5 01} 50 0oa1]o ofofo
Ane. 1-15 218 (01 13-4 o218 joefirs oafs ofo]o
16-31 “ 249 i:o-o 13-4 o-1] 2s-0lo1] 151 c0-2h2 -1 ]ojo
Sept. 115 208 | w 0.0 114 0-0 6-5 101 14.5 0-1f0 'o 0olo
G B i o-0] 16-8 :o-o 82 001] 164 jO-l 0o n]olo
Oct. 115 5.5 f 0s1) 159 j 0:2] 621011167 ,0.200 4]0 |0
[T Ji 0-1] 101 : o1} 86 {01} 106 ;0-] o ololo
Nov, 1951 g {0-2 12-1 fo-l svio02l1-9000)1 s5]ofo
1630 2.9 og 66 ‘ 01 5.0 02f 106 02]0 1]0]0
Doe, 1.5 0N [0-2 12:8 L0 501021 13:0 ‘0-1 0 I ojoj|o
165-1 1.4 :0_] 1.3 i 01 56 10201 8.1 :()-] 0:.010(0

—_— - I
Toras | 25 gz | o-s‘l-:;lnza-g | #7-1 |04 2-6'201-2 5:;-:1'244)-9 RG] e K

m . — 30 j _ |').(7) | Jr‘ir;;r.H—VV"i"_;ﬁ().ilﬂl ‘:;4-;,”()-”1 l]()()A(;z | J ‘

* E, i with regard to sign: E, is without regard to sign.
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TABLE 3.—Mean errors E* and E,* for 1933,

KARACHI
MEAN ERRORS Numiber of 4
errors exceedin,
( Predicted — Actual )
S —_ g e S 30 0-9
PERIOD E* E* minutes | feet of
- ? of time | height
L3 . H.W. L, W. H. W. Lw., |
Time Height Time Height | Time Ht, | Time Ht. 3 ‘B u 3
minutes “ Jeet minutes “ Jeet minnfexiﬁ'ei minufeal Jeet :ﬂ i Al= r-‘«
- - ![-.. e — e s . . . 77‘?
+ - Iy + - + - + - i
|
1\ ' i |
Jam 1415 3000 0-2 0-4 0-0] 148 0-2) 6-9l02] 3 0] o o
631 21 ‘ 0-3] 74 0-0 5 0 1a 02l oo b o
[ ‘
Feb, 1-15] 0.1 B 11 [0 1) 163 504y 127 1o2) 2 2] 0
16-28 © 16 ‘ 0-3] 3.6 0:0] 90'0-3011-3]0-2]2 2)o00
|
; : i
Mar. 1-15 o 2T 0-4] 3-4 o217 'oafizo o2l 2 3]ooo
|
H-31) o1 3 o5l 13 o2 valos) 60201 oo o
4 ‘
Aprill-13] 3.5 ‘ 0-3) 106 | 02} 509 oalrez o2lo 2]olo
! | . |
16-30 11 0-21 48 0-1 9 021 sS4 o020 J]0°00
\
|
May 15| 3.7 0] 62 0-2 63 0211w toz) o o2)olo
18-31] o8 “ lo b 5 00 79 o] los] o 2fopo
! I
June 1-15) 23 | }0-_) 61 0.0l 5.5 0-a)10.3 02 o ol
‘ : i
16-30] 5-4 | 07| 59 [o-s] 103 o5 110 03] o o] slo
July 1-15] 2.4 10-0) 08 }o-zl o4 0o oo 2ol
w31 11 Y BN 02 1oz o o] s 2ol o
| o
Ang. 1-15 s 101 62 \ 0-2 11 o1 fizes ozf o 2fopo
i i i
16-11 145 ‘o-z 0-1 lo-o 93 ,0.2] 99 !0 1o oo}t
i ! . .
Sept. 1-15 08 | ’0-:; 0-8 01 sy (o] w00 o] op0
‘ ‘ i ;
16301 21 Yoo ves V] BERIERORY RN O A
| | I
Oct. 1-15 0-4 lo-3] 91 ; 0-0) o]z o-z) e oo
1 j f | |
18-31 02" 0-1] 93 il0.0 62 o1 ] e o] o of 1o
i i 1 %
Nov. 1-15 S T} "04 i ! J0-2) 85 jo-gf o002 It
: | I
16-30 11 |0-3 3.9 i! 0.0 67 fo-al s> 0 2| of o] 0] 0
ﬂ 1 ‘
Dee. 1-15 I 37 |0-6 79 ( 0-3] st ‘n 6l s o] op o] 40
' , 1 " |
16-41 P )0 3 3-8 o-0f 17 toen] Tox0ez) 200 0l o
l } i @ ! [ B
Torany | 212 ‘ 35-8 i; 17-.', 106-6 ‘ 12-6 "l 0 1af2zo1 sgpezo2 SGIS :H'I()t 0
MEans | - 05 |1 - 03 I + 39 h —~00] v2lo3]1009 ‘0-2' | ;

* E iy with regard to <ign: E, is without regard to sign,
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TABLE 4.—Mean ervors B\ * and E,* for 1933,
BHAVNAGAR

MEAN ERRORS e
(Predicted — Actualt) - - - l .”, i
= ot |

193} H.W. L. W, | HoW. L.W. o
Time Height | Time Weight | Time e | Time Rt g | |5 |5
minudtes ‘ Sfrot ——- H seer Nmivatesl geet Lninuten] feet I

l -
+ - + | - + - |+ |- !
Jan 115|504 0-3 17:0 [[0-1 87 |0-6] 203 jo-5] o] 4| 4] 2
16-31 s-:;[ 10-0 3504 ; 0-5] 138 ‘o-r, a8-9 |1-4] of10] 2010
Foh. 115 75 | fo-m 11 {02 85 10:9] 249 fo-6f of 7| 51 3
16-28 [ 15-2 \ { 10-1 30-5 071502 0.3 34-6 1-s] ol 7] ol10
M 1115 7-8 0-6 152 iowj 9.0 {0-6] 2%-0 !0-9 o 7} ol 4
| oo 0-1 278 "o-6] 97 |0-5] 501 il 3] o 8] 1) s
apit 1] 605 0-2! 14-5 | 0-5) 108 To-s] 255 1] of o] 21 6
TN 0-3 153 | 01, s7 07| 205 to-3] o] 5] 4l o
May 1-15] 6.1 01 21.9 10-4] 138 ] EUTNRRY A 3G
6| s | 0-2 08 1[04 13 fo-u 5.8 '1.0] o o] 2| %
Jime 115 11-2 | 0-2 255 o~1|1 17-1 }o-r. a5 0-0f o] 6 o] s
16-301 71 00! 0-911:3 T ‘0-2 o -3l of o oy
Tuly 1051 0.2 02’ 29:9 1.3 118 10251 200 11 o] 6] 1] 9
16311102 02! 1 1 -2 j0-a)10e E1-4. ol o] ol
Aue 115 w02 Loon 203 A RERROEY ECRRERY Oi sl 22
1631 | 103 01 105 [0 102 los e 1) o) 5) o
Sept. 1-15 ] 8.3 00 21:5 |03 g0 o5l eso 1o ol 71w
1600 2.9 0-6 ¥i-3 110 72 o) zos ] o) A4 7
Ot 115 <5 0-1 13 5‘0-1" 101 o] 2s-s o5 of 6] o
1631 51 (I 0.7 224 };1-1 1e-s jo-sf 26 [raf ol 6 308
i

Nov. 115 ] 5.1 E 07 8819 1609151 {1:9 1|3 al 6
16-30 x.gi 07 925 | 0-9 137 |0-8] 227 1.0 o] 5 4 7
Dee, 195 | 135 ) [0-5 0-0 ] 1-6 13- [o-s] v jrs] o] of vian
1631 9.1’ :0.9 92.6 ‘ 0-6 13-4 [1-0f 289 [1-0] Of & 7} ]
Torars 2078 ”'"0 "soof o0 a7 ”1:¢~2 306 277'0]1.1.-21555-0\27 o1 !12;'1;1 181

| Meass ] 4w » », + 0.2 | ST J Cvo s }(;t; EB j] 2 ] }

* K, is with regard to sign: E, is without regard to sign.
t Actual valnes are tide-pole readings during daylight only.

Notg - |

he mean range of the greatest ordinary spring-tides for this port is more than 31 feet.
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TABLE 5.—Mean errors E* and E,* for 1933,

BOMBAY (APOLLO BANDAR)

(1934,

MEAN ERRORS erll\'lc::;‘]: Eilc‘:etdin
( Predicted — Actual)

- 30 140

e
s o ew, LW H W, I nw |V
Time Height Time Height | Time Ht._’l‘lme Ht. |2 i2|B|2

 inaten :\‘ et “:m_.,:;.._T——pr miuum} Jeet lminum Seet d‘ld LR

+ - oo + ‘l !i + | - | ‘l [

Jan, 1-15 9 01 ( 18-1 ﬂ 02| 11:1 o3| 11 i02] 1o 3f ol 0
131 2.9 m.oJ %2 o 63 (0-2f 10-6 ,jo-r; o 1{o0fo0
Fobh, 1-15 9.0 | 1io-l ‘ 141 0-1§12-3 ‘Io-z 172 02| 2 3] o] o
16-28 1.9 m»o } 34 h oo s !0-2 58 !0-3 0 0jo00

! i |

Mar. 1-15 N ! 0.2 51 L 0-2] 114 20-3 11:4 j0-3] 0 0] 0} 0
16-31 50 I 04 102 .“ io 2| 10-3 to-5] 106 03 0 ojojo
\prit 1-15 6en l 005 07 ‘” 0-4f 122 0.5 125 fo-4. 1120
16-301 3-8 | ‘ Eo':; i l 021 77 3‘0-4. 89 10~3 1/ 0} 0|0
May 1-15 St 10-2 10-2 0-3f12.7 03 1.';-:,\]0-4. ol o] o 1
16-21 7.0 | lo.n -2 | o-af12.6 0-4] 138 lo-] 2] 1) 0} 6
June 1415 72 1‘ fo.0 13 " ;'[()-11 8.9 io-:x 55 04] 17 0] 00
16120 60 i‘ 07 1t f in-‘: 7.0 log| 77 orf ol of 103
July 1415 e n)' 5 ‘owl’ 19.0 l0-5] 102 0-2] of of 2] 0
16-2 VST 0.1 70 i10-3 1::-.\;%0-4. 131 oz} 2 3pof0
Ane, 1415 e 02| oo £O~| 127, 0-af 14e 0d) 2 3) O}
[TEI N I | 0.0 .",-Hi )0-3 9 ;;0-4. 9.1 03] 2 100
Sopt1-15 Bt 02 | s ?0-:} 13-0 [0-3| 101 on) 270 011
16-10 bt 0-0 150 1 o5l 101 0.3} 111 Jos] o 0] o
Pt 1-148 (HE) 0.2 0.8 Loz} ez :0-:1 10-1j0ap 1Y 0) !
15-31 1-u 0.2 0-1 !0,5 .0 10.1_ (-9 E().r, 1 ofols
Nowvo 1-145 78 0. he2 io-:z 9.4 10‘5 a-1 0.3 1! 0 01; 0
B, a 01 Lo a-11 104 ’o-:z 100 ot 0% 0
Do, 1415 209 I’ 0 \ -2 ' 0-5) 115 [0-6f 96 0 P2 ”i '
- o - | 125 ' ool s )0.3 137 ln-z voafopn
Torans | «r ke o2 52l w67 e toez veaf2ssea s;-1|263-7w-¢;|32]20 5] 28
Mins Ii o o | —sw -0 I m-é'\o-.yl 10 01 i_l

* E, i3 with regard to sign: By is without regard to sign.
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TABLE 6.—Mvean crrors I0* und Ey* for 1953.

COLOMBO

] Number of
MEAN ERRORS errors exceeding

(Predicted — Actual) T

30 0-3
minutes] feel of

vERIOD Ez € of time | iicight
R I L.W. 1 ouw, L. W. 1
Time Height Time Height, Time  Ht. Timci Ht = ;; = ;;
minates || Seot i nutes ‘1 feet  |minates! feet | minute free | = | S A
+ - + | - + - + ‘ -
b, 115] 20-3 0-2| 180 t0-1] 22-3 |02 191 fo-1| 4} 5] 4] 0
16:31) 20-6 | 0-2] 16:0 o1 206 02| 206 |01] 3, 6] 3| 1
Feb. 115 8.5 ! 0-1{ 13-0 ;0-0 15-9 [0-1] 16-5 |o-1] 1| 4] 1] o
16-28 | 1645 0-2] 13-6 0-1f 19-3 |0-2] 16-0 [o-1] 3] 1] 2| 0
Mar. 1-15 | 192 0-2] 155 l 010 193 |o-2f 157 |o-1] 6] 4] 3| 0
16-3L | 17-2 0-3] 151 ; 0-1] 22-9 {0-3] 191 |o-1] 6| 3] 8| 0
April1-15 ] 13-0 ‘ 0-2{ 20-1 ’ o-t| 184 |o-z| 211 0| 8] 7| 6l 0
16-30] 9.7 i 0.0 44 01 201 |0-1] 16:0 |02 4 3] 0 0
May 1-15) 146 o1] 19 I 0-0f 1.3 lo-2] 1e-sot] 3l 8] 3 1
1631) 52 o1} 63 0-1] 205 |0-2] 13-4 [0e2] 9] 3] & 3
June 1-15]| -8 01 05 00173 02| 150 01| 5 2} 3 2
16-30 0-3 0-3] 03 o-z| 175 [0-3] ws o2l 5] 1|13 2
July 1-15] 6-8 0-1] 2 0-1 i loe1] 12 |o1] 6] 1] o 2
1631] 1.5 0-2| &8 0-0| 13-4 [o-2] 117 |o-1] 7} 1] 5 0
Aug. 1-15] 231 0-3] 19-6 0-0f 30-4 |0-3] 23-3 |0.2] s 7J11. 0
18-31] 7.7 0-4] 241 0-2] 18:2 [0e41 257 |0:2] 3| 9]19 &
Sept. 1-16 ] 13-4 0-2] 110 0-0] 137 (0-2) 14801 5 4] T O
16-30] 11.8 0-1] 148 01 12-4 [0-1] 15-3 |01 3| 51 0 ©
Ot 1-15] 5.0 o2V 112 0.0} 15-2:0-2] 149 (0-1] 5| 2 hj 0
16311 10- 6 o-1] w0 0-1 15-0 0-1f 136 jotf s 2] 110
Nov. 115] 129 , 0-1] 063 0-2 20-3;0-4 18:8 [0-2] 6 o mi 5
16-30 2.2 ‘ 03] 10-9 0-2 13-:;‘;0-3 15:7 |02 21 2} 9 5
Dee, 1415 ] 1607 J o-31 1.3 oozl 208 0-nf 125 [o-z| 8] a]sl s
1631 5.8 | 03] 169 o-2] 12.0 03] 255 [o-2) 2lz] 9| 5
— |
Torans  Jopu. 1 i 0-3 ﬂ ‘!.1.-5; z:,:w“ 0501 l-.Qlel-H B fan-0 ':LH 1|0|snv ut‘ 36

MeAns |,
e

+11-2 H —0-2 +10-6 \] ~01 IH-4~IO-2|16-H’0-1 | J

b 3 N . . - . v 3
Iy is with rogand to sign: IB; is without regard to sign.

NOTE:—"I'he meun range of the greatest ordinary spring-Lides for this porl is 22 feet,
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TABLE 7.—Mean errors % and B.*% for 35
1 2, D,

(1934,

TRINCOMALEE
MEAN ERRORS Nuwber of
) errors exceeding
(Predicted — Actual) ’ -
e - — 30 0-2
IERIOD E,» E,* miuntes | fee! of
s o - o 2 L of time | Leight
H W L. W. I w. L. W. |
Time lrlgifht Time _ Height Time  Ht. Ti",'ﬁgljtv' ¥ ¥ -_;I;
minnfes ” freel winules i Seel nu'uufe.vijbet minules| feet T mi"’
_ s - . S
+ - o+ - + - + | -
|
Jan. 1-15 ) 26-6 ! 0-5] 35-2 (0-11 286 [0-5] 385 |0-3]12]13]27 |12
| ! i
16-31 ] 3424 N R 04| 8k305]357 |0-4]15[12)23]25
|
Feb, 1-15) 276 i 0-6] 267 02 39-0E0-6 33-7 |o-2] 4] 10]20] 9
L 0-7] 169 0-3] 25-0 0-7| 338 03] 5]16]25|14
! |
Mar, 115 ) 37-7 | 0-5} 173 0-5] 380 '0-5] 32810 5]5[13]2824
i i
L6-31 lH-hJ 0-6] 265 0-4] 812 ,0:6] 821 [0-1] 13| LE[31]28
April 115 | 60 : 0-+] 10-0 0-3] i8-9 104 40-0 {0-3]15]10]19/19
! |
16-30 33-9[ i 0-+] 158 0-2( 328 |0-4] 288 [0-2]13(12]22{ 14
i |
| :
May 1-15] 10| 0-5| 20-6 0-4] 21-9 '0-5| 369 |0-+] +]13]23]22
{
630 375 | 0-5] 196 0 4] 377 o0-5] 252 |0-4)19]10]25|21
| : e -
June 15 ] 2501 | 0-3] 358 011 28-4 '0-3135-8|0-1}15]19]23} 5
‘ 1 : .
16301 233 | | 0-3] R-Y 0-2] 293 03] 257 {0-2]13| 9fl4] ¥
‘ ;
July 1-15) 1-1 ! o2 l 0-1] 23-0 -0-2] 34-7 |0-2] t]18]12] ¥
‘ { ) |
watl 2rs P | o2 59~z‘|o-z 187 [0-2]2rlaf1s) 7
: H |
' | i i -1y-
Aug. 1-15 136 || '0-5 81| 0-4]29.0 03] 359 |0-4]|10]15]25|18
§ i
I [ i v D
1631 T [ 107 141 03] 21-0 |0-7| 25.7 |0-3) T 1129 1
? i ! 5
Sept. 1-15 | 11-8 & ogl ey f 0-3) 412 (0.4 361 ' 0-3)21]18]18 15
) 1 ! I . |
16-30 13 s 17-6 | 0-0| 41-0 i0-5] 341 -0-3]14| 9221
o | ; ‘ ;
Oct, 1415 | 3506 j lo-5] 2505 0-3| 461 05| 123 [0-1]15] 15120117
RN BT bolows) st L o4 35-1 0.6 410 jo-5] 8|32
N RN
Nov, 1-15] 62-1 : 1-0] 191 0-6] 622 1-0]533-1|06]13]13 nwill
! i N
16-300 11-5 ‘ 061175 i 0-3[ 521 0-6] 569 (011617 1"}“
i . |
Dec 1215 ] 317 0] 228 i 05| 126 0-6] 346 [0-5]15| L1 |28]2
! N [ - . s
IK-21 ] K5 ; 10" Bheb 10-0 #.0.0-3] 430 fo 17|86 ] 0
:‘ | “ i - on 15300368
Torws. 5002 0353 LUNpBR0-5 | 4TS \;o-oiﬁ-g MO - 6 |11-9‘HRH-'* |79 “Q"'“I”'m “‘,
MeEaxs ... + 210 - 05 , + 201 “ —-0-3 |37-2 )0-5' 36-9 ‘0-3 \ I_L

* B, i« with regard to sign: E, is without regard to sign.
Nore. —The mean range of the greatest ordinary spring-tides

for this port is

2 feet.
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TABLE 8.—Mean ervors E* and E,* for 1933.
MADRAS
MEAN ERRORS errorsexcecding
( Predicted — Actnal) 1
30 0-4
e e il ko
1933 H. W, L. W. W, L. W, o
Time Height Time Height | Time Ht. [ Time Ht. |p = B' 2
minutes ” feet minutes ” feet | minutes| feet n:ia;urnlfm . -
R et _ g o
4 — + + — ! + ' =
Jan, 1-15 0-3 0-0] 07 0-0} 5.0]0-1] 61 ]0-1] 0] 0] 0 0O
16-31) 42 o-4] 15 0-3] 64 (0-4] 5-6]0-3] o] o|12| &
Febh. 1-15 | 1-3 0-3] 00 10-3 701031 54031 0] O] 9| 5
16-28] 50 0-6] 4-4 0-5] 5:7|0:6] 4-9(0-5] 0 0]J21(14
Mar. 1-15] 9.2 [ o5 7-2 0:51 9:9(0:5] 9:8(0-5] 0| 0]J20(1&
16-31) 3:0 i 0-6] 33 0:53 4:810-6f 51,0-5] o O0J25(21
April1-15] 9.7 0-4] 7-8 0-3110-3 [0-4 9-1]0:3] 0| O] 6] 4
16-30] 5.4 0-3] 51 0-2] 69 03] 8-2/02} 0|l o0]1]|o
May 1-15]1 3.0 ! 0-3] 3-3 0-1 4-70:3] 5-5]0-2] 0] 0] 2] 0
1831] 6.6 0-6} -0 o4 7% }0-6 7:0|0-4] 0] O]27|14
June 1151 4.5 0-3} 3.2 0-3] 64 30-3 56 (0-3] 0] O]J10( 8
1630 4.9 ool 51 oz 65 04| 55 oz2f o of 7| 5
Iy 115 7.9 03| 7.2 | 0-2] 80 }o-:s 7402 o) o) 5| 1
631|110 | 02| 100 01115 to-2| 1009 [or] 2] 2] 1] o
A 1151 5.0 : 0-5) 57 0-3] 63 !.0'5 7-010:3]1 07 O}17| 9
N o5l 1.2 03] 45 ‘0-5 17 (03] of of21] 5
Sept.1-15 - R ‘ o
16-30
Oct, 1-15
16-31
Nov, 1.15 Ohservatary closed from 1st September 1933,
16-30
Dec. .15
16-21
Torang 7971 16 : :‘;.2 718 ! ! £4..5 1116 6-3 107~H’1r-7 2’ 2h18+1108
ET e __jl—; or ]l 51 [ —oal] xo 1.0-744. o ’;}b-:z ‘ }
* E is with regard to gign : E, is without regard to s-ign.



TABLE 9.—Mean errors E* and E* for 1933

GEODETIC REPORT

(cHANDBALI)

(1934,

MEAN ERRORS

Number of
errora exceedin,

(Predicted — Actualt) Ty
30 10
rERIOD £ E of time | ahe
1ER H W L. W H.W. w, | 71
Time Height Time Height [ Time Ht. | Time Hit. zlele|e
N minnbes ‘l' Seet minutes “ Feet  |minutes| seet minutes fm g A
T - ‘ V : T irii; D B ””Mi_Tt N ‘ { V
+ - o+l 4+ - + - | \ i ‘
Jan. 115 | ) T
16-31
Feb. 1-15
1828 Aetnal values are only available from the 1st April 1933,
Mar, 1-15 '
16-31 _ — - — , e R
Aprill-15 28-1 0-2 295 0.5 3-8 0-7) 51-0 005 6 12 1; 1
16-30 -1 0-1 b 05 26-1 0-3{ 3t 0-5) 5 10 0; 0
Mav 1-15 19-0 05 26-3 0.1 190 0-6)30-7 04} 1 7| 2.0
15-31 182 0-6 255 01 18:2 0-6] 2651 io-:; 0 s 0
Tane 1-13 Bt 11 10-0 01 12:5 11 160 o) 1 1] e
1830 55 0-4 . 20-7 | 0-4] 9-910-8] 212 ;0.4. 0 ! 2 2
Inly 115 ) 1241 0.7 269 01 20-7 0-7] 270 omf 31 sf 0 0
16-31 | 262 0-8 20-9 Y EURRCE ERNE R IR 15
Aug. 15 | 22w T B Sl EXRE] EXEER i
1wl 53 0-7 536 0.6 240 0.7] 558 30'7 5!13 Z ’
Sept. 1-15 1 1245 0-3 a2 0-2019-5 0-5] 39-9 ;“"" e 0; ]
1520 ) 10-0 | 0-0 L 337 1.1} 132 To-n] 407 ]] 210 ", ‘
oct. 15| 25 07 401 0.4 w7 o g ok 30 b
5.2 21 0-2 12.5 g-6] 15-3 0.3 42-5;‘0-9 R U
Now. 115 1.5 0.3 0.9 0.6 -8 oot a0 0urf o Tpo
1630 231 03 Y6 0.3 23-3 0.5) 266 0-af 304 OI\ ’
Dec. 1-15 17-1 0-2 277 0:3 TR ] ETTR IR IR
14-21 168 05 254 001 20-5 0-5| 246 0] 3 6 A0
L 7 J 1
Tomans Inﬂ.n wra 2.0(72] 2.7 s1900 Leojaes oo yaporeo 16052 18] 42
Mpavna I -39 —o-ﬂ —28:7 1 —0-3 ]} 20-0 ‘()-h‘l HERM 1‘)'9 E——
1

* E, ia with regard ta sign: E, ia without regard to sign.

t Actunl valnes are tide-pole readings during daylight only.
Nots:—Fredictions were not published in the 1933 Tide-Tables.

in 1934.

They

have heen inclnded
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TABLE 10.—Mean errors E\* and E,* for 1933.
DUBLAT
MEAN ERKORS fn.g;;mci’g;;:ﬁ"g
( Predicted — Actual ) »
. [ D I 30 1'0
PERIOD E" E;* l,'}"t','i.',‘é’ ce‘ntrl?:
1933 LW, T nw. T T, ww., 10
Time Height Time 1leight Time Ht. Tl:lf Ht.le el | &
minutes ” Sect minules ” Jfeet minttes 7[;; minutes | feat iﬂ . —= '-’_
i i
TR T
Jan. 1-15 ‘ ‘
16-31
Feb, 1-15
The tide-zauge was started from the 1st April 1933.
16-28
Mar, 1-15
w3t | e
Aprill-15 6 I‘ 01 | 12:2 llo-1 14-2 [0-5] 190 ] 03] 2| 2] 01 0
16-30 53 “ 0-3 16-0 |lo-1 77 10-3] 163 04| o] 3} 0, O
May 1-15 79 0-1 26-9 0-1| 97 [0-2] 2691 03] 1) 7] 0} 0
. 1.3 x] 06 9.2 0-3] s-z|0-8] 150 03] 0 2]12| 0
hoe -] 7y } 0-4 9.2 06| 111 0-4 110 ' o6 1) 1) 0} 5
16-30) 11-9 T 0-2] 25| 0-1]18-310:3| 136 ) o7 ¢y o 0 3
July 1-15 84 1@1]0-1 1304 | 0-6} 96 lo-;; 187 0 0| 4 1‘ 2
16-31] 163 |! JO'H 104 1 | 0-3] 17-2 iO-ﬁ 137 07 4 2 6 7
tug 115|601 ol s ios] 00 o8| 12w } vof 1] zf @12
16-31 85 0-0 149 {01 11-2 03| 153 } o1] o] 3 0; 0
Sept. 115 bt 10_8 s : 0-7| 135 0-8[ 176 | osl 2! 1 1251:
16-30 o7 los 9.7 \ lo-3] a8 lo-s| 125 os| of 2f 7l
Oct, 1-15 9.8 i 01 5.6 ! %O-l 187 i0~5 2001 1' 03] 3] 3 IE o
W) yra | ‘30"' { 0.2 \ 0-8) 254 |0-4] 802 L ol 1‘ 6
Nov. 115 183 ‘ !n.z \ 18- 1 ;j 0-0 189 |0-3] 203 ozl k[ Hfo 0
1630 243 : 20-1 208 ‘ 04| 2a-3 lo-al 20w oa] 718 "i !
Dec. 1-15 17 : '0-2 201 1 o-0f 174 j0-2] 0% 0| o zf o]0
1631 120 "00 87 0-3] 124 LL()-I- 187 ‘l ouf oy 2f o0
Tovsus | 121 taper 01 6| 182 2870 H”‘;*]'r"ﬁlu 70 .s-zl :mz-nl oz |06z 52 |52
Meaws |~ 63 | - 03 122 "( — 03 ' 13 0:5) 184 |1 s \ ‘

* I3 is with regard to sign: B, is without regard to sign.
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TABLE 11.—Mean errors B ¥ and E ¥ for 1933.

KIDDERPORE { CALCUTTA )

(1934,

MEAN ERRORS
( Predicted — Actual)

Number of
errors exceeding

rextonp | T El: Er ".,-:,’,t..',t,s f,ﬁé(:,[
_ o ) = of time | hieight
193 HoW, — W | now,

Timc Height Time Height § Time Ht. | Time Ht. el ‘5 ‘;
winntes  fert )lti;;lzcwd“_ eet | mimutes] feot |minuted] geee | B | || S

+ - “ + | - + ! -+ - \
Jan. 1-15 by E‘o-z 1 01 11:0 |0-3] 11-1 jo-6] 1 0 1[ 5
16-31 s i 03 i13-0 io-s 118 [0-4| 144 |0-4} O] 2 1’ 3
Feb, 1-15 :;-:c}; " oon] 13ee :io-z# 11-2 [0-4] 163 [0-1] 2| 5 3‘ 2
15-es] 18 ; :; 0-4 J 0-2 ] }0-1 5:9,05] T4 04 0f 1 20
Mar, 115 | 21 h o6fsa | ot fron &O-H ta-o 04 2/ 4f 5| 0
16-31 Y 0-1 360z 9.7 10-6] sz (04| 0| o] 3]0
April 1-15 11 03] 5T 0-4; 12-9 |0-6] 17-6 10:6] 3} 5] 4] 3
16-30 l 33100 | 0-8 0-3\ 10-2 {0-3] 11-4 io-/t 0| 0] 0|0
May 1-15 ozt flonl] X ] 08 11-3 [0-3] 140 o8] of 3} o] &
15-31 15 [0-2 7-9{ Y01 12:5 |0-6] 155 L0'3 1| ¢] 6| 0
June 1-15 }-Si :; 0-7 i 3.3 0-0] 7-9|0-7]10-1 ;0'3 0| 0] 5|0
16-30 23 ',i 0-7] v 0-2] s.0lo7]12:1 08] o) 1} 59
July 1-15] -1 \ . 16 i 76 0-8] 9616129 io-s 0| 1]21|10
11 | 12| ‘ 22| 170 0-s] 13.3 |22} 181 1.0] 3| 6]30] 8
Aug. 1-15 x-li ‘ 12| 78 0-4| 10-6 |1-2] 14.2 0.5 1] B{14] 3
15-31 1-7 ‘ 1-0 63 0-7] 7-1(1-0] 15-8 07| of +|ue] 3
Sept.1-15 | 128 \ 18] 91 1-3] 15-1 | 1-6) 23-8 {1-3 3| T
1630 | 12:0 | 1 1-5] 18 0-9) 12.8 |1:5] 97 i0-9 0, 0f23{13
Oct. 1-15 zo--')% ] 1!1-3 18 i 1-0] 21-3 ;1-3] 21-7 jl-O 8| T|9|1
a1 | o ;il-l o TS A R
Nov. 115 | 112 1-0] 118 perf s [1of e 1] 3003 9215
w30] 301 0.6 b7 0-4f 9-t{07] sofosp 1} 0 M !
Dee. 1-15 30 k] 2o o-tl 116 (0-6] 10-1]05] 20 0 -': 0
IB-311 25 0] 1k o] o3 loalass |0a) 0] 0,0

‘
Torars . U7 315 0-RIsolls- L 178 %"z-alsu~:c 2726 z0~2|iml~f' """ZH””\_"’f 31—33‘41'«2
Meas + 35 o5 | +ao0 “ P 0.8 14:0]0-6 ; L

13 i9 with regard to sign: E, is without regard to sign.
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TABLE 12.—Mean ervors E* and E,* for 1933.
CHITTAGONG
S— T
( Predicted — Actualt) T

o I .
o |7 i
1933 H. W. L. W. H. W. LW, B
Time Height Time Height { Time Ht. | Time Ht. = ;’; £ | :;
minufes ” fect minutes H foul, m;lrulre;lir}eef winutes| foet A =

+ | - + =1 + S (A

Jan, 115 18 ! ool 1.4 04 61 10-3 4705 o/ o] of o
16-31] 26! 0-2 1-8 .0-3 5-3 io 4] 53(04] 0| 0] 0| O
Feb, 1-15 L 03 0-1] 1-3 0-2 7-0 io 1] 5-5|0-3] 0| 0] 0| O
e2n| 1w 0-1] 0-3 0-0 5505 4803l ol o] 1|0
Mar. 1-15| 1-3 0.2 07 03 39 ;0-3 5-1|0-4] 0] o] o] o
16-31 | 1-0]05 1-8 03 63 07| 45]04] 0] o] ¢ 0
Aprill-1s ) 11 0-3 2:5 0.4 5:9:08] +1]|04] 0| O] 5] 2
1630 1.1 07 05 | 03 5.3 (0-9] 68 02| o] o] 6] 2
May 1-15] 3-0 | 10 5-9 fo~3 81 1-0] 6:3j0-3] 0ol 0] 6] 1
1631 5.2 0-1] 33 'o-1 t-40-4] 5-8|0-3] 0| 0] O] O
June 1-15 | 8.7 05 502 '0-3 87 05| 65(04) 0| of 1|0
1630| 1-8 0-3 0.9 [ 08 7.7 0.4 7-1|0:8] of o] 0| 5
July 1-15] 6.4 | 0-4 3.9 03 6.5 0-8| 6.6(0-4] 0y o] 4] 0
1631 0.7 01 2.6 0-8 1.8 0-3| 43]08] 0| of O 5
dug. 115 17 00| 33 06 47 05 77(06) 0| Of 1|3
16-31] o9 01 1-0 | 0-1 6-1 0-4] 9-0(0-4] ol 1] of 0
Sept. 1-15| 0-2 0-7 23 0-2] 3-5:07] 6-7]0-4] 0| 0] 3|0
16-30 82 0-4 7-0 0-1] 14-2 o0-6] 83 |0-4] 1| 0} 3] 2
Oct. 1-15 17 0.2 1:5 01 65 0-5] 351021 0/ 0] 3|0
16-311 1-9 0.0 41 0-1 53 0-2] 7-0!0.21 0] 0] O O
Nov, .1-1.3 29 0-01 3.7 0:2 3.3 0-2] 4-8(0-2] 0] O] O] O
16-30| 6.4 0.11 fen | 0-1] 65 04] 5-3j01] 0] o] 1] 0
Dec. 1-15] 1.8 05| 2% ;0 2 -9 03] w102l 0lof] o0
1631 a5 jo.z 63 i o2 7.1 03] 63 0-2] 0] 0] O O
Toaus | 5741 142 [[ IER 5t 1302 !H-l |0-6] 1105 12-0f 140-1 l”'o URE |20

M&M 7+—1“a*ﬁ“+"o—| s )i r02| 62]05] 53 |0-4-| ] ’

* B, is with regard to sign: L, is without regard t9 sign.
t Actual values are tide-pole readings during daylight only.

ey et
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TABLE 13.—Mean errovs E* and E* for 1933.

AKYABR

(1984,

MEAN ERRORS

Number of
errors exceeding
T ecteding

( Predicted — Actual )

_ e 30 08

I'KRIOD £ E.e minutes | feet of
e - . . of time | height

e Time HW. Height | Time L. W. Height T-H'w' e W : |

we o Height B Time Ht. | Time Ht. | & | ¢ By

minutes Ject minufes H feet | minutes| feot fminutes | feer A :h‘;q

+ [ e + - + | - ! t

Jan, 1-15 1--9! j;o-z 5.1 0-3 49021 5:1{03[ 0] 0] 00
15-31 L-H‘ | o1} 8 0:0 4.6 [0-1| 4-8|0-3] 0] o] 0] 0
Feb, 1-15] +5 o] w7 0-2] 45|04 4-710-2] O of 3| 2
16-28 .',-zj i] o-1] +5 03] 5-2j0-2] +5]03] 0] 0]o0f1
Mar, 1-15] 51| : 0:0] -5 0-2] 5-110-2] 45 |0-4| 0| of O 3
16-31 L"; “.' 01 19 0-1 Aot JO-1) 49102 0] 0 OO
stttz | o7 Joez| 4 b Jo] 7o) a3 loz| of of 1] 0
30| 53 ! 0-2] 51 o-o]l 5-3|0-3] 5.1]03]0]0]0!
May 1-15] t4 ! : o-1| &4 0-2 bt 02| w6 loz| of o] o] o
1631 4 l 0-3] -9 0-0 1y ‘O-h‘ 1-950-2 0, 0150
June 115 ] 47 i 03] 5.2 0-5] +70-3] 5-2,0.6] 0] 0] 0|3
16-40) 6 00 L8 0-3 46 (03] +-8 0-4] 0| 0f O} 2
July 115 #-8 ] =O-Ji L3 0:0 18 70-3] 43 ‘go-z 0| o] ojo
warl e 01 17 02| bwioaf 47 04[ 0] 002
Aug. 115} &5 Lozl ks ) 0-71 +5 !0'3 -8 ,;0'7 0 0] 013
1531 ',-:53 lo-1] 5.2 0-1 5301 5.210-4 o o]olo
Sept. 1-15] t-1 0-4 L-Hi 0-1 41 |04] 46 ;0'3 0. 0] 20
16-30] 10 T 10 .)3\‘ 0-5] t-alos| 53 {0'7 0. of 3"
Oct. 150 51! g jo-o 14 0-0f 5-1(0-1} 4 v lo1f o o oo
TETY I foa 5| 0-0] +6 02| 56 10'1 o ofof®
Nov. 5] 63 ‘ OERY T } o-2] +xloa) 53 0s]o of 01
CETE BERUS : -3 13 ! 0-21 19 |0"l' -3 ;0'2 o of 1/ ®
e, 1-1n] 50 0.5l 5.0 ) a-z2] & oio.', 5:0 103000 2|2
LT I [o-1} 51 101 50 i°'~’ 5.1 0-tf 0 0p0 ’
i ‘ ‘ —
Torsis |ineT| SN MY RECIRE] IR AL A “f',,'-’,?_wil 0.0 1710
MEaNs ' W+ Lrv,'-« - (r;lr ‘ +ﬁ;q ‘ 11:‘017| |u 0-3] +9 1"'1*| E R

* E, id with regard to gign:

E; is without regard to sign.

t Actual values are tide-pole readingy during daylight only.
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TABLE 14.—Mean ervors E* and E* for 1933,
RANGOON

MEAN ERRORS el%:;ng(ecregéing
(Predicted — Actual) —

a0 1:0
PERIOD E Ex ot time | Tetene
" Time Height | Time W Heigl e i ime ] el .
Time e * ne o ,,,g,l,t, Time Ht. | Time Ht. & ’ 2lE g
minutes l‘ Soel minutes I foet minu!m!fnt minutes| feet | I S EE

+ - ‘ + | - + = + | -
Jan, 1-15] 29 ‘%0-:; G-7 ! 0-6 84 (0-5]116:3 |06} 0| 2| 1| 5
w31 59 0.3 2.5 |02 7.910-4] 132 [0-5] o] o} 1] 0
Feb, 1-15f 9+6 ! 0-1] 12.0 0-1 12-2 |0-4] 161 |0-5] 3] 4] o] 2
16-28 13| oo a3 0-0] 5-1]0-4] 9-2]03] o] o] of 0
Mar. 1-15] %7-8 | 0-0| &9 lo-1] 13-7 |0-3] 12:9 j0-4| 5| 3] o] 2
1631 4.3 101 0-8 0.2 9.3 [0-4] 88]0-4] 1| 1] 0] 1
April 1-15] 7.0 o2 2-65 0.1 147 |0-4) 12:8 |0-5) 2| 2] 1| 3
16-30] 1.0 01 0-7: 0-4 %2 lo-3110-3 |0.5] 1| 2] o] 3
May 15| w7 | [0-4 0.9 : 01 109 |0-4f 127 lo-6) 0| 3] of 5
wal 56 \ 04l 5.8 0-3] 10-8 |1-0] 156 [0-6| o] 4} 7
Tame 115 14-5 | 0-4 I a3 0-8]15-9 (0.4 10-2 j0-8] 0| 0] 1 9
16-30] 8.0 0-2 H-ﬂj 0-0] s9loal1139'or]o| 2o s
Ty 1150106 0-2 5 0o-2] 121 103125 04y 1 0] 0 2
war] 1w | ;\ 0-1] 115 0-0] 11-4 [0-4] 13-9 ;0-4 ol sl 2 3
Ang, 145 1341 o-2| 25 07155 [05] 1447 10-7 o] 2] 2 «
16-31 43 50.4 0-6 11 84 05| 86 }1-1 of o] a"17
Sept, 1.15 35 ‘().] 9.4 0-3 13-0 |04} 16-8 ‘()-11 361 0
1830 71 o-0f 1.2 [ 01 121 |04] 77 o8|l o] o] 2 o5
Oct, 115) 8.0 0-2 12.5 7'0-9 -z lo-al 164 o0a] 2| 7| oy
145-1 0-4 0.3 15 |07 6-9 [0-4] 53 0%l 1] 00| 7
Nov, 1.15] 11-92 0.2 11 08 1220 jo-5] 133 o8] o] 5] o] @
1630 2.0 01 12 oo 6.2 o-nl 110 0.6] 0| o] o] 2
Dee, 195 7.4 01 81 0.7 77103142 o] of o] 0f 6
1831 z-:!; 02 141 0-1 58 04]14:-1 05] o] 5] ol 3
! i

ijs 19-z o ’:x-n t-4hot0 \ 2002 7-0!2-2'2503 10-1299 5 14-2'19 5121l

Meaxs A +60  coa | +as “ ro2 |10 ‘0-4. 12:5 |08 J | ’

" E iz with regard to sign: B, is without regard to sign,



CuAaPTER VI
THE INTERNATIONAL LONGITUDE PROJECT
py Caprain GG. BoMmFORD, R.E.

60. Summary.—The Dehra Din observatory took part in the
International Longitude Project of October and November 1933,
with four observers taking turns on three different types of transit
telescope.  The results from all observatories taking part are
being collected and reduced by the Bureau International de ’heure
at Paris, but a provisional value for the longitude of Dehra Diin has
been obtained using the Bulletin Horaire “temps definitive” for the
times of emission of the wireless signals. The result, which is
unlikely to differ by more than 0°-01 or 0°-02 from the final
value, is 5" 12™ 11%- 78 + 0*-03.

The high probable error results from the use of three different
instruments.  On each instrument the four ohservers agreed
with each other well, but the three instruments show systematic
differences.

This value of 11°-78 agrees fairly well with 11°-75% obtained
in 1926, and very well with 11°-77, the electro-telegraphic value
of 1894-96. Tt is probably nearer the truth than its probable
error suggests,

61. Equipment.—The three transit telescopes are:—

(«) The motor transit. A reversible instrument of
Sis—inch aperture and 3G-inch focal length, made by Troughton
& Simms in 1894, It has previously heen known as the North
Transit. Tt has a self-registering moving wire micrometer,
which has recently been fitted with an electric drive  (see
Geodetic Report 1933, page 43 and Plate XVT).

(h) The shutter transit.  Tdentical with the motor
transit, except that instead of the moving wire_ micrometer
and electric drive it is fitted with Dr. de Graaff Hunter’s new
moving shutter, which is briefly described in Geodetic Report
Vol. VIII, page 7.

() The bent transit. A reversible instrument of 21_inch
aperture and 20-inch focal length. made by Tmught(;m &
Simms in 1907, Tt has previously been known as the South
Transit. Tt has a hand-driven moving wire micrometer.

* Given as 1179 in Geodetic Report Vol TIF. but reduced to 1175 in
CGeadetic Report 1933 after re-reading the chronograph sheets,

104
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Of the above, («) and (b) were used (with fixed wires) for
the electro-telegraphic longitude of 1894-9G, and (¢) and (a)
(without electric drive) were used in the international project of
1926. On all three occasions these transits were set up on the
same meridian within 150 feet of each other.

The wireless receiver used was a Marconi R. P. 11 with an
80-foot vertical aerial, but without the phasing unit. Automatic
registration was not employed.

The observatory clock is Shortt No. 34, with Riefler No. 450
as second clock. Both work at a controlled temperature of 80°F.

62, Programme,—The four observers were Mr. B. L. Gulatee,
M.4., Mr. R. B. Mathur, s.a., Mr. H. C. Banerjea, 8.a., and Computer
J. B. Mathur. Except for Sundays and four wet nights, two of
the three instruments were in use each night from 2nd October to
25th November *.

The nightly programme of ecach instrument consisted of ten
time stars within 10° of the zenith and two azimuth stars, and
observations generally extended from 7 to 10 pm. All stars were
observed in both positions of the instrument, and the bubble was
read before and after each star. Observations for the lost motion
of the screw were made, but were inconsistent and have bheen
ignored. It was in any case too small to explain the difference
between the bent trausit and the other two. No special observa-
tions were made for irregularity of the circular pivots (transit axis
bearings), but in addition to computing the longitude with all the
stars observed, it has been computed using time stars within 3° of
the zenith only. Such stars are comparatively free from pivot
error, and the agreement between the two solutions (see para 63)
shows that no serious pivot error was present.

No special observations for personal equation were made. It
was hoped that the twelve different combinations ot observer and
instrument would thoroughly eliminate it.

On the average, eight of the ten time stars were taken from
the list circulated in the Bulletin Geodesique No. 88, of which one
was generally from the equatorial list. In the case of the equatorial
stars the 10° limit of zenith distance was increased to 15°.

The following five wireless signals were received daily, except
on Sundays :

Bordeaux 8:01 G.M.T.

Rughy  9:556

Saigon 11:00 (from 9th Oct.)
Rugby 17:55 ,,

Saigon 19:00

The method of reception was the “extinction method™, which
8 considered to he more free from systematic error than automatic
registration.  Four or five coincidences were generally observed.

> R

Py
RS )
N e N e e

(
e

* Obgervations were continued until 30th November, but on the last few days
the wirelese signals werc received hy comparison with a portable chronometer in
preparation for work in the ficld, Tho results were not satisfactory. and have been
ignored.
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63. Computation of the longitude.—Immediately on com-
pletion of the observations, the clock error aceording to each star
observed, and the clock time of reception of each wireless signal,
was sent to the Bureau de I’heure at Paris, by whom the results of
all observatories are being co-ordinated. Table 4 summarizes these
figures. The longitude of Dehra Dun has, however, been obtained
with almost complete finality by accepting the Bulletin Horaire,
“temps definitive” for the Rugby and Bordeaux signals, and
discussion of the performance of the instruments need not be
postponed until the publication of the finally co-ovdinated results.
The Saigon signals have not been employed, as their emission is
considerably less regular than the other two, and all corrections
are not yet available.

Plate XXVI shows the error of the Shortt clock according to
the observations of the three transits. The smoothed curves give
the values which have been accepted.

Table 1 gives mean values of the longitude according to different
observers and instruments, as deduced from the three Rugby and
Bordeaux signals. Kach entry is the mean of 4 to 6 days’ work
except those with an asterisk which are 10 to 12 days’.  The velocity
of propagation has been taken as 186,000 miles per second. The
correction to the time of emission has been the mean of the
detinitive corrections to the first and last signals, since the 4 or 5
coincidence signals with which comparison was actually made are
evenly spaced throughout the 306 dots of each wireless signal. Star
places have mostly been taken from the Nautical Almanac and
American Ephemeris. Short period terms have been included.

Tables 2 and 3 give mean results by each wireless signal and
each instrument. In these tables the results are given («) us_ing all
the stars observed and (b) using only those time stars which are
within 3° of the zenith.

The most striking table is that which shows the mean by
different instruments, which shows up the weakness of the result.
The other tables wrongly suggest a high standard of accuracy.
The acceptance of only close zenith stars slightly increases the
diserepancies, and the mean of all stars gives the result which 1s
accepted, viz:—5" 12™ 11°- 78,

TABLE l.—ZLongitude of Dehra Din by different observers.

Observer Motor Shutter Bent Mean
| hm s s s M
B.Lk | 512 11-82% | 11.80 11-67 11-7R
R.B.M. : 11-86 11-79 11-72% 11:79
H.C.B. 11-85 11-82*% 11-68 11-78
LBM. | 180 | 117 | 1172 11+76
‘ 1

NoTr: —For this table all three Rughy and Bordeaux wireless signals h@ve br;e)lg
used and all time stars. Each observer did one week with cach instrument, excer
that an asterisk (¥) denotes Lwo weeka.



Cuar. vi.] INTERNATIONAL LONGITUDE PROJECT 107

TABLE 2.—Longitude of Dehra Din by different signals.

Mean Longitude

Signal .
. . .| Close zenith
All time stars stars only
’ h m s h m s

Bordeanx 8:00 GM.T. {5 12 11-98 (5 12 11-78

Rugby 9:55 G.M.T. 11-78 11-77

Rugby  17:55 G.M.T. 11-7% 11-76

5 12 11-78 12 11-77

(5,1

Mean

TABLE 3.— Longitude of Delira Dun by dufferent tnstruments.

Mean Loncr)tu(le

Instrument ]
I'ATl time stars Close zenith
] stars only
l h m s h m s
Motor transit 5 12 11:83 15 12 11-84
Shutter transit 11-80 11-80
Bent trancit 11-70 11.68
Mean we |5 12 11:78 |5 12 11-%%

64. Performance of the instruments.—The wide range of
variation between the three instruments calls for explanation, but
none is forthcoming. The comparatively close accordance between
the motor and qhuttu transits suggests that the bent transit is in
error, and it was certainly the least regular of the three, as is shown
in Plate XXVI. But the hent hanslt gives a value as near to the
1926 value as any of the three, and regularity is little guide when
liability to systematic ervor is in question. Tt is therefore
eongidered that there is no cause for rejecting the bent transit, and
the mean of all three has been accepted. That the difference between
the instruments is not due to personal equation of the ohserver, in
the ordinary sense, is shown by Table 1. Each of the four observers
gets similar results on any one instrument.  Nor can it be due to
lateral vefraction or other peenliarity of the site, for the three
instruments  were very close together, and the hent transit was
moved during the ohservations to {est this point,
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The pertormance of Dr. Hunter’s new shutter transit has been
very satisfactory. Plate XXVI shows that it was the most steady of
the three in giving small departures from a smooth clock rate, and
the mean value of the longitude derived from it is probably nearer
the truth than that obtained from the other two. Four different
observers have agreed within a range of 0°-05 which is quite
satisfactory, although it must be noted that the other instruments
have done no worse, so that this is no proof of the absence of
gystematic error. It appears that a final proof of the excellence of
the new type of instrument will not be available until two or three,
set up together, give accordant results. Dr. Hunter whois now in
England, is making an improved model, and when this is received
at Dehra it will be possible to compare it with the existing one,

65. The longitude of Dehra Dun.—The figures 11*:77 in
1894, 11°-75 in 1926 and 11°-78 in 1933 suggest no progressive
change. Nor would it be suggested it the bent transit in 1933 was
rejected, and the 1938 value increased to 11-82. Tt is accordingly
concluded that the differences are due solely to instrumental error,
and that the 1894 value of 11%-77 is still well applicable,
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CHAP. V1.]

TABLE 4.—Time of reception of Wireless Signals.

CLOCK TIME OF 1sT SIGNAL Denra L.S.T. ERROR OF cLOCK AT 18.00 G.M.T.
1933 ohv . | . : 1 i o ;
IR R | S | B B | moee | myswee | by b
| |
h m s h m s h m s 7 h m s hom s m s m s m s
Oct. 2 13 55 54-29 15 50 13-06 | 23 51 31-89 | 00 56 42-60 +00 20-92 (¢) +00 20-92 (d)

3 13 59 50-88 54 09-67 i 55 28-47 | 01 00 39-04 20-93 (a) 20-94 (d)

4 14 03 47-44 15 58 06-19 | 23 59 25-06 ' 04 35-81 20-96 (d) | +00 20-99 (a)

5 07 44-03 16 02 02-82 _ 00 03 21:62 08 3237 20-96 (a) 20-98 (d)

6 11 40-58 05 39-33 : 07 18.22 20-97 (a) 20-99 (d)

7 i 15 3715 09 55-93 ! 11 14-%8 ! 16 25-51 20-98 (a) 21-01 (d) “

9 | 23 30-33 17 49-11 17 22 59-30 u 19 07-95 24 18-55 21-02 (c¢) | . : 21-13 (b)
10 | 27 26-93 21 45-69 26 56-51 23 04-52 | 28 15-10 21-04 (¢) A 21-16 (b)
11 31 23-55 25 42-26 30 5278 27 01-08 | 32 11-84 21-07 (¢) ' W 21-19 (b)
12 . 35 2012 29 38-80 34 49-49 30 57-66 | 36 08-32 21-09 (¢) | 21-22 (b)
13 | 39 16-67 33 35-38 38 46-07 34 54-23 40 04-95 21-11 (¢) . 21-25 (b)
14 | 43 13-23 37 3197 42 42-49 38 50-82 . 44 01-43 21-14 (c¢) 21-28 (b)
16 51 06-38 45 2516 50 35-00 46 44-00 31 5467 21-26 (o) 21-35 (d)
17 55 02-97 49 21-75 54 33-33 50 40-59 53 51-14 i 21-29 (o 2138 (d)
18 14 58 59-60 53 1§-32 17 58 29-04 : 00 54 37-16 01 59 47-75 : !

19 15 02 56-21 16 37 14-90 18 02 24-55 : .

20 06 52:81 17 01 11-31 06 23-03 | W .

21 10 49-41 05 08-11 10 18-75 ” i , .

22 14 46-00 09 04-71 14 15-19 | 01 10 23-58 . 02 15 34-16 21-46 (a) m 21-53 (d)

23 18 42-63 13 01-33 18 11-6% 14 20-19 19 30-%3 21-45 () 21-49 (c) |

24 22 39-19 16 57-90 22 09-43 18 16-77 23 27-80 21-48 (1) | 21-52 (¢)

25 26 35-578 20 54-49 26 05-15 22 13-34% 27 2358 21-52 (b) 21-55 (c) e

26 30 32-34 24 51-07 30 01-38 26 09-95 31 20-71 21-55 (b) 21-58 (¢) .

7 34 28-90 28 47-64 33 5852 .

28 38 25-48 32 44-23 34 03-07 39 13.63 21-61 (V) 21:63 (c) .

29 42 2210 36 40-81 41 51-55 3% 59-67 21-64 (V) + +00 21-67 (¢)

30 46 18-69 40 37-38 45 48-01 41 56-21 45 0777 21-68 (d) , 21-81 (a)

31 15 50 15-29 17 44 33-97 18 49 43-22 ' 01 45 52-80 02 51 03-40 +00 21-71 (d) +00 21:85 (a)
Norr:—1. (a) Signifies ohserver B.L.G.. (1) R.B.M.. (¢) H.C.B. and (d) J.B.M. ( Continued )

2. Although recorded as time of

These figures are times ol reception.

3.
M. Clock errors have been taken from the

*+ error indicates that clock is last.

reception of 1st signal, the times are derive
No allowance has been madle for v
smooth carves of Plate XXVI.

d from the recording of several rythmic dots thronghout the series. See para 63.

elocity of propagation,




35 ST YOO[0 JUY) S2)TVIIPUL IOWIA 4+ ¢
“IAXX 939 JO S2AIND YIO0WS A} WIOL] UAYT} UIdQ ABY SIOLId YIO[)) '}

‘loryESedold Jo £3100[04 10] SPTIU U ST SDUTAO[T ON (OT3dadal Jo S2WI) I §3IUIY 883J, ‘¢

g9 wred 99§ SSLIAS AY[} JNOYINOIYY 5IOP ITWIIAT [BI2498 JO FWPIODAT I} WO PIALIAP AIT Suty oYy UTLSIS 48T JO UONAa0AI JO W) ST PIPIodal YIANOYI[V °C
T

(1934,

WAL () PuT HIDH (7) VA (1) VDL 'E 94198Q0 SABIUAS (1) [—: AION

(4) 82-88 00+ | (?) 6F-@& 00+ | 0788 66 F0 | ©oF Lz Te €0 | FF-61 8% 07 09-80 €7 61 = ©ON-6F 8¢ LT = S
(2) 9¢-7z (2) 9%-@7 | e8-TF ¢2 48-0€ 0% . 89-%G ¥2 t F0-ET 61 i ge-ge ¥e e
(9) ec-gz (2) ev-cz ; gl -¢F 12 og-f€ 9T . OI-9C O¢ F-CT ¢T 1L-9¢ 0% €
(9) o¢-aa () 1¥-87 19-6% L1 L9-28 G1 | 8F-6% 9T oR-8T TT . @
(9) L¥-2 () sg-2e cg-1¢ €1 T-TF 80 | ¥9-g8 @l 6a-6c L0 ! T
(9) ¥ 2z (o) ge-az €2.96 60 . TIS-FF TO 80 | &6-9€ 80 19-9% €0 61 L 0G
me mm.mm ) 68-10 g0 70 | 9€-T¢ 92 @0 ' €€-€F 00 0c | [¢-@k S¢ BT . Tn-€T T0 LT - 81
[ ¥ad D) GA-G& 00+ | 09-20 8¢ €0 | ¥L-FC GC | TO-9F 92 6T | 88-¢€ I¢ 9%-LT LS 91 1
o= (p) 8258 (v) 0258 L9-80 F¢ 61-8¢ 8% | £0-0¢ @c Fe-68 LT 090z B wﬂ
m (p) 9%-c2 (v) L1-37 €21 0¢ 8¢-T0 ¢F | OL-@¢ 8F ' LL-GF &F FO-F€ 67 | ST

- - m | | |
M (») €3-2% (v) e1-2@ £9-91 9% 00-20 T¥ g0-Le ¥+ . ST-9F 68 | LFLESH | T
i (p) 61-%% (») &1-@a L¥-80 Le gL-6e of | o6k ce 6808 TF | €I
&) (v) @z-g@ () 11-2& A 08-9% € ze-cl 66 | . LF9e Lk Teleee | T
= (2) 61-32 (9) 80-7c ¢z -6 0€ | 01-01 6 88-6C €& o1
& (o) ¢1-27 (2) ¥0-2& ! 88-28 92 | ¥1-@2 1@ €0-21 ¢e 62-20 07 |6
A () 11-2% (9) 10-7a : | eg-g@ LI oF-a1 17 1L-90 01 66:-L7 e | 8
m (o) 80-2& (1) L6-17 B 8¢-66 8T | L6-92 €1 | LO-1& LI 11-01 &l R S )
75 (0) 90-3@ (2) ¥6-18 00+ " 08-G¢F F1 | 98-G8 60 | ¢8-ar €I %2-€1 80 as-F¢ €1 49
(») 86-1% i (D) ¥8-12 09:6F 90 | 91-68 10 &0 ; LO-0® €0 0%-0% 00 81 ¥
(v) v6-12 ~(p) 1814 CR-ZC G0 €0 . 8C-&P LS 10 | ©F-@e 10 61 | TL-8F 9¢ LT | T0-90 GO 9T €
(?) 16-12 (p) LL-T1Z 79-9C 8C 70 | 96-¢F €¢ | @3-Le LS RT | T1-L% &¢ oF-80 82 €1 ! &

(v) 88-13 00+ L (p) FL-15 00+ | 8%.6c F¢ G0 OF-6F 6F 10, TL-6€ €C 8T | @C-OF SF LT | ¢8-1T ¥¢ €T ° T 40N
$ w | s w ' S w s we Y 7 s u oy , < wey L w oy < wue Y
! - : | o j
£ _ . . w00 461 wGC L1 w00 1T wSG w10 48
jued Ad soymys &g W0IOTL A Tos1eg hnmmﬁ zo.mmn.n ! znm:.\ﬁ y.:dvv.«om ee6T
*L'IN'D 0€°E7 IV ¥O0TO A0 HOH¥E "|'S7] VIHE(Q TVRKOIQ L8] A0 AWLL ¥OO0T))

110

*(papngonod vlwtxiw.b 8821941 {{ .\: LIS UEREY Jo 1 —¥F ATAVI



Cuarrer VII
OBSERVATORIES
Y Carrain G. Bomrorp, n.p.

66, Standards of length.—The measurement of the three
hases described in Chapter I completes the programme of new bases
started in 1930. During the year the invar wires were compared
with the 4-metre invar bar on four occasions, and the 4-metre bar
has been re-compared with the 1-metre nickel and silica standards.
The wires have shown a satisfactory degree of stability, having
apparently settled down after the large changes of 1931-33. The
standavdization of the 4-metre bar also agrees well with that of
1930.  Details of the observations are given below. The observers
were Captain G. Bomford and Mr. B. L. Gulatee. The N.P. L.
certificates of the standard bars are given in Geodetic Report
Vol. VII, page 11, and the coefficients of expansion of the invar
wires, as determined in India, are in Geodetic Report 1933,
page 39,

(a) Silica 1-m minus Nickel 1-m.—

Date Temperature G.B. B.L.G.
| T o o
17-1-34 . Ty =23°-09 [—0-3272mm —0-3291mm
Ty =23°-09 | 3284 | 3306
+3340 ‘ -3323
-3318 ' <3292
3293 - 3316
3313 3303
3252 - 3257
-3275 3283
Mean |—0-3203  |—0-3296
Reputed length of nickel =1m+0-3056mm
Reputed length of silica =1m—0-0240
~ Reputed silica minus nickel = —0-3296
Observed silica minus nickel = —0-3294
= 0-0002

Discrepancy

The discrepancy of 0-2 in 10° is satisfactory, but must be
regarded as fortunate. By the “reputed length” is meant the
leugth at the temperature of observation, according to the 1931
N. P. L. certificates.

111
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(b) Invar 4-m ( Baros plugs) minus Nickel 1-m.—

First metre (0 to 1) of dwvar bayr.

{
Date ! Temperature G.B. B.L.G
S e
10-4-34 LT, =23"-35 |—0-¢ ’460111111!—0 2483mimn
Ty =23°:32 - 2495 L - 24K9
2505 | 2510
; 2520 ! 2509
| 2516 | +2500
! -2516 1 2507
<2518 - 2505
<2504 | -2501
Mcan |—0-2505 ]—0-2501
Reputed length of nickel =1m+0-30871nm
Observed nvar minus nickel = —0-2503
*. length of invar at 23°-35 =1m+0-0581
and length of invar at 24°-3 =1lm+0-0598

24°-3 C is the common temperature to which the four separate
sections are reduced.

Second metre (1 to 2) of invar bar.

)
Date | 'T'emperature G.B. B.L.G.
9-1-3t v T =23717 [-0-2575mm |—0-2552mm
Ty =23°12 +2555 - 2662
- 2585 <2593
<2548 -2555
- 2560 + 2550
- 2569 +2545
‘ +2559 - 2569
i .25%76 | 2584
! Mean |—0-2566  |—0-2564
Reputed length of nickel =1m+0-3062mm
Observed invar minus nickel =  —0-2565
. length of invar at 23°-17 =1m+0-0497

aud length of invar at 24°-3 =1m+0-0512
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Third metre (2 to 3) of wmvar bar.

Date Temperature G.B. B.L.G.
6-4-34 T, =21°-88 |—0-2383mm |—0-23S1mm
Ty =21°"79 + 2406 » 2398
+ 2396 - 2397
+2374 + 2417
- 2389 -2371
2407 + 2406
+ 2423 <2419
+ 2400 - 2409
Mean |—0-2398 —-0-2399
Reputed length of nickel =1m+0-:2891mm
Observed invar minus nickel = —0-2399
- length of invar at 21°- 88 =1m+0-0492
and length of invar at 24°-3 =1m+0:0526

Fourth metre (3 to 4) of wnvar bar,

Date Temperature G.B. I B.L.G.

1
5-4-34 W Ty =21°43 |—0-2263mm | —0-2270mm

Ty =21°41 2297 | -2300

- 2299 ' <2296

<2277 <2259

<2298 2292

2282 <2274

-2281 <2288

<2275 <2281

Mean |—0-2284 - |—0-2283

Im +0-2843mm

Reputed length of nickel

Observed invar minus nickel = —0-2284
s length of invar at 21°-43 = Ilm +0-0559
and length of invar at 24°-3 = lm +0-:0599

Combining the four sections of the invar bar gives the total
length of the bar ( baros plugs ) as 4m+0-2235mm at 24°-3 C
according to comparison with the nickel.
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(¢) Invar 4-m minus Silica 1-m.—

First metre (0 to 1) of twvar bar.

i
Date { Temperature (ERLH B.L.G.
S AL B '
16-1-3-1 o Ty =227-88 1+ 0-0775mm | +0-078Tmm
Ty =22°-87 0772 -0768
; | -0779 0765
! ; -0770 <0758
0768 0777
0771 - 0780
- 0804 - 0780
-0797 ! - 0802
|
Mean |+0:0780 i 0-0777
Reputed length of silica = lm —0:0241mm
1 )
Observed invar minus silica = +0:0779
S length of invar at 22°-88 = 1Im +0-0538
and length of invar at 24°-3 = 1Im +0-0558
Second metre (1 to 2) of tnvar bar.
Date Temperature G.B. B.L.G.
13-4-34 o] Ty =24°-17 |+ 0-0726mm |+ 0-0748mm
Ty =24°-16 0773 0786
0745 0752
! 0765 10749
, I .0748 0760
% I 0761 0752
i | -0746 -0761
j T S T £
Mean ' +0.0735 | +0-0760
Reputed length of silica = lm —0-'0235mm
Observed invar minus silica = +0-0758

- length of invar at 24°-17
and length of invar at 24°-3

Im +0-0525
Im +0-0524

Third metre (2 to 3) of tnwvar bar.

J

Date Temperature I .. ¢ B.L.G.
PR— —_ - : —————
12-14-34 ce I =24719 0 14 0-0756mm |+ 0-0710mm

Ty =24"19 <0751 0752

(0722 <0738

| o7 -0733

0752 07T

<0723 (0712

0753 0718

‘ -N714 0745

l Mean FO-0712 +0:-0734
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Reputed length of silica = Im —0-0235mm
Observed invar minus silica = +0-0738
. length of invar at 24°-19 = 1m +0:0503
and length of invar at 24°-3 = 1m +0-0504
Fourth metre (53 to 4) of invar bhar.
: !
Date | Temperatare G.B. i B.L.G.
11-4-34 ' T =23f-h‘7 +0-0870mm |+ 0-08741mm
LMy =23763 -0832 0821
‘ AORK 0855
3 -0R33 «0843
? <0834 -0835
‘* <0825 <0832
l -08563 -0860
- 0854 10868
Mean [+ 0.0842 +0:08149
Reputed length of silica = Im —0-0238mm
Observed invar minus silica = +0-0846
. length of invar at 23°-G7 = Im +0:0608

and length of invar at 24°-3

Im +0-0617
Combining the four sections of the invar bar gives the total
length of the bar as 4m +0-2203mm at 24°-3 C accor dmg to compa-
rison with the silica. This may be compared with 4m+0-2235mm
obtained from the nickel (sub-para h).  The discrepancy is 0-8 in
10¢ which is satisfactory. The mean is accepted, and gives
4m +0-2219mm at 24°-3C in 1934

for the length of the 4-m invar bar (baros plugs). The 1930
value was 4m+ 0-2158mm (Geodetic Report Vol. VII, page 17),
0 the growth has heen 0-4 in 10° per year, about the same rate
as between 1914 and 1930. But see sub-para d.

(1) 4-m Invar. Edge B minus Baros plugs.—

]
Date i G.B. B.1.G.
- | o .
19-4-34 {~0.0007mm | 4+ 0-0016mm
|— -0058 - -0066
20-4-34 [— 0053 — 0024
I— 0045 — 0057
23-4-34 |~ -0040  |— -0040
+ 0012 + -0016
i~ .0062 —~ -0088
Mean | =0-0035 —0-0035
j
General mean B minus Baros = —0-0035min
" length of Edge B at 24°-3 = 4m +0-2184mm

and at 28”-0 C (required below) it is 4m +0-2395mm
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This figure of —0:0035mm must be compared with +0:0008mm
found in 1930. The discrepancy is 1-1 in 10 which is not very
serious, but is surprisingly large, as the observation is an easy one.
Assuming the observations to be correct, Edge B has grown by
only 0:0018mm since 1930, compared with 0-0061mm which is
the growth shown by the baros plugs. The difference between
Edges A and B in 1934 is nearly the same as it was in 1930
(see sub-para e) so it appears that the centre of the bar has grown
by 0-4 in 10¢ per year, while the edges have only grown by 0-1 in
10 per year. This may not really be the case, but the observations
are accepted, and the length of Edge B is taken as

4m +0-2395mm at 28°.0C in 1930,

When deducing the lengths of the 24-metre wires from
obgervations made in 1932 and 1933, allowance was made for the
probable growth of the 4-metre invar bar at the rate of 0-5 in 10°
per year found hetween 1914 and 1930. As, in fact, the edges of
the bar (which have been used on the 24-metre comparator) have
grown less than this, the figures given for the length of the wires
in Geodetic Report 1933, pages 48 and 49, require to be reduced
by 0-5 in 10% or 0-012mm. Small changes result in the lengths
of the base-lines measured in 1932-33. These are given in
Chapter I of this report, para G.

(c¢) 4-mInvar. Edge B mins Edge A.- -

Date \ G.B. | BLG
i i
19-4-34 + 0-0087Tmm |+ 0-0092mm
- 0021 — 0005
204131 + 0002 + 0042
— 0022 + 0011
23-4-34 + -002Y + 0029
+ -0097 + -0098
+ 0025 - 0006
Mean |+ 0-0028 +0-0037

General mean Bminus A = +0-0032mm
Compare 1930 value of +0-0038

(1) 4-m nickel-steel minus 4-m invar.—The Survey of India possess
a nickel-steel 4-metre bar of reputedly stable composition, and com-
parison of the 4-metre invar bar with it is much less laborious f}}ﬂ‘”
a comparison with the 1-metre bars. To enable re-standardization
of the invar bar to be easily carried out if required in the near
future, comparisons have heen made between it and the nickel-steel
bar as below :—
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Date Temperature G.B. B.L.G
- B ‘ S
24-4-34 . Ty =25°25 '+0-5314mm |+ 0-5314mm
1'xq =25° 21 - 5299 5272
-5362 5362
- 5336 5350
Mean |[+0-5328 + 05325
]
)

4m+0-2273mm
+0-5326

4m+ 0-7599mm

4m+0-770 mm.

Reputed length of invar#*

Observed mckel steel minus invar
~length of nickel-steel at 25°-21
Reputed length of nickel-steel (1914)

It therefore appears that the nickel-steel bar has decreased hy
0-01 mm, or 2-5 in 106, since 1914,

The N.P.L. certiticate of the nickel-steel bar (baros plugs) in
1914 was :—

Lyy=4m + 0:613mm
Coefficient. of expansion= + 0-000,007,52 per °C! hetween 0% and 30°.

(g) ]‘(‘"b““ of 24-mn wires.— Dlllll]o the winter 1933-34 the
six invar wires were hung on the compalatm on two different days
on four oceasions, and ’rhe 4-metre invar bar was stepped along the
comparator before and after each comparison. Plate XXVII shows
the resulting lengths of the comparator. The values given depend on
the finally determined length of the 4-metre bar. The invar tape
which constitutes the comparator base shows a rather considerable
inerease of length between November 1933 and January 1934, hut
has otherwise remained steady.

Table 1 (page 122) gives details of the comparisons of the wires,
which are summarized below:—

. . . o
Millimetres in cxcess of 24 melres at 28°C.

[]

[ ¥ 1]

Wire No. 23
S g
Date e N e e ggg

243 244 247 248 249 252 | Ho

| & °

&8-11-83 .| =017 | —2:30 | 4164 +1-72 | +4-06 | +3-07 | 21°C
)& 10-1-34 .. | —0-11 | —=2:35 | +1-63 | +1:74 | +4-06 | +3-07 | 14°C
15 &16-2-34 ... | —=0-16 | —2-41 | +1:60 | +1-92 | +3-99 | +3-06 | 14°C
19 & 20334 .0 =015 | —2:88 | +1:58 | 4174 | +4:02 | +3.08 | 20°C

A Dase in Baluchistin was measured between the first and
second of the above standardizations, one near Poona hetween the
seeond and third, and one in Assam between the third and fourth.
Wiras 243 and 252 were used as field standards, Thp wires h.u(-

* As determined in 1934 fiom rﬁc_kelr and éilién metres,



118 GEODETIC REPORT

[1934,
maintained thenr lengths fairly well, although significant changes
have occurred. At each base at ]east 3 wires have been free from
significant change, and the daily comparisons in the field have
satisfactorily located the times of the changes in the others.

(h) New 24-m wires.—Two mnew wires were received in
March 1934, with certificates from the Bureau International at
Sevres.  They were received too late for usein the field, but were
included with the other wires in the March standardization. See
Table 1. The lengths found for them (reduced to 15°C)) were
24m+0-80mm and 24m+0-77mm, which compare well with
24m +0-78mm and 24m+0-76mm given by their certificates,
The mean discrepaney is 06 in 108, which provides a satisfactory
check on the lengths of our standards, and on the stepping-up from
one metre to 24 metres.

(i) N-m wire and 4-m tape.—The S-metre invar wire was stand-
ardized before and after the field season. Its length was found to he
Sm+0-63mm at 28°C in November and 8m+0.68mm in March.
The length of the 4-metre invar tape was found to be 4m+1-38mm
in November and 4m+ 1-35mm in March.

67. Longitude.—Observations made during October and
November 1933 in connection with the international programme
ave described in Chapter VI. The usual bi-weekly observations

i MoTtor TrRANSIT SruTTER TRANSIT
“ | o B
i J\(I{;‘:;f ‘ Bordeaux Rugby 1\513‘:5 Bordeanux Rugby
- | g - s A ]
‘ L m s | hom s om 8 ‘ h m s
Octoher 1933, 19 | 512 11-%0 | SISt 15 51211078 0 512118
Noventher : 0 ! 1-81 11-83 18 177 1178
.|)A-(‘l-mb¢-r I 11-88 11-93 1 l 119
Janwary 1oz | | w2 | 181
February [ 3 : 11-83 Nt i 11-80
March L | { 11-759 3 i 11-81
April . 5 190 1 } 11-87
May . 3 ? 11-81 4 11-81 ‘ 1183
June . ’ 3 177 , 1186 3 1175 11-84
July ! I ‘ 1182 1 | 1175
Augnst . 3 11-82 | Nil ‘
September } 5 1181 3 171:76 ‘ 11-73
Mean ... 5 512 1180 | 5 12711-87.'; s 121178 5 12 11_"”_
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were made during the remaining months of the year, with the motor
aud shutter transits. The observers were Messrs. B.L. Gulatee,
R.B. Mathur, H.C. Banerjea and J.B. Mathur at different times.

The resulting values of the longitude are given in Table 2, and
the monthly mean values are given opposite, as determined from the
Bordeaux and Rugby signals with the “demi-definitive” corrections
of the Bulletin Horaire and Admiralty Notices. The annual mean
values by the two instruments are very nearly cqual.

The Shortt ¢lock has been in use throughout the year, but ftive
interruptions occwrred. One was on account of the Bihar earth-
(quake, and the others were probably due to battery weakness. [ts
error and rate ave given in Table 3. The Riefler clock has run
without interruption.

68. Latitude observations.—Attention has been given to the
corrections for deviation and collimation applicable to zeuith
telescope observations. The corrections to an observed zenith
distance are generally given as: —

a? sin gy sin &

For deviation — - - y 17,
2 sin A

. . . .» . south
For collimation + 15% (¢+&)* cot A sin 17 for -—— stars,
— north

where a = deviation (of the line of collimation) in seconds
of arc
¢ = collimation errov in equatorial seconds of time
- = wire interval in equatorial seconds of time
v = co-latitude
{ = zenith distance
A = north polar distance.

These formulwe are correct for either deviation or collimation
taken separately, but when both are present there 1s also a term
15a (¢4 k) sin v cosec A sin 17. When an outer wire is being
used, % is 27° (of time) so the product a (¢+k) is likely to be very
much greater than o2, and the usual formula is no guide to the
deviation errov which can be permitted.

With ordinary care this term is negligible in field-work, but it
has heen necessary to apply it to the 1930-33 variation of latitude
observations at Dehra Dun, where it has a small effect. The result
of this correction, and of an error of sign which was found in the
application of the collimation eorrection, is to increase the latitudes
given in Geodetic Report 1933, Chapter V by 0-16 secouds of are,
but to leave the variation practically unchanged.

69. Invar levelling staves.——Examination of the intermediate

graduations of six invar levelling staves (carried out in October
o . “ e .
1952) has shown a material difference of seale hetween the bottom
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foot and the remaining nine. Results are given in Table 4. It hag
also been found that greater changes of length occur as the result of
use in the Held if the staft is standardized between its 0 and 10-foot
marks, than when standardization is between the 2 and 10-foot
marks.

Observations are seldom made on the bottom fbot of the staff
on account of risk of refraction, so the scale there is of little interest,
and it has accordingly been decided to standardize between the 2 and
10-foot marks in future, and to accept 10/8 of this distance as the
total length of the 10-foot staft.

The standardizations of intermediate marks have been made by
comparison with the ‘‘Bevelled bar” No. 1-1900. The latter has
heen standardized against bar I, for its overall length, and its
intermediate 2-foot intervals have been inter-compared in the
comparator.

70. Miscellaneous.-—The Omori seismograph was in operation
throughout the year, and Table 5 gives a list of the earthquakes
recorded. The Bihar earthquake caused too violent movement of
the pen to give any information other than the time of arrival of
the first phase.

The usual meteorological observations were made at 8 a.m.
daily.

71. Magnetic observations.—The usual programme of mag-
netic observations has been carried on at the Dehra Din observatory,
consisting of a continuous magnetographic record of declination,
horizontal force, and vertical force, controlled by observations of
dip daily, and of declination and horizontal force three times a
week.

The magnetographs have worked regularly during the year and
there was no interruption of any consequence.

The mean values of the magnetic elements at Dehra Dun in
1933 were:—

Declination ... E. 1° 2°-8
Dip ... N.45° 382
Horizontal force ... 0-33056 C.G.S.
Vertical force ... 0-33798 C.G.S.

The mean scale values of the magnetographs tor aun ordinate
of 1/25th inch were :—

Declination ... 103 minutes
Horizontal force oo 427 gammas
Vertical force ... 8:28 to 13-80 gammas.

The mean temperature of the year in the observatory was
26 -7 C with maxima and minima of 27°-3 and 25°-6.
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The moment of inertia of magnets Nos. 17 and 5B was deter-
mined in May and June 1934, and log #*K was found to be 341436
and 3'87737 respectively. The values which have been accepted
for 1933 are 3-41441 and 3-37741 for the two magnets.

The observed values of the factor log (1 + P/i? + Q/r*)~!
for magnets’ Nos. 17 and 5B have been 1-99393 and 1-99335 in
1933, and the accepted values for this factor are 1:99415 and
1-99340.

For the last two or three years the observed factor of
No. 5B has been larger than the value 1-99292 which has been
accepted since 1924, viz:—T1-99313 in 1931, 1-99346 in 1932 and
1-99385 in 1933. It appears that a real change has occurred, and
that T-99340 should probably have been accepted in 1932. The
systematic difference in H as determined by magnetometers No. 17
and No. 5, which was about 15y between 1924 and 1930 *, has
also increased to about 30« since 1931,

Table 6 shows the monthly values of the magnetic collimation,
distribution factors and magnetic moment of No. 17, and Table 7
gives similar information for No. 5. Table 8 gives the mean
monthly values of the declination and H.F. base-lines. The values
given by No. 17 only have heen accepted.

Table 9 gives the mean monthly values of the elements tor
1932 and 1933, and the annual chauges for the period.  Tables 10
to 13 give the mean hourly deviations from the monthly means, and
Table 14 gives the classification of the magnetic character of all
days of 1933.

# Geodetic Report Vol. VII, page 140, Table 16.
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TABLE 1.-—Lengths of 24-metre wires.

'

. Tem- | Wire minus Base.| Length of wire
Date !ere perature Observed Et 28°C
7-11-33 243 | 21-0C —1-036mm |24m —0-158 mm
244 | 21.0 —3-166 —2-285
247 | 21-0 +0-807 +1-641
248 | 20-9 +0-896 +1-712
249 | 20-8 +3-266 +4-066
252 | 20:5 + 2285 +3-087
81133 243 | 21-0 —1-038 —0-180
| o244 210 ~3-194 —2-313
P47 21-0 +0-801 +1-635
248 | 209 | +0-909 +1:725
249 1 20-8 +3-253 + 4053
252 | 205 +2.283 +3-063
|
9-1-3¢ | 243 140 —0-873 —0:105
NS N | —3-135 —2:358
D247 140 4 0:936 +1-635
248 13:8 +1-090 +1-735
29 | 135 +3-440 +4:051
Poese | 13-4 + 20474 +3-072
10-13F | 243 | 142 | —0.90L —0-130
Doogg | 131 —3-131 2351
D247 ] 141 +0-936 +1-619
218 | 140 +1-086 +1-739
219 140 +13-426 +4-036
1232 1140 +2-443 + 3085
1323 24310 186 —1-023 | —0-159
244 | 189 —-3.286 —3.109
247 ' 18-8 +0-797 +1-610
248 | 18-8 +0-929 | +1-724
249 ' 18-8 +3-205 | +3-986
252 185 +2:287 +3-048
16-2-31 | 243 | 190 —1-035 —0-158
24| 19:0 —3.203 | —2-413
247, 190 +0:-775 | +1:395
248 18-8 | +0-928 +1-723
219 | 18.9 +3-210 +3:991
252 19.0 +2-294 +3-077
19-3-34 243 | 19-9 ' -1-112 —0-152
244 | 200 | —3:367 | —2-400
247 | 199 | +0-671 , +1-580
248 | 200 +0-844 ! +1-743
219 | 20.0 +3-140 +4-026
232 19-7 +2-207 +3-073
1037 | 20-0 —-0-124 +0:597
38| 20.0 —-0-149 +0: 782
| |
20.3-34 1 2431 20-1 | —1-119 —0-152
210 1908 —4-355 —2-368
24T 2004 L0651 +1-583
248 . 20-5 | +0.817 | +1-737
219 0 20.6 +3-106 | +4:017
252 1 20.0 +2:208 +3-084
1037 | 20.3 —0-139 | +0-793
{1038 | 20-2 | —0:159 +0-777

(1984,
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TABLE 2.—Variation of Longitude of Delwa Dan from accepted

value, as determined by reception of wireless signals from

Bordeauz: and Rugby, 1933-34.

Observed value minus accepted*

liti)r.nzf value
Date Tnstru- stars | Withdemi- 1 yith definitive
t 1 Observer definitive S
(Greenwich ) | Ment nse | = corrections corrections
B |8
é é Bordeaux| Rugby |Bordeaux| Rugby
1933
s 8 S 8
Dec. b Motor H.C.B. 6 o +0-13) +0:14 | +0:14 | +0.12
13 Motor B.L.G, 3 4] 40-08 | +0:16 [ +0-08 | +0.13
18 | Shutter ! B.L.G. 41 3 +0-14 +0-09
26 | Motor B.L.G. 3 1 +0-1R +0-11
1934
Jan, 16 { Shutter B.L.G. 3 4 +0-06 +0-05
23 | Motor B.L.G, 3] 3 ~0-04 -0-02
27 | Shutter H.C.B. 31 5 +0-02 +0-03 |
Feh. 1! Motor B.L.G. 3| 4 +0:-05 +0-05
2 | Shutter H.C.B. 31 5 +0:01 .. +0-01
6 | Motor B.L.G. 1{ 4 +0-03 . +0-03
9 | Shutter H.C.B. 4] 4 +0:05 +0-06
17 | Shutter H.C.H. 4| 4 +0:03 +0:03
19 | Motor B.L.G. 4| 4 +0-11 +0:10 .
27 | Shutter H.C.B. 4| 4 +0-04 +0:03
Mar. 4| Motor B.L.G. 3! 4 ~0-14 —0-16
9 | Shutter H.C.B. 1| 3 +0:07 +0-07
10 Motor H.C.B. 3 3 +0:06 . +0-0%
13 Motor B.L.G. 4 4 -0-01 " 0-00
15 | Shutter H.C.B. 3] 5 0-00 +0-01
23 . Motor H.C.B. 3 3 +0-17 +0:15
. 27 | Shutter | H.C.B. 41 5 . | +0-05 +0:04
April 5| Motor HCRB. | 5| 4 w | +0-22 +0-23
6 | Shutter H.C.B. 41 3 +0-12 +0-11
11 ¢ Motor B.L.G. 20 2 +0:15 +0-18
14 | Shutter H.C.B. al 1 +0-12 +0-12
15 Motor H.C.B, A1 4 +0:15 +0-16
17 | Motor B.I.G. 210 2 +0-09 +0-09
19 | Motor H.C.R. 40 4 10-09 +0-10
271 Motor B.I.G. 4| 3 +0-10 4+0:08
28 | Shutter H.C.B. | 4 +0-07 +0:05
May 3| Motor | HCHB. | 4| 3 +0-12 +0-12
7 | Shntter H.C.B. l 4 31 +0-04 | +0-06 | +0-06 | +0-08
10 i Shutter H.C.B. | 4 3 +0-04 +0-06
11 Motor B.I.G. 4 3 +0-13 +0-17
151 Shntter | H.C.B. | 4| 4 +0-04 +0-05
14 ; Motor H.C.H. 4 4 +0:04 +0:05
23+ Shutter H.C.B. 4 4 e +0:09 4+ 0:08
|
* Aceepted value of Longitude is 5 12m 11°-77. (Continved)
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TABLE 2.—Variation of Longitude of Dehra Din from accepted
value, as determined by reception of wireless signals from

Bordeaux and Rugby, 1933-34—(concld. )

No. of Observed value minus accepted
0.0 value
time
Date Instru- stars With (.1e-m1- With definitive
q| Observer | definitive corrections
( Greenwich ) ment use corrections ol
Ak —
’ 2 é Bordenux | Rugby | Bordeaux Rugby
1934 !
s S S S
June 6 Motor J.B.M. 4 4 +0-10 +0:08
8 | Shutter J.B.M. 4 4 [ —0-03 +0-02
11 Motor J.B.M. 3 5 0-00 +0:05
14 | Shutter J.B.M. 2 2| +0:03 +0-06
18 Motor J.B.M. 4 +0-08 +0-06
28 | Shutter J.B.M. 3 03 +0:07 s +0-07
July 3| Motor J.B.M. 3] 4 +0-06
4 | Shutter J.B.M. 2 2 0:00
11 Motor J.B.M. 5 4 0-00
19 Motor J.B.M. 3 3 +0:02
26 Motor J.B.M. 4 3 +0 11 o
Aug. 3 Motor J.B.M. 2] 4t e —0:01 U
6| Motor | LBM. ! 3| 3 o | +0-09 o
13 Motor JBM. | 2 2 +0-08
15 Motor JBM, @ 3 3 +0:03
Sept. 2| Motor J.B.M. 21 2 -0-01
5 Motor | J.B.M. 4 4 +0-05 o
9| Motor | JBM. 31 3 -0-03 e
11| Shutter i RBM. | 3| 3. —0-01| —0-04
14 Motor ; R.B.M. 4 4 +0-11
21 Shutter R.B.M. 4 4 —0-06
25| Motor | RBM. | 4| 4 | +007]
28 | Shutter ! R.B.M. 3( 4 —0-02 |

NoTe:—In the ahove table one value of the longitude is given hy the
association of each ohservation of local time with the wireless signal received at
the least interval from it i.e., generally either during the same night or pl'PCle“g
afternoon,  Individual night’s observations have not heen smoothed to give &
more uniform cloek error.  The reputed times of emission of the wireless g]gnnls
have been corrected by the amounts given in the Admiralty Notices to Mariners
in the ease of Rughy signals. and by the demi-definitive corrections of the Bullot‘m
Horaire in the case of Bordeaux signals. In addition, valnes up to June 1934
are given with definitive corrections of the Bulletin Horaire. L

When deducing the longitude from Bordeaux (with demi-definitive
corrections ). a correction of +0*-02 has been added to the reputed Greenwich time
of eission, on account of this having been computed ( by the Bulletin Horvaire)
on the nssumption that the Longitude of Paris is 0" 9™ 20°-93, whereas the more
recent value is O" 9™ 20°.91 (see La Participation Francaise A la anm:?n des
Longitndes Mondiales, Lambert, p. 103). This 0*:02 has not bheen applied to
values derived with definitive corrections.

The speed of propagation has heen tanken to he 300,000 km. per aecond.
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TABLE 3.— Error, rate, pressure and temperature of Shortt clock
No. 34, by Rugby time signals during 1933-54.

5

During preceding

Error period
Date at 15.30 | - T REMARKS
hrs. IS.T.| Rate* | Pres- | Oil p‘;‘;‘_
per day| sure gauge fure
1933 m s s mm of mm (o
mercury o
Oct. 21+0 2092 +002 | 29-1 35-9 261
3 20099 | +007 | 29-1 358 260
4 200961 —003 | 29-1 357 259
5 21°02| +006 | 29.1 35-5 258
6 2098 | —004 | 2941 35-6 25°8
7 21°03| +005 | 29-1 35-4 267
9 21'10| +003 | 291 354 257 |
10 2114 | +004 | 29-1 35-3 25'8
11 21°16| +002 | 29-1 353 25'8
12 2116 000 | 29-1 35-3 25°7
13 21°20| +004 | 29-1 35-3 256
14 21°23| +003 ] 29-1 352 254 |
: [
16 21°31| +004 | 2941 347 252 |
17 2135 +004 | 29.1 342 250
22 21°650| +003 | 29.0 33-9 24°8
23 21'35| +005 | 29-1 339 26°1
21 | 2167 +002 | 29-1 342 264
25 2160 | +003 | 29-1 344 264
26 2162 +002 1 291 347 264
28 2067 | +002 | 2941 359 26°9
29 21'69 | +0°02 | 29.1 35-6 26°6
30 21721 +003 | 29-1 35:3 26'8 |
31 216 | +0°04 | 201 35-2 263 !
Nov. 1 {l 2177 +001 | 20-1 35-3 267 |
]
|
2 | 21°81| +004 | 291 34-3 26'3
3 2185 | +004 | 29-2 37-0 277
1 2U8T| 40002 | 20-1 | 344 264
61 2198 +005| 291 ' 367 | 274
7 22:00| +0°02 | 20-1 36-0 267
8 2204 +0°04] 291 | 3B 269 |
Y 2206 4002 | 2941 ’ 364 26°8
10 2209 | 4003 291 | 35-4 262
mn 2213 +004 | 29.1 | 334 25°4
13 2218 +003 ] 29-1 | 342 258
1 2220 +002 ‘ 20.1 | 348 250 |
15 2229 4004 | 20:1 ! 3446 270
|
16 2226 +002 ] 29:1 34-6 26°8
17 2295 —001 @ 29-1 354 2677
18 [+0 2293 +008 | 201 | 364 | 267
— |
* +' rnte = gaining, —" rate = losing. ( Continued)
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TABLE 3.—Error, rate, pressure and temperature of Shortt clock
No. 34, by Rugby time signals during 1933-34—(contd.)

During preceding
Error period
Date at 15.30 ]
hrs. I.S.T.| Rate* | Pres- 0il
per day ' sure | gauge
| s — ——
1933 |omos s mm of mm
I mercury
Nov, 20 '+0 2238| +003 291 354
21 2243 | +005 291 35-4
22 22441 +0°01 29-1 354
2 2244 000 | 29.1 | 33-4
24 22:50| +006 29-1 354
25 2252 +002 29-1 354
Dee. 5 2280 +003 29-1 3544
13 ‘; 23'06| +003 291 353
18 ¢ 2318 +003 29-1 35-1
26 2343 +003 291 34-8
1934
Jan. 18 . 2228 29-1 34-7
23 | 223 +006 29-1 345
27| 2298 +006 | 29-1 | 344
Feb. 1! 2350 +007 | 291 | 344
2 23330 —002 | 29.1 | B34-4
b 23'55( +006 | 291 | 34-0
91  2370| +005| 29.1 | 340
18 2396 +004 1 29-1 337
19 18°18 i 29-1 335
27 1836 +0°02 29-1 33-6
Mar. 4! 1851 +003 | 29-1 335
9 1861 +002 29-1 335
10 19A5 | +004 | 29-1 337
13 18731 +003 ; 29-1 336
15 1982| +004 | 291 | 336
23 19°'10| +0'03 20-1 33-6
27 1930 +005H 29-1 33-6
Apr. b 1930 000 291 332
§ 1932 +002 | 291 | 33-4
11 1930 000 29-1 33-4
1t 1930|000 | 291 | 334
15 19°33| + 003 ‘ 291 32-5
17 1934+ +001 291 332
19 1935 000 29-1 33-2
27 29°81 291 33-2
28 29°81| 4001 291 33-2
May 3 2983 000 291 332
7 29°84 0-00 291 33-1
10 2990 |+ 0-02 29-1 32-9
11 20988 1 — 0401 29-1 32-9
15 2091 [+ 0-01 29-1 32-9
19 29'90'= 0:-03 29-1 32-9
23 140 20092i+ 0.03 29.-2 33-0

Tem-
pera-
ture

REMARKS

C

L)
26°7
267
26'7
2677
267
26'6
267
267
266
26'6

267
26°8
267
267
26"
264
267
26'6
26°5
26'5
266
264
26°8
26'6
267
26°8
26'9
26°5

26'8
26'8
267

259
26°8
26°8
267
2675
26 7
26°7
26'6
267
26'8
267
295

Disturbed by Bihir
earthquake,

Out of order on 17th
February 1934,

Out of order on 23rd
April 1934.

* 47 rate =gaining.

—-'* rate =losing.

( Continued)
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TABLE 3.—Error, rate, pressure and temperature of Shorit clock
No. 34, by Bugby wireless time signals during 1935-34.—( concld. )

During preceding
Error period
Date at 15.30 . REMARKS

hrs. L8\ Rate* | Pres- | Oil | Lem-
| . ) pera-
perday| sure | gauge tare
1934 m s s mm of mm C
mcrcm‘y o

June 6 |—0 15-92 . 29-2  34-8 28-3 | Out of order on 26th

18 16:21 |— 0-02 29-5 375 30-4 May 1934.

28 16:30 |— 0:01 29-5 34-2 27:8
July 3 16:26 1+ 0-01 29-4 33-0 27-0
4 16-28 |~ 0-02 29-4 33:0 2972
11 16-30 0:00 20-4 | 33:2 277

19 00-93 295 430 29-2 | Out of order on 16th

26 0090 0-00 29-5 415 28:5 July 1934,

Aug. 3 00:88 | 0-00 | 30-0 | 445 | 273
6 0087 0-00 | 30.0 | 45-2 474
13 00-8L |+ 0-01 | 30-0 | 45.5 | 27.2
15 00-81 |+ 0:02 30:0 45-6 272
Sept. 2 00:63 |+ 0-01 | 30-0 | 46:0 | 268
5 00-60 |+ 0:01 | 30-0 | 46-1 | 26-8
9 00-55 (+ 0-01 | 30-0 | 46-2 | 26-8
11 00-44 |+ 0-06 30-0 463 26-8
1k 00-45 0:00 300 46-3 27.0
21 0054 [— 0-01 30-0 46:8 272
25 00-55 | 0:00 | 30-0 | 478 | 275
28 |=0 00-52 (+ 0:01 [ 30:0 | +7-6 | 27-5

¥ +vrate=g

aining,

—'¢ rate=losing.
Notre:—The error is that derived from wireless time signals.

The corrections

f the Admiralty Notices have been applied to the times of emission of the signals.

TABLE 4.—Lengths of tnvar levelling staves.

Actual distance from zero mark in feet

1

9

<

1

>3

—_—
o x

60091
00076
00060

- 00040
+00016
-00034

No. 2

039948
0-79944
1-19909

1-59931
-99913
-HUK9 1

X -

99925
<9918
99914

LT ~T

No. 3 No. 4 No. 121 No. 122
0-40023 0-40011 0-40063 0:40045
0-800:1 0-%0047 | 0-80097 | 0-80083
120075 1-20083 1-20118 1-20107
1-60093 1-60089 1:60115 1-60119
2.00072 1 200061 2-00117 2-0019R
4:00045 | 400038 1-00061 400056
6-00085 | 6-00071 600062 600027
8-00072 ; 800070 | 8§:00017 | 8-00013
10-00047 :10-00079 10-00001 9.99979
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TABLE 5.—Earthquakes recorded at Dehra Dun
during 1935-54.
I Indiun standard time o
N e — | Intensity g
No.| Date ) of N g. RenAnks
lst P.T. | 2ud P, 7. | Loms | Muxi-} gy, | recort, |2
i B l
[
1933 |h m s {h m s |h m s|h m|h m mibes
1.0ct. 221 19 10 (21 83 304 ... (22 41 (23 22 | slight [11000| Felt ut Los Angcles.
27, 5|19 04 00 {19 07 00 |19 11 30 (19 12 |19 54 | slight | 1400 -
3 Nov.21| 503 10 |5 12 50| 5 26 10| 5 38| 8 20 |moderate | 5500 kN
4 28 116 47 20 |16 48 50 (16 50 00 |16 51 [17 44 | great | 600 \
5Dec, 15| 026 20| 03000 03310(0 35| 103]| slight | 1400 \\
4
1934
6 Jan. 3| 2205023310235 40 (236 301 | slight | 1200
7. o 1o(l4 15 10 14 19 (18 05 |very greab| ... | North Bilpar.
8 , 20| 0 24 20t 0 26| 050 | slight North Bilpar.
9| , 20|23 38 10 23 43 10+23 41 | 0 13 | slight | 1100
10 21(12 46 00t 12 49 |13 23 | slight | ...
11| . 22|1 22 50t 1 25| 130 slight Felt ub Muzparpe
12 , 23 2356 20| 257|309 slight | ...
13| .. 25(18 09 30t 18 09 50 (18 10 |18 10 | slight | 100 Local.
14| , 24! 0 59 10t 10240103 1 19| slight 800
15 ., 29(13930|20050|20210| 2 04| 2 44| slight | 500
16 ' Febh. 4119 02 20 |19 06 20 (1% 10 50 [19 13 (19 55 | slight | 1700 . al
17 . 1217 10 20% 17 14 10 |17 16 |17 29 | slight | 800] Felt ut Sitimurlgy
18 14 e .o {11 31 great Missed while ¢l
‘ paper
19| ,. 19[16 02 30 {16 08 40 |16 18 50%|16 24 {16 57 | slight | 3300
20 2213 48 10 13 52 50414 01 |14 11 | slight | 1000
21| ., 24(12 03 10 (12 11 {0 . | moderate | 4500| Clock stoppud.
22 2820 04 10 |20 13 10 (20 24 40+|20 49 |21 32 | slight | 5100
23 Mar. 2|3 3530|339 40| 3 45 10+ 3 59 | 4 57 | slight } 1900 toiol
21| 517 42 20t ... 18 13 10 |18 22 |19 58 | moderate} 7700 Syuthern B, gy
25! 120 47 00 050 | 102] slight -
26{1 24|17 38 10 |18 11 20 |18 24 20418 60 |19 41 | slight 7500
27 !Apr. 1016 02 00 |16 07 40 |16 13 40416 26 (17 12 | slight 2600
2H! . 12114 44 30 14 51 20 |14 52 |15 11 | slight | 700 Fell ut Spmbhar Li.{ ‘
29*l 4] %7 02 1 708 | 711 | slight | - | Ei0
30| 163 5L 10 | 401 40 | 4 09 20 | 4 18 | 6 35 | moderate | 3600
! . Aot at Ratoder ang
31"May 1|9 12 40t 9 1+ 00 | 9 15 00 | 9 17 | 9 384 slight | 500 k?;"if..f." Batode
32 1[12 43 001[12 46 50 |12 51 50 |12 56 |13 18%] slight | 1700
33! +110 18 00 |10 28 10 |10 49 20 |10 56 i11 49 | mederate | 6700
% l i .
at 1314 43 50 14 53 40 (14 5% fm 32 | slight 2300[
‘ (Contimw‘“ '

t Recognized with difficulty.
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TABLE 5. —FBarthquakes recorded at Dehra Din
during 1933—-34—(concld. )

‘I Indivn standurd time |

53
i Intensity | §
| Dale Lo Maxi of a S REMARKS
0 Flo) i} axi- as s recor =
| ' IstP, T. | 2nd P, T. wuvg mun{‘ Iinish A
| —: - - —— | e
’,’ 194k m s bhm s|nnms|) hm|h m miles
50 2111 ,
ji;ﬂ""tz“; 30401 .. w11 81 [11 53 | slight | .. |Local
o 2medzoon .. |19 51 |20 14 | slight | ...
| - J‘;’“ 29 30 11 30 |11 34 | slight | ... | Local. Felt nt Nawab-
| shah, Punjab.
700 30 17 01 |17 02 | slight | ... Local. Feltat Simla.
gg igf 345 50| 3 18 00 '3 19 | 5 094 areat 900 F;a(l]t at ]{‘)e’m tIsms:il
! = 4 s an. picentre in
15 33 15 40 | slight | .. | S8 A Fehanistan.
2 09 20t t'215| 5 01 | slight
7 27 30t ima9| .. | slight | ..
40t 12 03 10+12 59 [13 57 | slight | 3200
20 . 2136 |21 38 | slight | ... |Local
1 00+14 11 104 ... 14 04 |14 56 | slight | 3500

24 (14 26 | slight Local, Felt at Dehra

00 |14 24 10t 4
o 5 26 | 6 48 | slight | 6200 Dan and Kedarnath.
8

00 8 06 X 19 (11 43 | moderate |11600| Near Panama.
40 22 16 (22 28 | slight

00y .. .. [22850] 107 slight | .. . o
101131014510 206} .. great | 6000 Vauikoro ( Pacific ).

30 | 716007 22507 23/|8 57| slight | 1000
lo .. (1418 |15 25 | slight | ...
- 12 13 10 12 19 20412 27 |15 57 | slight

20 17 33 |18 44 | slight
301 29 30 30 101 1 30| 1 10| slight

107410742 0743 800 ! slight 700

400| Local. Felt at Rawal:
piudi. Simla & Dolhi.

—

00+ 3 28 50 | 3749 10 | 3 59 | 7 23t moderate | 8200

50 |17 27 00 |17 30 00 |17 31 (17 49 | slight | 1300
40 .. 114 10 30 14 11 |14 48 | slight | 1800
5 3500|530 40 5 51 6 44f| slight | 3000

2 00 | slight ' 1700,
21 29 wmoderate ! 700
|

20, 1122011720119
00 20 32 10 (20 33 10 |20 34
|

t Recognized with difficulty.
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TABLE 6.—Mecan values of the constants of Magnetometer
No. 17 wn 1933.

D(:::;:;;x::!t:tosn H. F. constants
Month Mean Distribution factors
magnetic | | - - —_ M(-ennfva.lucs

collimation Pl.z. 1’2.3 log (1+P/r*+Q/r')~1 o

; . . em? | em? II” o C.G.S.
January .. — 609 | 6:34| 689 801-43
February . @ — 6 06 | 5-87 | 7-34 ¢ -55
March ..t — 604 ‘ SeU8 | To48 +51

. ' »an
April . — 605 H-64 | T2 25 i -50
May i — 604 635730 3 ' 52
Junc | — 60+ |6:04]734 o ~A8
July .. — 602 607|782 7T 7
August .. = 606 623 | 6.03 £ 5 52
September - 608 1575|676 R e <45

‘ 5 <

| '
October - K02 ! asT| 679 .35
November | — 607 | 4.04|7:76 47
December | — 554 1591|711 80141

\ I

TABLE 7.—Mean ralues of the constunts of Magnetometer

No. 3 in 1953,

H. F. constants
| -
Month Distribution factors |
- - . | Mean values
‘ s : f m
Pl")iP.)"{ log (1+Pr*+ Qi) 1 orT
I T ] -
«n?® ! cm® C (.r._b.
January .. 7-66  8-21 93827
February... 7-10 ' 7-47 ! ‘15
March 709 7-6R - 0938-05
B
i pegoe) .
April T19 1747 3 93793
May 715 7-83 s -89
June Lo 69T [ T4 Tin
‘ =t~
| 24 N
July e 7003 | 8021 b 16
August ... | 7-17 | 8-20 —z; ¢ :(1)
: N [ e bt o
September l 6-72 | 6-64 =4
October ... | 7-21 | 7-46 $86
Novembor 24 | R34 i
Decemhbey | T-24 ( R-12 93711
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TABLE 8.— Base-line values of Magnetographs at Dehra Din
from Magnets No. 17 and No. 5.

1932 1934
Month
H.F. by | H.F. by [ Declina- | H.F. by | H.F. by
No. 17 No. 5 tion No. 1% No. 5
C.G.S C.G.8. . , C.G.S. C.G.8.
January . | 0-u27Te | 0-32824 [0 B1-3 | 0-32769 | 0-32 80
February ... - 771 N18 31-1 74 799
March R 819 31-3 T4 S0l
April 779 822 | 31-5 2 T
May o 787 8221 8145 770 97
June e 8T 825 315 0 794
\ .
July 83 828 315 763 784
August 781 825 317 764 804
September . i 831 32.0 | 770 814
' i |
October o | 783 ’ N28 0 3149 ! 769 804
November ... 775 828 | 31-7 765 779
T 1 0-32758 ) 0-32761

December ... 0-32773‘ 0-32 832 J' 0 307 |

Norg:—The values given by No. 17 have been accepted.
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Selected quiet day.
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Trace lost.
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G=

Moderate.

M=

Slight.
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Cnarvrer VIII
RESE ARCH AND TECHNICAL NOTES

BY B. L. GuLaTEE, M.a. ( CANTAB.)

I. GRAVITY AND DEVIATION OF THE VERTICAL

Summary.—Formulic and tables based on Stokes’ Theorem
are given for computing the separation between the geoid and its
reference spheroid as well as the deflections, from gravity anomalies.
It is shown that provided there are no widespread systematic
gravity anomalies over the whole globe, the deflections can be
obtained with a fair degree of accuracy from the available gravity
data.

The reference spheroid, apart from its linear dimensions, is
usually defined by the plumb-line deflections (7, £,) at the geodetic
datum and the height N, of the geoid above the spheroid there.
It is also so placed that its minor axis is parallel to the axis of
rotation of the earth.

It is of intevest to tind out the orientation of the reference
spheroid with respect to the geoid at 0
the datum from the gravity anomalies.
Let O be the datum and P a point on
the earth having a gravity anomaly Ay.
The separation between the two surfaces
at O in terms of the Ag'sis given by
Stokes’ Theorem

N, = Tf‘_dﬂag F (¥) do (1)

It 4 is the azimuth of P from O reckoned positive from south
by west, and it 5, £, are the meridional and prime vertical deflec-
tions at O. reckoned positive towards south and west 1:espect1velyy
then differentiating (1) and simplifying by spherical trigonometry.
we get

— 1 [ oK , (2)
n, = *--GﬂAgal—wsAiw

_ 5 SF . (3)
£ T oawG@ H Ay 53 o A dw,

dw being an elementary area on a unit sphere.
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For numerical computations, the space round the origin is
divided by a series of concentric circles of width A+, and the
formula are put into the following forms:—

= ;),;; A, S sing F () 51 Ay . (4)

M= — A\zr"(,OSP('l’ ! sm \Ir 10""} ' 10" Ageos A Lo (5)
'\P Sl ) Su ‘

— ‘!’0 ”y( =0 C9m d ;

&=— 50 cosec 1 sin \#6_«[; 10 VL 107 Ag sin A }M (6)

F(y) = {COS@C 31;— + 1 — Gsin 1—2”— — Scosy

— 3 cos ¥ log, sin l_!—(l + sin —‘QE)} o (7)
SF cog? \p
sin 4 T = — ‘l" — 3 siny cos \l;» + 5 sin? ¥
?

+ 3 sin? \}r]og,,(sin ‘g + sin? ;i’)

1 + 2siny/2
1+ siny/2

The suffix M denotes the mean value of the expression in a
zone of width A+,

Tables 1 and 2 give the effect of an anomaly of one milligal
in different zones on N,, 7, and &,

Tt has been shown elsewhere V) that the sensitivity of N, with
respect to Ay detracts considerably from the value of Stokes’
Theorem. The effect of the outer zones is very large, as can he
seen from Table 1, and a fair knowledge of Ag over the whole
globe is required before N, can be deter mde with any degree of
aceuracy.

Table 2 can be used to find the deflections at any point due to
a given set of gravity anomalies in a Ikmown area. Thus, supposing
the Tibetan plateau to he an area of gravity anomaly —0:020®
gals, and to be bounded by latitudes 30° to 36° and longitudes
80° to 100°, it was found that it would produce a meridional
deflection of + 0”3, and a prime vertical deflection of + 0”°4, at
Kalianpur. These are surprisingly small considering the large
anomaly assumed and its large extent.

(8)

—3 cos ¥ cos? ‘k(

(1) Stokes’ Formula in Geodesy by B. L. Gulatee, Nature, Vol. 129, p'l.gP 279

(2) There is no reason to supposc that this is actually the anomaly in this
area, It is simply given ae an example of what might reagsonably be found.
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An attempt has been made to tind out the orientation of the
International and Helmert spheroids at Kalianpur from the gravitg{
anomalies in India. Five zones of radii 0°—1°,1°—2°,2°—~5° 5°_g%
and 8°—10° were taken and the average values of Agcos 4 and
Ay sin 4 were computed. The deflections with respect to Helnert’s
spheroid come out to be n,= +17'6, £,= 44”2, and with respect
to the International spheroid as 5,= + 1”°3, £, = + 4”°0. These latter
differ by about 1” from the deflections adopted at Kalianpur H.S.
( Serial No. 240 of Supplement to Geodetic Report Vol. VI). Tt
was not possible to go beyond a radius of 10° from the station, as
gravity data are not available beyond this distance. A much more
reliable value of the deflections would be obtained if Ag's were
known in the Arabian sea ( between latitudes 12° and 20°), in the
Bay of Bengal, and in Burma, Siam and Tibet.

If we could put faith in isostasy being nearly perfect over the
whole globe, so that no systematic gravity anomalies can exist over
large areas, then the effect of the outer zones on the deflections will
be small, and a consideration of the near zones only should give the
deflections with some accuracy.

The effect of systematic gravity anomalies is easily investigated,
As an example, let the geoid be the tri-axial ellipsoid

" { 14 (4 —sin? 0)e+Cecos 2 A—2,) cns“’ﬁ} (9)
and let its reference spheroid be
r=k {1t gosmoe b (10)
The gravity anomaly is now represented hy the systematic
longitude term Ay = cos 2 (A —2,) cos?d (11)
From (9) and (10), we get
N= k('cos 2 A—2,) cos? @ (12)
—— 3N L icos2 (A—n,)sin28 ... (13)
k&6
SN 9 (1 ot :
- _ =49 2 A—\)eosd ... (14)
3 kcos € &6 + sin 2 ( 0

Heiskanen gets (/=19 x 10~%, A,=0. Using these values, we
et for Kalianpur ( latitude 24°, longitude 78°),

n= _2//'“‘ E=+2”q

Using Table 2. we find the effect of these gravity anomalies
comprised within a radius of 15" round Kalidgnpur to be.only
n— —0"-43, E= 4+ 0" 45 so that the outer zones beyond this are
responsible for over 2”7 in vach component.
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This residual error may be much greater in an cxtreme case,
Thus, at latitude 24° longitude 15° the deflection would be
71=0, £ =+2 Ccos 24°=+7". The assumed gravity anomalies
within a radius of 15° only produce a prime vertical deflection of
about + 1”7, showing that the outer zones are most important.

However, as in the case of the vertical separation, the relative
deflections of two points. not too far from one another can be
obtatned from a consideration of the near zones alone, the effect of
the remote anomalies being nearly the same for both. To verity
this, deflections were computed for another station Kesri H.S.
(Serial No. 234 of G. R. VI, Supplement ). As before, zones up to 10°
external radius were taken and the meridional deflection came out
to be +7”-8. The relative meridional tilt with respect to Kalianpur
is therefore +77-8—1"-3=+6"-5. The value obtained by the
usual method and printed in G. R. VI, Supplement is +97-2—2"4
=+46G"-8. 'The agreement is very satisfactory.

The prime vertical component could not bechecked, as the P. V.
deflection at Kesri H.S. is based on azimuth observations, and we
know that no reliance can he placed upon these deflections.

TABLE 1.—Elevation of Geold due to a gravity anomaly of one
milligal in each zone.

! ! [
Limiting ! [imiting Limiting ; Limiting
radiiof | N, radii of Ny radii of i N radii of N
Z0nes zZones Z0Nnes ZONCS
; |
Seel . feet . , Jeet B o Seel
n— 2 ) +0-81 20 - 30 4+ 267 80— 90 | —=3-77 1 140=150 | +2-08
| !
2 ‘ ront | a0-1w ors] wo=100| =289 | 1n0—160 0 194
-8B f +0:91 | 0=50 —1-13 1 100=110 | —=1-56 | 160-170 | +1:37
|
H- X |‘ +0-492 Ho — 60 —2.71 1110 =120 [ =0« 1B P 1T0=180 | 4044
)
¥=10 ‘ +0-Mm 6070 0 =374 ] 120130 | +0-84
10 - 20 + 110 70 — 80 —4-09 | 130=110 | +1-68
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TABLE 2.—Meridional deflections due to Ag cos A =1 milligal in
vach zone, or P, V. deflections dur to Ag sin A =1 malligal in each

<one,

Limiting Ag cos A] Limiting 'Aa¢ cos A| Limiting |Ag cos A] Limiting |ag cos A
radii of or radii of . or radii of or radii of or
zones  Ag sin A zones  Ag sin A]  zones [Ag sin 4] zones |Agsin Ar

Y- 1 r0 16| 10-15 | +0’12| 40-56 | +0%09 | 90-100 | -0’06

1— 2 +0-16| 15-20  +0.10| 50—60 | +0-06 | 100~120 | —0-14

i |
2 +0-20 1 20-25 i +0-08 | 60=70 | +0.02 ) 120-140 | —0-11
- K ro-12 | 25-30 | +0.07| 70-80 | —0-01 | 140—160 | —0-08

N—10 +0-06 30-40  +0-12 80—90 —004 | 160—180 | —-0-01

II. THE SEPARATION BETWEEN DIFFERENT SPHEROIDS

In the Survey of India, there are three spheroids in general
use, namely Everest, International and Survey of India II.

The Everest and International spheroids have been defined in
the Supplement to Geodetic Report Vol. VI. Survey of Ind.ia
spheroid IT is that which best fits the compensated geoid in India.
80 far as the latter was known in 1927.

[t is often necessary to find out the separations hetween .theso
spheroids at different points, To ohviate the necessity of having to
compute afresh every time, two Charts XXVIII and XXIX have
been prepared showing the distances between these spheroids for
the whole of India.

The separation is given by the following formula :—

[f A and B are two spheroids, the height of Babove A at the pomt
(P, N)1s .
N="P"(Using, + Veosd, ) —Q8E, -+ R(Vsing, — lTcosp,) + Soa— I'de,
where P = cos ¢ cos A

Q = a coB ¢ sin A

R =sin &

lg = 1

T =asin? ¢’

U = adn, — ade sin 2¢,

V = (N, — 8a) + abe sini¢,’
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¢’ is the reduced latitude [ viz., tan¢’ = (1 — ¢) tan ¢ ] of the
point at which the separation is required, and A is the difference of
longitude between the station and Kalianpur.

A is reckoned positive when the station is to the cast of
Kalianpur and negative when it is to the west.

¢, is the reduced latitude of Kalianpur.

This formula has been used by Dr. J. de Graaft Hunter from
time to time¥, and is now put on record for future reference.

Table 3 shows the differences between the constants of the
various spheroids.

TABLE 3.—Differences between the constants of the spheroid.

A =Everest IA = Everest A =International
iB= International iB =Survey of India lI{B=Survey of India I
ba =an —ax | + 3647 feet i + 4149feet ) |+ 502feet )
+ 1112 metresy | + 1265 metres ) + 153 metres §
Bb = by — by + 2735 feet | + 2136 feel — 599 feet )
+ 834 metres ) + 652 metres ) — 182 metres )
be = €y — €, + 0-4255 x 1074 ‘ + 0:9552x 1074 + 0:5297 x 1074
L — 2”71 - 1”67 + 17.04
B = Enn — Eon -~ 0".28 + 0"+08 + 0"-36
N, — 31 feot — 29 feet + 2feet

Ny is the separation between the two spheroids at the origin. Positive when
I is above A.

* See Departmental Paper No. 12. page 139, formula ( 7).
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LIST OF PUBLICATIONS

Sterling Prices of Publications. The prices to be charged
for Survey of Indin J)ublicntions 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 timeto time. The prices
at the current rate of exchange are:—

odian money |  equivalent | Tndion money |  equisaient
Rupees Aunnas | Shillings Pence | Rupees Annas | SBhillings Pence
0 2 0 3 4 8 7 6
0 4 0 5 5 8 3
0 8 0 10 5 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 6 8 8 14 6
2 8 4 6 9 0 15 0
3 0 5 3 9 8 16 0
3 8 6 0 10 0 16 6
4 0 6 9 10 8 17 6
4 4 7 3 12 0 19 6

PART I. NUMERICAL DATA

Triangulation Pamphlets. Each covering one square degree, giving
descriptiona. positions, (latitude and longitude) and heights of triangulated
points and other data with chart. The chart shows the plan of triangulation

with the position of stations and pointa. Triangulation data falling in
1/M sheet are printed in a series of sixteen pamphlets A to P In the



NUMERICAL DATA iti

last pnmphlet of every series published up till 1932, n coloured map is
given in addition to the chart, to illustrate the topographical features of
the area covered by the 1/M sheet. Pamphlets having this map are charged
Rs. 1.8 extra.

Charts Nos. XXX & XXXIT at the end of the Geodetic Report shew
what triangulation pamphlets have been published.

Price Re. 1 per pamphlet. Published at Dehra Dun.

Levelling Pamphlets.

() Levelling of Precislon. (living heights and deecriptions of all Bench
marks tixed by Levelling of Precision and of certain selected secondary
lines. Each pamphlet embraces an area of 4° x 4° and the numbering 13
the same as that of the corresponding sheets of the 1/M mnp of India,
Each is illustrated by a map of the area. Published at Dehra Dan.

(») Levelling of Precision in India and Burma.

|
Pamphlet Latitude | Longitnde | Published | Price

Sheet | Distinctive name of sheet N. K. mn i
34 | (Quetta) ... .| 2833 ] 64-68 | 1916 | Rs. 2:04
35 | (Karachi) ... 24-28 64-68 1911 Re, 2-0.0
38 |[(Kabul) ... 32-36 08-72 1912 Rs. 2-0-0
39 [(Multan) ... .| 28-32] 68-72 | 1913 | Rs. 2.0-0
Addendum to 39 1916 | Rs. 2.0-0
40 | (Hyderabad, Sind) | 24-28 ) 68-72 | 1934 | Rs. 2.0.0
41 | (Rajkot) ... ve | 20-24 1 6872 | 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) ... e | 28-32 0 72-76 | 1926 | Rs. 3-0-0
45 | (Ajmer) ... .| 24-28 . 72-7G | 1911 | Rs. 2.0-0
46 | (Baroda) ... v | 20-24 ! 72-76 | 1912 | Rs. 2-0.0

47 | (Bombay) ... .| 16-20  T2-76 ) 1912 | Rs. 2.0-0
Addendum to 47,
Island of Bombay

1015 7| Re. 1-0.0

4R | (Goa) ool 12160 72-76 1 1912 | Rs. 2-0-0
49 | (Calicut) ... 8-12 @ 72-76 1911 Re. 1.0-0
52 | (T.eh) ..l 832-36. 76-80° 1912 | Re. 1.0.0
53 | (Delhi) 28-32 . 76-%0 ' 1929 Rs. 3-0.0

Addendum to 53 T ... 1934 1 Rs, 2.0.0
b (Agra) L .o 2428 7650 1930 Ra. 3.0.0
55 (Nagpur) ... . 20-24 T6-50 1 1012 Rz 2.0-0

16=20"  76-80 193] :Ré. 2.0-0

56 | (Hyderabad, Deccan) ... | ‘ |




iv LIST OF PUBLICATIONS
Leovelling Pamphlets—(Continued).

|
Pamphlet } Latitude 'Longitude Pnblished Pri
Sheet } Distinctive name of sheet | N. ‘ E. in riee
- L
‘ o o l o o]

57 | (Mysore) ... | 12-16 1 76-80 | 1919 | Rs. 2.0.0
58 ? (Ootacamund) 8-12 | 76-80 1914 | Rs. 2.0.0
62 | (Minasarowar) oo | 28-32 ) 80-84 1922 | Re. 1-0-0
63 | (Allahiabad) vl 24-28 1 80-84 1923 Rs. 2.0-0
Gt  (Raipur) ... .| 20-24 1 80-84 | 1912 | Rs. 2.0.0
65 - (Vizagapatam) o | 16-20 | 80-8% 1913 | Rs, 2-0-0
66 | (Madras) ... w. | 12-16 | 80-84 1912 | Rs 2-0-0
72 | (Katmandu) o 24-28 | 84-88 1930 | Rs. 2-0-0
73 | (Cuttack) ... 20-24 | 81-88 1913 Rs. 2.0.0

Addendum to 73 e 1927 | Rs. 2-0-0
74 | (Puri) .| 16-20 | 84-88 1913 | Rs, 2-0-0
7 (Darjeeling) .. | 24-28 | 88-92 1923 | Rs. 2-0-0
79 | (Calcutta) | 20-24 1 88-92 . 1924 | Rs. 2-0-0
83 | (Dibrugarh) v | 24-28 1 92-96 1 1912 | Rs. 2-0-0
R4 | (Akyab) ... | 20-24 1 92.96 1918 | Is. 2-0.0
85 | (Prome) ... .| 16-20 0 92-96 1917+ Rs. 2.0-0
92 | (Bhamo) .., el 24-28 ) 96-100 | 1918 | Rs. 2:0-0
93 (Mandalay) 20-24 | 96-100 1917 Rs, 2-0-0
94 | (Rangoon) ) 16-20 | 96-100 ‘ 0.0,
95 | (Mergui) § | 1216 | 96100 | 1916 | Re 2:0-0

|
} |

() Tevelling of Precision in Mesopotamia.

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

Descriptions and heights of hench marks, printed by Gestetner
at Dehra Dun.

= - . : l
% 794 Lire number ' fl::g?:::gﬂel:ts T P““:‘:h"d w Price
< /] I i - L
1 52A (Ruk to Sehwin) L '35 M&Nand| 1928 | As.6
40 A \
2 152B (Daur to Lundo) .. 40B&C wo .
3 52C (Shahpur to Mahvabpur) .. 35 Nand 40
ABCF&G " Y
4 52D (Tando Alihyir to Hyderabad), 40C & D " "




Levelling Pamphlets—(Continued).

NUMERICAL DATA

Seria!
No

Liue number

' degree sheets

Situated in

Published !

in

Price

-T ST &

oc

10

11
12

15

14

16

| 7OLL(B.M. 28/73M to Raniganj

7
7

528 (Rohri to Jam Sahib)

52F (Shahpur to Mirpur Purauva)...

52G [Landhi canal bungalow (89th
mile) to Khipro]

52H (Khipro to Ghulam Bhurg: m)

521 (Mirpur Khas to Tundo Ghu-
lam Al via Umarkot and
Dadah)

52J (Mirpur Khas to Tando Ghu-
lam Ali via Dign)

52K (Digri to Dadah)

70J (Barakar to Hazaribagh Road)

74C (Howrah to Uttarpara) ™
74D (Baidyabati to Sheoraphuli)

741 (Bandel Church to Baudel |

Ry. Stn.)
741 [B.M. 251(118)/79A to
Pandua Ry. Stu,) |

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

T4 (3. M. 116/78M to Burdwan
Ry. Stn.)

T0L (B. M 85/73M o Maukar
Ry. Stun.)

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

70G (B.M, 58/738M to Duwrgapur |
Ry. Stn.)

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

70M (Khina Ry. Stn. to Galst ||

Ry. Stn.) )

=4

Q (Calcutta to Narayawpur) )

7
-
7

87A (Moulmein to Paan)
8713 (Moulmein to Wekali)

|
87C (Babukon to Kawmyatkyr) |-
|

87D (Nyaungbinzeik to Nat-
chaung) J

40A,B& E |
40BC& G

0C&G |
40 G

Loulnu&lq

06
0GLH

781 aud 72 H!
(&L ‘

WALD

Bl&M

R (Narayanpur to Narayanpur) ) '

B

94 H & Liand
WBE&LIL

1928

”

1

"

124

<As. 12
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LIST OF PUBLICATIONS

Levelling Pamphlets—(Continued ).

| o . ! .
E - Line number dgébrue?:tiﬁ elélts P“)‘;I[:Shml Price
|
88B (Kynuktaga to Myitkyo) ) ‘
83C (Dalanun to Pazunmyaung) :
838D (Pegu to Zenyaungbin) ‘
88E (Myitkyo to Okpo) '
881" (E. B. M. at R. D. 25 of the | 85 L,N,O & P
17 ‘ Yenwe Embankment to Uaw) | land 94 B,C& D! 1928 | Rs,?2
190A (Nyaungzaye to Kandin)
90B (Ma-ubin to Bassein)
90C (Sagamya to Pantanaw)
90E (Thonze to Rangoon) J
894 (Kyaukse to Minzu) B
i 89B (Ywakainggyi toAmarapura)
| 89C (Kyaukse to Mandalay) 3
18 89D (Tangbén to Shwebo) " 321&8&001‘3% Rs. 1.8
i 89E (Kabo 1o Myittaw) 1m P ” '
{ 8UF (Okshitkan to Paukkan)
90D (Meiktila to Yewe) y
19 | 29C (Nira to Batgarh) 471&JT | 1929 | As. 6
20 | 53A (Madad Chandia to Melnl) 35 M | " "
21 | 54B (Shikarpur to Kambar) 40 A " "
22 | 54C (Wariaso to Rato-dero) 34 P35 M,
39D and 40A. ” "
23 | 551 (Garh Mabarajato Damamia)| 39 N 44 A&B " »
55K (Aherbela to Multan) ?
24 | 55L (Rangpur to Mumihlg'nh) . As. 10
55M (Muzaffargarh to Basti BIN&O ? :
Malulk)
25 | 550 (Sujabad to Sabuwali) . 39 O ” As. 6
26 | 550 (Jabboana to Kot Maldeo) ... 44 A " "
27 | 56t (Kasur to Basirpur) 4 FI&J " »
28 | 57D (Lodhran to Bahawalpur) 39 O " "
29 | 57H (Basirpur to Lodhran) e 39PO, 44 B,C
& T s ”
30 | 57T (Kutabpur to Adamwabhan) ... 39 O ” »
31 | 571, (Dingarh to Khanpur) 3I9LO&LP ” ”
32 | 57M (Mithra to Khanpur) 39 H&L and
40 E & I " "
33 | 57N (Chachran to Khanbela) IKL&O " ”
34 | 74B (Kidderpore to Dublat) 79 B » ”
35 1 77V (Iastings Bridge to
Dalkhineswar) 79 B " "




NUMERICAL DATA vii
Lovelling Pamphlets—(Continued).
4 . ) )
36 | 70K (Allahabad to Barakar) 63 G, K& 0O,
72 C, 3, K& L
and 731 1929 | As. 14
37 | TOL (Mughal Sarai to 63 O&P and
Hazaribagh Road) 2D&H " As. 10
38 | 553N (Basti Maluk to Kabirwala) | 39 N & O 1930 | As. 6
39 | 55H (Abdul Hakim to Garh
Maharaja) J9IN&L44 B . As. 6
58J (Damamia to Ahar Bela)
40 | 29D (Gotuar to Kaladgi) 47 L& P 1931 As, 8
41 | 29B (Nira to Jhalki) 47 J K& O 1930 | As. 6
40 64 I (Ghaziabad to Cawnpore) ) | 53 H, 541, J 1930 ‘Rs. 1.2
~ 1 64 J (Cawnpore to Allahahad) ) | &N and 63B, * 8. L-=
C&G
77 S (Khulpa to Madaripur) ‘
43 | 77 T (Mollahat to Barisal) T9E.F.I&J | 1933 1As 10
77 U (Kachua to Alaipur) ) :
AL 8 G (Thanatpin to Tongyi) )
* 88 H (Ohne to Thongwa and 94C&D 1933 - As. 10
Ohne) ‘
|
: 57 I (Khudian to Lodhran) ) 39N &Oand o (: .
57 K (Bahawalpur to Fazilka) ) | 44B.C,F, | 1932  AsTd
GF&J
46 | 3 Branch-Lines between Hazari- | 72 H & L and
bagh and Gomoh 731 1933 As. 6
47 | 55 Q (Rohilanwali to Leiah) . ! 39, K& O 1933  As. 14
88 I (Bridge No. 74 to Myit- | |
48 kyo) L 4B & C 1933 1 As. 6
88 J (Panut to Penwegon) / 3
19 70 S8 (Manpur to Luckeesarai) } ' 2C,D, G, |
70 T (Patna to Gaya) | H&K 1933 | As. 6
|
[ i
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LIST OF PUBLICATIONS

Levelling Pamphlets—(Continued).

Py
_xz

Line number

Situated in
degree sheets

Published
in

Price

50

54

8

'
|
1
I

|

121 B (Toposi to Ondal)

121 C (Toposi to Gaurangdih)

151 A (Pandaveswar to Palas-
thali)

70 R (Ikrah to Sitirampur)

70 U (Pradhankhunta to
Pathardih)

70 V (Dhanbad to Jamunia-
tanr)

70 Q (Toposi to Barabani)  J

56 I (Ferozepore to Jagraon)

61 I (Mahna to Head of Bha-
daur distributary)

61 J (Badhni Kalan to Alam-

wala)

v

57 O (Bhatinda to Doraha)
57 P (Islamwala to Lambi)

57 Q (Hanumangarh to Hissar)
57 R (Hissar to Balsamand)

75 ¢ (Muhammadnagar Patna
to Bhadrakh)

75 D (Bhadrakh to Cuttack)

75 E (Cuttack to Pir Hat)

A
N
J
74 J (Saktigarh to Bally)
74 K (Seoraphuli to Tarales-
war)
74 L (Bandel to Barharwa)
74 M (Khanpa to Kiul) |
(Portion Tinpahar to |
Pirpainti)
74 N (Nalhati to Azimganj)
74 O (Tinpahar to Rajmahal) J

70 O (Jasidih to Baidyanath )
Dham)

|
. 70 P (Madhupur to Giridih) ¢
. 72 A (Bhagalpur to Mandar |

hill) J

74 1 (Uttarpara to Kalna)

73I&M

441,J,M&N

44J, K&N
and 53 B

4K,0,P&
53D

73H,K,L&O

|
72 P, 7 ‘
78

, 73 M,
Dand 79 A
& B

1

72K, 0& P, |
73Mand 78D

|
K L&P|

79A&B

1933

1933

1933

1933

1933

1933

1933

1933

1933

As. 10

As. 14

As. 10

.10

. 14

.10

.14

As. 6




NUMERICAL DATA

Levelling Pamphlets—(Concluded).

ix

Serial
No.

Line number

Situated in
degree sheets ’

| Published

in

Price

59

60

61

62

64

65

66

61
' 61

587

52 M (S.B.M. Sukkur to Barrage
Road Bridge, Sukkur).

57 S (Bhiwani to Bahadur-
garh)
T (Hansi to Bhatinda)

U (Mansa to Sohuwala)

57
57

57

57

V (Badopal to Narwana)
W (Narwana to Riajpura)

61
57

K (Chandigarh to Doraha)
X (Doraha to Patiala)

F (Charibatia to Kendra-
para)

G (Kiarbank to Puri)

B (Puri to Puri)

QI ~3 -1
O L (=

57 % (Jakhal to Rohti)
57AA (Bhurthala to Kotli

Mauvin)

L (Chandigarh to Jagadhri)
M (Jagadhri to Karnal)

N (Butana to Chandina)

O (Karnal to Jind)

Y (Rohtak to Panipat)

61
61
57

(Pegu to Amherst.: portion
Pegu to Myitkyo vre-
vised in 1933-34)

(Elephant Point to Thazi:
portion Rangoon to
Pyinbongyi revised in
1933-34)

G (Thanatpin to Tongyi re-
vised in 1933-34)
H{(Ohne to Thongwa and
Ohne revised n

1933-34)

88

88
88

j
;
}

{
1
i
l
|

)
j
j
}

4

|

40 A |

44F, K, N &
O and 53 C,
D&H

44 O and 53 B,
& C

53 B

94 C & D

1933

1933

1933

1933

1933

1934

1934

1934

| As.

As.

As.

.10

As.

. 1.2

As,

14

10

10

10

14

Notr:—See also pamphlets of " Levelling of Precision in India and Burma "

pages iii and iv, for certain sclected lines of Secondary Preoision,



x LIST OF PUBLICATIONS

Tide-Tables.

From 1880 to 1922 tidal predictions based on the observations of
the Survey of India were published annually by the India Office,
London. From 1923 the prediction 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 “The Major Series” priced Rs. 8.

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

(3) Separate Pamphlets for individual ports priced 4s. 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 *Tide-
Tables of the Indian Qcean’’ has been introduced priced Rs.3 per copy.
This comprises full tide-tables for the 41 Indian ports predicted by the
Survey of India, and 22 other standard ports in the Indian Ocean and
Far 1Sast, also for 6 BEnglish and Mediterranean ports. In addition, it
contains the noa-harmouie tidal constants and tidal differences for about
70 ports and anchorages, and the harmonic tidal constants of about 170
important tidal stations, mainly in the Indian Ocean and Far East.

Separate Pamphlets of tide-tables have also been published for
the following ports :—

Bombay ... price As. 12 per copy
Hooghly River ,» Rs 1-8
Rangoon River , Re. 1-2

PART 1I. GEODETIC WORKS OF REFERENCE
Everest’s Great Arc Book.

1. An account of the Measurement of an Arc o.f the Meridian be-
tween the parallels ot 18° 8' and 24° 7', by Captain George Everest,
F.r.S. &c., Bast India Company, London, 1830. (Out of print).

2. Ap account of the Measurement of two Sectiouns of the Meri(’l'ional
Arc of India, bounded by the parallels of 18° 3' 15", 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 illustrato the above. London, 1847. (Out of print).

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

Vol.1 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 Din, 1870. (Out of print),

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

Vol. 111 North-West Quadriluteral. The Principal Triangulation, the
Bnse-Line Figures, the Karachi Longitudinal, NW. Himalaya,
and the Great lndus Series. Dehra Dun, 1873, (Out of print).




GEODETIC WORKS OF REFERENCE xi

G.T.8. Volumes—(Continued).

Vol. 1V

Voi. IVA

Vol. V

Vol. VI

Vol, V11

Vol. VIII

Vol. IX

Vol. X

Vol. XI

Vol XII

Vol. X111

Yol. X1V

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

Price Rs. 10-8.

North-West Quadrilateral. The Principal Triangulation, the
Jodhpur and the Eastern Sind Meridional Series with the details
of their Reduction and the Final Results. Dehra Din, 1886.

Price Rs. 10-8.

Pendulum Operations, details of, by Captains J. P. Basevi and
W. J. Heaviside, and of their Reduction. DeliraDun and
Calcutta, 1879. Price Rs. 10-8.

South-East Quadrilateral. 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 DMeridionals.
Dehra Dun, 1880, (Out of print).

North-East Quadrilateral. General Description and Simul-
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 Rs. 10-8.

North-East Quadrilateral. Detaila of the following eleven
series :—

Gurwani Meridional, Gora Meridional, Hurilaong Meridional,
Chendwar Meridional, North Parasnath Meridional, North
Malancha Meridional, Calcutta Meridional, East Calcutta
Longitudinal, Brahmaputra Meridional, Eastern Frontier-

Section 23°-26°, and Assam Longitudinal. Dehra Dun, 1882.
Price Rs. 10-8.

Telegraphic Longitndes. During the years 1875-77 and 1880-81.

Dehra Dun, 1883. Price Rs. 10-8.
Telegraphic Longitndes. During the years 1881-82, 1882-83,
and 1883-84. Dehra Dun, 1887. Price Rs. 10-8.
Astronomical Latitudes. During the period 1805-1885. Dehra
Din, 1890. Price Rs. 10-8.

Southern Trigon. General Description and Simultaneous Re-
duction. Also details of the following two series :—Great

Arc-Section 8°-18°, and Bombay Longitudinal. Dehra Dun,
1890. Price Rs. 10-8.

Southern Trigon. Details of the following five series :—South
Konkan Coast, Mangalore Meridional, Madras Meridional
and Const, South-East Coast, and Madras Longitudinal.
Dehra Duan, 1890 Price Rs. 10.8.

South-West Quadrilateral. Details of Principal Triangulation
and Simultaneous Reduction of its compoqent) series.
Dehra Dun, 1890. Price Rs. 10-G.



xi LIST OF PUBLICATIONS
G.T.S. Volumes—(Concluded).

Vol. XV Telegraphic Longitades. From 1885 to 1892 and the Revised
Results of Volumes IX and X: also the Simultaneous
Reduction and Final Results of the whole Operations.

Dehra an, 1893. Price Rs 10-6.
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 Arcs from Karachi to Greenwich. Dehra
Duan, 1901. Price Rs. 10-8.

Vol, XVIII Astronomical Latitudes. From 1885 to 1905 and the deduced
values of Plumb.line Deflections. Dehra Duan, 1906.

Price Rs. 10-8.

Vol. XIX Levelling of Precision in India. From 1858 to 1909. Dehra

Dun, 1910, Price Rs. 10-8.

vVol, XIXA Bench Marks on the Southern Lines of Levelling. Dehra

bun, 1910, Price Ks. 5.

Yol. XIXB Bench Marks on the Northern Lines of Levelling. Deghra
Dun, 1910, Price Rs. 5.

PART 1I1. HISTORICAL AND GENERAL REPORTS
Memoirs.

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

. A Memoir on the Indian Surveys. (Second Edition), by C.R.
Markham, ¢.B., F.R.S., India Office, London, 1878.
Price Rs. 5-S.
. 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.

o2

[

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

Annual and Special Reports.

Anoual Reports of the Revenue Branch. 1851 to 1877. (1851 to 1870, out

of print ).

Ditto Topographical Branch. 1860 to 1877. (1863 to 1877,
out of print).

Ditto Trigonometrical Branch. 1861 to 1878. (1861 to

1863, out of print). Price Rs. 2.



HISTORICAL AND GENERAL REPORTS Xiti
Annual Reports 8c¢.—(Continued).

In 1878 the three branches were amalgamated, and from that date
onwards annual reports in single volumes for the whole department, were
published as follows:—

5 from 1877 to 1900. Price Rs. 3 per volume.
General Reports { from 1900 to 1922. Price Rs. 2 per volume.
from 1923 onwards prices as given below.

From 1900 onwards the Report was issued annually in the form
of acondensed 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., (a) General Report which is confined to reporting the Survey
operations of the ordinary field parties and detachments with only brief abs-
tracts of Geodetic operations, and Map Publication and Office work. Pub-
lished annually., From 1922to 24 Price Rs. 2, from 1925 Re. 1. (d) Map
Publication and Office Work report which contains all the Index Maps show-
ing the Progress of Map Publication on all scales, with reports on publication
and issue. Published annually beginning with year 1924. Price Re. 1. (e)
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, Publication Oflice, and topographical parties.

From 1933 inclusive, the General and Map Publication and Office work
Reports have been combined into one report under the title of General
Report. Price Rs 1.8, or 2s. 6d.

The following fuller reports are available:—

(b) Extracts from Narrative Reports.

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

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

1902-03. Principal Triangulation in Upper Burma. Topography in
Upner Burma, Shan States. Survey of Sambhar Lake. Introduction of the
Contract System of Payment in Traverse Surveys. Traversing with the
Subtense Bar. Compilation and Reproduction of Thana Maps. Calcutta,

1905. Price Rs. 1-8.

1908-04. Utilization of old Traverse Data for Modern Surveys in
the United Provinces. Identification of Snow Penksin Nepal. 'Topo-
graphienl Nurveys in Sind.  Notes on town and Municipal Surveys. Notes
on Riverain Surveys in the Punjnb. Calcutta, 1906. Price Rs. 1.-8.

1904-05. I'viangulation in Balnehistan., Survey Operations with the
Somaliland VField Force. Calcutta, 1907, Price Rs. 1.8,

1905-06. Topography in Shan States Calcutta, 1908, Price Rs 1-S.

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.



xiv LIST OF PUBLICATIONS

Annual Reports &c.—(Continued).

(c) Records of the Survey of India,

Vol. I 1909-10. Calcutta, 1912, Price Rs. 4,
Vol. II  1910-11, Calecutta, 1912, Price Rs. 4.
vol. 11T  1911-12. Calcutta, 1913. Price Rs, 4.

Vol. 1V 1911-13. Explorations on the North-East Frontier. North
Burma, Mishmi, Abor and Miri Surveys. Calcutta, 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. Link connecting the Triangulations of India and Russia.
Dehra Dun, 1914. Price Rs. 4

Vol. VII 1913-14. Note on Scales and cost rates of Town plans.
Calcutta, 1915. Price Rs. 4.

Vol. VIII { }g?g;g g::: I}} Explorations in Tibet and neighbouring

regions. Dehra Dun, 1915. Price of each part Rs. 4,

Vol. VIII (A) 1914. Explorations in the Eastern Kara.koram and the
Upper Yarkand Valley, by Lt.-Colonel H. Wood, ».e. Dehra

Dan, 1922, Price Bs. 3.
Vol. IX 1914-15. Criterion of strength of Indian 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 calculating Attractions
(illustrated). Traverse Survey of the boundary of Imperial

Delhi., Dehra Dun, 1917, Price Rs. 4.

Vol. XTI 1916-17. Triangulation; use of high trestle for stations and
100-foot mast signals. Note on Basevi's Pendulum Opera-

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

paring Layer plates; Developments and Improvements in
preparing Tint-plates. Dehra Dan, 1918, Price Bs. 4.

Vol. XIT Notes on Survey of India Maps and the modern development of
Indian Cartography, by Lt.-Colonel W.M. Coldstream, Rr.E,
Superintendent, Map Publication. Calcutta, 1919. Price Rs. 3.

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

Morley Davies. Dehra Dun, 1919. Price Rs. 4.
Vol. XIV 1981-91. Levelling in Mesopotamia. Dehra Din, 1920.
Price Rs. 4.

Vol. XV 1919-20. Levelling ; proposed new level net. The Earth's Axes
and Figure, by J. de Graaff Hunter (n 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.
Delira Dun, 1921. Price Rs. 4.

Vol. XVI 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 Dian, 1922. Price Rs. 4.



HISTORICAL AND GENERAL REPORTS XV

Annual Reports &c.—(Continned).

Vol. XVIT

Vol. XVIIT

Vol. XIX

Vol. XX
Vol XXI

Vol XXTT

Vol. XXTT1

Yol XXTV

Vol. XXV

(¢)

Vol I

Vol 11

Val, 111

Vol 1V

Vlll, Vv

1923. Memoir on Maps of Chinese Turkistan and Kansu
from the Surveys made during Sir A. Stein’s Explorations,
1900.01, 1906.08, 1913-15. Dehra Dun, 1923,  Price Rs. 12.

192122, Traverse Survey of Allahabad city. Settlement of
Boundary between Mpysore 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.s.o,r.E, and E.C,J. Bond, v.n. Dehra Dun, 1923.

Price Re. 4.
1914-20. The War Record. Dehra Dun, 1925, Price Rs 3.

1922-23-24, 1. Air Survey in the Trrawaddy Delta 1923-24, by
Major C.@G. Lewis, r.E,, and II. Reconnaissance Survey in
Bhutin and South Tibet 1922, by Captain H. R. C. Meade, 1.a.
Dehra Dun, 1925, Price Rs. 1-5.

1926. Exploration of the Shaksgam Valley and Aghil Ranges,
1926, by Major K. Mason, ».c., r.E. Dehra Dun, 1928,

' Price Rs. 3
1926-30. Report on Sind Rectangulation, 1926-30, by Lt.-
Colonel A.H. Gwyn, 1.A.  Dehra Dun, 1932.  Price Rs. 1-8.

1901-29.  Riverain Surveys in the Punjab, 1901 to 1929.
Dehra Din, 1934. Price Rs. 1.8.

1925-31, Surveys in Swat, Chitral & Gilgit and neighbouring
territories, carried out by ‘A’ Survey Company from 1925 to
1931. hy Lt.-Colonel C.G. Lewis, 0.B.E.,, ®R.E. Dehra Dan, 1934.
Price Rs, 1.8.

Geodetie Reports.
1922-25.  Computations and Research. Tidal work.  Time and
Magnctie observations, Latitude and Pendulum  observations
in Bihar, Assam and RKashmir, Levelling.  Lecture on ** The
heicht of Mount Everest and ather Peaks”.  Dehra Din, 1928.
Price Ra. 6.
1925-26.  Computations and Research. Tidal work. Time and
Magnetic observations,  Preparations for the International
Longitnde P’roject. Triangulation. Levelling. Investigation
of the behaviour of tree bench marks in India.  Dehra Din,
1928. Price Rs. 5.
1926.27. 'The International Longitude FProject. Computations
and Publication of data.  Observatories. 'Tides.  Gravity and
deviation of the vertieal. Triangulation, Levelling. Research
and Technieal Notes regarding Personal Lqguation Apparatusand
the height of Mount Everest.  Delrea Duan, 1929, Price Ra 3.
1927-28.  Computations and Publication of data. Observatories.
Tides.  Gravity and deviation of the vertical.  ‘Triangulation.
Levelling,  Dehra Din, 1929, Price Rs. 2.
1928-29. Computationsand Publication of data.  Observatories.
‘Tides. (iravity and deviation of the vertieal, ‘I'riangulation.

Levelling. Research and Technical Notes.  Dehra Duan, 1930.
Price Ka, 3,
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Annual Reports &c.—(Concluded).

Vol. VI 1929-30. Compntations and Publication of data. Observatories,
Tides. Gravity. Triangulation. Levelling. Research and
Technical Notes. Dehra Dun, 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 Ra. 3.
Vol VITT 1931-32) Computations and Publication of data. Observatories.
Tides. Gravity. Triangulation. Levelling. Research and
Technical Notes. Dehra Dun, 1933. Price Rs. 3.

1913, Triangulation and Base Measurement. ° Levelling. Deviation
of the Vertical. Computations and Publication of data.
Observatories. Tides. Research and Technical Notes. Dehra
Dun, 1934. Price Rs. 3,

1934, Triangulation and Base Measurement. Levelling, Gravity.
Deviation of the Vertical. Computing Office and Tidal Section.
The International Longitude Project. Observatories. Research
and Technical Notes. Dehra Duan, 1935, Price Rs. 3.

PART IV. CATALOGUES AND INSTRUCTIONS
Departmental Orders.

I'rom 1878 to 1885 the Surveyor General’s ovders were all issned
as “ Cirenlnr Orders”. Since then they have been classified as follows: -

1. Government of India Orders (called *Circulor
, Orders " up to 1898).
From 1885 to 1904 as 2, Departmental Orders (Administrative).
( 3. Departmental.Orders (Professional).
Tn 1904 the varions orders issued since 1878 were reclassified as follows:—

Number to date,

1. Government of India Orders. 868
2. Cirenlar Orders (Administrative) 431
3. Cireular Ovders (Professional), 196
4. Departmental Orders (appointments, promotions, transfers etc.)

These are numbered serially and had reached the above numbers
hy September 1934 Government of India Orders and Civeular Orders
(Administrative) ave bound up in volumes from time to time, as shown
helow, while Circu/ar Orders ( Professional) ave gradually incorporated
in the Survey Handbooks.  Besides the above, temporary orders have
heen issued since 1910 in the form of *“Cirenlar Memos™, These either
lapse or become incorporated in some more permanent form, and are
therefore only numbered serially for each year. Bound volumes of orders
are available as follows :—

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

1901-1908, (alcutta, 1909.
(Out of print).

” o 1909-1913. Calcutta, 1915.
1914-1918. Calentta, 1920.
1910.1924. Dehra Dun 1929‘.

1 “

* For Ir)epart;neiniml use only,
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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. Calculita, 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 (Superintendent, Map
Publication’s Orders). Calcutta, 1914.

Catalogues and Lists.

1. Catalogue of Maps published by the Survey of India, Calcuita,
1931. Price Re. 1.
Lists of new maps published during each month appeur in the monthly
NOTES OF THE SURVEY OF INDIA. These monthly lists are also
issued separately. '
2. Cataloguc of Books in the headquarters Library, Calcutta, 1901.
(Out of print).
3. Catalogue of Scientitic Books aud Subjects in the Library of the
T'rigonometrical Survey Oftice. Dehra Dun, 1908. Price Re. 1.
4. Catalogue of books in the Library of the Great Trigonometrical
Survey.  Dehra Dun, 1911.
5. Clagsified Catalogue of the T'rigonowetrical Survey Library. Delra
Dun, 1921. Gratis.
6. Green Lists, Part I List of Oflicers in the Survey of India
(annually to date lst January. Special Supple-
mentary Edition dated 1st July 1932). Calcutta.
Price Rs. 1.12.
Part I1 History of Services of Officers in the
Survey of India (annually up to 1st July 1931.
1932 Edition not published. Biennially up to
Ist July, from 1933 inclusive ), Calcutta.
Price Rs, 1-2.
7. Blue Lists. Ministerial and Lower Subordinato Establishments
of the Survey of India.
Part 1 Headquarters and Dehra Dun offices
(annually to date 1st April. Special 1932 Edition
published on 1st July ). Calcutta. Price Rs. 3-10.
Part IT Circles and parties (annually to date lst
January.  Special 1932 Edition published on 1st
July ). Calcutta. Price Rs. §-10.
From 1935 inclusive onwards Parts 1 and 11 will be published in a
single volume.
8. List of the Publications of the Survey of Indin ( published annually)
Dehra Dan. Gratis
9, Price List of Mathematical Instrumeni Office. Corrected up to
1st September 1927. Calcutta, 1928. Gratis.

S I“m"’i)épnrrt.lrnerrllr;ﬁ.l use only.
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Tables and Star Charts.

1. Auxilinry Tables, To facilitate the computations of a Trigone-
metrical Survey, and the projection of maps for India, by Radhanath
Sickdhar. Calcutta, 1851.

2. Auxiliary Tables. Lo facilitate the calculations of the Survey Depart-
ment of India, by J.B.N. Heunessey, r.r.a.s. Dehra Dun, 1868. (Out
of print).

3.  Auxilinry Tables. To facilitate the calculations of the Survey of
India. Third edition, by Colonel C.T. Haig, x.E. Dehra Diau 1887.

Price Bs. 2.

4. Auxilinry Tables, To facilitate the calculations of the Survey of
Iudia.  Yourth Edition, by Lt.-Colonel 8. G. Burrard, ».k., ¥.u.5. Dehra
Dun, 1906. Price Rs. 2,

5. Auxiliary Tables. Of the Survey of India. Vifth Edition, (revised
and extended), by J. de Graaft Hunler, M.A., sc.p., ¥. INst. P.  In parts—

Part 1 Graticules of Maps, (reprinted). Dehra Din, 1926.

Price Re. 1.

Part 1[I Mathematical Tables, (reprinted with additions).

Dehra Dun, 1931. Price RKs. 2.

Part 111 Topographical Survey Tubles, (reprinted with addi-

tions), Dehra Dun, 1928. Price Rs. 5.

Part 1V Geodetic Tables, (A) Triangulation Tables. Dehra Dun.

1931. Price Re. 1.

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

7. *Metric Weights and Measures and other tables. Photo-Litho
Ofice. Calcutta, 1889. i

8. Logarithmic Sincsand Cosines o 5 places of decimals. Dehra Dun,

1586. Price As. 4

9. Logarithmic Sines, Cosines, Tangents and Cotangents to 5 places of

decimals.  Dehra Duan, 1915.  (Out of print).

10.  Cowmon Logarithws to 5 places of decimals, 1885. (Out of print).

11. Table for determining Heights in Traversing. Dehra Dun, 1848.

Price As. §8.

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

teuse of 20 teet.  Dehra Dun, 1889. Price 4s. 4.
13. # " " 10 feet. Calcutta, 1915.
14. * ’ " S feet. "

15. IYeld Traverse Tables. VFirst Edition. Calcutta, 1928. Price As. 8.
16. 8tar Charts for latitude 20° N., by Colonel J. R. Hobday, 1.8.C.

Calcutta, 1904. Price Rs. 1.8,
17.  Star Charts for latitude 30° N., by Lt.-Colouel 8. G. Burrard, B.L.,
r.k.8. Dehra Dun, 1906. Price Bs. 1-8.

18.  Star Charts for latitude 15° N. Dehra Dun, 1928.  Price Bx. 2.

19. Star Charts for lutitude 30° N. Dehra Dun, 1928.  Price 1{_:1. 2

20. Catalogue of 249 Stars for epoch Ist Jan. 1892, from observations
by the Survey, Dehra Dun, 1893. Price Rs. 2.

21. * Rainfall, maximum and minimum temperatures, from 1868 to
1927, recorded at the Survey Office Observatory, Dehra Dun, 1'928.

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

* For Depﬁrlmenlﬂ us-|;a ;mly.
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0Old Manuals.

1. A Muanual of Surveying for ludia, detailing the mode of operations
on the Revenue Surveys in Bengal, and the North-Western Provinces.
Cowpiled Ly Captains R. Smyth, and IlI. L. Thuillier. Calcutta, 1851.

2. Ditto Second Edition. London, 1853.
3. A Manual of Surveying for India, detailing the wode of operations
oun the Trigonometrical, Topographical and Revenuc Surveys of India.

Compiled by Colonel H, L. Thuillier, ¢.s.1, ¥.z.s., and Lt.-Col. R. Smyth.
Third Edition, revised and enlarged. Calcutta, 1875,
4, Hand-Book, Revenue Brancli. Calculia, 1893. Price Ks. 2-8.

Survey of India Handbooks.

1. #*Hand-Book of General Instructions (iu 2 vols.) Filth Edition.
1927.

2,  Hand-Book, Trigonometrical Branch, Sccond Edition. Calcuttu,
1902.  (Out of print).

3. Hand-Book of Trigonometrical Instructions. Third Edition. DParts
in pamphlet forms

Part 1 Geodetic Triaugulation.  Iirst Edition.  Delra Dan

1931. Price ILs. 2.8,
Part V. Phe Tides. irst Edition, revised, Dehra Dun, 1926.
Price Rs. 2.

Part VI Levelling. Secoud lidition, revised, Delira Dun, 1928.
Price Ble. 1,
4. Hand-Book, Topographical Branch. 'Third Edition. Calcutta, 1905.
(Out of print).
5. Hand-Book of Topography. Jourth Editios. Caleatta, 1911.
Chapters, in pamphlet form
Chapter I Iutroductory. Iitth Edition 1932. Price 45,8,

" 1L Constitution and Orgaunisation of a Survey Party,
Third Edition 1935. - (at Press).
, 111 ‘Triangulation and its Cowputation, revised 1930.
Price Ke. 1.

" IV Theodolite Traversing. 'Third Edition, 1927.
Price Re. 1.

V  Plave-tabling. Third Edition, 1926. Price Be. 1.
V1 Yair Mappivg, reprinted with additions and re-

vised, ( Sixth Edition ) 1928. Price Re. 1.
., V11 'I'rans.Frontier Reconnaissance. Fourth Edition,
1934. Price Re. 1.

VLLI  Surveysin War. Second Edition, 1930. Price Re. 1.
" I1X Forest Surveys and Maps. 1925. Price As. 8.
X Map Reproduction. Third Edition, 1928.

Price ds. 8,
" X1 Geographical Maps. Second Edition, 1926.

Price As. 5.
w  XI1  Air Surveys (Provisional Edition). 1933.

Price Re. 1.

6. *Photo-Litho OMce, Notes on Organization, Methods and Processes,
by Major W. C. Hedley, r.5. Third Edition. Calcutta, 1924

T Vl“roril)cpm-t,mentnl usc only.
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Survey of India Handbooks,—(Concluded).

_ 7. The Reproduction (for the guidance of other Departments) of Maps,
I'lany, Photographs, Dingrams, and Line Illustrations. Calcutta, 1914.

Price Rs. 3.
8. Survey of India Copy Book of Lettering.  Calcutta.  Price K. 3.6,

9. Survey of Indin Copy Book of Hand Printing. Calcutta,

Notes and Instructions.

Drawing and paper.

1. *Notes on Printing Papers suitable for Maps, and on Whatwan

Drawing Paper, by Major W.M. Coldstream, un.1s, Calcuita, 1911,
(Out of print).
Printing and Ficld Litho processes.

2. *Report on Rubber Offset Printing for Maps, by Major W. M.
Coldstream, r.x. Calcutta, 1911.

3. *Notes on the ‘“Vandyke” or Direct Zinc Printing Proecess, with
delails of Apparatus aud Chemicals required for a small section. Compiled
in the Photo and Litho Office, Survey of India. Calculla, 1913.

_ (Out of print).

4. ¥Noles onsome of the Methods of Mup Reproduction suitable for the
Field with appendix—Suggested Equipment Tables for the Light IField
Litho Press (experimental), by Lieut. A. A. Chase, z.1. Calcutta, 1911.

5. *Report on a trial of the equipment of the lst (Prince of Waley’
Own) Sappers and Miners, for reproducing maps in the feld,
by Lieut. A. A. Chase, &.e. Calcuita, 1912. (Out of print).

Base Lines and Magnetic.

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

7. *Miscellaneous Papers relating to the Measurement of Geudetic
Bases by Jiaderin Invar Apparatus. Dehra Dun, 1912

8. *Instructions for taking Maguetic Observations, by J. Eccles, m.A.
Debra Dun, 1896. (Out of print).

9. Rectangular Co-ordinates. On a Simplification of the Computations
relating to, by J. Eecles, m.a.  Dehra Din, 1911 Price Re. 1.

10. *For Explorers, Notes on the use of Thermometers, Barometers
and Hypsometers with Tables for the Computation of Heights, by
J. de Graaff Hunter, a.4. Dehra Din, 1911. (Out of print).

11. Instructions for Topographical Surveying, Ly Lt-Colonel Sir
A. Scott Waugh, r.r.s., F.R.G.S. &c. Roorkee, 1861.

12. Notes on the Aneroid barometer for the use of travellers in
determining heights of peaks in Southern India, by Major Branfill, r.u.
1871.

13. Curriculum of the course of instruction for Probationers of the
Provincial Service of the Survey of India. Dehra Duan, 1913.

14. Notes on the spelling of Turki, Tibetan and Chinese place names,
by Colonel R.A. Wauhope, ¢.B., ¢.M.G., C.I.E.,, R.E. Dehra Duan, 1919.

Prive As. 8.

15. *Amended Instructions for the Survey and Mapping of Town Guide

Maps.  August 1919

* For Departmeutal use only.
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Notes and Instructions.—(Concluded).

16. *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,
1.o. Calcutta, 1910.

17. Accounts Pamphlet. Notes on accounts for field units. Dehra Din,

1928. Price Re. 1.
18. Specimens of papers set at Examinations for the Class II Service.
Dehra Dun, 1927, 1929 & 1933. Price Re. 1 per year.

19. Specimens of drawing on blue prints ete,
20. Specimens of hand printing.
21. How to correct proofs.

PART V. MISCELLANEOUS PAPERS

Unclassified Papers.
Geography.

1. A Sketch of the Geogmphy and Geology of the Himilaya Moun-
tains and Tibet (in four parts), by Colonel 8. G. Burrard, r.E.,, r.R.8,, Supdt.,
Trigonometrical Surveys, and H. . ITayden, B.a., PG5, (htel Sir chry

avden Kt., c.s.1, ¢ I.E,) Sopdt.,, (feological Survey of India. Revised by
Colonel Sir Sldney Burrard, x.c.s.1., Fr.g., and A. M. Heron, n.sc, ras,
P.M.G.8., F.R.S.E,, hnpdt Geolomc.ll Survey of Tndia. (Second Fdltmn)
Delhi 1933.

Part I The High Peaks of Asia. Price Ra. 3-G, or 5s. 9d.
' IT  The Principal Mountain Ranges of Asia.  Price Rs. 3, or
Hs. ?(’

» 11T The Glaciers and Rivers of the Himalaya and Tibet.
Price Rs. 9-2, or 15s.
w 1V The Geology of the Himilaya. Price Rs. 12.8, or 20s. 3d,
All four Parts bound in one volume. Price Rs. 28 or £ 2, 3s. Ad.
2. *#Report on the Identification and Nomenclature of the Himilayan
Peaks as seen from Katmandu, Nepal, by Captain H. Wood, r.E. Calcutta,

19014,

3. Routes in the Western-Himilaya, Kashmir etc.,, by Lt.-Colonel
T. (. Montgomerie, R.E., F.R.S., F.R.a.8. Dehra Din, 1909. (Out of print).

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

Exploration.

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

2. Report on the Trans-Himilayan Explorations during 1869, (Out of
rint
! ) 3. Report on the Trans-Himilayan Explorvations during 1870. Dehra
l)un, 1871 (Out of print).

4. Report on the Trans-Himilayan Explorations during 1878,
Caleuttn, 1880. (Out of print).

5. Report on the Trans-Himalayan Explorations in Tastern Tibet
during 1878, and in South-Eastern Tihet during 1875-76, hy Major-General
I 7. Walker, c.B., R.E., P.R.5. Dehra Dan, 1879, Price Re, 1.

6. Report on Explorations in Nepal and Tibet, by Explorer M-H,
season 188) 86, prepmred by Mr. C. Wood. Dehra Dan, 1887. Price Re. |

% For Depnrtmontul use only
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Unclassified Papers.—(Continued),

7. Report on the explorations in Sikkim, Bhutin and Tibet, 1856.86
by T.t-Colonel G. Strahan, r.E. Dehra Diin, 1889. Price Rs. 1.8,

8. Report on the Explorations in Great Tibet and Mongolia made hy
A-K in 1879.82: prepaved by J. B. N. Hennessey M.A.. F.R.S. Dehra Dan,
1891. Price Rs. 3.

R Reports_on an Exploration on the North.East Frontier, 1913 by
Captain F.M. Bailey, 1.A., Political Department and Captain H.T., Morshead,
.E., Survey of India. Simla, 1914,

10. Alphabetical index showing the Geographical positions of all
names appearing on Sheet No. 72.  Dehra Dan, 1914. Price As. 6,
11. The “Where Is Tt”. Reference index showing geographical posi.

tion of all important localities in INDTA and adjacent conntries, in four
parts. Caleutta, 1928,

Part 1 Place names. Cities, towns, and other sites. B
. IT Railway stations. Complete list, 1928, .
. TIT Localities. Districts, States, Tribes ete. S Przcg
. 1V Physical. Ranges, passes, peaks, glaciers, | As. 12.
rivers, canals, lakes, bays, capes, islands ete. p

12, Glossary of Vernacular Terms used in Smvey of India Maps,
Caleutta, 1931. Price As, 5.

Npecial Reports,
1. *Report on the Mussoorie and Landour, Kumaun and Garhwal, Rani.
khet and Kosi Valley Surveys, extended to Peshiwar and Kaghan Triangu-
lation during 1869-70, by Major T. G. Montgomerie, =.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 Fclipse of 6th April,
1875 at Camorta, Nicobar Tslands, by Captain J. Waterhouse, Calentta,
1875.  (Out of print).

4. *The Total Solar Eclipse, 22nd January, 1898. Dehra Dan, 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 Loeal Attraction in India, 189391, hy Captain
S. (3. Burrard, n.E. Caleutta, 1895.

6. *Report on the Trigonometrical Results of the Earthquake in
Assam, by Captain 8. G, Burrard, n.e. Calcutta, 1898. (Out of print).

7. *Notes on the Topographical Survey of the 1/50,000 Sheets of
Algeria by the Topographical Section of the ¢ Service Geographique
de 1I'Armee ", by Captain W. M. Coldstream, r.t. Calentta, 1906.

8. *The Simla Estates Boundary Survey on the scale of 50 feet to
1 inch, by C'aptain E. A. Tandy, n.e. Calcutta, 1906.

9. *A note on the stage reached hy the Geodetic Operations of tlle
Survey of Tndia in 1920, by Lt..Colonel H.McC. Cowie, ».r. The Magnetic
Survey of India, by Major R.II. Thomas, p.s.0.,, R.E. and a note on the
present levelling policy, by Major K. Mason, m.c., r.E. Dehra Din, 1922.
(Out of print).

————-
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Unclassified Papers.—(Concluded).

10. Report on the Levelling operations in connection with the selection
of the site of the new Capital at Delhi, 1911.12. Simla, 1912,

11. The International Longitude Project, Oct.-Nov., 1926. Dehra
Dan, 1928.

Geodesy.
1. Notes on the Theory of Errors of Observation, by J. Eccles, m.a.
Dehra Dun, 1903. Price 4s. 8.

2. *Note on a Change of the Axes of the Terrestrial Spheroid in
relation to the ’l‘nanau]atlon of the G.'I. Survey of India, by J. de Graaff
Hunter, ».aA. Dehra Din. (Out of print), now incorporated in
Professional Paper No. 16.

3. Report on the Treatment, and use of Invar in measuring Qeodetic
Bases, by Captain II. H. Turner, r.E. London, 1907. Price As. 8.

Projections.

1. On the projection used for the General Maps of India. Dehra
Dan, 1903.

2. *On the deformation resulting from the method of constructing
the Intematlond,l Atlas of the World on the scale of one to one mllhon,
by Ch. Lallemand. Translated by J. Eccles, m.a., together with tables for
the projection of 1/M Maps on the Tnternational system. Dehra Dun,
1912.

Mapping.

1. Memorandum on the compilation of map of a portion of Tibet
explored hy Captain H. H. P. Deasy in 1896. Dehra Duan, 1897.

2. The reproduction of Maps and drawings hy Mr. T. A. Pope.
Calcutta, 1905.

3. *A Note on the different methods by which hills can be represent-
el upon maps, by Colonel 8. G. Burrard, c.s1, R.E., F.R.S. Surveyor
(Reneral of India. Simla, 1912

4. *A Note on the representation of hills, by Major C. L. Robertson,
c.m.a., R.E. Dehra Dan, 1912,

5. *A Note on the representation of hills on the Maps of India, by
Major 1. W. Pirrie, 1.A. Dehra Dun, 1912.  (Out of print).

6. *A consideration of the Contour intervals, and Colour Scales, best
suited to Indian 1/M maps, by Captain M.O’C. Tandy, n.k. Caleutta,
1913.  (Out of print).

Professional Papers.

No. 1. Projection. On the Projection for a Map of India, and adja-
cent Countries, on the scale of 1: 1,000,000, by Colonel 8t. G.C. Gore, &.E.
Second Edition. Dehra Dun, 1903. Price Re. 1,

No. 2. #Base Lines. Method of measuring Geodetic Bases by means
of Metallic Wires, by M. Jiderin, (Translated from Memoires Presentes
par Divers. Savants 3 I Académie des Sciences de I’ Tnstitute de France).
Dehra Duan, 1899. (Out of print).

No. 3. Bnse Lines, Method of measuring Geodetic Bases by means
of Colby’s Compensated Bars, compiled by Lleut H. McC. Cowie, n.E.
Dehrn Dun 190() (Oub of print).

* For Departmentnl use only.
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Professional Papers.—(Continued).

) No. 4. Spiritlevels. Notes on the Calibration of Levels, by
Lieut, E. A, Tandy, n.e.  Dehra Dun, 1900. (Out of print).
No. 3 Geodesy. The Attraction of the Himalaya Mountains upon the
Plumb-Line in India, considerations of recent data, by Major S.G.
Burrard, .. Second Edition, Dehra Dun, 1901. Price Rs. 2.

No. 6. Base Lines. Account of a Determination of the Coefficients of
Expansion of the Wires of the Jiderin Base Line Apparatus, by Captain

(. P. Lenox-Conyngham, r.e. Dehra Dun, 1902, Price Re. 1.
No. 7. *Miscellaneous. Caleutta, 1903, Price Re. 1.

(1) On the values of Longitude employed in maps of the
Survey of India.

(2) Levelling across the Ganges at Damuidia.

(3) Experiment 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.

(3) Nickel-steel alloys and their application to Geodesy.
(Translated from the French).

(6) 'Theory of electric projectors. (Translated from the French).

No. 8. Magnetic. Experiments made to determine the temperature
coefficients of Watson’s Magnetographs, by Captain H.A. Denholm
Fraser, r.x. 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, ».E.,, F.r.s. Calcutta, 1905. Price Re. 1.

No. 10. Pendulums, The Pendulum Operations in India, 1903-1907,
by Major G. P. Lenox-Conyngham, r,, Dehra Dun, 1908. Price Rs. 2-8.

No. 11. Refraction. Observations of Atmospheric Refraction, 1905-09,
by H. Q. Shaw, Survey of India. Dehra Dun, 1911. Price Re, 1.

No.12. Geodesy. On the Origin of the Himalaya Mountains,
by Colonel 8. G. Burrard, c.s.1., _.E,, F.r.8. Calcutta, 1912, Price Re. 1.

No. 13. Isostasy. Investigation of the Theory of Isostasy in India,
by Major H. L. Crosthwait, R.E. Dehra Din, 1912. (Out of print).

No. 14. Refraction. Formule for Atmospheric Refraction, and their
application to Terrestrial Refraction and Geodesy, by J. de Graalf
Hunter, m.a. Dehra Dun, 1913. Price Rs. 2.

No. 15. Pendulums, The Pendulum Opcrations in India and Burma,
1908.13, by Captain IL. J. Couchman, r.&. Dchra Dim, 1915. Price Rz. 2-8.

No. 16. Geodesy. The Earth’s Axes and Triangulation, by J. de Graaff
Hunter, m.A. Dehra Dun, 1918. Price Rs. 4.

No. 17. Isostasy. Investigations of Isostasyin Himdlayan and neigh-

bouring regions by Colonel Sir 8. G. Burrard, x.c.s.1,, R.E, F.RS. Dehra
Dun, 1918, Price Re. 1.

No. 18, Isostasy. A eriticism of Mr. R.D. Oldham’s memoir‘ “The
structure of the Himilayas and of the Gangetic Plain”, by [_‘t.-Lnlonel
H. McC. Cowie, B.E. Dehra Dun, 1921. Price Rs. 1-8.

* 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, ».E., and Captain H. G. Salmond, (Late r.A.¥.).
Dehra Dun, 1920. Price Rs. 1-8.

No. 20. Air Survey. Reconnaissance Survey from Aircraft, by
Lt.-Colonel G. A. Beazeley, p.5.0,, R.E. Dehra Dun, 1927. Price Rs. 1-8.

No. 21. Reclangulation. Irrigation and Settlement Surveys 1926, by

Major J. D, Campbell, v.s.0,, n.e. Dehra Dun 1927, Price Rs. 1-8.
No. 22. Levelling, Three Sources of Error in Precise Levelling, by
Captain G. Bomford, x.e. Dehra Ditn, 1929, Price Rs. 1-8.
No. 23. * Air Survey. Air Survey of Waziristan 1923 to 1928, by
Captain G. ). Heaney, .. Dehra Dun, 1928, Price As. §.
No. 24. Air Swrvey, Notes on Air Survey in India, by Major W.J.
Norman, a.c., .. Dehra Dun, 1929. Price Es. 1.8,

No. 25. Glaciers. The Representalion of Glaciated Regions on maps
of the Survey of India, by Major Kenneth Mason, m.c., R.E. Dehra Dun,

1929, Price As, 8.
No. 26, Geography. Mount Everest and its Tibetan Names, by Colonel
Sir 8. G. Burrard, x.c.s.1., ¥.r.8. Dehra Duan, 1931. Price As. 8.

No. 27. Gravity. Gravity Anomalies and the Structure of the Earth’s
Crust, by Major E. A Glennie, p,s.0, .k Dehra Dun, 1932. Price Rs. 1-8.

Departmental Paperst.

No.1. Type. A consideration of the most suitable forms of type
for use on maps, by Captain M. O’C. Tandy, ..  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, =.E. Dehra Dun, 1913.

No. 3. Maps. Extract from “The New Map of ltaly, Scale 1:
100,000, by Luigi Giannitrapani.  Translated from the I{alian by
Major W. M. Coldstream, .. Dehra Dun, 1915.

No. 4. Town Surveys. A report on the practice of Town Surveys iu
the United Kingdom and its application to India, by Major C. L. Robertson,
C.M.4., 8.5 Dehra Dan, 1913,

No. 5. Sterco-plotter. The Thompson Stereo-plotter and its use, with
notes on the field work, by Lieut. K. Mason, r.E.  Dehra Dun, 1913.

No. 6. Levelling. Levelling of High Precision, by Ch. Lallemand.
Translated from the ¥rench by J. de Graatf Hunter, i.a. Dehra Dun, 1914,

No. 7. Standard Bars. Bar Comparisons of 1907-08, by Major H. McC.
Cowie, k.. Dechra Dun, 1915. _

No. 8. Helio-Zincography. Report on Rubber Off-set Flat bed Machine
Printing, by Captain 8. W. Sackville Hamilton, .. Calcutta, 1915.

No. 9. Sterco-Auto-Plotting. A translation of Paul Corbin’s French
Stéréo  Autogrammétrie, by Lt.-Colonel II. McC. Cowie, r.r. Dehra
Dun, 1922, . L.

No. 10. Base Lines. A Booklet of Instructions with full descriptions
and tables for the Ilunter Short Base, First Edition compiled by Major
C. M. Thompson, 1.o. Dehra Dun, 1928, Second Edition compiled by
II. C. Banerjea, v.a. Dehra Dan, 1931,

No. 11. Gravity and Tsostasy. Investigations regarding _vaity and
1sostasy by W. Heiskanen ( Translated by V. Pelts Esq.  Revised and com-
pleted by Major C. M. Thompson, r.a.) Dehra Dan, 1928

* Kor Oflicial usc only. + For Departmental use only.



xXVi LIST OF PUBLICATIONS

Departmental Papers*.—(Concluded).

No. 12, Geodesy. Geodesy, by J. de Graaff Hunter, n.a,, 8¢.D.,
F. INST.P. Dehra Dun, 1929.

No. 13. Spherical Trigonomotry and Astronomy. Noles on Spherical
Trigonometry, and Astronomy etc., by Lt.-Colonel C.M. Thompson, 1.a.
Dehra Dun, 1929.

No. 14, Wild Theodolite. Instructions for the use of the Wild Universal
Theodolite by Captain D. R. Crone, r.E, and the Wild Photo-Theodolite
by Lt.-Colonel C. G. Lewis, 0.8.E., R.E. Dehra Dan, 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 Dan.

List of more important contributions by the Officers
of the Survey of India to various extra-departmental
publications and related articles.

1. +tIndia’s Contribution to Geodesy, by Geveral J.T. Walker, 1.k,
C.B., F.&.8, LL.D. (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. Burrard, r.E., F.Rs. (Philosophical Transactions,
Royal Society, Series A, Volume 205, pages 289-318, 1905).

3. +On the eftect of the Guvgetic Alluvium on the Plumb-line in
Northern India, by K. D. Oldham, ¥.r.s. (Proceedings of the Royal Society,
Series A, Volume 90, pages 32-40, 1914).

4. tOu the origiu of the Indo-Gangetic trough. commonly called the
Himalayan Foredeep, by Colonel Sir 8. G. Burrard, x.c.8.,, R.E, F.R.S.
(Proceedings of the RoyalSociety, Series A, Volume 91, pages 220-238, 1915).

5. IThree comprehensive articles on “ Comparators for the Indian
Government ”’ from a report by Major H. McC. Cowie, r.E. (Engineering,
Aug. 20, Aug. 27, Sept. 3, 1915).

6. yldentification of Peaks in the Himalaya with notes, by Colonel Sir
S. (3. Burrard, k.¢.s.1., R.E.. ¥ R.8. (Geographical Journal, September 1918).

7. §Geological interpretations of Geodetic Results, by Colonel Sir
8. G. Burrard, k.c.s.1., nE, r.us. (Feographical Journal, October 1018).

8. §War Surveys in Mesopotamia, by Colovel F. W. Pirvie, ¢.m.c.,
1.A.  (Geographical Journal, December 1918).

9. §Mapping from Air Photographs, by Lt.-Colonel M. N. MacLeod
R.E. (Geographical Journal, June 1919).

* For Departmental nse only.

+ Obtainable from Messrs, Dulau & Co.. 37. Soho Square, London, W, or Mesara.
Harrison & Sons, 8t. Martin's Lane, London, or the Royal Sociely at Burlington
House, London.

? Obtainable from Charles Lobert Johnson at the offices of Enginecring”, 35 aund
36, Bedford Street Strand. London, W,(.

§ Obtaivablc trom the Royal Geograplicsl Society, Kcusington Gore, London, &.W. 7.
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List of more important contributions by the Officers

of the Survey of India &oc. &c.—(Continued).

10.  *Reminiscences of the Map of Arabia and Persian Gulf, by
lit.-Colonel F.F. Hunter, v.s.0.,, 1.A. (Geographical Journal, December
1919).

11. *Surveys in Mesopotamia during the War, by Lt.-Colonel
G. A. Beazeley, p.s.0., RE. (Geographical Journal, February 1920).

12, 1A lecture on the Earth's Axes and Figure, by J. de Graaff
Hunter, m.a.  (The Observatory, May 1920).

13, *A brief review of the evidence upon which the Theory of
Lsostasy has been based, by Colonel Sir 8. G. Burrard, x.c.5.1., R.E., F.R.8.
(Geographical Journal, July 1920).

14. *A note on the topography of the Nun Kun Massif in Ladakl,
by Major K. Mason, m.c., R.E.  (Geographical Journal, August 1920).

15.  fAn Exploration in South-East Tibet, by Major II. I Morshead,
D.8.0., B.E. (Royal Engineers Journal, January 1921).

16.  }Projection of Muaps. A review of some Investigations in the
Theory of Map Projections, by A. E. Young, and Colonel Sir 8. G. Burrard,
K.C.8.1, R.E., ¥.R.9, (Royal Engineers Journal, March 1921).

17. tReport on Expedition to Kamet, 1920, by Major II. T. Morshead,
v.s.0., k.E. (Royal Engineers Journal, April 1921).

18. #*The Circulation of the Earth’s Crust, by Lt.-Colonel
E, A. Tandy, r E. (Geographical Journal, May 1921).

19. §Johuson's Suppressed Ascent on E 61, by Major K. Mason,
M.c., n.E. (Alpine Journal, November 1921).

20. *Stereographic Survey. The Autocartograph, by Lt.-Coloncl
M. N. MacLeod, ns.o,, .E. (Geographicul Journal, April 1922).

21, tThe * Cuanadiun” photo-topographical method of Survey, by
Captain and Bt.-Major E. O. Wheeler, mc.,, r. (Royal Engineers
Journal, April 1922).

22. §The Survey of Mr. W. H. Johnson in the K'un Lun in 1865,
by Major K. Mason, n.c., k& (Alpine Journal, November 1922).

23. ||Gravity Survey, by J.de Graaff Hunter, M.a, sc.D., F.INST.P.
(A Dictionary of Applied Physics, Vol. ITI),

24, ||Trigonometrical Heights and Atmospheric Refraction, by J..de
Graaff Hunter, m.A., se.b., F.INST.P. (A Dictionary of Applied Physics,
Vol. 111).

25. Geodesy, by Colonel Sir G.P. Lenox-Conyngham, &.E. F.R.s.
and J. de Graaif Huuter, s.a, sc.p., ¥.INST.P. (Enc. Brit. 12th Edition,
Vol. XXXI, 1922).

26, *The proposed Determination of Primary Longitudes by Inter-
national Co-operation, by Colonel Sir G.P. Lenox-Conyngham, k..,
F.R.8. (Geographical Jonrnal, February 1923).

* Obtainable from the Royal (fcographical Society, Kensington Gore, London, 8.W. 7,

t Obtainable from Messrs, Taylor & I'rancis, Red Lion Court, Fleet Street, London,
Ww.C.

1 Oblainable from the Institution of Royal Eugincers, Chatham,

§ Obtainable [rom Alpine Club, 23 Savile Row, London, W. 1.

| Obtainable trom Messrs. MacMillan & Co. Limited, 8¢ Martin's Streel, London,
W.C., Bombay, Cualcutta, Madras, Mclbournc.



xxviii LIST OF PUBLICATIONS

List of more important contributions by the Officers
of the Survey of India &c. &c.—(Continued),

_ 27.  *Recent Developuents of Air Photography. (1) The adjustment
of Air Photographs to Survey points, by Lt.-Colonel M. N. MacLeod,
D.s.0., R.E.  (Geographical Journal, June 1923).

28. tMount Everest, by Major H.T. Morshead, vs.0., r.5 (Koyal
Engineers Journal, September 1923).

29, *Kishen Singh and the Indian Bxplorers, by Major K. Mason,
M.C., R.E.  (Geographical Journal, December 1923).

30. IElectrical registration of height of water at any time in Tidal
Prediction, by J. de Graaff Hunter, »ra., sc.v., ¥.INsT.v. (Journal of
Scientific Instruments, Vol. 1, No. 8, May 1924).

31. *The Demarcation of the T'urco-Persian Boundary in 1913-14,
by Colonel C. 1I. D. Ryder, r.E. (Geographical Journal, September 1925).

32. Geodesy, by J. de Graaff Hunter, M.A., sc.D., ¥ INST.P.
(Euc. Brit. 13th Edition, New Vol. ii, 1926).

33. §The De Yilippi Expedition to the Eastern Kara-koram, by B.B.D
and Colonel Sir G. P, Lenox-Conyngham, n.E., w8, sa. (Nature,
13th February 1926).

34. *The Problem of the Shaksgam Vailey, Ly Colouel Sir Francis
Younghusband, x.c.s.1., k.c..E, (Geographical Journal, September 1926),

35. *The Shaksgam Valley and Aghil Rauge, by bajor K, Mason,
M.C., R.E. (Geographical Journal, April 1927),

36, A Break-Circuit for Pendulum Clocks, by J. de Graatt Hunter, m.A.,
sc.p,, ¥, INsT. P. (Bulletin Géodésique No, 14, April, May, June 1927, Paris),

37, *A Graphical Discussion of the Figure of the Earth, by A.R.
Hinks, ¢.B.E., .R.S. (Geographical Jourunal, June 1927).

38. A Report on the Geodetic work of the Survey of India for the
period 1924-27, Ly J, de Graaff Hunter, m.a., sc.D.. F.INST.T., presented
at the third meeting of the International Union of Geodesy and Geophy-
sics, Prague, September 1927, Dehra Dun, 1927. Price Re. 1.

39. #The Stereographic Survey of the Shaksgam, by Major K.
Mason, a.c., r.E. (Geographical Journal, October 1927).

40, *Figure of the Earth: correspondence by J. de Graaff Hunter,
MA., sc¢,.D,, F.INST. P, (Geographical Journal, December 1927).

41. *Figure of the Earth: correspondence by Captain G, Bomford,
1.k, (Geographical Journal, December 1927),

42, *Reply to Captain G. Bomford's letter on Figure of tho Earth
(No. 41 of list), by Captain G, I McCaw and A.R. Hinks, c.B.E, ¥.ES.
(Geographical Journal, December 1927),

43, Figure of the Earth. Presidentinladdress by J.de Gr;m:ff Hunter,
M.A., SC.D., F.INST.P.,, at the Section of Mathematics a:nd Physics of'th_e
Fifteenth Indian Science Congress, Calcutta 1928 (Published by the Asiatic
Society of Bengal, Calcutta). )

44. * Note on Sir Francis Younghusband’s Urdok Glacier, by Major
Kenneth Mason, ».c., r.E. (Geographical Journal, March 1928).

* Obtainable from the Royal (teographical Society, Keusington Gore, London, 8.W. 7.
t Obtainable from thc [ustitutlon of Royal Engineers, Chatham.

{ Obtainable fromn the Institute of Uhysics, 90 Great Russel Street, London w.C 1.
§ 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).

45. *Some Applications of the Geoid by J. de Graaff Hunter, m. 4.,
se.p., F. INST.P. (The Observatory, June 1928).

46, 1The Cambridge Pendulum Apparatus, by Colonel Sir Gerard
Lenox-Conyngham, r.r.s. (Geographical Journal, April 1929).

47. 1The Attraction of the Himilaya, by J. de Graaff Hunter,
M.A., se.D, F.INsT.P. (Himalayan Journal, Vol, I, No. 1, April 1929,
pages 39 —G06).

48. +The Kara-koram : Correspondence regarding the proper nomen-
clature of the Kara-koram Himilaya, by Colonel Sir 8. G, Burrard, x.c.s.1.,
R.E., F.1.8,, Dr. I'G. Longstaff and Major Kenneth Mason, m.c, ».E. (Geo-
graphical Journal, September 1929 and January 1930).

49. § The Geographical Representation of the Mountains of Tibet by
Colonel Sir 8. G. Burrard, x.c.s.1, ®.E, F.rRS. (Proceedings of the Royal
Socicty, Series A, Volume 127, 1930, pages 704-712).

50. || The Glaciers of the Kara-koram and Neighbourhood, by Major
Kenneth Mason, m.c.,, .k (Records of the Geological Survey of Tndia,
Volume LXITI, part 2, 1930, pages 214-278).

51. A Report on the Geodetic worl of the Survey of India for the
period 1927-30, by J. de Graaff Iunter, »m.a. scp., F.INsD I,
presented at the fourth mecting of the International Union of Geodesy
and Geophysies, Stockholm, August 1930. Dehra Dun, 1930, Price Rs. 1-12.

52, The Indian Geoid and Gravity Anomalies by J. de Graaff Hunter,
M.A, se.b.,, F.INsT.P. and Captain G. Bomford, r.®. (Bulletin Géodésique,
No. 29 Jan. — Mar. 1931, pages 20, 21, Paris).

53. Construction of the Geoid, by J. de Graaff Hunter, m .., se.p,,
v.insT. v, and Captain G. Bomford, n.r. (Bulletin Géodésique, No. 29
Jan.—Mar. 1931, pages 22-26, Paris).

54, €Two Notes on Short Tertiary Bases, by J. de Graaft Hunter,
M.A., 8c.D, F.INsT. P, (Empire Survey Review No. 1, Vol I, July 1931,
pages 12-15).

55.  +Contribution to discussion on paper by Mr. A. R. Hinks, c.B.E,,
Fo.s.  “Some Problems of the Earth's Crust”, British Association, 1931,
by J.de Graaff Hunter, ».a., sen, ranst.r.  (Geographical Journal,
November 1931).

* Obtainable from Messrs, Taylor and Francis, Red Lion Counrt, Fleet Street,
London, W.,C.

+ Obtainuble from the Royal (icographical Socicty, Kensincton Gore, London, 8.W. 7.

1 Obtainable from Messvs. W. Thacker & Co.. 2. Creed Tane, Taudgate TTill, London.
I (% 1 or Messrs, Thacker, Spink & Co.. Calentta,

§ Obtainable from Messve. Dulan & (o, 37, Soho Sqnare. London. W.. or Messrs,
Harrison & Sons.. St. Martin's  Tane. London. or the Royal Soecicty at
Purlington House. London,

| Government of India Central Publication Branch. Caleutta,

€ Obiainable from  the Crown Agents for the Colonies, 4 Millhank, London,

S.W.ol.



XXX LIST OF PUBLICATIONS

List of more important contributions by the Officers
of the Survey of India &c. &c.—(Concluded).

wer

56. *, tThe Hypothesis of Isostasy, by J. de Graaff Hunter, m.a,,
sc.p., F.INST.P. (The Observatory, Dec. 1931 and Geophysical Supple-
ment to Monthly Notices of the Royal Astronomical Society, Jan. 1932).

57. fReview of Captain Hotine'’s “Survey from the Air Photographs”,
by J. de Graaff Hunter, m.A,, se.p,, F. INST.P. (Empire Survey Review No. 3,
Vol. I, Jan. 1932, pages 134.137).

58 §Stokes’s Formula in Geodesy, by B. L. Gulatee, ».a. (Cantab.)
{Nature, 20th February 1932).

59. §A New Principle of Time Observation, especially for determin-
ation of Longitude, by J. de Graaft Hunter, a.a., se.p., F. 1vst. p. ( Nature,
29th Octoher 1932).

60. IIsostasy in India, by J. de Graaff Hunter, ».a, sc.p,, F.Ivsr. P,
(Empire Survey Review, Vol. 1I, Jan. 1933).

61. *"Crustal Warpings”, discussing the gravity work of the Survey
of India, by Major E. A. Glennie, n.s.0., r.E. (The Observatory, Jan. and
April 1933).

62. §Time Determination, hy J. de Graaff Hunter, M.A., se.D., F. INST. P.
(Nature, 8th April 1933).

63.  IFigures of reference for the Earth, by J. de Graaff Hunter, ».A.,
se.v., F. INST. P. (Empire Survey Review No. 8, Vol. TI, April 1933).

64. || Figure of the Earth, by B. L. Gulatee, m.A. (Cantah.), (Gerl.
Jeitrige, Bd. 38, H. 3/4, S. 426, 1933).

65. A Report on the Geodetic work of the Survey of India for the
period 1930.33, presented at the fifth meeting of the International Union
of Geodesy and Geophysics, Lishon, September 1933. Dehra Dun, 1933.

Price As. 6.

66, ISome factors in determining heights from Air Photographs, hy
Captain D. R. Crone, r.e. (Empire Survey Review, Vol. II, Oct. 1933,
pages 221.225 ).

67. 9 Deflection of the Plumb-Line, by B. L. Gulatee, m.A. (Cantab.)
(Hydrographic Review, Vol. X, No. 2, Nov. 1933, pages 182-189 ).

68. S A note on the Nepal Himilaya, by Lt.-Colonel Kenneth
Mason, w.¢, & ( Himdlayan Journal Vol. V1, 1934),

* (Obtainable trom Messrs, Taylor and Francis. Red Tijon Court. Fleet Street,
London, W.C.

+ Ohtainable from the Royal Astronomical Society. Burlington House. Tondon,
W. 1.

t Obtainable from the Crown Agents for the Colonies, + Millbank. London. S w. 1,

§ Obtainable from the Office of Nature, St. Martin's Street, London, W.C. 2.

ji Obtainable from Akademische Verlagsgesellschaft M. B.H., Leipzig.

 Obtainable from the Tnternational Hydrographic Bureau. Monte-Carlo, Monrco.

3 Obhtainable from My, Humphrey Milford. Oxford University Press. Amen House.
Warwick Squave. London. T 1,

1,0.0 —P.0, =508 34—130 Bis.
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