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I N T R O D U C T I O N  

This report gives a detailed account of the activities of the 
aode t ic  and Training Circle during the period 1st April 1951 to 
3lst l a r c h  1952. The following is a brief review of the contents. 

2. Triangulation and Traverse.-( Chapter I ). The Geodetic 
triangulation in the Andaman Islands commenced last year was 
continued. Nine new stations were occupied. The series consists 
of 27 stations in all, including one Base Centre station. 

High Recision traverse with Jiiderin invar wires was carried out 
to provide control for large scale maps of the city of Dehra Diin. 
The work was undertaken a t  the request of the Chairman City Board. 

3. 0bseruaforiw.-( Chapter I1 ). The usual meteorological 
and seismological observations were made and the maintenance 
end repair of all survey instruments was carried out as usud. 

4 .  LeveUing.-( Chapter I11 ). No levelling of high precision 
wm carried out during the period under report due to financial 
stringency. 

962 miles of secondary levelling was, however, effeoted to meet 
the ne& of irrigation and road projects. 

6. Tides.-( Chapter JY ). A standard automatic tide-gauge of 
JAk pattern was installed a t  Port Blair. The programme of 
half-hourly observations a t  ports remained in abeyance. 

6. Gravity.-( Chapter V ). The normal gravity and deviation 
of the vertical programme also suffered for lack of funds. The 
resulta of some interesting observations made with the Frost 
and Worden gravimeters are, however, discussed. 

It is hoped to obseme next year the plumb-line deflections 
along the North-East Longitudinal Series from Sinarb ( in BihSr ) 
to Nojli ( near SehBrenpur ). These should give much valuable 
information regarding the compensation of the HimBlayaa. 

D ~ m u  D*, B. L. GULATEE, M.A., ( OANTAB. ), 

DLctmbcr, 1952. B.R.I.O.S., M.I.S., ( INDIA ), 
Director, Qeodetu and Training C!ir.de, 

Survey of India, Dehra PSn. 



viii TECHNICAL REPORT [ P ~ T  m, 1962 

PERSONNEL OF THE GEODETIC AND TRAWINQ CIRCLE 

Director, Geodetic and Training Circle 

Fmm To 

I 1- 4-51 18- 7-61 
Sm1 B.L. GULATEU, M.A. ( CAXTAE.). P.R.1.0.S.. M.1.S. (INDIA) 13- Bbl 13-10-61 

31-12-51 31- 3-62 
Smc~ H. M. CRITCKELL 19- 7 5 1  12- 8-51 
S m l  P.A. TEOMAS, m.1.s. ( INDIA), A.B.I.O.S. . . 14-10-61 30-12-51 

Dy. Director, Geodetic and Training Circle 

OFFICE OF THE DIRECTOR. GEODETIC AND TRAINING CIRCLE 

linwlerial Service 

ASSISTANT ( B-T DIVISION ) HEAU ACCOUNTANT 
Shri H. Chatterjee, U.A. Shri Balwant Singh. 

13 Clerks 
'2 Record Keepers. 

GEODETIC AND RESEARCH BRANCH 

President, Geodetic and Research Branch 

C l a ~  I 8- @eoby Scholars 

Shri A. N. Rsmansthan, r.A.. A.QI.O.S. Shri P. D. Verne, m.90. 
( OKg. ), filatbematiobl Adviser. Shri P. P. Chattejee, m.eo., up to 30-951 .  

COhtPUTING AND TIDAL PARTY 

( R w o s ~ s  AXU Rmlaaw ) 

CbsaISeDicL 
Shri N. D. Joahi, a.a., in o h q e .  D m o v  I 

Shri M. D. Ebenduri. 



LNTRODUCTION 

Ckwa 11 Service 
s h e  A. C. Dey, n.so., from 4th Oat. 1051. 

Okwa 111 Service 

 ION I (  BAD^ I ) 
g. A. P. hbthur. B.SO. 

g M  A. g. Banerji. 8 . s ~ .  
QM Prem Nerain. 

DIVISION 11 
12 Computers. 
2 Recorders. 

C o n ~ o r m a  Seonon 

Ckwa II  Service 
shri C. B. Madsn, B.A. ( HONS. ) in ahorge. 

DIVIEION I ( GUDU I ) 
S M  0.8. Tonk, B.A. 
S M  K. K. Sewhney. B.A. 
S M  0. P. Kukreti, s.80. 
Shri D. N. Baaur, M.A. 

&ART SECTION 

chae 111 S m i w  
DmsIoN I ( GRADE I ) 

Shri S. K. Sahai, n.sc. 

STATISTICAL BRANCH 
UlaM I I  ssasac4 

Shri C. B. h b h .  B.A. ( Hone. ), in ohargo. 

( a ) S T A ~ O A L .  S Q B ~ O I I  

Okwa II  I Scrciu 
D m o n  11 

2 Cornputars. 

( b ) PBPBEBVATION AND ~ T E N A N O D  
S s m o n  

obas III  scrvicr 
h m o x  II 

2 Computere. 

( e ) PWBLICATIO~ A N D  Fonrls S s c m o ~  

Ckwa 111 Service 

DIVISION I1 
2 Clerks. 
1 Record Keeper. 

\VORKSHOP SECTIOK 

C h a  I Service 
S h r ~  N D. ,Joshi, B.A., in ehsrga. 

Clwa 111 Servtcc 

DIVISION I[ 
17 'l'ruclesmen. 

Miniatenal 8er- 
I Chrk 

WORE8 SECl!ION 

oh66 I sm.a 
Shri N. D. Joahi, B.A.. in ahnrge. 

Ckwa 111 Service 

DIVISION II 
I Clork. 
I Raoord Koeper. 

ESTATE SECl!ION 

C h a  I Seruicc 
S h r ~  N. D. Joshi, B.A.. in ohargu 

DISPENSARY 
Dr. J. Sain, r.e.n.s., in ohnrge. 

Okwa I I l S m . c c  

Drmsron n 
I Compounder. 

No. 14 PARTY ( GEOPHYSICAL AND 
LEVELLING ) 

Ohse I Swuice 

Mejor C. hl. Sshni, B.A., m ohnrge 
to 1 8 6 1 .  

Shri U. D, hIemgain, o.H.. e.so., A.M.I.E., 
( OBg. ), in aharge from 1-1. 

Cbaa I I  serviec 
Shri A. J L  Bhetteaharjee, e.m. (Hone. ). 

absr I I I  8wviu - .. 
O h  III 8u& D m o n  1 ( ~ B ~ D B  I ) 

Dmeron II 
1 Libreriso. Shri B. P. Rundev. 

S M  J. B. hbthor. 
( d ) Pmmmo O r n o s  Shri J. C. Bhstteaho jee, B r .  ( Hone. ). 

111 Serviu Shri S. K. Boae. n.80. 
Shri 9. Yuthuluishnan, BA 

IhVlsxon I ( OUDI I ) Shri Avlnash Chnndre,  so. 
E M  8. H. Williams. S M  S. N. Nnndi. &so. 
S M  K. P. BLotteaharjw. Shri M. L. Shsdev. BA. 

8 M  T. 11 Visvnnsthon, MA. 
Dxvmou I1 S M  J. N a r d d u n ,  e.m. ( Hone. ). 

38 lhdmmm. E M  P. N. 6any.l. &A. 



4 TECHNICAL REPORT [ P-T m, 1952 

D m I o s  11 
10 Computers. 

Minialcrid Service 

2 Clerh. 

TRAINING BRANCH 

NO. 16 PABT~ 

C h a  I Seruiu 

Shri J. C. R0S9, A.B.1.0.0.. M.I.S. ( INDU ), 
in charge to 12-lM1. 

Major 8. K. S. Nudaliar, B.A., A.M.X.U., ' 

A.M.I.S. ( I ~ D U  ), in oharge from 
13-LO-bl. 

Shri K. Sukhram Singh, B.A. ( Hons. ). 
Shri V. P. Sharma. B.A. 

Shri V. Kriahnamurthy, M.A., A.B.LO.S.. 
9.B.O.S. ( Off& ). 

OfPccra under inatruetion 

Cept. M. L. Chopre, a.so.. B.E. 
Capt. J. P. G. King, s.so., 8.1% 
Cept. B. S. N. Murty, n.eo. 
b p t .  K. L. K h ~ h ,  B.SO., B.U.. A.M.I.U. 
Capt. Partho Rout, a.so. ( ENO. ). 
Capt. M. M. Datb ,  s.so. (HoNs.), B.B. 
Capt. I. N. Thukral, s.so. 
Capt. 9. Choudhuri. 
Cept. Y. Rumohandren, s.90. ( h r ~ a  ). 
Cnpt. Y. L. Khular, B.SO. (  EN^. ). 
Ceot. B. Sarin. 8.90. 
~ h ; i  K. ~ a t ~ e ~ r e ~ a u a n ,  MA. 
Shri V. Rangan. m.A. 
1 S b t s  trainee. 
2 A f g h  oacers. 

l h r i  A. K. Bhattaoharjee. e.80. ( Hons. ), 
from 1st Oot. 1061. 

Shri G. N. Dubey, m.so. 
Shri J. C. Sehgal, B.A. 

O w 8  under insbuelwn 
Shri V. Ballwbramanyan, r.a. 
Shri Hari Singh, B.A. 
Shri A. C. Chawls, B.A. 
Bbri C. M. Sspru, B.A. 
Shri T. R. Viiwaaet~sn, B+. ( Hone. ). 
Shri A C. Dey. m.eo. 
8hri &hll 8hgh B.A. 
Shri J. K. Donald, e.m. 

Shri Behu Rum Jain, B.A., B.T. 
Shri S. N. Jlathur, M.A.. LL.B. 
Shri Arun Biswss. B.A. 
Shri R. Sivaramakrishnau, B.A. ( Hone. ). 
Shri H. D. Gulati. M.A. 
4 Burmese Officers. 
10 State trainees. 

Shri Udni Singh. 
Shri R. K. Lsl. 
Shri I. M. S a W .  

Oficera under inrmdion 

Shri P. C. Malik, BA. 
14 State trainees. 

Drplsron ll 
1 Plane-tebler. 
1 Air Survey Draftaman. 
2 Driven. 

STORES OFFICE SURVEYS 

Cbda I smia 
Shri C. 0. Oohani. Dy. Btorea Oaoer. 

Claw I I I  Service 

Drplsron I 
Shri 9. P. Ojha. S t o m  Assistant. 
Shri C. S. Pramar, Stores AsPistent. 
Shri Anant S i h .  Storea h i e b u t .  

h i i n n l a i d  

13 Clerb. 
1 Assistant storekeeper. 
6 M o e m  ( CarpentersfPeokars ). 



No. 

5 
8 

7a 

8 

0 

I l b  
200 

22 
23b 

24 

25 
PB 
32 
33 
34 

35 
37 
30 
13 
14 

46 
46 

49 
6 L  
63 

64 
68 

68 
82 
63 

84 
88 

60 
00 
72 

74 
78 
77 
80 
85 

; 
106 

106 
1U7 

108 
109 
110 

111 

111 

1 

1 
8 

Name of Serlea 

Prlmarr Serlu 

C d c u t b  Lonpltudlnol 
Orest Arc lilerldlonol. 

Seetlon 21'-30' 
Rombay Longltutllnii, 

East of75' 
a rcs t  Arc bIcrldlonal. 

Scctlon 18'-24' 
Omat Arc bfcrldlon;~; 

Scctlon 8'-IdD . . 
South Konknn CoMt . . 
North.Enat Inngltudl- 

nal W n t  01 W' 
Narih .~cdt  ~ l m a l n v i '  
Ourhbgnrlt Merldloml 

bctween 20)"-32)0 . , 
B u t  Coast . . 
K ~ r l c h l  h n  ltulllrul 
~ L t h l I w ~ r  hqerldlonnl 
Omst lntlua . . 
rutifin Merldlonsl . . 
h n l  Longltudlnnl . . 
Kutcli Coast . . 
Jpgl-Tlln Merldlorul . . 

utch ) C o ~ t  Line . . 
ldsr Lon~ltudlnnl . . 

Enstern Pmntler or 
ShUlonn Sferldlonsl . . 

Sutlel 
U r n  Merldlanal a"d 

Cooat 
Mmgaloro bferldlonn1" 
DurmaCoaat( Yee 100) 
Jubbulpore Mcrldlonel 

Madras Longltudlnnl . . 
Bralnmaputra Merldlo- 

nal . . 
BlIBspur 3ferldlonal . . 
Jodhpur Merldlannl .. 
South-Enst Comt . . 
EasternSlndMerldlonal 
Mandlrkv Merldlooal 

( See 100 ) 
Msnlpur Lonnltudlnni' 
MalrrAn Lonrjitudlnd . 
QmatSnlween(9ee 105) 

KdAt Loneltudlnal . . 
North Bnluchbtdn . . 
Ollglt 
U p p r  lnawsddy 
Ssmbalpur Merldlonei ' 

Primary 

Sewon 

IdO4-0O 

1H3S-80 

Id82-01 

183741 

1800-71 

1800-07 

1860-51 
1848-53 

1850-02 
1048-03 

1840-55 
1852-50 
1853-01 
1853-83 
1854-00 

1866-58 
186b82 
1860-80 
IWO-72 

1864-64 

1881-03 

llO0-00 
1809-73 
1804-82 
1 8 0 H 7  

1806-73 

1888-74 
1800-73 
1875-78 
1874-80 

187681 

1WO-05 
1804-00 
1806-07 
1-11 

1 W 8  
1808.10 

1011-14 

and 

+ nl 

U.:100 

0 . iUI  

0.702 

0.507 

0.300 

0.302 

0.558 
0.841 

0.302 
0.008 

0.658 
0.080 
0.350 
0.327 
0-670 

0.080 
0-481 
0.075 
0,311 

0.400 

0.340 

0.120 
0.440 
0.380 
0.340 

0.384 

0.684 
0 302 
U.201 
0-622 

0.244 

0.418 
0.453 
0.285 
0.401 

0.305 
0-221 

0.250 

IOo 
I* 
11a 

1 s  
18 

It , . . .. 
Oreat Sslween .. 
Burma C a t  . . 
DALbandln . . 
h m  Ion  tudlnd . . 
Msnddsy 8erldlonal.. 
Kandln' . . 

bat-West EIengd 
boundary . . 

Andaman .. 
s.condaq serla, 

8011th PArunAth Merl- 
dland .. 

Budhon Marldlond . . 
AmPa Merldlorul . . 

W a t  of 76' . . 
ledWI 
1MZ-48 

1849.44 
I M M S  

l M U 8  

8 l n ~ l l e r l d l o ~ l P l ~ - Z 6 '  
8lnglMerldlon~I lD.-¶l. 
Booth Konku~ Covt . . 
X%'~8rldlond . . 
Wmth MdOneh.  Merl- 

d l o d  . . 

f P 

/ I .  

2-23 

4 20 

2.13 

1.20 

1-80  

0.77 

1.05 
2-15 

0 .08  
1.58 

1-88  
2.01 
1.71 
1 .U 
1-52 

1.80 
1 .07  
1.44 
1.21 

1.24 

1.74 

1.28 
1.14 
1.21 
1.04 

1.23 

1.02 
0.08 
1 .11  
1.33 

1.25 

1.48 
1.15 
0.02 
4.28 

3-16 
1.82 

1.28 

B e v k e a  porUona of lnla 38 and 36. 

1028-30 
1020-31 

1020-31 

1030-31 
1031-31 

1034-38 
1036-37 
1040-60 

1050-51 

1050-62 

1BP6-39 
1833-43 
189C98 
I ( U I u I  

1887-99 

0.723 
1.711 

2 . 4 s  
I.bO7 

I , M I  

Secondary 

Instnl- 
l r rn t  

incho 

30 8 21 

30 

24 

36 

21 

21 

21 
21 

24 
21 

30 
I8 

3 8 8 2 4  
21 
21 

18 
36 8 2 1  
18 L 12 
3 0 8  24 

24 

30 

30&24 
21 
24 
30 

24 

24 
30 8 24 

24 
24 

21 

12 
12 
12 
12 

12 
12 

12 

0.153 
0.441 

0.802 

0.205 
0.472 

0.428 
0.422 
0 6 3 8  

0.466 

0.604 

3.31330~88 
9.141 
1.847 
1.643 

0.919 

1.19 
1.30 

1.71 
3 . U  

8.69 

No. 

14 

15 
10 
17 

18 

19 
20b 

21 
2% 

20 

27 

20 
SO 

31 
30 

38 

40 

41 

42 

47 

48 

60 

61 
5Zb 
67 

60 
00 
01 

05 
07 

2 181 
1.07 

3.04 

1.20 
4.55 

1.031 
2 . W  
1.04 

0-808 

2.14 

7.47 
1.71 
7.62 

0.24 

I 8  
16 

IS 
18 & 16 

1 0 & l 8  

Triangulation Series 

lonlsl nndo ( In aecond~ ). 
+ p - mot-mun.squsrn error of the unndl~lsted heluht 

dlKomnw hetwkn two 1tstlon8 ( In feet ). 

Name of Serln 

Secondmv Ssrler-ConM. 

Chrndwlr Merldlonnl.. 

Ooro Ycrldlonnl . .  
Calcutln Yerldlonol . .  
South SlnlPncha hlcrl- 

dlannl 
KhLnplaura Yerldlonii 

OunvAnl Merldlooal . .  
North-East hngltudl- 

ml,  &Pat of 80' . . 
Hurllrlon Morldlonnl.. 
OurhAgeA Yerldlonsl 

24 to-20tD . . 
Abu Merldlonal . . 
North PlrasnRth Ye+ 

dlonal 
a u j a a t  Longltudlnal:: 
KAtNlwIr hngltudl.  

osl . . 
YAbannatl . . 
Kashmlr Prlnclpal . . 

gambalpur Longltudl- 
nnl . . 

KAthllwAr Merldlonal 
No. I 

KAthlAwlr Merldlor~i 
No. 2 

KBtYIwAr ~erldlo"i1 
No. 3 

KAthBwAr ~ e r l d l o r i i  
No. 4 . . 

East Calcutta Igngl- 
t u d n d  

Kumnunnod h r h w l i '  

NBslk 
B u m  Const 141°-l(d' 
Colmbatcre No. l . . 
Cuddsplh . . 
HyderkbM . . 
Malshsr Coast .. 
Slam Bmneh . .  
Mona Hast . . 

51 12B5k 
Wlld 

1 2 8 5 t  
Wlld 

12 
6t Wlld 

5 Wllcl 
6 Wlld boo- 

detlc 
Tavl- 
otcck 

O w -  
detlo 
Tavl- 
stock 
Om- 
detlc 
Tavl- 
atock 

1.3 
1 8 8  16 

18 
1 8 8  I5 

I6 

Srmon 

1 8 4 ~ 1 0  

1845-47 
184~-48 

1846-53 
184548 

1848-47 

1810-51 

1040-52 

1848-50 
1851-62 

1851-62 
1852-82 

1853 
1853-64 
1855-00 

1850-57 

1858-50 

1866-00 

186044 

1W3-84 

1803-80 
18124-05 

1804-05 
1870-77 
1800-71 

1871-72 
1871-72 
1872-80 

1878-81 
1801-03 

73 
75 
78 

81 
82 
83 
84 
80 

87 
88 
80 
W) 
01 

02 
03 
04 
06 
Oa 

07 
W) 

100 
LO1 
IOP 

+ m 

0.841 

0.073 
1.173 

1,006 
1.227 

1,105 

0.122 

1.502 

1.481 
0.017 

0.805 
0.860 

1.481 
1.348 
0.884 

0.800 

0-030 

1.217 

0.000 

1.164 

0.370 
1.742 

2.033 
0.327 
1.547 

0.820 
1.106 
1-532 

3.711 
3.054 

'0.750 

KIBarkantn 
~ a h ~ c l ~ l o t d n " ( ~ n n n ~  

Khlbl H l b  . . 
Jalntla Hllln . . 
Hhlr . . 
lUltchl . . 
Vlllupurnm 
1ndo.Buaalan conndc: 

tlon . . 
Khandwo . . 
Ashta . . 
Ruldlna . . 
Noldnl .. 
NAm Jllla . . 
Mlddls OdAvarl . . 
Kohlma . . 
CAcMr . . 
Bombay lnlnnd . . 
Madurn . . 
DIgaIkot . . 
Rsnswn . . 
Kunam 

* p 

It. 

1.51 

3-00 
1.52 

1.10 
2.11 

2.57 

1.41 

2.42 

2.00 
1.63 

2.10 
1.37 

1.00 
0.01 
2.48 

1.48 

0.87 

1.30 

3.38 

. . 

0.08 
1.81 

0.78 
1.00 
2.50 

1.32 
0.78 
1.17 

2.65 
2.71 

2.22 

PnMwar  
North Wufrbtdn 

r m - rmt.manrqurrrs enor of m unadjusted horl- 

1016-1010 
1802-03 
1808-08 
IW0-13 

1010-11 
1011-12 
1011-12 
1011-12 

1012-13 

1012-13 
1013-14 
1013-14 
1013-11 
1013-14 

1011-15 
1013-16 
1014-16 
1011-14 
1oIe-l7 

1018-17 
1025-27 

Inatru- 
ment 

inelus 

30 
24 8 18 

15 
18 

2 4 8  18 
2 4 6 1 5  

2 1 8 1 8  

30, 24 
8 15 

2 4 8  18 

1 8 8 1 5  
18 

21 
18 

I 8  
18 
14 

Vernler 

I4 
Vernler 

I8 

18 

18 

18 

24 
1 4 8 1 2  

Vernler 
14 8 0 

24 
14 

10 
2 4 8 7  
14& 12 
Vernler 

12 
14, 12 
8 lo  

12 

1.323 
1.348 
2.038 

0.080 
0.701 
1.840 
1.184 

2.7W 

0 ~ 0 0 0  
I.OM 
0.304 
1,405 
0.013 

U.013 
l.004 
1.077 

1,148 

0.701 
1.340 

2.17 
2.07 
0.78 

0.10 
2.40 
0.01 
0.40 

2.17 

1.71 
1.33 
0.08 
1 ,91  
2.17 

0.72 
1.48 
1.17 

11io 

1.15 . . 

1 2 8 7  
1 2 8  8 

8 

d 
8 
8 
8 

0 

0 
8 
8 
8 

12 

8 
12 8 8  

12 

! 
1 

12 



TRIANGULATION 

1. General.-Due to financial stringency the normal pro- 
p m m e  of measurement of new bases, the re-observation of 

triangulation and the establishing of new Laplace 
stetions to strengthen and improve the quality of weak secondary 
series could not be carried out. The geodetic triangulation of the 
Andamam, which was only partly observed last yeer, wes, 
however, completed. 

Chart I shows in blue the Primary and in green the Secondary 
triangulation of India. The measurement of a new geodetic base- 
line and the insertion of new Laplace stations near Kandla in 1950, 
have improved the overall accuracy of the KBthiLwiir Meridional 
Series ( No. 28 ), the Kutch Coast Series ( No. 35 ) and the Kutch 
Coast-Line Series ( No. 39 ). As a consequence these series which 
were hitherto classed aa secondary have now been shown a9 primary 
on Chart I. The co-ordinates of the stations of these series have 
been readjusted. 

2. The Andamans Geodetic Triangulation.-The new geodetio 
triengulation of the Andamans was undertaken last year to provide 
framework control for the air survey of the islands. The scale of 
thia triangulation is based on the F e m r  Ganj geodetic base-line, 
which was measured with invar wires in catenary., The datum for 
latitude, longitude and azimuth is the Chatham Observatory, the 
CO-ordinates of whioh were determined with s 60-degree estrolabe 
in November 1950, the initial azimuth being obtained from Polsris 
observations. The adopted values of the latitude and longitude 
of the datum and the fundamental szimuth a g  as followa :- 

Latitude 11" 41' 13' .04 
Longitude 92" 43' 30' ~ 3 2  

Azimuth a t  Chatham Observatory of Haughton H.S. 
= 328' 47' 19' -7. 

The lay-out of the new triangulation consists of 27 stations. 
Obeervations were made a t  18 stations last year and the remaining 
0 etatione have been occupied this year ( Chart I1 ). Station 
Jirkatang H.S. oocupied last year was revisited this year. It wes 
hoped to observe the new triangulation according to the proposed 
by-out given in Chart V of Technical Report 1951, Pert 111. 
This was, however, not feasible ee the ray Raolunta H.S. to  North 
Reef 8. wes not viaible. It wan not pmsible to establish an 



2 TECHNICAL REPORT [ PART m, 1952 

intermediate station on this ray and thus improve the lay-out as 
no suitable site for a station which would be intervisible from 
both Raolunta H.S. and North Reef S. could be found. The 
break in the triangulation was, however, avoided by successfully 
observing the long ray Fbolunta HA-Saddle Peak H.S. A 
narrative account of the season's work is given in the following 
paragraphs. 

3. Narrative.-The Andamens Geodetic Triangulation Detach- 
ment consisting of Mr. U. D. Mamgain, Deputy Superintencling 
Surveyor, in-charge, one Surveyor, one Trig. Computer and 28 
khaki& left Dehra Diin on 22nd November 1951 for Port Blair 
via Calcutta. The 8.8. Maharaja was scheduled to leave on 29th 
November but got delayed and left Calcutta on 6th December. 
The Bay of Bengal was in the grip of a terriec storm at  this time 
and the ship had, therefore, to  deviate considerably westwards for 
safety and arrived in Port B b i  on 11th December, about 3 days 
late. 

About 8 week was spent in arran,&g for transport, rations and 
fresh water. Mr. J. C. Bhattacharjee left by M.V. Molly on 
19th December for posting heliotropes on Havelock S., N. Button S. 
and Raolunta H.S. M?. Mamgain left on 20th December for 
observations a t  Jirkatang H.S. 

Jirkatang H.S. and Raolunta H.S. are situated on the border 
of the territory of the hostile Jarwe tribe. Survey personnel 
working there were provided with armed escort by the 
Andamans administration. Observations a t  Jirkatang H.S. were 
completed on 30th December and the observation party left the 
mme day for Port Blair reaching there on 1st January 1952. Have- 
lock S. wao reached on 3rd January by Molly and observations 
there were completed on 6th January. Observations were next 
made a t  N. Button 9. 

Mr. J. C. Bhattacharjee accompanied by Bush Police moved 
by boat to  post the helio squads on Mt. Diavolo H.S., North Reef 
S. and Saddle Peak H.S. Heliotropers bound for Mt. Diavolo H.S. 
disembarked a t  Cuthbert Bay. On their way to the  tati ion they 
came acrosa two empty Jarwa villages. The inhabitants had fled 
into the jungle and were showing their displeasure by whistling and 
buttress beating. Heliotroper Gopal Singh, however, proceeded at  
great personal risk to  occupy Mt. Diavolo H.S. and succeeded in 
showing the helio to N. Button S. The heliotrope= a t  Mt. Diavolo 
H.S. were not considered quite safe and more Bush Police was 
arranged through the Divisional Forest Officer Middle Andaman. 
The Jarwm left the habitation after sometime and seemed to have 
proceeded to some other locality as no buttress beating was heard 
afterwards. 

Buttons is an island without fresh water. M . V .  Molly got 
delayed in reaching Buttons end freah water was obtained from 
see-water by distillation. 
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Observation to Saddle Peak H.S. from N. Button S. could 
not be completed due to bad weather. These were completed 
later. The observation party then left for Raolunta H.S. 
via Long Island and elrived there on 16th January. 
The weather now deteriorated and visibility became poor 
due to haze and clouds. The ray to North Reef S. from 
Raolunta H.S. could not be observed as the stations ere not 
intervisible. Observations to Saddle Peak were hampered by 
cloucla and haze and were finally completed on 22nd January. 
nit. Diavolo H.S. was next occupied on 25th January. At Mt. 
Diavolo the Jarwa villagers showed signs of very recent occupation 
and precautionary measuros had to be taken to safeguard the 
movement of the penonnel. This was especielly necessary as the 
Jarwm were reported to have attacked a village near Tirhut about 
this time. Bad weather delayed observation on Mt. Diavolo H.S. 
Water here was originally brought from about 6 miles but a re- 
connaissance revealed a nearer source of supply end this enabled 
the heliotropers to camp a t  the peak and lessened their vulner- 
ability to attacks from the hostile tribes. After completing ob.ervs- 
tions a t  Mt. Disvolo H.S. on 2nd Fexruary, the observation party 
returned to the base camp to wait for a boat from Port Blair to 
convey them to Saddle Peak. Boats in Port Blair became scarce s t  
this time due to the visit to that port of some Indian Naval ships. 
Boat Molly came up with heliotropers on 6th February. The 
observation party was left a t  Saddle Peak end Mr. J. C. Bhatte- 
charjee took the boat to put heliotropes on Landfall Island S., 
Reef Island S. and Hudson Bay H.S. Camp was moved to Saddle 
Peak top on 8th February. Here work was delayed due to bad 
weather and could only be completed on 19th February, the 67- 
mile ray to N. Button S. proving the most diflicult to observe. 

Boat Eha had in the moantime been arrmged to shift the 
observation party from Saddle Peak to North Reef vie Buttons. 
North Reef was reached on 22nd February. 

Observations on North Reef S. were completed on 23rd Fabmery 
and on Hudson Bay H.S. on 25th February. Some delay ooourred 
a t  Hudson as the ray to Reef Island H.S. was getting obstmoted by 
a tree on a distant ridge. The tree wm located end cleered 
sufficiently to carry out observations between the stations. 
Hudson ~ e y  H.S. is olose to a village ~nhebited by the Oongis, an 
aboriginal tribe of the Andamans. These ere friendly people, some 
of them being employed by the Forest Department. They know this 
part of the Andamans very well and were useful as guides. In their 
small boats they venture out into the open see and move from 
island to island colleoting coco-nut and fish whioh ere their 
staple diet. 

Reef Island H.S. was reaohed on 26th February. There is no 
fresh water in this island. Heliotropers here were po3bd on 10th 
February with retiom end 88 gallons of water in two &gallon 
drums. Iaakege in one of the water drums wm diawvered later and 
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the men ran short of fresh water. There were, however, enough 
coco-nut trees in the island and water from these solved their 
problem. One shell-collecting boat wbich happened to pms that 
way also replenished supplies to some extent. 

Landfall Island S. was reached on 27th February. Helio- 
tropers here were posted on 10th February with rations and fresh 
water in two drums. They found themselves in a difficult situation 
one day when one of their 44-gallon d ~ u m s  of water tied to tree 
( near the comt ) by rope was swept away by a high tidal wave. 
They had nearly finished all other fresh water and none was 
available in the island. They had, however, been shown how to 
distil sea-water for their requirements which they managed to do 
successfully. 

Boat Elsa had been with the obsemation party now for nearly 
thirteen days and the crew had exhausted their rations. Booking of 
the boat wm extended up to 5th March end the party miled for 
Mayapur ( North Andaman ) where rations for the crew and Bush 
Police were drawn by special arrangement with the Supply Officer. 
The services of e wireless detachment supplied by the Superin- 
tendent of Police enabled the observation party to keep contact 
with Port Blair and other wireless stations and thua greatly fecili- 
tated the making of administrative arrangements. 

The party left Mayapur for Buttons on 1st March to observe 
the ray N. Button H.S.-Saddle Peak H.S. Bad weather prevailing 
over the Andarnan seas s t  the time delayed the obse~at ions.  
The weather cleared up comidembly after the rain on 2nd March, 
end observations on tlus ray were completed on 3rd March. Elsa 
was then signalled to collect heliotropers from Saddle Peak H.S. and 
Mt. Diavolo H.S. The personnel of the observation party reached 
Port Blair on 6th March. 

Triangulation observations were hampered considerably by 
the unpredictable weather in the Andamans, but wireless com- 
munication kept the wastage of time due to other sources to  8 
minimum. Sometime wes, of course, lost when boats or b b o w  
were not available. 

Special preceutiom were taken to protect personnel of the 
detachment against malaria by regularly administering Pdu+e. 
Mosquito nets were supplied to  khu-E&. The heliotropers suffered 
from some sickness due to Ieck of fresh vegetables a f h r  their pro- 
longed stay on uninhabited island stations like Buttons and N. Reef. 
The Senior Medical Officer a t  Port Blair was good enough to supply 
some multi-vitamin tablets and anti-mosq~lito cream which were 
found useful. There was no cane of sickness requiring edmission 
in hospital but some vegetarian k h l m  developed night-blindness 
in the later part of the season which wes soon cured on mching  
Port Blair. The p e r s o ~ e l  auffered much from tiok end leech 
bitea whioh developed into boila. 

4. Tidal Observatory at Port Blair.-On arrival et Port Blair 
on 11th December 1961, it wee leernt that the foundation etruct- 



c;lHap. I ]  TRIANGULATION 6 

of the tidal observatory a t  the Aberdeen Jetty had been swept away 
by cyclone. A visit to the Aberdeen Jetty on 12th December 
confirmed this. The Executive Engineer wes a t  that time pknning 
to drive piles deep into the sea-bed to support the observatory build- 
ing. In view of the cyclonic conditions that often prevail in the sea 
around Port Blair, i t  was considered advisable to shift the site to 
more protected place. A suitable site was reconnoitred and found 
a t  the south end of Phmnix Bay. This place is more suitable from 
administrative poult of view aho aa the offices of the Marine Depart- 
ment which are to look after the observatory are all situated around 
this area. Deep sea water is quite close to the aite and it  is 
much less exposed than Aberdeen Jetty. The Chief Commissioner 
gave t,op priority to the construction and procurement of material 
and fixed 15th February 1952 as the target date for the completion of 
the observatory. Mr. J. C. Bhattacharjee was specially instructed 
to keep in touch with the progress of construction. Wooden piles of 
mahua, a special variety of wood, which grows on the eea coast, 
20 to 25 feet long were driven deep into the sea-bed leaving about 
12 feet above the ground on which the floor rests. The building 
was finally ready by the 23rd March and the tide-gauge was erected 
on the 27th March ( see Chapter IV, para 24).  

Training was given to an observer deputed by the Engineer and 
Harbour-maater for the maintenance of tide-gauge. Determination 
of zero of the gauge and fixing of the level of the bedplate by 
precise levelling with respect to two type C bench-marks in the 
Marine Department compound was completed on 26th March. 
A h a 1  check for zero, etc., wm made on 27th March and the same 
evening the detachment embarked the S.S. Maharaja and arrived 
in C8~cuttfb on 31st March. 

The Indian Navy Survey Ship Investigatof arrived in Port 
Blair on 23rd March. The data fbr the geodetio triangulation of 
1960-51 was already with them and this enabled them to start their 
own survey of the coast and sea-bed around Port Blair. The 
observer of the Tidal Observatory was instructed to rtupply the 
tidal information to the Commander of the survey ship when esked 
for by him. 

5. Inter~retatibn of G.T. Stations on Photographs.-Photo- 
graphs of the Andaman Islends were taken t o  the field to pinpoint 
the G.T. stations. All the station m a r h  were correctly loceted on 
the photographa with the help of white ' T '  m e r h  made on the 
ground in the long radial clearings, which were recognizable on the 
photogrephs. The clearings had been carried out to emure inter- 
visibility of the stations. 

6. Dehra Diin City High Precision Traverse.-In 1949, the 
C h a i i a n  City Board, Dehre Diin requested for the provieion of 
precise tmveree for the purpop of fiemework control for the 
pro@ 18-inoh survey of the oivil 6tation and 84-inoh e m e y  of 
the city and congested ereea. 
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The City Board's requirements consisted of 20 to 40 permanent 
traverse stations, suitably placed, per square mile. 

The permanent traverse stations consisted of a brass plug 
with a fine vertical cut mark embedded in cement concrete filled 
in a pit, dug in ground, of size about 18 inches x 15 inches and 
depth about 18 inches. The brass plugs were kept about 3 inches 
below the level of tho ground to avoid the possibility of their 
being disturbed by outside agencies. Later, the City Board was 
advised to constmct pillars, 2 feet square a t  base and 2 feet high, 
the upper 4 inches being dressed to the form of a frustum of a 
pyramid terminating in a square of 4-inch side, over each of these 
stations. The top of this pillar will have another brms plug 
embedded in it similar to the one embedded below, and centred 
exactly over the lower one. In addition, close to  and around each of 
these permanent traverse stations, a number of brass plugs havo been 
embedded in the colnpound and outer walls of buildings so as  to  
enable these stations to be exactly relaid should these stations get 
disturbed a t  a future date. 

The field work was started on 13th March 1960 and completed 
by 27th May 1960. Co-orclinates of 47 stations are tabulated in 
Table 1 which includes all the 21 permanent traverse stations 
built by the City Board, Dehra Diin. 

The traverse emanated from DBlanw5la Satellite S. and 
proceeded towards north up to Jjkhan along the Rispana, crossing 
the Dehra Diin-RBjpur road to Aniirwjla and closing on DiilanwBla 
Satellite S. via Nayiigaon, DubhHlwda, and the new clock 
tower ( Chart I11 ). 

For linear mewurements between traverse stations, ~ a & n  
wires and equipment were used ; 24-metre wires Nos. 243 and 244 
and 72-metre wire No. 231 were used as field wires and measured 
in catenary. The 24-metre wires used in the field were standardized 
against the standard wire No. 247 and the field 72-metre wire was 
standardized by measuring three 24-metre legs with the 24-metre 
wires. Due to the undulating nature of the ground and the built 
up areas, it waa not possible to mrry out continuous linear measures 
and hence eome of the legs of the traverse were measured by 
triangulation. 

All angular measurements were mede with a, Geodetic Tevietock 
theodolite. The traverse angles were obsewed on two zeroas end 
on both fecas. At three stations, astronomical azimuthg wem 
observed h m  Polerie. 

The closing discrepancy of the olosed circuit of treverse was es 
follows :- 

Northing Easting Height Totel length 
of traverse 
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During 1951, the circuit from DHlanwZla Satellite S. going 
southwards round the southern limits of Dehra Dfin Municipality 
and back to the new clock tower was taken up. For this only 
linear measurements have been completed for about 13 legs and no 
angular measurements have been made as yet. 

Further details of this work will be given in the next Technical 
Report. 

Seventeen of the permanent traverse stations have been 
connected by secondary levelling. The results are given in Table 2. 

7. Marine Survey Triangulation in MIndvi and Ranwara 
Shoals.-At the request of the Ministry of Transport, the Marine 
Survey of India carried out the survey of MBndvi and Ranwara 
Shoals with a view to selecting a site for the building of a light- 
house on the Ranwara Shoal. Triangulation was carried out to 
provide framework control for this survey ( Chart IV ). 

After an exhaustive reconnaissance of the area, only one old 
geodetic station, i.e., MBndvi S. was recovered intact. The other 
two geodetic stations, viz., AsBr MBta H.S. and Traghari H.S. were 
found in a damaged condition. In both cases the original structures 
had fallen down and it  was not possible to ascertain whether the 
lower stones, marked with a circle and dot, were in their original 
positions. It appears that there has been a considerable drift of 
a n d  since 1859, when these stations were established, and it  ia 
possible that the lower stones may have been displaced from their 
positions. 

Geodetic intersected points AsBr MBta Temple, Tamichi Pir 
and Rival Pir were found in good condition, but reports from local 
authorities revealed that extensive repairs had been carried out to  
the buildings and it  was, therefore, necessary to verify that their 
positions agreed with their published co-ordinates. 

The length of the ray MBndvi S.-TamBchi Pir waa checked by 
means of a Hunter Short Base of 4 chains. The triangulation ww, 
then based on the value of this side and the azimuth a t  Mindvi S. 
of TamBchi Pir as published in Triangulation Pamphlet 41 F, viz., 
90" 42' 47" ( measured south by west ). In addition to Mindvi S., 
Durgipur S. ( a new station ), TamBchi Pir hill tomb, Asir Mite  
Temple dome, and Lieja tower station were occupied and formed 
stations of the main series, from which e number of other stations 
and points have been fixed. 

The results of the 1949-50 topogrephical triangulation in the 
aree carried out by Southern Circle, Survey of India were received 
by the Marine Survey after the completion of the hydrogrephic 
eurvey and could not be utilized. The following stations and 
points of the G.T. and topographical triangulation were comeoted, 
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The above discrepancies are satisfactory. 

M.S.I. 
letter 

B 

C 

D 

F 

T 

E 

F 

8. Triangulation in NepZl.-Due to disturbances in Nepil, the 
proposed scheme of strengthening the topographical triangulation 
by effecting a connection tlt Bulikipur T.S. and Shi r ia  T S. (see 
Technical Report 1948-49, part 111, page 4 )  could not be carried 
out. It is hoped to undertake this work during the next year. 

Name of 
stetion 

M8ndvi Light- 
house 

Tamachi Pir 
Hill Tomb 
( Dome ) 

AaArMih 

( Dome ) 
Temple 

Liie]aTower 
Station 

RBval Pi 
( Dome ) 

D6bn House 
(Tamaohi Pir 
ha.) 

Vija ViUan 
~ a L e e  
( Dome ) 

Topo. Mrrine 
triangu- Survey G.T. Tgpo. 

a.T. (Survey of Indin) lntion Trinngu- rnrnvr mrnu8 
(Survey lntion Y.S. M.S. 
of Indin) 

0 3 .  0 . .  0 , .  . 
Lat. (N) . . 22 49 40.07 22 40 41.04 . . - .07 
Long. (E) . . R9 20 63.0080 20 63.66 . . f . 1 3  

Lat. (N) 22 49 44.90 . . 22 49 45.00 - .I0 . . 
Long. (E) 09 17 01.67 . . 69 17 01.67 t . 1 0  . . 

L a t . ( N ) 2 2 5 0 2 3 . 3 1  .. 226023.41- . I3  .. 
Long. (E) 08 13 08.04 

Lat. (N) 22 5 1  28.19 
Long. (E) 00 13 21.71 

Lst. (N) 22 48 60.00 
Long. (E) 09 23 20.57 

Lat. (N) . . 
Long. (E) .. 

Lot. (N) . . 
Long. (R) . . 

. . 

.. 

. . 

. . . . 
22 40 46.4022 
08 10 51.6508 

22 60 00.732'2 
00 17 05.70,09 

I I 

00 13 09.53 

22 63 
09 13 21.71 

22 48 60.74 
08 23 20.40 

48 45.50 
18 61.37 

50 00.89 

+. 11 

28.33-.14 
.00 

-.08 
+. 17 

. . 

. . 

. . 

. . 

.. 

. . 

. . 

. . 
-. 10 
+.I8 

-.I5 
17 05.08 . . + .09 
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TABLE 1 .-Slations of the Dehra DCn City Traverse 

Grid I origin { A, 32" 30' 
Lo 68 00 

Station or Point I Eosting Northing Height 
( TOP ) 

Grid yards Grid yards fut 

Dilanwila  Sntellite S. in 
Col. Brown School . . 

North of Raipur rand in Ris- 
pnna near electric pole . . 

East  bank of Rispana near 
Nilirpini rond. west of 
cremation ground . . 

Weat bank of Rispann uenr 
wall of Chirya blandi . . 

E ~ s t  bank of Rispnnn on a 
wall nenr lime kiln . . 

West hank of Rispana near 
a n  isolated hu t  

E a s t  bank of Rispanaon em- 
bankment wall . . 

E a ~ t  bank of Rispana on 
high ground near J ikhan  
village . . 

9 On onnal near llosr mill of 
J ikhan  . . 

10 On canal road near culvert ~ ~ 

in .JLkbnn . . I - 11 I n  cultivated land, anuth of 
aanal in JLkhan 

geon 
Near water reserooir and 

Sohool in Nayigaon . . 
I n  oultivated land near 

Kisban bl ' s  house in 

12 

13 

14 

15 

10 

17 

1 20 I NayigBOn . . 
On road near Quman Singh's 

house in Nayhgaon . . 

0; canal road about 8 metro 
from A.I.D. Pillar in 
J i k h a n  . . . . 

I n  cultivated land between 
canal nnd R i j p r ~ r  r o d  . . 

On east side of n i j p u r  road 
near oolvert in Body 
Quard . . 

In guava gnrden of Yukand 
LnI, west of R i jpur  rond 

Near Hoshiar Singh's Louse 
in Aninvhls village . . 

North of isolated house of 
Hav. Ramoshwar in Naya- 

1 :: Ne~y l I ,  min  of huts in Nayhaon  80uth 

In anltivated land on top of 
dope  near eleotrlo line in 
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TABLE 1.-Stations of the Dehra Dzin City Traverse-( contd. ) 

Grid I origin { A, 32" 30' L" 68 00 

1 ;  1 Eaating I Nortbing 1 ;g; 1 
Stntion or Point 

(hid yarda arid yards 

NW. corner of cultivated 
lnnd near n&la and 'K' 
quarters of Hithihnrkala 
Survey Estate . . 

SW. corner of land on top 
over &In near ' K '  qunr. 
tern of Bithibarkala 
Survey Estate . . 

West end of  barren land s t  
junction o fmiband  BindDl 

On east comer uf cultivated 
lnnd on weat honk of 
BindLl . . 

On south of oantonment 
road near oine tree8 and 
bridge - . . 

SW. corner of cultivated 
land on enst bank of 
Bindil . . . . 

South comer of oultivated 
land on east bank of 
Bindil opposite to  firing 
area 

Eant bank of Bindil nnder 
a diaham tree south of a 

Dubhllwila to  db ind  
Bigh . . . I 4 063 1576.89 I 

mhu house in Dubbil- 
wila 

F m t  banh of jB'indll a t  k 
bend 8. of Q.E.'a office . . 
On hi h ground on east bnnk 

of B i n d i ~  near foot-oath- 

On Bat ground in Dubhil- 
wile, north of temple . . 

Weot end of Bat land near 
tamole . . 

4 063 832.80 

4 063 812.78 

~ a s t  nhd of Bat land near Mr. 
John'a house 

NW. of GUN Nanak'a Hich 
School nenr prayer room 1 1 ~ ~ ~ ~ f g r ~ ~  

In  parede ground near foun- 
tain . . 

Enat end of parade ~ r o n n d  
near aemmt mad 

( 

4 064 030.74 

4 064 340.40 

4 064 610.32 

4 OW 813.40 

788 164.83 

788 438.88 

786 307.76 

788 177.M 
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TABLE 1.-Slaliona of thz Dehra D4n City Traverse-( concld. ) 

Grid I 

Station or Point 

. . 

. . 

Jikhnn ( near traverse 
atation No. 11 ) .. 

Height 
( TOP ) 

feel 

2227.2 

2242.0 

2244.6 

2244.0 

2243.2 

2236.0 

.. 

Easting 

(hid yarda 

4 054 806.71 

4 055 003.40 

4 066 266.23 

4 066 482.02 

4 065 631.16 

4 056 786.88 

4 056 088.16 

Northing 

arid yard# 

786 241.34 

786 321.12 

786 347.62 

786 337.08 

788 313.37 

786 331.26 

701 264.84 
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TABLE 2.-Heighis of traverae pillars connected 
by spirit-levelling 

Brief description 
verso by 
Pillar Levellern 
No. i 
8 On high ground near Rispana nadi 

about+mi leS .o fJ ikhan  .. 
9 On canal near flour mill of dilchan 

1 1  In oultivnted land ahout 100 feet E. 
of osnal and NE. of J ikhan  . . 

13 At SE. corner of a mango garden 
N. of J ikhan  . . . .  

14 A t  S. end of E.  parapet of culvert 
noar F.S. No. 3 between mile. 
atones 4 and 6 . . . . 

16 Near Hoshiar Singh'e house in 
AnirwLI8 village . . . . 

17 In  oultivaterl land nf Kulmen Singh 
in Nngignon village and about 
24 furlonge N. of wnter reservoir 

18 Near water reservoir in Nayigaon 
villsge . . .. 

20 On the foot-path Nayigaon-Hithi- 
barkala about la furlongs S. of 
water resorvcir in Nayigaon . . 

22 Abont 320 feet SSW. of nn electrio 
post on the foot-path Nayigaon- 
Hithiherhala . . .. 

25 In oultivnted lnnd about 100 feet 
N. of the junotinn o f k m  (Bhnri- 
wi l s  ) and Bindil . . . . 

27 On NE. edge nf New Cantonment 
msd  about 1 furlong h'. of Bindil 
bridge . . . . .. 

28 If h~rlongs 9. of Military Dnirg 
Farm and abnnt 2 furlongs SW. 
of Bindil bridge . . .. 

28 On Bhri Kundnn Singh Thakur'e 
land nnd n p m i t e  to firing area. . 

32 On E. hank of BinGI n61. and SE. 
of M.E.S. s t o w  . . . . 

34 On E. bank of Bindil ndlu in the 
high grounds of Dubbilwila . . 

38 On NW, aorner of Gum Nanak'a 
Bohool a t  Chakhuwila .. 

Spir!t-level 
minus 

Traverse 
height 

feet 

+ 2 . 1  
+1.3 

f0.8 

+0.7 

+0.1 

+0.7 

+0.4 

+1,6 

-0.7 

-0.6 

-1.0 

-0.3 

-0.0 

-1.0 

-1.7 

-0.8 

- 2 . 2  

Spirit-lovel 
heights 

f e d  

2448.0 
24ii. 9 

1503.0 

2573.1 

2870.5 

2647.8 

2483.4 

2488.0 

2448.6 

2380.1 

2278.7 

2287.6 

2256.1 

22.61.1 

2170.4 

2213.2 

2193.1 

Precise 
traverae 
heights 

fee1 

2443.9 
2471. R 

2502.2 

2572.4 

2670.4 

2547.1 

2493.0 

2484.6 

2440.2 

58116.7 

2280.6 

2287.8 

4266.7 

2262.1 

2180.1 

2213.8 

1196.6 



OBSERVATORIES 

9. General.-The following are the main items of work carried 
out by the Observatories during the period under report :- 

( i ) Comparison and maintenance of standards of length, 
( ii ) Meteorological and seismological observations, 
( iii ) Maintenance and adjuatment of delicate scientific 

instruments such s s  geodetic theodolites, geodetic 
levels, Astrolabe, Frost Gravimeter, etc., 

( iv ) Maintenance of clocks and batteries, 
( v ) Test, calibration and repair of survey instruments and 

calculating machines, 
( vi ) Research and experiments, and 

- ( vii ) Instruction of o5cera in precise traversing, astrono- 
mical observetion end the use of short b m .  

lo. Establishment of a standard base-line in India.-The Indian 
geodetic triangulation is controlled for scale by 18 base-lines. Of 
these 10 were measured in the last century in terms of foot stendarda 
of length and 8 have been measured in the last 20 years with modem 
metrio equipment. 

The Finnish Geodetic Institute have now evolved a comparator 
based on interference of light known m the Vdsala comparator. 
This enables e standard bllse-line to  be established with very high 
precision and the Internetionel h o c i a t i o n  of Geodesy has recom- 
mended that one such standard base-line ehould be establiehed in 
every country to serve 88 8 &e for geodetic meesurements. 
The cost of the project is rather heavy and it  has not been possible 
yet to  implement i t  in Indie. 

I I. Meteorological and Seismological Observations.-The muel 
meteorologicel observations a t  084 and 173 hours heve been taken 
throughout the year. The meteorologicel data for Dehra Diin 
have been supplied to various local civil and militam offices. The 
original metebklogical monthly records were sent t i  the Director, 
Regional Meteorological Centre, New Delhi. 

The Omori seismograph was in operation throughout the year. 
It waa oleened and reset on 7th July 1961. D e b  of earthquake 
record8 wes supplied to the Director-General of Obeematoriee for 
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publication in the monthly Seismological Bulletins. 45 earth- 
quakes in aU were recorded during the period under report, out of 
which 39 were of slight intensity, 4 were of moderate intensity 
and 2 of great intensity. 

The work on the construction orthe new Seismological Observa- 
tory is in hand and the building of the Magnetic Observatory is 
expected to be taken up very shortly. 

12. Test, Calibration and Repairs of Instruments.-This 
directorate now controls the issue, procurelnent and allotment of 
a11 precision instruments of the department. As far us possible, the 
precision instruments are repaired in the Observatory worlrshops. 

During the year under report, 367 surveying instruments were 
repaired. They consisted of 10 glass arc theodolites, 41 vernier 
theodolites, 66 levels, 24 barometers, 45 calculating machines, 2 
stereo comparators, projectoscopes and various other survey instru- 
ments. The tide predicting machine, the seismograph, the Shortt 
and Riefler clocks, and other geodetic instruments were attended to 
and kept in working order. 

338 instruments of various kinds were tested and calibrated. 
The H.S.B. tapes were calibrated in catenary against bays 1-6 of 
the 24-metre comparator. Comparisons were also made of 100-foot 
steel tapes and crinoline chains in flat on the mural base. The 
other items calibrated include invar staves, 10-foot steel tapes, 
barometers ( aneroids and Paulins ), theodolites, levels, chrono- 
meters, watches and clocks. 

The new National H.R.O. wirelevv receiving sets are being tried 
for getting time signals emitted from stations other than Rugby. 

13. Twist in Bilby Towers.-The tall steel Bilby towers hove 
recently been brought into use by the Geodetio Branch for control 
surveys. They are 100 feet or more in height and comprise two 
independent units-the outer portion supports the observer and the 
surveying instrument is placed on the inner tower. Experimental 
observations on them were undertaken to investigate the ainount of 
error arising from the twists of the tower due to heating by the rays 
of the sun. Twists of amplitudesup to 14 minutes of arc in an interval 
of 24 hours were recorded. 

To study this twist in greater detail, 4 daytr' observations on 
the tower, and 2 days' comparative observations on the ground 
were made a t  Dehra DBn. The temperature variations ranged 
up to 17" F. Half-hourly observations were made to two sharp 
objectu, about a mile awsy from the tower and approximately a t  
the Beme elevation as the tower. The comparative observations 
on the ground were done on two hot days inside an observatory 
tent with a view to finding how the observations of directions were 
affected due to leteral heating, and these revealed practiceuy no 
variation in direction throughout the day. 
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An analysis of the results lea& to the following conclusions : 

( i ) Appreciable errors due to twists are present especially 
in hot months, 

( ii ) Excepting for an hour or two in the early mornings 
and/or late evenings, no day observations with the 
tower are free from this error, 

( iii ) The errors due to this cause are erratic, and 
( iv ) Night obsewations are almost free from errors due t o  

this cause. 

14. Magnetic Observations.-To test the hypothesis that  
enhanced daily magnetic variations should occur in areas between 
magnetic and geographic equatow, observations a t  some stations 
in South India were taken in 1048-49 and the results are discussed 
in Technical Report 1950, Part 111, Chapter VI. The range of H was 
found to be maximum a t  Kodaikanal and Tinnevelly which are nearer 
to the magnetic equator than the other stationsobservedat. This has 
been further confirmed by an analysis of the data for Kodaikanal 
observatory for September by Dr. Egedal. He found the main 
lunar term to be ( 4 a4 f 0.58 ) sin ( 21 + 167 ) y. This is about 
four times as great as  that a t  ColLba. 

The Indian Meteorological Department* arranged further 
observations in 1951 a t  Cape Cornorin, Piilamcottah and Sankar- 
aniiyinarkovil with Q.H.M. and B.M.Z. instruments. The diurnal 
range of H in South India near the inter-equatorial region is quite 
large and was of the order of 135y in March 1961 and 8Oy in June- 
July 1950. 

I n  connection with the above, it  'is of interest to record the 
following two resolutions passed a t  the 1951 meeting of the Inter- 
national Union of Geodesy and Geophysics a t  Brussels :- 

( i ) "The Association of Terrestrial Magnetism and Elec- 
tricity expresses its thanks to  the Geodetic and 
Research Branch, Survey of India, for important 
magnetic observations obtained in southern India ". 

( ii ) "The Association of Ternstrial Megnetism and Eleo- 
tricity recommends that a magnetic observatory be 
established a t  the magnetio equator in the northern 
hemisphere, for instance a t  Tinnevelly, India, and 
that the desirability of establishing a mave t io  
observatory where the geo~aphio  and magnetio 
equators coincide ( Jar& Island ) be examined". 

15. Observations a t  Magnetic Repeat Stations.-The normal 
programme of 5-yearly observations a t  magnetio repeat etatiom has 
been in abeyance since 1945 for want of suitable personnel. The 
field observations have to be corrected for diurnal variation by 
comparative observations a t  en observatory. It h not been poa- 
sible to restart the Dehra D i h  Megnetio Obsemetory, but e start 

Diurnal Ma netlo Variation in Equatorial Region8 by Prsmanik and Narayam. 
The Indian ~ourna! of Meteorology and Oeophyaloq Vol8. No. 1, July 1918. 
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can be made with the observation of the 5-yearly programme in 
areas dependent on the Alibag and ICodeikanal observatories. 
Observations a t  13 repeat stations in South India were made last 
year and although no observations could be carried out during the 
period under report, it is intended to continue the programme next 
year. I t  is also proposed to undertake some observations in the 
Riniganj and Jharia Coalfields for the use of mining engineers. 
No magnetic data exists in these arem a t  present. 

The magnetic declination observed last year st Kodaikanel 
observatory ( See Tech. Report 1951, Pert 111, Chapter I1 ) is 
doubtful. 





LEVELLING 

BY U. D. MAB~OAIN, B.SC., A.M.I.S. ( I N D I A  ) 

16. General.-No levelling of high precision could be camed 
out during the period under report for lack of funds and only 
four detachments were employed on secondary levelling. Two 
of these detachments first completed the levelling required for the 
BhBkra Dam Project and then proceeded to the Bombay state and 
carried out levelling for the roads project in the RetnBgiri district 
of Bombay state. The third detachment was employed on second- 
ary levelling for the Chambal Irrigation Project and the fourth on 
the Son Canal Project. The cost of all the levellings wes paid 
for by the state governments a t  whose request the work was 
carried out. 

17. Summary of outturn.-The total out-turn of secondary 
levelling carried out was 952 miles. 

18. Secondary Levelling for BhPkra Dam Project.-To complete 
the work of providing height control for the Bhikra Dam Project 
two detechments carried out secondary levelling in the Punjib. 

Detachment No. 1 consisting of Shri S. Muthukriahnan ( Sur- 
veyor ), Shri V. N. Oberoi ( Topo. Computer ) and 13 k W &  left 
Dehra Diin on the 17th October 1951 and oommenced work from 
B.M. No. 8 3 ~ ~ 1 5 3  H ( Type P ) a t  Delhi after the necessery check- 
levelling. 

The inetrument used was a Wild Level No. 17783, Model 11. 
Observations were made on a pair of Committee pattern wooden 
steves Nos. 0 39 A and 0 39 B. 

The sydtem of levelling followed was the seme as in previous 
years, viz., the levelling was carried out both in the fore end book 
direotiona by sections of 8 miles, each section being nub-divided 
into 4 sub-sections of 2 miles each. These sub-sections were levelled 
first by the fore leveller in the morning and in the afternoon till the 
8-mileasection was completed. The back leveller then followed the 
wme procedure of obse~at iona for the 8-mile section from the 
opposite direction levelling in the afternoon the sections done in the 
morning by the fore leveller and vice verae. This was done to 
ensure that the same sections were observed under diEerent etmos- 
pherio conditions. 

The maximum length of the shot permissible was 6 ohains end 
the maximum permissible disoordanoe between the middle wire 
reading snd the meen of the readings on the three wires waa 
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0 a003 ft. Two sets were taken a t  each station by altering the 
height of the axis of collimation of the instrument, the maximum 
discrepancy admissible between them being 0 a004 ft. 

The route followed wm along the metalled road from Delhi to  
Alwar up to Sohna and thence to Rewiiri. Portion Sohna to Niih 
( about 10 miles ) was also along the metalled road, Branch-line 
Sohna to Nih ,  which was re-observed, forms part of the old second- 
ary line 106 B ( Palwal to Ballebggarh ). A junction was effeoted 
a t  B.M. No. 226153 D ( Type M ) a t  Rewiiri with detachment No. 2. 
The B.M. a t  RewBri wa.9 connected by levelling to B.M. No. 135153 D 
( Type B ) a t  Jhajjar on 23rd December 1951. 

Detachment No. 2 consisting of Shri Avinash Chandra ( Sur- 
veyor ), Shri P. N. Sanyal ( Surveyor ) and 13 khalrisis left Dehra 
Dan on the 17th September 1051 and proceeded to LohBru to 
complete levelling from BBdhara to DBdri of the line SiwBni to 
DBdri of the previous field season. After the necessary check- 
levelling, work was commenced from BBdhara and closed on type 
'B' benoh-mark No. 118/63 D a t  DBdri. 

The detachment then proceeded to SiwBni to connect all newly 
built type 'B '  benoh-marks between SiwLni and BLdhera, which 
were not ready when the secondaq levelling was run in the area 
in 1960-51. This work took about ten days to complete. 

The detachment then returned to 1)Bdri and commencing work 
on 29th October 1961 closed it on type 'M' bench-mark at 
Rewiiri on the 18th December, effecting junction with the other 
detachment. 

The instrumellts wed were Wild Level No. 21201, Model 11, 
and a pair of Committee pattern wooden staves Nos. 0 14 A and 
0 14 B. 

The route followed was along the camel track from B6dhars 
to Jeoli, then along unmetalled r o d  up to Mahendragarh via Diidci 
and then rlong the metalled road up to NBrnaul. R o m  thie plew 
the route waa along the railway line up to RewBri. 

Bullock and camel carts were used for tramport by NO. 1 
deteohment, while No. 2 detachment had to rely mostly on carneb. 

The h d t h  of both the detachments wes  normal. 
The levelling dwcribed above combined with older eeoondery 

and high preoie.on levelling forms 4 circuite. The closing e m m  of 
thwe circuits are indicated on Chart VI. These olosing ~ITOIU 

~etiefao tory. 
The large circuit  elh hi-~hajjar-~&dri-~iirnaul-~sw~ri-Sohn(~- 

Gurgmn-Delhi has been sub-divided in two oircuits by a tie-line 
from RewBri to Jhajjar. Thie tie-line, however, appears to  oontein 
a large error aa is o l a r  from the feot that the oloaing errom of the 
two cirouita on either side of it  am of opposite signs. The tie-line 
hne, therefore, b&n treated aa of tertiary aoomoy. 
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The portion Nfih to Sohna originally levelled in 1943-44 ha9 
been revised. The new difference of height between Niih and 
Sohna is -49 a512 feet, the old difference being -49.650 feet. The 
new values have been accepted. 

19. Connection of bench-mark of reference at  Apollo Bandar 
and the zero of the tide-gauge.-The Bombay Port Trust authorities 
had reported a crack in the stone flag of the pavement bearing the 
inscription of the bench-mark of reference of the Apollo Bandar 
Tidal Observatory. I t  was, therefore, decided to check the stability 
of this bench-mark. Detachment No. 1, on closing work a t  J h j j a r  
waa asked to carry out this check-levelling. 

The detachment arrived a t  Bombay on the 29th December 1961 
and carried out check-levelling to establish the stability of S.B.M. 
( No. 2 ~ ~ 1 4 7  B ). This was then connected to the bench-mark of 
reference No. 9 ~ ~ 1 4 7  B a t  Apollo Bander by fore and back levelling. 
Six old bench-marks were picked up and connected. No disturbance 
to the bench-mark of reference could be discerned from the results 
of check-levelling. The top of the tide-pole waa then connected 
by levelling to the bench-mark of reference. This connection 
showed that the setting of the zero of the tide-gauge did not require 
any change. 

Some bench-marks were also established along the harbour for 
the Bombay Port Trust. The detachment then proceeded to PEli 
in conneotion with the Ratniigiri District Roads Projeot. 

20. Secondary Levelling for RatnZgiri District Roads Project.- 
Detachment No. 1 arrived a t  Piili on 26th January 1952 and com- 
menced work from type 'M' bench-mark No. 21/47 H after the 
necessary check-levelling. The work waa closed on a new type 
'B' bench-mark No. 289147 H a t  Kankauli where a junction ww 
effected with levelling Detachment No. 2. 

Detachment No. 2 after closina work a t  RewEri proceeded to 
Kolhiipur for checking the levelling from Kolhipur to Mirej 
carried out in 1948-49. This was completed from 1st J a n u r y  
to 10th January 1952. The detaohment then proceeded to Belgaum 
and commenced work on 14th January 1952 from the standard 
bench-mark No. 37/48 I after establishing its stability by oheck- 
levelling. The work was closed on type 'B' bench-mark a t  
Kankauli effecting junction with No. 1 detachment on 13th April 
1052. Two branch-linas, Math to Vengurh about 6 miles long and 
Kes61 to MUvan about 20 miles long were also observed. 

The route followed by No. 1 detaohment wes along Bombay- 
Konkan-Goa metalled road up to Nand~aon and then along the 
new alignment to Kankaiili. The route followed by No. 2 deboh- 
ment was along the metalled r o d s  betwesn R~lqaum and Vengurle, 
between Math and Kankauli and between KmsPl arld MBlvan. The 
route wes undulating, espeoially between Ambdi and Danoli the 
fall being 2,130 feet in a distance of about O h  mil=, neoeeeitating 
about 36 etatiom-per mile. 
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Bullock carts were used 8s means of transport by both the 
detachments. The health was normal. 

The new secondary levelling described above forms a closed 
circuit with the high precision levelling from PBli to Belgaum via 
Kolhipur ( see Chart VII ). The closing error of this circuit is 
+ O  a589 ft. in 306 miles which is satisfactory. 

21. Secondary Levelling for Chambal Project.-Secondary 
Ievelling in Kotah district of RijasthBn was taken up a t  the request 
of the Chief Development Engineer, Chambal Project, Kotah. 

Detachment No. 3 consisting of Shri M. L. Sahdev ( Surveyor ), 
Shri K. L. Swani ( Trig. Computer ) and 12 k h a h i s  left Dehra Din  
on 28th November 1951 and commenced work from type 'M' bench- 
mark No. 2 1 ~ ~ 1 4 5  0 a t  Kotah, after the necessary check-levelling. 

The instrument used was Wild Level No. 21 194, Model 11, with 
a pair of Committee pattern wooden staves Nos. 0 16 A and 0 16 B. 

At the request of the O.C. No. 2 Party ( N.C. ) a special system 
of numbering the bench-marks in the field records was adopted. 
These numbers were painted on stones for easy identification by 
the levellers of No. 2 Party. 

All half-mile bench-marks, viz., milestones and stones 
embedded opposite fourth furlongs in each circuit were given serial 
numbers with the circuit letter A, B or C prefixed to them as A-1, 
B-2 or C-3, etc. For other inscribed bench-marks a smaller letter 
a, b, etc., was a5xed to the number of the preceding half-mile 
bench-mark, viz., A-4a, B-3a, etc. 

The whole work formed 3 closed circuits and one branch-line 
as shown in Chart VIII. 

The first circuit started from type 'M' bench-mark NO. 
2 1 ~ ~ 1 4 6  0 a t  Kotah and p w i n g  through Bhonra, SultZnpur snd 
Rangpur, closed on the aame bench-mark. 

The route followed was along the metalled Koteh-BBran road 
up to Bhonra, thence along the unmetalled Bhonra-SultBnpur road 
to Sultinpur. From here the line was run along art-tracks to 
Rangpur via Jatoli, Nimode and GhagtBna and finally to K o ~ B ~  
along the metelled Kotah-Rangpur road. 

The second circuit nterted from bench-mark No. A-38a at 
Bhonra of circuit No. 1 and after passing through Anta, Siswkli and 
Barod, closed on bench-mark No. A-57a a t  SultBnpur. 

The route followed was along the metalled Kotah-B&ran r o d  
up to Anta thence along the unmetalled Anta-Siswili road up to 
Siawili end finally along the metalled road to SultBnpur. 

The thud circuit started from bench-mark No. B-52a a t  SiswiL 
of circuit No. 2 and passing through Bamori Kalin, Mangrol, Both 
end Sarkannia closed on bench-mark No. B-32b. 

The r d t e  followed was alonq cart-tmoks up to Bamori Keli%n, 
thence elong the unmetslled road up to MBngrol, thence dong 
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unmetalled MBngrol-Blran road up to Both, thence along the cart- 
tracks up to Sarkannia and finally along the unmetalled road to 
Anta. 

A branch-line, 32 miles long, starting from bench-mark No. 
17/45 0 a t  Kotah and closing on new bench-mark No. 63/45 P a t  
RBna PratBp SQgrsr Dam site near RBwatbhBta village was also run 
to provide a spirit-levelled connection to the type 'B' bench-mark 
constructed by the Chief Development Engineer, Chambal Project. 

The route followed was along the metalled road, a portion of 
which was still under construction. The route lay through junkle 
and wm mostly undulating from BorBbb onwards. There was also 
a g h i t  portion of about 6 mile3 between BoriibBs and Kolipura. 

In  addition to the type 'B '  bench-marks and half-rnile stones 
fixed by the Project authoritias, a number of inscribed bench-marks 
were also establiehed on rocks, culverts and milestones, etc. 

Connections were also effected to PBtan T.S. in sheet 45 0 and 
to Mendi T.S., Badggon T.S. and Kishenganj T.S. in sheet 54 C. 
One topo. triangulation station, Both h.s.-fixed by No. 2 Party 
the same year, was also connected in sheet 64 C. 

For transport a truck supplied by the Chief Development 
Engineer was used whenever possible, otherwise bullock carts had 
to be employed. 

The health of the detachment remained good. 
The closing errors of the three circuits A, B and C ( see Chart 

V I I I  ) are -0 -078 ft., -0 -077 ft. and -0.067 ft. in a distance 
of 64.46, 54.46 and 68 -12 miles respeotively. These errors have 
been disbursed, each B.M. receiving a correction proportionate to 
its distance from the starting bench-mark. 

22. Secondary Levelling for Son Canal Project.-To provide 
height control for the Son Canal Projeot, one detaohment oarried 
out the following three secondary levelling lines :- 

( i ) Durgauti to Muthini for the Bhabua area, 
( ii ) BBrun to Rafiganj for the AurangBbiid area, and 
( iii ) B B m  to HusainBbid for the Nabinagar ares. 

Detachment No. 4 consisting of Shri T. K. Visvanathan ( Sur- 
veyor ), Shri Jagjit Singh Oberoi ( Trig. Computer ) and 12 kha&i.~ 
left Dehra Dfin on the 3rd December 1961 end commenced work 
from type 'B '  bench-mark No. 107163 0 a t  Durgauti on 8th Decem- 
ber after the neceseary check-levelling. 

The route followed was along cart-tracks via Kharigawan, 
RBmgarh and Betri villages up to Bhabua, thence along the metalled 
road up to M u t h g ~ .  The work was closed on 20th January 1962 
on inscribed bench-mark No. 116163 0 a t  MuthBni, since the type 
'B' bench-mark No. 116163 0 a t  Muthhi  wes found destroyed and 
the next neereat permanent bench-mark, viz., No. 122~~/63 0 
( Type A ) a t  Kudrm Post O5ce wee a h  caking. 
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The instrument used was Watts Microptic Level No. 58510 for 
the first three weeks, and as the bubble reading device was found 
defective, further levelling was carried out using Watts Microptic 
Level No. 68586. Committee pattern staves Nos. 0 18 A and 0 18 B 
were used. 

Inscribed bench-marks on the line were made in advance by 
No. 3 Perty in order not to delay the tertiary levelling and 
these were connected later on by the secondary levelling detach- 
ment. New type 'B '  bench-marks were constructed a t  Chainpur, 
Rimgarh and Bhabua, but since these were not ready when the 
secondary levelling was being carried out, three inscribed bench- 
marks were left a t  each of these places by the secondary levelling 
detachment and the type 'B' bench-marks were connected later 
on to these by double tertiary levelling. 

The area is malarious but regrilar prophylactic doses of quinine 
kept the detachment free from infection. No difficulty was experi- 
enced in the matter of rations. B~iLlock carts were employed for 
transport. 

Line Durgauti to Mulhdni.-Check-levelling a t  Durgauti estab- 
lishes that the nearby inscribed bench-marks have a11 sunk. 
As the type 'B' bench-mark a t  Durgauti could not be connected 
to any other permanent bench-mark no definite evidence as to 
the possibility of its having risen is available. The published height 
of the type 'B '  a t  Durgauti has, therefore, been retained. The 
closed oircuit Durgauti-BhabueDurgauti yields a closing error of 
-0.090 ft. in a distance of 47 miles and this has been adjusted 
proportionately to the distance of each bench-mark from the start- 
ing datum and the portion from bench-mark No. 415163 0 et 
Mohania to bench-mark No. 115163 0 a t  Muthini treated as pen- 
dant. The probable error calculated from the usual formula is 
0 -00360 ft. per mile. 

Line Birun lo Rajiganj.-After closing work a t  Muthid 
on 20th January 1962 the detachment proceeded to Birun and 
commenced work on 27th January 1952 from type 'A' bench-mark 
a t  Biirun after the necessary check-levelling. 

The route followed wm along the metalled road up to Son 
E. Bank R.S., thence along the railway line up to Palmerganj R.S. 
and thence along the metalled roed up to Obra. From Obra the 
route followed cart-track via Berihi up to Goh, thence along tbe 
unmetalled road to Rafiganj R.S. vhere work was closed on B.M. 
No. 182172 D on 11th March 1962, after necessary check-levelling. 

A new type 'B '  benoh-mark was established a t  Obra and 
another a t  Goh was latar on connected by double tertiary levelling 
since the bench-mark wm not ready when the secondary levelling 
wee being carried out. One station of topographicel triangulation, 
viz., Pnohar h.e. wee conneoted by levelling. 
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Bullock carts were employed for transport. The area ie 
notorious for dacoity and organized thefts and it  was found necessery 
to  recruit an additional khaloisi locally to keep guard a t  night. 
The health of the detachment was normal. 

The new levelling along with older secondary levelling forma e 
closed circuit, Palmerganj-Goh-Rafisauj-Palmergenj, yielding en 
error of +O.038 feet in 58 milea which is satisfactory. 

The line has been adjusted between bench-mark No. 162/72 D e t  
Palrnerganj R.S. and No. 182172 D at Rafiganj R.S. disbursing en 
error of -0.095 ft. in 40 miles, proportionately to dhtance, the 
portion between bench-marks No. 156172 D a t  Son E. Bank R.S. end 
No. 162172 D being adjusted between stable bench-marks. 

The probable error calculated fiom the usual formuh is 0 -00303 
ft. per mile. 

Line Birun-Husaina2d.-After closing work a t  Re6genj on 
11th March 1952 the detachment proceeded to Birun and commenced 
work on 14th March 1952 from the type ' A '  bench-mark a t  Birun, 
the stability of which had already been established, end working 
along the railway line closed work on 29th March 1052 on the 
newly cons t~c ted  type 'B ' bench-mark a t  HuseinibLd, which WM 
also tho terminal point of the double tertiary line from bench-merk 
No. 94/72 D a t  Amba, run by No. 3 Party. 

The detachment then returned to Dahra Din. 

Bullock carts were the means of transport. The health of the 
deteohment wa3 normal. 

The new secondary levelling together with the double tertiary 
line from Amba to HusainBbBd end old H.P. levelling forms e 
closed circuit, viz., BBrun-Aurangibid-Ambe-Hu98inBbM-B8runB 
yielding a closing error of +O -006 ft. in 76 miles. 

As the secondary levelling line does not close on any old bench- 
mark, no correction has been applied to bench-merka of this line. 
The double tertiary line h a  been adjustad between B.M. No. 91/72 D 
a t  Amba and type 'B '  bench-mark at  Hujeinibid. 

The probable error calculated from the usual formula is 0 -0041 1 
ft. per milo. 

23. Permanent Bench-marks.-During the courae of levelling 
operations the following new permanent bench-macL were built 
end connected :- 

2 Type 'C' end 24 Type 'B '  in Bombay State. 
6 Type 'M' end 32 Type 'B '  in Punjib ( India ). 

37 Type 'B '  in RijmthPn. 
6 Type ' B  ' in Biher. 
2 Type 'B' in Delhi. 
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TABLE 1.-Tabulur eiutemenl of &-turn of work, 
eeason 1 9 3 1 - 5 L (  concld. ) 
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TABLE 2.-Check-levelling 

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

I I '  I m i h  I I j e d  I jeet I j e t  I 
Step 
step 
step 
Floor 
Standard 
Parapet 
Rock 

At Delhi 

Standnrd B.M. . . 0.00 
step . . 0.34 
step . . 0.36 

Step .. 0.72 
. . 0.87 

%el of steps . . 1.07 

ApoUo Bundnr . . 1.12 
Step . . 0.08 
81sp . . 0.00 
Step . . 0.20 

kt! . . 0.20 .. 0.83 

Step . . I  O.a 

.. 1.68 .. 1.74 

Numhsr In Bombay lalend L e v e l l i ~ .  ( Conlinued ) 
t DiKemntlsl heght betwean 2 ~ ~ 1 4 7 8  and 0 ~ ~ 1 4 7 B  taken from levelllog of 

1014-16. 
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TABLE 2.4heck-levelling.-( contd. ) 
Discrepancies between the old and new heighh of bench-marke. 

Beoob-msrL of tho orlqlnol levelllog 
thal werc eanneeted for 

check-levelling 

No. 1 :isrl Deacrlptlon 

I I ( I 1 f ~ t ,  
milu I I 

At Pdli on Line No. 127 

Abutment .. 2.03 
Pier .. 3.00 
C ~ ~ l v e r t  .. 3.68 

Standard B.M. . . 
Blooring . . 
Bed rock . . 
Stone .. 

0.00 
0.01 
0.14 
0.81 

Bed roo]' .. 
Sheet rock . . 
Abntment .. 
Bed rock .. 
Bed rook .. 
Rook .. 

I Revision levelling. Sohna-NCh on Line No. 106 B . I 

4.16 
6.08 
6.71 
8.80 
8.94 
1.56 

Rook . . 
Red rock . . 
Bed rook . . 
Bed rook . . 
Bed rock . . 
Stone . . 
Bed rook . . 
Type 'M' a t  

Rstnigiri . . 
S. P r i m  . .  
N. Priam .. 
Iron bolt . . 
Stone .. 
Stone .. 
Rook . . 

8.83 
9.56 
10.70 
11.1.; 
12.45 
13.38 
13.81 

14.40 
0 03 
0.00 
0.00 
0.35 
0.88 
1.88 

788 
BOO ) 
(7tl7 

8.59 ) 
(788 
8.58 ) 
(780 
650 ) 
(770 
0.56 ) 
i71 
8.54 ) ' 
(712 
85J ) 
(776 
( asp 

(Contilsud) 

0.000 

+ 18.018 
+ 13.484 
- 1.231 

- 13.608 
- 37.447 
- 30.168 
- 40.236 

0.000 

+ 16.934 
+ 13.402 
- 1.210 

- 13.682 
- 37.400 
- 39.188 
- 48.101 

63H 

.. 
, 
, 
, 
, 
, 
,. 

- 

0.000 

+0.008 

+0.008 

-0.008 

-0.014 

-0.032 

-0~010 

+0.04.4 

Embedded B.M. . . 
Rook . . 
Rnok . . 
Culvert .. 
s tep  . . 
Pillar . . 
Culvert . . 
Emhedded B.M. .. 

0.00 

0.19 

0.38 

1.35 

1.00 

3.01 

4.12 

6.23 

1943-44 

.. 

.. 

.. 
, 
.. 
.. 
.. 
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TABLE ?.-Check-levelling.-( contd. ) 

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

Bcooh-mark of the arlglnsl levelllnw 
that were connected lor 

check-lev~IIIm 

N- I liz;F, 
' 
s7 
efl 
I 

da 

Obscrvcd helght above ( + )or below 
( - ) stnrtlnn bench-mark as 

determined by 

levj,lnl o::td 1 leve OHPI w 1 I I ~ ~ I B S I - 6 2  cheok-level- 

-- 

i u a e  -.cC 
1-2 
pj:{$ 
~~k~~ 
lo;2; ,d k.9 
:; $3; 
i ze  ti& c 
3 ~ r 7  b 

1 I 1 m i b  I 1 /eel 1 Jeel 1 /& 

Revision levelling. Soh-Nzih on line No. 106 B 

778 
( 851 ) 
777 
( 850 ) 
770 
( a4o ) 
781 
( 647 ) 
733 
( 6 4 6 )  
7.14 
( 816 ) 

Zulvert . . 
Nileatone . . 
Culvert . . 
Pillar . . 
Pillar . . 
T p B  .. 

63 A 

, 
,, 
.. 
.. 
,, 

At Didri on lim No. 57 S 

+ 6.240 + 6.237 -0,012 
116 0.42 + 7,860 + 7.885 -0.004 . . 0.76 + 3.670 + 3.810 -0,021 

.. 2.04 + 0.713 + 0.703 -0.010 

At Kohh  wn line No. 110 

6.08 

6.73 

8.08 

10.26 

12.25 

12.27 

0.000 

+0'001 

+0.001 
+oeo02 
+0.005 
-o'R?1 
+0.001 

1043-44 

.. 
, 
, 
.. 
,. 

17 . . 0.75 ,, + 27.788 + 27.104 +o'm8 
. . 0.84 , + 28.282 + 28.311 +0'010 

16 . . 1.08 , + 27.725 + 27,840 -0'018 

( Cdinwd 1 

EPP 
10 

22 
23 
21 
25 

- 42.462 

- 41.138 

- 43,800 

- 42.452 

- 45.365 

- 40.850 

0.00 

0.00 

0.00 
0.07 
0.11 
0.20 
0.64 

:,O 

,, 

:: .. 
, 

1928-30 

, 

,, 
, 
, 
,. 
,, 

0.000 

- 0.717 

- 0.730 
+ 0.710 + 15.300 
+ 16.162 - 7.088 

'M' Kotah . . 
:%pplemmtary 

mark . . + Sup lementary 
mnrt . . 

.. 
::%Ie Flooring . . 
Plinth . . 
Stone . . 

- 42.401 

- 40.898 

- 43.832 

- 42.338 

- 45.216 

- 40.612 

0.000 

- 0.718 

- 0.738 
+ 0.712 + 16.386 + 16.181 
- 7.081 

+0.058 

+0.240 

+0.007 

+0.114 

+0.140 

+0.138 
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TABLE 2.4heck-1eveUing.-( concld. ) 

Discrepancies between the old and new heigl~te of bench-merka. 

check-levclllng 

lorelllog 

( mika [ 1 f ~ e l  I fed I feet 

At BErun on line No. 70 A 

10 72 1) Type 'A '  .. 0.00 1014-16 0.000 0.000 0.000 
20 On stone coping of 

1.670 - 1.573 + O . W  I 21 1 1: 1 0 block 1 ::" 1 :: 1: 12,341 1- 12.328 l+o.o13 1 
I I I I I I I 

At Sun 1. Bank R.S. on line No. 70L 

I66 
157 
158 
160 
161 
162' 
163 
164 ' 

72 D 
,, 
,. 
,. .. 
, 
., 
., 

At Rahanj on line No. 70L 

0.00 
1.30 
2.36 
4.33 
6.45 
8.85 
7.21 
7.63 

On stone blook . . 
On stone block . .  
On railway bridge.. 
On railway bridge.. 
On stone block .. 
On stone bloak . . 
On stone block . . 
On railwny bridge.. 

182 
181 
178 
178 
176 

1926-26 
, 
,, .. 
, 
., 
,, .. 

At Mohania on line No. 70L 

0.000 + 3.684 
- 17.943 
- 27.402 
- 26.335 
- 28.501 
- 30.547 
- 30.790 

0.000 + 3.688 
-17 ,940 
- 27.411 - 27.712 
- 28.827 
- 30.578 
- 30.821 

1025-28 
,, .. 
,, ' .. 

72 D .. .. 
,, 
,. 

0.000 - 6.140 + 1.110 - 23.740 
- 23.859 

0.000 
+0.002 
-0.006 
-0.009 
-1.377 
-0.038 
-0.031 
-0.031 

216 

211 

213 

212 

On etone block .. 
Onetone block .. 
Onstone blook .. 
On stone bloak . . 
On atone block . . 

0.000 
- 8.118 + 1.122 
- 23.660 
- 23.830 

At Durgauti on line No. 70A 

113 

. . . . . . , 

83 0 

.. 
,. 

.. 

0.00 
0.04 
4.18 
6.30 
8.08 

0.000 
+0.024 
+O.Ol? 
+0.000 
+0.020 

On stone block on 
wall of R.S. . . 

On stone block on 
wall of R.S. .. 

On etone block on 
wall of R.S. .. 

On atone blook on 
wall nf H.S .  . . 

0.000 

- 7.608 

- 10.412 

- 6 . S 5  

0.00 

1.40 

2.41 

3.83 

1925-26 

.. 

.. 

.. 

0.000 1 0.000 

- 7.584 

- 10.370 

- 8.613 

+0.034 

+0.033 

+0.0(2 
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TABLE 3.-List of triangulatim elations connected by spirit-levding, 
eemon 1951-5&( concld. ) 



TIDES 

BY A. N. RAMANATHAN, M.A., A.R.I.C.S. 

24. Tidal Observations.-( a ) By port authorities.-Automatio 
tide-gauge observations were continued, as usual, a t  Aden, Kandla, 
Bombay ( Apollo Bandar ) and Calcutta ( Garden Reach ) with the 
Survey of India gauges, and a t  Vizagapatam, Saugor, Gangra, Balari 
and Diamond Harbour with the ports' own instruments. The 
observations a t  Gangra and Balari were, however, discontinued from 
1st February end 1st March 1952 respectively, sufficient data having 
been obtained a t  both these ports for purposes of analysis. The 
half-hourly observations on tide-pole a t  Kandla port ( Passenger 
Je t ty )  were continued up to 15th January 1952, while the day- 
light observations of high and low waters a t  Bhivnagar and 
Rangoon were continued for the whole year. 

An automatic tide-gauge of the Newman's pattern was installed 
a t  Port Blair in Phmnix Bay on 27th March 1952 and has since bean 
in operation. A brief history of the old tidal observatory which was 
in existence a t  Ross Island during 1880-1925, as well aa the reason 
for changing the site to  the mainland ( S. Anda~nans ), heve been 
given in the last year's Technic~l Report. A short description of the 
new observatory is given towards the end of this Chapter (page 37 ). 

There heve been no serious breaks in the registrations of these 
various gauges except a t  Vizagapatarn where the instrument had 
become too old and worn-out to function satisfactorily. The 
following are details of the breaks that occurred :- 

Port Datea of breah 

Aden 

Bombay . . . 18th-1Bth May 1061 Due to overbaulingofgao~.clook. 

7th-31at Octher 1961 
10th-28th November 1061 
22nd-21th December 1061 
1st-3rd hIeroh 1062 

At Kandla, owing to the limited range of the present pencil 
acrew ( of one-inch pitch ) in the instrument, the registrations of 
certain extreme tidee were again missed during the year. I t  h a  
unfortunately not been possible yet to procure and fit in a new 
penoil eorew ( of helf-inch pitch ) to meet the problem. 
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The Bombay Observatory was inspected by the Surveyor of 
Port Trust in May 1951. No inspections were carried out in respect 
of the other observatories. 

( b ) By touring tidal detuchment of the Survey of India.-A 
programme of 31 days' systematic observations on tide-pole a t  each 
of the Secondary ports DBhLnu, ThHna, AlibBg and Janjira on the 
Bombay coast had been contemplated, but did not materialize 
during the year due to financial stringency. Existing tidal infor- 
mation a t  these places is not very reliable. I t  is proposed to take up 
this programme during the coming season if possible. 

Chart X shows the Primary and Secondary tidel stations a t  
which tidal data have so far been obtained along the Indian coast. 

25. Analysis of Observations.-Work on harmonic analysis 
and reduction of observations continued to be heavy during the year. 
The following are details of the different analyses that were carried 
out :- 

( a ) 15-day anz1ysis.-The observations that had been oamed 
out by the Marine Survey of India early in 1951 a t  
Duncan Passage ( Sisters Islands ) and Aberdeen 
Jetty ( Port Blair ) were analysed by the Admiralty 
method. The results are given in Table 1. 

In  the case of Port Blair the corresponding old constants, 
hitherto in use for standard predictions ( for Ross 
Island ), are also included in the Table for comparison. 
No significant change in the constants haa been 
noticeable except in the c a e  of Z, ( height of mean 
sea-level above datum ), the latter change being 
probably due either to some abnormal meteorological 
conditions that might have been prevalent during the 
fortnight's observations, or to a subsidence of the old 
bench-mark ( s ) of reference a t  Ross Island. 

( b ) 29-day analysis.-The field observations that had been 
carried out by the touring tidel detachment of the 
Department a t  Port Albert Victor ( Standard Port ), 
Navabandar and Bhiivnagar concrete jetty during 
1950-51 were analyeed by the Liverpool Institute's 
method, yielding 28 components. The conatants 
derived are given in Table 2( a ). 

In the oaae of Port Albert Viotor the old constenta have 
also been included in the Table for comparison with 
the new values. Conaidering that the eite of the new 
observations is about 3 milea further up the creek 
&om the old site, the disagreement in Z, can be 
regarded as reasonable. There hna been no signifioant 
change in the other tidal constants. 

The field obaervetiona of 1947-48 that had been oemed 
out e t  Cochin, Beypore and Baasein, end had 
previously been a n d p d  by the Admiralty method 
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( vide Technical Report 1948-49, Part I11 ), were re- 
analysed during the year under report by the more 
elaborate Liverpool Institutc's method for a corn- 
parative study. The revised values of the hamonio 
constants, which can now be accepted in preference to 
those previously published are given in Table 2(b). 

Analysis of 29 days' observations was also carried out for 
Car Nicobar Island ( Andaman-Nicobar group ), 
Khori Creek ( Gulf of ICutch ) and Tekra Lighthouse 
( Gulf of Kutch ). Observations a t  the first station 
had been carried out by the Marine Survey of India 
early laet year, while the observations a t  the latter 
two stations had been carried out by the Kandla port 
authorities during early 1950. The results of the 
analyses are given in Table 2( c ). 

( c ) One-year analysis.-The intensive analysis of one year'a 
data, which was in progress last year, for ICandla port 
( with central day 1st March 1950 ) was completed 
during the current year. The results of the ana,lysis, 
however, showed considerable divergence from those 
obtained previously from two series of 29 d a p '  
observations. I t  was, therefore, decided to carry out 
the intensive analysis of another year's data (with 
central day 25th January 1951 ). The constanta 
obtained from the two separate annual analyses being 
in reasonable agreement, the mean of the two sets was 
accepted for further work. These mean constanta 
are given in Table 3. The discrepancies between the 
29-day and one-year values of the constants appear to 
have been due to possible inacouracies in the tide-pole 
readings, particularly during the 29-day periods. 

Partial analysis of one year's tide-pole observations at 
two stations ( Batighar Creek and Paradip Lock) 
on the Mahinadi River was carried out a t  the request 
of the Navigation Officer, Hirakud Dam Project, for 
obtaining a suitable datum for hydrographic survep 
of the river. The results of the analysis are at 
Table 4. 

( d ) Harmonic shallow water analysis.-The analyses ( firat 
approximation ) of shallow water components for the 
ports of Elephant Point, Rangoon, Amherst and 
Moulmein were carried out from one year's data in 
each case, on Lines similar to those adopted for the 
Hooghly River ports ( vide Technical Reports 1860and 
1951, Part 111 ). The analyses for Rangoon md 
Moulmein were based on the primary   re dictions for 
Elephant Point and Amherst respectively, with 
euitable block corrections applied to them. The 
primary prediotione were obtained by the normal 
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method of open sea predictions using all the available 
components of the old Indian tide-predicting machine. 
The primary constants that were used for the basic 
predictions as well as the table of corrections applied 
and the harmonic shallow water constants obtained, 
are shown in Tables 5( a ) to 6 ( d  ). 

The second approximation analyses for Saugor and 
Diamond Harbour, whlch had been taken up last year, 
could not be completed due to other priority commit- 
ments. It is proposed to take this up, as well as the 
second approximation analyses for the remaining 
riverain ports, during the ensuing year. 

Harmonic shallow water analys.h was also taken up for 
Kandla port, based on the primary predictions 
obtained from the constants of Table 3. The need for 
this analysis became obvious when the primary 
predictions that had been prepared and supplied to  
the port authorities for the year 1952 were compared 
with the corresponding "actuals" observed during the 
first few weeks of the year. The comparison revealed 
large discrepancies due to shallow water effects, 
amounting to aa much as 2 feet in height and 40 
minutes in time. This analysis work has been 
assigned a high priority, to enable revised predictions 
for the port for 1952 to be supplied as soon as possible, 
carrying a higher order of accuracy than before. The 
results of the analysis will be given in the next Tech- 
meal Report. 

26. Tidal Predictions.-During the period under report, the 
preparation of the annual tide-tables for the Indian Ocean ports for 
1962 was completed, and that for the years 1953 and 1954 was 
continued. Preliminary computations for the mechine settinge for 
1955 were also taken in hand. 

The "Tide-Tables of the Indian Ocean 1952" and the eeparate 
pamphlet for Bombay port for the year 1952 were published during 
April 1951. The separate tidal pamphlets for the Hooghly River 
( 3 ports ) and the Rangoon River ( 2 porta ) were published in the 
month of August. 

The tide-tables relating to the year 1953 are now a t  p rea  in 
varioua etcrgee of printing. Proofs of predictions for 61 porta 
( out of a total of 87 required to be included in the Tide-Teblea ) 
have already been examined and paesed for printing. 

Advance tidal predictions for 18 ports for the year 1963 were 
despatched, in accordance with the standing International menge- 
ments for exchange of ofEcial predictions, to the Hydrographio 
Depertments of Britain, the United States and Portugal during 
September-October 1061. Advance prediotione for 3 ports eeoh 
for 1953 were also. supplied to the Liverpool Tidal InatituC end to 
the Indian Navy during this period. 
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In accordance with the same exchange arrangements, advance 
predictions for 28 foreign ports for the year 1953 were received from 
the Admiralty, U.S. Coast and Geodetic Survey, the French Hydro- 
graphic Department and the Liverpool Tidal Institute for inclusion 
in the Tide-Tables of the Indian Ocean. 

At the request of the Kanda  port authorities, tidal predictione 
for Kandla port for the year 1952 were prepared and supplied in 
manuscript form. The predictions were asked for in connection 
with the port's development project. 

27. Corrections to Predictions.-Empirical corrections, based 
on the observations of recent years, were, as usual, applied to the 
predictions for Navlakhi, Bhiivnagar, Bombay ( Apollo Bandar ), 
Vizagapatam and Chiindbitli for the year 1954. Except for 
Bhiivnagar and Vizagapatam, the corrections were the same as those 
applied to the 1953 predictions ( see Technical Report 1949-50 and 
1951, Part I11 ). The revised corrections in the case of Bhkvnagar 
and Vizagapatam are given in Tables 7 and 8. 

For Aden, empirical corrections were introduced for the firet 
time from 1954, based on the observations of the last 6 years. 
The ( predicted-actual ) differences for the port appeared to be 
rather emetic in time, but uniform and consistently in one direction 
in height. Only height corrections have, therefore, been applied. 
These are shown in Teble 9. 

In the case of Rangoon, as the method of Harmonic Shallow 
Water Corrections has been applied to the predictions for 1954, no 
empirical corrections were required. 

28. Accuracy of Predictions.-Tables 10 to 17 give details of 
the discrepancies between the predicted and observed tides, 
during 1951, a t  the places where "actuals" were observed, and 
Table 18 gives the greatat errors in the predicted heights of low 
water a t  these places during the same year. The general quality of 
the predictiom for the year 1951 remained practically the same as 
before. 

A table showing the comparative accuracy of the old method of 
riverain predictions and the new method of harmonio shallow water 
corrections as tried out in the cases of three Hooghly River ports, 
published in the last year's Technical Report. A similar statement 
in the case of the remaining riverain ports, for which it  ie proposed 
to adopt the new method from 1954, is given in Teble 10 of this 
report. The new method appeara to be a dietinct improvement 
over the old one. 

29. New Tide-predicting Machine.-The new tide-predioting 
meohine with 42 components, which was on order fiom the United 
Kingdom, has been completed and shipped to Indie by Messre. L6@ 
and Co., London. I t  is expected to be installed in Dehra Diin and 
put into operation during the middle of 1962. 
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The general appearance of the machine is shown by the photo- 
graph a t  Plate XI. The 42 components provided are :- 

Top row : Sa, Ssa, &Im, Msf, &If, JI,, MS,, MN,, S,, MK,, SN,. 
2nd row : M,,, M,,, M,, M,, 2&1S,, 2MN,, 2MX,, 2SM,, 

MSN,, MSIC,, 2SN,. 
3rd row : M,, S,, N,, K,, v,, P,, L,, T,, 2N,, 2SM,. 

Bottom row : K,, O,, P,, Q,, RI,, J,, OO,, S,, MK,, MO,. 
Apart from the additional shallow water components as compar- 

ed with the existing Indian machine of 24 components, the new 
machine is an improvement on the oldor model in that ( i ) it affords 
a direct reading of the machine indications on suitable dials that 
have been provided and ( ii ) i t  affords greater convenience in'opera- 
tion and adjustment, the angle dials having been fitted in the 
front instead of a t  the back, and the components themselves having 
been arranged in order of species instead of in an erratic order. 
The machine gives s range of 48 feet a t  the scale of one centimetre 
per foot. 

30. New Tidal Observatories.-The six new tide-gauges, of the 
verticalUg6 type, that were on order from the United Kingdom have 
already been shipped to India and are expected to arrive shortly. 
I t  is proposed to instal them, as soon as they arrive and are tested, 
s t  some of the following stations :-Vizagapatam, Madras, Mangalore, 
Cochin, BhBvnagar, VerBval, Ratn&giri and Dhimra Point. 

Port Blair Tidal 0baervatory.-Mention has already been made 
about a new tidal observatory having been established a t  Port Blair 
on 27th March 1952. The obeervatory house, of size 12 feet x 12 
feet x 16 feet, is situated near the S.E. end of Phmnix Bay and 
stands on a small jetty, the floor of which is supported on 9 wooden 
pillars driven deep into the sea-bed. The float-cylinder, 15 feet 
in length and 2 feet in diameter, is suspended with its bottom 
about 1 5 feet above sea-bed and with its flanges resting on the 
observatory floor, and is kept vertical by chahu tied to surrounding 
piles. Six holes of I-inch diameter, drilled a t  the bottom, control 
the flow of sea-water that moves the float. The bottom of the 
cylinder remains about 1.6 feet below the lowest low water ever 
recorded. 

The zero of the tide-gauge has been set a t  18.492 feet below 
G.T.S. 

the reference bench-mark marked 0 , situated behind the Tram- 
B.M. 

port Office of the Marine Department. The height of the bed plate 
above the zero of the gauge i~ 16.230 feet. A reference tide-staff haa 
also been imtalled ( fixed to one of the jetty piles ) close to the 
observatory, with its zero set to  agree with the zero of the tide- 
gauge. Accepting the height of the above reference bench-mark 
above ma-level to be 13.787 feet, aa fixed by levelling across from 
Ross Ielend, the height of the datum of soundings above the zero 
of the tide-gauge worb out to be 1.106 feet. 
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31. ~isce1laneous.-The re-computation of the non-harmonic 
tidelevels, appearing inTable I11 ( b )  of the IndianOcennTide-Tables, 
for the lndian ports has been taken in hand. Tho new computations 
are based on the "actuals" or predictions, as available, of the recent 
years and conform to the latest Admiralty procedure. 

The compilation of a Table giving the highest high water and the 
lowest low water ever recorded a t  each of the Standard Indian Po& 
up-to-date has been carried out during the year. The compilation 
is a t  present in hand of two pamphlets, one giving detailed descrip. 
tions and heights of all available tidal and Marine Survey bench. 
marks along the Indian coast and the other giving the various 
relationships between the datum, bench-mark ( s ), mean sea-level, 
tide-gauge zero, etc., a t  eaoh of the Standard tidal stations. 
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TABLE 2( a ).-Harmonic Tidal Constants derived from 29-day analyi 
( Liverpool Institute's method of anelysis ). 

Ploce and psltlon 
with doscrlpllon Long. 71' 33' E. 

of T1Je-pole 

Period of obeervatlons 
end Central day 

of snal\.slr 

Tlme Nrrldian 

Below chart 

aem of 

of reference 

Harmonlo ConaLnnta 

Nm . . 
1: Maf .. 

Qt  . . .. 
, . . . . .. :: .. .. 
2N, . . . . 
& :: . . 

. . .. :: .. 

.. 
T9 . . . . 

. . 

.. 

. . 
i o .  . . . . 
&a 1 :  . . 
hfN4 . . . . 

. . 3 . 

. . 

krna . -  
~?as, :: . .  
Pe& . . . . 

above ohnd 

Indinn Sln~ulard 

s . 1 o n . t  

0 Lnsarlbed on 
B. t M. the atone of 

the 3rd at& 
from lo whlch la 
nodh o t t h e  extreme 
E. end of tho ~ l e r .  

1 

9.02 n . 1  

O.T.8. e rnb~d-  

B%, p d  ;et 
cube or 

manonary about 
4 Inch- below 

ound level. 39 
Kt 9 Inched N. 
of NW. cnrnsr 
of 1, atare shed 
and 48 fsst 8 
Lnoha NW. of 
II. m a r  d 
Mms. A n  up. put ;Ctohena*b 

O.T.8. at on H. 
B.M. 
W. r m  18 m a d  
In mvrmary 1 
f a 4  E. d Lhs 
bmoh-mark. 

BL.ndud-(.(BLmatbodh 

4.00  n. 1 
18." n. 

Old (190W03)t 

-~ 
Tim ( OSh 3Om Jut on 

11.82 ft. 

x . f t . 1  g- 

Deacrlptlon of B,M. 
of ralerenm. 

21.62n.r 

0 ant nt bhs Ng. 
B.M. comer of UN 

u s t  lodm 
of the pod. 

m f = m m d d b  

~1.n.1 

0 ~ 0 7  

0 . 1 8  
0 .73  
0 .40  
1.82 
0 .11  

0 .13  
0 .32  
0 . 7 8  
0 .11  
2 .87  
0 .10  
0 .10  
1 . 1 2  
0 2 7  
0 .03  

0 .01  
0 . 0 2  
0 .06  

0,OO 
0 . 2 1  
0 .18  . . 

o i l  .. . . 

0.46  
0.19 

0.18 
0 .84  
0 .48  
1.44 
0 .13  

0 .08  
0.24 
0.16 
0 .09  
1.85 
0.07 
0 .04  
0.77 
0 .21  
0.07 

0 .01  
0 .02  
0 .06  

0.08 
0 . 1 8  
0 1 4  
0 .04  

0.01 
0.03 
0.08 
0.01 

Q.M.T. ) 

42.78 it. 

0 3 o n  

18 .30  rt. 

Nuw ( 1060 ) 
E . R . !  g" 

Bench-mark 

z; :;: ~II;I; 
House ( Tldal 
obaarvatory ) 
lmmedlstsly 
b l o w  the door 
Wsy. 

s" 

250 

072 
072 
073 
077 
104 

868 
347 
040 
121 
076 
185 
108 
105 
100 
000 

170 
178 
183 

145 
208 
2.50 . . 

1 .. . . 

020 
122 

040 
087 
087 
087 
086 

336 
333 
008 
008 
019 
222 
050 
081 
084 
047 

122 
001 
108 

172 
207 
244 
247 

294 
2% 
266 
297 

a . n . 1  

0 .10  
0.23 

0 .17  
1 .00  
0 .06  
2.67 
0 .14  

0 .26  
0.28 
2 .22  
0 .43  

10.34 
0 .46  
0 .10  
3 .22  
0 . 0 8  
0.18 

0 .16  
0 .08  
0.20 

0.28 
0.88 
0.47 
0.13 

0.12 
0.24 
0.23 
0.07 

0.08 
0 .27  

0.18 
0.70 
0.54 
1.84 
0.18 

0 .12  
0 .20  
0 .75  
0.15 
2.89 
0 .04  
0 .00  
1 .06  
0 - 2 8  
0 .00  

0 . 0 8  
0.06 
0.07 

0 .12  
0.27 
0-17 
0.06 

0 .11  
0.15 
0 .12  
0 .06  

mmUdpQ* t 

I .78  n. 

ge 

001 
014 

010 
072 
086 
086 
101 

071 
243 
110 
113 
136 
160 
171 
176 
170 
868 

011 
816 
130 

120 
137 ~ s e  
186 

116 
180 
168 
198 

021 
208 

076 
073 
074 
074 
130 

029 
357 
063 
058 
074 
122 
108 
100 
112 
341 

210 
007 
107 

100 
220 
273 
278 

107 
101 
$58 
201 

0.68 n . t  
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TABLE 2( b ).-Harnwnic Tidal C m i a n h  derived from 29&y analysis 
( Liverpool Institute's method of analysis ). 

I Central b y  afsna~ysb 

-- 

1 

COCKIN' 

l a t .  0" 68' N. 
h o g .  78' 1 S  E. 

~m .. 0.07 am 0.12 001 0.24 004 
Mar .. 0.18 102 0.04 214 0.10 867 

.. 0.08 080 0.10 081 0.18 017 . . 0.20 070 0.36 064 0.70 060 .. 0.10 083 0.27 064 0 .62 069 . . 0.66 082 0.82 064 1.68 OW .. 0.02 018 0.07 071 0 .09 064 

T h e  Merldlpn 

h v a l  or OMdatam 
earn of 

Tlde-pole Below 
or r e r e m n ~  I -  

I 
I I I 

Above ohart 

99% datum - I,. 2.20 n.t 1.86 n.t 7.6  it.$ 

M's'L' Above T.P. 
ram = 3. 

Sa Tcchniml Repod 1948-49, Pod I I I  

2 

DEYPORE* 

1.n). 11' 10'R'. 
Long. 75" 18' 1. 

Indian Sla&rd Tim ( 05h JOm Ja#i a Q.M.T. ) 

0.83 n. 1 - 0 . 2 0 n .  ( - 0 . 8 4 n .  

0.31 n. 1 17.00n.  1 7 . 4 0 ~ .  

Draulpllan or BX. of 
mferenw. SM T d n M  Rsp& 1918-49, Pad 111. 

S t . n d d  part. 
Cornlad for masan J verlnllonn. f m ~ a n n l  vr\loe. 

I 

3 

BASSElN 

Lat. 10. 18' N. 
h g .  72' 48' E. 
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TABLE e( c ) . -Harrng~~ic Tidal Conslants derived from 29-duy analysir 
( Liverpool Institute's mothod of analysis ). 

Place and pooltlon with 
descrlptlon of Tkle-pole 

J 

TERRA 

Lat. 22'67'~. 
long. 70' 07' B. - -.- 

Tho Tide-pole ~ l a  flal 

~ ~ ~ ~ ~ e ~ $ , ~ ~ ~ ; ~  
JullctlOnOf~nktland 

crcck8 about 

l f ~ ~ ~ $ , " , " , " ~ ~ ~ ~ ~ k  

1 2 

i C I H  NICOBAR KEOILI CREEK 
Lnt. 0' 10'N. Lnt. 22' 58'N. 
Long. 02" 16' E. 

- 

Tido-pole erected ot 
t h e o u k r  end or NaloeCa 

Jetty a t  Car Nlcobnr 
Island 

Ccntral day o l  annlysln 

Time Merldlan 

LOW. 70' 14' E. 

 id^.^^^^ wns fixed 
near the west bouh of 
ICnndln crech, obollt 
4d mllw 9. or lcmdln 
ncnr tilo junction of 

Knndlo nud Kllorl creekn 

30-3-51 

B.S.T. ( Obh JOm far1 
on Q.M.T. ) 

27-3-60 1 2 0 - 3 L -  

I.S.T. ( OSh 30mfml 
-- 

- 
25.17- n. 

Below 
Level of ohart datum 
zero of 

Tlde-IJO!e Below B.M. 
of reference 1 1- 11.02 " R. 

Hamonlo ~ o n s t a o t r  H. n. g' 

Mm .. 0.17 003 
MSf . . 0.03 008 

'an .. 0.01 I00 .. 0.10 280 t .. 0.07 335 .. 0.22 330 
J I  .. 0.01 285 

ZNI . . 0.04 270 

3, . . 0.01 278 .. 0.32 285 .. 0.08 288 .. 1.70 273 .. 0.03 123 
T? .. 0.05 314 .. 0.00 318 C .. 0.24 320 .. 0.04 218 

YO. .. 0.02 345 
Ys . . 0.02 200 
& .. .0.07 320 

MNI .. 0.02 100 .. 0.04 118 . . 0.04 208 .. 0.01 200 

E? . . 0.03 033 . . 0.03 046 .. 0.01 101 . . 0.00 144 

on O.Y.T.) 

10.64 n. 

a. n. I 
0.10 
0.12 

0.17 
0.74 
0.04 
1.02 
0.00 

0.21 
0.75 
1.87 
0.32 
7.60 
0.75 
0.12 
2.07 
0.58 
0.08 

0.10 
0.08 
0.00 

0.28 
0.60 
0.28 

0.18 
0.10 
0.18 

H e k h t  
Of I d  
M.S.1. 

n. R. 

067 
0'32 

0'30 
0'60 
0.80 
1.82 
0.34 

0.27 
0.88 
1.80 
0.37 
1.63 
1.08 
0.13 
2.20 
0.80 
0.10 

o.oa 
0.24 
0.11 

0.23 
0.67 
0.23 
0.00 

0.12 
0.23 
0.18 
0.04 

a' 

074 
042 

078 
080 
087 
088 
070 

041 
180 
042 
044 
080 
042 
100 
101 
105 
344 

210 
200 
008 

338 
368 
041 

287 
288 
817 

8. 

111 
901 

070 
071 
081 
081 
084 

027 
188 
091 
030 
W1 
061 
007 
000 
102 
W 

102 
282 
117 

860 
009 
OBI 
087 

802 
ZM 
a48 
0 s  

12.tot n. 

To of nn lron.pl e 
lxe! in collcrcta 'in 
mud, N. or flshermen'n 
hllteon the W bsnk of 
Kondln creel; about 
4t rnUe S. o l ) ~ n n d l a  
near the polnt whore 
tho creek meek the 
mlf. 

above char( 
dntum - 2. 

above T.P. 
Ism - 5, 

o.nnt R. 

To of the lron~lp 
fl,.! ln the centra d 
the wnc1ets vbMm 
8 feet 0qU.W nodd 
f m t  hlghlnm'Jdon 
bsnk of Naktl era' 
and On E. bank 
Kara meek .bout 
m i l s  down ihe md 
from Tuna Bandu, 
 ha rnsrk b about 1 
w l o n n  m m  thawa*p 
mni of NmkU 
and 8 l u r b n e  hornYu 
rater-front d 
UWk. 

a.set R 

DfscrlpWon of B.X. of 
rdereow. 

mvbkmd ndna. 
t camd.d lor uuoo.l 

Old Malaccs Jetty 
B.M. nltualed lo the 
centre or the Jettp about 
30 feet from the allore. 
I t  la 280 feet from the 
lea-end or the domo- 
Ll~nl Jetty 'nnd ubout 
170 hi rmm the aoulh 
end or AkhaoJee B o a t  
Pad. 

ruLUonr 
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TABLE 4.-Harmonic Tidal Conslank derived from 1-year analyaia 
( Liverpool Institute's method of analysis ). 

Place snd posltlon PARADIP LOCK 
wlth dwcrlptlon 

or Tlde.pole ~ o t .  200 2n' N. Long. 80' 37' E. 

Tlde-pole a t  Pandlp  Lock 

Cdntral dny of 
analysls 2ae-60  C BATIOHAR CBBEK 

Lnt. 20' 11 N. 
loop. 86' 44 E. 

Tido-pole a t  Batlghsr Cmet 

14-10-60 

Tlme Maridlsn 

Tavel 
Ofram 

O f $ P  

I n d h  Sbndard Tinu ( 03A JOm fa11 on Q.M.T. ) 

I 
18'11 It. I 50.34 n. 

Belt,,,ck* 
&low B.M. 
or reference 

Humonlo Conabntl 

& .. . . 

8. 

0.748 808 
0.388 
0.168 

5.493 It. 

9.401 n. 

E. ~t. 1 pa 

330 

H. h 

0, . . . . 
Bclghl orlocsl M.W.L. 
slmvlr T.P. rem-S. 
(Ear dry monthl 

o d s  ) 

Indlan 8 rlng Low 
w~tar M%L above 

T.P. Zen, 

1.708 280 

0'176 

3.803 fl. 

0.024 n. 

Dneriptlon of BM, 
or refemnos. 

1.761 287 

C4.T.S B M 370 44 ) oulalde S.B. wall sunoundlnp Fab.polnt LlOhl 
x i o d  3 itei E, o\ =-tern gats. 
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TABLE 6( a ) . - H a m u  Tidal Cmtnnts derived from 5 years' 
annual analysis ( B.A. method of analysis ). 

Phu : ELEPHANT POINT ( Pilakit creak ) 

I ( 2 ) B.M. of reference : 
A flat concrete pillar ( 1947 ) in e fencad enclosure a t  the NE. end of 
Elephant Point village, close to  the fore-shoru. I 

Latitude 

18' 30' N. 

Notes :- 
( 1 ) Desoription of the tide-gauge site.: 

On the right bank of Pilakit oreck, about 340 yarde from its junction 
with the Rangoon river. 

h g i t u d e  

96' 18' E. 

Standard time 

B.S.T. 

Observationnl data 

Length 

6 years 

Years 

1884 to I888 
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TABLE 6( b ).-Harnwnic SImllow Water Corralion C O ~ ~ ~  
( 1st approximation ). 

pbcc : ELEPHAVIUT POIZIT. Based o7b : Elephnnt Point bnaic machine* 
prorhctions. 

Central day of a n a f ~ a i a :  l a t  July 1930. Derived from : ( A - P )e of 1030. 
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TABLE 6(c).-Corrections lo be applied lo Elephant Point basic 
predictions lo obkzin primary prediclions for Rangoon. 

RANGOON I Date 

11th tolBth - 2.8 - 1.8  
16th to 20th - 2.8 - 1.7  
2lat to 26th - 2.8 - 1.7 
28ih to30th - 2.8 - 1.8 -- 

Add 
1 hr. 30 min. 

Date 

July let to 6th 
8th to 10th 

l l t h t o 1 6 t h  
18tht020th 
2latto25th 
28th to 3lat 

Aug. l s t t o  6th 
8th to 10th 

11th to 16th 
18th to 20th 
21at to 25th 
28th to 3lst  

Sept. 1st to 6th 
6th to 10th 

11th to 16th 
18th to 20th 
21at to 26th 
26th to 30th 

Oct. lat to 6th 

;i 
$ 
t 
8 
;1 
m .- 

H.W. 

Jl. 

- 1.0 - 1.8 
- 1.7 
- 1.7 
- 1.7 
- 1 . 6  

- 1.7 
- 1.7  - 1.7 - 1.8 - 1.8 - 1.9 

- 1.0 - 2.0 
- 2.0 
- 2.1 
- 2.1 - 2.2 

- 2.2 

L.W. --- 
Jl. 

- 1.4 
- 1.2 
- 1.1 
- 1.0 
- 0.0 - 0.8 -- 
- 0.7 
- 0.7 
- 0.6 
- 0.6 
- 0.8 - 0.8 

- 0.7 - 0.7 
- 0.8 
- 0.8 
- 0.9 - 1 .0 

- 1.1 

- 

Jan. 1st to 6th 
6th to 10th 

11th to 16th 
18th to 20th 
21st to 25th 
28th to 31at 

Feh. l s t t o  5th 
8th to 10th 

11th to 16th 
18thto2Oth 
21st to 25th 
20th to 29th 

March 1st to 5th 
6th to 10th 

11th to 16th 
18th to2Oth 
?lst  to 26th 
28th tn 3lst 

April 1st to 5th 
6th to loth 

Jl. 

- 2.8 
- 2.6 - 2.4 
- 2.4 - 2.3 - 2.3  

- 2.3 
- 2.3 
- 2.3 
- 2.3 
- 5.4 
- 2.4 

- 2.4 - 2.1 
- 2.6 
- 2.6 
- 2.5  
- 2.6 

- 2.8 
- 2.8 

Jl .  

- 2.2 - 2.1 - 2.1 
- 2.0 - 1.0 
- 1.8 

- 1.8 
- 1.7 
- 1.7 
- 1.6 
- 1.6 
- 1.6 

- 1.8 - 1.8 
- 1.6 
- 1.6 
- 1.5 
- 1.6 

- 1.6 - 1.6 
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TABLE 5 ( d  ).-Harmonic Shallow water Correction Consta& 
( 1st approximation ). 

Place : RhXG001"T. Bnsed on : Elephant Point bnaic rnnchino* 
predictions. 

Ccnlral dny of annlysis : 1st Jl~ly 1930. Derived f rnm : ( A - P )s of 1030. 
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TABLE 6( a ).-Harmonic Tidal Conslank, derived from 6 years' 
annual a.nnlysis ( B.A. method of analysis ). 

Plaw : AMHERST 
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TABLE 6( b ).-Harmonic Shallozo Water Cwreclion Comlants 
( 1st approximation ). 

Pbce : AMHERST. Bnpcd on : Amherst basic machine* predictiunJ, 
Centrul day of annlpsrs : 2nd July 1883. U~r i~ , c , f  Jror~r : ( it - P )s of 1893. 
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TABLE 6( c ).-Corrections to be a p p l i d  lo Amherat basic 
predictions obtain primary predictions for Moulmein. 

m 
c 
3 
e 
3 
", .- 

Date 

.Tan. 1st to  5th 
8th to 10th 

11th t o  15th 
10th t o  20th 
218t to 25th 
20th t o  3lut 

Feb. 1st t o  5lh 
0th to 10th 

11th t o  16th 
10th to 20th 
2ls t  t o26 th  
20th to 80th 

March 1st t o  5th 
0th t o  10th 

11th to 15th 
lGbh to 20th 
21s t to25 th  
20th t o  31st 

April 1st t o  6th 
0th to 10th 

11th t o  15th 
1 0 t h t a  20th 
21st t o  25th 
20t.11 t a  30th 

Mlrg 1st t o  6th 
8th t o  10th 

11th to 15th 
10th to 20th 
2 l s t  to 25th 
20th t o  3 l s t  

June 1st to  6 th  
0th to 10th 

11th to 15th 

I 
Ltitl1to2Oth 
2 l s t t o 2 5 t h  
26th t o  30th 

Time 

Add 
3 hm. 00 min. 

JIOULbELV 

Date 

July let  t o  5th 
0th t o  10th 

11th t o  15th 
16th to 20th 
21st to 26th 
20th to 31st 

A I T ~ .  to 5th 
0th to 10th 

11th to 15th 
10th to 20th 
2 l s t tn2Rth  
20th t o  l i s t  

Sept. h t t o  5th 
6th t o  10th 

11th t o  15th 
10th to 20th 
21st to  25th 
20th to 30th 

Oat. 1st t o  5th 
0th to 10th 

11th t o  16th 
10th to 20th 
21at t o  25th 
20th to 3let  

Nov. 1st t o  5th 
6th to loth 

11th t o  16th 
16th t o  20th 
21st to 26th 
20th to 30th 

Deo. 1st t o  6th 
0 t h t o  10th 

11th t o  15th 
10th to 20th 
2ls t  t o  26th 
20th t o  3let  

H.W. 

/ I .  

- 5.0 
- 5 .0  
- 5 .8  
- 6 .4  
- 5 .4  
- 6.3 

- 6 . 3  
- 6.2 
- 5.2 
- 5 .2  
- 5 . 2  
- 6 .2  

- 5 . 3  
- 5 . 3  
- 6.4 
- 6 .4  
- 5 .5  
- 5 .0  

- 6.7 
- 6 . 9  
- 6 . 9  
- 0 .0  
- 0 .0  
- 0 .1  

- 0 .2  
- 0 . 3  
- 0 .3  
- 0 . 4  
- 8 . 4  
- 0 . 6  

- 0 . 6  
- 6.0 
- 0.0 
- 0.7 
- 0.7 - 0.7 

- 

,orreo, 
tionn 

L.W. 

Jl. 

- 0 . 5  
- 0 . 2  
f 0 . 1  + 0 . 4  
f 0 .8  + 1 .1  

+ 1 .5  + 2.0 + 2.4 + 2 .6  
f 2 . 6  + 2.0 -- 
+ 2.6 + 2 . 3  + 2.2 + 2.0 + 1.7 + 1.2 

+ 0 . 8  
0 . 0  

- 0 .6  
- 1 .0  
- 1 .2  - 1 .6  

- 1 . 7  
- 1 .8  
- 1 .0  
- 2.0 - 2 .9  
- 2 .3  

- 2.4 
- 2.6 
- 2.0 
- 2.7 - 2.7 - 2 .8  

L.W. 

H.W. 

ft. 

- 0 .5  - 0 .0  
- 0 . 0  
- 0.7 
- 0 . 7  
- 0 . 8  
- 
- 0.8 
- 0 . 8  
- 0 . 0  
- 6 . 9  
- 6.0 
- 6 . 9  

- 7.0 
- 7 . 0  
- 7 . 0  
- 7.0 
- 7.0 
- 0.9 

- 0.0 
- 0.9 
- 0 . 8  
- 0 . 6  
- 0 .7  
- 0 .7  

- 0 . 0  
- 0.0 
- 0.5 
- 0.4 
- 0 .3  
- 0.2 

- 0 . 1  
- 0 . 0  
- 0.0 
- 6 .0  - 6 . 8  
- 6.7 

All tinlee 

1 hr. 10 min. 

L I B .  

( I .  

- 2.6 
- 2 .0  
- 2.0 
- 2 .0  
- 2 .0  
- 2.6 

- 2.0 
- 2.6  
- 2.5 
- 2.6 
- 2.6 
- 2.4 

- 2.3 
- 2.3 
- 2.2 
- 2.2 
- 2 . 2  
- 2 .2  

- 2 . 3  
- 2 .4  
- 2.4 
- 2.5 
- 2.6 
- 2.5 

- 2.4 
- 2.4 
- 2 .3  
- 2.2 
- 2.1 
- 2.0 

- 1 .9  
- 1.7 
- 1.6 
- 1.4 
- 1.1 
- 0.8 

H.W. 
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TABLE 6 ( d  ).-Harmonic Shallow Water Correction Constank 
( 1st approximation ). 

P h e r :  MOLJL?IIEIN. B a d  on : Amherst hnsic rnnclrine* predictions. 
Cenlral day o j  analy8is : 1st July 1833. Drrivd from : ( A-P )s of 1833. 
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TABLE 7.-Corrections applied lo the predicled timea and 
heighh al Bhivnaga~ for 1954. 

-10 

Tima 
min. +60 

L.W. 
Heilht See Table below 

0 0  1 0 - 1  1 0.2 I 0.3 I 0.4  1 0.6 1 0.6 1 0.7 1 0.8 I 0 . 9  
Predictad 

height 
in feot Corrections to predicted heights of Low Water 

ft. 

I - I -  

I 

The oorraotiono have be4 
0 8 .  I I I I 

I based on ( P - A )  diaemcea of the yean 1D48d0. 
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TABLE 8.-Correelions applied to the predicted times and heighk 
at Vizagapatam for 1954. 

The correction8 hnve been bnscd on (P-A)  direrences of the 
years 104640. 

TABLE 9.-4orrectiaa upplied to the predicted timea und heiqhk 
at Aden for 1954. 

- 

Month 

January . . 
Fehmnry 

March 

April 

May . . 
June . '  
July 

August . . 
September . . 
Ootober 

November 

Drcnrnher 

H.W. 1 LW. 

Month 

January 

to 

Deoember 

Time 

m i .  

I 

Tbe oorreotlons have baen based an (P-A)  difireuees of the 
yeam 181761. 

Height 

p. 
---- 

+0.2 

+0.4 

+0.3 

+0.2 

+0.2 
0 -  

+0,2 

+0.1 

0.0 

0 .0  

+0.2 

+0.2 

n.0 

Time 1 Height 

H.W. 

min. 

8 

L.W. 

Time 

min. 

Nil 

/ I .  

0.0 -- 
$0.2  

+0,2 

0.0 

-0.2 

-0.1 

-0.9 

Time 

min. 

-- 

Nil 

Helght 

jt. 

+ 0 . 2  

I -0.2 

0.2 I:_- 
( -0.1 

0.0 I 0.0 

Height 

{I. 

+ 0 . 2  
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TABLE 10.-Mean emora El* and E,* for 1951. 

ADEN 
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TABLE 11.-Mean errors El* and E,*for 1951. 
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TABLE 12.-Mean ewara E,* and E,* for 1951. 

BOMBAY ( MOLL0 BANDAR ) 
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TABLE 13.-Mean errma El* and E,* for 1951. 

VIZAOAPATAN 
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TABLE 14.-Mean errora E,* and E,* for 1951. 

SAUQOB ( DUBLAT ) 
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TABLE 15.-Mean errors El* and E,* for 1951. 

DIAMOND HARBOUR 
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TABLE 16.-Mean errors E,* and E,* for 1951. 

CALCUTTA ( GARDEN Reaon ) 
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GRAVITY 

BY B. L. GULBTEE, M.A. ( CANTAB. ), F.B.I.C.S., M.1.8. ( INDIA ) 

32. Summary.-During the period under report, no depart- 
mental fiold programme of gravity observations with the Frost 
gravimeter was undertaken duo to acute shortage of funds. Obser- 
vations were, however, carried out a t  Madres and Bombay in 
collaboration with Mr. W. E. Bonini of the Woodshole Oceanographic 
Institution, U.S.A., who happened to visit India in connection 
with the global programme of gravity observations sponsored by 
the Naval Research Office, Washington. These observations were 
made with a goodetic Wordon gravimeter with a view to establishing 
accurately h e d  gravity stations a t  these places to serve a sub- 
standards for regional gravity propamme with the Frost gravimeter. 
Opportunity was also taken to observe a loop of a linear extent 
of about 220 miles to the north of Madras and another loop of about 
160 miles comprising Bombay-Alibiig-Poona. Observations wem 
also taken a t  Bangalore. 

33. Narrative.-During the month of Auguat 1961, Mr. W. E. 
Bonini re-occupied the stations a t  Palam Airport, Imperiel Hotel, 
New Delhi and Dum Dum Airport which had boen observed last 
year as well with the Worden gravimeter. The results confirmed 
the values obtained with the F'rost gravimeter by the Survey of 
India. 

On 14th September 1951, Mr. Bonini arrived in Medra from 
Saigon, m d  Mr. B. L. Gulatee, Director, Geodetic end Training 
Circle, joined him there on that date. A 10-day programme wee 
ohalked out end the following obsorvations were carried out :- 

( i ) Circuit Mhes-Renigunt4i id~-Medres comprising 
26 stations. In addition 4 stations in Medr88 oity, 
one a t  Tiruohirepalli end one a t  Arkonem were elao 
observed. 

( ii ) 6 stations around Bombey, 1 a t  Alib6g end 17 stations 
elong the Bombey-Poobe r o d  st intervsle of about 
16 miles. 

( iii ) 4 s tat iox around Bangalore, 2 stetions in the k o k r  
Gold Fields area end 6 stetions elong the Bangdore- 
Koliir Gold Fiolds r o d .  

During the course of the above obaemetions, 10 penddnm 
etetiona were elso re-oooupied. 
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34. Gravity Sub-standards.--The Frost gravimebr hea a 
limited range and to guard against inaccuracies arising from any 
uncertainty in its calibration constant when it  has to cover 
area of such a large extent as India it is necessary to have 8 net. 
work of reliable sub-standard stations suitably distribuhd. with 
the establishment of Worden gravimetor stations a t  Bombay, 
Bangalore, Tiruchirapalli, Madras, Renigunte and Hyder&bid 
during the period under report, and with gravimeter stations 
established a t  Delhi, Calcutta, Amritsar, Jammu, Smagar, Ape 
and Dehra Dan in previous years, there are now a sufficient number 
of gravity stations to serve as sub-standards for work with the 
Frost gravimeter without the fear of systematic errors assuming 
unduly large proportions. 

35. Old Pendulum stations.-The number of old pendululn 
stations re-observed with the Frost and Worden gravimeter8 now 
totals 36. This includes 10 stations observed during the year 
under report. The results are given in Table 1. 

Three of the stations observed this year, viz., Bangelore, Reni- 
gunta and Telegaon show unusually large discrepancies with the 
pendulum values. 

At Edgar Sheft ( Surface ), KolBr Gold Fielda, the observations 
with the Frost and Worden gravimeters do not appear to heve 
been made a t  the same site. Gravity difference between Bengalon 
and Edgar Shaft ( Surface ) by pendulum observations is 60 mgsls., 
by Frost gravimeter 44.6  mgels. ( see Tecllnical Report 1946-49, 
Part 111, Chapter 111, Table 6 ) and by Worden gravimeter 47.8 
mgals. 

36. Results.-Gravity reductions for all stations between 
Cawnpore end Delhi which were observed in the summer of 1960 
( vide Technical Report 1951, Part 111, Chapter VI, pera 64 )have 
now been cornploted and the results are tabulated in Table 2. 
A niunber of stations have also been established with the Frmt 
gravimeter between Delhi end Mussoorie ( see Table 6 ). Charts Xv 
and XVI show the Bouguer and Heyford isostatic anomalies on 
Helmert spheroid with contour intervals of 10 mgals. in the 
N. W. of Campore extending up to Patiiila. The dotted line on the 
latter chart represents the older generalized anomaly contours b ~ d  
on pendulum date. The easterly pert of thie region is just to the 
north of the Vindhyana and is wsociated with negative isostetio 
anomalies. The Delhi series neer Delhi marks the beginning of 
positive gravity anomalies and the externion of the Ar5r8velb in the 
north-westerly direotion is also a region of positive anomalies. 

The gravity results throw en interesting light on the ourrent 
belief amongst the geologists that the Ariivalli range extends under 
the Indo-gangetic alluvium from Delhi in e north-easterly direction 
till i t  meate tne Himdaym. This is not borne out by the negetive 
iaoetatio anomalies from 31eerut to neer Dehra Dm. Gravity 
evidence indicates that the shape of the trough along this line ie 
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asymmetrical there being greater downwarping near its northern edge 
and if the anomalies are to be attributed solely to lighter sediments, 
their thickness near Roorkee would be of the order of 10,000 feet. 
The gravity data indicates that there is no shallow concealed ridgc 
of dense rocks between Dellfi and Roorkee and it rather appears as 
if the rocks of the ArBvalli range north-east of Delhi under the 
Gangetic geosyncline were depressed as a downwarp in front of the 
HimBlayes. This is in accord with tlie fact that in spite of the 
trend of the kBvellis being present in the Himiilayes, the litho- 
logicel cheracter of the rocks is dilferent from the true Ariivallis. 

The Bouguer anomalies become progressively more negative in 
thenorth-easterly direction es the mountainous areas ere approached. 

37. Observations near Bombay.-Table 3 gives the results a t  
24 stations observed in the circuit ColHba-Thna-Panvel-Poona- 
Alibiig. The older pendulum statione a t  Coliibe, Panvel end 
Alibiig had revealed large gradients of grevity east end south of 
Bombey end this gravimeter traverse was undertaken to confirm 
these and to provide some additional information. The gravimeter 
velues differ from the older pendulum velues et Bombay by 3 . 1  
mgals., a t  AlibBg by 2 . 0  mgals. end a t  Panvel by 0 mgal. 

Cherts XVII, XVIII end XIX show respectively Bouguer, 
Heyford and Airy anomelies ( thickness ofcrust 30 kms. ). I t  
would be seen that Bouguer anomalies increase steadily fiom Panvel 
in the north-westerly direction a t  the rate of 6 mgals./per mile. 
The Hayford end the Airy anomalies elso increase as sea-board is 
epproached. The eree is no doubt disturbed end Airy anomelies 
fare no better then Heyford ones. 

Reference to  Chart XIII will show that the gravity enomalies 
are negative on the pre-cambrians in the peninsule. It will be 
seen from the anomaly charts of Bombey that the anomalies even 
on trap areas ere no less. Correction for local geology will make 
them still more negative. This is ept to  puzzle meny euthore who 
keep on meking etaternents to the effect thet such formations ere 
associated with positive gravity anomalies on eccount of their 
higher densities. 

Geological evidence shows that thickness of trap decreases as 
we proceed east end eouth of Bornbey. This is borne out by the 
gravity anemaly contours, but the large grevity gredients cennot 
be explained aolely by any rewonable verietions in the thickness 
of the trep. I t  is obligatory to  postulate in eddition e hidden 
dieturbing cause. A most unusual feature which the contoure 
diaclose is thet as we cross from Bombay on to the see, gravity 
becomee conepicuously mow then on the treps. 

A veriety of mws diatributione can be brought forward to 
explein the gravity diaturbence eround Bombey. The plumb-line 
defleotiom in this eree eleo p o h t  see-werde. Burrerd in Survey 
of India Profeeeionel Peper No. 17 ( 1918 ) poetulated the existence 
of e zone of eubtemeneen deficiency end of crustal tension between 
Bombay and the Western guts. This in extremely unlikely. 
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~h~ attribute the extraordinary straightness of the 
westem coast of India to faulting in early Tertiary period. This 
fault may heve thrown down the traps of Bombay to a depth of 
the order of 2,000 feet which by itself will produce a ylight deficiency 
of gravity to the sea-ward side of Bombay. Gravity evidence 
suggests that this fault is a minor feature and its effect is completely 
masked and reversed by an upwarp of unusually dense rocks 
immediately below the faulted mass. 

In  broad general terms, gravity data suggests that under the 
crystellines end the trap area of the peninsula, the lighter granitic 
leyer b unusually thick. This layer is practically ebsent undor the 
sea and there is in addition e structural feature of excess density 
with its extremity between ColBba and AlibBg and extending north- 
wards to Kutch. This may well be enalogous to the eubmerged 
ridges found by the Murray Expedition of 1933-34 in the Indian 
Ocean. It might also be that even the intermediate basaltic layer 
under the sea from Bombay northwards has been thinned by the 
upwelling of the ultra basic magma from below. 

The continental shelf to the west of Bombay is obviously en 
eree in which a comprohensive programme of seismic soundings 
and gravimetric observations is indicated. These should enable a 
full portrayal of the dense feature suggested by the gravity anomalies. 
Any further speculation a t  this stage would be hardly profitable. 

In the meantime, it  is of interest to point out that the disturbed 
gravity anomelies ere to a certain extent in harmony with the 
geological history of the region. The lavas of Bombay are the 
youngest traps of the Deccen area. Even after the traps had been 
laid d o m  the area was subjected to disturbances. Several dykes 
of post-trappeen age are evidences of this. In particuler, the 
Penvel-Kalyin axis of flexure is well d e h e d  ( Auden-Trans. of 
the National Institute of Sciences of India, Volume 111, No. 3, 
pp. 134 ). To its east, the lavas aro flat-lying, but to ite west they 
dip towards the sea a t  an average angle of about 10". As will be 
amn h m  Chert XVIII the gravity anomalies to the east of thia 
flexure are practicelly constent, while they increase a t  a rapid rete 
westwerds aohieving high positive values on the watera of the ocean. 

The kogame of ell the enomalies heve a generel NE.SW. 
trend right up to the ooast, supporting the suggestion that the 
traps do not end abruptly near the coast. It b conceiveble thet 
when the feulting ocourred end the lend occupied by the Arabian 
see wes submerged under the ocean, more ultra basic materiel 
welled through the fiasures end this may be responsible for the eteep 
gravity gredienta on the see. 

38. Gravity Observations in the vicinity of Madras.-It wee 
conaidered desireble to establish e Worden stetion a t  Madres where 
observetions.were carried out with the pendulums in 1904. A 
cloaed loop of b e e r  extent of about 220 miles was also run elong e 
coastel etrip to the north of Madras ( ebout 30 milee in width ) 
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with stations about 10 miles apart ( see Chert XX ). 30 stations 
in all were observed, three of them being older pendulum stetions. 
In addition to the usual Free Air, Bouguer and Heyford isostatic 
anomalies, the Airy anomalies ( T = 30 kms. ) and the modified 
Bouguer enomalies were computed. These latter take count of the 
effect of topography up to zone 0 ( 103.6 miles ) and of topography 
and its compeilsation for the numbered zones 18 to 1. The results 
are given in Teble 4. 

Table 1 shows the discrepancies between the pendulum end 
the gravimeter values. 

Charts XX, XXI and XXII show the Bouguer anomalies, 
Hay ford isostatic anomalies ( T = 113.7 kms. ) end Airy enomelies 
( T = 30 kms. ) with contour intervela of 10 mgale. 

The area in question comprises e variety of geologicel for- 
mations, the major structure being the uncleesiiied crystallines, 
gneisses and schists of Archsen age. These include highly metemor- 
phosed sedimeatary and igneous materiels with several beaio dykes 
running through them. 

The weathering of the older Arohiam gneissea and schists 
yielded the earliest sediments whioh formed the oldest sedimentary 
strata known as the DhLrwLr system. These metamorphosed 
Archman sediments appear to rest on gneisses and form e series of 
highly folded end sheered strips heving a strike in the NW.SE. 
direction. The eastern region ( Medrea to  Giidfir ) comprises of 
Pleistocene and recent deposits end beyond the western region ere 
the Cuddapeh series and traps west of Renigunte are the rhyolite8 
in the Cuddepah trap. 

The Hayford and Airy enomalies show preotically identicel 
characteristics. The region is one of negetive isostetio anomalies, 
the maximum gravity low being in the vicinity of etetion No. 4. 
Although the area is comparatively flat ( being only interspersed 
with minor hiUs ), the Bouguer enomelies are merkedly negative. 

39. Hayford Gravity Anomalies.--Chert XIII shows the 
Heyford gravity anomalies in Indie egainst a geological baok- 
ground. It would be seen that enomelies of same sign pereiet over 
large ereee-e state of affa'airs whioh is not favourable to ieoetssy. 
The enomelies ere not corrected for local geology but it  ie only in 
few oases that they follow the geological trends. The most notable 
one is the Indo-Gengetio trough whioh ie well delineated by negative 
anomalies. There ere, however, marked contredictione. The 
Archman rooks which constitute the main body of the penineuler 
shield and the extensive pleteau baselk of Deccen whioh are muoh 
heavier then norlnol rocks ere cherecterieed by negative enomeliee, 
while the see to the north of Bombay is epperently eseocieted with 
heavy positive ones. Throughout the length end breadth of 
Indie, there are evidences of importent sub-omstel f a t w  whioh 
appear to meek the effeot of looel geology. 
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The R&jputBne waa subjected to intense igneous activity in 
the Pur&n& era which u7as responsible for the formation of the 
Ariivdi range. This is a region of positive gravity anomalies. 
The anomalies are markedly positive on the hiivdi range indioat- 
ing under-compensation, although this range haa been subjected to 
heavy denudation through countless ages. 

Very little gravity data exists on the high HirnBlayes. There 
appears to  be a tendency for the anomalies to  be positive on the 
high hille. 
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TABLE 2 . 4 r a v i t y  Anomalies between 

1 83 B L~icknow Rlv. Stn. . . : / :: 1 .. s . h .  .. 1 .. Rove1 Hotel 
koom Nu. 34 

lerinl 
No. 

4 Beni P.W.D. I.H. 

: I 1 Ynao P.W.D. I.H. 

:: 1 Cawupore Rly. Stn. . . 
.. 8.B.M. 

,. Circuit Houso. . 

Sheet 
No. 

M.E.S. I.H. .. 
~ i l h k r  P.W.D. I.B. 
Onrsahiiganj P.W.D. I.H. 

13 Mainpuri P.W.D. I.H. . . 
Nnbigenj P.W.D. I.H. . . 
Shikoh&bM P.W.D. I.H. 

oanal I.H.. . 
~ l r o z t h  P.W.D. I.H. . . 
Agrn P.W.D. I.H. . . 

Stationa 

.. 9.B.K .. 626' 10.8 01.4 
Pend. Stn. 

Hithraa  end. 8 h  1: I ::!: 1 I::: 1 I::: 

Lntitude Helght 

dligsrh Pen& Stn. 

Longitude 

KhnrjePend. S t a  .. 840. 28 14.3 77 61.8 
Bhw P.W.D. I.H. 
H&purP.W.D. lk 1 1 2 :  1 z:: 
SiLanrHbM P.W.D. I.H. 42.1 
,OhnzlHbkl P.W.D. LH. . . 
Yesrut S.B.M. . . . 42.6 

New Delhl Impmlal Hotel 
pomh . . . . I 60.P 1 28 3li6 1 17 13.1 

Mom with regard 'to sign . . 
Mom without re& to sign . . 

I 
( meter 
factor 
0.0811) 

, , 
Bpirit-levelled height.. Other height. en, epproxlmate. 

t ~ - y ~ - ~ - y ~ -  attrsctlon of topqpaphy np to none 0. 
! Modllld Q-y, - I -y ,  - d& d T + O  far scar 18-1. 
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Luclcnow and New Delhi via Cawnpore, 1950 

Heisknnen- 
Airy oom- 
penention 

T = 30 km. 

Hayford's Heiakanen. 
compen. Airy com. 

setion pensation 
113.7 kn~. T = 30km. -- 

mgab. mgab. 

-68.6 -86.2 
-66.0 -84.6 

-68.1 -86.8 

-43.1 -62.6 
-38.4 -44.2 
-38.1 -43.8 

-38.3 -44.0 
-30.7 -38.4 
-32.3 -40.0 

-34.4 -42.1 
-46.0 -62.8 
-40.2 -48.1 

-37.0 -46.1 
-38.0 -48.8 
-36.7 -42.1 

-34.2 -40.8 
-28.0 -34.4 - 1.3 - 8.8 

- 2.6 - 8.0 
- 1 . 1  - 8 . 0  
- 8.7 -16.0 

-22.2 -29.8 
-22.2 -20.8 
-22.7 -30.3 

-37.3 -43.0 
-31.2 -38.6 - 8.4 -11.8 

-22.0 -20.8 - 8.8 -20.4 - 8.6 -18.8 
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:s 2 n 
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1-5: 0 -  < 5 
& gs a 
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228 

TABLE 

I 
of Bombay 

(obsmed 
value )** 

gab. 

078.8671 
.8382 
.8348 

. .8341 

.8348 

.I3371 

,8137 
,6450 
.6L35 

.6310 

.6630 

.4923 

.4770 

.38SO 
,3875 

.3806 

.3878 

.reel 

.a748 

.3712 

.a883 

. a88  

HeighL 

feel 

12 
20 
20 

34, 

34' 

20 

30 
40' 
31' 

20 
20. 

240 

280 

2030 
2010 

2080' 

1880 

1887. 

1906 

1856* 
1906* 

2026 

170 

68 

Sheet 
No. 

47 A 

47 B 

.. 

47 A 
47 B 
, 

47 B 

4 ; ~  

,, 
, 

, 

., .. 
,, 

.. 

.. 
, 
, 

,. 

% I  47 E 

19 08.8 

3 . 4 a v i t y  Anomalies 

Lat.itude Longitude Stations 

Bombay Santa Cruz Air 
Port 

,. Airlines A O ~ I  
, Apollo Bandar 

., Coliba Obser- 
vatory cnn- 
necting Walk 
Penrl. Stn. 

, G l i b a  G.T.S. 
B.M. .. 

,, Air Indiaoffice. 
Mahatma 
Gandhi road 

P.l Th6naT.B. .. 
P-? Panvel Pond. Stn. 
P-3 Pen T.B. . . 
P-4 Mile-past 10 from 

Alibigta Pen .. 
P-6 ALibig Mag. Obsy. 
P.8 Mile-post 29/3 from 

Alibbg . . . . 
P-7 Khnpoli M.S. 80 

from Alibig . . 
P-8 Eleatdne 78.2 miles 

N. of LonPvla .. 
P-0 Mile-post 86/3 . . 
P-1OTaleg~onFand.Stn. 
P-11 Napier Hotel, 

Poona . . 
P-1.2 ~ o o n a  S.B.M. g3 

P.P. . . . . 
P-13 Poona Bund 

Garden . . 
P.14 Kirkee S.B.M. 46 

P.P. .. 
P.16 poons'56 P.P. . . 
P-18 Mile-post 100 to 

Bombay on Bombay- 
Ponna road . . 

P-17 We.post 65 to 
Bomhay on Bombay- 
Ponns mad . . 

P.18 Mile.port 34 to 
Bomhay on Bombay- 
P o o n ~  rnarl . . 73 03.0 14.. I 070.6888 .6118 

(from 

I 

l.inch m a p )  

I Mean with nrgard to sign . . . . 
Mean without regard to sip . . 
Range . . . . 

Bpirit-levelled belghb. Otber heighb are a p p r n x h b .  
** By Worden gravimeter. 
t 1-7. - a-7,-athation of tapopphy up to gone 0. 
$ ~ e d ~ - y ,  -v-ym-effen1 of T + 0 for 8ona 18-1. 

' l a  
-- 

O ' 

10 06.1 
18 66.9 

66.2 

63.7 

63.7 

18 68.2 

10 11.7 
I8 58.8 

44.1 

41.2 
38.7 

48.4 

47.1 

46.8 
46.6 

44.0 

31.2 

30.9 

32.4 

33.8 
30.4 

40.1 

18 63.9 

o , 

72 60.9 
49.6 
50.2 

4.8.0 

48.9 

60.2 

72 68.8 
73 07.1 
73 08.7 

72 58.0 
72 62.1 

73 13.8 

21.0 

26.6 
34.6 

40.7 

82.9 

m.o 

63.3 

150.8 
63.1 

48.1 
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series of gravimeter stations, 1951 

I HELYERT'S FOIIJIUI.A 

- - I v a b .  ( mgak. I tngub. I tngub. I nagols. 
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TABLE 4 . 4 r a v i t y  Anomalies of M d r a s  

Serial '?3 .s Sheet 
Ststions Height Latitude Longitude I l l  

1 1  1 1  ( ( (from I-inoh m a p  ) I 
0 s 

M-1 Mile-post 7 on SIadrae-Celcuttn road 13 08.6 80  13.3 
b1-2 Mile.post I0011 Madrs4!alcuttaro%d 48 16.0 09.4 
M-3 Milo-post 20/0 Gummidipundi B.M. 46. 23.8 08.0 ----IT-- 
bf-4 Mile-post 37 . . . . 
M-5 Nile-post 4R Sidilrpet G.T.Y. B.M. . . 
51-0 Milestone 64 . . 
M-7 Milestone 64 . . 
M.8 Milcetone 74 . . . . 
M-9 GOdlir Sub-Registrar's offioe . . 
bl-10 CGrlGr Pendulum station 
M-11 GGtlOr Railway station 
M-12 GndGr Police ststion . . 
M-13 Mile-post 34 from Erpcdu on road 

GGdOr Lo Venkntagiri 
M-14 Mile-poat 26 from ~ r p e d n  on rond 

Gadfir t o  Venkata$ri . . 
M-I6 Mile-past I 9  from Rrpedu on road 

Giid13 t o  Venkntngiri . . 
M-10 Mile-poet 8 . . 
M-17 Erpedu T.B. 
M.18 Ranigunte Railway station . . 
M-19 Renigunta Pendulum station 
M.20 Mile.post 31 on Arkonam road 
M-21 Nagari Railway station 

I 22 I I .. 1 M-22 Ebile.~ost 6013 on shortest road to 1 1 1 1 

60 C M-% Me-poet  14. .  
M-20 Mn~lres GentralIbilwey station . . 

60 D Madma AiI Port  I I 
Madras Pendulum etation . . 
Mndraa Connamars Hotel . . 
Arkonam Junction. Railway station . . 

I I  I I  Mean with regard t o  aign 

Mean without regard to sign 

Ran@ . . 
Splrl&lewUdUsrl heights. Other heights ars npproximate. 

*. By Wowlen p w i n ~ e t e r .  
t g-ys - 9-YA - attraotion o f t o p o p p h y  u p  to wne 0. 
: ~ o d %  0-p - g-n - alreot of T+C for wnea 16-1. 
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aerics of gravimeter Slalions, 1951 

v 
(observed 
value ) ** 

---- 

078.2791 
.2027 
.2478 

.2434 

.2743 

.3030 

.3069 

.3005 

.3101 

.3089 

.a101 
,3107 

.3181 

a2754 

-2636 

.2438 
e2358 
a2326 

.2328 
e2228 
.2338 

.2436 

.2400 

.2407 

.2640 

.2868 

.?RIB 

.2837 
,2856 

078.2388 

.. 

.. 

.. 

HELMEBT'S FORMULA INTBBNATIONAL 

,, - ya 
H a y f ~ ~ d ' ~  
compen. 

satlon 
113.7 km. 

q n r .  

- 79.8 
- 04.0 
-113.0 

-120.0 
- 0 3 . 0  
- 85.8 

- 6R.2 
- 59.8 - 87.4 

- 68.0 
- 87.4 
- 68.8 

- 60.0 

- 84.0 

- 00.0 

- 92.3 - 92.8 - 86.8 

- 86.6 - 80.2 
- 76.8 

- 74.6 - 07.7 - 02.1 

- 70.0 - 71.7 - 87.0 

- 73.5 - 71.5 - 71.4 

- 70.3 

70.3 

70.6 

V - ys t 

F o u a a  

~ ~ i s k ~ ~ ~ ~ -  
diry 
pensation 
T = ~oh,,,. 

- 65.8 - 80.2 

-107.7 
- 8 0 . 1  
- 63.0 

- 46.7 - 47.8 - 68.0 

- 6 6  - 58.0 
- 66.4 

- 38.2 

- 71.8 

- 78.2 

- 70.6 
- 79.7 - 71.8 

- 71.7 - 67.0 
- 61.0 

- a . 7  - 73.8 - 77.0 

- 48 - 68.0 - 61.5 

- 60.6 - 67.8 - 58.2 

- 68.3 

08.3 

60.6 

Hcisksnnn. 
A i a  com- 
pensation 

T = 30 km. 

Jfodified 
V - YA f 

mgab. 

-47.3 
-81.7 
-81.8 

-89.2 
-01.6 
-34 5 

-28.2 
-29.4 
-37.8 

-37.1 
-37.8 
-37.0 

-10.8 

-63.4 

-69.7 

-81.1 
-61.2 
-63.3 

-63.2 
-48.6 
-4n.4 

-42.2 
-65.1 
-58.4 

-48.3 
-30.6 
-34.0 

-41.1 
-39.3 
-30.7 

-47.8 

47.8 

69.4 

mh. 
-15.5 
-33.0 
-55.2 

-00.0 
-42.6 
-15.4 

-10.4 
-12.7 
-24.4 

-23.8 
-24.4 
-23.9 

- 9.7 

-48.0 

-63.6 

-65.2 
-66.6 
-49.6 

-49.8 
-36.0 
-32.4 

-32.3 
-44.2 
-40.7 

-21.6 
- 6.2 
- 5.3 

- 8.3 - 6.2 
-28.8 

ppp 

-31.0 

31.0 

81.8 

Hayford'a 
cornpen- 
SatlOn 

113.7 km. 

m g a b  

- 8 1 . 3  
- 76.5 
- 05.4 

- 102.1 
- 72.5 
- 47.1 

- 40.7 
- 41.4 
- 49.0 

- 48.5 
- 49.0 
- 48.4 

- 31.8 

- 66.6 

- 72.4 

- 7 8  
- 74.3 - 87.1 

- 87.0 - 01.7 - 67.1 

- 58.0 - 89.2 
- 73.8 

- m . 6  - 53.2 - 48.6 

- 65.0 - 63.0 - 62.0 

- 90.8 

60.8 

70.6 

a*.nyDP I 
-16.2 
-34.3 
-55.5 

-00.8 
-42.6 
-15.8 

-13.7 
-16.9 
-25.3 

-24.8 
-25.3 
-24.7 

-12.7 

-61.0 

-81.0 

-64.1 
-86.8 
-82.1 

-82.0 
-64.7 
-46.8 

-40.4 
-40.4 
-46.6 

-23.2 
- 8.0 - 6.6 

- 7.9 
- 6.8 
-18.8 

-36.3 

36.3 

81.2 

7 ~ 0 1 8 .  

-40.0 
-58.8 
- 7 2  

-89.2 
-84.1 
-30.8 

-33.0 
-36.3 
-43.9 

-43.4 
-43.9 
-43.3 

-31.0 

-69.1 

-79.4 

-81.9 
-83.4 
-80.0 

-70.9 
-73.7 
-80.2 

-82.6 
-71.4 
-89.3 

-47.8 
-31.4 
-31.0 

-33.3 
-31.2 
-67.7 

-60.4 

60.4 

69.2 



7 8 TECl3NTCA.L REPORT [ PAET m, 1062 

TABLE 5.4rav irneter  stations between ~ w ~ a o o r i e  and Delhi 

Height 

fa 
802% 
6122 
4151 

3321 
2239 
085 

000 
887 

808 

787 
709 
761 

737 

718 
706 

715 
801 

886 

805 

Ptntions 

Musnoorie Pend. Stn. 
BhattsB.M. 401 .. 
KulukhetB.M.l78/128 

Rajpur Pend. Stn. .. 
Dehrn Dln Pend. Stn. 
Fatehp1uD.B.B.M. 

SaharanpurS.B.M. . . 
Roorkee Pend. Stn. . . 
Muzeffarnagar P.W.D. 

I.B. .. 
Ghssipur B.M. 133 .. 
Khatauli B.K 154 . . 
Daura1aB.M. I89 .. 
Meerut S.B.M. 
Mohiuddinpur B . k  

140 
Murw3negarB.M. 185' 

Delhi Pend. Stn. 
GhszilbLdP.W.D.1.~. 
New Delhi Imperial 

Hotelporah . . 
Delhi Qutnb Miner 

( Ground ) .. 

i 
? 

2 

1 
2 
3 

4 
6 
8 

7 
8 
9 

10 
11 
12 

13 
14 

16 

18 
17 
I8  

19 

Sheet 
No. 

-- 

63 J 

:: 
,, 

5 j ' ~  

13G 
,, 
,, 

,, 
,, 
,, 

6j'H 

,, 
,, 
,, 
,, 

63 H 

Lntitude 

I 
-( meter 

factor 
0,0817 ) 

I&. , 

078.7918 
.9391 

978.9584 

070.0030 
,0330 
,1318 

.168L 

.I280 

.I484 

.14W 
,1418 
.I431 

.I470 

.I435 

.I464 

.13&8 

.I371 

070.1268 

Longitude 

HELMEBT'S 

( from I-inch 

a *  

30 27.8 
28.2 
5 . 0  

24.0 
19.6 

30 02.8 

20 67.3 
62.3 

27.9 

22.2 
18.6 
07.8 

2 0 0 0 . 0  

28 63.6 
48.2 

41.4 
40.2 

37.6 

28 31.6 

g-YB 

mgab. 

-125.2 
-138.5 
-137.4 

-148.8 
-1U.6 
-131.6 

-106.9 
-130.7 

- 83.1 

- 78.8 - 77-6 - 80.0 

.1.503-49.7 

- 48.0 - 40.8 

- 31.2 - 42.2 

- 34.9 

- 3 8  

maps ) 
* I  

78 04.6 
04.8 
04.9 

05.1 
78 03.4 
77 45.8 

33.6 
54.0 

41.8 

42.6 
43.0 
42.9 

42.1 

37.3 
30.8 

12.8 
25.1 

13.1 

77 11.2 

F o a r n ~ a  

Bayford's 
Cornpen- 

-tion 
113.7 km. 

mgab. 

+53.0 
+32.8 
+30.8 

f28.6 
+ 2.9 
-30.8 

-19.3 
-38.2 

-12.8 

-11.0 
-13.0 - 5 4  

f 8 . 1  

+ 8.D 
+10.0 

+18.8 
+ 7.0 

+13.1 

+12.0 



COMPUTATIONS AND PUBLICATIONS 

BY B. L. GWLATEE, M.A. ( CANTAB. ), F.R.I.C.S., M.I.S. ( INDIA ) 

40. Adjustment of Topographical Triangulation in India.- 
During the period under report, the Computing Office remained busy 
with the reduction of the results of the field operations. The 
shortage of trained personnel still continues and it  has not yet been 
possible to employ a sufficient number of computers on the scrutiny 
of the records of topographical triangulation, its adjustment and 
compilation of the results into pamphlets for publication. There is 
e huge mass of data covering the whole of India and the progress 
made so far in sorting it  out has been extremely slow. Only three 
pamphlets have been printed in a period of about 4 years and 
material haa been collected and scrutinized for the publication of 
two others. Efforts are being made to increnae the number of com- 
puters and it  is hoped that the out-turn will increase in due course. 

41. Triangulation in IrPq and 1rin.-Triangulation in IrLq and 
I r i n  was carried out by Indian military survey units during World 
Wars I and 11, by the IcHq Sumey Department and by the Anglo- 
Ir&ian Oil Company. Brief details of the triangulation are given 
in Technical Report 1947, Part 111, parras 46 to 49. The data ia 
being published in pamphlets, each pamphlet generally covering an 
area of one degree of latitude by one degree of longitude. The 
preface to each pamphlet gives an account and details of the 
adjustment of the various series included in it. 28 pamphlets have 
been published so far out of an estimated total of about 80 pamphlets 
and one is under preparation. 

42. Computations.- The results of the following field observa- 
tiona were computed :- 

( i ) Observatiom of the geodetio triangulation in Andamam, 
and 

(ii  ) Secondary levelling for B h a h a  Dam Project in the 
Punjeb ( I ) and Delhi States, for the Chambal Irriga- 
tion project in RLjaethBn, and for the Son Canal 
Project in BihLr. 

A narrative account of the geodetio triangulation is given in 
Chapter I and thet of levelling in Chapter 111. 

A good deal of work on the astimation of heights a t  old pendulum 
stations end new grevimetrio stations for the calculation of gravity 
enomelies on different hypotheses has alno been ca+d out. 

70 
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43. Survey Star Almanac.-During the period immediately 
following the World War I1 great difficulty was experienced in pro- 
owing the Nautical Almanacs from the United Kingdom and it was 
decided to bring out a Survey Star Almanac for the use of civil and 
military Rurvey units. The first issue of this pamphlet for 1945 was 
published in 1944. Star places for the whole year for all stars down 
to magnitude 3.5  and selected stars to magnitude 4.0  were included. 
Declinations were printed to the nearest second of arc and right 
ascensiona to the nearest tenth of time for the middle of each month. 
Circumpolar stars ( and Ursa Minoris ) were given eeparately for 
every fifth-day. Tables of phase3 of the Moon and azimuth of 
Polaris were also included. Two star charts were given a t  the end. 
Thie publication was very handy and was found to fulfil a great need. 
Its publication was continued till 1961. Since then Her Maiestv's 
~ t a 6 o n e r ~  Office, London has brought out "Star Almanac fo;  LA^ 
Survevors" which contains all the information included in the 
S W V ~  of India Star Almanac. The publication of the Survey Star 
Almanac has, therefore, been discontinued. Copies of the "Star 
Almanac for Land Surveyors" can be obtained in h d i a  through 
the Librarian, British Information Servioea, Mansingh Road, 
New Delhi. 

44. Technical Papers.-During the period under report one 
addition has been made to the series of Technical Papers of the 
Survey of India. Technical Paper No. 5 "Geodetic and Geophysical 
Aspects of the Earthquakes in Assam" reviews the geodetic and 
geophysical work c k i e d  out in the area after the greet earthquake of 
1897 and proposals are made for similar work to be carried out to 
study the effeots of the great earthquake of 1960. 

45. Heights of Himaayan Snow-peaks.-The mighty expanse 
of the Hirnhlayaa contains e number of p k e  much higher than 
those in any other part of the world. The heights of these peaks 
have not been determined sufficiently eocurately. For example 
it  is not known to what extent the value 29,002 feet adopted for the 
height of Mount Everest is wrong. 

It is on the programme of the Survey of h d i e  to re-observe the 
height of Mount Everest during October and November 1952 from 
e distance of ebout 20 to 26 miles with precise inehumenb. 

46. Computation of Heights observed with Paulin Barometers.- 
As mentioned in Technical Report 1948-49, Part 111, page 96 
obaervetions were made with four Paulin barometers in the Nnigenj 
and Nigpur areas of grevimetrio survey in 1948-49 for determinetion 
of the heights of grevimetric stations. The heights of these stetions 
were also determined by spirit-levelling or tacheometrio levelling. 
The work wm of an experimental nature and was undertaken to 
teat the performance of the Peulin beromehm under field condi- 
tions and to get en idea of the eoouracy obtaineble with these 
instram~llte. 



CHAP. \'I 1 COMPUTATIONS AiiD PUBLICATIONS 8 1 

The results of obsorvations at  28 stations in the RBniganj area 
are given in Technical Report 1948-49, Part 111, Table 1, page 
98. Results of observntions nt 41 stations in the NBgpur area 
are given in Table 1 of this Chapter. The discrepancies be- 
tween the heights by Paulin's and spirit-levelling are unexpectedly 
large and indicate that these instruments are too delicate to with- 
stand rough usage under field conditions. I t  is hoped to continue 
the experiment elsewhere to h d  out whether it  is possible to develop 
a technique by which i t  would be possible to obtain better and more 
reliable results. 

47. Inspection of G.T. Stations.-During the year under 
report 22 G.T. stations were visited by units of the Northern Circle, 
Survey of India, 18 stations each by units of the Eastern and 
Southern Circles. Four stations were reported upon by levelling 
detachment8 of the Geodetio and Training Circle. 

48. Publications Issued.-A list of all important geodetio 
publications iasued by the Survey of India is given a t  the end. 
The following publications were brought out during the period under 
report :- 

1. Technical Report 1851, Part 111-Geodetio Work. 
2. Teohnical Paper No. 6 "Geodetic and Geophyaioal 

Aupecta of Earthquakes in Aseam ". 
3. Levelling Pamphlet for the use of the Commhioners for 

the Port of Calcutta. 
4. Auxiliary Tables Part V with additiom. 
5. Levelling Pamphlet for 1 m  sheet 45. 
8. Secondary levelling pamphleta Nos. 56, 57 and 72. 
7. Triangulation Pamphlet for sheet 54 A. 
8. Handbook of Topography, Chapter lV-Theodolite 

Trevereing. 
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LIST OF IMPORTANT GEODETIC PUBLICATIONS AND 
CONTRIBUTIONS BY OFFICERS OF THE 

SURVEY OF INDIA 

( A ) Publications. 

No. Name of Book Detuils 

1. G.T.S. Vol. I1 History and General Description of the 
Reduction of the Principal Triangulation. 
D e h a  Diin, 1879. Price Re. 10-8. 

2. G.T.S. Vol. IX  Telegraphic Longitudes. During the 
yeers 1876-77 and 1880-81. Dehre Diin, 
1883. Price Re. 10-8. 

3. G.T.S. Vol. X Telegraphic Longitudes. During the 
years 1881-82, 1882-83 end 1883-84. 
Dehre D b ,  1887. Price Re. 10-8. 

4. G.T.S. Vol. X I  Astronomical Latitudes. During the 
period 1806-1886. Dehre Diin, 1890. 

Price Re. 10-8. 
5. G.T.S. Vol. XV Telegraphic Longitudes. &om 1886 to 

1892 end the Revised Results of Vols. I X  
end X: 8190 the Simultaneous Reduction 
and h a 1  Results of the whole Operatious. 
Dehre Dh, 1893. Price Re. 10-8. 

8. G.T.S. Vol. XVI Tidal Observations. From 1873 to  1892 
and the Methods of Reduction. Dehre 
Diin, 1901. Price Re. 10-8. 

7. G.T.S. Vol. XVII Telegraphic Longitudes. During theyears 
1894-96-96. The h d o  European Arca 
from Kmiiahi to Greenwich. Dehre DGn, 
1901. Price Re. 10-8. 

8. G.T.S. Vol. XVIII Astronomical Latitudes. From 1886 to 
1905 end the deduced values of Plumb- 
Line Deflections. Dehre Diin, 1006. 

Price Re. 10-8. 
9. G.T.S. Vol. XIX Levelling of Precision in India. From 

1868 to 1900. Dehre DGn, 1910. 
Pricc Ra. 10-8. 

10. Records of the 1901-20. The Magnetio Survey, by Lt.- 
6urvey of Indie, Colonel R. H. Thomes, D.8.0.. R.E. and 

Vol. XIX E. C. J. Bond, V.D. Dehre D b ,  1826. 
Pricc Re. 4. 



TECHNICAL REPORT [ PABT m, 1962 

No. 
11. 

Name of Book 

Geodetio Report 
Vol. I 

Geodetio Report 
Vol. I1 

Geodetic Report 
Vol. I11 

Geodetio Report 
Vol. N 

Geodetio Report 
Vol. v 

Geodetio Report 
Vol. VI 

Geodetio Report 
Vol. VII 

Details 
1922-25. Computations end Research. 
Tidal work. Time and Magnetio observa- 
tions. Latitude and Pendulum observa- 
tions in Bihiir, Assem end Keshmir. 
Levelling. Lecture on "The height of 
Mount Everest and other Peaks". Dehra 
Diin, 1928. Price Ru. 6. 
1925-26. Computations and Researoh. 
Tidal work. Time end Magnetic observa- 
tions. Preparations for the International 
Longitude Project. Triangulation. Level- 
ling. Investigetion of the behaviour of 
tree bench-marks in India. Dehra Diin, 
1928. Price Ra. 3. 

192637. The International Longitude 
Project. Computatiom and Publication 
of data. Observetories. Tides. Gravity 
and Deviation of the Vertical. Triangula- 
tion. Levelling. Research end Technical 
N o h  regerding Personal Equation 
Apparatus and the height of Mount 
Everest. Dehra Diin, 1929. Price Rs. 3. 
1927-28. Computations and Publication 
of data. Observato~ies. Tides. Gravity 
and Deviation of the Vertical. Triangule- 
tion. Levelling. Dehra Diin, 1929. 

Prim Rs. 3. 
1928-29. Computatiom and Publication 
of data. Observatories. Tides. Gravity 
and Devietion of the Vertical. Triangula- 
tion. Levelling. Reseeroh and Technical 
Notes. Dehre D h ,  1930. Price Rs. 3. 
1929-30. Computations and Publioation 
of data. Observatories. Tidee. Gravity. 
Trienguletion. Levelling. Researoh and 
Teohniaal Notes. Dehra W n ,  1931. 

Pticc Ru. 3. 
Supplement. Indian Ddeotiotr end Gravi- 
t y  stations. D e b  Dh, 1931. 

Price Ru. 1-8. 
1930-31. Computations and Publication 
of dete. Observatories. Tides. Devia- 
tion of the Vertioal. Gravity. Triengule- 
tion and B m  Meeswement. Levelling. 
The Megnetio Survey. Dehra DPn, 1838. 

Prics I&. 3. 



No. 

18. 

UST OF IMPORTANT GEODETIC PUBLICATIONS 86 

Name of Book 

Geodetio Report 
Vol. VIII 

Geodetic Report 
1933 

Geodetic Report 
1934 

Geodetio Report 
1936 

Geodetio Report 
1936 

Geodetic Report 
1937. 

Supplement to 
Geodetio Report 

1037 
Geodetio Report 

1038 

Dehils 

1931-32. Computations and Publication 
of data. Observatorie~. Tides. Gravity. 
Triangulation. Levelling. Research and 
Technical Notes. Dehra Dfin, 1933. 

Price Ra. 3. 
Triangulation and Base Mectsurement. 
Levelling. Deviation of the Vertical. 
Computations and Publication of data. 
Observatories. Tides. Research and 
Technical Notes. Dehra Diin, 1934. 

Price Rs. 3. 
Triangulation and Base Measurement. 
Levelling. Gravity. Deviation of the 
Vertical. Computing Office and Tidal Sec- 
tion. The International Longitude Project. 
Observatories. Research and Technical 
Notes. Dehra Diin, 1936. Price Ra. 3. 
Triangulation. Levelling. Deviation of 
the Vertical. Gravity. Geophysical Sur- 
vey in Bihk. Computing Office and Tidal 
Section. Observatories. Research and 
Technical Notes. Dehra Diin, 1936. 

Price Rs. 3. 
'l'riangulation. Levelling. Deviation of 
the Vertical. Gravity. Computing Office 
and Tidal Section. Observatories. Sub- 
soil Water Levels. Levelling in BengG 
and Bihiir. Dehra Dfin, 1937. 

Prica Rs. 3. 
l'riangulation. Levelling. Gravity. Mag- 
netic Survey in Bihiir. Computing O5ce 
and Tidal Section. Observatories. Dehra 
Dfin, 1938. Price Ra. 3. 
Isoatatio reductions of Indian Gravity 
Stations. Dehm Diin, 1039. 

Pticc Rs. 2-8. 
Triangulation and Levelling. Deviation 
of the Vertical. Gravity. Computing 
Office and Tidal Seotion. Observatories. 
Dehra DGn. 1939. Price Re. 3. 

Geodetio Report Levelling. Gravity. Computing O5co 
1938 and Tidal Section. Observatories. Re- 

eearch and Teohniml Notes. Dehra D U ,  
1940. Price Rs. 3. 

Oedetio Report Levelling. De6ation of the Verticd 
1840 Gravity. Coinputing Office end Obeeme- 

toriel. D e h  Dan. 1846. Priu 1PI. 2. 



TECHNICAL REPORT [ PART m, 1952 

No. 
98. 

Name of Book Details 
Technical Report Trinngulation in the Neighbouring Coun- 

1947, Part 111, tries of India. Levelling. Gravity. Devia- 
Geodetic Work tion of the Vertical. Computations and 

Publications. Tides. Observatories. 
Dehra Dim, 1918. Price Rs. 4. 

Technical Report Triangulation. Levelling. Gravity. Devia- 
194849, Part 111, tion of the Vertical. Tides. Observatories. 

Geodetic Work Computations and Publications. Research 
and Technical Notes. Dehra Diin, 1960. 

Price Rs. 4 .  

Technical Report, 
1950, Part 111, 
Geodetic Work 

Technical Report 
1961, Part 111, 
Geodetio Work 

Technical Report 
1952, Part 111, 
Geodetic Work 

Triangulation and Bese Meesurement. 
Levelling. Gravity. Deviation of the 
Vertical. Tides. Observatories. Com- 
putations and Publications. Dehra Diin, 
1951. Price Rs. 4. 

Triangulation end Base 3Ieasurement. 
Observatories. Levelling. Tides. Deviation 
of the Vertical. Gravity. Computations, 
Publications and Training. Dehra D b .  
1962. Price Rs. 6. 

Triangulation, Observatories. Levelling. 
Tides. Gravity. Computations and 
Publications. Dehra Diin, 1963. 

Price R.9. 6.  

Report on the Report on the Geodetio Work of the Survey 
Geodetic Work for of India for the period 192P27-Presented 

1924-27 a t  the Third general meeting of the 
Section of Geodesy, Prague, Dehra D h ,  
1927. ' Price Re. 1. 

Report on the Report on the Geodetio Work of the Survey 
Geodetio Work for of India for the period 1927-30-Pmented 

1927-30 a t  the Fourth general meeting of the Seo- 
tion of Geodesy, Stockholm, Dehra D h ,  
1930 P h  Ra. 1-12. 

Report on the Report on the Geodetio Work of the Survey 
Geodetio Work for of India for the period 1930-33-Presented 

1930-33 a t  the Fifth general meeting of the Geodetio 
Association, Lisbon, 1933. P& Au. -161-. 

Report on the Report on the Geodetio Work of the Survey 
Geodetio Work for of Indie for the period 1933-39-Presented 

1933-39 a t  the Seventh general meeting of the 
Oeodetio Aseooiation, Waehington, 1939. 

Prics Re. 1. 
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h'o. Name of Book Details 

37. Report on the Report on the Geodetic Work of the Survey 
Geodetic Work for of India for the period 1939-48-Presented 

1939-48 a t  the Eighth general meeting of the 
Geodetic Association, Oslo, 1948. 

Price Re. 1. 
38. Professional Pendulums. The Pendulum Operations in 

Paper No. 10 India, 1903-07, by Maj. G. P. Lenox- 
Conyngham, R.E. Dehra Diin. 1908. 

Price Rs. 2-8. 

39. Professional Pendulums. The Pendulum Operations in 
Paper No. 16 India and Burma, 1908-13, by Capt. H. J. 

Couchman, R.E. Dehra D k ,  1916. 
Price Ra. 2-8. 

40. Professional Geodesy. The Earth's Axes and Tri- 
Peper No. 16 angulation, by J. de Graaff Hunter, ma. 

Dehra Diin, 1918. Price Rs. 4. 

41. Professional Levelling. Three Sources of error in Pre- 
Paper No. 22 cise Levelling, by Capt. G. Bornford, R.E. 

Dehra Din, 1929. Price Rs. 1-8. 

42. Professional Gravity. Gravity Anomalies and the 
Paper No. 27 Structure of the Earth's Crust, by Maj. 

E. A. Glennie, D.s.o., R.E. Dehra Diin, 
1932. Price Rs. 1-8. 

43. Professional Triangulation. The Readjustment of the 
Paper No. 28 Indian Triangulation, by Maj. Q. Bomford, 

R.B. Delra Diin, 1938. Price h. 4-8. 

44. Professional Magnetic. Magnetic Anomalies, by B. L. 
Paper No. 29 Gulatee, M.A. ( Cantab. ). Dehra Diin, 

1038. Price Rs. 1-8. 

46. Professional Gravity. Gravity Anomaliea and the 
Paper No. 30 Figure of the Earth, by B. L. Gulatee, M.A. 

( Cantab. ). Dehra Dim, 1940. 
Price Rs. 3. 

40. War Research Magnetio Anomalies ( India and Burma ), 
Series Pamphlet 1944. Price Re. 1. 

No. 6 

47. Wer Remarch The Trans-Persia Triangulation 1941-44. 
Series Pamphlet ( linking Ireq and India ), by J. de O r a d  

No. 0 Hunter, o.I.E.,  so.^., B.R.S. and B. L. 
Guletee, M.A. ( Cantab. ), with an Appendix 
" The Persia-India Connection ", by Ma]. 
P. A. Thorn-, I.B.. Dehra Dh. 

pn'w R6.2. 
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No. ~ a h e  of Book 

48. Memoirs of The 
Survey Research 
Institute Vol. 1. 

No. 1 

19. Technical Paper 
No. 2 

60. Technical Paper 
No. 3 

51. Technical Paper 
No. 4 

62. ~echnical Paper 
No. 6 

63. Technical Paper 
No. 6 

Detuila 

Geophysical Prospecting for Manganese 
noar RBmtek, C.P., by B. L. Gulatee, M.A. 
( C~nteb .  ). Dehra Diin, 1947. 

Price R8. 3. 

Value of Gravity a t  Dehra DW, by 
B.L. Gulatee, M.A.  (Cantab.). Dehra D b ,  
1948. Price Re. 1. 

Levelling in India, Pest and Futum, by 
B. L. Gulatee, m.a. (Cantab.). Dehra m, 
1949. Price Re. 1. 
Mount Everest, its Name and Height, by 
B. L. Gulatee, M.A. (Cantab. ). Dehra Diin, 
1960. Price Ra. 1-8. 

Geodetic and Geophysical aspects of the 
earthquakes in Assam, by B. L. Qulatee, 
M.A. ( Cantab. ), F.R.I.c.s., M.I.S. ( MD. ). 
Dehra Dfin, 1961. Price Re. 1-8. 

The Aravalli Rango and its Extensions, 
by B. L. Gulatee, BLA. (Cantab.), F.R.I.o.s., 
M.I.S. ( m ~ .  ), Dehra Diin, 1962. 

Price RB. 2. 

( B ) Articles on Geodetic Subjects. 

1. The Indian Geoid and Gravity Anomalies, by J. de Greeff 
Hunter, M.A..  so.^., F. INST. P. and Capt. a. Bomford, B.E. 
( Bulletin GBoddsique, No. 29, Jan.-March 1931, pp. 20, 21, 
Paris ). 

2. Conetruotion of the Geoid, by J. de Graaff Hunter, M.A., ao.D., 
F. INST. P. and Capt. G. Bomford, R.E. ( Bulletin Moddaiquq 
No. 29, Jan.-March 1931, pp. 22-26, Paris ). 

3. *?The Hypothesis of Isostasy, by J. de Qreeff Hunter, M.A., 
~o .D . .  F. I ST. P. ( The Observatory, Deo. 1931 end Oeophyaioal 
Supplement to Monthly Notices of the Royal Aatronomioal 
Sooiety, January 1932 ). 

4. $Stokes's Formule in Geodesy, by B. L. G u l a k ,  M.A. 
( Canteb. ), ( Nature, 20th Feb. 1932 ). 

6. *"Crustal Warpings " disoussing the gravity work of the 
Survey of India, by Maj. E. A. Glennie, D.s.o., R.E. (The 

. Observatory, January and April 1933 ). 

Obtsinable h m  Measm. Taylor and Franoia, Red Lion Cow& h t  S h t .  
London. W.C. 

t Obtainable h r n  the Royal Antmnomiod 8ooiety. Burlhgbs Horue. London. 
W 1  .. . -. 

$ Obtainable from tb om- of Natma. St. Msrtio'n Stteat, London, W.C. 8. 
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No. 

6 .  

Details 

*Figure of the Earth, by B. L. Gulatee, M.A. ( Canteb. ), 
(Gerlands Beitrage, Bd. 38, H. 314, S.426, 1933). 

tDeflection of the Plumb-Line, by B. L. Guletee, M.A. 

( Cantab. ), ( Hydrographio Review, Vol. X, No. 2, Nov. 1933, 
pp. 182-189 ). 

*Isostasy in India, by Lt.-Colonel E. A. Glennie, D.s.o., R.E. 
( Gerlands Beitrage Zur Geophysik, Vol. 43, No. 4, 1935 ). 

$The Figure of the Earth from Gravity Observations end 
the Precision Obtainable, by J. de Graeff Hunter, o.I.E., s c . ~ .  
( Philosophical 'hansnctions, Royal Society, Series A, Vol. 234, 
1936 ). 

§On the Subterranean Mass-Anomalies in h d i a ,  by B. L. 
Guletee, M.A. ( Cantob. ), ( Proceedings of the Academy of 
Sciences, Allahabd, U.P., India, Vol. 5, Sept. 1935 ). 

*CrustnI Warping in the United States, by Lt.-Col. E. A 
Glennie, D.s.o., R.E. ( Gerlands Beitrage Zr~r Geophysik 
Vol. 46, pp. 193-197, 1936 ). 

*The Boundary Problems of Potential Theory & GBodeay, 
by B. L. Gulatee, M . A .  ( Cantab. ), ( Gerlands Beitrage Zur Geo- 
phyeik, Vol. 46, pp. 91-98, 1936). 

Geophysical Prospeoting for Manganese, by B. L. Gulatee, Y.A.  
(Centab. ), ( Journal of Scientifio and Industrial Research, 
Vol. 111, No. 12. June 1946, pp. 643-554 ). 

Standards of Length, by B. L. Gulatee, Y.A.  (Cenhb.) ,  
(Journal of Scientific and Induvtrial Research, Vol. IV. No. 8, 
Feb. 1940, pp. 453-469 ). 

Standards of Measurement, by B. L. Gulatee, M.A. ( Cantab. ), 
( Journel of Scientific and Indl~strinl Research, Vol. V, No. 3, 
Sept. 1940, pp. 104-105 ). 

Angular Gorrections for the Lambert Orthomorphio Conical 
hojeotion, by B. L. Gulatee, Y.A. ( Canteb. ), ( Empire Survey 
Review, Vol. VIII, No. 82. Oct. 1940, pp. 31 1-314 ). 

&cular Venation of Magrietic Declination in Indie, by B. L. 
Gul~tee, M.A. ( Canteb. ), ( Science and C~ilture. Vol. XII, No. 6, 
Nov 1940, pp. 216-217 ). 
Future of Geophysics in India, by B.L. Guletee, M.A. ( Cantab. ), 
( Journal of Scientific anrl Industrial Iksenroh, Vol. VI, No. 2. 
Feb 1947. pp. .i3-59 & 71 ). 

-- 
Obtainable horn Ahademiaobe Verlsgs Gehohaft  M.B.H., Laifi + ObUbabIe Dam the InUmationd ~ ~ f ~ ~ ~ h i ~  Bureau. ~ ~ ~ ~ . % h l o ,  Mouao. 

f Obtanable from Mesera. Dolau & Co.. 37 oho Square, London W. or Yeasn. 
Hvrimn k %nu. St. Martin's Lane. London or The Royal Sooiety a t  Burlirt#to~~ 
E o n ~ .  London. 

Obtainable from the Academy nf lmsneea. U.P.. AUababd. 
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The Hunter Shutter Eye-Piece for Lougitude and Azimuth, by 
J. deGraaff Hunter, o.I.E., sc .~ . ,  F.R.S. (Empire Survey Review, 
Vol. IX, No. 63. Jan. 1947, pp. 20-24 ). 

Practical applicntio~~ of the Laplace Longitude-Azimutl~ 
relation to control of Geodetic Anomalies, by J, de Graaff 
Hunter, c.I .E. ,  SC.D., F.R.S. (Empire Survey Review, Vol. IX,  
No. 05, July 1947, pp. 131-134 ). 

The Level net of India aud its datum, by B. L. Gulatee, M.A.  

( Cantab. ), ( Journal of the Central Board of Irrigation Vol. 5, 
No. 1, January 1948, pp. 14-50 $ 06 ). 

Geodetic Work in India-War and Post War, by B. L. Gulatee, 
M.A. ( Cantab. ), (Empire Survey Review, Vol. X, No. 77, 
July 1950, pp. 302-306 ). 

Topographic-Isostatic Effect of outer Hayford Zones by B. L. 
Gulatee, M.A. ( Cantab. ), ( Bulletin Geodesique--Nonvelle 
Series, Annee 1949, No. 12 fer Juin, 1949, pp. 180-183). 

Tidal Activities of the S u ~ e y  of India, by B. L. Gulatee, M.A. 
( Cantab. ), [ Assoc. Oceanog. Phys. Proces-Verbaux No. 4, 
pp. 10.5-1 10 ( 1949 ) 1. 
On the Need for More Perrnnnent Tide-Gauge Observatories in 
India, by B. L. Gulatee, N . A .  ( Cantab. ), ( Journal of Scientific 
aud Industrial Researrli. Tol. \'TI, No. 12, Dec. 1948, 
pp. 517-520 ). 

Connection of India, Siam and Malaya Triangulations, by B. L. 
Gulatee, M.A. ( Cantab. ), ( Empire Survey Review, Vol. X, 
No. 74, October 1949, pp. 175181 ). 

'~rigonornetrical Heights and the Coefficient of 'rerreutrial 
Refraction, by B. L. Gulatee, r.A. ( Cantab. ), F.R.I.c.s., Y.I.S. 
( India ), ( Empire Survey Review, Vol. XI, No. 83, January 
1962, pp. 224-230. 

Heights of Hirnilayar~ Snow-Peaks, by B. L. Gulatee, M.A. 

( Cantab. ), F.R.I.c.s., M.I.S. ( India ), ( Indian Journal of Meteo- 
rology and Geophysics, Vol. 3, No 3, July 1952, pp. 166-172 ). 

Tidal Work in India, by B. L. Gulatee. M.A. (Cantab. ), 
F.R.I.c.s., M.I.S. ( India ), [ Assoc. Oceanog. Phye. Proces- 
Verbaux No. 6, pp. 178-180 ( 1952 ) I .  

C.. k 'I'.P.-P.O. -J.S.  3H74. l l .V2-- . ' . i i  b b .  
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