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I I n t r o d u c t i o n ,  1 

Up t o  t h e  p r e s e n t  two t h e o r i e s  o f  i s o s t a t i c  compensa- - ----,-..--..- - 

t i o g  have  been  p u t  f o r w a r d .  The re  i s  one t h e o r y  t o  t h e  e f f e c t  t h a t  

t h e  d e n s i t y  of t h e  m a t e r i a l  b e n e a t h  a n y  h i l l  r a n g e  i s  i n  d e f e c t  t o  

t h e  e x t e n t  n e c e s s a r y  t o  produce  " h y d r o s t a t i c  ' e q u i l i b r i u m  a t  a 

c e r t a i n  d e p t h  below s u r f a c e .  

The o t h e r  t h e o r y  i s  t o  t h e  e f f e c t  t h a t  b e n e a t h  t h e  

e a r t h ' s  c r u s t  a d e n s e r  l a y e r  of l a v a  i s  met w i t h ,  i n  which  t h e  

c o n t i n e n t s  f l o a t  i n  t h e  manner of i c e b e r g s  a t  s e a .  A c c o r d i n g  t o  

t h i s  a s s u m p t i o n ,  i s o s t a t i c  compensa t ion  i s  e f f e c t e d  o n l y  a t  much 

g r e a t e r  d e p t h s  and  i s  n o t  un i fo rm.  

A c c o r d i n g l y  t h e  d e p t h  of com;)ensstion of t h e  f i r s t  

t h e o r y  i s  r e p l a c e d ,  i n  t h e  second t h e o r y ,  by t h e  t h i c k n e s s  of t h e  

e a r t h ' s  c r u s t  and  t h e  d i f f e r e n c e  i n  d e n s i t y  be tween t h e  e a r t h ' s  

c r u ~ t  and  t h e  l a v a - l a y e r .  
1) 

The f i r s t  t h e o r y  was or ig ina t<: ;? .  by =2rchcieacon I . H . P r a t t ,  

who c a l c u l a t e d  t h e  i n f l u e n c e  of t h e  Himalaya i n  I n d i a  on t h e  d e c l i -  

n a t i o n  of t h e  p lumb- l ine .  He found t h e  c a l c u l a t e d  deflections of 

t h e  p lumb- l ine  t o  be much l a r g e r  t h a n  t h o s e  a c t u a l l y  

.---- - 

1) J . I l . P r a t t ,  On t h e  a t t r a c t i o n  of t h e  Hirmlaya  Noun- 

t a i n s  and of t h ~  e l e v a t e d  r e g i o n s  beyond upor1 t h e  p lu rab - l ine  i n  

I n d i a ,  T r a n s a c t i o n s  of t h e  Roya l  S o c i c t y  of Lond. 1855, E.i45,p0 530 



obse rved .  T h i s  l e d  h im t o  t h e  c o n c l u s i o n  t h a t ,  u n d e r n e a t h  t h o s e  

mou.ntnins ;L d e f e c t  of ~ 1 2 ~ s  e x i s t e d ,  wh ich  p a r t l y  compensa ted  tkle 

2 - t t r a c t i o n  produced. by t h e  mou.nt?ins t h e m s e l v e s .  The f i r s t  man who 
1) 

s u g g e s t e d  t h e  o t h e r  t h e o r y  was t h e  E n g l i s %  c ~ s t r o n o m e r  G.R .  A i r y .  

A new e r a  i n  t h e  t h e o r y  of i s o c t n t i c  compensn t ion  s t a r t  
2 )  3 ) 

-ed. . i n  1909,  when J .F .  H~.?.yf o rd  and P.R. Helmer t  p u b l i s h e d  t h e i r  

i m p o r t n n t  r e s e a r c h e s .  3 e f  o r e  t h e  pub1ic::t ic;n of  t h e  work of Hayf o r d  

an6 Helmer t  some r emcrkab le  r e s e a r c h e s  n : ~ d  ? l r e a d y  b e e n  p u b l i s h e d  
4 

by 0 . E e  3 c l . l i ~ t z  on t h e  same q u e s t i o n ,  i n  v(hicl1 h e  s u g g e s t e d  sub-  C 

t e r r r : i - l e~n  compensa t ion .  A l s o  Hayford  h i m s e l f  had p u b l i s h e d  some 

1) G.B.Airyp  On t h e  compulr..ti.cn of t h e  e f f e c t  of t h e  
? . t t r a c  t i o n  of mountz in  m m s s  a s  d i s t u r b i n g  t h e  2 . p p r e n t  z s t r o n o -  
m l c  ;I. l a t i t u d e  of s t c t j . o n a  i n  G e o d e t i c  :;ur.veys, P h i l 1  Tr?.ns. of 
. tne H.S. of London, 1855.  B. 145, 3. 101. 2 )  J .F .  H a y f o r d ,  The f i g  
--dre o f  t h e  e a r t h  2nd i s o s t a s y ,  f rom me:l.surements i n  . the U n i t e d  - 
S t n f e s ,  3.S. Coas t  2nd Geode+,ic S u r v e y ?  1300. 5) FOR. F e l m e r ' ~ ,  The 
d.epJ,h of compens2t ion  on P r ? t t t s  t h c o r y  f c r  ey11il.i b r ium o? e x r t h ' s  
c i -us  L :!.ntl g17,:vity d i s t r i b u t i o n  f rom t h e  i n t e r i o r  bl' cont . ine : l t s  n:ld 
o1:en;l:; ' i o ~ : ~ , r d s  cons  t s  . I1epoi:ts of t l ie K.P:r . Akr'd . .I. !;risser,scli:~.f tcn :  
No. XLVI11, S, 1192.1909,  4) O e E .  Snhio t : ; ,  R e s u l t s  of t h e  pendu.lum 
c ) b ~ ? r v ? ~ t i o n s  and  soim remarks  on t h e  c o n s t i t u t i o n  of t h e  e n r t h ' s  
cl-1.1.~ l i . i ? O O  ('The Ko.rth,,po!_a.r e x p e d i t i o n  1893-.'36 by F r i d j  of  Nansen ,  
 ond do^?.) 4 )  0 . E .  S c h i e t , ~ ,  G r a v i t y  :it s e a  :.nd desc:er.t of c o n t i n e n t s  
i[:zk-ards 190'7, C h r i s  t i s , n i ? .  



3-f thi; g2oclc,.tii works _nl.tbj ...i a,:, . :. ir, 1'303 ,- -ij2!o~i- on 
1) .?a ) 

1:; i;...;y 2.v Hayf oi-,; and Bov~ic; ..-a:,, ti!,; most i r n ~ l c ,  ,-i;:~nt bcyc i:id 

L ,  ou'bt;s I y, ;.I. ,-,2rt;icul.clrly t o  t h i  p u b l i c r ~ t i o n ;  ;'.In-;~a t i g ; : ~ t i o n s  

of gra .v i ty  and i s o s t a s y "  1914  by -2. E ~ \ ~ i c .  

The r e s u l t s  of th : -  r ~ ~ c n r c h i s ,  s c  f<:r p u i j l i s h ~ d  by 

g;oddsic.t;:, have showri beyond d o u b . ~  t l ; r ; t .  1;l.i; nssdunpt i o n  o f  an  

. i s o a t a t j c  ccjrflyenoation 01 ti18 ~x:I.u::;.;, , . L \ ? ~ : V L  S U ~ ~ ? " C -  ~ d i l ~ i l  t!.it.: d . .  / 
r~norncl i ; s  i n  i;hi p lumb-l ine  dc f  l~c : - t  i ons  ? - -  nd gravi t y  ;I Gserv?.: i o n s  

t c  a gr i : a i~ : r  u x t e n t  t h a n  ?- r e d u c t i o n  w i t h o u t  s u c h  xn ~b:+sumption. 

To-day I s o ~ t ? ~ ; y  i s  no l o n g e r  n t h e o r y  '.il;t, :I. cor:;:i;:mcd 

f a c t .  One can nov! only  c n q u i r L  j . l ( j ~ r  complctc i so ; . t c i t i c  compensa- 

t i o n  i: i n  c'1iffc;rc:nt p a r t s  of i;!?.. world,,?,nci < r h L t h c r  tlic, t h c o r y  

of i 'rati-., 0 ;  01 Airy  0.r. any 0 t h ~ ~ '  i s c : a t n t i ? ~  t.h,orjr g i v - 3  bi:.t,t;.'r 

;ccordnncc w i t h  a c t u a l  f?.ct<; .  

1) J . F .  Hayford,  Thc G'igurd of t h e  c a r t h  rmd i:;ouL:!:l;; 

i r o n  i ; l ~ : ; - ; ~ ) . ~ > ~ . ; ; i ~ n t s  i n  t h ~  U n l t ~ d  S.t?.fU~.s~ Ij. S O  C.i.:::t and 

GL. C U ~  t i c  : ; L I S ' V C ~  . I.i-,09 . 
1; J . F .  i l ; : y i ~ r . ? ~  -.rid 7 i i l l i a m  Icovic, Th;. Lr'f':c of ,tope- 9 

gr:lyhy and i s o s t n  t , i c  ccmpdnsatiol i  upon t , h ~  i nl icnsi  t y  o f  g r ~ . v i  l;y 

I!. 3. Can. : : t  riild G i o d e t i c  Survey.  1'..!10. 

2 )  :irill:inm Bowid, I n v i s  t ig : i t ion ; ;  of  :. r::.vity and i s o s  t z  - 
.:I, ,U. 3. C .  :;nd G .  3. 1(!17* 



4 

Also we may try to ascertain how grcat thc dcpth of compensation 

is,according to the hypothesis of Hayford; or thc thickness of 

the Earth's crust and the lava is, according to the hypothesis 

of Airy. 

Geodesists nearly all follow the hypothesis of Pratt, 

because) in its geodetic aspect, it leads t,o about the 09.me rc- 

sults as the hypothesis of Airy and it is at the same t ime, 

muuh easier to deal with mathematically. The geodesists, especia 

-1ly Hayford and Bowie, adopt the simple assumptiollgthat cornpen- 

sation is complete; that is to say9that for each elevation or 

each valley, no matter how small, them is a corresponding 

defect or excess of mass. On this assumption Hayford in 1909 

calculated, from the plumb-lin deviations in the U.S.A., that 7 
the depth of compensation was 113 and again, from U . S . A .  

2 ) data in 1910, that the depth was 122 Km. Bowic thinks the most 
3 reasonable value for the depth of compensation is 96 Km. and the 

basis of plumb-line deviations and gravity anomalics in the 

4 )  U0S.A. Helmert obtained a value 118 Krn. in a quite a different 

manner. He investigntcd the course of gravity anomalics from 

thc ccntres of continents and on-enns tow-trds thc consts, by 

mans of -L formul? involving the depth of compens,n.tion, 2nd there 

-by finding the depth of compensation best expl?ining the 
1) Hayford Fig. of Earth p 146. 2) Hnyford Suppy. nnomaliaJ* Invest. p 58. 3) Bowie Invest. of gr. & is. p 133. 

. 4 )  He1mer.t ,P 11%. - 



5 

S t  i s  s u r p r i s i n g  how ;11 t h e s e  v a l u e s  o b t n i n e d  i n  

d i f f e r e n t  w2ys f o r  t h e  d e p t h  of compensl . t ion,  n g r e e ,  c o n s i d e r i n g  

t h n t  t h e  d e p t h  of compensa t ion  may v n r y  w i t h i n  p r e t t y  wide  

l i m i t s ,  w i t h o u t  t h e  f o r c e  of g r n v i t y  b e i n g  n o t i c e a b l y  a f f e c t e d  

e i t h e r  i n  a- .gni tudc o r  d i r e c t i o n .  

Hayford h a s  c a l c u l a t e d  t h e  f a c t o r s  by which  w e  have  
t h e  

t o  m u l t i p l y ~ t o p o g r a p h i c c l  r e d u c t i o n  of pcndulum c n o m a l i c s  i n  

o r d e r  t o  o b t ? i n  t h e  T o p o g r a p h i c l i s o s t a t i c t t  r e d u c t i o n .  ( f o r  

s h o r t  ttToL90. i s o s t a t i c t 1  r e d u c t i o n  ) Vide  Hayford  F i g u r e  of 
X a r t h  p .  70 .  

I n  c o n n e c t i o n  w i t h  t h c  r e d u c t i o n  of g r z v i t y ,  H ~ y f o r d  

and Bowie have c o n s t r u c t c d  t a b l e s  by mc-tns of which  t h e  topo-  

g r 2 p h i c  and i s o s t a t i c  r e d u c t i o n s  of g r . - . v i ty  c a n  b e  c n l c u l n t e d  

f rom zono t o  zone f o r  n d e p t h  of compcnsa t ion  of 113.1 Km., i f  

t h c  nverngc  h e i g h t  of t h e  zonos i s  known. Vide  Hayford  a n d  
Eowie p .  30-47. 

Bowie moreover  h a s  c s l c u l l . t c d  t h c  f n c t o r s ,  by which  

i s o s t a t i c , ~ ~ l l $  reduced  v n l u e s  f o r  t h e  d e p t h  113.1 Km. h a v c  t o  b e  

m u l t i p l i e d  i n  t h e  d i f f e r e n t  z o n c s ,  i n  o r d c r  t o  o b t a i n  t h c  c o r r e s  

-pondinp  v a l u e s  f o r  o t h e r  d e p t h s ;  of compcnsn t ion .  Bowik 'c  

t a b l e s  a r c  c a l c u l ? t ~ d  f o r  t h c  d c p t h s ;  42 .6  K m . ,  5 6 . 9  Km.85.3 Km. 

156.?5 Km. and 1 8 4 . 8  Km. Vide Bobvie ' s I n v e s t i g a t i o n s  p . 9 8 - 3 9  

The o b j e c t i o n  n g : ~ i n s t  P r a t t ' s  h y p o t h e s i s  i s  t h n t  i t  

is d i f f i c u l t  of c ~ p l , ? ~ n ? . t i o n  f rom c gcophys i c - . l  o r  g c o l o g i c ? l  

p o i n t  of v icw,  because  t h e  dc:pth of compcnsnt ion  ?.ppervrs t o  b e  

fnr i n  c x c ~ s s  of v n l u ~ s  a c c e p t n b l c  g e o l o g i c a l l y  o r  g c o p h y s i c ~ . l l y  



6 

However t h i s  :!..ssumption i s  v e r y  u s e f u l  onc f o r  t h c  g c o d c s i s t  

bet$-,use i t  t r c n  t a  t h c  i s  os t n t i c  compcnsa t i o n  i n  t h c  s i m p l c s t  

p o s o i b l e  m n n n ~ r  m x t h c m ~ ~ t i c n l l y .  The g c o d ~ s i s t  h a s  l i t t l c  conccrn  

as t o  how t h e  h y p o t h e s i s  uscd by him may be expl?.ined geophys i -  

c a l l y  o r  gco log ic ;x l ly .  

It i s  q u i t e  n a t u r a l  t h a t  g e o l o g i s t s  have ?- d i f f e r e n t  

p o i n t  of view. They s t ~ r t  w i t h  g e o l o g i c a l  f a c t s  and t h e o r i c s  

2nd procoed ?.fter\iiards t o  i n v c s t i g z t e  t o  what e x t e n t  g e o d e t i c  

conclus iGns  m y  s u p p o r t  t h e i r  r e s u l t s .  G z o l o g i s t s  i n  g e n e r z l  

seem t o  ~ r r i v c  p u t  t h e  c o n c l u s i o n  t h z t  A i r y ' s  h y p o t h e s i s  i s  morc 

c o r r e c t  than F r n t t ' s .  

From the  works of L.Koeber, F . K o s s m t  and A .  Born ,  

i t  i s  3 v i d e n t  how g e n e r a l l y  g e o l o g i s t s  a r e  i n  f a v o u r  of A i r y ' s  

h y p o t h c s i s ,  x h i c h  they  c o n s i d e r  t h e  only  c o r r e c t  i s o s t a t i c  
V i a c .  I,. Kocbcr, The B u i l d i n g  of t h e  E a r t h  1921.  

h y p o t h e s i s .  3'. Kossmat,Tha f o r m ~ t i o n  of t h e  Medi te r ranean .  
rnount2,in c h a i n s  e t c .  A.Born I s o s t a s y  & g r a v i t y .  
geophysicists c o n s i d e r  A i r y ' s  h y p o t h c s i s  f a r  

m o r ~  c o r r ~ c t  th:m P r r - ~ t t  ' s .  For  exam )le t h c  Q e r m ~ n  g e o p h y s i c i s t  

A .  Wegenir b,-.scs h i s  t h e o r y  o f  c o n t i n e n t a l  d r i f t  on A i r y ' s  
A .  Vcgcner,  The f o r m a t i o n  of C o n t i n e n t s  and 

h y p o t h i a i s  Oceans,  1912.  

H o w c u L r  up t o  now, I nm n o t  aware of any one hav ing  

m ~ d e  zn n t t ~ m p t  t o  t c s t  A i r y ' s  h y p o t h c s i s  mnth'emntic211y by 

mel.ns of t h c  gr:l.vi t y  n n o m n l i c ~  o r  p lumb- l ine  d e f l e c t i o n s  and t o  
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P r a t t ' s  h y p o t h e s i s ,  as p c r f c c t e d  by Hayford  and  

Bowic, c x p l n i n s  g r ~ v i t y  a n o m a l i e s  and  pendulum d z v i ? . t i o n s  i n  

t h c  U.S.A. q u i t e  w e l l .  

However, even  a s u p c r f i c i n l  r c v i c w  of  t h e  a n o m a l i e s  

i n  Europc  and t h e  C a u c ~ s u s  d i s c l o s e s  1 2 r ; , e  n r c a s  i n  wh ich  t h e  

anomalies cnnzno t  be w e l l  e x p l a i n e d  by i s o s t ? s y .  We mezn t h c s c  

g r a v i t y  a n o m ~ . l i e s  i n  Europe  2nd t h c  Cnuc2sus wh ich  r e m a i n  a f t c r  

t h e  orogr? .phica l  r e d u c t i o n , .  Fo r  inst,- ,nco n ~ ? ~ r l y  t h e  whole  of 

t h e  Medi t e r r a n e n n  shows p o s i t i v e  g r - v i t y  a n o m a l i ~ s  up  t o  
I- 

0.1 c m / ~ c c  and  t h c  whole of t h e  Casp izn  Sc2  shows equT .11~  

l - t r g c  n e g ~ t i v c  anomn3ies .  

I n  nny cnse  Europe  2nd t h e  Caucnsus 2 r c  a r e ? s  s o  

i n t ~ r c s t , i n g  f rom t h e  geophysic1.1 p o i n t  of view t h a t  t h e y  c e r t n i n  

-ly d e s c r v c  a mark comprehensive 2nd d c t y i l c d  i n v c s t i g z t i o n .  

Thc aim, of t h i s  p a p c r  i s  ( I )  t o  i n v ~ s t i g n t c :  t h e  

g r - . v i t y  clnom2lies i n  t h c  Cc?ucnsus and  some o t h e r  i n t e r e s t i n g  

s r iPao  i n  Europc  undc r  t h e  a s s u m p t i o n  of t h c  I s o s t n t i c  t h e o r y .  

(11 ) To show whe the r  A i r y ' s  h y p o t h e s i s  e x p l n i n z  t h e  g r a v i t y  - 
nnomnl i c s  b e t t e r  t h a n  P r a t t ' 3 .  (111) By m~.?.ns of :>11 t h e  g r a v i t y  

s t n . t i o n s  which hnvc been  r educcd  i s o s t 7 - t i c - l l y  up t o  t h c  p r e s e n t ,  

t o  rev ivw t h e  d i s t r i b u t i o n  of g r . ? v i t y  2nd c*?.lcul?.te t h c  

f l a t t e n i n g  of t h e  E a r t h - s p h e r o i d .  



I1 Reduc t  i o n  of Gr,?>vity 

K?ps 2nd i2;5--- u s e u  i n  t n e  i n v e s t i ~ , a t i o n s .  

Fo r  t h e  i n v e s t i g , q k t i o n s  I u*:s :.ble t o  u s e  t h e  f O l l 0 v r -  

i n g  anpn;- 

1. lisp o f  t h e  High K o u n t a i n ~  of t h e  Caucasus  on the  

s c a . l e  1 143,000 (7 s h e e t s ) .  These  s h e e t s  b e l o n g  t o  t h e  b i g  

-;cork i n  t v ~ o  volumes by G .  T,Illerz,bacher. "The High Reg ions  of t h e  

Caucasus"  . 
2 a Map of t h e  Caucasus  Main Ranges on t h e  s c a l e  

7 - 

1 : 400,000 by IL. Von Dechy ( 2  s h e e t s ) .  

3 .  The C a s p i a n  Sea  w i t h  100  m e t r e  c o n t o u r s ,  on t h e  

s c a l e  of a p p r o x i m a t e l y  1 : 4480,000,  ( t o  bc f o u n d  i n  t h e  work 

on t h e  Casp ian  E x p e d i t i o n  of 1914-1915 b y  E . V .  ~ n i p o d ~ v i c h )  . 
4 The R u s s i a n  T o p o g r a p h i c a l  1da;~s o f  t h e  Caucasus  a n d  

s u r r o u n d i n g  re1;ions on t h e  s c a l e  of 1 : 420,000.  

5 .  Do. . .  ,. Do. or1 t l i ~  :;c;l.:ic 1 : 1 68C 000 .  

6 .  Some s h e e t s  of t h e  International maps on t h e  s c a l e  

1 : 890 ,000 .  

'1 . The maps of t h e  Caucnsus  a n d  Turkey i n  ~ s i a  from 

' b  ":hI::rces nil Atln.ol l  s c a l e s  1 ; 3,5(>0,i)Oc7 a n d  1 : 5 , 0 0 0 , 0 0 0 ~  . 

f! . The P h y s i c a l  Map of Europo 1 : 1:20900@0 from 
/ 

Andrcc 'o  Xand ,A-tl?,s. 
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9. ' Charts of Ocean : , eoundings by GrolJ,, scale at the 

centre, 1 : 40900090000 

10. The Physical Map of the world by H.Haack Justus 

Perthes, (~otha), scale at the centre,l : 20~000~000. 

11. Topographical Maps of the Riesengebirge, scale 

1 : 25,000. 

12. Do. ... Do. and surroundingss scale 

1 : 200,000* 

13. A Topographical Map of the Harz Mountains, scale 

1 : 100,000. 

14. Austrian Topographical Naps of the Austrian Alps 

and Carpathians on the scale 1 : 75,000. 

15. Maps of the surroundings of L!unich,Vienna, 

Nurnberg, Leipzig, Bonn and Madrid on the scale 1:200,000.' 

161 Maps from Andrees Hand Atlas for different parts 

of Europe on the scales 1 : 750,000 to I : 3,000,000. , 

17; The Physical Map of Central Europe on the scale 

1 : 39500,000. 

Of these maps, Numbers 12, 13, 14 show altitudes 

by contours as well as by t':;i;!~z.c;! denoting heights. Ihps Nos. 

3, 8, 9, 10 and 17 usc layers of different colours, and all 

other maps altitude figures denoting height, and hill shading. 

The altitudes on the Russian maps a r e  in ~ussian f e e t  - 
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(1 met re  3.281 R u s s i a n  f e e t )  and  t h e  a l t i t u d e s  and  d e p r e s s i o n s  

on t h e  o t h e r  maps i n  m e t r e s .  A l s o  t h e  R u s s i a n  Map No. 3 ' o f  t h e  

Casp ian  Sea  u s e s  m e t r e s .  

V i t h  t h e  a i d  o f  t h e s e  maps t h e  a v e r a g e  h e i g h t s  of t h e  

d i f f e r e n t  a r e a s  s u r r o u n d i n g  t h e  g r a v i t y  s t a t i o n  were  d e t e r m i n e d ,  

and  t h e  Topograph ic  and  T o p o - i s o s t a t i c  r e d u c t i o n s ' v t e r e  c a l c u l a -  

t e d .  The r e s u l t s  of t h e  g r a v i t y  measurements  of t h e  s t a t i o n s ,  

r educed  by me,. were  t a k e n  f rom t h e  p a p e r s  of B o r r a s ,  t o  wh ich  

r e f e r e n c e  w i l l  be  made l a t e r .  I n  t h e s e  p a p L r s ,  B o r r a s  r e d u c e s  he  

r e s u l t s  a t  a l l  g r a v i t y  s t a t i o n s ,  known t c  him,  i n  a c c o r d a n c e  
It 

w i t h  one s y s t e m  ( t h e  s o  c a l l e d  ItPotcdam s y s t e m l l ) ,  s o  t h a t  a l l  

t h e s e  g r a v i t y  me,.surements a r c  comparab le ,one  w i t h  a n o t h e r .  

The methods of r e d u c t i o n  and  t a b l e s  r e q u i r e d  f o r  t h i s  

Durpose 

I n  o r d e r  t h a t  t h e  obse rved  v a l u e  of g r a v i t y  'Ig" may 

hc  comparable  w i t h  t h e  t h e o r e t i c a l  v a l u e  \d o  , i t  i s  n c c c s s a r y  

t o  a p p l y  c c r t a i n  r c d u c t i o n s  t o  t h e  v a l u e  o f  " g " .  There  are  f o u r  

rncthods of r e d u c t i o n ,  cor rcspond. ing  t o  t h c  c x a c t  manncr i n  

which w e  t r c a t  t h e  d i f f e r e n t  i n f l u c n c c s  a f f e c t i n g  t h e  o b s e r v e d  

v a l u e s  of g r a v i t y .  

(1) The F r e c - a i r  r c d u c t i o n ,  ( 2 )  Thc Bouguer  r c d u c t i o n ,  

( 3 )  Thc p u r c l y  Topographic  r c d u c t i o n  a n d  ( 4 )  Thc T o p o - i s o s t a t i c  

r cduc  tion;!. ) 

f )  The o f t c n  mentioned C r o g r a p h i c a l  r e d u c t i o n  i s  o n l y  a p a r t  of 

t h ~  Bouguer r c d u c t i o n .  



By means of the Free-air reduction, also called the 

Altitude reduction or reduction to sea-level, the observed 

values are reduced from observation level to sea-level9 taking 

into consideration the altitude of thc station of observation 

only. This correction amounts to =0.0@03086xH , where H 33 
denotes the height at which the observation was taken in metres, 

and R the radius of the earth,expressed in terms of the same 

unit. The value of the gravity reduced by this correction is 

usually designated by "gQ" 

To obtain the correct value of gravity reduced to 

sea-level, the attraction of the strata lying between the obser- 

vation point and sea-level must be taken into account. 

In addition the uneven distribution of the land 

masses i n  the immediate neighbourhood of the station must be 

considered - that is to say the orogra~hical reduction (or co- 
rrection) must be applied. 

The correction rcsults from the fact that on a hill 

top the value of gravity is less than on a high plateau of the 

same altitude, because in the first case the rocky masscs in the 

surrounding area  do not rea~h up to thc altitude of the station 

itself, and hence a positive corrcction must bc applied.' 

The observation will howcver also bc positive for 

sta.t.ions situatcd in valleys, becausi: the surrounding masscs 



which a r e  h i g h e r  t h a n  t h e  s t a t i o n  i t s e l f ,  a l s o  t e n d  t c  d i m i n i s h  

t h e  v a l u e  of t h e  f ~ r c e  o f  g r a v i t y  a c t u a l i y  obse rved  a t  t h e  

s t a t i c n .  This c o r r e c t i c n ,  ( g t  - g )  , vrhicn i s  a lways  p c s i t i v e ,  

can  g e n e r a l l y  be crn i t ted  i n  l c c : i l i t i < s  ?:ilic:i shcvi l i t t l e  cjr nc 

r e l i e f  of s u r f a c e ,  b u t  i n  t h e  c a s e  of r~ iounta in  c h a i n s  a n d  

s p a 1 1  c o n i c a l  n c u n t a i n  2eaks ,  t h e  v a l u e  itay even  exceed  
1 

C . G 3 ( j  ~ r f i / ' s e c ' ~ .  

Taking  i n t c  a c c c u n t  t h e  s h c , l e  t1:rce c c r r e c t i c j n s  

a l r e x d y  men t i cned ,  \Ye o b t a j n  t h e  f c r m i l r ~  f ~ r  t h e  Bouguer 

r e d u c t i o n  v i c : -  

where  D d e n c t e s  t h e  d e n s i t y  of t h e  s t r a t a  and  Dm t h e  a v e r a g e  

d e n s i t y  o f  t h e  e a r t h ,  

The Bouguer r e d u c t i o n  1s p r e f e r a b l e  t o  t h e  Y ' r e e - a i r  
I i I L L ,  

r e d u c t i o n ,  because  ~t t a k e s  i n t o  a c c o u n t  t h e  a t t r a c t i o n  c f  t h e  
1 .  

s t r a t a  s l  t u a t e d  be tween t h e  s t a t l o n  and  s e a - l e v e l  . 'The c a l c u l a -  
I I (  I L I 

t i c , n  : f  t h l s  r e d u c t l c n  i s  a l s c  n e a r l y  as  e a s y  a s  t h e  F r e e - a i r  
L ,  8 s .  , I (  

r e d u c t i o n ,  b e c a u s e ,  e x c e r t  f t r  t he  orc,?rapJzlcal  r e d u c t i o n ,  
L I 

which  o f t e n  can  be n e g l e c t e d ,  w,e have c n l y  t o  m u l t l p l y  t h e  
# , I  

3% ( '  r e s u l t s  cf  t h e  F r e e - a l r  r e d u c t i o n  by t n c  f a c t o r  I - - 
I 4Dm 

, '  \ i  . ( \ t i !  : ' t [ .  . , 
. . . . I , '  ' .  



in order to obtain the Bouguer reduction. . 13 

It is found that the Bouguer reduction gives better 

results, when the orographical reduction is calculated for a 

more extended area round the station of observation. As however 

the orographical reduction is only calculated for an area of 

radius about 100-200 Km. or even less, and the curvature of the 

Earth is not taken into account, the Bouguer reduction cannot 

bc considered as quite cor8rect. 

In order to design a form of reduction which takes 

into account all features of the relief, the continents as wcll 

as the oceans of the whole globe, it becomes necessary to 

determine the average heights of different zones reckoned from 

the station under consideration as centre, and extending round 

the globe, and to calculate the combined influence of the 

masacs in cnch zonc on gravity. 

Thi:: reduction is the purely Topographic reduction< 

The formulz for the Purely Topographic reduction is :- 

I whcrc gt denotcs the combincd effect of the topography of the 

entire globe. 

If, in addition to the attr2ction of the superficial 

masses, we tske into consideration the compensation of subtcrra- 



nc ,m u c f e c t s  3nd cxcosses  of mss, we o b t a i n  the l t T o p o - I s o s t a t i c  

r c d u r . t i o n M  . T h c  f or:nuln f o r  t h i s  r e d u c t i o n  i s  

i n  rrhich tk;j, rcpl-i:;untii t h e  a t t r a c t i o n  of t h e  cornpcnsa Ling sub-  

terrsc?ii~,.l.n ma;;:; ;:nomalicn, According as we f ollovs t h e  i o o o t ; l t i c  

th::~:c.y r ~ i '  IIrr,yf or i :  or. t h : ~ t  c;f A i r y ,  I r e  w i l l  hz,vc t o  a d o p t  a r c -  

d u c t l o n  f o r  thi.: on t h ~  H q y f d r d  o r  Ai ry  system@ 
*a 

Poi- i. prL!iminnry d i s c u z s i o n  WE: may taki: f o r  @ 

t h c  v.:),luc found by I I c l n c r t ,  which Borraa  used f o r  h i s  r c d u c t i o n  

I .  i t  thi pi . r ,gr~ .phics l  1: ; t i tudc ~f t h e  s t a t i o n .  

It, .~1.11. %.. S ~ O I ; ~  1:~1;61- t h ~ l t ,  t h i s  V:;.IL\C i?f k; 0 i s  

t c o  - i ~ ! . l l  and . dccord ing  n a  i,!~ compnrc XO 
w i t h  [ 1 ; 0 9  :;,.I; o:t, 0;. 3~ . , . . . . . , ~ J C .  r i b t ~ i n  t h e  g r a v i t y  r.ir:orr,.~lics 

undcr  tlit. :.Ln:;un!y t.i o n  o f  t k ~ :  Free-.;ir r e d u c t i o n ,  t h c  Bougucr 

r educ t j . 02 ,  the. .2!11. ~ 1 . y  t;opograi?hicr?l reduction o r  t h e  Tope- 

I s o L : ~ ~ - L ' ( ; ~ c  riductior:. 

T n  the i : l r l ;~cnt  p:.pcr shall f ollos! IByf o r d  ':; 
proc~durc . .  f c;;: c;;~.l.ci;.l :.l;ing t h c !  Topo(ls;rnphic 130s ;;::tic r c d u c  l;ion, 



c;::ch a f  >ihich t h c  3vcr;~gc a l t i t u d e  ( o r  d e p r e s s i o n )  i s  d e t e r m i n e d .  

Prom t h e s c  t h e  i n f l u e n c e  o r  g r a v i t y  of t he  whole 

n r e z  i s  cn lcu1at t :d  by me:lns of t n b l c s .  

I t  mny bc her?  n o t e d  t h a t  t h e  d e p t h  o f  compznsa- 

t i o n  o f  Hayford's t a b l e s  v i z .  113.7 Kh. i s  n o t  t o  be measured  

J? l r o m  s c - - l e v e l  b u t  f rom thd a c t u a l  s u r f l c e  of  the e a r t h .  
b 

T ~ G  zonLs xnd s e c t o r s  used i n  t h i s  method of com- 

p t n s z t i o n  ? r e  t h e  f o l l o w i n g  :- 

VIDE TAB13 ON NEXT PAGE 0 



16 

Table I 
Outer radius ,, X O I I ~  Outer radius . I ,  

A 2 rn 1 1s 1" 41' 13" 1 
B 68 4 1'1 1 5 1  52 1 
C 230 4 16 2 11 53 1 
D 590 ti 15 2 33 4G 1 
E 1280 8 14 Y 03 05 1 
F 2290 10 13 4 19 1.3 16 
G 3620 12 12 5 46 34 1 I) 
H 5240 16 11 7 51 J0 Y 
I A440 20 10 10 44 6 
J 12400 16 9 14 09 4 
K 18900 20 8 20 41 4 
L 2RAOO 14 7 2b 41 2 
M .i8800 14 6 35 5,4 18 
N !19000 l t i  5 51 0 4  1 (i 
0 1 ti6700 2U -4 72 13 12 

3 105 4s  10 
2 150 56 f 
1 1SU 1 

n denotes the no of d iv i s ion8  of  the zones. 

1) I have divided the zonee 18-14 into  8 eec- 
tors .  
2 )  In Hayford & Bovriels tab les  the table  f o r  
zone C i e  somewhat erroneoue, as pointed out 
i n  Bowie's wInveetigations" p 9.  I had carried 
out nearly a l l  my computattons,before I rec- 
e ived t h i e  book, ueing the orroneoue table.As 
the mietake wae t r i f l i n g ,  I have not  reoomput- 
ed my reeu l t s ,  
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The a v e r a g e  h e i g h t  and  d e p t h s  of t h e  zones  were  

de t e rmined  i n  t h e  u s u a l  manner by a p p l y i n g  t o  e a c h  map a t r a n s -  

p a r e n t  p i e c e  of p a p e r  w i t h  zones  a n d  s e c t o r s  n n r k e d  on i t ,  t o  

s u i t  t h e  s c a l e  of t h e  m ~ p .  The a v e r a g e  h e i g h t  of e a c h  zone was 

e s t i m a t e d  w i t h  t h e  h e l p  of t h e  he igh to , shown  on t h e  m.ps.  

The h e i g h t s  of zones  A-lh f o r  a l l  s t a t i o n s ,  and 

o c c a s i o n a l l y  a l s o  t h e  h e i g h t  of zone N ,  were  o b t a i n e d  f rom . . 

v a r i o u s  spec i z -1  mps. 

For  European  s t a t i o n s  t h e  h e i g h t s  of zoncs  N - 1 3  

w e r k  o b t a i n e d  f rom t h e  P h y s i c a l  Map of C e n t r a l  E u r o p  on t h e  

s c a l e  1 : 1 2 .  l l i l l .  I n  o r d e r  t o  e s t i m a t e  t h e  h e i g h t  of zones  

N-13 f o r  t h e  Cauczs i an  s t a t i o n s ,  I myse l f  p r e p a r e d  n s p e c i a l  

map of t h e  Caucasus  and  s u r r o u n d i n g  c o u n t r y  on t h e  s c a l e  

1 E 3 ,500 ,000 ,  on which t h e  a v e r a g e  h e i g h t s  of 15-minute  s q u a r e s  

were c a l c u l a t e d  f rom t h e  whole of t h e  a l t i t u d e  d a t a  ( h e i i g h t s ,  

d e p t h s ,  c o n t o u r s ,  e t c . ) ,  i n  my p o s s e s s i o n .  I n  o r d e r  t o  d e t e r m i n e  

t h e  h e i g h t  of zones 8-1 f o r  a l l  s t a t i o n s ,  I worked o u t  t h e  
0 0 

a l t i t u d e s  and d e p t h s  of s q u w e s  of 5 l z t .  X 5  l o n g .  by means 

of t h e  P h y s i c a l  Nap of t h e  World and  G r o l l ' s  c h a r t s  of Ocean 

S o u n d i n g s .  

The i n f l u c n c c  of zones  A-D h a s  n e a r l y  a l w a y s  been 

d e t e r m i n e d  i n d e p c n d c n t l y  f o r  e a c h  s t a t i o n .  Very o f t e n  a l s o  t h e  

i n f l u c n c c  of zoncs 18-9 h a s  been  o b t z i n e d  i n d e p e n d e n t l y .  

Only i n  t h e  c a s e  of r e d u o t i o n  of s e v e r a l  s t a t i o n s ,  
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in closz proximity one to another, was interpolation resorted 

to, to ?.ny grent extent. 

Sincc the influance of zones 8-1 is very ~ r n ~ ~ l l  

and varies but little from point to points it is necessary to 

calculate the'influencc of thcse zones for a few stations only. 

For all thc othcro they may be found by interpolation. 

in cases, when in the neighbourhood of stations 
J 

rcduccd by me, there were already atations reduced by Bowic 

(for instance in the Harz mountains,Riesengebirgc et;c.), the 

follo?iiing proc;edure was adopted. The distant zones wcre intcr- 

pclatcd i'rom the data of Bowie occasionally, starting f ram 

zone 13 onward. Such interpolated values havc bcen marked with 

Thc Topo-Isostatic reduction for zoncs A - 0  can be 

obtairiccl ac~a,.t-at2ly from thc tables o f  Hayford and Boaic. 

But in zones 18-1 both corrections have bcen 

lumped togcthcs,and sc w c  g c t  only thc sum of thc Topographic 

and Is os tci, ti c reductions . 
lience the Topographic reduction of the influences 

of thc . Y ~ ! l O 1 ~ !  gldbe by itself is unobtainable from his tables. 

Uevcr thl  e s s  i t is interesting and also important 

to clctcrminc the pt.ircly Topographic reduction, because this 

redu.ctior! is capab le  of showing morc clearly what gravity 
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anomal ies  we a c t u a l l y  g e t ,  i f  we n e g l e c t  i s o s t a t i c  t h e o r i e s ,  

t h a n  t h e  s i m p l i f i e d  r e d u c t i o n  of Bouguer. I t  i s  neces ' sary  

hoivcver t o  c a l c u l a t e  a fern t a b l e s  f o r  t h i s  purpose .  

On page 25 of Hayford and Bowie t s  book, p r o p o r t i o n -  

a t e  f a c t o r s  E T , E C , E R  a r e  g i v e n  f o r  t h e  Topographic ,  t h e  

I s o s t a t i c  and t h e  T o 2 o - I s o s t a t i c  r e d u c t i o n s  c o r r e s p o n d i n g  t c  t h e  

i n f l u e n c e  of t h e  mass u n i t  a t  d i ' f f e r e n t  d i s t a n c e s  from a  s t a t i o n .  

The T o p c - I s o s t a t i c  r e d u c t i o n  d e r i v e d  by means 'of 
r 

Iiayfordo table:; f o r  any zone g i v e s  t h e  Topographic  o r  I s o s t a t i c  

r e d u c t i c n  of t h a t  zone,  i f  m u l t i p l i e d  by t h e  q u o t i e n t  E T  : E a  

o r  E d  : ER r e s p e c t i v e l y ,  provided t h e  v a l u e s  of E7 EG and E8 
J 

do n o t  v a r y  t l ~ d  n111ch w i t h i n  t h a t  zone.  T h i s  i s  s u f f i c $ e n t l y  t h e  

c a s e  i n  zones 18-8. 

The value. of E-r : E R  f o r  t h e s e  zones a r e  i n  t h e  
9 . ' I  .", 

o r d e r  s t a t e d  0.00,  0.01,  0.09, 0.10, 0.15,  0 , 2 4 9 A 0 . 7 8 9  1 .44,  

2.74 and 4 .48 .  

But a f t e r  zone 7 , t h e  zones become s o  broad t h a t  i t  

bccnmcs impossible t o  de te rmine  t h e  T o p o g r ~ p h i c  r e d u c t i o n  w i t h  

s u f f  i c i c n t  sccusacy.  There fo re  t h e  a r e a  of t h i s  zone has: been 

subd iv idzd  i n t o  s rna l l c r  zones.  The method of s u b d i v i s i o n  i s  

g i v e n  i n  t h e  fo!.lol:~j.ng t a b l e .  

I n  nr-1c.r  t~ dctcrminc  t h e  i n f l u e n c e  of  t h e  v a r i o u s  

z\ \nlas  nc havc t o  mu1 t l p l y  H a y f o r d t s  f a c t o r  'IE" by t h e  A t t r a c t i o n  
7 

c ~ n : ; t a r l t  ' k t  and t h c  mass of each zonc. 



I f  h denotee the mean height  of  8 zone, the 
portion under diecussion may be deeoribed ae 
the outer rind or layer of a seotor  o f  a 
sphere, the thickness o f  the  rind being h. 
The volume o f  tiuch a portion 1s:- 

where R i e  the eemi-diaaeter, R1= R+h, 8,the 
inner and 62 the outer radius of  the zone in 
angul,ar measure. 
The influence of  the whole zone w i l l  then bet- 

(1) 
2 3 ,T k D (Ka - R') (cos 8, - cos €$) ET. 

Table I1 
Outer 

z o o c  
Radius 

1 180" 
2 170 
3 160 
4 150 
5 140 
6 130 
7 120 
8 110 
9 100 

10 90 
11 80 
12 70 
13 60 
14 55 
15 50 
IG 46 
17 40 
18 35 
19 30 
20 25 

ET. cos 0, --- cos Q2 

-10 
where k-667x10 and the mean fhiokness of the 
O N S ~  of the e-th D i s  2.67, 
In this expression only the faator (R''--I?)= 

ha 
= 4 3  h+  3 %+ g2) depend. on the height of tSIe 
zone. 

9 ~ . - F b r ? o a a  uod WILLIAM Borne, L 0.. P. 14 
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Thc tl1irc.l t e r n  of t h i s  e x p r e s s i o n  can alviays be 

ncg lec tcd  and t h c  scc:~iid a l s c  could  u s u a l l y  bc o m i t t e d ;  conse- 

qt~eri t? .y thi.:;: f'actcjr v a r i e s  p r a c t i c a l l y  a t  a l i n e a r  r a t c  w i t h  t h e  

t h i c k n e s s  h cf  the zone. A s  t h e  more d i s t a n t  zones  a r e  mos t ly  

s i t l ~ a t e d  i r ;  t h e  t!cc:aii, t a b l e  I1 has  been computed w i t h  t h e  

a 
f',zc to r .  il = D-1-03 ;= 1 . 6 4 ,  i n s t e a d  of D p  i n  which t h e  f i g u r c  1 .03  

i.xpr.i;s;;c;cs t h e  avcragi: d e n s i t y  a f  s e a  w a t e r .  

I n  t h c  case  o f  s o l i d  ground the v a l u e s  o b t a i n e d  

I r o n i  t h e  t a .b lc  :;lni)ulci b(-: m u l t i p l i e d  by t h e  f a c t o r  I ,63 .  The 

l.i. . , l~ ., 'i;-. a u'~tairir:d arc: g i v e n  i n  t h e  l a s t  colurnrl :rf Tablt; 11, and  

t h c r ; ~ .  nhc.:rl multiplied 'by (R' - R ) , g i v e  t h e  i n f l u e n c e  o f  t h c  

V ~ T '  j. 01:s zone n . 
I n  determining t h c  inf1uc:nce of t h c s c  z o n i s  on 

r;.ri-l.vit:y' i t  i.3 n o t  tic ccnsar'y t o  a c t u a l . 1 ~  e s t i m a t e  t h e  a l t i t u d e  

; ~ n d .  cc?.rry o u t  t h c  computatic:is :for each s t a t i o n .  The r a j  c r i t y  of  

t h i  :; tat,i i lns can bc. d e a l t  w i t h  by interpolation. 

Bccida: s  in7urcsl;igating t h e  i s o s t a t i c  hyp ; , thcs i s  ' i n  

i t s  s t r i c t l y  : l . i ~ n i t i . c l  s c n s e  ( v i z ; -  t h a t  f o r  every  single; c lcva-  

t i 0 7 1  ,?r C V C n  -bhc ~ i ~ l a l l ~ s t  v a l l e y  t h c r c  is a cirrc,sponding sub- 

tcrT'n.ni:nr! d( .%'cct  c ! ~  ( :XCCSS .?f masS), Hayford and have 

f l lr thCr illvc::.: t i g a   ti.^! whc.thcr tlic i s o o i ; ~  i . i c  col .~p~;l~:;at i  ,,n ,::nly 

rcl.ai , , ,c ti.. 1ari;c. ,:ir.c:;-l.u. 
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I n  t h i s  t l ldory of i s o s t a t i c  compcnsa t i - \ n  f 2r i~lhole  

r cg i c :na ,  i t  i s  a s : ; ~ r t c d  t h a t  l a r g c  a r e a s  a r c  compcnsatcd as a 

w h c l c ,  and  n o t  e a c h  s m a l l  p o r t i c n  by i t s e l f .  B o n i i  has p u t  f o r -  

ward t h r e c  aosumpt ions  i n  which  i t  i s  auppcscd  t h a t  r c g i ~ n a l  

c o r n p ~ n s a t i o n  c x t ~ n d s  up t o  18.8, 58.8 and  166.7  Km. r i s p e c t i v c l y  

f rom a s t a t i o n ,  and  t h a t  o u t s i d e  t h e s e  l i m i t s  o r d i n a r y  l o c a l  

cornpensakion a c t s .  HC a r r i v e 3  a t  t h c  c o r l c l u s i o n  t h a t  t h e  f i r ~ t  

t w o  ~ s s u m p t i c n s  ].cad n c a r l y  t,o t h c  same r c : s u l t p  w h i l s t  t h c  t h i r d  

shows 2 . $ f o i - s ~  ag rccmen t  w i t h  t h e  c b s c r v a t i o n s  t h a n  l o c a l  cornpen 

- s a t i ? n .  iis t h c , / r e ~ i ~ n ~ . l  C. 7 i n  t h c  U . S o f i . ,  up as f a r  

:I:; 18.8 and 58.9 Kro0 f rom t h e  s t a t i o n s ,  g i v c s  p r a c t i c a l l y  t h c  - 

sapc r ~ s u l t s  as t h c  l o c a l  compensation, i t  i s  nf no i n t e r e s t  t o  

p u r s u c  t h i s  p o i n t  f u r % h c r .  

I havc howcvcr uocd B o w i e t s  t h i r d  a s s u m p t i o n  i n  

o r d c r  t.? f i n g u t  t o  s ha t  c x t c n t  t h e  a n c m l i c s  b a s e d  on t t r c g i o n -  

z l  c o n l ~ ~ ~ . n c n t i o n ' '  n e r c c  w i t h  t h e  obsc rvcd  a n a n c t l i e s .  

I t  i s  :)bvi.ous p r i o r i  t h a t  f o r  s t a t i o n s  i n  t h e  

p:l.tl.i.n:; t h ; : o r i i s  o f  l . c ~ c a l  and  rcg iona] .  cornpensnt ion a re  of e q u i -  

va1i.rl.i; valuc: and t h a t  r c m a r k i b l e  d i f f c r c n c c s  a r e  likely t o  bc  

n u t  i~ i t , l z  on ly  i n  higl.1 mcuntair iu ,  i n t c r s c c t e d  by m n y ,  v a l l e y s  

S i n c e  t h ~  Chucasuo 1,s :L prc,mising a,ri;2 i n  t h i s  rc:s;lcct, t h i s  

nct!lod w i l l  un1.y be s p p l i ~ d  t o  t h c  C a u c a s i a n  d a t ~ ~ .  
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I n  o r d e r  t o  obtziin t h i s  r e d u c t i o n ,  wc have f i r s t  t o  

c a l c u l a t e  t h e  topograph ic  c o r r e c t i a n  f o r  zoncs A - 0 .  Next we de-  

t e rmine  from i t s  ave ragc  h e i g h t  t h e  compenszting a c t i o n  produced 

by a  c i r c l e ,  whose c e n t r e  i s  a t  t h c  s t a t i o n ,  and whose r a d i u s  

i s  166 .7  Kmo The v a l u e s  of t h e s e  i n f l u c n c c s s  tvhcn added t o g e t h e r ,  

g i v L :  us  t h e  values of t h e  i n f l u c n c c s  duc t o  topography and r c -  

g i o n s l  c,ompcnsation i n  zones A - 0 .  

The i n f l u e n c c  of t h e  morc d i s t a n t  zones i s  c a l c u l a t e d  

,Ids u s u a l .  

The p roccdurc  i s  howcvcr, s t r i c t l y  speaking, n o t  

q u i t e  c o r r c c t ,  becausc  w e  assum&cga5n:.l corngcnsntion t o  c x i s t  

i n  zoncs A-0 2nd l a c 3 1  compensation i n  t h c  o t h c r  zoncs .  

On e i t h e r  of t h e  2 assumpt ions  i t  can  bc easily accn 

t h a t  t h e  cxtrcmc zoncs hnvc a lmos t  t h c  samc i n f l u c n c c  3n t h c  g r a  

- v i t y  r e d u c t i o n  and t h a t  i t  i s  on ly  t h c  topography nd:tr t h c  st2,- 

t i o n  which product!: n d i f f c r c n c e  i n  t h c  r c s u l t s .  For t h e s c  re>.- 

s o n s ,  t h c  method lends p r a c t i c a l l y  t o  t h c  same r e s u l t s  as t h e  

t h ~ ;  hry o f  r c g i a n n l  compcnsation.  

I  propo:3c now t u r n i n g  from t h c  examina t ion  of P r n t t l u  

t l l co ry ,  :IS clztboratcd by Hayford,, ti. a d i s c u s s i o n  of t h : ~ t  of Ai ry .  

I n  o r d c r  t o  d o  so ,  i t  i s  nccessnry  t o  c n t c r  i n t o  t h e  p r e l i r a i n x r y  

? . ? . s s U ~ p t i ~ , n s  x d  mcthr.d o f  r e d u c t i o n  i n  some d e t a i l  and t o  wc;rk 

o u t  t h e  t ~ b l e s  neccssz ry  f o r  t h c  computa t ions .  
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A s  a i r c ~ ~ d y  s t a t c d  i n  t h c  i n t r o d u c t i o n ,  A i r y 8 s  t h e o r y  

cnn b~ e x p r c s s c d  by t h e  o t a t c n c n t  t h a t  t h c  l i g n t c r  A.e* c r u s t  of t h e  

~ : ~ r t h  f l o a t s  on t h c  d c n s c r  l a v a  l a y c r  below i n  t h c  manner of i c e -  

be rgs  c n  t h e  sea .  The f i r s t  ( i . e : -  t h c  c r u s t  of t h e  e a r t h )  i s  
drrsc" 

u s u a l l y  d c s i g n a t c d  t h e  SAL+LAYER, a n d  t h e  s c c o n d ,  t h c  SII~,VL-LAYEP, 

i n  s c c o r d ~ n c c .  w i t h  t h e  prcdominancc of t h e  c h e m i c a l  e l c m c n t s  which  

e n t c r  i n t o  t h c i r  c ;mpos i t ion .  The c r u s t  sf t h e  e z r t h  i s  l e s s  d ~ i p  

-1y embedded i n  t h e  S in? . - layer  b a n e n t h  t h e  ocezns  t h a n  it i s  bc- 

nc*~.lf-h h i g h  mcunt::ins. 

I f  wc assume t h n t  s e a - l e v c l  c o r r e s p o n d s  w i t h  t h e  ab- 

s c n c c  of a 1 1  compcnss,t ion, t h e n  it f o l l o w s  t h a t  b c n c n t h  t h c  ~ ;ce?-ns  

t h c  compcnsnl ion  f o r  m ~ s s  is  p o o i t i v e ,  w h i l s t  benc7,th mount - ins  

i t ,  i s  n c g z t i v c .  

To s i m p l j  f y  t h e  ~ ~ ~ l c u l n t i o n  3.3 much :i.s p o ~ s i b l : : ~  i t  

x;rc>.s racrely :~ssumcd t11:~t t h e  d e n s i t i e s  of t h e  Sa l -  n.nd Sirn::-layers 

2re  c o n s t n n t  and  t h n t  t h e  change frgm one s u b s t a n c e  t c  t h c  o t h e r  

i3 mn,dc, 2s i t  w t r c ,  in  onc sh : i rp ly  d e f i n e d  junp .  I t  1?1-~r3 a33umed 

th2. t th , ,  ?,vcragc d c n s l t y  of the  e a r t h ' s  c rusfk  is 2.67 2nd t h a t  t h e  

d i f f c r e n ~ c ~ s  bbcirc;cn s n l -  -tnd s i m - l a y e r s  have  t h c  v a l u e s  0 . 2 ,  0 , 3  

2nd O 0 6 .  

T t  c ~ u l c l  bc c r ~ n t e n d c d  t h a t  t h i s  assumption c1f homo- 

pc.ncl ty  c i t h ~ r  i n  the 8 1 1  [ J r  s ~ n 2 - l z y c r s  d o c s  n u t  c ~ r r e c ; p , n d  ; r l t h  

thc t r u ~  f7,ct:i ~f tht:  c:isc,  2nd t h n t  t h c  d c n s i t y  i s  r a t h c r  :. li- 

nt: :I. f l ~ n c t ~ i c  n  ~f t h e  d z p t h .  



Hnwever, even  i f  i t  be t r u e  t h a t  t h e  d e n s i t y  changes  c c n t i n u o u s -  

l y  w i t h  t h e  d e p t h ,  t h i s  c ~ n n o t  m a t e r i a l l y  a f f e c t  t h e  r e s u l t s  

c a l c u l z t c d  2n t h i s  ? .ssumptisn.  

I have  c?.dcpted t h e  f o l l o w i n g  4 a s sumpt i t ?ns  i n  t u r n s -  

That  s e z - l e v e l  c g r r e s p u n d s  t o  a t h i c k n e s s  3f t h e  e a r t h ' s  c r u s t  

o f  77.2 Krn. and  t h 2 t  t h e  d i f f e r e n c e  i n  d e n s i t y  be tween t h e  s a l  

and  sin? l a y e r s  i s  0.2.  I f  t h e  a v e r a g e  d e p t h  c f  oceans  i s  

assumed t 3  b t  3 ,680  m. and  t h e  z v e r a g e  h e i g h t o f  c o n t i n ~ n t 3 . 1  

m?.ssc.s t c  bc 800 m 7.nd i t  i s  t n k e n  i n t o  c , , n s i d e r a t i o n  t h z t  2 /3rds  

o f  tht .  c z r t h ' s  sur fncc :  a r e  cove red  by s c a ,  t h e n  t h e  a v e r a g e  

thickness o f  t h e  s : : r t h l s  c r u s t  w i l l  be  60 .6  Km. ,  and  t h e  t h i c k -  

n e s s  c;f t h z  c r u s t  b e n e a t h  Gceans 47.0 Kn. ,  ~ v h i l s t  th?.t ;f t h e  

c r u s t  b z n e n t h  c c n t i n c n t s  w i l l  be  87 .9  Kn. 

2 .  A l t e r n n t i v e l y  t h n t  s e a - l e v e l  c c r r e s p o n d s  t c  a t l i i c k n c s s  o f  

t h e  e n r t h ' s  c r u s t  o f  63 .8  Km. and  t h a t  t h e  d i f f e r e n c e  i n  d e n s i t y  

between t h e  c r u s t  and t h e  l a v a  l a y e r  i s  0 . 3 .  I n  t h i s  c a s e  t h e  

2.vernge t h i c k n e s s  c,f t h e  e a r t h ' s  c r u s t  w i l l  be  52.4 Km., t h e  

menn t h i c k n e s s  b c n ~ ; a t h  c c n t i n c n t s  70.9 Krn. 3.nd t h z t  b e n e a t h  

oceans  43 .6  I(m. 

3 .  : i l . l ;ernnt ively t l i ? t  t h e  two v a l u e s  d e t e r m i n i n g  t h e  c r ~ n 2 e n s a t i o n  

> r e  63.8 K m ~ l  2nd 0 .6 .  T l i e  ztvcrage thickness of t h e  e a r t h ' s  c r u s t  

w i l l  t h e n  be 59.2 KT.>., t h e  t h i c k n e s s  unde r  c  j n t i n e n t s  67.3Km. 

and  thr:t b e n e a t h  , ,cLans 53 .7  Km. 
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4 .  A l t e r n a t i v e l y  th:?.t t h c  t w 2  v a l u e s  a r c  40 Krn. and  0 .6 .  The 

,'vcrn.g~ t h l c k n ~ z . ,  , f '  t h e  E t z r t h ' s  c r u s t  w i l l  t h ~ n  bt 34.5 Km., 
------ll)ullllh*r-s- 

tllt: t h i c k n e s s  bcne*:th c c l n t l n e n t s  43.6 and  t h a t  bene:l.tn G C G T ~ I I S  

29.9 Km. 

I t  may be s e e n  t h z t  i n  t h ~ s e  a s s m p t i ; r i s  t h e  nvcrcge 

t h i c k r l e s s  o f  t h e  c r u s t  of t h e  e l r t h  h2.3 b e c n  t n k e n  '2.3 vr? ry ing  

b e t n c c n  35  Km. 2nd 60 K m . ,  v a l u e s  which  a p p e a r  t:; be t h c  n o s t  

p l ~ u s i b l e  m d  l i k e l y .  

N e g l e c t i n g  t h e  c u r v a t u r e  o f  t h c  e a r t h ,  t h e  cornpens,;- 

t i o n  Arcas  i n  t h e  d i f f e r e n t  zorics a r c  s i m p l i  c o n c e n t r i c  c y l i n d r i  

r 11 1:-; t h e  h c : i g l ~ t  -:r d e p t h  c . f  thi: zone and. c~ D r k p r e s e n t s  t h e  d i f f  

- e r e n c e  of d e n s i t y  o f  t h e  37-1 2nd sin::, l a y e r s ,  t h e  d e n s i t y  o f  

Thc i n f l u e n c e  ~f z~ones A-0 c a n  bc c z l c u l n t c d ,  d i s r e -  
the  

gnrd i r ig  t h c  c u r v ~ t u ~ - c  .f e a r t h .  The v e r t i c a l  z t t r r i c t i u n  F o f  a 

c o m p c ~ s - i t ~ d  c y l i n c l r i c n l  r i n g  o f  r - . .di i  a2 2nd 
1 

2nd h e i g h t  

t up:,n n j): i n t  on  the :\xis :>f t h e  c y l i n d . ~ r  a t  :I, h e i g h t  h abc;vc 

t h e  r i n g  i s  :- 

F = ~ - ~ J D K  61- - J p i 1  
I .  

u h ~ r c  D i s  t h c  d t n s i t y  of the  zone. 



I n  zones  18-13 however ,  t h e  c u r v a t u r e  of t h c  e a r t h  h a s  

t o  Se  c o n s i d e r e d .  To a s c e r t a i n  t h e  i n f l u e n c e s  of t h e s e  zones  i t  i s  

n e c e s s a r y  t c  c a l c u l a t e  t h e  f a c t o r s  Ec! a n d  E,' c o r r e s p o n d i n g  t o  A i r y ' s -  

assuropt ions  and m u l t i p l y  t h e  Hayford r e d u c t i o n  v a l u e s  f o r  t he  v a r i o u s  

zones  by t h e  q u o t i e n t  3%' :. E, h e r e  En hs t h e  c o r r e s p o n d i n g  Hay- 
1) 

f o r d  f a c t o r .  Ec,' w i l l  be  c a l c u l a t e d  by t h e  . formula 
e' 

h c o s  - a 
-'.!+arc s i n  Ah'- - 2ah  s i n  

E c ' =  ' --- - 

Where cl 1s i h t  c l lo~ .c l  corresponding t o  t h e  , ~ n g l c  O ,  arid h  t h e  d e p t h  

of t h e  c o ~ l p e n s a t i n g  e l e r n e n t . o f  mass. To  o b t z i n  t h e  f a c t o r  E c o r r e s  
~ p o n d l n i ~ ,  - 
- , t o  a c j - l i n i i i . i c a l  r i n g  one rnust i n t e a r a t e  t h e  express  i o n  EC1 wi th  

regarci t o  a  ancl h, :in-: t h u s  d e t e r m i n e  t h e  v,l.lue of E 

Ho-i~ever. eu f f  i c  i e n t l y  ctccura t e  v a l u e s  C;LII be  o b t a  inecl by 

c a l c ~ ~ l a  t in(?  I3 w i t h  t h e  a v e r a g e  d e p t h  of' t h e  compensa.tcd r i n g  and 

r '-7 
~ i ~ i ' i : ~  :I . .  -fnl l . ie C! = . l i L - u % i n  which  e, and r e p r e s e n t  t h e  r a d i i  o i  

0 7 9 

t h e  rinl; .  

If we add  t h e  f a c t o r  E,. (wh ich  i s  p r o p o r t i o n a l  t o  t h e  

t o p n ~ l - d . ; : ~ ~ i c a l  r e d ! ~ c t . i  on and  o b v i o u s l y  i d e n t i c a l  i n  cast; of b o t h  t h e  

a s s u m p t i o n s )  t o  E,< wr, g e t  the f a c t o r  Ed 

1) J , F ,  Hayford and 8 .  R o v J ~ ~ ,  L . c .  p .  16-17 .  
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I n  zoncs 12-1 t h e  v a l u c s  f o r  t h e  r c d u c t i a n  u n d e r  

H a y f o r d ' s  t h c L ) r y  f  r s d c p t h  of compensa t ion  2 T s o  n c n r l y  c o r r -  

cspcnc; ~ i t h  t h o s ?  unde r  t h e  A i r y  t h e o r y  f d r  2 d e p t h  of compensa 

- t i z n  T, t h n t  we a r d  a b l e  t o  u s e  t h e  t a b l e s  c a l c u l a t e d  Sy Hayford  
1 )  

and Bowic .  f  c r  c2inputing t h e  A i r y  r e d u c t i o n .  A s  t h e  i r i f l u c n c c  of 

t h e  ccmpens?,tion under  t h e  A i r y  h y p o t h e s i s  i s  v c r y  s m 2 l l  i n  t h e  

immediate v i c i n i t y  o f  a. s t n t i o n ,  we ?-re a b l e ,  f o r  t h e  f i r s t  3 

a s s u m p t i c ~ n s ,  t o  c m b i n e  zoncs A-K i n t o  one z j n c ,  a n d ,  f ~ r  t h e  4 t h  

a s s u m p t i ~ n ,  t c  combine A-G i n t o  one zonc.  I f  now w e  c n l c u l a t e  t h e  

i n f l u c n c c  - f  t h e  d i f f e r e n t  zones  on g r a v i t y  as a f u n c t i o n  of t h e  

nvcrrigc h c i g h t  s f  t h e  zcjncs, w e  g e b  t h e  f o l l o w i n g  t ab123  (I11 and  

IV) . 

I )  J.F. l i n y f ~ r d  and W. Rowie, 1 . c . S .  16-17 .  



Table I11 

h 
etres 

3000 
2 m  
2800 
2700 
2600 

2500 
2100 
2300 
2200 
2100 

2000 
1900 
1800 
1700 
1600 

1500 
1400 
1300 

- 1 m  
1100 

loo0 
900 
800 
700 
ti00 

A-J 
IV 

+ll8 
+I 15 
+I11 
+lo7 
+lor 

+lo1 
+ 97 + 94 + 90 + 86 

+ e3 + 79 + 76 + 72 + 68 
+ 65 + 61 + 67 + 54 + 50 
+ 46 + 42 + 37 + 33 + 29 



Table I11 
h N 0 

Metres I 11 III J V  T 11 III I\' 
:3000 +521 +GO5 +630 +G57 +G50 +6>2 f 642 +521 
2900 +SO6 +596 +GO9 +G34 -k630 fG30 +69G +SM 
2800 +I91 +567 +569 +rill +GO9 +ti08 +598 +4R3 
2700 +476 +549 +569 +jR6 +;MI +SH6 +577 +A72 
2600 +4Gl +530 +548 -k565 +SF8 +563 4-55 +454 

600 4. 99 +lo7 +lo8 +I05 +I10 +lo5 +lo4 + 82 
400 + 79 + 86 + 87 + 84 + 88 + 84 + 83 + 66 
300 + 59 + 65 + 65 + 63 + 66 + 63 + 62 + 49 
200 + 40 + 43 + 43 + 42 + 44 + 42 + 42 + 33 
lo0 + 20 + 22 + 22 + 21 + 22 + 21 + 21 $ 16 



Table 
N 

I1 I11 IV 
- 13 - 13 - 13 
- 27 - 27 - 26 
- 40 - 40 - 39 
- 54 - 54 - 52 
- 67 - 67 - 65 



Table IV 
h firpow- AIRY- ~ 9 d ~ o f  1011 h HAYFORD- AIRY reduo ti0n 
Metre I 111 IV Metre I 11 111 IV 

reduction Zone 18 redu~tion zone 17 

Zone 16 

4-05 +83 +57 
+63 +61 +42 
$-a1 +40 +27 
+20 +20 +13 

-12 -12 - 8 
-23 -33 -16 
-34 -34 -24 
4 -45 -30 
--63 -67 -4 
-81 -89 -57 

Zone 15 

+ 66 +lo3 + 84 + 82 +55 + 49 + 73 + 62 + 61 +40 + 33 + 48 + 41 + 40 +26 + 1G + 24 + 20 + 20 +13 

-10-13 -12 -12 - 8  
- 20 - 26 - 22 - 23 -16 
- 30 - 39 - 33 - 34 -23 
- 40 - 50 - 44 - 45 -29 
- 60 - 71 - 62 - 66 '42 
- 81 - 90 - 79 - 88 -55 

Zone 14 Zone 13 
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I n  Tzblc  I11 t h e  mezning of t h e  columns i s  a s  f o l l o w s  i -  

Thc f i r s t  column shows t h e  h e i g h t  of t h e  zone. The romm f i g u r c s  

I ,  11, 111, IV r c f e r  t o  t h c  f i r s t ,  second,  t h i r d  xnd f o u r t h  

assumptions n.nd t h e  f i g u r c s  below t h e  l e t t e r s  A.C.K.L.Tl1.N 2nd 0 

dcnotc  t h c  e f f e c t s  o f  compensation cor respond ing  t o  t h e  d i f f e r e n t  
l. 

h e i g h t s  of t h e  zoncs - expr\. .ssed i n  u n i t s  of 0.0001 cm/scc. 

The range of h e i g h t s  i s  from +3000 t o  -5000 m. I n  

zoncs A - K , I  have only  g i v c n  t h e  t n b u l a r  az.lues ~?.s f2.r ?<s t h e  

dep th  500 m, i n  zonc L ,  only  ns f a r  2s 100 m, and  i n  zone M only  

2.s fr..r n s  200 m., cLs grc: i tcr  d e p t h s  arc: h a r d l y  e v c r  met n i t h  i n  

t h e s e  Z O ~ C S  o 

I t  is c v i d c n t  from t h e  t ? b l c  th?" t  t h c  i n f l u c n c c z  v:>.ry 

a lmos t  l i n c c i r l y  i ~ i  t h  t h c  h c i g h t s .  

%or t h i s  -re?-son t h c  e f f e c t s  havc on ly  been c:lcul,x- 

bed f o r  a  f c ~  heights : v i z .  + 500 + I 0 0 0  4 1 5 0 0  + 2000 4 2 5 0 0  
-3500 

+300Q -500 -1000 -1500 -2000 -2500 -5000m. nnd t h c  i n t e r m c d i a -  
I S  

t c  v a l u c s  c?.n bc i n t c r p o l 2 t c d .  Zoncs 18-13 ?,re dispo:$cd of i n  

tc?.blc I V .  

I n  o rder  t o  cconomisc opnce,?nd a l s o  f o r  t h e  re2.son 

t h a t  t.he effc:cts  of t h e s e  zoncs a r e  b u t  s m a l l  i n  comparison w i t h  

those  of zoncs Ni-0 2nd v a r y  a l m o s t  linearly, I have o n l y  i n c l u d e d  

t h e  e f f e c t s  of t h e  n l t i t u d c s  +2000 +I500 +1000 +500 -500 

-1000 -1500 -2000 -3000 and -4000 i n  t h e  t n b l c s .  
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The f i r s t  column g i v e s  t h e  h e i g h t  of t h e  zone ,  . a n d  

t h e  second t h c  Hayford r e d u c t i o n  ( f o r  d e p t h  of compensa t ion  

1 1 3 . 7 ) ~  nnd t h e  t h i r d ,  f o u r t h ,  f i f t h  ,?-nd s i x t h  columns,  t h e  r e -  

d u c t i o n s  c o r r c s p o n d i n g  t o  our  f o u r t h  n s s u m p t i o n s .  

The f i g u r c s  g i v e n  i n  t a b l e  I V  have  been  o b t z i n e d  i n  

t h e  f o l l o n i n g  manner :- The f z c t o r s  Ec' have  been  c a l c u l a t e d  

c o r r c s p o n d i n g  t o  ~ ; ~ l u e s  of 3 7 , 3  42 .2  58.2 68.2 a n d  83.9 

f o r  t h c  mcxn d c p t h  of compensa t ion ,  by me?.ns of formulr! ( 3 )  ' and 

f rom t h c s e  t h c  yu .o t i cn t s  EL : Ec f o r  t h e s e  d e p t h s  were o b t a i n e d ,  

2nd froin t h c s e  a g a i n  t h e  f u r t h c r  q u o t i e n t s  ER1 : E R  . I t  now bccclmc 

,?ppa~,c.nt th-:t EC1  : EC c o u l d  be  found f o r  ;21 i n t c r m c d i r l t c  d e p t h s  

of c o m p n a n h i o n  by i n t e r p o l a t i o n  f rom t h e s e  vnlues. T h i s  i n t e r p o -  

l ~ ~ t i o n  w?*s e f f c c t c d  by g r a p h i c  methods.  T-bles  111 2nd I V  2 r e  

v a l i d  f o r  n h e i g h t  of ~ b s e r v : ~ t i o n  of 0. F o r  o t h e r  h e i g h t s  of 

observation, c o r r e c t i o n s  h-ve t o  be a p p l i e d o  These c o r r e c t i o n s  

were c n l c u l n t e d  f o r  h e i g h t s  of o b s e r v n t i o n  of 1000 2nd 2000 m. 

xcld :Tor heigh. t ,s  o f  zones of 4- 3000 ,,,.-+ZOO0 +I000 -1000 -2500 2nd 

-5000 m. -,nd i n c o r p o r a t e d  i n  T a b l e  V .  



These correotione are to be addeb to the values 
computed for a height of observation of 0 .  

Table V 

Meter 

Assumption 1 
t f 

oIfesi,BRat!on I,, 
e l  t f 

oEea@atfon 
A-K L hl N 0 A-K L N 

Assumption I1 
0 A-K 

+2 -7 
+1 -4 
+1 - 4 

0 0 
-- 1 +2 
- 2 - 
-6 - 

Assumption IV 
A - J K  L M N 0 A - J  I< L M 

3000 -6 -5 -12 -11 +2 + 7 -12 -9  -24 -22 
2000 -a -4 - Y - 9 +3 + 5 - 9 -6 -17 -17 
lU00 -2 -2 - 4 - 5 +1 + 2 - 5 -4 - 7 -10 

0 0 0  0 0 0  0 0 0  0 0 
-1000 $1 +1 $1 + 3 0 - 1  
-.2500 A - - - - + 2  +2 + 3  + G  

- 5 - - -  - 
- 5 0 0 0 -  - - - - -10 - - -  - 

1) Ae aocording to Tablee I11 & IV my 2nd and 
3rd assumption lead almost to the eame result, 
and ae,on that aoaouat, no station was reduced 
on' the third aeeumption,I have aooordingly not 
oomputed the oorrection aorreqponding to the 
3rd eesumption. 



36 
The effect of the height of observation on the 
results of the reduction have been disregarded 
in the further zones 18-1, 
For zones 12-6, whoee influence on the whole i6 
very small, there i s  no need, as alrecdy stated, 
to calculate aew tables, but the following table 
by Bowbe can be used(vider- Bowie Investigatione 
p 99. 

Table VI 
Depth o f  compensation 

Zone 4'2.6 km 5(j.!) krn R 5  3 km 12'7.:) km 156.25 km 184.6 km 

12 0.38 0.51 0.76 1.12 1.34 1.54 
11 .:M .:I 1 . I ( B  1.12 1.35 1.57 - .  
10 .3R .50 .7(i 1.13 1.30 1.59 
!) .:it3 .50 .76 1.13 1.37 1.62 
R .37 .so .75 I . I:~ 1.38 ina 

2 .37 50 .75 1.13 1 . N  1.63 
1 .37 ..5U .T3 1.13 1.38 1.68 

This Table gives the faotors by which the values, 
corresponding to a depth of compensation of 113.7 
Km, have to be multiylied in order to obtain the 
valuee corresponding to other depths of oompens- 
ation. This Table i e  used as follows:- 
If the mean compensation depth on the Airy theory 
is T, the figures corresponding to 2T should be 
taken, (2T being the depth of compensation on the 
Hayford theory) , in  order to get the Airy reduction. 



Accuracy of t h e  Reduct-ion 

The accuracy o r  t h e  Reduct ion depends p r i m a r i l y  on 

t h e  r e l i a b i l i t y  ?.nd q u a l i t y  of t h e  t o p o g r a p h i c a l  u s e d p  . e-3d 

tz.!E a d o p t i o n  of a  c d r r e c t  vz lue  f o r  t h e  d e n s i t y  of t h e  e n r t h ' s  

c r u s t  f o r  purposes  of bhe c s l c u l a t  i o n s .  

I n  t h e  p r e s e n t  paper t h e  v a l u e  2 .67  w a s  ?.dopted f o r  

t h e  d e n s i t y  of t h e  e z r t h l s  c r u s t s  a  vnlue  which i s  most p r o b z b l e  
4' 

There i s  no denying t h a t  t h e r e  a r e  p l a c e s  where 

, c o n ~ i d c r s b l e  i r r e g u l a r  d e n s i t y  anomal ies  occur b o t h  above 2nd 

b e l o w  s e a - l e v e l 9  and t h e s e  my considerclbly z l t e r  t h e  f o r c e  of 

g r a v i t y  nnd c?.use g r a v i t y  c?.nomlies. There i s  however no method, 

of reduction whereby s u c h  ,?nom211es c=Ln be e l i b n n - t e d .  

The e r r o r s  due t o  t h e  naps used i s  g r e a t e r  n t  h i l l  

s t x t l o r i s  t h a n  a t  p l a i n  s t a t i o n s .  

I n  o rder  t o  o b t a i n  s u f f l c ~ c : ~ t  ?.ccurncy, i t  i s  nece-  

ssnrg t o  h-ve 9. good knowledge o f  t h e  d i s t r i b u t i o n  of h e i g h t s  

I n  t h e  mrnedizte v i c l n i t y  of n h i l l  s t a t i o n .  If t h i s  d i s t r i b u -  

t i o n  of h e i g h t  i n  t h e  immediate v i c i n i t y  of 2. s t a t i o n  is  un- 

lrnown9 then t h e  orogrnphic  r e d u c t i o n  f o r  l o c a l  topography 

must be neglected ,and t h e  h e i g h t  of o b s e r v c t i o n  h a s  t o  be a c c e p -  

t e d  as  t h e  mem h e i g h t  of t h e  zone. I n  o r d e r  t o  g e t  2.n i d e a  as 

t o  how much t h e  o rograph ic  r e d u c t i o n  depends on t h e  h e i g h t  of 

t h e  zones t  we m y  t a k e  t h e  case  of ?. h i l l  s t a t i o n  w i t h  c h e i g h t  



of o b s e r v ~ ~ t i o n  of 1000 m. Our example w i l l  show t o  what e x t e n t  

t h e  ave rage  h e i g h t  of a  zone may d i f f e r  from t h e  h e i g h t  of o b s e r  

- v a t i o n  i n  o r d e r , t h a t  t h e  t o p o g r a p h i c a l  r e d ~ c t i o n  of a zone m y  

I 
he l e s s  t h a n  0 ,001 cm/sec. 

The r a d i u s  of zone A i s  on ly  2m. s o  t h a t  t h e  o r o g r a -  

p h i c  r e d u c t i o n  of t h i s  zone i s  n e g l i g i b l e ,  i t s  i n f l u e n c e  n o t  
2 

exceeding 0.0002 cm/sec. 

F o r  t h e  o t h e r  zones ,  I g i v e  t h e  r e s u l t s  i n  t h e  small 

t a b l e  Selolrvh - 
Height  o f  s t a t i o n  1060 m. 

Zone Outer  Ra.dius Height  of Zones Orograph ic  r e d u c -  
m m m t i o n  

cm/s e  ca 
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It will be seen from-this table, that the orographical 

reduction only produces a noticeable error in the reduction in 

zones B.C.D. ,  whilst the altitudes of zones E-G can easily be det- 

ermined with such accuracy as to keep the error well below 0.001 
1) Z cm/sec. 

The influence of zones H-L is, in general, very smalls 

and the error in reduction due to these zones is insignificant in 

comparison with the error due to zones B-D. 

In zones M-0 the reduction is again sensibly more 

dependent on the heights of the zones. It is just these zones that 

sometimes contribute 900-1300 units towards the isostatic reduc- 

1 tion. In these zones there are altogether 144- 16 f 2 8  = 58 sub- 

dividing sectors. 
\ 

In order to keep the average error originating from 
t 

these zones below 0.003 cm/sec , it ie necessary to take care that 
the error originating from any sector lies between the limits 

An error of 0.5 in the reduction corresponds to an 

error of between 40 and 75 metres in the height of a sector in 

zone M, or between 50-75 metres in zone N ,  or of between 75 and 

150 metres in zone 0 ,  according to the magnitude of the mean 

height of the sector. - 

1) It may be noted that the orographical reduction is more sensib- 

ly de~endent on the altitude of the znnes when the height of obser- 

va,tion is smaller. 
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Although the maps of Caucasia used in this work were not as good 

as might be desired (topographical maps on the scale 1 : 42.000 

were unobtainable owing to the present condition of ~ussia), 

the heichts o f  the zones are determinable with an accuracy such 

that the average error in the reduction,originating from zones 
L 

11-0, will hardly ever exceed 0.0013 cm/sec. 

Zones 18-14 have been divided into 8 sectors and zone 

13 into 16 sectors and the average height of each sector has 

b e ~ n  calculated. In zones 18-14 an error of reduction of 
t 

0.00005 cm/sec corresponds to an error of 120 m. in the height 

of a sector, and in zone 13, to an error of 150 m. in the height 

of a sector, consequently it is unlikely that one m y  make an 

error e.xceeding 0.00005 in a sectord Hence the error from thcse 

six zone:; is in any c a s e  bound to be less than 56 X 0.00005 r 
2, 

0,0028 cm/sec. 

The error arising from the outer zones 12-1 may be 

nc,7;lectcd0 

If wc take the most unfavourable case, in which the 

height of all t,he seutors are systematically incorrect, and the 

crrors all act in one direction, then the limits of the error of 

11eights ir, sect,ors E I . N . 0 .  must not exceed 120 m. and 60.75 res- 

pectivcly, those in z,oncs 18-14 must not exceed 120 m o  and those 

in zones 13 muat not exceed 150 m., if the reduction of the zones 
2. i s  to be effect1;d with an accuracy of 0.006 cm/sec. 
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For  a s t a t i o n  on a h i g h  p l a t e a u ,  where t h e  immedia te  

s u r r o u n d i n g s  a r e  f l a t ,  and  hence  u n l i k e l y  t o  c a u s e  a n y  a p p r e c i a b l e  

e r r o r  i n  t h e  e s t i m a t e s ,  r e d u c t i o n  can  be c a r r i e d  o u t  w i t h  a p r e -  

t c i s i o n  of a b o u t  O o O O G  cm/sec .  A t  p l a i n  s t a t i o n s ,  t h e  a c c u r a c y  w i l l  

be  even  g r e a t e r .  On t h e  c o n t r a r y ,  a t  s t a t i o n s  i n  h i g h  m o u n t a i n s p  

where t h e  immediate  s u r r o u n d i n g s  c o r i s i s t  of b roken  g r o u n d ,  t h e  

a c c u r a c y  w i l l  be  l e s s ,  d e c r e a s i n g  i n  p r o p o r t i o n  as t h e  h e i g h t  of ', 

t h e  s t a t i o n  i s  lower  t h a n  t h a t  of t h e  s u r r o u n d i n g  c o u n t r y .  

F o r  t h e  r e d u c t i o n  of most  of t h e  C a u c a s i a n  s t a t i o n s ,  

I had maps on t h e  s c a l e  of 1 :140000,  w i t h  many h e i g h t s  r e c o r d e d  

on them, by means of which  t h e  mean h e i g h t s  of t h e  i n n e r  zones  

cou ld  be  d e t e r m i n e d ,  T h e r e f o r e  a t  t h e s e  s t a t , i o n s  t h e  e r r o r  f r o m  

5 
t h e  i n n e r  zones  h a r d l y  e x c e e d s  0.002 cm/sec. The o p p o s i t e  w a s  t h e  

c a s e  when I w a s  d e a l i n g  w i t h  t h e  s t a t i o n s  i n  t h e  Armenian h i g h -  

Ian t l s ,  f o r  which I o n l y  had  maps on s c a l e s  of 1 : 420 ,000 ,  
? 

1 : 800,OO ( 0 )  and l e s s .  

S t i l l  even  h e r e  tllc e r r o r  i s  n o t  a p p r e c i a b l y  g r e a t e r ,  

because  t h c  immediate  s u r r o u n d i n g 5 o f  most  of t h c  s t a t i o n s  a r e  

modcra t e ly  l e v e l .  . 
The most unreliable stat. ion. i s  A r t ~ f i n ~ w h i c h  i s  si t u a -  

t e d  i n  a d e e p  v a l l e y  a t  a n  a l t i t u d e  of o n l y  182 m . ,  b u t , a t  a d i s -  

t a n c e  of o n l y  4 Km. f r o m  t h e  s t a t i o n , t h e  t o p s o f  t h e  moun ta ins  

a t t a i n  a h e i g h t  of e t r e s .  I t  i s  d i f f i c u l t  t o  s a y  e x a c t l y  how 
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g r e a t  t h e  e r r o r  i s  i n  t h i s  c a s c ,  b u t  anyhow i t  cannot  exceed 

a .  
0.015 cm/sec. A s  t h e  r e d u c t i o n  cf t h i s  s t a t i o n  i s  u n r e l i a b l e ,  i t  

has  been shown i n  b r a c k e t s .  

I n  c o n c l u s i o n ,  we may s a y  t h a t  t h e  e r r o r s  of t h e  r e -  

t duc t ion  r a r e l y  exceed 0.010 cm/sec., and g e n e r a l l y  they  were con 

- s i d e r a b l y  l e s s .  The f i g u r c  of p r z c i s i o n  a p 9 l i e s  t o  t h e  s t a t i o n s  

i n  t h e  Caucas ia ,  G r e a t e r  accuracy  w a s  ob ta ined  i n  r e d u c i n g  t h e  

v a l u e s  f o r  t h e  European s t a t i o n s ,  a s  b e t t e r  maps were a v a i l a b l e .  

If  we omit t h e  s t a t i o n  Madrid, the  e r r o r  ( i n  Europe)  h a r d l y  e v e r  

5 
e:+.ceeds 0.005 cm/sec. The e r r o r s  i n  t h e  r e s u l t s  depend of c o y r s e  

on e r r o r s  i n  t h e  g r a v i t y  d e t e r m i n a t i o n s  a s  w e l l  a s  on t h o s e  i n  

the  .Seduction,  B o r r a s  does n o t  s t a t e  how a c c u r a t e  t h e  R u s s i a n  

d e t e r m i m t i o n s  i n  t h e  Caucasus a r e .  However i t  i s  p robab le  t h a t  

the  p r e c i s i o n  is  somewhat l e s s  than  t h a t  u s u a l l y  o b t a i n e d  i n  

European measurements, i n  which t h e  average  e r r o r  i s  a b o u t  

'L 
0,003 cm/sec. 

The R e s u l t s  of t h e  Reduc t ions  - 
I n  t h e  f o l l o w i n g  t a b l e ,  benea th  t h e  numbere and 

names of' t h e  s t a t i o n s ,  t h e  f i g u r e s  i n  t h e  f i r s t  column d e n o t e  

t h c 2  t opograph ic  r e d u c t i o n  and then i n  t h e  second,  t h e  t o p o - i s o s -  

t a t i c  r e r iuc t ion  ( d e p t h  of cornpcnsation 1 1 3 0 7 ) ~  t h e  v a l u e s  b e i n g  

(;.iven by zoncs.  Zone A ,  which c o n t r i b u t e s  n o t  more t h a n  0.0002 
'L 

cm/nec t o  t h e  r e d u c t i o n ,  Las Seen added t o  zone B ;  and t h e  more 



d i s t a n t  zones 7-1,  whose i n f l u e n c e  a l s o  i s  small, a n d  v a r i e s  b u t  

l i t t l e  f rom p l a c e  t o  p l a c e ,  have  been  combined i n t o  one zone .  
51 

The f i g u r e s  d e n o t e  u n i t s  of 0.0001 cm/sec. I n t e r p o l a t e d  v a l u e s  

a r e  marked w i t h  a n  a s t e r i s k .  The p l a i n  i s o s t a t i c  r e d u c t i o n  by 

i t s e l f ,  f rom zone t o  zone9  i s  o b t a i n a b l e  by s u b t r a c t i n g  t h e  

f i g u r e s  of t h e  f i r s t  column f rom t h e  second .  I n  t h e  c a s e  of t h e  

European  s t a t i o n s ,  I have d e t e r m i n e d  t h e  t o p o g r a p h i c  r e d u c t i o n  

f o r  zones  A - 0 ,  o n l y  where i t  was n e c e s s a r y  t o  do s o ,  i n  o r d e r  t o  

o b t a i n  t h e  t o p o g r a p h i c  i s o s t a t i c  r e d u c t i o n  by means of  Hayfo rd l . s  

T a b l e s .  

The f o l l o w i n g  s L a t i o n s  r educed  by Bowie, ( v i z r -  

S rocken ,  S c h a r f e n s t e i n ,  Schneekoppe and  A l t e r  ~ r u c h ) ,  a r e  shown 

i n  Tab le  V I I ,  as v a l u e s  f o r  t h e  more d i s t a n t  zones were i n t e r -  

p o l a t e d  f rom them. The p u r e l y  t o p o g r a p h i c  r e d u c t i o n  of zones  7-1 

f o r  t h e  Caucas i an  s t a t i o n s  h a s  been  i n t e r p o l a t e d  Prom t h e  s t a t i o n s  

S h i l o i  Os t row,  Sary-Kamysch, Wladikavtlcas and  K e r t s c h .  The r e d u c -  

t i o n s  of t h e s e  s t a t i o n s  by zones  a r e  shown i n  t a b l e  V I I I .  



1 
Lenkoran. 

A-B + 18 $18 
0 + 2 + 2  
D 0 0 
E 0 0 
F 0 . o  
G - 2 - 2  
H - 3 0 
I 0 + 2  
J + 5 +lo 
K + 3 + 1 1  

L + 2 +20 
b1 + 4 +85 
N 0 +82 
0 - 2 +63 

18 - 1 + 20 
l'i - 1 +a4 
16 - 3 $ 32 
15 - 3 +34 
14 - 4 +27 

13 -- 13 + 56 
12 - 13 + 31 
11 - 12 + 15 
10 - I1 + 8 
9 - 1 9 + 7  

8 
Alagos. 

A-B - 70 - 70 
C - 160 -1(;0 
D - 276 -270 
E - 315 -307 
F - 210 -200 

Table VII 
1. The Stations in the Caucasus 

2 3 4 5 
Dschulfa. Schachtachty. Karmelinonka. Schuscha. 

- 68 - (i8 - 70 - 70 - 67 - 67 - 70 - 70 
- 137 -137 - 4 -141 - 161 -157 - lli0 -158 
- 196 -192 - 212 -209 - 304 -298 - 288 -282 - 173 -164 - 186 -178 - 390 -378 - 344 -3;1(; 
- 95 - 85 - 104 - 94 - 312 -292 - 248 -238 

- 48 - 36 - 48 - 36 - 185 -161 - 136 -122 
- 20 - 3 - 28 - 12 - 120 - 88 - 91 - 63 
- 6 + 29 - 17 f 13 - 100 - 45 - 73 - 33 
- 14 + 29 - 17 + 23 - 40 + 36 - 26 + 33 
+ 10 + 83 - 3 + 74 - 36 + 90 - 14 + 47 
+ 11 +I31 + 2 +I10 - 24 +1?7 - 6 +8l 
+ 12 +372 4 8 +347 - 14 $398 + 1 +217 
- 11 +294 - 6 +a66 - 12 +301 - 4 +220 
- 8 +280 - 9 +296 - 7 +225 - 5 +I75 

- 3 +52 - 3 +52 - 2 4 - 4 1  - 2 + 4 1  
- 3 +50 - 3 +50 - 3 +43 - 3 +47 - 4 +50 - 4 +50 - 4 +48 - 3 +45 
- 5 +48 - 5 +49 - 6 +57 - 4 +42 
- 8 +52 - 8 +53 - 8 + 5 2  - 7 +37 

- 14 + 59 - 12 + 48 - 12 + 48 - 10 + 41 
- 8 +lR - 8 +18 - 8 -b 18 - 8 +lX 
- 9 +12 - 9 +12 - 9 + l a  - 9 +12 
- 1 1 + 8  - 1 1 + 8  - 1 1 + 8  - 1 1 + 8  
- 1 6 + 6  - 1 ( ; + 6  - 1 6 + 6  - - 1 6 + G  

- 32 + 7 - 30*+ 7% - 3l*+ 7* - 33*+ 7* 
+1020* - 9* +1019* - 9* +1616* - !)* +1014* - 9* 

-- - -- -- + 165 +886 + 79 +833 - 867 + 27 - 658 -234 

9 
Shiloi Ostrow. 
+ 14 + 14 + 4 + 4  

0 0 
0 , o  
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 - 2  
0 - 11 
0 -29 
0 - 22 

0 - 2  
0 0 

o + 1  
0 + 2  

- 1 + e  

- a +lo 
- 15 + 34 
- 18 + 24 
- l O + 8  
- 22 ,+ 8 
- 46 + 10 
+iooa - e 
+907 + m  

11 
Baku. 

- (i - 6 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

O + l  
o + 3  

0 + 3  

0 + 3  
0 +l8 
0 +I8 

0 + 6  

0 - 1  

0 + 4  - 1 + 7  
- 1 +12 
- 3 +17 

- e + a s  
- 14. + 33. 
- 16' + ?1* 
- 13. + 9* 
- 22. + 8* 

- as* + lo* 
+lW4* - El* ---- + 877 +193 

12 
Surachanr. 

- 3H -- :3S 
- 12 - 12 
- :3 - 3 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 + 3 
0 + l o  
0 +14 
0 - 3  

0 - 2  

0 + 3  
0 + 6  
1 +11 

- 2 +16 

- R +34 
- 14 + 33 
- 17 + 22 
- 1 1 + 8  
- 22 + 8 
- 44* + lo* 
+l004* - 8* 
+ 832 +I12 

4 4 
6 7 

Alnt. Eriwan. 
+ 10 + 10 - 64 - 64 

0 0 - 144 -144 
0 0 - 243 -241 
0 0 - 214 -236 
0 0 - 150 -140 

14 
Jelenowka. 
- 66 -66 
- 164 -160 
- 313 -307 
- 43-1 -418 
- 376 -356 



16 
Jewlach. 

- 14 - 14 
- 2 - 2  

0 0 
0 0 
0 0 

20 
Alexnnrlropol. 

- 7n - 70 
- 164 --I60 
- 300 -294 
-- 369 - 4 G 1  
- 278 -260 

21 
Knrakl is. 

- 67 - 67 
- 157 -155 
- 280 -274 
- 319 --311 
- 228 -218 

22 
Ardngau. 

A--D - 70 - 70 
( -168 -164 
I) - 312 -306 
E - 423 -407 
I? - 358 -338 

25 
Diwitschi. 

- 10 - 10 
- 1 - 1  

0 0 
0 0 
0 0 

0 0 

0 + 2  
0 + 4 + 4 +lo + 5 +14 

0 +32 
+ 9 +ll4 

0 + H 5  
0 +48 

0 + 7  

0 + 7 
- l + R  
- 2 +15 
- 3 +19 

- 7 +31 
- 9 +21 
- 13 + 16 
- 1 3 + 9  
- 2 2 + 8  

- 41*.+ 9* 
+lol#* - H* 

. - - + 900 +440 

26 
Achalknlnki. 

- 70 - 70 
- 164 -1(i0 
- 306 -300 
- 400 -392 
- 324 -304 

- 196 -172 
- 139 -107 
- 108 - 58 
- 57 + 15 
- 49 + 69 

- 31 +I33 
- 31 $365 
- 12 +27Y 
- 12 +Z6l 

- 3 +56 
- 4 +55 
- 4 +48 
- 5 +45 
- 5 +39 

- H +35 
- 6 $13 
- R + lo 
- 1 1 + 8  
- 1 3 + 6  

- 26' + 6' 
+101'3. - !-P 

-- 

- 963 -130 

37 
Achalzich. 

28 
Batum. 

0 0 
0 0  
0 0 
0 0 
0 0 

- 1 - 1  
- 3 - 3  

o + 4  
- 2 + 4  
+ lo + 19 
+ 12 + 41 
+ 26 $138 
+ 3 4-135 
- 2 +I45 

- 2 +44 
- 3 +49 
- 3 +44 
- 4 +36 
- 4 +30 

- 10 + 43 - 6 +l5 - 8 +lo 
- l 0 + 7  
- 1 1 + 4  

- 2 1 + a  
+1028* - 10 

+ om +759 



29 30 
T i s .  Tiflis, Phys. Obs. 

31 
Sekar-Pass. 
- 64 - 64 
- 164 -160 
- 312 -306 
- 440 -424 
- 387 -367 

33 
Michailowa. 
- 68 - 68 
- 140 -140 
- 198 -195 
- 168 -160 
- 80 - 70 

- 38 - 26 
- 2 0  0 
- 1 6 + 2  
- 6 + 1 5  

+ 7 + 5 4  

+ 4 +as + 5 +285 
- 10 +272 
- 7 +257 

- 2 + 4 8  
- 2 + 4 1  
- 3 + 3 9  
- 4 + 3 8  
- 5 + 3 4  

- 8 + 3 6  
- 6* + 13* 
- 8' + 10' 
- lo* + 7* 
- 13' + 5' 

- 26' + 6' 

34 
Derbent. 

+ 2 2  + n  + 2 + 2  
0 0 
0 0 

+ 1 + 1  

0 0 
- 3 0 

+ 2 + 5  + 4 + I 1  + 4 + I 4  

+ 4 + 2 6  + 4 + 7 7  
+ 1 +I21 
- 1 +lo8 

- 1 + l o  

0 + 7 
- 1 + 7  
- 1 + 1 2  
- 3 + 1 8  

- 7 + 3 2  
- 7 + 1 9  
- 12 + 15 
- 1 3 + 9  
- 22 + 8 

- 3 6 + 8  
+1005* - 9* 

+ 962 +623 

36 
Landschhuty. 

A-B - 12 - 12 
0 - 2 - 2  
D 0 0 
E 0 0 
F + 4 + 4  

37 
Poti. 

0 
0 0 
0 0 
0 0 
0 0 

38 
Samtredi. 

- 18 - 18 
- 4 - 4  

0 0 
0 0 
0 0 

0 0 
0 0 
O + l  
0 + 3  + 3 + 9  

+ 2 + 23 
+ 13 +I90 
+ 2 +205 
- 4 +a30 

- 2 + 4 2  
- 2 + 3 7  
- 3 + 3 2  
- 3 + 3 1  
- 4 + 2 8  

- 8 + 3 4  
- Ci* + 16* 
- 7' + 9" 
- lo* + 7' 
- 11* + a* 

- 23. + 5* 
+1026* - 10' 
+ 941 +878 

40 
Kuhis. 

- 58 - 58 
- 60 - 60 
- 26 - 26 
- 15 - 15 
- 8 - 6 

- 3 - 2  
- 3 0 

0 0 
0 + 1 3  + 4 + 1 5  

+ 2 + 2 8  + 5 +206 
- 1 +263 
- 4 +244 

- 2 + 3 8  
- 2 + 3 5  
- 3 + 3 2  
-- 3 + 2 9  
- 4 + 2 8  

- 8 + 3 5  
- 6* + 14* 
- 8' + 10. 
- lo* + 'i* 
- 11. + a* 
- 24* + 6* 
+102R8 - 9* 
+ 775 +828 

41 
Darkwcti. 

- 60 - 60 
- 108 -108 
- -  107 -107 
- 50 - 48 
- 1 4 - 5  

- 5 + 7  
- 6 + l o  

0 + 2 1  
Q + 3 0  + 18 + 70 

+ 8 + g e  + 16 +293 
- 7 +320 
- 6 +242 

- 2 + 3 9  
- 2 + 3 8  
- 3 + 3 2  
- 3 + 2 9  
- 4 + 2 7  

- 8 + 3 4  
L 6 + 1 3  
- 9 + 11 
- 1 1 + e  
- 13' + 5. 

- 25. + 6* 
+1019* - 9* 
+ 612 +999 

42 
Passanur. Ananur. 



45 
Gudaurek. 

46 
Alpani. 

47 
Kobi. 

- 70 - 70 
- 169 -164 
- 308 -302 
- 439 4 2 3  
- 354 -332 

48 
Oni. 

- 70 - 70 
- 144 -144 
- 213 -211 
- 188 -180 
- 84 - 73 

- 47 - 32 
- 2 0 - 4  
- 12 + 27 
- 10 + 51 
+ 11 +I13 

+ 10 +I54 
+ 6 +356 
- 9 +280 
- 6 +216 

- 2 + 4 0  
- 2 + 3 7  
- 3 + 3 2  
- 3 + 3 0  
- 4 + n  

8 + 3 5  
- 6 + l 4  
- 8 + 1 1  
- 1 3 + 9  
- 1 3 + 5  

- 2 6 + 6  
+ioiee - H* 

- 7 + 2 7  
- 6 + 1 3  
- 9 + 1 2  
- 11* + 8* 
- 13' + 6* 

- I* + 28' 
- 6* + 13' 
- s * + 1 1 *  
- 11* + 8' 
- 13. + 5' 

50 
Severn. Prijut. 

A-B - 70 - 70 
c - 168 -164 
D - 321 -315 
E - 476 -459 
F - 422 -101 

G - 286 -268 
- 210 -167 

I - 173 - 91 
J - 86 + 25 
K - 84 + 63 

L - M) +I34 - 60 +325 
N - 10 +249 
0 - 8 +zoo 
18 - 2 + 37 
17 - 2 + a 8  
16 - 3 + a 3  
16 - 3 + 3 0  
14 - 4 + 2 5  

13 - 7 + 3 2  
l2 - 6 + 14 
11 - 8 + I 1  
10 - 13 + g 
9 - l 3 + 5  

51 
Glola. 

52 
Lars. 

53 
St. Nikolaus Pass. 

54 
Pntrowsk. 

+ 10 + 10 
+ 1 + 1  + 4 + 4  

0 0 
0 0 

0 0 
0 0 
0 + 2 

- 3 + 1  
0 + 9  

0 + 1 3  
0 + 5 7  
0 + 7 6  

- 1 +lo8 

- 1 + 1 9  
- 1 + 1 5  
- 1 + 1 2  
- 1 + l o  
- 2 + I 6  

- 7 + 3 l  
- 7 + 1 6  
- 10 + 13 
- 1 3 + 9  
- 1 9 + 7  



4 8 
57 58 59 60 61 62 63 

Alsgirsk. Wladikawkas. Groeny. Kielowodsk. , Pjstigomk. Toipse. Batalbaschinskoja. 
A-E - 65 - 65 - 70 - 70 - 55 - 55 - 65 - 65 - 64 - 84 - 18 -18 - 67 - 67 

c - 132 -132 - 140 -140 - 52 - 52 - 143 -141 - 124 -124 - 3 - 3 - 129 -1119 
D - 180 -178 - 192 -190 - 24 - 24 - 214 -311 - 147 -146 + 2 + 2 - 168 -166 
E - 141 -133 - 160 -152 - 8 - 9 - 200 -192 - 88 - 63 0 0 - 112 -109 
F - 6 7 - 5 7  - 7 8 - 6 8  - 5 - 4 - 115 -105 - 40 - 33 0 0 - 4 6 - 4 2  

, 64 
Ma'ikop. 

- 62 -62 
- 88 -88 
- 60 -60 
- 24 --24 
- 10 -in 

- 6 - 5  
- 4 - 1  
- 3 + 1  - 2 3 - 6  

0 $13 

65 
Noworossijsk. 
- 21 - 21 
- 2 - 2  

+ 2 + 2  
+ z + a  
+ 2 + 2  

0 0 
0 0 
o + s  
0 + 10 

+ 5 + 1 5  

68 
Stawropol. 
- 70 - 70 
- 136 -13G 
- 180 -178 
- 160 -152 
- 70 - 60 
- 36 - 24 
- 16 0 
- 20 0 
- 2 +I6 

o +20 

7 1 
Tichoretzkaja. 
- 46 -46 
- 24 -24 
- 10 -10 
- 4 - 4  
- 2 - 2  

0 0 
0 0 
0 0 
0 0 
0 4-3 



11. The Statione in Europe 
74 

Walkenried. 
-59 -59 
-93 -93 
-71 -71 
-32 -32 
-10 -10 

- 3  - 3  
- 6  0 
- 6  5 

0 $13 + 8 +28 

0 +3R 
0 +49 
0 +43 
0 +a0 

+ a* + 7* + 7' + + 7* 

4- 13* 
+15* 
-t 6* + 3* 
- 3. 

- 6' 
-20' 

75 
Harrgerode. 
- 57 - 57 
-116 -116 
-120 -120 
- 64 - 64 
- 20 - 20 

- 7 - 7  
- 1 0  - 3 
- 8 + l  

0 + 1 3  
0 + l 8  

0 $ 2 4  
0 +4'3 
0 + 4 0  
0 + 4 2  

+ lo* + 8' 
+ 7* 
+ 7' + 7' 

+ li* 
+ 15* + 6' 
+ 3' 
- 3* 

- 6' 
- 20* 

76 77 
Osterode. St. Andreasberg. 

-62 -62 - 60 - 60 
-88 -88 -130 -130 
-57 -57 -176 -176 
-24 -24 -126 -124 
-10 -10 - 67 - 62 

- 4  - 4  -34  - 2 5  
- 5  0 - 2 0  - 4 
- 3  + 5  - 1 6  + 3 
+ 1 +13 + 1 + 18 + 6 +27 o + 1 9  

0 +32 0 + 2 4  
0 +59 0 + 4 9  
O* +40* O* + 36* 
O* +4l* O* + 39* 

+ G* + 6* + 6' + s* + 7* + 7* + 7' + 6. 
+ 'if + 7. 

+13* + 13* 
+15* + 15. + 6* + 6* + :I* + 3' 
- 3' - 3' 

- 6' - 6' 
-20' - 20. 

78 
Brockon. 

- 7 0  - 7 0  
-154 -154 
-258 -252 
-278 -270 
-167 -157 

- 85 - 73 - 49 - 33 
- 52 - 32 
- 2 1  - 5 

0 + l o  

0 + I 8  
- 5 + 3 0  

0 + 3 1  
0 + 3 e  

+ 6 + 6 + 7 
-t 6 + 7 

+ 13 + 15 + 6 + 3 
- 3 

- ti 
- 20 

80 81 82 
Elbingerode. Wegeleben. Goslar. 

k-B - 67 - 67 -50 -50 -G% --62 
C -128 -128 -32 -32 -90 -90 
D -148 -148 -12 -12 -64 -64 
E - 85 - 83 - 6 - 6 -24 -24 
F -38 - 3 8  - 4  - 4  - 7  - 7  

G - 1 2 - 8  0 0 - 1 0 - 9  
H -16 O O 0 - 7  + 2  
I -17 0 0 0 - 5  + 4  
J + l + l R  0 0 O + 1 3  
K + 2 + 23 0 +10 + 6 +27 

0 + 27 0 4-12 0 +29 
M 0 4- 40 0 +41 0 +37 
N 0 * + 3 3 *  0 +31 O + 3 0  
O O* + 37* O +36 0 +37 

18 
17 

+ a* + 6 + 5 
4- 7* 

16 
+ 8 + 5 

15 
+ 7* + 7 + 7 

14 
+ 7' + 6 + 6 + 7' + 7 -I- 6 

13 + 13' +I2 +12 
12 + 15. +15* +15* 
11 
10 

+ 6. + 6* + 6' + a* + o* 
B + 3' - 3' - 3* - 3' 

84 
Alter Bruch. 

- 64 - 64 
-148 -146 
-331 --231 
-226 -218 
-126 -116 

86 
Giersdorf. 
- 60 - 60 
-134 -184 
-197 -197 
-167 -163 
- 88 - 83 

-- 43 - 38 
-- 2ti - 15 
-- 29 - 4 
- 13 + 14 
- 1 + 2 8  

- 2 + 4 0  
- 4 + t i3  

o* 4- 465: 

0* + SO* 

+ a* + 7* 
+ 7* + a* + 9* 

+ ao* 
+ 13* + 8* + 4* 
- "* 



88 89 90 
mnersdorf. Cimnau. Ludwigsdori. 

A-B - 68 - 66 - 64 - 64 - 67 - 67 
0 -108 -108 -111 -111 -134 -134 
D - 95 - 95 -107 -107 -499 -299 
E -49 -49  - 5 8  - 5 8  -118 -118 
F -17 - 1 6  - 2 2  - 2 0  - 5 4  - 5 2  

Q - 6 - 5  - 7 - 5 - 1 9 - 1 6  
H - 9  0 - 8 + 2  - 1 4 - 1  
I -16 + 4 - 9  0 - 1 1  - 0 
J 0 + I 6  - 3 + 1 3  0 + I 6  
K + 1 2  + 3 8  + 1 + 2 0  0 + 2 0  

L 0 + 4 5  + 2  + 4 6  0 + 3 7  
M 0 + 7 0  0 + 7 2  - 2 + 7 2  
N 0 + 4 7  O* + 48% 0 + 48 
0 0 + 4 8  0* + 47* 0 + 46 

18 + a* + a* + 8 
17 + 7* + a* + 8 
16 + a* + a* + 8 
15 + 9* + lo* + 10 
14 + 9* + lo* + 10 

13 + 19* + 19* 
12 

+ 19 + 13* + 13* + 13 
11 + a* + a* 
10 

+ 8 + 4* + 4* 
8 

+ 4 - 2* - 2* - 2* 

8 - 4* - 4* - 4* 
7-1 - 20* - m* - 20* 

- 12 - 55 --386 

91 
5 0 

92 93 94 95 
Viema ~ e l s .  'I'raanstein. u ~ h  Eohenpeissenberg. 
-58 - 58 - 62 - 62 - 86 - 66 - 64 - 64 - 70 - 70 
-70 - 70 -101 -101 -132 -132 -127 -127 -148 -148 
- 4 2  - 42 - 87 - 87 -174 -174 -152 -152 -248 -242 
-16 - 16 - 37 - 37 -136 -128 - 99 - 99 -248 -240 
- 8 - 8 - 18 - 18 - 70 - 60 - 50 - 47 -140 -130 

- 4  -- 4 - 3 - 3 - 3 6  -24 - 2 4  - 1 8  - 6 6  - 5 4  
- 5  0 - 1 0  - 0 - 1 6  0 - 1 6  0 -34  - 1 8  
- 5  + 3 -16 + 6 -18  + 2 - 2 0  0 - 4 0  - 2 0  

0 + 1 1  0 + I 6  - 5 + 1 7  - 4 +11 -16  + 2 
+ 1  + 1 4  0 + 2 0  - 6 + 3 7  0 + 2 0  - 1 6 + 7  

0 + 2 1  0 + 2 5  + 2 4 - 6 0  0 + 4 1  - 6 + 5 8  
0 + 62 + 2 +I30 + 4 +I91 + 1 +I11 - 2 +I98 

-- 2 + 84 - 6 +I66 - 6 +I91 - 4 +I32 - 3 4-200 
- 2 + 85 - 5 +I59 - 6 +I80 - 6 +I83 - 6 +I91 

+ 19 + 27 + 38 + 40 + 43 + 20 + 2s + 35 + 39 + 36 + 21 + 22 + 28 + 37 + 30 + 21 + 22 + 22 + 28 + 22 + 20 + 21 + 20 + 19 + 20 

+ 22 + 23 + 26 + 25 + lo* 
+ 22 + 12 + 11 + 10 + lo* + 9 + 5' + 4* + 2 0* + 1 - 2* o* 0 - l*  

- I* - I* - l*  - 1 o* 

- 3* - 3* - 4* - 4* - 4* 
- 19* - 19* - 22* - 22. - 22* 

+204 wM +258 +I66 -110 

96 97 98 99 100 101 
Augsbmg. Konstanz. Ludwigshafen a. S. Waldshut. Freiburg i .  B. Lemberg. 

h-B - 65 - 65 - 66 - 66 - 64 - 64 - 62 - 62 -62 - 62 - 66 - 66 
c -124 -124 -116 -116 -116 -116 -105 -105 -92 - 92 -104 -104 
D -146 -146 -120 -120 -116 -116 - 94 - 94 -69 - 69 - 84 - 84 
E - 88 - 88 - 64 - 64 - 56 - 56 - 46 - 46 -32 - 32 - 40 - 40 
F -40 - 4 0  - 2 0  - - 2 0 .  - 2 0  - 2 0  - 2 0  - 2 0  - 8  - 9 - 1 5  - 1 5  

G - 1 2 - 1 0  - 8 - 6  - 9 - 9  - 9 - 9  - 3 + 3  - 3 - 3  
H -16 0 - l o , +  2 - 1 2 + . 2  - 1 2 +  1 - 2  + 7  - 2 +  2 
1 - 2 0  o - 1 2 + 4  - l a + 7  - 1 2 - k  5 - 1  + 1 2  - 5 + e  
- 6 +11 + 5 + 2 0  0 + 1 6  - 1 + 1 6  + 7  + 2 1  0 + I 4  

K - 2 + l 8  + 6 + 2 4  + 3 + 2 3  $ 1 2  + 3 6  +11 + 3 5  0 + 2 0  

L 0 + 3 8  0 + a  0 T 4 0  + 2 + 4 8  + 2  + 4 6  0 + 2 4  
M O + 9 2  0 +I30 0 +l l6  0 + 9 3  0 + 8 7  0 + 6 0  
N - 2 + 89 - 6 +I69 - 4 +I34 - 3 +I39 0 + A8 0 + 5 9  
0 - 4 4-153 - 6 +I83 - 5 +I82 - 4 +I62 - 2 +I23 - 1 + 98 

18 + 34 + aa 
17 

+ a7 + 32 + 28 + 14 + 35 + 29 + 30* + 33 + 29 + 13 
16 + 33 + 27 + 29* + 29 + 28 + 12 
16 + 21 + 25 + 27* + 25 + 23 + l 2  
14 + 25 t m  + 22. + 22 + 22 + I2 

13 + 21 + 22 + 23* 
12 

+ 24 + 25 + 15 

1 I 
+ 9 + 6 + 6* + 6 + 2 + 6 + 2* - 1 - I* 0 0 

10 
+ 9 - I* - a - 3* - 3 - 3 -I- 3 

8 - I* - 1 - 1' - 1 - 1 0 

8 - 4* - B* - 5* - 6* - 6* - 2 
7-1 - 22. - 22' - 225 - 23* - 29. - 17 -- + 78 +309 +281 *('I +283 + 40 

102 
Stryj. 

- 62 - 62 
-100 -100 
- 78 - 78 
- 40 - 40 
- 12 - 12 

- 3 - 3  
- 2 + 1  
- 5 + 3  

0 + 1 6  
0 + 2 0  

0 + 2 7  
0 +loo 

- 3 + 9 7  
- 1  + 8 8  

+ 14 + 14 + 13 + 13 + 12 

+ 17* + 6* + 9* + 3* 
0. 

- 2* 
- 17' 

+I39 



106 
Niirnberg. 
- 62 - 62 
-104 -104 
- 92 - 92 
- 40 - 40 
- 15 - 15 

- 6 - 6  
- 8  0 
-10 0 

0 +16 + 2 +22 

0 +32 
0 +87 
0 +85 

- 2 +95 

+ 16 + 17 + 22 + 26 + 26 
+ 30 + 9 + 3 

0 
- 1 
- 4* 
- 21* 
+I41 

108 109 
Leipzig. Hohendodeleben. 
-54 -54 -57 -57 
-40 4 0  -47 -47 
-18 -18 -12 -12 
- 6  -6 - 6  - 6  
- 3  - 3  0 0 

- 2  - 2  0 0 
0 0 0 0 
0 0 0 0 
0 + 3  11 0 
0 + s  0 + 3  

0 + a  0 + 4  
0 +33 0 +2a 
0 +41 0 +26 

- 1 +61 0 +27 

+ 8 + 6 + 8 + 7 + 8 + 6 + 9 + 6 
-t 9 + 6 

+17 +I1 
+I4 +I2 + B* + 6 + 3* + 3 
- 3* - 3 

- 6* -. ti* 

-20* -20* 

+R1 - 2 

112 
Hcusewinkel. 

-B -42 4 2  
: -21 -21 
) - 9  - 9  
: - 2  - 2  
' 0 0  

1 0 0  
[ u o  

0 0 
0 0 
0 + a  

1 0 + 5  
[ 0 +23 
1 0 +32 
' 0 +29 

# 
1 

+ 6 

5 
+ 5 

i 
+ 6 

I 
+ b + 5 

b 
a + 6 

I 
+ 

1 
+ 7 + 1 - 6 

113 
Bonn. 

-40 - 40 
-16 - 16 
- 9  - 9 
- 2  - 2 

0 0 

0 0 
0 0 

0 + 2  
0 + 6  
0 +11 

0 +19 
0 +59 
0 +53 
0 +45 

+ 8 + 7 + 7 + 7 + 7 
+ 13 + 15 + 5 
- 1 
-- 4 

114 
Madrid. 

- 70 - 70 
-136 -136 
-186 -186 
-148 -140 
- 76 - 65 
- 38 - 26 
-20 - 4 
-20 0 
- e +12 
- 4 +20 

- 2 +60 
- 6 +I57 
- 8 +l4l 
- 3 +I54 

+ a1 + as + 28 + 28 + 93 
+ 13 
- 22, 
- 28 
- 13 - 12 

115 
Brindisi. 
-14 -14 
- 2  - 2  

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 - 5  
0 -49 
0 -28 

0 + 4  

+ 8 + 5 
+I2 
- 2 
- 6 

- 8 
- 3 + 3 
- 1 + 2 

117 
Steinach. 

-66 -66 
-152 -152 
-258 -258 
-265 --257 
-149 --13G 

- 72 - 51 
-31 - 8 
- ir! + 33 
- 26 + 38 
+ 14 +I30 

+ 19 +201 
+ 7 +423 
- 5 +491 
- 6 +I94 

+ 32 + 26 + 23 + 19 + 18 
+ 21 
- 4* 

o* 
- 1' 

on 

118 119 
Spittal. Hohenmauthon. 

- 68 - 68 - 66 - 66 
-131 -131 -109 -109 
-166 -166 -106 -106 
-112 -108 - 58 -- bR 
- 59 - 63 - 21 - 21 



Table VIII 52 

9 10  5 8 70 
Zone Shiloi 0 s  trow Sary-Kamysch !;Tladiltawkas Kertsch 
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In table 1X the results of the reductions under 'the 

different assumptions are shown. The names and heights of sta- 

tions, the theoretical values of gravity y 0, and the observed 3 
values have been extracted 'from the paper of Borras. Certain 

corrections, supplied by Borras in the proceedings of the 17th 

International Geodetic Conference, had to be applied to the 

observed values, which appear in tho procesdings of thc 16th 

konf ercnce . 
All the other figures in the Table were computed by 

me. The meaning of columns Nos. 1,2 8 in the case of Cauca 

-sian stations is as fo1lov~s;- 

Col. 1 gives the he'ight reduction, Col. 2,the Bouguer 

reduction, Col. 3,the purely topographic reduction, Col. 4,the 

Hayford reduction with depth of compensation 113.7 Km, Col. 5, 

the same reduction with depth of compensation 156.3 Km.; eel. 6, 

the reduction on the basis of regional compensation and Col. 7 

and 8,Airyts reduction on my 1st and 2nd assumpt,ions. 

For the European stations,the Rouguer, the purely 

topographic, and the regional compensation reductions are omitted 

and the meaning of the columns is Col. 1, the height reductionp 

Cols. 2 and 3,Hayford reduction with depths of compensation of 

113.7 Km. and 85.3 Km. respcctively, and Cols. 4,5 and 6,Airyts 

reduction on my 13t9 2nd and 4th assumptions. 



54 
a 

The u n i t  u sed  i B  0 .001  cm/:;ec. Xn t h i s  p a p e r  t e  

t h e  o r o g r a p h i c a l  r e d u c t i o n ,  which forms p a r t  of t h e  Bouguer r e d u c  

. - t i o n ,  h a s  been  t a k e n  i n t o  c o n s i d e r a t i o n  w i t h i n  z r a d i u s  of 166 .7  

iim. f r o m ' t h e  C a u c a s i z n  s t a t i o n .  

Prom t h e s e  f i g u r e s  t h e  r e m a i n i n g  a n o m a l i e s  on t h e  

v a k i o u s  a s s u m p t i o n s  a r e  o b t a i n e d ,  by a d d i n g  i n , f i r s t , t h e  h e i g h t  

r e d u c t i o n  Blone ,  a n 6  t h e n  combining i t  i n  t u r n  w i t h  t h e  o t h e r  r e -  

d u c t i o n s  t o  t h e  obse rved  v a l u e  of g r a v i t y ,  and  s u b t r a c t i n g  # 0 

from t h e  sum i n  e a c h  c a s e .  

The a n o m a l i e s  a r e  shown i n  t a b l e  X. The s t a t i o n s  

have been  grouped  a c c o r d i n g  t o  t h e i r  h e i g h t s  and  g e o g r a p h i c a l  

c o o r d i n a t e s , a n d , i n  t h e  t a -b l e ,  t h e  names ,coord ina tez  and  h e i g h t s  o f  

t h e  s t a t i o n s  a r e  g i v e n  f i r s t  and  t h e n  t h e  v a l u e s , o f  t h e  g r a v i t y  

a n o m a l i e s .  

The g r : ~ v i t y  a n o m a l i e s  of t h e  C a u c a s i a n  s t a t i o n s  a r e  

g i v e n  i n  the  f o l l o w i n g  o r d e r : -  (1)  The nnomalie:; a c c o r d i n g  t o  t h e  

P r e e  A i r  r e d u c t i o n  ( 2 )  Douguer r e d u c t i o n ,  ( 3 )  t h e  P u r e l y  Topogra-  

p h i c  red . l?c t ion ,  ( 4 )  & ( 5 )  I-Iayf o r d  r e d u c t i o n s  w i t h  compensa t ion  

dept,lls of 113 .7  and  956.3 Km. ( 6 )  t h e  r e g i o n a l  r c :duc t io r .  and  

( 7 )  (2. (8) A i r y  r e d u c t i o n s  on my . L s t  a n d  2nd as sump ti or.^^ 

The g r a v i t y  a n o m a l i e s  of t h e  Europesn  s t a t i o n s  a r c  

g i v e n  i n  t h e  f o l l o w i n g  o r d e r : -  (1)  The snomalie:;  a c c o r d i n g  t o  t h e  

F r e e  A i r  r e d u c t i o n , ( 2 )  Bouguer r e t l uc - t i on ,  ( 3 ) 8 : ( 4 )  Hayford  r e d u c -  

t i o n s  w i t h  compensa t ion  d e p t h s  of 113 .7  Kin. and 8 5 . 3  Kmo and  
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(5)&(6)&(7) Airy reductions on my lst, 2nd and 4th assumptions. 

For the stations of t he  Harz mountains and the sta- 
g ) 

tions in the "Rand depression" of the Alps, a further column is 

introduced, the meaning of which will be explained later. 

* )  Rand depression means h r g i n a l  depression. 

Vide Table IX appears on the next page. 
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. 48 Olli . . . . . . . . . . . . . . . .  

. 49 Icashck . . . . . . . . . . . . .  
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Table IX 
1. The Stations in the Cauoasus . 
9 1 3 3 4 5 6 

980.093 - 6 +' 3 + 92 + 54 + 58 + 65 
979.836 +221 - 74 + 17 + 89 + 83 + 98 

869 +241 . 83 + 8 + 83 + 77 +lo0 
-660 +514 -178 . 87 + 3 . 9 . 18 
. 873 +433 -146 . 56 . 23 . 28 . 26 

980.065 . 3 + 1 + 89 + 26 + 30 + 27 
979.881 +305 -104 . 13 + 65 + 58 + 83 

884 +387 -136 . 44 + 39 + 33 + 57 
980.075 - 5  + 2  + 9 1  + 5  + 8  + 9  
979.642 +672 -242 -148 . 40 . 54 . 54 

980.083 + 2 . 1 + 88 + 19 + 23 + 18 
. 065 + 18 . 9 . + 83 + 11 + 15 + 12 
. 070 + 15 . 2 + 86 + 18 + 23 + 17 

979.723 +602 -215 -122 - 3 6  - 4 8  - 5 6  
. 744 +540 -194 -101 . 8 -18  . 9 

980.178 + 4 . 2 + 89 + 67 + 73 +I06 
979.996 $221 . 75 + 14 . 2 . 4 . 22 
980.088 +I32 . 47 + 44 + 60 + 60 + 81 

. 120 +lo6 . 36 + 55 + 65 -t 64 + 90 
979.786 +469 -173 - 7 8  + 8 . 2 + 4 

. 875 +406 -137 - 4 6  + 3 6  + 2 6  + 2 7  

. 757 +570 -207 -113 . 23 . 36 . 50 
980.173 +lo3 . 35 + 54 + 79 + 80 +I16 

. 155 + 56 + 1 + 96 +I41 +I34 f1.34 

. 181 + 3 + 1 + 9 0  + 4 4  + 4 5  + 4 6  



Number & Hame 
of Station 9 1 2 3 4 5 6 7 

980.241 +213 . 72 + 20 + 43 + 37 + 37 + 31 
. 232 +I95 . 64 + 29 + 62 + 55 + 55 + 53 
. 232 +209 . 72 + 20 + 39 + 33 + 37 + 31 
. 353 + 43 - 14 + 77 + 50 + 52 + 67 + 60 
. 293 +253 -90 + 4 +13 + 5 + 2 - 1 
. 386 +I51 . 56 + 40 + 25 + 21 + 37 + 21 
557 + 9 0 +97 -- 2 -- 1 -12 -- 1 
. 415 +l80 . 60 4- 36 + 19 + 14 + 25 + 14 
520 +77 -26 +71 + 6  + 4  + 3  + 8 
. 663 + 9 0 + 99 . 14 -- 13 -- 29 -- 18 

. 691 + 5 . 1 +97 -16 -16 -31 -18 

. 576 + 56 . 19 j- 77 + 14 + 14 + 24 -k 17 
477 +I81 . 69 + 26 . 26 . 28 . 25 . 28 
571 +I0 - 3  +94 + 4  + 5  + 3  f 5  
. 583 + 15 . 4 + 95 . 10 . 10 . 21 . 11 
. 694 +25 - 9  +90 + 2  + 2  + 4  + 5  

11, The Stations in Europe 
9 1 2 :3 4 5 

981.177 + 5 4  + 8  + 9 4- 5 + 7  
. 166 + n o  . 5 - 3  - 7  . G 

. 176 +83 - 1  + 1  - 4  - 2  

. 158 4-12? -- 16 -- 15 -- 17 -- 16 

. 191 + 73 + 1 + 3 0 + l  

. 133 +I92 -- 35 -- 32 . 4 -- 39 

. 148 +I47 . 25 . 23 . 30 . 29 

. 015 +352 . 88 . 85 . 93 . 93 

. 130 +I92 . 41 . 39 . 46 . 46 

. 221 +29 + 7  + 7  - k 8  + 9  

........ 56 . %]adika\vkas 
............ 57 . Alagirsk 

........ 58 . Tladikawkas 
.............. 59 . Grosny 

.......... 60. Kislowodsk 

........... 61 . Pjatigomk 
.............. 82 . Toipse 

63 . Batalbaschinskoja . . . .  
............. 64 . M alkop 

65 . Noworossijsk ........ 
.............. 66 . Anapa 

............ 67 . Annawir 
........... 68 . Stawropol 

69 . Jekaterinodar ........ 
............. 70 . Kertsch 

71 . Tichoretzkaja ..... , .. 

72 . Duderstadt .......... 
. 73 . Stolberg a H . . . . . . . .  

74 . Walkenried .......... 
75 . Uarzgerode .......... 
76 . Osterode ............ 

. 77 . St Andreasberg . . . . .  
78 . Elbingerode ......... 
79 . Brockon ............. 
80 . Scharfenstein ........ 
81 . Wegeleben .......... 

8 2. Goslslnr . . . . . . . . . . . . .  
83 . Schneelroppc ....... 

. 84 Alter Bruch ........ 

. 85 Querseifen ......... 

. 86 Giersdorf ........... 

. 87 Stonsdorf . . . . . . . . . .  

. 88 Cunersdorl ......... 

. 89 Gmnau ............ 
90 . Ludmigsdorf ....... 

. 91 Wien . . . . . . . . . . . . . .  

. 92 We19 .............. 

. 03 Traunstoin ......... 

. 94 Milnchen .......... 
95 . Hobonpeisfienberg . . 

. 96 Augsburg .......... 

. 97 Koustanz .......... 
98 . Ludwigshslen a . 9 . . 

. 99 Waldsbut .......... 

. . 100 Freiburg i B ....... 

.. 101 Lemberg ........... 
10.2. Stryj ............... 

. 103 Munkhcs . . . . . . . . . . .  

. 104 [{arczag ............ 

. 105 Sadskh . . . . . . . . . . . . .  

. 106 Niirnberg ........... 

. 107 Karlsruhc . . . . . . . . . .  

. 109 Leiyxig ............ 

. .... 109 Rohendotleleben 

. 110 Ralletlidt ........... 

. 111 LUdeuhausou ....... 



lumber & name 
of Station 

Table X 
The Gravi ty Anomalies 

Number & Name 
of Station 

19 . Oni  . . . . . . . . . . . . . . . .  
35 . Do-cl~rt . . . . . . . . . . . .  
39 . Aoanur . . . . . . . . . . . .  
11 . Passanur . . . . . . . . . . .  
i a  . m ~ t ~  ............... 
51 . Glola . . . . . . . . . . . . . . .  

. . . . . .  50 . Scrornij Prijut 
59 . St . Nikolaus Pass . . . .  
44 . Gudanrsk . . . . . . . . . . .  
45 . Gudauruk . . . . . . . . . . .  
47 . Kobi . . . . . . . . . . . . . . . .  

I. The Station8 in the Caucasus Mountains. 

19 . Kaqbek . . . . . . . . .  _ 4Z04W 44O39' 1727 +I12 - 56 + 36 +I10 + 93 + 71 + 59 + 78 
52 . Lars . . . . . . . . . . . . . . . .  42 47 44 38 1131 4 32 - (i6 4 6 + 88 4- 73 4- 57 4- 52 4- 61 

. . .... .. ~ - . - .... - .. - .. ' _I- 

Mean Value,  . . . . . . . . . . . . . . . .  + G Z  - H Z  +!I + 7 4  + 6 0  + 4 ~  + 4 1  + 5 l  
Average v a r i a t i o n  from Mean 58 19 12 16 14 10 8 10 

11. The Stations in Armenia 
1 . Leokoran . . . . . . . . . . .  3B046' 48O52/ -20 + 31 + 34 +I23 + 85 + 89 + 96 + 95 + 'JL 
2 . DschulTn . . . . . . . . . . . .  38 57 45 37 720 - 16 - 90 + 1 -f 73 + 67 + 82 + 65 + 72 

-- . 3 . Schnchlncht-j . . . . . . . .  39 21 45 OR 781 + 1 $2 $ !) + 84 + 78 +lo1 + 79 + 86 
. 4 . Kar~nalitlowka , .... 39 80 46 48 1655 + 53 -125 - 34 $ 56 + 44 + 35 + 27 + 35 

5 . Schuschi~ . . . . . . . . . . . .  39 41 46 44 1403 +I62 + 16 +I06 +1:19 -1134 4-181 
. 14 Jelcno\vka .......... 40 33 44 58 1947 $111 -104 - 11 + 75 + 6:3 + 65 + 52 + 58 

. . . . . . . . . .  1 i s  40 50 44 29 1315 + 42 - 9 - 4 $- 78 + G8 -t 69 + 58 + 65 
7 . Eriwan . . . . . .  , . . . . . . .  40 11 44 33 '390 + 4 -100 - 9  +G9 + 8 2  + 0 7  + 6 4  + 7 0  

.. 8 . Alagiis . . . . . . .  , . .. , 40 20 pd 40 1255 + 76 - 60 + 82 +I15 +I09 4-138 4-109 4-115 
. 10 Bary-Knrnysch ....... 40 20 42 35 2177 +I18 -124 - 30 + 78 -/- 64 + 64 + 40 + 54 
. 20 Aleksandropol ....... 40 47 43 60 1619 + 19 -153 - 59 + 27 + 17 + 23 6 + 13 

15 . Ears ................ 40 37 43 06 1750 + 64 -130 - 37 + 56 46 + 55 + 33 45 
. 22 Ardagan ............ 41 07 42 4:! 1846 + 62 -145 - 51 + 39 + 26 12 + 9 -k 17 
. . . .  . . . . .  26 Achalkalaki , 41 25 43 29 1717 + 80 -106 - 16 + 67 + 57 + 49 + 41 + 48 
. .. 27 Ac~lalzich . . . . . . . . . . .  41 238 4:i 00 1014 + 22 87 + 6 + 74 + 64 + 68 + 67 
. . . 31 Snkar-Pass , . . .  41 4!) 4% 12 2 0 8  +I54 65 + 29 + 82 + 74 + 86 + 88 

2 4  (Artwin) . . . . . . . . . . .  41 11 41 50 1H2 - 61 (- 60) (+ 35) (+ 80) (+ 73) (+ 73) (+ 68) (+ 75) --- 
Mean Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 54 - 87 + 5 + 75 + 67 + 72 + 59 + 63 

Average variation from Xean 46 36 36 16 19 26 24 22 

111 . The Stntione between the high mountains of the Caucasus and Armenia . 
. . .  . . .  17 Schemacha , . . .  , 40°38' 48'3W 715 - 5 - 80 + 9 - 7 - 9 - 27 - 17 - 15 
. 16 Jewlach . . . . . . . . . . . .  40 37 47 08 14 - 39 - 41 + 50 + 28 + 34 + 67 + 48 + 44 E 



1 lumber dc %me 
I of Station (P .I f i  1 2 3 i 19. ~~li~awetpol ......... 40'44' 46'22' 344 - 5 - 43 + 50 

......... 18 . ~~lisawetpol 40 41 46 21 427 - 6 - 53 + 38 
............. M, ~kslafa 41 07 45 26 332 + 9 - 26 + 63 

............... 29, Tillis 41 42 44 48 471 + 14 - 37 + 55 
30 . Tillis, Phys . Obs . . . . .  41 43 44 48 401 - 18 - G1 + 32 

................ 52 . Gori 41 59 44 07 578 -- 45 -105 - 13 
33 . Michailowa .......... 12 01 43 31 708 - 21 - 95 - 1 

............ 41 . Darkweti 42 19 43 21 376 - 35 - 67 + 26 
.............. #, . Alpani 43 34 42 52 375 - 48 - 80 + 14 
.............. Kntais 42 15 42 44 157 . 45 . 61 + 33 

can Value ....... : . . . . . . . . . . . . . . . . . . . . .  Z . 20 - 62 + 30 
verage variation from Mean 18 19 10 

fV The s ta t ions  on the north s ide  
69 . Grosoy ............. 43O19' . 45O.14' 140 -- G'i -- 81 + 10 
56 . Wladikawkas . . . . . . . .  43 02 44 42 GY3 + 16 -- 5G + 8G 
58 . Bladikawkas . . . . . . . .  43 03 44 42 679 + 1 -- 'il + 21 
57 . Alagirsk ............ 43 03 44 11 633 . 12 ... 76 -f- 17 
61 . Pjatigorsk ........... 44 03 43 03 488 + 8 .. 48 + 48 
60 . Kislowodsk . . . . . . . . .  43 65 42 41 823 + 29 - 59 + 93 
63 . Batalbaschinskaja . . . .  44 14 42 02 538 + 48 - 12 + 84 
68 . Stawropol . . . . . . . . . . .  45 02 41 59 587 + 38 - 81 + 04 
67 . Armawir . . . . . . . . . . . .  45 00 41 OR 180 + 16 - 3 + 93 
6-4 . Ma'ikop . . . . . . . . . . . . .  44 31 40 05 248 + 25 1 + 9(i . 

69 . Jekaterioodar . . . . . . .  45 03 38 57 34 . 39 --. 42 + 55 
71 . Tichoretzkaja . . . . . . . .  45 51 40 08 80 + 26 + 17 +11A - -- .... - .. -. 

LM Value . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 7 . z + ~G 
Average va-riation from Mean 25 27 29 

5 ti 7 

+ 60 7 69 + 85 + 74 + 54 + 54 + 75 + 64 
+88 +89 +I25 +I04 
+El +79 +I16 +89 
+ 57 + 55 + 94 + 65 + 31 + 27 + 48 + 32 
+ 37 + 35 + 52 + 40 
+ 65 + 59 + 87 + 65 
+ 48 + 41 + 56 + 38 
+ 38 + 38 + 74 + 53- 
+48 +47 +71 +55 

19 19 26 22 

of the Caucasus . 
-17 -15 0 - 7  
+ 59 + 53 + 53 + 47 
4- 40 + 34 + 38 + 32 
+ 50 + 43 + 43 + 40 
+ 33 + 29 + 45 + 29 
+ 42 + 34 + 31 + 28 
+ ti7 + 2 + 73 -k 62 
+ 12 + 10 + 13 + 10 + 30 + 30 + 40 + 33 
+ 31 + 29 + 28 + 33 
. 35 . 34 . 36 . R4 
+ 28 + 28 +30 + 31 .- 

+ 28 + 25 + 30 + 25 
21 19 19 18 

V . The stations on t h e  Cas~im sea* 
6 . Alst ................ 3g05Y P9"24' .. 11 -LOR 1 - 14 .. 77 - 73 
11 . Baku ............... 40 22 49 50 7 -114 -1l.j - 26 . 95 . 92 
12 . Surachany . . . . . . . . . .  40 26 50 00 57 -121 -10 -3R -110 .. 100 
13 . Baladschary ......... 40 26 49 48 48 -120 - 2  -34 -102 - ! )7  

.. . 9 Shiloi Ostrow . . . . . . .  40 20 50 37 -16 -12G -124 35 -121 -118 
25 . Diwitachi . . . . . . . . . . . .  41 2 4  48 59 10 . 91 - 90 - 1 - 47 - 46 
34 . Derbent . . . . . . . . . . . .  42 03 48 19 -20 - 77 - 73 + 19 - 25 - 24 

. -- 54 Petrowsk ........... 42 59 47 30 -10 - 74 73 +-1R - 31 - 21) 
. .  - .......... ... ... 

Mesa Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  /-103 -103 - 14 - 76 - 73 
Averege variation from Mean 17 19 19 n 1 30 

VI.The Stations on t h e  Black Sea . 
9 . B h m  .............. 41'41' 38'03' 3 + 36 + 41 S1.7.i 4-11? +ll:l 
87 . Poti . . . . . . . . . . . . . . . .  42 08 41 42 3 - 3 0  -38 + 4- 14 
36 . Landschh~lt~ . . . . . . . .  42 06 42 02 14 - 47 - ~(i + 48 2; + 12 
Samtredi ............ 42 10 42 20 22 - 48 - 48 + 46 + 39 -1- 41 

55 . Suchum . . . . . . . .  , ... 43 00 41 01 74 - 6 .. 31 + IO:! + 15 + 15 
6L T0ip.w . . . . . . . . . . . . . .  44 06 39 04 29 + 2 + 32 1 + 30 + 31 
6 . Noworonsijskaja . . , . . 44 4R :j7 45 :lo + H2 + R2 +I81 + 08 + 0'' 
66 . Anapa . . . . . . . . . . . .  , . 44 54 :ii 18 17 + HH + 87 + I  + 2 + 72 

. Kertsch . . . . . . . . .  , . . .  45 19 RG 30 4s . - 47 - 51 + JS - 
. .- 

47 ,. .5 7 .- 
u 0 ~  value . . . . . . . . . . . . . . . . . . . . . . . . . . .  +- 2 + 3 + 90 + :is + ziti 
Avewge variation from Mean 50 61 52 $4 32 

VII. me stations in the w z *  
. 72 . Duderstatlt . . . . . . . . . .  51*:11' 10°15' 1 4  + : I ! )  + 12 + 38 + 39 + 35 4- 37 - f  41 1- 18 

. 73 . Stolb~r~ a H . . . . . . . .  51 :14 10 57 299 + 50 + 19 + 45 $ 47 4- 43 -k 44 t 47 t 
74 . Wklk~nried . . . . . . . . .  51 3:) 10 3 H 269 + 52 $- 23 + 1 C 53 + 48 $- 50 i 55 + 33 % 



Number ~~e 
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. . . . . . . . .  i5 .  Harzgelo. le 51°:3!)' llOOY 395 -t 68 + 32 + 52 +- 53 + 51 + 51 + 56 
............ 76. Osterodc 51 43 10 15 235 + 45 + 21 + 46 + 46 + 45 + 46 + 50 

. . . . .  7: . st . Andreasberg 51 43 10 a!) 6.2'' +10(i -1 37 + 71 + 754 + 65 + 67 + 70 
. . . . . . . . .  78 . Elbi~lgorode 51 46 10 4H 476 + 72 + 20 + 47 + 40 + 42 + 43 + 47 

............ 79 . Brockcn 51 48 10 37 1140 +I41 t 28 + 53 + 56 + 48 + 48 + 51 
........ 60. Schrrfenutein 51 50 10 36 ti23 + 93 $- 26 + 52 + 54 + 47 + 48 + 52 

. . . . . . . . . .  81 . Wegeleben 51 53 11 LO !)3 + 16 + 6 + 23 + 23 + 24 + 25 + 25 
. . . . . . . . . . . . . .  8.2. Goslkr 61 55 10 25 264 + 36 $ 17 + 32 + 34 + 29 + 30 + 35 

Meall Value + 64 + 21 + 4l; + 48 + 43 + 45 + 48 
Average variation from Mean 29 

(j 9 9 8 8 E 

VIII, The Stations in the  Riesengebirge 
........ gj. Schneekoppe 50°44' 15'45' 1605 $139 - 21 4- 29 + 33 + 21 + 23 + 30 

......... 84 . Alter Rruch 50 46 13 45 917 - 9 - 16 + 19 + 2:; + 13 + 16 + 22 
.......... $5 . Qyeraeifen 53 47 15 45 728 + 65 - 11 + 28 + 32 + 1!1 + 22 + 28 

............ RG . Gierrdorf 50 48 15 44 785 + ti0 - 1S + 20 + 23 + 15 + 17 + 24 
........... 87 . Stonsdorf 50 51 15 44 390 + 15 - 27 f 10 + 12 + 6 + 9 -1- 15 
.......... 88 . Cunersdod 50 53 15 44 343 -4-  11 - 37 + 10 + 11 + 5 + 8 + 14 

............. 89 . Grunau 50 56 15 45 358 + 23 - 11 + 17 + 19 + 13 + 16 + 21 
......... 90 . Ludwigsdorf 50 59 15 46 608 + 0 ;  - 02 -t 27 + 29 + 23 + 25 $ . 31 . - - . - . . -- - .- - -- - - 

...... . . . . . . . . . . . . . . . . . . . . . . . .  Mean + 57 - 17 + 23 + 14 + 17 + 23 
Average variation from Mean 31 7 +2: G 5 

5 5 

IX, The Station8 in t h e  Marginal Depression of the Alps . 
............. 91 . Vienna 48'13' 16"22' 183 + 10 - 0 -t 30 -b 25 t 3; + 34 + 32 

. . . . . . . . . . . . . . . .  92 . Wels 48 10 14 02 317 -- 8 - 40 + 27 + 27 + 34 + 36 + 37 
.......... 93 . Treunstein 47 52 12 39 593 - 25 -. 82 + 1 + 4 - 2 + 2 + 5 

94. Munich ............ 48 09 11 37 525 - 5 - 5 3  $ 1 2  + I 2  + 1 R  f l 8  + I 6  
95.Hohenpcissenberg . . .  4 7 4 8  1 1 0 1  906 + 1 7  - 7 3  + (i + 9 + !) + 1 1  + 1 5  
96 . Augsburg .......... 48 22 10 54 496 + 8 - 37 + 16 + 16 + 22 + 22 + 20 
97 . K O O E ~ O Z  . . . . . . . . . . .  47 40 9 10 401 - 18 - 60 + 1.3 + 13 + 30 + 2:i + 24 
98 . Ludwigshafen a . S ... 47 49 9 04 404 - 2 - 4B + 26 + ?'i + 3'2 + 31 + 34 
99 . Waldshut .......... 47 37 8 13 336 + 19 - 14 + 49 + 4!J + 56 + 3 i  + 56 

100 . Freibtlrg i . R . . . . . . .  48 00 7 51 272 + 44 + 7 2  + 7 2  + 7 6  +-77 + 7 8  
..... + l9 - 

Mean Value ............................. + 4 - 9 + 2s + 26 + 30 + 31 + 32 
Average variation from Mean 16 23 16 15 17 1 G 16 

X . Other stations reduced by me in Europe . 
101 . Lemberg ........... 4Do5(Y 24"0Or 314 - 43  .. 76 - I -- 311 . I -- 38 
102 . Stryj ............... A!) 16 23 51 300 -- 23 . r , J ; - !  - 8  - 6  . 4 

. 103 Munkics . . . . . . . . . .  48 26 22 43 IT3 - t  36 + ?:3 + + 64 + 68 $ 50 
104 . Knrczeg ............ 47 18 20 5(i 91 + 15 + 7 + 24 + 23 + 18 + 26 . 105 Sadska ............. 50 OH 14 59 213 + 42 + 2 l  + 55 554 1- 60 + 61 

. 106 NUrnberg ........... 49 27 11 05 312 4- 20 - 11 + 34 + 34 f 35 -k 36 

. 107 Knrlsruhe .......... 4:) 01 R 25 114 + 21 + 14 + 46 + 46 4- 5 4  + 56 

. . 108 Leiprig ........... :, 51 20 12 24 115 + :I0 + 20 f 38 + 37 + 42 + 42 
10% Hohendodelebcn . . . .  52 06 11 30 118 + 60 + 4R + 60 + GO + 63 + 654 

. 110 Bnllst#dt, ...... , .... 51 03 10 43 275 + 28 -- 1 + 32 + 33 -+ 30 + 33 

. 111 Llideohaus~n . . . . . . .  52 04 9 00 205 + 55 + 34 + 46 + 45 + 44 + 45 

. 112 Barsowinkel ........ 61 58 8 14 G5 + 23 + 17 + 27 + 27 + 30 30 
11 3. Bonn . . . . . . . . . . . . . . .  50 44 7 06 62 + 10 + 5 + 26 + 26 + 26 + 29 

.. . . 4 d i d  ............ 40 2 -3 41 656 19 90 - 24 - 21 - 20 - 21 
115 . Brindisi ............ 40 38 17 57 IG +120 +I18 +110 +I10 +I11 +I11 

. . 6 T I .  47 1 11 04 637 90 -134 - 11 0 - 31 - 19 ............. 
. 117 Sbinach ........... 47 05 11 28 1050 - 63 -162 - 13 + 2 - 46 - 31 
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118 . Spittal . . . . . . . . . . . . .  4(i"48' 1 ° 3 '  5% - 5(i - 0  + 4 + 1 :  . . 1 + 2 2  
119 . Hobenmauthen ..... 46 37 15 10 382 + 5 .. 34 + 34 + 37 + 32 + 35 + 41 
Heen Verne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 9  - 1 8  + 2 7  +2!) 2 4  + 2 8  + 3 2  

goeme variation from Mean 37 57 27 23 32 29 23 

XI. The Stations in the Alps. 1) 2 )  . 
1. Naye ............... 46"26' (i"59' 1c)Si +1m - 93 + 20 + 36 + 5 + 14 + 31 

Villeneuve 46 2.1 ti 56 37G - 2 -- 84 + 19 + t i  + 5 + 14 + 29 . ......... 
3 . Cllaumont . . . . . . . . . .  47 01 G 57 1016 + 69 -- 38 + 44 + 49 + 28 + 40 + 48 
4 . Neuenbr~rg . . . . . . . . .  47 00 6 57 487 + 6 - 46 + 32 + HG + 28 + 32 + 40 
5 . Gornergrat . . . . . . . . .  45 59 7 47 +'218 -109 + 5 + : I  + 2 + 1 + 45 
G . Rilfelbcrg .......... 45 00 7 45 256(3 +I77 -106 + 55 + 74 + 3 + l G  + 46 
7 . Zermatt ............ 46 02 7 45 1606 + 39 -107 + 44 + 63 - 5 + 9  + 4 2  
8 . Belalp ............. 4G 23 6 00 2132 + 89 -127 + 10 + 25 - 31 - 19 + 6 
9 . Brig ............... 1 G  20 8 00 6S3 - 89 - 4  - 4 + 10 - 39 - 26 + 1 

10 . Eggishorn . . . . . . . . . .  46 25 S 07 2187 +9!) -123 + 1 3  + 2 8  - 2 7  - 1 4  +A 
I [ ~ ~  value .............................. + 65 - 97 + 29 + 42 - 3 + 8 + 30 

Average variation from Nean 72 25 16 18 18 17 14 

11 . Fiescl~ . . . . . . . . . . . . .  46 24 8 08 1049 - 43 -131 0 
12 . St . Maurice . . . . . . . .  46 13 7 00 422 - 78 -109 + 7 
11 . Sitten . . . . . . . . . . . . . .  46 14 7 22 514 - 89 -130 - 7 
14 . Visp ............... 46 18 7 53 649 - 92 -137 - 2 
15 . Iselle . . . . . . . . . . . . . .  46 13 8 12 630 -101 -124 + 4 
lti . Gsteig . . . . . . . . . . . . .  46 23 7 16 1185 + 20 - 96 + 21 
17 . Simplon . . . . . . . . . . . .  46 15 8 02 1998 + 90 -131 + 14 
18 . Grand St  . Bernard . . 46 52 7 10 2473 +I41 -136 + 10 

19 . Sanetscli . . . . . . . . . . .  i ' l '  i 17 2041 +105 - 1 1  -1 20 
20 . Chanrion . . . . . . . . . . .  45 56 7 23 243.5 +I58 -112 + 45 
21 . Schwarzsce . . . . . . . . .  46 00 7 43 2582 $182 -104 + 57 
22 . Franzenhiihc . . . . . . .  46 32 10 29 2188 + 73 -128 .. 14 + 3 - 55 - 47 .. 17 
23 . Stilfserjoch . . . . . . . .  46 32 10 27 2760 +I42 - 1 7  - 10 + 7 - 34 - 4 - 13 
'W . Tells . . . . . . . . . . . . . .  47 19 11 04 ti37 - 90 - 1  - 10 + 1 .. 31 . + 7  
*25 . Slcinach . . . . . . . . . . .  47 05 11 28 1050 - 63 -162 - 13 - 2 -4G - 1  -- 2 
r2G . Spittal ............. 4G 18 13 30 54s - 5(i -101 + 4 + 1.3 - ti - 1 + 22 
'27 . Hohenmautlren . . . . .  47 H i  15 1 382 - 5 - 34 + 3.1 + ::I7 + 32 + :I5 + 41 -- - . 

. . . . . . . . . . . . . . . . . . . . .  f e m  Value + I S  -11s + 9  
verage variation from Mean 90 19 17 

XIf, The Stations in Italy 
2.1. Genoa . . . . . . . . . . . . . .  44"29' Hn55/ 8 $ . 18 + 10 + 48 
25 . Arcctri . . . . . . . . . . . .  43 45 11 15 1 + 4 + 27 + G9 
26 . Livorno . . . . . . . . . . . .  43 a:! 10 I!) ; + 5:1 + 5:i + 72 
27 . Areazo . . . . . . . . . . . .  , 43 28 11 56 359 + G5 + 51 + 83 
28 . Siena . . . . . . . . . . . . . .  4 1 11 22 332 + 66 + 43 + 72 
29 . Oorto~ia . . . . . . . . . . . .  43 17 12 02 650 + 99 + 3!) + 72 
30 . Pcrugikt . . . . . . . . . . .  48 07 12 36 4SH + RO + 47 + 82 

. . . . . . .  1 . i n  , 42 57 12 43 236 + 42 + 39 + 76 
32 . Spoleto . . . . . .  , , , , , . 42 44 12 47 410 + 62 + 39 + 73 
3 3  e n  . . . . . . . . . . .  42 33 12 41 121 + 13 + 51 + 64 
34 . Civita Castell . . . . . .  42 17 12 27 148 + 56 + 5.7 + 76 
35 . Rome ....... , . . . .  41 54 12 30 49 + 47 + 13 + 60 
' i . . . . . . . . .  10 38 17 57 I(; +l20 +I18 +I10 

. . . .  3 p i  . . . . . . .  , 38 :?R 14 57 2 +I33 +I34 + 91 - -- -- ... ... - 

value ........................... + ti6 + 54 + 8 s  
Average vaxistion from men 23 21 I5 

1) The groupn XI,XII, XI11 and XIV have been previously 1sostiealY 
reduced on the H e y f o r d  theory, 

2) The statione marked wore reduced by me . 



XIII. The stations on Spitzbergen 

Number h Name of Station 8 h h 1 2 3 
58. Hornsund ........ 76'561 1 5 ~ 5 7 '  5 - 6  - 2  -2 6 

39. Whales Point ... 77 30 20 59 458 +67 + I 9  +13 

40 . Whales Head .... 77 31 18 49 340 $23 -13 - 9  

42. Kellwald ....... 78 44 20 50 660 +59 -10 - 2 

....... 43.  Kingsbay 78 57 11 51 2 +34 +34 + 4  

44 . Svarta berget . . 79 29 20 0 1  154 +21 + 3 - 1 
45 . Ile de Poott ... 79 32 17 55 15 +16 $14 $ 8 

4'7 . Treurenberg bay. 79 55 16 51 22 $16 +13 - 14 
48. Ile de Rosse . . .  80 50 20 2 1  31 +71 +68 +31 - 
Lean Value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 3 C  + 1 7  + 3 

Average variation from Mean .................. 20 1 9  12 

XIV. The Stations in Norway 

1) I have applied a small correction of -0.001 up 
a 

,LO 0 .002  cm/sec to the anomalies comput?d by Bonsdorff, L O  convert 

hi:; -value:;, computed for depth of com])ensatlion 120 Km., to 

v a l u e s  for d e p t h  113.7 Km. 
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F i r s t  of a l l  we m i l l  c o n s i d e r  t h e  Caucas inn  g r o u p  V ,  

which c o n t a i n s  O ' ; s % ~ ? t i o n s  s i t u a t e d  on t h e  C:zsyim sea ,  k t  all t h e s e  

s t a t i o n s  t h e  obse rved  v ~ l u c  of g r a v i t y  i s  far  l e s s  t h a n  t h e  t h e o -  

r e t i c c z l  v a l u e s  o b t a i n e d  by t h e  d i f f e r e n t  methods of r e d u c t i o n p  and  

hence i t  i s  zn a r e ?  where g r a v i t y  i s  i n  d e f e c t .  

c:e meet  the  l a r g e s t  n e g a t i v e  g r a v i t y  a n o m a l i e s  a t  
4 \ 

d )  
Shjloi Ostrow and  Raku,,anoma.lies zs g r e r ~ t  a s  -0 .120  cm/sec. The 

a r e 2  of d e f e c t  e x t e n d s  f r o m  t l iese  s t n t i o n s ' i n  a l l  d i r e c t i o n s .  To 

t h e  s o u t h ,  t h i s  a r e a  o f  d e f e c t  s u d d c n l y  t e r m i n a t e s  be tween t h e  

C 
s t z t i o n  A l a t ,  where t h e  n e g a t i v e  anomaly i s  -0 .077 cm/oec, and  

t h e  s t a t  i o n  Lenkoran ,  where t h e  anomaly t u r n s  t o  t h c  p o s i t i v e  

L 
v n l u e  C .0 .085  crn/sec., a l t h o u g h  i t  is  on ly  130 Km. s o u t h  of A l a t .  

To t h e  e a s t ,  t he  :2re,z, of g r a v i t y  d e f e c t  d o e s  n o t  exhcnd as f n r  n s  

t h e  e : i s t e r n  s h o r c  of t h e  CaspiC7n Sen, f o r  ~l.t S h i i o i  O s t r o n  we a l -  

a ready  come a c r o s s  t h e  p o s i t i v c  anomaly + 0.055 c m / s ~ c ,  a s  w i l l  be 

sc'n f rom t h e  l i s t  on pnge (1 ) .  To the  n o r t h ,  t h e  znornnlyr a t  

Petrovrjlc i s  n e g a t i v e ,  v i z .  -0 .031 ,  b u t  ?*t -%strnkh?.n, i t  h ~ ~ s  a l -  

l. relicly cllnnged t o  t h e  p o s i  t i vc .  vn.111~ + 0.048 cm/sec. 
-------- ---- 

1)  These m a m a l i e s  r e f e r  t o  the  f ' i r s t  FIayford r e d u c t i o p .  

D e p t h  o f  Col-ilpens.ation 113 .7  ICm. 
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S m a l l  n e g z t i v e  a n o m a l i e s  a r e  3 1 9 0  met w i t h  LV, of 

S h i l o i  O s t r o v ~  2nd Raku a t  some s t a t i o n s  i n l a n d ,  s u c h  no Schemncha 

% I -0 .007 ,  and  Grosny ( t o  t h e  n o r t h  of t h e  Cauczsus )  -0.017 cm/sec. 
I 

S i n c e  t h c  g r a v i t y  nnornal ics  shov\r t h a t  t h e  T rea  of 

mass d e f c c t  on t h e  Casp ian  i s  a  l o c a l  p e c u l i a r i t y  and t h a t  i s  

very  l i m i t e d  i n  e x t e n t ,  t h i s  : i re2  w i l l  n o t  be i n c l u d e d  i n  t h e  

d e t a i l e d  discussion. 

L a r g e  p o s i t i v e  nnomal l e s  a r e  met w i t h  a t  Schuscha. 

+0.139, a t  Alngos  +0 .115,  a t  Kasbek 4-0.110, and  a t  Batum + 0.112 1 
% 

cm/sec. Of t h e s e  s t a t i o n s  t h e  f i r s t  two a r e  i n  t h e  Armenian 1 
I 

mounta ins ,  &he t h i r d  i n  t h e  Caucasus ,  ne-r  t h e  mounta in  of t he  I 
same name, a n d  t h e  f o u r t h  on t h e  B l a c k  s e a .  

L 
The l a r g e  n e g a t i v e  anomaly o f  -0.057 cm/sec a t  

K e r t s c h ,  i n  t h e  Cr imea ,  is n o t  c h a r a c t e r i s t i c  b u t  r a t h e r  e x c e g -  

t i o n 2 1 ,  because  n t  o t h e r  s t a t i o n s  of t h e  Crimes. t h e  a n o m a l i e s  

a 
? r e  a lways  p o s i t i v e .  I n  t h e  same way, t h e  anomnly of -0.035 cm/sec 

,:t k7eks t i r i nodnr  must be c o n s i d e r z d  a s  a n  e x c e p t i o n .  

Th; : tverage  g r a v i t y  anomcllies i n  t h e  Caucasus a r e  

computed i n  t h e  f o l l o w i n g  g r o u p s  r -  I n  g r o u p  1 t h e  1 3  s t a t i o n s  i n  

t h e  Caucasus r?nge  ; Group 11, t h e  1 7  s t ?  t i o n s  i n  Armenia ; Group 

111, t h e  1 2  s t a t i o n s  be tween t h e  h i g h  r -nges  of t h e  Cnucasus a n d  

Armenia.; Group I V ,  t h e  1 2  s t , q , t i ons  on t h e  n o r t h  s i d e  of t h e  

C!2uc~-sus ; nrld Group V I ,  t h e  9 s t a t i o n s  on t h e  Bl:l.ck s e n .  -. 
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In the order of-thcsc groups, the average gravity anomalies are 

:1,3 follows h - 
3y the Free Air reductions- +0.062,+0.054, -0.020, + 0.007 

3. 
nnd+O. 002 crn/sec. 

By the Bougucr reduction:- -0.084, -0.087, -0.062 -0.039 and 
1. 

f 0.003 cm/scc . 
By the Purcly 'Topographic reduction:- +0.009, -!-0.005, +0*030, 

a 
+0.056 and+0.099 cm/szc. 

By Hayford's topo~ispbtatic reduction (with deptY, of compensation 
x '  

113.7 Km,) +0.074, + 0.075, 4-0.048, f 0.028 nndS0.035 cm/sec. 
By Hgyford's topographic isost?.tic reduction (with depth of 

compens:?tion 166.3 Km.) C0,060,+0.067, +0.047, i0.025 and 

E #0.@36 cm/scc . 
By the Hayford topo-isostatic riduction (with d c p t h  of compensa- 

tion 184.6 Km.)t0.052, C0.06$, 4-0.044, 4-0.023, nnd+0.037 

Dy t h c  regional topo-isostatic rcduction (with ?, rcgional compen- 

snl;ion extending to a radius of 1G6.7 Km. round cnch station) 

L +0.048, 4- (3.072, +0.07i9 +0.030 a d  f 0.044 cm/scc. 

1) Tnc anom~lies corrcspondlng to this reduction 

hzv t  not been given in tablc X, as table X had zlready becn 

prlntid befor~ t h ~  cnlculntions necessary for this reduction wert 

compllettd. 
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By A i r y ' s  t o p o - i s o s t a t i c  r e d u c t i o n  on my f i r s t  assumpt ion 4 -0 .041 ,  

9 0.059,  + 0.055, +0.025 and.CO.042 cm/secb 

By A i r y ' s  t o 9 o - i s o s t a t i c ;  r c d u c t i o n  or: my sc;cond ascium;?tion+0.051, 

1- i -0.065,  + 0.057, 4- 0.029 and+0.043. cin/sec. 

The t o t a l  avcrnges  of a l l  63 anomalies by ?,I1 3 mc- 

thods  of r c d u c t i o n  i n  t h e  above o r d e r  ;re:- f 0 . 0 2 6  -0 .060,  

+0.033,  f 0 . 0 5 3 ,  +0 .049 ,  +0.045,  + 0.055, -4-0.045 and +0.050 

% 
cm/scc., and t h c  average  v? . r i a t ions  o f  s i n g l e  anomal ies  from 

t h e s e  mean v a l u e s  amount t o  : 0.046, 0.031, 0.037,  0.027, 0.024, 

% 
0.023, 0.0~26, Oe022,..add 0.022 cm/scc. 

S i n c e  t h e  mountain s t a t i o n s  g i v c , m o r e  d i s c o r d a n t  

vzlucn f o r  t h e  ?nom21ies by each method o f  r e d u c t i o n  t h a n  s t n t i o n s  

of lower ? , l t i t u d c ,  t h e r e  seems g o o d  re-son t o  cx?minc t o  whnt 

c x t c n t  t h c  nnomnlics czil bc e%.?rcsscd ?s l incL2r  f u n c t i o n s  of t h c  

hcight:; of t h c  s t a t i o n s  o f  o b s c r v ? t i o n .  I f  we determine t h c  

l i r ~ i ; : : . ~ ~  . r e l a t i o n  which e x i s t s  between the  ?.nomalies and t h e  h e i g h t s  

o f  t hc  s t a t i o n s ,  w e  o b t T ~ i n  tlie f o l l o w i n g  e x p r c s s i o n s  f o r  t h c  ano- 

mr~lic::; " l i t !  by t h c  Q d i f f c r i n t  methods o i  r e d u c t i o n  i n  t h e  o r d e r  



H denotes height, at which the observation was taken 

By the first three methods of reduction (viz. the 

Free Air, the Bouguer and the Purely Topographic reduction), the 

variation in the mean of each group of anomalies is much smaller; 

the average variation of single anor~~alies from the mean is much 

larger; and the linear relation between the anormlies and the height 

of observation more marked, than by the methods of reduction which 

take subtersanean compensation into account. 

All this poes to prove that reductions, that are not 

based on the assumption of isostatic com~~ensation, do not corres- 

pond with the pravity distribution in the Caucaous. 

The Bouguer and the Purely Topographic reductions give 

entirely different mean anomalies in the various groups, but show 

the same general trend dependent on altitude (-0.000042 x H and 
L 

-00000040 x H cm/sec respectively). This is due to the fact that 

the latter method of reduction takes into account the curvature of 
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t h e  e a r t h ,  which  i s  n e g l e c t e d  i n  t h e  f o r m e r ,  and  a l s o  a l l o w s  f o r  

t he  t o p o g r a p h y . o f  t h e  more d i s t a n t  zones .  T h i s  h a s  t h e  e f f e c t  of 

a l t e r i . n g  t h e  a n o m a l i e s  of a l l  s t a t i o n s  i n  any  l i m i t e d  a r e a  i n  t h e  

same d i r e c t i o n ,  a n d  hence  t h e  d i f f e r e n c e  between a n o m a l i e s  r ema ins  

prac: t ica . l . ly  unchanged.. 

Of t h e  T o p o ~ ~ s o s t a t i c  r e d u c t i o n s  a l l  t h r e e  of t h e  

a 
Hayford r e d u c t i o n s  g i v e  t h e  same o b s o l u t e  t e r m  $0 .037 cm/sec, 

bu t  a s m a l l e r  val.ue f o r  t h e  t e rm dependen t  on t h e  h e i g h t  of o b s e r -  

v a t i o n  i n  p r o p o r t i o n  as t h e  d e p t h  of compensa t ion  i s  i n c r e a s e d .  

For i n s t a n c e ,  f o r  a d e p t h  of compensa t ion  of 113.7Km- we g e t  t h e  

c o r r e s p o n d i n g  t e r m  +0.000023 x H; f o r  a d e p t h  of compensa t ion  of 

156 .3 ,  t h e  c o r r e s p o n d i n g  t e r m  +O000C)015 x H; and f o r  a  d e p t h  of 

compensa t ion  of 184.6"KrnO, t h e  c o r r e s p o n d i n g  t e rm +0.000010 x H 
a 

crn/sec. The mean v a l u e s  of t h e  g r o u p s  c o r r e s p o n d i n g  t o  a d e p t h  of  

compensa t ion  o f  184 .6  Km. ( v i z .  $ 0 . 0 5 2  +0 .061  + 0 . 0 4 4  3-0.023 

9 
and-kO. 037 cq / sec )  show b e t t e r  a c c o r d a n c e  " i n t e r  sell t h a n  t h o s e  

c o r r e s p o n d i n g  t o  a d e p t h  of compensa t ion  of 186 .3  Km. ( v i z .  +0 .060  

+ O.O(j7, + 0.0117, + 0.025 and + 0.036 crn/se? ) , and a s t i l l  b e t t e r  

agreement  t h a n  t h e  v a l u e s  c o r r e s p o n d i n g  t o  a d e p t h  of compensa t ion  

of 113 .7  Km. ( v i z .  + 0 . 0 7 4 ,  +0 .075 ,  + 0 . 0 4 9 ,  + 0 . 0 2 8  and+0.035 

C 
cm/sec ) .  Also  t h e  a v e r a g e  v a r i a t i o n  of s i n g l e  a n o m a l i e s  f rom 

t h e i r  mean i s  s m a l l e s t  f o r  a d e p t h  of cornpensati.on of 184 .6  Km. 
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Y' 
( v i z ' .  ' 0.023) and l a r g e s t  f o r  a  d e p t h  of compensation of 113 .7  K r n ~ ~ ~  

t 
(1 

( v i z .  0.027 cm/sec . ) .  The r e d u c t i o n  f o r  a  dep th  of compensation ' 
I 

of 104 .6  Km. shows a b e t t e r  agfeement w i t h  t h e  g r a v i t y  d i s t r i b u -  

t i o n  i n  t h e  Caucasus t h a n  any of the o t h e r  Hayford r e d u c t i o n s .  An i 
e x t e r p o l a t i o n  from t h e s e  t h r e e  Hayford r e d u c t i o n s  shows t h a t  a 1; 

I ; 
1 

depth of compensation of 'about 250 Km. vrould reduce the  t e rm I I i I 

dependent on the  h e i g h t  of o b s e r v a t i o n  t o  z e r o .  

According &o t h e  Regional  T o p o - i s o s t a t i c  r e d u c t i o n ,  I 

thc  tcrm dependent  on the  h e i g h t  of o b s e r v a t i o n  e n t l r e l y  d i s -  I 

a p p e a r s ,  and t h e  mean a n o m l l e s  of the  groups  a g r e e  as w e l l  I 

" l n t e r  s e t '  as on t h e  second assumpt ion of Hqyford, and t h e i r  I 
I 
I 

average  v a r i a t i o n  from t h e  mean i s  a l s o  q a i t e  a s  small. 
I 

The two r e d u c t i o n s  on t h e  Ai ry  theory  gave a  some- 
i 
f 
i 

what b e t t e r  agreement w i t h  t h e  a c t u a l  o b s e r v a t i o n s  than any o t h e r  ( 
I 

methods, f o r  t h e  mean v a l u e s  of t h e  groups ( v i z .  +0,041, + 0.059, i 
t0.055, +0.025, 4-0.042 and+0.051, +0.065, 1-0.057, f0.029, ! 

% I 
-b 0.041 cm/sec r e s p e c t i v e l y ) ,  a g r e e  b e t t e r " i n t e r  se': The a v e r a g e  

! 
I 

v a r i a t i o n  of s i n g l e  anomal ies  from the  mean a l s o  i s  s m a l l e r  ( v i z .  

0.022) , than t h o s e  ob ta ined  by t h c  o t h e r  methods of r e d u c t i o n ,  I 

a n d  thc  term dependent  on t h e  h e i g h t  o f  o b s e r v a t i o n  d i s a p p e a r s  

e n t i r e l y  i n  t h c  case  of t h e  f i r s t  assumpt ion and a lmos t  e n t i r e l y  

In t h e  case  of the  second.  Of t h e  two r e d u c t i o n s  on t h e  Ai ry  t h e o r y '  

, thc  f i r s t  sccms t o  correspond b e t t e r  w i t h  t h e  d i . s t r i b u t i o n  o f  g r a -  

v i t y  than t h e  second.  
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Since the average heights in the Caucasus and America I 

d 
are mainly between 0 and 2000 m, the thickness of the earth's crust 

1:; bctwcen 77 - 104 Km. on my first zssumpti8n for the Airy theory. 1 

From the result of my discussion it i'ollows that :- 

1. In c s d c r  to explain the course of ~ravj ty in the Caucasus, we ---.- - -.-------.----- ---- 
C 
t i  
I I 
i 

must considcr isostatic compensation in some form or other. I! --- ' t 

I ' 2. Of the 'Topo-isostatic reductions the Airy reduction on the assumu, -- 
-tlon of the earth's crust having a thickness of' 77 - 104 Km. -- - - 
agrzes  best with thc observed facts. - 
3. .- If wc try to explain the observed facts on the Hayford theory, 

in order to get an equally good agreement, wt are compelled either , 

to adopt a depth of compensation - of 250 Km., or to assume that com- 

pensakion in the Caucasus is regional. 1 
4 .  The Apspheron peninsula .-- on the Caspian sea and the surrounding 

coun t ry  is -- en area of mass defect, Of the Europcan stations the - 
following have been reduced by mc:- 

9 stations in the Harz mountains, 6 in t h ~  Xiesengcbirge, 6 in 

Austriap :.', in Hungary, 2 in Galdcia, 6 in Bavaria, 1 in Bohemia, 1 

in Italp, 1 in Spain and 8 in different parts of Germany. 
1 )  

In addition, from tlic work of 'V:, 3oviie, I had at my dis- 

posal thc results of 21 topo-isostatically reduced stations in . 
Smitzerland, 2 in Arabia, 2 in the Harz mountains, 2 in the Riesen- 



1) 
- g c b i r g e 9  1 i3 Norway, Also  i n  a  t r e a t i s & y  Reina and C a s s i n i ,  

I found t h e  r e s u l t s  of t o p o - i s o s t a t i c a l l y  reduced s t a t i o n s  i n  
2 )  

I t 2 1 7  and from A.N. one s t a t i o n  L i p a r i .  I moreover a v a i l e d  myself 

01 t h e  r e s u i t s  of a f u r t h e r  11 s t a t i o n s  i n  >3p i t zbe rgen ,  t o p o - i s o s -  
3 ) 

t a t i c a & l y  reduced by Bonsdor f f .  

The f i r s t  European group i n  t a b l e  X comprises  a t a b l e  of 

a 1  topiether 11 s t a t i o n s  i n  t h e  Harz mounta,ins. The Harz was v e r y  

thorough ly  i n v e s t i g a t e d ,  because  a common i rapress ion  e x i s t s  t h a t  

i t  is n o t  i s o s t a t i c a l l y  compensated, though no one had g i v e n  y e t  
e 

a d e f i n i t e  p r o o f ,  whether  t h i s  we-re rea1l.y t h e  c a s e .  

2 )  V .  Reina  and G .  C a s s i n i ,  Ast ronomical  l a t i t u d e  and 

gra i r i  t y  dc t e r m i n a t  ions  i n  Umbria and Twscarrg. 1913-15. 

2 )  C .  l de i s sne r ,  I s o s t a t i c  r e d u c t i o n  of 34 s t a t i o n s  c a r r -  
II 

i e d  out  i n  t h e  g e o d e t i c  i n s t i t u t e  by Hubrler and 0 .  I \ le issner  A . N . B .  

3 )  I lmr i  3 o n s d o r f f 9  I s o s t a t i c  r e d u c t i o n s  of t h e  d i r e c -  

t i o n  of t h e  v e r t i c a l  and i n t e n s i t y  of g r a v i t y ,  measurd of a n  a r c  

e t  S p i t z b e r g ,  R u s s i a n  m i s s i o n ,  1 P a r t  I V ,  B ,  1916. 

4 )  E.R. Helmer t ,  g r a v i t y  and d i s t r i b u t i o n  of mass on t h e  

e a r t h . E n c .  of Ns th .  Wissensch;  Vol. V I  I B P a u t  2 p.  152 ,  1910. 
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These 11 stations are regularly distributed over the 

whole Harz. 

The Bouguer reduction gives a mean anomaly of + 0.021 

a 
cm/sec, whilst the Hayford reduction, for a depth of compensation 

of  113.7 Km. and 85.3 Km., gives values of +0.046 arid -k0.048 cm/se 

respectively . 
Reductions according to Airy reductions on my first, 

second and fourth assumptions gave values + 0.043, f 0 . 0 4 5  and 

9 
+0.048 cm/sec respectively. These figures do not indncate much, be- 

cause we do not hnow how great the normal value of gravity is, in 

this region. Also the Bougucr reduction cannot be used, if we wish 

to investigate whether the Harz is isostatically compensated or not, 

because the Bouguer reduction does not take the compensation of the 

more distant zones into account ( e . g .  the Alps, which lie in corn- 

pensated regions ) .  

In order to show whether the Harz is compensated or not, 

it is necessary to apply the Hayford or the Airy reduction and treat 

the Harz region as uncompensated, and compare the latter anomalies 

with those on the Hayford or Airy theories. This was done, and the 

last column (8) derived the average value of whdch gives +0a030 

cm/se& 
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The average variation of the Il,,anomalies from thei 

roean values on the ilayford reduction is 0.009, on all the Airy re- , '  
il 

duct,ions 0,008, and in the case, where the Harz is treated as un- I 

: 2 
compensated, also 0,OOG cm/sec. 

1. LThether the Harz is treated as $ompensated or un- rJ 
d compensated, the anomalies follow a course, which depends on the , 

height of the station of observation. The anomalies A on the 
i 
! 

Hayford theory (depth of compensation 113.7 Km. ) can be represen- 'I 

ted by the formula:- 
I 

The anomalies in the cade where Harz is taken as uncompensated, by: 

the formula : - 

I 

and the anonalics on the fourth assumidtion for the Airy theory, by,, 
If 

the formula : - 
I1 

A r + 0.040 4- 0.000019 X H cm/sec 
c 5 * 9 I 

r)L C 
where li is the height of observation in metres. 4 

I 

I have only taken into account one Hayford redug- j 
i tion and one Airy reduction for the deduction of the above formula& 

as 'I'able X shows that the Hayforti and all three of the assumptions! 

for the Airy theory give almost the same results. f 
t 
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In  o rder  t o  i n v e s t i g a t e  t h e  d i s t r i b u t i o n  of g r a v i t y  i n  a wider  a r e a  

I '  
around t h e  Harz ,  I reduced t h e  s t a t i o n s  L e i p z i g ,  B a l l s t a d t ,  

Harscwinke 1,  denha ha us en and Hohendodeleben. The anomal ies  a t  t h e s e  

s t a t i o n s ,  i n  o r d e r ,  a c c o r d i n g  t o  t h e  f i r s t  r e d u c t i o n  on t h e  Hayford 

t h c o r y , a r e  +0.038,  +0.032,  +0.027,  4 0 . 0 4 6  andS0.060 cm/seczand 

on t h e  4 t h  assumpt ion on t h e  Airy  t h e o r y p  they a r c  +0 .041 ,  t 0 . 0 3 7 ,  
Z 

+ 0 , 0 3 0 ,  +0.046 and +0.062 cm/sec. The mean v a l u e  of t h e s e  ano- 

Z 
malies  i s  +-0.040 and +0,043 cm/sec.  The cor respond ing  mean ano- 

maly a t  t h e  s t a t i o n s  i n  t h e  Harz i s ,  on t h e  f i r s t  Hayford reduc-  

t i o n ,  + 0.046,  and on t h e  f o u r t h  Airy r e d u c t i o n  -f-0.048, and on 

thc I s s o s t a t i c  r e d u c t i o n ,  i n  which thc  3arz i s  t r e a t e d  a s  uncompen- 

a satccl ,+0.030 cm/sec. The averagc  anomnalics i n  t h e  Harz and  the 

surrounding a r e a  show as good agreement,  whsther vie r e g a r d  i t  a s  

having s u b t e r r a n e a n  comapensation, o r  t r e a t  i t  a s  uncompensated. 

The v a r i a t i o n  of t h e  anomal ies  from t h e  mean anomaly is somewhat 

l e s s  on t h e  assumpt ion t h a t  t h e  Harz i s  uncompensated t h a n  on t h e  

Hayford r e d u c t i o n .  But t h e  d i f f e r e n c e  i s  s o  small, t h a t  i t  i s  i m -  

p o s s i b l e  t o  m a i n t a i n  t h a t  g r a v i t y  o b s e r v a t i o n s  compel us  t o  assume 

t h a t  t h e  Harz i s  uncompensated, and t h e  Airy assumpt ion agrees .  

J u s &  a3 w e l l  w i t h  t h e  observed v a l u e s  a s  t h e  assumpt ion t h a t  t h e  

Hnrz i s  uncompensated. We thus  a r r i v e  a t  t h e  r e s u l t  t h a t  t h e  d i s -  

t r t j . -  - -- 

t a t i c  r e d u c t i o n  and t h a t  t h e  Harz f o r m  no e x c e 7 t i o n  t o  t h e  u n i ~  
____I -- 
- s a l  g r i n c i p l e s  of i s o s t a s y .  
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I t  i s  q u i t e  a n o t h e r  m a t t e r  i f ,  from o t h e r  d a t a  such  a s  g e o l o g i c a l  

r e s u l t s ,  a d e f i n i t e  c o n c l u s i o n  i s  a r r i v e d  a t ,  t h a t  t h e  Harz is a n  

uncompensated a r e a .  The g r a v i t y  r e s u l t s  ic no way s u p p o r t  s u c h  a n  

assumpt ion.  

The 8 s t a t i o n s  i n  t h e  R i e s e g e b i r g e  which form t h e  se-  

cond European group show u n c o n d i t i o n a l l ~ r ,  t h a t  t h e s e  mountains a r e  

f u l l y  compensated. Kence t h e  s t a t e m e n t  t h a t  the R e i s e n g e b i r g e  a r e  
1) 

only p a r t l y  compensated i s  b e s i d e  t h e  p o i n t .  

The anomal ies  on t h e  :layford r e d u c t i o n s  a r e  + 0,020,  

4- 0.023 and t h o s e  on t h e  A i r y  r e d u c t i o n s  4 0.014, +0.017,  

% -f- 0.023 cm/sec. I f  we remember t h a t  a s  n e a r  a s  i n  L e i p z i g ,  t h e  

i-iayf ord ano~llaly is + 0.038, and i n  3adska i n  :Bohemia, t h e  anomaly 

i s  C C . 0 5 5  cm/sec: i t  i s  c l e a r  t h a t  the  v a l u e  of g r a v i t y  i n  t h e  

R iesengebr ige  i s  r a t h e r  t o o  small t h a n  t o o  l a r g e ,  a n d  t n a t ,  i n  

t h i s  s r e n ,  overcompensat ion ,  r a t h e r  than undercompensation h o l d s  
2 

sway. Then come tlie s t a t i o n s  i n  t h e  marg ina l  de;;ression o f  t h e  

Alps.  ( ; e o l o g i s t s  m a i n t a i n  t h a t  mountain c h a i n s  a r e  n o t  compensated 

i n  themselves  b u t  a r e  compensated, i f  t h e i r  marg ina l  d e p r e s s i o n s  

a l s o  a r e  i n c l u d e d .  

1 )  F.R.Helmert,  G r a v i t y  . . .  p.  152,  

2 )  Vide B.F.Kosmatt 1 . c .  p .  21. 
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Thi s  would nean  t h a t  t h e  m a r g i n a l  d e p r e s s i o n s  a r e  over -compensa ted  

and t h e  moun ta in  c h a i n s  under -compensa ted ,  o r ,  i n  o t h e r  words ,  

t h a t  t h e  g r a v i t y  a n o m a l i e s  i n  t h e  m a r g i n a l  d e p r e s s i o n s  would be 

n e g a t i v e ,  and  t h o s e  i n  t h e  moun ta ins ,  p o s i t i v e ,  i n  compar ison  w i t h  

a n o m a l i e s  i n  s u r r o u n d i n g  a r e a s .  I n  s u p p o r t  of t h e i r  assumptions, 

t h e  v a l u e s  of g r a v i t y  i n  t h e  m a r g i n a l  d e p r e s s i o n s  of t h e  A l p s ,  t h e  

C a r p a t h i a n s  t h e  Caucasus  have been  yuo ted .  

The 1 0  s t a t i o n s  I have  r educed  a r e  a l o n g  t h e  m a r g i n a l  
0 

d e ~ r e s s i o n  of t h e  ~ l p s  f r o m v i e n n a  ( = I 6  2 1 1 . 5 )  t o  F r e i b u r g  

( =  7°50!3) .  The mean a n o m a l i e s  a t  t h e  s t a t i o n s  on t h e  Hayford  r e -  

d u c t i o n s  a r e  + 0 . 0 2 5 + 0 . 0 2 6  and  on t h e  A i r y  r e d u c t i o n s  t 0 0 0 3 0 ,  

$ 0 . 0 3 1 ,  andf0.032 crn/se$. 

I f  t h e s e  a n o m a l i e s  a r e  c a r e f u l l y  c o n s i d e r e d ,  i t  w i l l  

be s e e n  t h a t  t h e y  r e q u i r e  a c o r r e c t i o n .  I n  comput ing  t h e  Topo- i sos  

- t a t i c  r e d u c t i o n ,  a maan d e n s i t y  of 2 .67 i s  assumed f o r  t h e  e a r t h .  

Now t h e  Topograph ic  r e d u c t i o n  f a l l s  m o s t l y  i n  zones  A-K and  w i t h i n  

a  c i r c l e  o f  18.8 Km. r a d i u s ,  w h i l s t  t h e  I s o s t a t i c  r e d u c t i o n  f a l l s  

m o s t l y  i n  zones  L-13 ,  a t  a d i s t a n c e  of f rom 13-480 Km. f rom t h e  

s t a t i o n .  T h e r e f o r e  i t  must be c l e a r  t h a t  the  d e n s i t y  of t h e  imme- 

d i a t e  s u r r o u n d i n g s  of t l i e sc  s t a t i o n s  a f f e c t s  t h e  Topograph ic  r e d u c -  

t i o n ,  w h i l e  t h e  d e n s i t y  of t h e  f a r t h e r  zoncs  ( m o s t l y  of t h e  dcn-  

s i t y  of t h e  Alps  ) . . . . . . . . , . . . . . . . . . . , . , . . . . . . . . . . . . . . . . ( c ~ o ~ ~ b d , )  
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t 
affect$he Isostatic reduction. In the works of Borras the averagc 

i density of the 10 stations in the neighbourhood is given a3  fro^ , 

2.15 to 2,50, and vie must compute the Topqgraphic reduction with I '  

these values instead of with 2.67, On thc other hand the density 

of the Alps is between 2.6 and 2.8, so that the aalue 2.67 is 

approximately correct for the Isostatic reduction. This procedure b, 
1 

was accordingly adoptcd, and the anomalies on the first Hayford 
I 

reduction corrected. Thc corrected values are given in column 0, , 
2, 

which show, the mcan value of f0.031 cm/sec with the correction. I 

I 

The remaining mcan anomalies bccorac +0.032, +0.036, +0,037 and 
P 

f 0.038 cm/sec? I 

If the station FreiburgE with its large anomaly, is , 

omitted, the mean anomalies are + 0.026, + 0.027, f 0.031, -!- 0.032 
and+O. 033 cm/sec? 

I 
f 
I 
! 

The justification for omission of this station lies in) 
i 

the fact that Freiburg borders on the Black Forest, and is not 
i 

actually in the marginal. depression of the Alps. 

These anomalies in the marginal depression of the A l ~ s  ' 

have to be compared with the anomalies of the Alpine staiions. I 

1) The influence of the isostatic compensation in zones 

A-K and that of the topography in zones L-13 is almost meaningless, 

and in any case only plays a subordinate part. 



The anomalies according to the first Hayford reduction at the 

stations vary between t0.05'7 and -0.014 and the mean value is . 
a 

f 0.017 cm/sec. 

Adopting a depth of compensation of 85.3 Km., and on 

the Airy hypothesis, I have only been able to reduce Bowiets sta- 

tions Fos. 1 - 10 and 22 - 23, in addition to the stations Nos. 
24 - 27, which I have computed myself, as the mean heights of only 
a few zones for these stations were at my disposalo The table shows 

that, on the first and second assumptions, the Airy theory decrea- 

ses the anomalies, the third rnake$h&qhs great, and the second 

Xayford assumption greater, than those of the first Hayford assump 

.-tion. 

The gravity observations in the marginal depression 

of the Alps and in the Alps also clearly show that the Hayford and 

Airy anomalies in the marginal depression of the Alps have rather 

larger than smtller positive values than those in the Alps them- 

selves, so that the sta.tcment of the geologists, already mentioned, 

is not substantiated by the gravity mettsuremnts in the environs 

of tne .41ps. On the contrary, under- rather than over-cornpensation 

holds sway in the marginal depression of the Alps as compared with 

the Alps therdselves. other stations in the immediate neighbourhood 

of the Alp8 were also isostatically reduced in the exhaustive en- 

quiry to be described later. 



The i s o s t a t i c  r e d u c t i o n  a t  Lyons, M a r s e i l l e s  and 

T u r i n  g i v e s  t h e  p o s i t i v e  anomal ies  4 0 . 0 4 8 ;  +O*b23 and f0 .035  

C 
cm/sec, so. t h a t  t h e s e  s i d e s  of t h e  Alps confir in my s t a t e m e n t .  

I n  o r d e r  t o  i n c l u d e  a  s k e t c h  of t h e  d i s t r i b u t i o n  of 

g r a v i t y  i n  t h e  v i c i n i t y  of t h e  C a r p a t h i a n s ,  t h e  s t a t i o n s  ~ u n k A c s  

(on  t h e  s o u t h ) ,  and Lemberg and S t r y j  ( o n  t h e  n o r t h ) ,  were r e -  

duced on t h e  Hayford,  a s  w e l l  a s  on t h e  Ai ry  h y p o t h e s i s .  The ano- 

m a l i e s  a t  t h e s e  s t a t i o n s  on t h e  f i r s t  Hayford assumpt ion a r e  

+ 0.065, -0.039 and -0.009 and on t h e  f o u r t h  A i r y  assumpt ion 

% 
+0.069,  -0.037 and -0.002 c d s e c .  

a 
The jump of abou t  0.100 cm/sec from t h e  s o u t h  t o  t h e  

n o r t h  s i d e  of t h e  Carpa th ians  i s  ve ry  s t r i k i n g .  Other s t a t i o n s  i n  

t h e  neighbourhood of t h e  Carpa th ians  show t h a t  t h e  anomal ies  on 

t h e  s o u t h  s i d e  of t h e  Carpa th ians  ( i . e .  i n  ~ u n g a r y ) ,  on t h e  whole 

a r e  s t r o n g l y  p o s i t i v e .  On t h e  o t h e r  hand, t h o s e  t o  t h e  n o r t h  of 

t h e  Carpa th ians  a r c  n e g a t i v e  i n  only a ve ry  l i m i t e d  a r e a .  Negat ive  
0 1 0 I 

ariomalies a r e  only met w i t h  between l a t i t u d e s  48.55 snd 49.50 

arid l o n g i t u d e s  23'20' and 24'0' whi le  even a t  Lawoczne ( l a t i t u d e  

48°4.jl ; l c n g i t u d e  23'221) we g e t  t h e  p o s i t i v e  anomaly + 0.050 and 

a t  Craccw ( l a t i t u d e  50'4; l o n g i t u d e  1 9 ~ 5 8 )  + 0.053cm/sec?~ 

I f  on ly  t h e  s t a t i o n s  nea r  Lemberg were t aken  i n t o  

a c c o u n t ,  we might conclude t h a t  i n  t h e  marg ina l  d e p r e s s i o n  o f  t h e  

Carpa th ians  over-compenation a c t u a l l y  h e l d  sway. 
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But,  i f  o t h e r  p o r t i o n s  of t h e  n o r t h e r n  s i d e  of the  d e p r e s s i o n  

and t h e  s o u t h e r n  s i d e  be examined, we must admit  t h a t ,  on t h e  

whole, t h e  g r a v i t y  d i s t r i b u t i o n  a g r e e s  r e g u l a r l y  w i t h  t h e  t h e o r y  

of i s o s t a s y .  

I n  o r d e r  t o  s e e  how t h e  marg ina l  d e p r e s s i o n  of t h e  

Caucasus behaves i n  t h i s  r e s p e c t ,  l e t  us  compare t h e  s t a t i o n s  

ac tua l ] -y  on t h e  Caucasus w i t h  Uhose t o  t h e  n o r t h ,  and a l s o  g roups  

I and I V  of Table  X ,  one w i t h  a n o t h e r .  The mean v a l u e  of t h e  

anomal ies  i n  t h e  f i r s t  group i s  $0.074 and of t h e  f o u r t h  group 

1. -!- 0.028 cra/sec. Now, i f '  t h e  marg ina l  d e p r e s s i o n  were a c t u a l l y  

over-compensated i n  comparison w i t h  t h e  f l a t  c o u n t r y ,  t h e  ano- 

m a l i e s  of g r a v i t y  i n  t h e  neighbourliood of t h e  Caucasus shou ld  

have s m a l l e r  p o s i t i v e  v a l u e s  g r a d u a l l y  i n c r e a s i n g  up t o  normal 

v a l u e s ,  a s  we l e a v e  the  mounta ins .  bly 12 s t a t i o n s  t o  t h e  n o r t h  

of t h e  Caucasus,with t h e  e x c e p t i o n  of Stawropol  , Arn~alvir , 
J e k a t e r i n o d a r  and T i c h o r e t z k a j a , l i e  q u i t e  c l o s e  t o  t h e  mounta ins .  

The mean v a l u e  of t h e  anomal ies  of t h e  8 s t a t i o n s  

c l o s e  t o  t h e  mourltains i s  +0.038 and t h a t  of t h e  o t h e r  4  s t a t i o n s  

+0.008 cm/sec.  The anomal ies  nea r  t h e  mountains a r e  a l s c  g r e a t  

-er  t h a n  t h o s e  a t  a  d i s t a n c e ,  s o  t h a t  i t  cannot  be s a i d  t h a t  t h e  

marg ina l  d e p r e s s i o n  is  over-comyensa.ted, b u t  t h a t  i t  i s  b u t  

s l i g h t l y  compensated and t h e  mountains themselves  r a t h c r  under-  

compensated, u n l e s s  the  d e p t h  of compensation i s  g r e a t e r .  
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The country between the Caucasus and Armenia which has a mean 

anomaly of + 0.049 cm/sec? is similarly not overcompensated. If 

one wished to mention a case of over-compensation, one might take 

that of the shores of the Caspian sea. Strange to say, to the 

best of my knowledge, this country has never been quoted as an 

area of over-compensation, 

As a result I may therefore state "In the marginal 

depression of mountain chains overcom~ensabnn dnes not h o l d  swag, 

but the distribution of gravity in such areas is probably normal 

and confirms the theory of isostatic compensation1! -- 
The fact that geologists have held other opinions, 

is due to the fact that they only had the Bouguer anomalies 

11 (go - )  to go upon. These anomalies in the marginal depression - 
are strongly negative, but they cannot be otherwise. For if the 

isostatic compensation everywher? is complete, t- anomalies can 

be no purely linear functions of the height of observation, but 

the negative anomi~lies in the marginal depression must be propor- 

tic,nately grmeater than high up in the mountains, according to the 

height of observation. The correctness of this statement is 

obvious. 

Of the other reduced stationsp the Italian stations 

form the first group. 
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These f o u r t e e n  s t a t i o n s  i n  t h e  ta'ale show t h a t  g r a v i t y  i n  I t a l y  

i s  i n  e x c e s s .  Excep t  Genoa, a l l  t h e  s t a t i o n s  show g r e a t e r  anoma- 

l i e s  t h a n  $0 .060  cm/secSand a t  B r i n d i s i  the  anomaly i s  as g r e a t  

a 
a ~ f O . l 1 0  cm/sec. 

A 1 1  t h e s e  s t a t i o n s  f a l l  i n  a  smal l  a r e a .  But o t h e r  

s t a t i o n s  i n  t h e  Is8\: ;editerranean and 3n i t s  is1anaf;s ' ( e  .g .  i n  A l g e r i a ,  

i n  r;ardinia,, C o r s i c a  and ~ a l m t i a )  show t h a t  t h e  whole Medi te r ra  

-nean a r e a  between S p a i n  and Dalmat ia  i s  a n  a r e a  of excess  of 

g r a v i t y .  Th i s  shows t h a t ,  under t h e  Ned i te r ranean ,  t h e r e  i s  a  

p o s i t i v c  e x c e s s  of corapensation. I t  may have Been mentioned t h a t  

t h e  d e f e c t  of g r a v i t y  i n  Prance ,  Spa in  and deeper  i n l a n d  i n  

A l g e r i a  i s  p robab ly  somehow connected w i t h  t h e  excess  under t h e  

X e d i t e r r a n e a n .  The s t a t i o n  s:rvaagen i n  Norway, reduced by Bowie, 

wi th  i t s  a.nomaly of + 0.134 c n / ~ e c ' - ~ i v e s  no r e a l  impress ion of 

the  g r a v i t y  d i s t r i b u t i o n  i n  Scand inav ia ,  a s  a t  on ly  50 Km. d i s -  

a tance  wc meet w i t h  anomal ies  of abou t  -0.050 em/secF and i n  t h e  

whole of Scand inav ia  t h e  anomal ies  a r e  g e n e r a l l y  n e g a t i v e ,  which 

f a c t  a g r e e s  w e l l  w i t h  t h e  h e i g h t  of t h e  coun t ry .  The e l e v e n  s t a -  

t i o n s  i n  S p i t z b e r g e n  show t h a t  g r a v i t y  t h e r e  i s  normally d i s t r i -  

bu ted ,  and they  conf i rm t h e  tilcory of' i s o s t a t i c  compensation. 

These s t a t i o n s  r e c e i v e  a  l a r g e  w e i ~ h t  i n  t h e  d i s c u s s i o n  on accoun t  

of t h e i r  h i g h  l a t i t u d e .  



Does t h e  i s o s t a t i c  hypo thes i s  of Hagford or  t h a t  of ' 
A i r , v  a g r e e  b e t t e r  w i t h  t h e  ~ r a v i t y  o b s e r v a t i o i ~ s ?  

I I n  t h e  f o r e g o i n g  we have a l r e a d y  seen t h a t  t h e  Airy 

r e d u c t i o n  a g r e e s  w i t h  t h e  g r a v i t y  observ-^ , t ions  b e t t e r  than t h e  

Hayford r e d u c t i o n  i n  t h e  case  when t h e  dep th  of compensating i s  

taken a s  l e s s  t h a n  185 Km. I w i l l  now t r c a t  t h i s  ques t ion  more 

g e n e r a l l y  and i n v e s t i g a t e  whether t h e  o b s e r v a t i o n s ,  t h a t  I have 

uscd,  e n a b l e  us  t o  r e p l y  t o  t h i s  ext remely  impor tant  q u e s t i o n .  

The Hayford h y p o t h e s i s  has  explained t h e  g r a v i t y  

o b s e r v a t i o n s  i n  t h e  U . S . A .  s a t i s f a c t o r i l y .  I t  i s  now my t a s k  

t o  p u t  t o  t h e  t e s t  how A i r y ' s  h y p o t h e s i s  a g r e e s  w i t h  t h e  American 

g r a v i t y  observa , t ions  . 1 
The 56 mountain s t a t , ions  I n  t h e  U .S .A,, which Bowie 

has reduced, have been reduced under  t h e  f i r s t , , s e c o n d  and f o u r t h  

Airy  assurnr)t ions and t h e  r e s l ~ l t s  a r e  given i n  Table  X I .  Th i s  

table givcn  t h e  numbers of t h e  s t a t l o n s  jn Bowiels  t a b l e ;  the  

names, c o - o r d i n a t e s  and h e i g h t s  of s t a t i o n s ;  t h e n  t h e  c o r r e c t i o n s  

by t h e  Hagford r e d u c t i o n p  and those  by my f i r s t ,  second and f o u r t h '  

Airy  r e d u c t i o n s  (columns 1-4), and l n s t , l y ,  t h a  anomalies i n  t h e  
Z 

same o r d e r  (columns 5-8) .  The u n i t  agaln is 0.001 cm/sece The 

s t a t i o n s  f a l l  i n t o  two groups .  The f l r s t  group l n c l u d e s  t h o s e  s t a  

- t i o n s  which a r e  abovc t h e  l e v e l  of t h e  surrounding coun t ry ,  t h e  

second group t h o s e  which a r e  below. 

I1 

1 

I 

, 
I 
I 
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According tn this table, the mean anomalies on the 

Hayford reduction (~epth of Compensation 113.7 Km.) and on the 3 

Airy assumptions for the first group are 4-0.009, -0.010, -0.003 

and + 0.011, and in the second group, i0.005, 0.000, +0.003 

+ 0.010 cm/sec? and the average variation of the anomalies, 

0.017, 0.018, 0.017, 0.017 and 0.020, 0.022, 0.021, 0.021 

2 
cm/sec respectively, so that the Hayford and the 2nd Airy reduc- 

tion are equally good, while the other two Airy reductions show 

a slightly worse agreement. 

The 56 anomalies ItAit corresponding to these four 

methods of reduction car1 be represented by the follol,ving linear 

functions of the height of observation 

,where H denotes the height of observation in metres. The linear 

dependence of the anomalies on the height of observation is 

least on the 2 first Airy assumptions and hence these methods 

of reduction are the best. The linear terms by all of these meth 

-ods however are so small, that not much weight can be attached 

to this criterion. 
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The c o a s t a l  s t a t i o n s  can  be  reduced  on t h e  A i r y  a s s u m p t i o n s  by a 
. - 

s i m p l e r  method. T h i s  i s  because  t h e  r e d u c t i o n  i n  t h e  n e a r e s t  zones 

f o r  t h e s e  s t a t i o n s  has-  b u t  l i t t l e  i n f l u e n c e  on t h e  r e s u l t ,  and  t h e  
I 

va lue  o n l y  becomes s e n s i b l y  l a r g e  i n  zones  18 -1 ,  s o  t h a t  t h e  d i f f -  I 

e r e n t  A i r y  r e d u c t i o n s  can  be e a s i l y  t a k e n  d i r e c t  f rom t h e  Hayford : 
I r e d u c t i o n s ,  by remembering t h a t  t h e  Hayford t h e o r y ,  f o r  a d e p t h  of , 

compensa t ion  2T, l e a d s  t o  p r a c t i c a l l y  t h e  same r e s u l t  as t h e  A i r y  

t h e o r y ,  w i t h  a mean d e p t h  of compensa t ion  T. If we a c c e p t  t h a t  t h e  

mean d e p t h .  of t h e s e  zones  i s  2000 m, t h e  mean d e p t h  o f  compenua- 

t i o n  on o u r  A i r y  a s s u m p t i o n s  amounts t o  63 ,  58 and  37  Km. r e s p e c -  

t i v e l y ,  s o  t h a t  t h e  A i r y  r e d u c t i o n s  Correspond e x a c t l y  w i t h  t h e  

f iayford r e d u c t i o n s  f o r  d e p t h s  of compensa t ion  138, 116 ,and  74  Km* 

I n  t h i s  manner t h e  r e d u c t i o n  a t  t h e  c o a s t a l  s t a t i o n s  

can  be c a r r i e d  o u t  a c c o r d i n g  t o  t h e  3 A i r y  a s sumpt ions  w i t h o u t  

3- g e t t i n g  a n  e r r o r  of more t h a n  0 .002  cm/sec i n  t h e  meafi a n o m a l i e s  

a t  t h e s e  s t a t i o n s .  The mean a n o m a l i e s  f o r  t h e  p l a i n  s t a t i c n s  were  

s i m i l a r l y  d e t e r m i n e d .  The mean a n o m l i e s  o f  t h e  f i r s t  and  second 

group of hill, c o a s t a l  and  p l a i n  s t a t i o n s  on t h e  Hayford r e d u c t i o n s  

w i t h  t h e  v a r i o u s  d e p t h s  of compensa t ion ,  and  on t h e  A i r y  r e d u c t i o n s ,  

Nos. I ,  I1 a n d  IV, a r e  shown i n  Tab le  XII. 

f o l l o w  T a b l e s  X I  Lk X I I .  



Table XI. 

The Mountain Stations in the U.S.A. 
1 .Group . 

Q. I h 1 2 3 4 
I I ~ n e w t e r . N . H  ............... 44"W 71°34' 361 . 7 -16  - 7  0 

L~~ Vegau. N . Mex ............ 35 36 105 12 1960 - 17 - 44 - 38 - 20 
..................... 116 Ely. Nev 39 15 114 53 1962 - 0 - 47 - 38 - 18 

~ ~ l ~ ~ w o o d .  Tenn .............. 36 26 84 33 422 - 13 - 21 - 17 - 12 
.. ..... 52 Lower Geyser Basin. W y o  44 33 110 48 2200 - 28 - 4 )  41 - 23 

51 ~ ~ a i s  Geyser Basin. Wyo ..... 44 44 110 42 2276 - 1 - ;w - 47 - 26 . . 

(g pleaseat Valley Junction. Utah  . 39 51 111 1 2191 - 24 - 49 - 41 - 33 
18 Asbeville. N . C ............... 35 36 82 33 670 - 26 . 42 . 33 - 30 

........... 50 Grand Canyon. W y 0  44 43 110 30 2.486 - 38 - 64 - 55 - 34 
.................. ps upine. Tex 30 22 108 40 1359 - 33 - 51 - a - 29 

M Nogdes. Ariz ................. 31 21 110 57 1181 - 38 - 49 . 45 - 40 
8 Deer Park. Md ............... 39 25 79 20 770 - 41 - 53 . 48 - 35 

Lalre Placid. N . Y ............. 44 18 73 59 671 . 32 - 44 . 40 - 30 
103 Hughes. Tenn ................. 36 09 82 07 994 - 53 - 70 - 63 - 51 
Vj had. S . Dak ................. 44 21 103 48 1590 - 44 - 58 - 66 - 46 
B Yavapai. Ariz ................. 36 04 112 07 2179 - 34 - 53 - 46 - 30 

.................. 111 Rnckee. Cal 39 20 120 11 1805 - 57 - 90 - 79 - 41 
55 Mount Hamilton. Cal .......... 37 20 121 39 1282 -120 -135 - 1  -116 

101 Clcudland. Tenn ............... 36 06 62 08 1890 -130 -149 -142 -130 
13 Pikes Peak. Colo .............. 38 50 105 02 4293 -187 -225 -218 -197 

.......................... &an Value .. 
Average varxation from Mean 

I I. Group. 
10 Gallup. N . Mex ................ 35 32 108 44 1!)90 - 14 - :14 -- 39 - 11 

156 Bristol. Va .................... 36 35 82 12 514 - 11' --- 'LL' - 14 - 5 
16 Shte College . I'a ............. 40 48 77 52 358 - 10 - 1 . 12 . 5 

Ila Moorcroft. Wyo .............. 44 I6 10-1 58 1295 - 5 - 10 - 7 + 1 
61 Goldfield . New ................ :i7 42 117 l a  1716 . 25 . 4 - 35 - 20 

b! Cleveland. Tenn ............... 35 09 4-1 53 2 3  - 2 .. 7 .- zk 0 
110 Harrisburg, Pa ................ 40 16 6 5 104 - 2 - 7  + 3  + : i  
175 Lexin@on, Va ................ 37 47 79 27 324 - 5 - 11 - 6 + 2 
172 Clifton Forge, Va ............. 37 49 7!4 50 323 + 3 - 5 - 1  + 9  

North Hero, Vt ............... 44 19 73 18 35 + 9 + 8 + 8 + 10 
176 Pregtonsburg, Ky .............. 37 41 82 46 103 + 4 + 1 + 3 + 
131 Little Falls, N . Y ............. 43 03 74 51 137 4 -t 2 + (i -k 13 
1s Knoxville, Tenn ............... 35 58 83 55 2R0 + 1 - 3 $ - I  t j  

. 81 W a s h ,  . Dak ................. 44 04 102 35 706 .t 13 + 15 $ 16 i 14 
0 El Paso, Tex .................. 31 46 106 2!) 1 l4ti .. 1 + fi $- 8 4- 18 

............. IBEdgemont,S.Dak 4318  10349 1066 $ 12 + 9 + 1 $ 1 4  
Il3 Heppner. Orcg ................ 45 21 119 33 598 + 7 + 10 f 10 f 9 

. Whithehall, N Y ............. 43 33 73 24 38 + 12 + 10 + + 19 

. 'I2 Olympia, W w h  ............... 47 03 122 6.7 19 + 12 k 4 + 15 + 14 
................. 110 Boulder, ~ o n t  46 14 112 7 1493 + 7 - 7 - 2 + 9 

Sb~omish,  R a s h  ............. 47 42 121 22 280 + 47 + 33 + 39 + 51 
11 'Gue~sop , l%7yo  . . . . . . . . . . . . . . .  4216  10244 1:{22 + I 6  + 1 1  f 14 

.. 'I5 WinUomucca, Nev ............. 40 68 117 44 1311 + 4 2 + 2 + 7 
Im Sheridan, Ryo ................ 44 48 106 59 1150 + 31 + 23 $- 27 + 37 

Springs. W ~ O  ........... 41 35 109 13 1910 + 1 .. 11 ... !) + 4 
.. (5 Gllnniaon, C O I ~  ................ 38 33 106 56 2340 + 1 25 .. 1 + 7 

Huntley, Mont ................. 45 64 108 20 919 + 22 + 26 + 26 + 25 ' Springs, Colo ........ 38 61 104 49 1841 + 7 - 8 - 5 + 14 
Ib5 Lander, wyo .................. 42 50 108 43 1635 + 28 + 11 -k 20 + 3 j  
" Late City, Utah  ......... 40 46 111 54 1322 + 41 + 41 f 43 $ 49 ' Doaver, COIO .................. a9 41 104 57 1838 + 1 -t 11 t 1.1 + 12 

B0iw8 Idaho .................. 43 37 116 12 821 + 42 -1 45 + 49 $- 42 ' Sandpoint, Idaho .............. 48 16 116 33 637 + 44 + 45 + 47 + 48 
@ Grand Canyon. Ariz ........... 36 06 112 7 849 + 96 + 82 + RR +Io3 

'rand Jl~nction. Colo ......... 39 61 108 34 1398 + -51 + 49 + 52 + 64 ' River, l i t a h  ............ 3.9 69 110 10 1243 + 4s 49 + 49 + 52 
Mean value ............................ 
Average variation from Mean 



Table XII. 

Hagf o r d  t h e o r y  

Compn. d e p t h  Kra. 
85.3 1 1 7  12'/.9 
t18 + '3 + 6 

Airy t n e o r y  
1 I1 IV 

-10 -3 +I1 

.. - ::,t.. S t n s .  + 12 t.11 

3 t n s  . 19 19  



The. f i g u r e s  rcirked w i t h  t h e  s i g n s  b e f c r e  them' d e n o t e  

t n e  Kcan a : iomal les  of t h e  g r o u p s ,  anti t he  nunbers  w l t h o u t  s i g n s  

the aver.Age v a r i a t i . o n u  c f  t h e  a n t m a l i e a  f r cm t h e  .mean. The numbere 

I ,  I1 and IIT, u n d e r  t h e  head ing  A i r y  t h e c r y ,  r e f e r  t o  o u r  f i r s t , ,  

seconll a n d  f o u r t h  ~ i r y  a s s u m p t i o n s .  

AS t h e  i n d i v i d u a l  c o a s t a l  and p ia i r1  s t a . t i c c s  on t h e  

A i r r y  t i l e c r y  were n o t  r educed  G y  me5 I Lave been u n a b l e  t c  d e t e r -  

mine t1:e a v e r a g e  v a r i a t i o n s  cf  t h e  a i i c l r~a l i e s  f o r  t l l ese  s t a t i o n s  

f?-om t h e  mean. 
1' 

The n e a n  a n o m a l i e s  of t h e  r!~c~rlt.?.:'.il: s t a t , i c n s  a c c o r d i n g  

t o  I I ~  t h r e e  a s s u m p t i o n s ,  i n  t h e  f i r s t  gr .ou; ,  a r e  - O . O i C ,  -0.003 

and. + 0.011 cm/secd9 and i n  t h e  second g roup ;  0 .~000,  + 01003 and 

c c ' a s t a l  a n d  p l a i n  s t a t i o r ~ s  a r e  -0 .004 ,  -.?.1)01, + 0.004 and + 0 . 0 0 3 ,  

The t h i c k n e s s  cf  t h e  e n r t h ' s  r:l'uqt c c r s e a p o n d i n g  t c  

7 7 . 2 ,  53 .9  and  40 Km. Graph ic  i n t ~ ? ~ c l a  t i c n ,  between t h e s e  t y p e s  

o f  L l ~ i c ~ : r l ~ c , -  ..,# of  t h c  e a r t h ' s  c r u s t  and  t!le  can ar ion ; j l i ' e s  c o r r e s -  
, . h '  

poridlng sno\ifs t h a t  t h e  mean a n c m a l l e s  111 this  f o ~ r ' g r o u p s  .GI s t a -  
, 

t i o n s  a g r e e  b e t t t r  f c r  a t l - l ickness  c f  t h e  e a r t h ' s  c r u s t  of 5L) - 0  

i ndeed  b e t t e r  t h a n  cn any  H a y f ~ r d  a s a u l i ; , t i ~ r ! .  'I'lie a v e r a g e  

group v a l u e s  t h e n  becomes +0 .004,  +0.007,  +0.PC12 and c0 .006  drd[sec2: 
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As a result, it follows that the Airy_hgpothesisp for 

a thickness of the earth's crust of about 50 Km., explains the 

distribution of ~ r a v i t ~  in the U.S.A. sornev~hatbetter than any 

assumption based on Pratt's theory. 

The 16 Alpine stations in Europey which I was able 

to reduce on the Airy assumption f m m  a standing proof of this, 

as also the ten stations in the marginal depression of the Alps. 

As the anomalies at the stations ~ranzenh:he, 3tilfserj och, Telf s , 
Steinach, Spittal and Hohenmauthen in the Austrian Alps have a 

different character to the anomalies for the 10 stations in 

Switzerland, those stations must be treated separately. 

The m a n  anopalies of the remaining Alpine stations 
t 

on the Hayford assumptions are -t0.029 and 4- 0,042 cm/sec and 

a 
on the Airy assumptions adre -0.003, -40.008 and +0.030 cm/sec. If 

we examine all the 21 stations of tlie Swiss Alps, the mean anoma- 
0 

ly of the first Hayford reduction amounts to 0.022 cm/sec. Had I 

been ab1.e to reduce all these stations on the second Hayford re- 

duction and each of the Airy reductions,the mean anomalies of the 

corresponding reductions would have amounted to about m.035,  

-Oe010, +0.001 and -~0.023 cm/sec? 

The mean anomalies in the marginal depression of the 

Alps, if we omit the station,Freiburg with its large anomaly of 

*0 e 075 cm/seE are +O. 026, +0.027, 40.031, 40.032 and+O. 032 cm/seA 
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The mean anomalies of the stations in the Swiss Alps 

and marginal depression of the- Alps therefore fit in the best with 

the first and second Hayford assumptions. 

The average variation of the single anomalies from 

th'e mean for the 10 Alpine stations on the first and second Hay- 

ford assumptions and my first, third and fourth Airy assumptions 
a 

amount to 0.016, 0.018, 0,018, 0.017 and 0.014 cm/sec, so that the 

fourth Airy reduction shows the least variation in the anomalies. 

If we interpolate and exterpolate by means of the , 

mean anomalies on the 2 Hayford and 3 Airy reductions, so &a t o  

find out the correct depth of compensation or thickness of earth's 

crust corresponding to sea-level, by making the anomalies of the 

Alpine stations and those in the marbinal depression equally great, 

we arrive approximately at the figures 107 Km. and 30 Km. respec- 

tively. Beneath the Alps the earth's crust therefore is 41 Kmo 

thick, 

The result may be stated as follows:- 

k depth of compensation of about 107 Km. on the Hayford theory 

and a thickness of earth's crust of about 41 Kmo on the Airy theory --- 
agret best with the distribution of gravity in the Swiss Alps and 

in the marginal depression of the Alps. 
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If we wish to explain the negative anomalies of the 

six stations in the Austrian Alps on the basis of isostatic 

compensation, we must compute with a smaller depth of compensa- 

tion and a smaller thickness of earth's crust. The depth of comp 

-ensation 85,3 Km. gives the anomalies ;0-003, +0.007, +-0.001, 

-0.002, 40.013, +0.037 and the fourth Airy assumption gives 

-0.017, -0-013, 10.00'7, -0.002, +0.022, +0.041 cm/se?. 

It is quite possible that under the Austrian Alps 
0 

between longitude 10 and 13: there is a local area of defect 

of mass, extending for 2 degrees of latitude. My last two sta- 

tions Spittal and Hohenmauthen (longitude 13'. 5 ' and 15~02' ) , 
with their positive anomalies, show that this area of defect 

gradually changes over to the area of excess of gravity in 

Hungary. In the Riesengebirge and in the Harz, the average 

variati~i) of the anomalies from theirl mean seems somewhat smaljsr 

on the Airy than on the Hayford theory. These mountains how- 

ever are too small to render it possible to decide which isos- 

tatic theory and depth of compensation or thickness of earth's 

crust corresponds best with the distribution of gravity, 

The other stations reduced by me gave an equally 

indecisive result in this respect. 

My discussion leads to the f ol.lowing conclusions : - 
In all the areas I have investigated, in the Caucasus, in America, 

as well as in the Alps, the Airy theory shows just as good, if 

not better, agreement with distribution of eravitye in cornparis= 
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with the Hayford-Pratt theory; but the depth of compensation (on 

the Pratt theory), and the thickness of earth's crust (on the 

Airy theory) are not everywhere the same on the globe. 

The above is an important contradiction ofthe..9$a$a3spt, 
1) 

which, to the best of my knowledge, was made first by Helmert, 

that the Airy theory could never explain the distribution of 
2 

gravity in high mountains 

Ny Table IV shows that my second and third Airy assump- 

tions, which only differ as regards the difference of density 

adopted for the earth's crust and lava layer, (viz. 0.3 and 0.6 

respectively) lead almost tc the same result, so that for the Airy 

theory the thickness of the earth's crust corresponding to sea- 

level is wha%:~eally matters, while the difference between the 

density of earth's crust and lava-layer plays quite a subordinate 

part. 

1) W. Schweydar, Notes on L1!egener's hypothesis of conti 
I I I' 

-nental drift. Zeitschrift der Gesellachaft far Erdkunde zu Ber'in 

P a  221. 1921. 

2) The gravity stations on islands in the ocean are 

known to give too great positive anomalies to admit of explanation 

by Hayford's theory (depth of compensation 113*7 i(m.).'~hus Bonie 

in his investigations p.57 obtained the anomaly + 0.080 at the 
station St. Gcorgc on the Bermudas, $ 0.120 at Jamestoirfn on St. 

% 
Hel-ena, and +0.075 cm/sec at Honolulu in the Hawaii islands. 
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B u t ,  i f  we compute w i t h  a  d e p t h  of compensat ion of 156.3 Km., we 

o b t a i n  a p p r o x i m a t e l y  t h e  anomahies + 0.008, + 0.060 and +0.022 

% cm/s e  c  . 
S i m i l a r  r e s u l t s  would be o b t a i n e d  a c c o r d i n g  t o  t h e  

Ai ry  t h e o r y ,  i f  t h e  t h i c k n e s s  of e a r t h ' s  c r u s t  and d i f f e r e n c e  of 

d e n s i t i e s  between S a l  and S ima- laye r s  a r c  s u i t a b l y  s e l e c t e d .  

The above s t a t e m e n t  has been made i n  o r d e r  t o  show 

t h a t  ocean i s l a n d s  need n o t  n e c e s s a r i l y  be a r e a s  of e x c e s s  of 

g rav i ty , ,  a3-d i s  u s u a l l y  a c c e p t e d ,  b u t  t h a t  one can s e l e c t  a s u i t -  

a b l e  a s sumpt ion  on t h e  Hayford o r  Ai ry  t h e o r y ,  which w i l l  a c c o u n t  

f o r  t h e  p o s i t i v e  anomal i e s .  
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111. D e r i v a t i o n  of t h e  g r a v i t y  formula  and t h e  

f l a t t e n i n g  of t h e  e a r t h .  

By means of t h e  s t a t i o n s ,  which were i s o s t a t i c a l l y  

r e d u c e d ,  I d e r i v e d  solne new fo rmulae  f o r  g r a v i t y ,  and  f rom t h e s e  

I m5de a n  e s t i m a t e  of t h e  f l a t t e n i n g  of t h e  c a r t h .  

B u t ,  as t h e  s t a t i o n s  i n  Europe  l a y  f o r  t h e  most  p a r t  

on h i g h  p l a t e a u x  o r  moun ta ins ,  I a l s o  c a r r i e d  .out; t h e  i s o s t a t i c  

r e d u c t i o n  of a l a r g e  number of p l a i n  and  c o a s t a l  s t a t i o n s  by con- 

t r a c t e d  methods ,  combining t h e s e  r e s u l t s  w i t h  t h o s e  a t  t h e  o t h e r  

s t a t i o n s  wh ich  had  been  worked ou t  by more r i g i d  methods,  s o  as 

t o  deduce  the  g r a v i t y  fo rmulae .  P l a i n  s t a t i o n s ,  s u c h  as t h o s e  i n  

N .  Oer~nany,  R u s s i a  and F i n l a n d , , w h c r e  t h e  c o u n t r y  is n e a r l y  f l a t ,  

c an  b e  e a s  i ' ,iy r educed  i s o s t a t i c a l l y  . The O r o g r a p h i c a l  r e d a c t i o n  

i s  s o  s m a l l .  f o r  t h e s e  s t a t i o n s ,  t h a t  i t  can  be n e g l e c t e d ;  a n d  t h e  

P u r e l y  I s o s t a t i c  r e d u c t i o n ,  t h a t  h a s  t o  be added  t o  t h e  Bouguer 

r e d u c t i o n  t o  o b t a i n  t h e  T o p o - i s o s t a t i c  r e d u c t i o n ,  i s  e a s y  t o  e s t i  

-ma te ,  I t  a l s o  changes  s o  l i t t l e  f rom p o i n t  t o  p o i n t ,  t h a t  i t  h a s  

o n l y  t o  be computed f o r  a f e w  s t a t i o n s ,  a f t e r  which t h e  r m j o r i t y  

of s t a t i o n s  c a n  be d e a l t  w i t h  by i n t e r p o l a t i o n .  On t h e  c o n t r a r y ,  

i n  t h c  c a s e  of s t a t i o n s  neak h i l l s  o r  deep  sea,  B a g  .n. t h e . , s t a t i o n s  

i n  i\iorway, F r a n c e ,  E n g l a n d ,  ( t h e  p c r ~ i n s u l a  o f )  t h e  Pyrenees ,  t h e  

IYiediterrnnean a n d  t h e  Red S e a ,  t h e  p u r e l y  i s o s t a t i c  r e d u c t i o n  has 

t o  be comlpuied f o r  n e a f l y  e v e r y  s t a t i o n .  A l l  t h e s e  r e d u c t i o n s  

were made on t h e  I-iayforcl t h e o r y  w i t h  a d e p t h  of c o m p e n s a t i o n ~ l t f  

113.7 KIU. 



9 5 -  

Although e r r o r s  of o b s e r v a t i o n  and  r e d u c t i o n  a t  t h e  v a r i o u s  s ta -  

t i o n s  a r e  v e r y  u n e q u a l  i n  amount; a n d ,  i n  consequence ,  t h e  d e r i v  

-ed itnomal.ies bu.rdened w i t h  v a r i a b l e  amounts. o f  e r r o r ;  i t  is  i m -  

n o s s i b l e  t o  c o n s i d e r  e a c h  s t a t i o n  p u r e l y  on i t s  own m e r i t s ,  o r  

a l l o t  u n e q u a l  w e i g h t s  t o  t h e  r e s u l t s  a t  t h e  v a r i o u s  s t a t i o n s ;  

b e c a u s e ,  i n  t h a t  c a s e ,  Germany, Denmark and Hungary, w i t h  t h e i r  

numerous w e l l  d e t e r m i n e d  s t a t i o n s ,  would e n t i r e l y  overwhelm t h e  

i n f l u e n c e  of o t h e r  a r e a s ,  where g r a v i m e t r i c  i n v e s t i g a t i o n s  have  

n o t  been  c a r r i e d  o u t  t o  t h e  same e x t e n t .  I n  o r d e r  not t o  g i v e  

s rna l l  a r e a s ,  where Ehere a r e  many g r a v i t y  s t a t i o n s ,  a n  undue 

i n f l u e n c e  i n  t h e  r e s u l t ,  a l l  s t a t i o n s  s i t u a t e d  w i t h i n  a one d e g r e e  

s q u a r e  have  been  c o n s i d e r e d  as one s t a t i o n ,  w i t h  c o - o r d i n a t e s  a t  

t h e  c e n t r e  of t he  d e g r e e  s q u a r e ,  and of we igh t  " 1 2 

Now i f  we ha.d a t  ] . ea s t  one s t a t i o r ~  i n  e a c h  d e g r e e  

s q u a r e  t h r o u g h o u t  t h e  w.hole v ~ o r l d ,  i t  v ~ o u l d  be p o s s i b l e  t o  d e r i v e  

a c ornple te1.y horaot,pene ous g r a v i t y  fo rmula .  A s  however t h i s  i s  n o t  

t h e  c a s e ,  i t  i s  i m p o s s i b l e  t o  p r e v e n t  t h o s e  c o u n t r i e s ,  whose 

gra.vime t r i c  c0nd.i t ion.. ;  a r e  more f u l l y  i n v e s  t i g a t e d ,  f rom h a v i n g  

a n  undue p reponde rance  of w e i g h t .  

I n  t a b l e  XI11 t h e  anomal i e s  o f  t h e  d e g r e e  s q u a r e s  

a r e  g i v e n ,  which  I u t i l i s e d ,  t h e  v a l u e s  o f  t h e  s t a t i o n s  b e i n g  

t a k e n  f rom t h e  p r e v i o u s l y  ment ioned  work of B o r r a s .  
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The t a b l e  g i v e s  f i r s t l y  t h e  geograph ica l  co -ord ina te  

( V o 3  h o )  of t h e  middle p o i n t  of t h e  degree  squares, then  the 

number oP t h e  s t a t i o n s  l y i n g  i n  each degree  square  and i n  columns 

1 and 2 t h e  anorml ies  accord ing  t o  t h e  Bouguer r e d u c t i o n  and the  

I-T,ayford. rc-:duction ( d e p t h  of compensation 113.7  Km.). %lere t h e  

Bouguer r e d u c t i o n  was no t  computed, the  a n o ~ n a l i e s  accord ing  t o  t h  

F r e ?  A i r  r e d u c t i o n  a r e  shown i n  column 1 and  tliesc: anorml ies  are  

nilrked w i t h  a n  a s t e r i s k .  C o l m  3 shows t h c  remaining anomalies 

a c c o r d i n g  t o  my s i x t h  g r a v i t y  formdla .  For the  American and 

I n d i a n  s t a t i o n s ,  which were prcviou-sly reduced i s o s t a t i c a l l y ,  I 

bavc n o t  g i v e n  t h e  Souguer a n o m a l i ~ s ,  b u t  i n  Columns 2 dnd 3 I 

h a v ~  c n t c r e u  the reznaining anomalies accord ing  t o  t h e  Hayford 

thedry  arid a c c o r d i n c  t c  my g r a v i t y  formula .  

Table  X I 1 1  fo l lows  



Table XIII, 

1. The Statione in Europe and the Caucasus. 
vo i., 11 1 2 3 q, 1, n 1 2 3 

8 0 3  20.5 1 + 68 + 31 + 26 60.5 28.5 1 -39 -37 4 9  
79.5 11.5 1 + .i7 + 16 + 11 ,, 30.5 1 +11* +10 - 5 
,, 1 6 5  1 - 4 - 9 ,, 46.5 1 +14 +18 + 6  
,, 15.5 1 + 14 + 8 + 3 ,, 56.5 1 + 6 +20 + 9 
,, 20.5 1 + 3 - 1 - G 69.5 10.5 1 +26 +40 +24 

78.5 11.5 1 + 34 + 4 0 ,, 17.5 1 +11 +16 0 
,, 20.5 2 - 10 + 6 + 2 ,, 18.5 1 -10 - 7 -23 

77.5 18.5 1 - 13 - 9 - 13 ,, 30.5 3 +24 +30 +15 
,, 205 1 + I ! )  + 1 3  + 9 ,, 39.5 1 - 5  + 4  -10 

76.5 1.5.5 1 - 7 - 26 - 30 58.5 -6.5 1 $55 +45 +31 
72.5 52.5 1 + 10 f 2 - 3 , -2.5 1 +47 +40 +26 
71.5 25.5 1 + 18 + 14 + 3 ,, 26.5 1 +I8 +21 + 6 
.. 27.5 1 + 26 + 20 + 11 ,, 31.5 1 - 6 0 -16 

'70.5 23.5 1 - 12 - 15 - 24 ,, 33.5 1 +10 +19 + 4 
,, 29.5 1 - 2 - 4 - 13 , 38.5 1 + 5 +16 + 1 

69.5 15.5 1 + 94 + 80 + 70 , 49.5 1 +18 +28 +I6 
,, 18.5 2 - 13 - 17 - 27 ,, 52.5 1 + 5 +16 + 4 

68.5 17.5 1 - 38 - 24 - 34 ,, 56.5 1 +13 +33 + 21 
67.5 13.6 1 +I46 +I34 +I23 57.5 -2.5 1 +44 $40 +25 
, 14.5 1 - 59 - 45 - 56 .. 9.5 5 j-23 +22 + 5 
, 32.5 1 - 40 - 38 - 49 , 10.5 2 +32 +30 +13 

66.5 12.5 1 - 1 - 13 - 24 , 26.5 1 $12 +18 $ 1 
,, 1 1 - 65 - 43 -- 54 . 28.5 1 +21 +26 $ 9 

65.5 24.5 2 - 10 - 5 - 17 ,, 33.5 1 -27 -11 -20 
.. 25.5 1 - 22 - 15 - 29 . 39.5 1 - 3 + 9 - 6 
.. 35.5 1 + 61 + 63 + 53 ,, 40.5 1 +17 +28 +14 

64.5 11.5 2 + 28 + 28 + 15 , 43.5 1 + 5 $17 + 3 
.. 27.6 1 + 1 + 11 - 2 , 48.5 1 +I9 +30 +17 
.. 40.5 1 + 12 + 14 + 3 ., 53.5 1 -11 - 3 -15 

63.5 10.5 1 - 16 + 6 - 7 56.5 9.5 (i +27 +25 + 8  
,, 21.5 1 - 37 - 34 - 47 ,, 10.5 2 +34 +3d +19 

62.5 17.5 1 - 27 - 20 - 34 .. 25.5 1 -19 -10 -27 
, 26.5 1 + 6 + 18 $ 5 ,, 44.5 1 +17 +28 +13 
,, 34.5 1 - 19* - 16 - 29 , 46.5 1 + 2 +11 - 4 

61.5 23.5 1 - 15 - 5 - 19 55.5 -4.5 1 +42 +40 +24 
,, 30.5 1 + 33 + 34 + 20 ,, -3.5 1 +30 f28 +12 
, 31.5 1 O* - 2 - 16 ., 9.5 8 +44 +44 +26 
,, 34.5 1 + l* - 1 - 15 ,, 10.5 46 +O +40 4-22 
,, 35.5 1 - 6* - 10 - 24 ,, 11.5 7 +17 +19 + 1 

60.5 -0.5 1 + 43 + 30 + 16 , 12.5 4 +13 +14 - 4 
,, 5.5 1 - 1 6  0 - 15 , 13.5 1 + 8 +10 - 8 

, Y2.5 1 + 21 + 24 + 9 .. 14.5 15 +48 $46 +28 
,, 24.5 1 - 9 - 6 - 20 ,, 37.5 1 +11 4-20 + 3 
,, 26.5 1 - 31 - 29 - 43 .. 49.5 1 + 5 +15 + 1 







11. The Stations in Afrioa, 
32.5 2 -13 + 3 -32 15.5 39.5 3 - 17 
33.5 1 -17 +18 -17 ,, 42.5 2 + 16 
34.5 1 -73 -15 4 9  14.6 -17.5 1 +I16 
33.5 2 -22 +17 -18 ,, 40.5 1 + 31 
34.5 3 -66 -12 -47 ,, 42.5 2 + 21 
33.5 1 +44 +60 +24 13.5 -16.5 1 +I22 
34.5 2 4-35 +62 +26 ,, 41.5 1 + 25 
35.5 1 +16 + 4 2  + 7 ,, 42.5 1 + 6 
33.5 1 +14 +31 - 6 ,, 43.5 1 + 16 
34.5 2 +48 +65 +29 12.5 43.5 1 + 39 
36.5 1 $18 +33 - 2 ,, 44.5 1 + 45 
34.5 1 +33 +50 +14 8.5 -13.5 1 + 85 
35.5 2 +35 +46 $ 9 6.5 -10.5 1 + 86 
37.5 1 +18 +26 -11 P, 3.5 1 + 59 
38.6 1 + 9 +30 - 5 - 0.5 8.5 1 + 51 
35.5 1 - 1 +26 -12 - 5.5 38.6 1 - 35 
36.5 1 + 6 +26 -13 - 6.5 12.5 1 + 40 
39.5 1 +A4 +54 +1A ,, 39.5 1 + 16 
39.5 1 4-22 +42 + 6 - 8.5 13.5 1 + 62 
37.5 1 + 2 +22 -16 -12.5 13.5 1 + 59 
40.5 1 +4G +68 +32 -15.5 3H.5 1 + 78 
37.5 1 +29 4-54 +12 -16.5 11.5 1 + 49 
41.5 1 4-20 +40 + 4  -22.5 14.5 1 $ 4 2  
38.5 1 + a + is  + lo  -26.5 15.5 1 + 36 
40.5 1 +21 +38 0 -29.5 16.5 1 + 46 
41.5 1 +13 +30 - 7 -33.5 1H.5 1 + 21 

The Stations in America. 









CPO h n 2 3  PO S n 2 3 
25.5 84.5 1 -28 -32 22.5 75.5 2 -16 -26 
. 86.5 1 -25 -28 .. 76.5 1 + 5 - 4 
. 88.5 1 +39 +37 , 77.5 3 +27 +19 
24.5 77.5 2 $30 +21 , 82.5 2 +12 + 7 
. 70.5 2 +12 + 4 21.5 75.5 1 +20 +lo 
,, 80.5 1 - 3 - 9 76.5 2 -4-39 +30 
, 83.5 1 + 9 + 5 .. 77.5 2 +36 +2R 
,, 84.5 2 +14 +lo , 80.5 1 - 3  - 9  
,, 85.5 1 + 3  0 ,, 81.5 1 - 2 - 8 
,, 88.5 1 + 5 + 3 20.5 77.5 1 +27 +19 
23.5 75.5 1 -10 -20 , 85.5 1 + 6 + 3 
,, 77.5 1 +22 +14 16.5 '72.5 1 $63 +50 
.. 78.5 1 +11 + 4 18.5 60.5 1 -53 -60 
, 79.5 2 +1R +11 11.5 76.5 1 +16 + 6  
.. 80.5 2 +19 +13 , 78.5 2 -40 -48 

1 85.5 1 +31 +27 

I have deduoed the following slx gravi ty  formulae :- 
The first formula i s  derived fram the s t a t i ons  i n  
Europe,in the Cauoasue and a few i n  Algeria. T o t a l  
283 degree equares. 
The second formula is derived from all these eta t ione 
together with the s t a t i o n s  on t h e  coast  of Africa and 
i n  the Red Sea, reduoed by Hllbner aud Meisener. (vide;  . 

A,N,B. 207 No 4967). Total 335 degree squares. 
The t h i r d  formula is  derived from the s t a t i ons  i n  Amer- 
oa, Total  234 degree squarcs. 
The four th  foxmula i s  derived from the s t a t i ons  i n  Aeia, 
Totel  87 degree squares. 
The fifth and s i x t h  formulae are derived from the stat- 
lone i n  Europe , Africa ,Amerioa and A s i a  , T o t d  656 
degree equares, 
In aomputing the  s i x t h  f o m l a , I  have assumed the ea r th  
is a t r i - a x i a l  e l l ipso id ,  while the f i r e t  f i v e  formulae 
are baaed on the assum~tion that i t  is an e l l ipeo id  w i t h  
only two axes, The deduoed formulae are a6 follows. 

1. yo - 980.6416 - 2.5689 cos 2 p, + 0.00685 cos2 2 g: 
f24 f65 

2. ;I, = 980.6401 -- 2.6729 
* l a  *3!) 

3. ;lo = 980.621 8 - 2.602'7 .. 
*17 f 6 5  



4 y,, == 980.6221 - 2.5990 COY 2 pl + 0.006R5 cos2 2 g 
k 46 * no 

5. yo = 980.6293 - 2 5883 ,. 9 

f12 f29 
6. yo = 980.6289 - 2.5842 cos 2 rl, + 0.00665 coos" 2 + 

I ' 31 
0.0266 cos" coos 2 (1 - 18) 

or written otherwise r - f 33 I t 6  

1. yo r =  978.080 (1 -+ 0.005253 sin" - 0.000007 sin' 2 v )  
f 7 f 13 

2. yo -- 978.074 (1 + 0.005260 ,, . I  
r4 *" 

3 .  yo T= 978 026 (1 + 0 005322 ,, ) 

* s  * 6 
6. yo = 978.052 [I -+ 0.005285 sin" - 0.000007 ein2 2 p, + * 3 

0.000027 cos" coos 2 (1 - 18)l 
* 3  *5  
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I n  t h e s e  fo rmulae  ? s t a n d s  f o r  g e o g r a p h i c a l  l a t i t u d e  

and  h f o r  l o n g i t u d e .  

I t  may be s e e n  t h a t  t h e  g r a v i t y  fo rmulae  deduced  f rom 

t h e  d a t a  of t h e  European  and  A f r i c a n  s t a t i o n s  (Formulae 1 and  2 )  

d i f f e r  c c n s i d e r a b l y  f rom t h o s e  deduced from s t a t i o n s  i n  America 

and A s i a .  (Formulae  3 and 4 )  

T h i s  shows t h a t  t h e  v a l u e s  of g r a v i t y  a t  c o r r e s p o n d -  

i n g  l a t i t u d e s  i n  Europe  and  ~ f r i c a  d i f f c r  f rom t h o s e  i n  America 

and Asia. I t  t h e r e f o r e  a p p e a r s  t h a t  the f o r c e  of g r a v i t y  n o t  o n l y  

depends  on l a t i t u d e ,  b u t  a l s o  on l o n g i t u d e .  I n  o r d e r  t o  d z t e r m i n e  

the  dependence of g r a v i t y  on l o n g i t u d e ,  t h e  l a s t  f o r m u l a  was com- 

p u t e d  w i t h  t h e  d a t a  f rom a l l  s t a t i o n s  t r e a t i n g  t h e  e a r t h  as a t r i -  

a x i a l  e l l i p s o i d .  

a 
Thc t e r m  ddpending: on l o n g i t u d i  is + 0.000027 c o s  

* 1 2 6  
c o s  2 ( X  -18).  

f .-,5 
The d i r e c t i o n  of t h e  l o n g e r , e q u a t o r i a l  ax i s  p a s s e s  

0 
18 E .  of Greenwich ,  and t h e  s h o r t e r  e q u a t o r i a l  as i s ,  72%.  of 

Thc d i f f e r e n c e  of  t h e s c  two axez i s  6 9 0 +  75 m. 

W i t h o u t  t h e  t e rm i n v o l v i n g  l o n g i t u d e p  our  f i f t h  g r a -  

v i t y  f o r m u l a  i s  cler ived f rom t h e  d a t a  a t  a l l  s t a t i o n s .  
------ 

s 
* )  The t e r m  -0.000007 s i n  2g)has been deduced t h e o r e -  
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The Y U I ~  of t h e  s q u a r e s  of t h e  w1aoie 656 anomal i e s  on t h e  , 

f i f t h  for rdula  amounts t o  635 ,300,  and  i n  t h e  i i x t h  forrnuJs  t o  

554 ,  :)GO, s o  ou r  si.xt11 f orrfiula inikes t h e  anc~rnal ies  t h e  s r m l l e s  t..! # 
Corre.r,:)ondin(; t o  t h e  f i v e  f ' o r r n ~ l a e  t he  f o l i o u i n g  l n v e r s e  v a l u e s  o f  
4 I 
I - arc o b t a i n e d  f o r  t h e  f l a t t e n i n g  o f  t h e  e a r t h ,  
ia 

1 - - - 2'33.8, 2 9 4 0 5 ,  2'3 '3,C, 239.2 and  297.4 
f * 1.1 f 0 . 7  +1.1 * 1 . 4  - - + o o  - 5 

4 
J. 1 2nd nccorclii ig t o  our s i x t h  f o r r ~ ~ l a  t h e  a v e r a g e  v a l u e  i s  - 296.7 I 

f *Q,5 
nnil. Lhe s r i ~ l l e s t  and l a r g e s t  v a l u e s  2(>4.3 and  293.0.  

& O . C j  + 0 0 6  - 'i 
I ' 

F o r  compar i son ,  a few of t h c  e a r l i e r  g r a v i t y  foxnlulae k 1 I . !  

I,,' 
1 . ~ o ~ 9 7 8 . 0 3 0 ( 1 $ 0 . 0 0 5 3 0 2  ~ ~ ~ ~ - o . o o c ) c o ~  s in '  2 9 )  li 
2 . ) 6 = 9 7 0 . 0 5 2 ~ 1 + 0 . 0 0 5 2 0 5  - L s i n ~ - 0 . 0 0 0 0 0 ' 1  s i n Z  2 9  

+,J t 5  
+ ~ . O O O O I ~ I  C O $ ~ /  C O ~  (h+17)]  

I t s  " +4 
; .?I  = 9 7 8 . 0 3 9 ( 1 +  0.005214 n l n p  - 0 2 0 0 0 0 7  sin' 2 9  ): 

0 t 4  - $12 - 
Of t h e s e  f o r l l ~ ~ l a e ,  t h e  f  l r s t  1s i i e l ~ d e i - t ' s ,  which i s  u s e d  

by !?arras In t a b l e  X, t h e  anorfinlies r e f e r  t o  t h i s  fo rmula .  P 1 
The second f o r m u l a  i s  a l s o  due t o  5elmer.t .  He c a l c u l a t e d  iJi 

t!~il;i f o r n u l a  f ok s t r i - a x i a l  e l l i p s o i , d  by means of 41U g r a v l t y  

s t : ' - L i u ~ ~ ; ;  d i s t r i i u i e d  all .  o v e r  t h e  e i ~ . r t h ,  b u t  none o f  t h e s e  were 

s l t u n t e d  near movnta lns  or  coas t ' s  o f  deep  s e a s ,  and b u t  few n e a r  111 



*he Free Air method waa used for the reduction of these stations. 
1) 

The third formula was- deduced by 'Bowie from 252 stations or 

groups of stations.isostatically reduced, which are mostly in 

America. These stations he has grouped together into zones, each 

covering 3 degrees of latitude. 

Although IIelmert has deduced his second formula from 

the results of plain stations, allowing for the Free Air reduc- 

tion, it neverthleas agrees with my sixth formula, which is deriv 

-ed from plain, mountain and coastal sta Lions, 

The first two terms, *educed on the Topo-isostatic 

method, are identical in both formulae, and only the third term 
-6  

differs. The numerical coefficient of this term is 18 x 10, 
- 6  

but according to my formula 27 x 10; and according to Helmert, 

the longer equatorial axis passes 1.7%'. of Greenwich, whilst I 
0 find it passeo 18 E. of Greenwich. The large difference in these 

terms is mainly due to the fact that Helmert has not taken into 

account the stations in the Caucasus, the liediterranean, or the 

Red Sea. The forrnL1la for gravity deduced by Bowie is not so very 

accurate, as he only had at his.disposa1 stations lying within 
0 

a zone of 33 in latitude, consequently his dctermjnati 3n of the 

sin'? term is more doubtful. It can be easily seen that his for- 

myla does not agree with the general distribution of gravity in 

Europe. 

1) W. Bowie, 1nvestigatj.ons , . . p. 134. 
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The i n v e r s e  v a l u e  - r e p r e s e n t i n g  t h e  f l a t t e n i n g  of 

f '  

t h e  e a r t h  a c c o r d i n g  t o  t h e  f i r s t  a n d  second fo rmulae  of  Helmert,  

i s  298.2 and 296,7 ; and a c c o r d i n g  t o  B o ~ ~ i e ' s  fo rmula  297.4 
- 3 0 . 5  -30.4 frl .O 

It is d i f f i c u l t  t o  judge boa  w e l l  my l a s t  g r a v i t y  

formula  cor responds  w i t h  t h e  d i s t r i b u t i o n  of g r a v i t y  a l l  a v e r  t h e  

ear th ,as  t h e  a r e a s  i n v e s t i g a t e d  by me c z v e r  o n l y  a small f r a c t i o n  

o: t h e  g l o b e .  I t  w i l l  n o t  he p o s s i b l e  t o  deducc a  g r a v i t y  f o r m u l a ,  

s a t i s f a c t o r y  i n  every  r e s p e c t ,  u n t i l .  i s o s t a t i c a l l $  reduced  s t a t i o n s  

a r e  sp read  a l l  over  Sou th  America, A f r i c a ,  l s i a  and A u s t r a l i a ,  as 

WGII as o v e r  t h e  oceans ,  b u t  t h i s  i d e a l  i s  n o t  l i k e l y  t o  be gb- 

tainerl i n  my .Life t ime.  

I can Ilowever say  now w i t h  conllider!ce t h a t  t h e  E a r t h  

i s  a t r i - a x i a l  e l l i p s o i d .  

The anomal ies  a c c o r d i n g  t o  my s i x t h  formula  a r e  shown 

i n  thc l a s t  column 01 t a b l e  V I I I .  

1 hav4 p r e p a r e d  a Map o f  X u ~ ~ ~ p e  and A d j a c e n t  C o u n t r i e s  on 

a which t h e s e  a r ~ o m l i e s  . a re  e n t e r e d  i n  u n i t s  oi' 0,001 cm/sec. 

I t  i s  remarl<abld t h a t  on t h i s  nap t h e  anomal ies  appear  

t c  be r e g u l a r l y  d i s t r i b u t e d .  On comparing t h i s  map w i t h  one p r e -  

pfzrcc.; by I(o~smat) p which shows t h ~  anoinalios accordin[;  t o  t h e  

Roufl;uer rccLuc.tion, it w i l l  be s d e n  how much smal le r  and more re,%- 

u1:r.r tile n.riornalieu beeomc on thi;' a s sumy~t~ ion  of i s o s t a s y  t h a n  .[;hey 

~1.r.r. .i!ithoui, - t h i s  a:;:;umption. ::?or i n s  t,zl?cc, t h e  s t r o n g  n e g a t i v e  
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anomal ies ,  which a r e  shown i n  k o s m a t t t s  map, a l m o s t  e n t i r e l y  d i s -  

a p p e a r  i n  t h e  A l p s  and C a r p a t h i a n s  and t h e  p o s i t i v e  anomal ies  on 

t h e  IAediterranean show a  g r e a t  d e c r e a s e .  The l a r g e r  areas,  which 

e x h i b i t  n d e f e c t  of g r a v i t y  a r e  S c a n d i n a v i a ,  F r a n c e ,  S p a i n ,  

A l g c r i a ,  G a l i c i a  and t h e  a r e &  round t h e  Caspian S e a .  The a r e a s ,  

which e x h i b i t  a n  e x c e s s  of g r a v i t y ,  a r e  G c r r ~ a n y ~  Bohemia, Hungary 

and t h e  M e d i t e r ~ . a n e a n  S e a .  The s t r o n g l y  p o s i t i v c  a n o m a l i e s  

($123 and +YO) ,:f.ound' 'fn the Lafoaeh i s l a n d s ,  a d j a c e n t  t o  t h e  nega 

- t i v e  anomal ies  i n  S c a n d i n a v i a ,  agqeas v e r y  remarkab le .  

The n e g a t i v e  anomalies i n  t h e  Alps  and t h e  p o s i -  

t i v e  anomal ies  i n  t h e  Caucasus become normal,  i f  t h e  s t s t i o n s  i n  

t h e  Alps a r e  reduced on t h e  b a s i s  of a  s m a l l e r  d e p t h  of compensa- 

t i o n ,  and t h o s e  i n  t h e  Cahcasus,  w i t h  a l a r g e r  d e p t h  of compenua- 

t i o n ,  a:j a l r e a d y  s t a t e d .  

- - . . - -  - - - - - - . . . - -  

I V  C O N C L U S I C K .  ---. 

The outcome and most impor tan t  r e s u l t s  of my 

whole i n v e s t i g a t i o n  are a s  f ollotvs : - 
The r e s u l t s  o b t a i n e d  a t  7 1  g r a v i t y  s t a t i o n s  i n  t h e  

Caucas~i::, and 4 8  i n  Zurope , have been i n v e s t i g a t e d  on v a r i o u s  

i s o s t a t i c  a ssumpt ions ,  and reduced on tht; b a s i s  of b o t h  P r a t t  1s 

and A i r y ' s  t h e o r i e s .  a i f f e r e n t  d e p t h s  of compensation have been 

tc:; t c d .  f o r  t h e  IIayl'orc.1 t11cor.y~ and v; l r ious  t h i c k n e s s e s  of t h e  

c::lrtkils c r u s t  and l a v a - l a y e r  have be~yn t r i e d  f o r  ~ i r y ' s  t h e o r y .  
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3iIoreover t h e  Bouguer r e d u c t i o n ,  t h e  Fret- A i r  r e d u c t i o n ,  t h e  P u r e l y  

Topographic r e d u c t i o n  and t h e  r e d u c t i o n  on t h e  b a s i s  of R e g i o n a l  

Compensation have been c a r r i e d  o u t  f o r  t h e  s t a t i o n s  i n  t h e  Cauca- 

s u s .  I n  o r d e r  t o  c a r r y  o u t  t h e s e  r e d u c t i o n s ,  i t  was n e c e s s a r y  

f i r s t  t o  c a l c u l a t e  some a u x i l i a r y  t a b l e s .  To s i m p l i f y  t h e  c a l c u l a  

- t i o n  of t h e s e  t a b l e s  f o r  t h e  r e d u c t i o n  on t h e  A i r y  h y p o t h e s i s ,  

i t  was assumed t h a t  t h e  e a r t h ' s  c r u s t  was homogeneou:;, and f l o a t -  

i n g  on a homogeneous l a y e r  o f  l a v a ,  of a d e n s i t y  exceed ing  t h a t  

of t h e  e a r t h ' s  c r u s t  by 0 .2p  0.39 and 0.6 .  

2 .  I t  has been found t h a t  t h e  P u r e l y  Topographic  rc-  

d u c t i o n ,  which t a k e s  i n t o  a c c o u n t  t h e  marc d i s t a n t  c u r v a t u r e  of 

t h c  c a r t h  a n d  topography of  t h e  m o r e  d i s t a n t  zones ,  g i v e s  t h e o r e -  

t i c a l  v a l u z s  of g r a v i t y  i n  t h c  Caucasus ,  exceeding t h o s e  o b t a i n c d  

an  the Bouguer r c d u c t i o n  (which neglects t h e  d i s t a n t   ones)^ by 
a. 

abou t  0.100 cm/sec. Also  t h a t  no rc:duction s ~ i t h o u t  i s o s t a t i c  com- 

p c n s n t l o n  cor responds  w i t h ,  o r  can e x p l a i n s t h e  obscrvcd d i s t r i b u -  

t i o n  of g r a v i t y .  

3 -  I t  i s  shovin t h a t  t h e  Hayford t h e o r y ,  w i t h  a d c p t h  

of compensation of a b o u t  250 Km., and r e g i o n a l  compensation vrith 

a d c p t h  of 110 Km., shows t h e  b e s t  accordance  w i t h  t h e  obse rved  

d i s t r i b u t i o n  of g r a v i t y  i n  t h e  Cauca:~uo. The Ai ry  h y p o t h ~ s i s ,  

3c. oduming ,. n t h i c k n e s s  of 7 7  Km., f o r  t h c  c r u s t  of t h c  e a r t h  a t  sea-  

l c v c l ,  shows 3 s t i l l  b e t t e r  accordance w i t h  obscrved v a l u e s  of 

[:r,?.vi t y  i n  t h e  Caucasur,. 
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~h~ ~ ~ ~ h ~ ~ ~ n  p e n i n s u l a  on t h e  Cz.spian Sea ,  (and s u r r o u n d i n g  coun t  

- ry)  f o r l n ~  a n  arcs : -he re  g r a v i t y  1.s i n  dcf  e c t .  

4. The commonly accepted ideas t h a t  t h e  Hamz noun- 

t a i n s  have no s u b t e r r a n e a n  compensation a h a t e v c r ,  and t h a t  t h e  

k i c s e n g c b i r g c  a r e  but s l i g h t l y  compensat~;d ,  have been S ~ O V ~  t o  be 

incorrect. On t h e  c o n t r a r y ,  i t  a p p c a r s  r a t h e r  t h a t ,  i n  b o t h  areas, 

the g r a v i t y  d i s t r i b u t i o n  corresponds w i t h  t h a t  which i t  should. 

have been undcr  i s o s t a s y .  

5 .The s t a t e m e n t  of the; g e o l o g i s t s  t h a t  mounta in  

c h a i n s  a r e  n o t  compensated i n  t h e m s ~ l v e s ,  b u t  a r e  s o ,  when tnkcn  

i n  comSinst ion w i t h  t h e i r  m a r g i n a l  dc:prc-snions and t h a t  a c c o r -  

d i n g l y  t h c  marg ina l  d e p r e s s i o n s  a r c  a c t u a l l y  over-compensated, 

w h i l s t  t h e  mounta,ins t h c m s e l v i : ~  und i :wom~~ensa ted .  - h a s  bcen prov-  

(id t o  bi: i n c o r r e c t ;  and. i t  has bccn found t h a t  t l ie  d i s t r i b u t i o n  

of  g r a v i t y  i s  j u s t  as normal i n  t,hc m a r g i n a l  d e p r e s s i o n s  of t h e  

Alps ,  C a r p a t h i a n s  and  Caucasus,  a:; i n  mountain r a n g e s .  

6. An inves t igcz- t ion  o f  t h c  krfierican mounta in  a,nd 

c o a s t a l  s t a t i o n s ,  reduced by Bowie, shows  t h a t  A i r y ' s  t h e o r y ,  

on t h c  assumpt ion of a t h i c k n e s s  f o r  the  e a . r t h l s  c r u s - t  of 50 Km.,  

e x ~ ~ l n i n s  t h e  g r a v i t y  c o n d i t i o n s  of t h e  U n i t e d  S t a t e s  b e t t e r  even 

t h a n  t h e  hayf o rd  t h e o r y .  

7 0  An examina t ion  of t h e  e a r l - i e r  r e d u c t i o n s  of 

Al?irlc : ; t a t i o n ~ ,  as  w e l l  as  of t h o s e  carric?d 0u.t by me i n  t h e  

t l l p i  ne  m a r g i n a l  d e p r e s s  i o n ,  shov~s  that, t h e  H@ord t h e o r y ,  
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w i t h  t h e  d e p t h  of compensation of 1 0 7  Km., and t h e  A i r y  t h e o r y ,  

assuming t h e  t h i c k n e s s  of t h e  e a r t h ' s  c r u s t  o f  41  mn. under  t h e  

Alps ,  b e s t  e x p l a i n  t h e  observed f a c t s o  Under t h e  A u s t r i a n  A l p s ,  

t h e  t h i c k n e s s  of t h e  e a r t h ' s  c r u s t  i s  l e ~ s ,  o r  t h e r e  may b e 9 a  

loca.1 a r e a  of d e f e c t  of g r a ~ i  t y  . 
8. From t h e  d i s c u s s i o n  of t h e  anomat ies  i n  t h e  Cau- 

c a s u s ,  t h e  Alps and t h e  U . S . A . ,  it i s  e v i d e n t  t h a t  A i r y ' s  t h e o r y  

a c c o r d s  w i t h  t h e  g r a v i t y  o b s e r v a t i o n s  a t  l e a s t  as w e l l  .as P r a t t ' s  

t h e o r y ,  b u t  t h e  t h i c k n e s s  of t h e  e a r t h ' s  c r u s t  up t o  s e a - l e v e l p  

v a r i e s ,  on t h e  Ai ry  t h e o r y ,  between 30 and 80 Kn. i n  d i f f e r e n . t  

part: ;  of t h e  wor ld .  

9 .  Y i t h  t h e  a i d  of t h e  i s o s t a t i c  r e d u c t i o n  of t h e  

g r a v i t y  s t a t i o r ~ s  5 i x  .f6r1ilu1;:c-:'~.f o r  ?j>avit,j- a r e  d e r i v e d ;  . Mor'eover 

kn c r d e r  t o  be a b l e  t o  u t i l i s e  t h e  d a t a  f r o m  as l a r g e  a n  area as 

p o s s i b l e ,  a  l a r g e  number of s t a t i o n s  i n  t!le p l a i n s ,  i n  t h e  lower  

mountains and on t h e  c o a s t s  were reduced by c o n t r a c t e d  methods.  

T h i s  s i m p l i f i e d  method o.f p rocedure  produces  s u i ' f i c i e n t l y  a c c u r -  

a t e  d a t a ,  

10. I n  o r d e r  n o t  t o  g i v e  t o c  1 ~ 1 ~ ~ 1 1  v ~ e i g h t  t o  t h e  areas 

which had been g r a v i m e t r i c a l l y  e x p l o r e d  i l z  d d t a i l ,  t h e  p r o c e d u r e  

was adopted of t r e a t i n g  a l l  s t a t i o n s  i n  t h e  area of' one d e g r e e  

s q u a r e  as a s i n g l e  s t a t i o n  of wcight " I J  
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The g r a v i t y  fo rmulae  have been d e r i v e d  f rom r e s u l t s  o f  

t he  g r a v i t y  s t a t i o n s  i n  t h e  f  c l lov~ i r ig '  area:; : - 

The f i r s t  fo rmula  w a s  ,dt:rived f r o m  t h e  r e s u l t s  i n  283 

( d e g r e e  square)  a r e a s  i n  Europe  and t h e  Caucasus .  

The s e c o n d  fo rmula  f ro f i  t h e  r e s u l t s  i n  234 ( d e g r e e  

squa re )  a r c a s  i n  Europc and Af ric:a. 

The t h i r d  formula  f rom t h e  r e s u l t s  i n  234 ( d e g r e e  

aquar i . )  a r e a s  i n  Americao 

The f o u r t h  formula  f rom t,hc r e s u l t s  i n  8 7  ( d e g r e e  

s q u a r e )  a r e a s  i n  A s i a .  

The f i f t h  and s i x t h  fo rmulae  f rom t h c  r e s u l t s  i n  656 

( d e g r e e  s q u a r c )  a r e a s  i n  Europe ,  A f r i c a ,  America and Asiao 

The f i f t h  formula. i s  based on the a s s u m p t i o n  t h a t  t h e  

e q u a t o r  i s  a c i r u l e .  

The s i x t h  fo rmula  on t h e  as sumpt ion  t h a t  .the e q u a t o r  

i s  an e l l i p n c .  

1.1. Our l a s t  g r a v ~ t y  fo rmula  whiich i s : -  

- iJ78.052 + 0.005285 a i n p  -0.000007 0 - 
f 3 2 6  + 0 . 0 0 0 0 ~ 1  a o s a  9 c o s  2 (  X -la)], * fj + 5 -  

0 show-: t h a t  . the c a r t h  i s  a t r i - a x i a l  t l l rough l o n g i t u d e  18 E ,  o f  

0 Greenwich and t h e  s h o r t h r  a x i s  throufih 72 !',I. of Gi-cenwich. 
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The f l a t t e n i n g  of t h e  e a r t h  a l o n g  18 l o n g i t u d e  amounts t o  
1 

----- and a l o n g  72' l o n g i t u d e  t o  -- 1 
= The d i f f e r e n  

294.3 d 0 . 6  2 9 9 . 0 f  0.6 

- c c  i n  l e n g t h  between t h e  l o n g e r  -and s h o r t e r  e q u a t o r i a l  axes i s  

630 & 7-5 m. 

12. The g r a v i t y  a n o m l i e s  have been c o r r e c t c d  by mea-ns of 

t h i s  formula  and t h ~  c o r r e c t c d  v a l u e s  a r e  shown i n  t a b l e  X I I I .  The 

a n o r ~ ~ z l i c s  of t h e  s t a t i o n s  i n  Europe ,  tnc  Caucasus and A l g e r i a  a r e  

shown i n  t h e  m a p  a t  t he  end of t h e  book. 
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