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Abstract 

Acting on the resolutions adopted by the 

SCAR 1956 and by the second meeting of the 
International Gravimetric Commission 1956, 
the Antarctic Committee of the Science Council 
of Japan decided to have the second Japanese 
Antarctic Research Expedition (1957-58) carry 

out gravity measurements. 

The Geoi?raphical Survey Institute projected 

pendulum observations at Syowa Base and 

gravimeter observations m the vicinity. The 

gravity value at Syowa Base was to be deter

mined by the connection with Japan's funda
mental gravity station by means of a GSI 
pendulum apparatus, and the gravity distribu

tion in the vicinity of Syowa Base was to be 

measured by means of a Worden gravimeter 

referred to the pendulum station. 

In order to assure the stability of the pen

dulums, it was necessary to make comparison 

measurements at the two ports, Singapore and 

Cape Town, on the forward and' return voyages. 

Singapore is a world first order gravity station 
and Cape Town is one of the most important 

gravity stations in South Africa. The gravity 
connection between these stations was also 
desirable for the accomplishment of the world 

wide gravimetric net. 
Unfortunately, pendulum observation could 

not be carried out at Syowa Base, except for 

the gravimetric .observations in Liitzow-Holm 

Bay in Antarctica, because the ship was locked 
in the ice during the missions. Pendulum observations (a) LocATION OF 

THE PENDULUM STATIONS Location of the 

stations occupied by the pendulum apparatus is 

as follows; 

Chiba (Japan) : Gravity room, Laboratory 

of the Geographical Survey Institute. 

Latitude 35°38. O' N. 

Longitude 140° 06.5' E. Height 20.9 m. 

Singapore: Geography Department, Univer

sity of Malaya. 
Latitude 1° 19.1' N. 
Longitude 103° 49.1' E. Height 19.2m. 
The apparatus was set on the floor in Room 
F. 

Cape Town (Union of South Africa): Tri

gonometrical Survey Office, l\rlowbray, 
Cape Province. 
Latitude 33° 57.1' S. 
Longitude 18°28.1' E. Height 38.4 m. 
The apparatus was set on the concrete floor, 
where floor-boards are removed, in Room 
No. 14. It is the same place occupied by 
Cambridge pendulum apparatus in 1948. 

(b) RESULTS OF THE MEASUREMENTS The 

GSI pendulum apparatus used for these mea

surements is the same one used for the Japan 
and United States connection in 1955. It has 
three pendulums made of quartz. Periods of 
pendulums are timed against a portable crystal 
clock, and the clock was rated with the time 

* :tt](Efilwi'fl:]t.Ffr, 1iB 2 <Xl¥f f,)li±ili.li10UJliJr5Jffil.. Geographical Survey Institute. Members of the Japanese 
Antarctic Research Expedition, 1957-58. 
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signals JJY, WWV, WWVH and ZUO. 

Standard deviation of a single observation of 

a period at a station does not exceed 40 X 10-s 

second. 
Differences in gravity values were obtained 

by the method of least square as follows; 

g Singapore-gGsI = ·-1709.25±0.45 mgals 
g Capo Town - g Gsr = -142. 80±0.45 If 

where, g Gs1 = 979. 7898 cm/sec2 

relative to g Kyoto = 979. 7215 (Janan's funda

mental gravity station.). 

So we get, g Singapore = 978.0805 cm/sec2, 

g Cape Town = 979.6470 II 

Worden gravimeter observations (a) 
SINGAPORE ISLAND Four gravity stations were 

reoccupied by the Worden gravimeter No. 346, 

and five new gravimeter stations were establish

ed. Gravity values at these stations were 

obtained relative to the pendulum station as 
shown in Table 7. The results in Singapore 

and Cape Town show sufficient agreement 

with those of WooLLARD's group and of the 
Cambridge pendulum apparatus. 

(b) ANTARCTICA In Liitzow-Holm Bay, 

Worden gravimeters were observed at nine 

, stations as shown in figure 1, on a very closed 

pack-ice region during the period from Dec. 

26, 1957 to Feb. 14, 1958. The gravimeter 

1. 
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used has a stable and small drift, which was 

confirmed by the continuous readings at Singa

pore and Cape Town, and from the closure 

obtained from the forward and return mea

surements between Cape Town and Antarctica. 

The drift rate adopted was +0. 20 mgal/day 

which was deduced from the closure at Cape 

Town, + 17 . 5 milligals after 88 .1 days' voyage 

in Antarctica as shown in Table 5. 
Since observations were made on very closed 

pack-ice, the thickness of which was several 

meters, there was always a slight vertical 

movement of about 10 seconds in duration 

and several millimeters in amplitude. The 

effect of the movement on the acceleration of 

gravity was estimated to be ±10 milligals or 

more. Errors due to the inadequacy of the 

drift · rate of the gravimeter and the uncertainty 

of its scale value also being taken into con

sideration, it is estimated that the accuracy 

of the gravity value might be less than a few 

milligals. Gravity values m Liitzow-Holm 

Bay, as shown _in Table 6, are always larger 
than the· normal values, the magnitude of 

positive anomaly in g- ro amounting to about 

+ 50 milligals in average. This amount of 

positive anomaly far exceeds the value of the 
estimated error in observation. 
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:fJl!tffrhh 0 �jJ O)J:t:rf!Z1J!IJ5Ev: vi, �jJ:J'J.tFr t �jJH (Gravimeter) t 2 00)1:h't.t/,&J 0. 
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JJt/7\k Ghteev'. �n:/JN-=ri:v:t � 0) J: 5 teeiCA='iev:tteev'/7\, �cf) B -*c::/JN-=J-O)jfilffM'2:'1J!IJ5E L tlJ) 
G BB flJ :=!Ufil c ililJ 5:E l, ¥f. cf Vw !]I L t B -* c 1J!IJ 5:E '2:' 3t fY -t 0 �, ;f!9 6 "T JI Fsi :/JN-1-0) �:Jc� 17 \ � G -f 
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*Fi=ij� t tee 0. -t � c8Bf1J£:l:filv:flJ) vJ c tee <, ;illSr:p 0) Singapore, Cape Town ct �Pt!-t 0 

Eitv:fit@11J!IJ5ET 0 � c'. 77\, :/JN-=_f0):tz:5Et.E'2:' LG«:, {t[:0t1J!lj5EO)f/!15t'2:'1JRNT 0 t-=:ci) v:=£,�c 
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� h G 0) ,r#?,O) 5 1::J, Singapore vi, B *0)£t:tfG� c: �v:, fr:ift.W.v: 30 ,¢!,&J 0 00� 1 ��jJ 
,#,0) 1 0 c &J vJ, Cape Town vi, 1¥:17 7 1) J7;Jlf:/:�O)f;El� 1 ��jJ ,¢!, c &J 0 Johannesburg 
t j�v:, IP.!00 Ct 0 t t .±�tee�jJ1J!IJ5E,¢l, C &) 0. � 0) l 5 teeitt-W-�ffil0)�_:;}J£$,#,Fsi0) J:t:rf!Z 
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Photo. 1. GSI pendulum apparatus. 

1J!IJ5Et:ffl 1,., ,t-.:: 0) t fPl �O) .=:*In vJ :/JN-rc &J 0 2) C�JJ; 1). 
icl!1Jttv:t¥� Lr 5' L-1: t*1[!cit-t 0*1f�3) C?JJ; 2) 

'2:' 1iffl Lt-=:. � h v:= l vJ l @10)1i\VJtlJ�F,=M\iRI 10 5}t:=m 
*m � h, m v, lF �M Fsi r=-p v:= 1J!IJ 5E '2:' r?f 0 � t:= 1ll*El"J c &J 0 
t�. Wn!:I:fil c vi)J!IJ5E�uf fr,t� '2:'tJ!IJ5E,¢lJ::::�1". Lt-=: 17\, t� 
v=.* e- 1,., 'EY:�vt t,1:_-/J)0t-=:. 

Worden ]1jJgfvi1JliJ:l:filfflc, large dial r: cl: 0tf�5t 
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Photo. 2. GSI pendulum apparatus, 
crystal clock (right) and recorder. 

Photo. 3. Gravity measurement with a Worden 
Gravimeter on very closed pack-ice in Liitzow
Holm Bay. 

2:i11 * 
Table 1. MI in!J m -ii� H List of apparatus. 

r::t 
PP �I 

:t& rm Wlll :m: m t� 
ITi: fJ 1HIJ 5t � ffil 

* 1* 
m: tJ :w --r 
7J( Jrl1 H't" t-f-

¥R U'/j: 'Jt ,(it t'! 
VHF Jz{�/ttj 
@: Bi[ :l:'ili' r\1 Fci 
[1ft � ,fb 

Worden :f.fi t; Nf-

I 

� 

1 
1 3 * 1 
1 

1 

1 2 
1 
1 

1 

30 

�1Jl1J5EO) B flEHicJZO):ilTI IJ .-z:: &J 0. 

195s :¥ 9 J=J 1Jl1JYE$1tm 

:J:m rj1 :%�, Iµ� L 7 o ; 
;·· =;, 7 .:& v� m iJJR 
� �u tt: Wl I.4\I rn 
138.04 Mc, 8:l jJ 3 W 
�f {fru m 

)JliJ :tili J:Fi No. 346 

trn ,V-1 1500 kg 

10 J=Jl0,....,13 a =f�r=--cmLf:J�-=-fiJl1J5E 

iF.IJ���i 
El *:fi:'.fi1i��f ]Jl_1J[!J�{fu'$f 
::1 ';/ A 1J!IJ Jf:'. :lTIP11 

II 

U.S.A. 
Texas Instruments Inc. 

188 -=-fjg • titrn?ars1 Worden M1JBi·0)5E�t�5EO)X�1J!IJ5E 

19 8 [PJ J:. t� fl-"'-fth�J'J-
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12JJ2,......,9B 

12)=J26B""' 

2JJ1413 

3JJ7,....,12B 

4JJ8,.....,14B 

5JJ1B 

12,....,278 

6jJ12,......,13B 

Singapore v= -cmj1ffir!J!IJJE 

Singapore m'j 173 _ Worden :mnftt1J!IJJE 

Cape Town r::: -cmj1ffir1WJJE 

:=. O)fsi 11 [0 LUtzow-Holm f�l737j(J::,&U'fr1173 c Worden ]!jJ 

MttJllJJE 

Cape Town r::: t:mn1�r1JllJJE 

Singapore r::: t�jJffirtJ!IJJE 

Singapore .�1173 Worden :mnH1JllJJE 

ffttTJB6 L, T*""-J!l!t� . 

=r � v= -cm n ffi--J· 1J!IJ JE 

fllill-frJ-1 • fji · i{!:iltGJFicfi Worden :m:jJM-[·5c�t�JEO).i01JllJJE 

�!ill O))JllJ5E c vi'tff PJ 0) B �/)\�.& G ht v, 0 f::_ (X), 1JllJJE 2:' 5GJ c � tJ: v ',#,/J\6) 0 0) c vi tJ: v, ;,j; 

t m: J -d� ht:. -f :=. c 0=1 � T11H:::: fJl±fil t iU?:i L t , tJ!IJ JE � 0) 11 J:J=I, #ri tt 0) � 1�, ;f,?,t I� 0)-=p ti 'ijT:: 

�v,t-J-'.7J':J'T1:)�bttt Be-, X1nJ'U� 1=J=i f:: i) � t t 1�fftt 2::',@ L�9 v ,7J(&ikr�g-[·2::'iJJi7; L t�:fl 

Lt B < t� <!_, c � 0 t� vt O)rfti1Jm2:' L l:. -f O)mt:¥!:::k e- t�i1&[f�� t tJ: <, J::�� c � tJ: ;,j,�t::_8B;;fa 

£l'tf!. 2:' �iv, t, }jjz-f'0)1J!IJ5c 2:' 3'ET-t 0 :=. t i7; c � f::_. 

f jfrrJ �E:J;BJJ 241 :tt!fl3lfJ6J�JW 

���173]!jJ�JE�(ffi) �Y7�-r�o �7J:: 

Singapore: 

University of Malaya, Geography Department 

Room F 1*1: 

Cape Town: 

Trigonometrical Survey Office, Room No. 14, Mowbray 

(1*i& 2:' f ;t ;,j: L f::_ � Y 7 1J - r 1*1:) 

:=. 0) '.5 1:)T�f;t, i'tf!.fl!!�]tJ'ifrc�:oYIT-t 0 M:7JtJllJil:0)£$v= tJ: �t v, 0 ,#, c, B *Fsil!::J!BttJllJ5E 

O),JO))J!IJJE,#, t [PJ t c &) 0. Singapore f;t1iif li:tt0) J: '.5 &::::ffi/J�O) ,#, c ;b 0 ;,j:, ±-fulif O)VJ!k.ib t J,," 

tJ: <, OO��s'stJ:1JllJJE,#,t L tjjj� t}J!,bht::_. Cape Town f;t Cambridge ffircT¥J7 7 1J -JJ 

;gfJ:f5173 O)]!jJ1J!IJJE � �1Ji!i L t::_,J0)1J!IJ.JEAU �  fPJ� c cti:> 0. .:. h G O);r,f;j'�Jl'.&u� � vi�O)iffi 1'.J c 

;b0. 
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3f} 2 '$:. Table 2. 

--------- --·- ---------- ---- -------- -----------·----�--------

{,;It. rt Latitude � )5£ Longitude � Height if.iii J1S-J 

Chiba (GSI) 35 °38.0' N 140°06.5' E 20.9m Singapore 1 19.1 N 103 49.1 E 19.2 Cape Town 33 57.1 s 18 28.1 E 38.4 
:e-,il cl\'UJ!IJ � :ht-: No. 2 Ecr5 3 jillj�-=fO)�:M0)3f:fsJ1@:, 1ii7i:IVJ!IJO)t�$1ffli& (S.D.) Ru+ 

:f:f]f[l[O)t�$u�� (M.E.) 2'.'m 3 �H::� LJ::. m 4 �U:�tfJJ0)1Jfil.!3t1fi5t2'.' 21. 4x 10-s sec/°C t 
L-C, 29°C vs=:�!u[ Lt-=*a*ccb0. :e-1iiWVJ!!Hfv=·--=)\,,-c���nt-:tmI8i, 

� rj1 tfflff: -LJT= (a2/16) T 

a vi'.Vlii3tc�:h Lt-:� r!J ».Lf 1J(��gtO)�J3ltis::Jt-t 0 tmlE c cb 0. 
!;TS 3 � . J/M W_l '.(oi 1WJ 1@: 

No. 1 I 1Jl!J ;l'. A Date Station 1957 I 10. 11"-'13 Chiba JI 11. 5,.__, 7 Singapore I m 12. 6"-' 7 Cape Town 
1958 

3. 10"-'11 Cape Town 
V 4. 10-12

1 

Singapore 
VI 5. 16"-'19 Chiba 
VII 5. 20"-'27[ II 

No. 

I 
JI 
m 
IV 

V 
VI, VII 

Table 3. Observed period. 
yJ[IJ 7£ @] � :sr :f:t1 ilfil. & Number of Mean observations temperature 

(°C) 

23 29.00 
14 41.40 
18 38.98 

15 38. 73 
16 38. 68 
26 

No. 3 
:iMJWJCtb) I s.b. M.E. Period -8 -8 (sec) x 10 X 10 

1.01722480 29 6 
1. 01811609 30 8 
1. 01730091 15 4 

1.01730087 25 7 
1. 01811524 31 8 

32 6 

-- No. 2 :ilM:!!Jj(tJ;) i S.D. M.E. (sec) X 10 X 10 _ Period I -8 -8 

1. 017226701 28 6 
1.01811701

1 
39 10 

1.01730258 18 4 

1.01730217 27 7 
1. 01811641 23 6 
1. 01722780 24 5 39.66 1.01722662 

21 28.89 1.01722435 14 3 11. 01722588 37 8 

5TH $: 29 °C f:_: j I llif L f-::iMJ:Jt� 
Table 4. Period reduced to +29°C. 

sec sec 

Chiba 1.01722480 1.01722670 
Singapore 1. 01811344 1.01811436 

Cape Town 1.01729877 1. 01730044 
Cape Town 1. 01729879 I 1.01730009 

Singapore 1.01811317 1.01811434 
Chiba 1.01722437 1.01722590 

fil7J��O):iJilll:MtJ!IJ5€ C vi, 7](£1IMJt-f-O)Jitd:A:f-ci < ;hO)j;,)31£ 2'.' f!illftJ t 0) .tU!!Z vs'.:: J:: "J-C8(5E L -C \.,' 
0. :e-1J!IJ5€kt --cftffl L t-.=fR� O�$'�isz) vitXO):rfil � -c cb 0. 

T * 

Singapore 
J J Y 
WWVH 

Cape Town WWV 
2. 5, 5, 10, 15 Mc 
15 Mc, J J Y 15 Mc 
15Mc, ZUO 5Mc 

tWUf fl/f:!SZO)�f!Hi Singapore c vi.ttl�s1J�nt c &)"Jt_:IJ;, Cape Town c vi*Fs1vi J: 1v ,tciJ 
IJq�IJ;t_: <, -{-O)J: WWV, WWVH, JJY �IJ;]i1v,vs=:tfil1�(t 0 t::o6, ts€Fs1 WWV t-:vtJi 
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17§ � t1:-c 1-r , 0 1tfFsH::·fUJ!=J LJ: . 5<.73zFsi Johannesburg 0) ZUO t 'x11§ c e: t� . :.. n G v:: l 0 

l�-®(O)*it*, 7k«��g-f- vi��Fs1 -C U: vl vf 10 - 7 O)*itfr � t 0 -c v , fdJi ,  l v ''x17§tc!J/Jq�hit� 

77 ,0t� f,:_ d) ,  ¥/i� � -C e: 0 t�vt� < c: 0 -c , -f- O) fsi O) �fr � ¥:/:sJi¥Jv:=5Ed) t-=.  fql�i= 2 0 0) f/f 

�i= c1: 0-c e: d) t� �It�:tHv:r 10 - 1 0)11£ft c�fJ: LJ� O) c, --t tL--fhO)r,7i,g--c t 0 c:  t 'x17§�x 

/X O) l 'v \ t 0) � 1*ffl L t� .  13-f�U�J I� 3r 0)  JMJt1¥]tJ.:�vi ,  5t11§0)u��J;FF C: � ;Z G h 0 . 

1JJd)-=p� �C: i:t B?1lo£±fil 0) 1JllJ5EO) :..  c: t �;t -c , tfil 1El.fi/1f 0) 1El.Ir � 30°C c: L -c 1J!IJ5E L t� !Ji, 

Singapore JJzcf Cape Town c vi ,  ,C�h\r§J < 30°C -ni 5E�t i:= tJ.: l'.J �1, , f-: d) ,  40°C c: L 

t� . 1Jt0 -c H1t001:ft0)1JllJ5E�:t .  40 °c c: 30°c c: 2 tJI�Hfli L t� . 1Q L :.. n G it1I1-r , t=3'�i_ft c tv�· 

;Z G h tJ.: v ' O) c ,  m 4 * -c it-�0 1:= i c: ?l) t-= . 

m 3 * � ti 0  c: ,  tl$iFm&vi 40 x 10.- s PFF -C, Hif@J 0) B *Jt1lil(1J!IJ5E O)�,§- l l'.J -·l1v:=/J, � 

1, , . s:. nit�1tfl1J!1J i=�-t 0 a�f6,1J it§ft{i� � n -c,  1JllJ5EO)ufH1E:ili /J, � < tJ.: 0 t-: #!; c �· ;t G h 0 .  

Cape Town vH�vUt!!.'IlJt /J;  l < ,  m l  fil/ O)WltJllJ c vf G 0  e: vi1-i?l) -C /J, � n ,0t-: .  m 2 fill §  hi� 

5{.:>j( e: n,0 f� O) vi ,  JkfillU�§-f-!Ji�5}-::f�5E c cb 0 t-:/0-C cb 0 .  Singapore l:H. f Cape Town 

0)13- 2 fil/ O)Wl1J!IJ1iO) M¥��;t , t*�imi�i7, G f';W � tL 0 11£1Jt c cb 0 /Ji,  f:m0)11ti:= 01-r '-C  � ;:t �  

:!t]h i�:J,� L -c � l'.J ,  No. 2 jJ,[{-=f -Ctr!Jt:=*. e: v ' . :_ O) JJt!Hi knife-edge O)!fHtv:= l 0 cli O) c �i 

tJ.: 1, , n,  c: ;W r* � n 0 n;, 1=m G n ,  i= tJ.: 0 -c 1, , tci: 1, , .  :.. o) c1: 5 tJ.: �,g-, 1S-1t!HJ!IJ11J! i=fl* u�� t:=r,r, t 

-C�:il 2'.' 0 V1 0  :_ C: �;t&;,-f L '0 ;@ff � c fJ: v '  c: � ;Z �� h 0  0) c ,  1:- h--c h hi� L 1, ,�:1: � '0 0 'ti 

0) c L -C , �/J ,  § §l¥div:= J: ----_) -c ¥:/:s,JH� L t�.  

1:- 0) *5 *· jJ_[{-=fjJfill;!!Jj �= 0 \r \ -c 

TsGsI = 1. 017224693 + 0. 00000019:{ (M.E . )  

T2GSI = I .  017226077 + 0 .  00000019.{ ( 11 ) 

Tsingapore - Tm,r = 0. 000888442 + 0. 000000236 (M.E.) 

Tcape Towu - TGsr = 0. 00007413s + 0. 000000236 ( // ) 

gSingapore - gGSI == - 1709. 25 + 0. 45 mgal 

gcape Towll - gGSI == - 142. 80 + 0. 45 II 

1Jt0 -C B *0)�)1£�,#, 

v:=Jf L -C 

-C cb 0 n, G , 

YKyoto = 979. 7215 

gGSI = 979. 7898 

gsh ,gapore == 978. 0805 + 0. 00045 

llcape Towu = 979. 6470 + 0. 00045 
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1¥:ftEi:tful:flJtc viHilfo£:t& ci1!1J �-f-0)1Jl1J5E 77; c 2' -f, Lutzow-Holm r,1/J N 0) JJU:: )J!J_f fdN c 
Worden 117Ji:if0)1tl\l,1JliJ 2'.' eitd:i-0v:::. t t' t 0t:: . *�77;JJ(v:::. 1'lt1 �· � n  tv,0Fs1, Worden 1-tJJH 
2'.' ;JU:: ctffi.1JilJ-t 0 t , indicator vi large dial 0)1'fJtfmlftl N ctJi!ll.lf O)ft::;{jv , -f ;h O))[/Afv:::. <b �flf-t 
0 /), ,  JZ. (,i;J<JJJf O) r:p:R: rtJ-lc 2'.' t1RiJ1-t 0 i*� c cb0t::. ;::_ hvi± �:::.;j(UO) J:. T�iJJO)#} t ;;lg :z. G 
:h 0. ,ug7_ki'tt'li�cWUJliJ L t::Jj(J/filO){l:Jl;Mvi:ihl!I;M 10 tJ, f}RrjJ 10'"'-'30" ;ff0Cc cb � ,  Y.J:. TJ! 
ilJO)� rtHi� mm ;f.lfl.¥.'c d':>0t::. -::::. tH:::. J: 011JJ0)�1t fi�-J- mgal v:::.J;Jz� :_ t v:::. ts � ,  t 
t <L *1f&: ts1JliJ5Evi�Y) tsv' . �[5Ji,�O)Wl,1Jl1Jc <b small dial vi�<ffl 2:: ts 0 i\ large dial c* 
t�O) f1I � J: d:i- t 0t:: 77;, f�l.¥.'vi <b 0 t t J: v, <b 0) cf;;c mgal ;f.lfOC t % :z. G h 0. t."-·e ,;; � � n 

-Cv'0Fs1, !JO)�llt] O)jj(J/fil0)* 2' � v;l:{If;;(-J-*, � � f;;c*c, -::::. :hG77;Rv'v:::.tr:p L cbv,if!ts f'.J 

cb0t::i*�v:::.cb 0. ;::_ O) ±&iir, fd l�I � <b jj(�v:::.trfl L 0vt G:h t v' 0 b vt c, ±TJ�77;{-¥ll: Lt 
v, 0 �, �G-0) $:'.R:1Si,)c JJ( J:. t 1BJiJds1JilJ5E¥r:iJtm-c cb f'.J ,  7.k�iio) ,ugO)mt, 2' t fPH¥0Cc cb0t:: .  
v ,-f  ;hO)�i?ic t ,  7_k�:g�O)iJ1 2'  O) tfR rtJ IJ; 30" tJ J:.O)�i?ivi, 1JllJ5Evi��c 2' ts -/J ,0t:: . J�fi 
�v:::. L t::�J$:,#, O)JJ(!Mtvi{I 20 lf J;,jJ:.O)* 2' ts <b 0) c, 7_k�!Lii�Wl.1Jllj f:::. J: 011Jii40)� rjJ <b 5,_10" 
ccb f'.J ,  1-tJJ/HO)Wl,1Jl!H:::.0v,t <b , 1:::·· -1z ,;; � r:J::1J: � 5<_:, :v.Ntzfccb 0t:: . 

Y. ;::.  0) J: 5 ts :l�Jt§Fsiv:::. bt:: 0 -C  O)JJliJ5E c vi, i!!JJ/H O) dr.ift 77;* 2' ts rl:\1� c cb 0. �;!t] l'MJ 0) 
drift vim 5 *O) J: 5 v:::. ts 0. 

tB 5 * Worden ill jJ ti!' 0) drift 
Table 5. Drift rate of the Worden gravimeter. 

-----------------

r:3 ;J)(r \ illw"' ojJrde
3
n-l· 

:m: jJ jijz -J- 1 

'AA C'f � *i!i :�O I Drift 1 B :3 l:J Drift per day 
Duration I gravimeter Pendu

. 
lum 

1

, 

- - ·--- ---�- - - -,- - --- _ _  (�m-"'-ga_l)'---_ ---·---'(___.mg_ill___ ___ _  ��- i -1 5 .  2 I - 171 1.0 - 1709.2 1 

(mgal) (mgal/day) 
Chiba-Singapore 
Singapore 
Singapore-Cape Town 
Cape Town 
Cape Town�Antarctica 

Cape Town 
Cape Town-Singapore 
Singapore 
Singapore---Chiba 

Chiba (after return) 

5 . 0 24.5  6 .8 88 .1 3.9 27.8 6.0 17 . 1  17.0 

+ 1 570.1  +1566A 

- 1 561 . 6  - 1 566 . 4  

+ 171 5 . 4  +709 . 2  

- 1 . 8 - 0 . 12 

( + 0 . 08) +0 . 02 

+ 3 . 7  +0 . 15 

( + 1 . 13) +0 . 17 

+ 17 . 5  +0 . 20 

( + 0 . 60) +0 . 16 

+ 4 . 8  +0 . 17 

( + 1 . 34) + 0 . 22 

+ 6 . 2  +0 . 36 

( + 3 .  94) + 0 . 23 

1-§. L�-r-v:::. J: 01JliJ5Evi, o. 5 mgal ;filfJ3rO) it�� 2'.' <b 0 -c  v, 0 -/J, G, -t O)*N* t l�� Lt 2' Y) 

t:: drift vi1tt:ITT&-/J�ifi;v,. 7vi: iB$ t MUro: $c � B � �  drift vi� Lv, t vi�lU::dsv'iJ; ,  Cape 
Town iJ, G1¥Iffi±ful��11:f£-t 01'610) drift 2'.' 0. 20 mgal/ B t -t 0-::::. t vi, WT{&O)i.ktx-/J,  G 
d:i-t* �ccb -6 5 .  ;::. O) fsi O) drift O)t!:l:vi 17. 5 mgal ccb0-/J,G, drift v:::.J:01l��vi� 
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mgal, RP --/:) 1JllJJE § 'f*O)tf1JJ3t J: vJ /h� 1v ,  t � .z G n  0 .  J: "J -c:. O)ffc15 0) drift tl: 0. 20 mgal/ B 

t L -Cff!HE L t: .  50EJJ 11.1[0)£$ t L -C ti ,  Cape Town 0) 1JJ{-=f1JilJ5Ei1,0)0it 0)11i5) 

g Cape Tew" = 979. 6475 

X ::. O) J: 3 v:=]!JJ&iJ\j( e: 1v ,iJfr#i, large dial 0) calibration 1JlFr:15Jilllc' &J 0 .  small dial v:= 

'J I; ,-c vt B *Ill P3 O)�fJ:tfc'l�5€ L t� /Jl, large dial v:= 'J I; ,-c t t-tn/J \c  e- tee 1v ,0) -c,  �1"PPJfv:= 
J: "J '°C 1§-.z t.) n t�1[)[ tf:' -t 0) i i 1f PH L t� .  L ;J )  L Ye 0) t� o6 O)r;ffiiff t ,  1JIIJJE § 1*0)f/vf5t J: l:J vt/J ,  
� 1v - t �.z G n 0 .  

:e-1JllJJE1[l[vHl'4 6 *O)im vJ c &:> 0 .  
m 6 � FR ;friii r:: :t-;:; vt � Worden :ITK lJ 1l·f · r: l 0 lit JJ Ztl- UWJ ti';* 

Table 6. Results of the gravity measurement by means of the Worden gravimeter in Antarctica. 
--- -- ----

I ;j( 8/!c. 11111 x: :,\,. n [3 · 1 f:\t & *I Fi' 
Latitude Longitude 

67 °04' s 40°50' E 
67 45 39 12 
67 5 1 . 5 37 43 . 5  
67 56 . 7  37 07 . 8  
68 00 . 5  36 39 . 0  
6 8  0 3  .4 35 30 . 0 . 
68 27 . 0  32 1 8 . 5  
68 19 . 9  3 1  50 . 0  
68 32 . 0  3 6  30 . 0  

" " 

" " 

/- Dept: 
1957 

Date ___ / 
98

�_
9 
_
_ __ _ 

3875 12J-1 26 El I 460 

ro 

982 . 

3280 1 958 1 Pl 5 Ei 529 

' 3395 1 2  536 

1 975 1 7  573 

2360 20 572 

1690 
375 
510  
880 
885 
895 

23 
30 

2 1 
9 

10  
14 

564 
592 
577 
582 
575. 
578 

433 
477 
484 
489 
493 
496 
521, 
5 1 3  

" 

526 } 

I 

g -· ro 
I 11 

Remark 

rngal 
+ 27 on pack ice 
+ 52 on board 
+ 52 on pack ice 
+84 " 

+79 on board 
+68 on pack ice 
+71 on board 
+64 " 

on pack ice 
+52 " 

" 

S67·.-----r�--i-----:---r----i,---;x::,--,.-� 
27 

1Y u�w 4t !I! JJ 0) &-r �u = v t Ill �trt; tf:' m 1v , , 

lJl 1Jl1J i1, 0) t# rnf J: 0) rlet:r � t t 1gJH'JJ L t� . Wl 1J:l1L#, 
0)5}-:ffHi.bi4 1 � v:= ifa L t� . 

55i----+---x 
68 

x 64 X 
7 1  

52 
79 84 X 
X X 

52 

LUTZOW- HOLM BAY 

34 36 38 

X 
52 

40 

0 40 80 1 20 160 200 KM 

42 

�i 1 � BB fa J* ±UdUh1!} tj; 0) f!L7J JJ'f ',f 
Fig. 1 .  Distribution of gravity anomalies, 

g - ro in unit of mgal. 

44 

Singapore 0) IS 1J:llJJE,1�1. t �@] O)j}R-=f1JIIJJE 
iY, t O) fs50)Jttt1Jl!JJELJ: , 1.tfi 2 @J Worden 

]1JJ&t c �1/l!i L t� .  ::. O)�/J!IJ1im.} 0)1r§"�v= 
J: "J'°C ,  Singapore Ji'h P3 c 5 ,#,in5� L t� . 

)J!IJJE,#Ji� -&� c 10 ,¢!, c &:> 0 .  {--O)ffitf* tf:' 
% 7 �v:=ffi -J- . 

::. ::. c * (f H;l:t)nffv:=111J G/J ) O)£JJ 1J:llJJE/Jl 
fihnkA c � 0 .  i k , ��M, •�� 
cf 11111 � ,r;"l,�1 :ifr 0) i!ft r;?J'. ffi: J!t ( ;t ,  Survey De
partment v:= J: "J '°C l§-.z G hl:11}[ -C � 0 .  
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8f0 * ;/ :,, ii f - ;t,, !,:: ts vt ,Q Worden :ffi fj /11· c .J:: ,Q ill )J 1iJUJ!iU:ed,.: 
Table 7 .  Results of the gravity measurement by means of the Worden gravimeter in Singapore . 

Station 

University of  
Malaya 

Mount Elizabeth 
House No. 7 (1)*  

II II (2)* 

Raffles Museum* 

Kallang Airport* 

Jurong BM 23 

Nanyang Univ. 

Woodland BM 33 

Changi Standard 
BM 4 

Singapore 
Airport 

I f�� j� 

Lat. 
N 

1 ° 19 . 1 ' 

1 18.3 

II 

1 17 . 8  

1 18 . 4  

1 20.5 

1 20 . 7  

1 26 . 8  

1 21 . 4  

1 20 . 9  

I 

f.& !5t 

Long. I 
E 

103 °49 . 1' 

103 50 . 2  

II 

103 51 

103 52 . 5  

103 41. 5 

103 41.4 

103 46 . 3  

103 58 . 3  

103 54.2 1 

Tc\j' e- hi1J ,'"< l�J / ,  
r '-• 
7l: 

{j::. YJ i=I 
Height Date 

--
m 

19 . 20 

1957 19 . 21 1 1.7 

18.53 1 1 . 7 

{ 
1 1 . 7 

8.02 1958 
4 . 1 1 

3.05 { 1 1. 7 
4 . 1 1  

7.96 { 
1 1 . 7 
4 . 1 1 

28.87 { 1 1. 7 
4 . 1 1  

1958 7 . 77 4.1 1  

27 . 5 1 4 . 1 1 

-- 4 . 1 1  

I i I Wt(£ 

: 

L1 " Den-g go go'
' 

ro go-ro go I sity of 
crust �-

978 .--1�·;� 
-- -- - -

978. mgal mgal 
08050 08643

1 

08447 051 2  + 34 . 7  + 34.7 2 . 44 

2.42 07982 08575[ 08380 0517 + 34 . 1  + 34.1 

08007 085791 08391 0517 + 34 . 1  + 34 . 1 II 

07990 08237 081 53 05 16  +30 . 8  +30 . 8  2 . 49 

08062 08156 08125 0517 + 29 . 9  + 29.9 2 . 42 

08000 08246 081 59 0518 + 30.7 + 30 . 7  2.61 

07562 08453
1 

081 31 0518 + 32.7 + 32 . 7  2.66 

07750 07990 07903

1 

0523 + 27. 6 + 27 . 6 -

06859 07708
1 

07400
1 

0519 + 25 . 2  + 25 . 2  --

07939 -l --1_ 
0518 -- - -

g O)f1]U;t University of Malaya O):f'J.tFf f:::. J: 0 fi2:' 978. 08050 t L, -C 0. 01 mgal i -cttif 
l f:: . :e-Wl/Jl!Jfil �:::. -·:::n, , -c � ;t G = 1. 20 t 
-t 0 ttJri:t i*JJ 1!! El u 11: r� Y. � ::t � JtrJ 1Jl1J JE 0) r*l 

'!!Ht IJ � G f! t6 t:. drift 0) :nt LLE 2:' l t: . go, 

go'' �;t {- h,,f h, r-'§J })tmJ IE, BOUGUER tr�l 

IE 2:' l f:: f[i[ c',  

g0 = g + 0 .  3086 h (mgal) 
go = g + 0. 3086 h - 2rcpkh 

k :  7f-1f s l fJ O)JE� 

l:'4:z G h 0 .  :ttl!r£9: 0) ?JHt n :Jf :z G h -C 
fJ: v - ,#J:::. 0 v ,  -c �;t, B )fs:O){JU 1:::. fJ: G 0 -c ,  

o =  2. 67 t L, -c BouGUER �'#t 2: Htl l 

6. *5 

l
0
J0'-+--------------1-

� �x 
26.7 

S I NGAPORE 

103
°
40' 

1JJ 2 � � ;,, fl .t'. - A J¥.i I}) 7' - 1f - JJ1l!:. '�!' 
Fig . 2 .  Distribution of BOUGUER 

anomalies (milligals) . 

1 04
°
E 

Singapore c' fihhf:: �l ��t=J'J tJ:JtlliSO�IJJEO) 5 'i:J , t 0 t t jr G l < t�Bl n : r-'§J  v ,  t � :z G h 0 

0) �;t ,  1954 {J::. Bonini ni 2 i:i O) Worden itfJ H --C )J!IJ JE LJ:: t 0) c' 2fi) 0 4) .  -= h, �;t Washing-
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ton, D. C .  (Coast & Geodetic Survey g = 980. 1190) '2:'£�v:: L --c -tt!Jf-�]tfj0)1J!IJJE'2:' L t:: 
O#O)*a-*c, Singapore v:::: vitXO) 3 ,s(0)1J!IJJE1J ld0 � ,  v , f' h t -0'@1-J'l}1JliJ � tlJ:: . m 7 *v::ffi L 
t-:: 1@ it�ff5'2:'£i$ t -t 0 t 0) c 2b 0 i'Jl ,  1m@ 0) a *J:t.i!Bt1J!IJJEv:::: J: "J--c 

gc & GS - gGSI = + 329. 8 + 0. 3 mgal 
7Jlil G h --C v, 0 O) c, � h '2:' H!v, --c , -0-@I O)*t-* '2:' Washington '2:'£� t -t 01ili[v:::: [g!: L i:: t 
0) �� L J: r:: 1� -t t ,  ;j(O)iffi � c 2b 0. 

1'1'� 8 � Table 8 .  
1J!IJ - )E. '" s;a,io;r� w �o F-=-1 �--;=;_�;-�1JI�!lfT�1���-

Kallang Airport I 978 . 0817 I 978 .0810 978 . 0800 
Raffles Museum . 0809 i . 0802 .0793 

I 

j' __ _ Mount Eli zabeth ____ ! _____ . 0809___ _ . 0802 . 0795 
jillj�-O)�vt:lrk::k 1. 7 mgal czb � ,  j!He/iJltO)JJliJJE t L --C vi::kf'fi:J: < �� L --Cv'0 t v ';t 0. 
Cape Town cm 2 tX::kliiJH&�M!i� ht-::OO�J8"9tJ:J:t�1J!IJJE*if-*vttXO):ifil � c &J 0. 

tH 9 *::. Table 9 .  =- - -- =-- ----- __ _ __ ______ ---··-- '--�"=� c=c=-=c==�=� -----
1 

�,-===-==--==,=;- -==-�=c-c=,cc-�==c=--l,f iJliJ 5E ;;fr;- Observer g ��!$,,r,, Reference station 
1948'°'' 9 

1 954 
II 

II 

HALES & GOUGH 
WOOLLARD & OTHERS 
WOOLLARD & BONINI 
II 

I ______ - ---- - --Cambridge Pend . Apparatus 
Gulf Pend . Apparatus 
Worden Gravimeter W - 10 F  

1 979 . 6475 
. 6486 
. 6469 

Word�n Gravimeter I W - 147 . 6471 
I 

I 

Cambridge 
(Teddington 

981 . 2685 
981.196) 

Washington, D. C. 980 . 1 1 90 
II 

II 

5) 

4) 

Cambridge 1JN-J-v:::: J: 0*a-*vi, 194g,..__,9 ��i¥:f 7 :i!t�O)lEfJ1J!IJJE1Jl1"Jhht::§1i1:& i:::: , 1 ::¥- 1J 
;z 0)£�il:i, t J:t�1JliJJE� ht-:: t O)c 2b Q .  WOOLLARD �O)ts-*vi, v , f' ht iit-W-·JtrJ1J!IJJEO) 

Fs�O)t O)czb0. s:.hGO)tlf-*'2:'dJ-0 t ,  Gulf 1JN-J-O)ta-* ��iv,--c ,  2'ho6 --C J: 1-t ,�Ix�ffi 
L --Cv'0. Cambridge 1JN-J-v:: J: "J --C Teddington-Ottawa-Washington, D. C. Fs50)Jt� 
1J!iJJE1Jl:ltAA�h--C.:fci � ,  GSI 1JN-J-v:: J: 0!ff@JO)-f·�-Washington, D. C. FsiJ:t�liJJE t -0-
@J 0)-f·�--Singapore-Cape Town Fsi.1:tit.�1J!IJ5E t i::::· J: "J --C ,  1H1:t!UJ!JJ5E/r, G fJ: 0 ttt,W�]tfj 0) 
1JliJ5E1J l3tAA1±-G ht-:: -=. t i:::: tci: 0. 

i¥:f t� ±fu ±� c 0) 1J!IJ 5E v H� Ji' t 111 < , fflJ t 1J!IJ 5E ,12, c f!J u 1J!IJ 5E L -ggtv ' 7J:, S:. 0) i'/ft :m� c �-f'; o6 --C 0) 1J!IJ 5E 
t L --c O)�� '2:' �· -t 0. -0-@J O)k&,!E� i:::: J: hLf, Worden �.1:JH1J\v:: ur�5Ec/J, � v, drift '2:' 
t 'J --c v ,n t:r, mt�:tfu:mJ!O)lE.1:J1@7J:*§ � rls'J v '*wJi'c#(5E c 2' 0. -=. tivt-0'1f O)Wl1Jt1Jii-@i i:::: � "J  

O)ffe11k '2:'�· ;t 0 ii 0) c &) 0. 
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