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Dr._ L loyd  B e r k n e r ,  P r e s i d e n t  of A s s o c i a t e d  U n i v e r s i t i e s ,  I n c . ,  
of  New Y o r k  ( o p e r a t o r s  of B r o o k h a v e n  Na t iona l  L a b o r a t o r y  and  the  
Na t iona l  Radio  A s t r o n o m y  Obse rva to ry}  was b o r n  in M i l w a u k e e  on 
1 F e b r u a r y  1905. He ho lds  a B. S. in EE f r o m  the  U n i v e r s i t y  of  M i n n e -  
so ta  {1927) and did  g r a d u a t e  w o r k  in p h y s i c s  at G e o r g e  W a s h i n g t o n  
U n i v e r s i t y .  He ho lds  h o n o r a r y  d o c t o r a t e s  f r o m  B r o o k l y n  P o l y t e c h n i c  
Ins t i t u t e ,  and the U n i v e r s i t i e s  of  Ca l cu t t a  and  of Uppsa la ,  Sweden,  
D. Sc . ,  D a r t m o u t h  Co l l ege ,  1958 and D. Sc . ,  N o t r e  D a m e  U n i v e r s i t y ,  
1958. In av i a t i on  he w o r k e d  with the  D e p a r t m e n t  of C o m m e r c e  in  the  
i n s t a l l a t i o n  of e a r l y  r a d i o  r a n g e  e q u i p m e n t .  On a c t i v e  duty  as  a nava l  
a v i a t o r  in Wor ld  War  II he o r g a n i z e d  and h e a d e d  the  R a d a r  Sec t ion  and  
then  the  E l e c t r o n i c s  M a t e r i e l  B r a n c h  of the  B u r e a u  of A e r o n a u t i c s ,  s u b s e  
q u en t l y  s e r v i n g  on the  USS E n t e r p r i s e  d u r i n g  the  Okinawa  o p e r a t i o n s .  He 
ho lds  the  g r a d e  of r e a r  a d m i r a l  USNR. He was the  f i r s t  E x e c u t i v e  S e c r e -  
t a r y  to the  R e s e a r c h  and D e v e l o p m e n t  Board ,  l a t e r  Spec i a l  A s s i s t a n t  to 
the  S e c r e t a r y  of State  for  the  f i r s t  m i l i t a r y  a s s i s t a n c e  p r o g r a m  of the  
N o r t h  At l an t i c  Pac t ,  and C h a i r m a n  of the Spec ia l  Su rvey  C o m m i t t e e  fo r  
the  S e c r e t a r y  of State  to e x a m i n e  into the p r o b l e m  of f o r e i g n  r e l a t i o n s ,  
a u t h o r i n g  the  o f f i c ia l  S ta te  D e p a r t m e n t  r e p o r t  " S c i e n c e  and F o r e i g n  R e l a -  
t i ons .  " He s e r v e d  wi th  the  B u r e a u  of S t a n d a r d s  and the  C a r n e g i e  I n s t i -  
tu t ion  of Wash ing ton  in r e s e a r c h  r e l a t i n g  to the  p h y s i c s  of  the  o u t e r  
a t m o s p h e r e  and r ad io  p r o p a g a t i o n  and has  p u b l i s h e d  75 p a p e r s  and  vo lume  
on t h e s e  s u b j e c t s .  He has  p a r t i c i p a t e d  fo r  m o r e  than  20 y e a r s  in the  wor: 
of i n t e r n a t i o n a l  s c i e n t i f i c  un ions  and i s  pas t  p r e s i d e n t  of the  I n t e r n a t i o n a l  
Counc i l  of Sc ien t i f i c  Un ions  and p r e s i d e n t  of  the  I n t e r n a t i o n a l  Sc i en t i f i c  
Radio  and  v i c e  p r e s i d e n t  of the  Spec ia l  C o m m i t t e e  fo r  the I n t e r n a t i o n a l  
G e o p h y s i c a l  Y e a r .  He is  a m e m b e r  o r  f e l l ow of the  p r o f e s s i o n a l  s o c i -  
e t i e s  r e l a t i n g  to h is  s c i e n t i f i c  f i e l d s .  He i s  a m e m b e r  of the  B o a r d  of 
A d v i s e r s  of the  I n d u s t r i a l  C o l l e g e  of the  A r m e d  F o r c e s .  T h i s  i s  h i s  
t h i r d  l e c t u r e  at the  I n d u s t r i a l  C o l l e g e .  
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G E N E R A L  MUNDY: G e n e r a l  H a r r o l d ,  D i s t i n g u i s h e d  G u e s t s ,  
g e n t l e m e n :  O u r  s u b j e c t  t h i s  m o r n i n g  i s  a r e v i e w  of the  e v a l u a t i o n ,  
~f the  f ind ings t  and of the  a c c o m p l i s h m e n t s  of the  r e c e n t l y  c o m p l e t e d  
' I n t e r n a t i o n a l  G e o p h y s i c a l  Y e a r . "  T h i s  l e c t u r e  w a s  o r i g i n a l l y  s c h e d u l e d  
t l i t t l e  e a r l i e r ,  but  i t  w a s  n e c e s s a r y  to p o s t p o n e  it b e c a u s e  o u r  s p e a k e r  
n a d e  a v i s i t  to the  A n t a r c t i c  in c o n n e c t i o n  wi th  h i s  IGY d u t i e s .  

Dr.  B e r k n e r  i s  e m i n e n t l y  q u a l i f i e d  to s p e a k  to us on t h i s  s u b j e c t .  
~ot on ly  was  he the  o r i g i n a l  p r o p o n e n t  of the  IGY but he has  b e e n  one  
.f i t s  m o s t  a c t i v e  w o r k e r s .  S ince  h is  g r a d u a t i o n  f r o m  c o l l e g e  he  h a s  
~pec ia l ized  in s c i e n t i f i c  r e s e a r c h .  D u r i n g  t h e  w a r  he was  on du ty  a s  
: n a v a l  o f f i c e r ,  and  today  he i s  a r e a r  a d m i r a l  in  the  U n i t e d  S t a t e s  
~aval R e s e r v e .  He i s  a l s o  a m e m b e r  of the  B o a r d o f  A d v i s e r s  of  t he  
n d u s ~ r i a l  C o l l e g e  of the  A r m e d  F o r c e s .  

It i s  a g r e a t  d e a l  of  p l e a s u r e  and  a p r i v i l e g e  to b r i n g  b a c k  to the  
wo C o l l e g e s  fo r  h i s  t h i r d  ta lk ,  the  p r e s i d e n t  of  A s s o c i a t e d  U n i v e r s i t i e s ,  
n c o r p o r a t e d ,  D r .  L l o y d  V. B e r k n e r .  D r .  B e r k n e r .  

DR.  B E R K N E R :  G e n e r a l  Mundy,  G e n e r a l  H a r r o l d ,  M e m b e r s  and  
] u e s t s  of  the  C o l l e g e s :  It  i s  a r e a l  p l e a s u r e  to c o m e  b a c k  h e r e .  I f  you  
ri l l  p a r d o n  m y  r e p e a t i n g  a s t o r y  tha t  I t h i n k  you  h e a r d  b e f o r e ,  G e n e r a l  
~undy,  w h e n e v e r  I t a l k  of g e o p h y s i c s  I a m  a l w a y s  r e m i n d e d  of  the  s t o r y  
f the  y o u n g  B r i t i s h e r  who c a m e  o v e r  h e r e  a few y e a r s  ago w i t h h i s  J a g u a r .  
~eophys i c s  i s  r e a l l y  a v e r y  c o m p l i c a t e d  s u b j e c t ,  b e c a u s e ,  a s  I w i l l  poin t  ou t  
a the  c o u r s e  of  m y  l e c t u r e ,  it  i n v o l v e s  the  us~ of  a l l  t he  s c i e n c e s  and  i t  
a v o l v e s  the  i n t e r c o n n e c t i o n  of a who le  s e r i e s  of p h e n o m e n a .  T h i n g s t h a t  
a p p e n  on the  sun  w h i c h  p r o d u c e  o t h e r  p h e n o m e n a  t h a t o c c u r  on the  e a r t h  
n d  r e a c t  in  a who le  s e r i e s  of  w a y s .  T h e  s t o r y ,  w h i c h  I b e l i e v e  I have  to ld  

s o m e  of  y o u r  p r e d e c e s s o r s  in  the  C o l l e g e ,  r e l a t e s  to t he  y o u n g  f e l l o w  
rho was  d r i v i n g  the  J a g u a r  o v e r  the  m o u n t a i n s  in w e s t e r n  M a s s a c h u s e t t s  
auch  too fas t ,  about  90 o r  100 m i l e s  an h o u r .  He c a m e  o v e r  the  top of 
he h i l l  and  he  s a w  a s m a l l  v i l l a g e  a h e a d  and he  r e a l i z e d  he  c o u l d n ' t  s l o w  
own in t i m e  to p a s s  t h r o u g h  t h i s  v i l l a g e  p r o p e r l y .  U n f o r t u n a t e l y ,  t h e r e  
ras a c r o s s r o a d  p a s s i n g  t h r o u g h  i t .  T h e  v i l l a g e  had j u s t  a f i l l i ng  s t a t i o n  
n one  c o r n e r  and a c h u r c h  on  a n o t h e r ,  and  a s t o r e o n  the  t h i r d ,  and  so on.  
"here  w a s  s o m e t h i n g  go ing  a c r o s s  the  c r o s s r o a d ,  and,  a s  he a p p r o a c h e d ,  
e r e a l i z e d  tha t  i t  w a s  a c i r c u s  p a r a d e .  I n d e e d ,  t h e r e  w e r e  a s e r i e s  of  
l e p h a n t s  m a r c h i n g  down th i s  c r o s s r o a d ,  e a c h  one ho ld ing  the  t a i l  of  t h e  
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e l e p h a n t  in  f ron t  of  h im wi th  h i s  t r u n k ,  As th i s  f e l l ow  got to the  c r o s s -  
r o a d  he thought  he  wou ld  j u s t  c l e a r  b e h i n d  the  l a s t  e l e p h a n t ,  but ,  j u s t  
a s  he got t h e r e ,  a baby  e l e p h a n t  a p p e a r e d  f r o m  b e h i n d  the  c h u r c h  
ho ld ing  i t s  m o t h e r ' s  t a i l .  So the  y o u n g  f e l l o w  r a n  s l a m - b a n g  in to  the  
baby  e lephan t  and  l a n d e d  in the  d i t ch .  As he  was  c l i m b i n g  out  of  h i s  
Jag ,  the  c i r c u s  m a n a g e r  c a m e  o v e r  and  sa id ,  " M a n  you  owe  m e  
$100, 000. " The  E n g l i s h m a n  sa id ,  " W h a t ?  A h u n d r e d  t h o u s a n d  d o l l a r s  
for  a baby  e l e p h a n t ?  T h e  m a n a g e r  sa id ,  " B a b y  e l e p h a n t ,  h e l l .  D o n ' t  
you  r e a l i z e  you  p u l l e d  the  t a i l s  out of s ix  e l e p h a n t s  7"  

In s p e a k i n g  of  g e o p h y s i c s  you  have  the  s a m e  kind of c o m p l i c a t e d  
i n t e r a c t i o n ,  and  you  n e v e r  know qui te  how m a n y  e l e p h a n t s  a r e  go ing  to 
be  i nvo lved ,  how m a n y  p h e n o m e n a  a r e  go ing  to be  i n t e r c o n n e c t e d  in an 
i n t i m a t e  way .  

The  I n t e r n a t i o n a l  G e o p h y s i c a l  Y e a r  has  b e e n  a g r e a t  c o o p e r a t i v e  
e f fo r t  of t h o u s a n d s  of s c i e n t i s t s  of 66 n a t i o n s  to s tudy  o u r  e a r t h  as  a 
p l a ne t .  A f t e r  s e v e r a l  y e a r s  of p r e p a r a t i o n  and  n e g o t i a t i o n  a m o n g  t h e s e  
n a t i o n s ,  the  y e a r  s t a r t e d  on 1 Ju ly  1957, and e n d e d  on 31 D e c e m b e r  1958 

By way of i n t r o d u c t i o n ,  one  m i g h t  s a y  tha t ,  of  the  n ine  p l a n e t s  of 
the  s o l a r  s y s t e m ,  p l a n e t  E a r t h  is  p r o b a b l y  the  m o s t  i n t e r e s t i n g .  In 
fact ,  if a s p a c e  v o y a g e r  a r r i v i n g  in o u r  s o l a r  s y s t e m  w e r e  to c h o o s e  
w h i c h  p l ane t  to e x p l o r e  f i r s t ,  p l ane t  E a r t h  would  p r o b a b l y  be h i s  n u m b e r  
one  c h o i c e ;  for  p l ane t  E a r t h  is  j u s t  of the  r i g h t  s i z e  and  d e n s i t y  to ho ld  
an a t m o s p h e r e  of the  kind tha t  p r o t e c t s  and  s u p p o r t s  the  h i g h e r  f o r m s  of  
l i f e  and is  j u s t  the  r i g h t  d i s t a n c e  f r o m  the  sun to p r o v i d e  a s u i t a b l e  rang,  
of t e m p e r a t u r e  to e n c o u r a g e  the  a d v a n c e d  f o r m s  of l i f e .  

Whi le  p r i m i t i v e  f o r m s  of  l i fe  m a y  ex i s t  on o t h e r  p l a n e t s  of  the  s o l a r  
s y s t e m ,  no tab ly  M a r s ,  and p r o b a b l y  o r  p o s s i b l y  Venus ,  the  s i t u a t i o n s  
and  s t r u c t u r e s  of t h e s e  p l a n e t s  s e e m  f a r  l e s s  f a v o r a b l e  for  any  v e r y  a d -  
v a n c e d  f o r m  of l i fe .  T h e r e f o r e ,  in the  s tudy  of  the  s o l a r  s y s t e m ,  t=~anet 
E a r t h  c e r t a i n l y  ho lds  the  spo t l igh t .  

Qui te  a s i d e  f r o m  the  a c a d e m i c  i n t e r e s t  of the a s t r o n o m e r  and the 
g e o p h y s i c i s t  in the  e a r t h  a s  a p lane t ,  i m p r o v e m e n t  of  k n o w l e d g e  of the  
e n v i r o m e n t  tha t  the  e a r t h  p r o v i d e s  as  m a n ' s  h o m e ,  of  c o u r s e ,  g i v e s  h i ~  
m a n y  a d v a n t a g e s  in the c o n t r o l  of and a d a p t a t i o n  to tha t  e n v i r o n m e n t .  

T h e  s tudy  of the e a r t h  by o b s e r v e r s  on i t s  s u r f a c e  i s  of c o u r s e  v e r y  
d i f f i cu l t .  A s i n g l e  o b s e r v e r  canno t  s e e  o u r  e a r t h  as  a whole  p l ane t  a s  h 
s e e s  M a r s  o r  Venus ,  but i n s t e a d  we m u s t  s t a t i o n  o b s e r v e r s  at  a l a r g e  
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1 t u b e r  o f  p l a c e s  o v e r  t h e  w h o l e  o f  t h e  s u r f a c e .  T h e i r  o b s e r v a t i o n s  
~ve to  b e  m a d e  w i t h  m e t h o d s  t h a t  a r e  s T c h r o n i z e d  a t  t h e  s a m e  t i m e  a n d  
e n  f i t t e d  t o g e t h e r  to  s e e  t h e  w h o l e  p l a n e t  i n  e a c h  s p e c i a l  a s p e c t  t h a t  i s  
l d e r  s t u d y ,  a n d  o f  c o u r s e  t h e  s t a n d a r d s  o f  m e a s u r e m e n t  h a v e  to  b e  t h e  
t m e .  

T h e  a t m o s p h e r e  a b o v e  u s  a d m i t s  o n l y  a v e r y  n a r r o w  b a n d  of  l i g h t  
:d a n o t h e r  l i m i t e d  b a n d  o f  r a d i o  w a v e s .  A c t u a l l y ,  o u r  a t m o s p h e r e  i s  
:e  a h e a v y  c u r t a i n  t h a t  o n  o n e  h a n d  p r o t e c t s  u s  f r o m  t h e  l e t h a l  r a y s  o f  
e s u n  a n d  o t h e r  o b j e c t s  o u t s i d e ,  b u t  o n  t h e  o t h e r  h a n d  k e e p s  u s  f r o m  
e i n g  v e r y  m u c h  o f  t h e  t h i n g s  t h a t  a r e  h a p p e n i n g  t h e r e .  O n l y  a f e w  
j e c t s ,  s u c h  a s  l a r g e  m e t e o r i t e s  a n d  v e r y  p o w e r f u l  c o s m i c  r a y s ,  e v e r  
c c e e d  in  b r e a k i n g  t h r o u g h  t h i s  a t o m s h p e r e .  I t  h a s  b e e n  o n l y  in  r e c e n t  
a r s  t h a t  we  h a v e  p e n e t r a t e d  t h e  a t m o s p h e r e  w i t h  r o c k e t s  to  s e e  m o r e  
e a r l y  t h e  c h a r a c t e r  o f  t h e  s p a c e  o u t s i d e ,  a n d ,  d u r i n g  t h e  IGY,  o f  c o u r s e ,  
~n l a u n c h e d  h i s  f i r s t  e a r t h  s a t e l l i t e  to  k e e p  t h i s  w h o l e  s p a c e  u n d e r  c o n -  
u o u s  o b s e r v a t i o n .  I f  y o u  l o o k  b e l o w  u s ,  w e  c a n  d r i l l  w e l l s  o n l y  a b o u t  
c m i l e s  d e e p  a t  t h e  m a x i m u m ,  a n d  g r e a t e r  d e p t h s  c a n n o t  b e  o b s e r v e d  
- e c t l y .  

T h u s ,  y o u  m i g h t  s a y ,  a s  we  l i v e  o n  t h e  s u r f a c e  o f  t h e  e a r t h  we  a r e  
: f i n e d  to  a v e r y  t h i n  l a y e r ,  l i k e  t h e  h a m  i n  a s a n d w i c h ,  w i t h  a t h i c k  
1 q u i t e  i n s u l a t i n g  a t m o s p h e r e  a b o v e  a n d  a n  a l m o s t  i m p e n e t r a b l e  f l o o r  
m a t h .  So t h e  s c i e n c e  o f  g e o p h y s i c s  h a s  b e e n  d e v e l o p e d  n o t  o n l y  to  
~ m i n e  t h i s  t h i n  l a y e r  i n  w h i c h  we  l i v e  b u t  a l s o  to  p e r m i t  t h e  e x p l o r a -  
a o f  t h e  r e g i o n s  a b o v e  u s  a n d  b e l o w  us ,  a n d  i t  i s  c l o s e l y  c o n n e c t e d ,  
= o u r s e ,  w i t h  t h e  s c i e n c e  o f  a s t r o n o m y .  

T o  u n d e r s t a n d  t h e  e a r t h  a s  a p l a n e t ,  t h e  66 n a t i o n s  a g r e e d ,  d u r i n g  
IGY,  to  e s t a b l i s h  t h o u s a n d s  o f  g e o p h y s i c a l  s t a t i o n s  a n d  to  o b s e r v e  t h e  

) le  e a r t h  a n d  i t s  e x t e r n a l  e n v i r o n m e n t  i n  m a n y  s c i e n t i f i c  a s p e c t s .  
)m t h e  o b s e r v a t i o n s  o f  t h i s  n e t w o r k  c o m b i n e d  t o g e t h e r  f o r  t h e  w h o l e  
t h  w e  a r e  a b l e  to  d e s c r i b e  t h e  e a r t h ' s  p h e n o m e n a  a s  t h e y  d e v e l o p  
rant  b y  i n s t a n t .  S p e c i a l  e f f o r t  h a s  b e e n  d e v o t e d  to  o b s e r v a t i o n s  i n  t h e  
r e  i n a c c e s s i b l e  r e g i o n s  o f  t h e  e a r t h .  B y  t h e  b e g i n n i n g  o f  t h e  IGY 
~ n t i s t s  i n  t h e  A r c t i c  h a d  s t a r t e d r e s e a r c h  at  m o r e  t h a n  100 s t a t i o n s .  
: f r o m  b o t h  t h e  U n f t e d  S t a t e s  a n d  t h e  U S S R  h a d  e s t a b l i s h e d  e x t r a o r d i -  
y s c i e n t i f i c  s t a t i o n s  o n  f l o a t i n g  i c e  f l o e s  o n l y  a f e w  f e e t  t h i c k  t h a t  w e r e  
' t i ng  w i t h  t h e  o c e a n  c u r r e n t  a c r o s s  t h e  A r c t i c  O c e a n .  

I n  A n t a r c t i c a  12 n a t i o n s  h a v e  e s t a b l i s h e d  m o r e  t h a n  50 s c i e n t i f i c  
i o n s  to  e x a m i n e  t h e  s o u t h e r n  e x t r e m i t i e s  o f  t h e  e a r t h - - t h i s  a l m o s t  
wn s e v e n t h  c o n t i n e n t  o f  m o r e  t h a n  6 m i l l i o n  s q u a r e  m i l e s - - t h e  s i z e  o f  
t h  A m e r i c a .  
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I m igh t  s ay  as  an a s i d e  tha t  I was  at B y r d  Sta t ion ,  w h i c h  you  s e e  
on th i s  map ,  a few w e e k s  ago ( f i gu re  1, page  5). Ju s t  as  I was  
a r r i v i n g - - I  thought  I was  in the m o s t  i s o l a t e d  spot  in the  w o r l d ,  a w a y  
up on tha t  p l a t e a u  with  no th ing  but  a d e s e r t  of i c e  in e v e r y  d i r e c t i o n - -  
S teve  B a r n e s ,  the c h i e f  s c i e n t i s t ,  c a m e  r u n n i n g  out  to m e  as  o u r  p l a n e  

' l - -  l l a n d e d ,  and sa id ,  L oyd,  c o m e  on in q u i c k l y .  T h e r e ' s  a t e l e p h o n e  
c a l l  fo r  you .  " It t u r n e d  out  that  i s  was  Hugh O d i s h a w  c a l l i n g  f r o m  the  
IGY of f i ce  in Wash ing ton ,  and he sa id ,  "Our  i c e  f loe  s t a t i o n  in  the  
A r c t i c  has  ju s t  sp l i t  a p a r t .  The  A i r  F o r c e  has  e v a c u a t e d  the  p e r s o n -  
n e l  and  the  r e c o r d s ,  but e v e r y t h i n g  e l s e  is  l o s t .  " He c o n t i n u e d ,  "What  
do we do ? Sha l l  we a p p r o p r i a t e  a n o t h e r  $100, 000 to e s t a b l i s h  a n o t h e r  
i c e  f loe  s t a t i o n  o r  not  ? "  T h i s  s t a t i on  is  i n d e e d  b e i n g  r e e s t a b l i s h e d .  

E l s e w h e r e  o v e r  the  e a r t h  t h o u s a n d s  of s t a t i o n s  in e v e r y  l a t i t u d e  w e r e  
b e g i n n i n g  the  s p e c i a l  IGY o b s e r v a t i o n s  fo r  a b e t t e r  u n d e r s t a n d i n g  of  o u r  
p l a n e t  ( f i gu re  2, page  6). Men  w e r e  p r e p a r i n g  to e x p l o r e  the  a t m o s p h e r  
and  the  r e g i o n s  beyond ,  and  s c i e n t i s t s  in the  U n i t e d  S t a t e s  and  USSR, 
of  c o u r s e ,  w e r e  p r e p a r i n g  for  the l a u n c h i n g  of the  f i r s t  a r t i f i c a l  s a t -  
e l l i t e s  w h i c h  w e r e  l a t e r  to c i r c l e  the  e a r t h ,  to m a k e  i m p o r t a n t  o b s e r v a -  
t i ons  of i t s  e n v i r o n m e n t  in s p a c e  as  it  c o u r s e s  on i t s  o r b i t  a r o u n d  the  
sun.  I wi l l  s p e a k  m u c h  m o r e  on the s a t e l l i t e  l a t e r  ( f i g u r e  3, page  7). 

G e o p h y s i c i s t s  Use the  too l s  and  m e t h o d s  of e v e r y  o t h e r  s c i e n c e  to 
s t u d y  o u r  s u r r o u n d i n g s  ( f i gu re  4, page  8). H e r e  you  s e e  the  v a r i o u s  
d i s c i p l i n e s  tha t  w e r e  s t u d i e d  d u r i n g  the  I n t e r n a t i o n a l  G e o p h y s i c a l  Y e a r .  
I ndeed ,  t h e r e  was  one  m o r e  not on th i s  s l i de ,  and tha t  w a s  the  r a d i o -  
a c t i v i t y  of the  a t m o s p h e r e ,  wh ich  was  used  as  a t r a c e r  for  the f o l l o w i n g  
of  i t s  c i r c u l a t i o n .  T h e y  d e s c r i b e  t h e i r  f i nd ings  about  t he  e a r t h  in the  
l a n g u a g e  of m a t h e m a t i c s .  When an e a r t h q u a k e  s h o c k  is  g e n e r a t e d  f r o m  
a s u d d e n  c r a c k  o r  s l i p p a g e  in  the  e a r t h ' s  c r u s t ,  the  s h o c k  f r o m  the  ear t ]  
q u a k e  g e n e r a t e s  a s e r i e s  of w a v e s  known as  s e i s m i c  w a v e s  tha t  s p r e a d  
f r o m  th i s  b r e a k ,  t h i s  c r a c k  tha t  ha s  c a u s e d  the e a r t h q u a k e ,  t h r o u g h  the  
s u r r o u n d i n g  e a r t h .  T h e y  t r a v e l  a long  the  e a r t h ' s  s u r f a c e  and  t h r o u g h  it: 
i n t e r i o r ,  and can  be  s e e n  wi th  i n s t r u m e n t s  n e a r l y  e v e r y w h e r e  o v e r  the  
s u r f a c e .  The  shape ,  s p e e d ,  and  d i r e c t i o n  of  t h e s e  s e i s m i c  w a v e s ,  
r e c e i v e d  at  d i f f e r e n t  p l a c e s ,  can  p r o v i d e  us wi th  a s u r p r i s i n g l y  d e t a i l e d  
p i c t u r e  of the  r e g i o n s  of  the  e a r t h ' s  i n t e r i o r  t h r o u g h  w h i c h  t h e y  have  
t r a v e l e d .  L i k e w i s e ,  the  v i b r a t i o n s  in  the  e a r t h  p r o d u c e d  by  the  s h a r p  
e x p l o s i o n  of v e r y  l a r g e  h y d r o g e n  b o m b s  g i v e s  us a d d i t i o n a l  k n o w l e d g e  oi 
a s m ~ l l  and  v e r y  h e a v y  i n t e r i o r  c o r e  of  the  e a r t h  c e n t e r e d  we l l  w i th in  tb 
c e n t r a l  m o l t e n  c o r e .  By  s e t t i n g  up s m a l l  a r t i f i c a l  e x p l o s i o n s ,  s c i e n t i s t  
m a y  e x p l o r e  in  g r e a t  d e t a i l  the  dep th s  b e l o w  a n y  s p e c i f i e d  a r e a .  
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063  
Thus ,  we have  l e a r n e d  that  the  e a r t h ' s  c r u s t  i s  but a th in  f r o s t i n g  

~ove r ing  the  e a r t h  and f loa t ing  on top of the  1 8 0 0 - m i l e  t h i c k  m a n t l e  
:hat s u r r o u n d s  the  molten c o r e  b e l o w .  T h i s  c r u s t  is  on ly  about  20 m i l e s  
:hick u n d e r  the  c o n t i n e n t s ,  and  on ly  about  4 m i l e s  t h i c k  u n d e r  the  
) c e a n s .  The  e a r t h ' s  i n t e r i o r  c a n  be s tud ied ,  of  c o u r s e ,  in o t h e r  ways ,  
>y m e a s u r i n g  the f o r c e  of the  e a r t h ' s  g r a v i t y ,  which  c h a n g e s  f r o m  p l a c e  
:o p l a c e ;  by no t ing  the  type  and the t e m p e r a t u r e  of m a t e r i a l  t h r o w n  out 
>f v o l c a n o e s ;  by m e a s u r i n g  the d i s t o r t i o n s  of  the e a r t h ' s  m a g n e t i c  f i e ld  
n d i f f e r e n t  l o c a l i t i e s ;  and by e x a m i n i n g  the  k inds  of m a t e r i a l s ,  of c o u r s e ,  
'ound e v e r y  p l a c e  o v e r  i t s  s u r f a c e .  

As s a t e l l i t e s  f ly a r o u n d  the  e a r t h ,  s m a l l  c h a n g e s  in the e a r t h ' s  
, r rav i ta t iona l  pul l  a r e  r e f l e c t e d  in c o r r e s p o n d i n g  c h a n g e s  in the  o r b i t  
~f the  s a t e l l i t e s .  So s t u d i e s  of th i s  o r b i t  g ive  f u r t h e r  e v i d e n c e  of  the  
: h a r a c t e r  of the  e a r t h ' s  f i g u r e  and i n t e r i o r .  I ndeed ,  the  V a n g u a r d  s a t e l -  
i t e ,  wh ich  is  now f ly ing  400 m i l e s  o v e r h e a d ,  a l r e a d y  p r o v i d e s  us wi th  
he  c o r r e c t e d  f i g u r e  for  the f l a t t en ing  of the  e a r t h ,  which  c o m e s  out to 
,e 2 9 8 . 3 .  

T h e  g e o p h y s i c i s t ,  t h e r e f o r e ,  is  a k ind of d e t e c t i v e  who hun ts  fo r  
: lues  tha t  n a t u r e  p r o v i d e s  and then  s t u d i e s  t hem with e v e r y  s c i e n t i f i c  
n e t h o d  to l e a r n  what  t hey  can  t e l l  of r e g i o n s  of  the  e a r t h  tha t  canno t  
.e r e a c h e d  in any  o t h e r  way.  

D u r i n g  the  IGY, m e n  have  t r a v e l e d  e v e r y w h e r e  o v e r  the  o c e a n s  wi th  
p e c i a l  l a b o r a t o r y  s h i p s  to s tudy  t h e s e  huge  a r e a s  tha t  c o v e r  t h r e e -  
: u a r t e r s  of the  e a r t h ' s  s u r f a c e .  D u r i n g  s u c h  s u r v e y s  o c e a n  dep th s  a r e  
napped,  of c o u r s e ,  wi th  the  r a d a r - l i k e  f a t h o m e t e r ,  u s ing  sound  p u l s e s ,  
n d  o c e a n  c u r r e n t s  a r e  m e a s u r e d  with  f l oa t ing  buoys  at d i f f e r e n t  dep ths  
hat s i g n a l  b a c k  the  v e l o c i t y  and d i r e c t i o n  of t h e s e  c u r r e n t s .  T h e s e  n e w  
uoys  tha t  f loa t  at  v a r i o u s  l e v e l s  a r e  v e r y  use fu l  in  m e a s u r i n g  c u r r e n t s  
e low  the  s u r f a c e .  I n d e e d ,  a n e w  c u r r e n t  was  d i s c o v e r e d  in the  P a c i f i c  
u r i n g  the  IGY, r u n n i n g  about  fou r  knots  c l e a r  a c r o s s  the  P a c i f i c ,  f r o m  
"ahit i  n e a r l y  to South A m e r i c a  on ly  300 f ee t  b e l o w  the  s u r f a c e .  But 
~e s u r f a c e  d o e s n ' t  show any  s ign  of  the  c u r r e n t  u n l e s s  you get  down 
n d e r n e a t h .  

Sea  w a t e r  i s  s a m p l e d  for  t e m p e r a t u r e  and sa l t  and c h e m i c a l  c o n t e n t s  
~rough  i ts  whole  t h i c k n e s s .  T h e  age  of  w a t e r  i s  d e t e r m i n e d  s i n c e  i t s  l a s t  
~ixing by  the  e x a m i n i n g  of  r a d i o a c t i v e  e l e m e n t s  o r  i s o t o p e s ,  and,  t h r o u g h  
~ese  two m e t h o d s ,  it  i s  p o s s i b l e  to d e t e r m i n e  w h e r e  w a t e r  o r i g i n a t e d  
nd how it t r a v e l s .  F o r  e x a m p l e ,  the  v e r y  s a l i n e  w a t e r  of the  M e d i t e r -  
a n e a n  can  be t r a c e d  c l e a r  down at deep  dep ths  to the  S o u t h e r n  A t l a n t i c .  



The geology of the ocean bottom is disclosed with explosive core- 
boring drills that cut through the ocean floor to bring back cross sec- 
tions more than 70 feet long, and the exchange of gases and particles 
between the ocean and the overlying air, and the driving of ocean cur- 
rents by the winds, of course, is measured. 

G l a c i e r s  c o v e r  n e a r l y  o n e - t e n t h  o f  t h e  e a r t h ' s  s u r f a c e ,  m o s t l y ,  
o f  c o u r s e ,  o v e r  t h e  A n t a r c t i c  a n d  G r e e n l a n d - - n i n e - t e n t h s  i n  t h e  A n t -  
a r c t i c  a n d  o n e - t e n t h  in  G r e e n l a n d  ( f i g u r e  5, p a g e  11).  T h e y  c o n t a i n  t h e  
h i s t o r y  o f  c l i m a t e  f o r  t h e  p a s t  t h o u s a n d s  o f  y e a r s ,  a h i s t o r y  t h a t  m e r e l y  
a w a i t s  r e a d i n g  by  s c i e n t i s t s  b y  o b t a i n i n g  d r i l l - c o r e s  t h r o u g h  t h e  g l a c i e r s .  
We  a r e  g e t t i n g  t h o s e  d r i l l - c o r e s  t h i s  y e a r  a t  L i t t l e  A m e r i c a ,  r u n n i n g  
r i g h t  t h r o u g h  t h e  R o s s  I c e  S h e l f .  I n t e r e s t i n g l y  e n o u g h ,  we  f i n d  t h a t  
a b o u t  400 y e a r s  a g o  M o u n t  E r e b u s  h a d  i t s  l a s t  g r e a t  e r u p t i o n ,  a n d  a t h i c k  
l a y e r  o f  v o l c a n i c  d u s t  c a n  b e  f o u n d  a t  t h i s  l e v e l ,  w h i c h  n o w  g i v e s  u s  a 
d a t u m  o v e r  v e r y  l a r g e  a r e a s  o f  t h e  A n t a r c t i c .  B u t ,  y e a r  b y  y e a r ,  o n e  
c a n  d e t e r m i n e  t h e  a m o u n t  o f  p r e c i p i t a t i o n  t h a t  h a s  o c c u r r e d  b y  l o o k i n g  a t  
t h e s e  c o r e s .  

T o  r e a d  t h e  s t o r y  t h a t  t h e  g l a c i e r s  t e l l ,  g l a c i a l  t h i c k n e s s ,  r a t e s  o f  
f l ow ,  a n d  r a t e s  o f  a c c u m u l a t i o n  h a v e  b e e n  m e a s u r e d  n o w  a t  m a n y  p l a c e s ,  
so  t h a t  t h e  t o t a l  a m o u n t  o f  i c e  a b o v e  s e a  l e v e l  c a n  b e  k n o w n ,  a n d  t h e  i c e  
b u d g e t  o f  t h e  A n t a r c t i c  C o n t i n e n t  c a n  be  c a l c u l a t e d .  T h e  r a t e  o f  m e l t i n g  
o f  t h e  g r e a t  g l a c i e r s  i s  d e t e r m i n e d  a s  we  e m e r g e  f r o m  t h e  l a s t  i c e  a g e ,  
s o  t h a t  we  m a y  k n o w  h o w  f a s t  t h e  s e a s  w i l l  r i s e  a n d  t h e  c l i m a t e s  a r e  
c h a n g i n g  ( f i g u r e  6, p a g e  12).  

At Byrd Station near the South Pole, which rests on ice a mile 
above sea level, we have learned during the IGY that the ice is two miles 
thick and rests on the earth's crust more than a mile below the normal 
level of the sea (figure 7, page 13). The reason you can't see more of 
Byrd Station in the illustration, of course, is that it is now about 20 feet 
under the ice (figure 8, page 14). At the South Pole ice nearly two miles 
thick rests on land only a few hundred feet above sea level, but the land 
rises very sharply on either side of the Pole. 

T h e s e  a r e  t h e  w a n i g a n s  t h a t  a r e  u s e d  f o r  c a r r y i n g  o u t  t h e  e x p l o s i v e  
s o u n d i n g s  to  m e a s u r e  t h e  i c e  t h i c k n e s s  ( f i g u r e  9, p a g e  15).  Ou t  o f  t h e  
m e a s u r e m e n t s  o f  t h e  IGY in  t h e  A n t a r c t i c ,  w e  h o p e  to  b e  a b l e  to  e s t i m a t e  
m o r e  e x a c t l y  h o w  m u c h  i c e  l i e s  o n  t h e  A n t a r c t i c  C o n t i n e n t  a n d  h o w  m u c h  
o f  t h e  c o n t i n e n t  i s  d e p r e s s e d  b y  t h i s  m a s s i v e  l o a d ,  b u t  we  c a n  n o w  e s t i -  
m a t e  t h a t  b e t w e e n  6 a n d  8 m i l l i o n  c u b i c  m i l e s  o f  i c e  r e s t  o n  t h i s  c o n t i n e n t .  

10 
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In s t u d y i n g  the  a t m o s p h e r e ,  the  g e o p h y s i c i s t  u s e s ,  of c o u r s e ,  not  
on ly  the o r d i n a r y  w e a t h e r  i n s t r u m e n t s  in h i s  l a b o r a t o r y  but a l s o  i n s t r u  
m e n t s ,  tha t  a r e  c a l l e d  r a d i o s o n d e s ,  l a u n c h e d  f r o m  t o w e r s  s u c h  as  the., 
in the cold  p o l a r  r e g i o n s  ( f i gu re  I0,  page  17). T h e s e  a r e  s e n t  a lo f t  to 
a l t i t u d e s  of 100, 000 fee t  to m e a s u r e  the wind,  t e m p e r a t u r e ,  and  h u m i d  
at  v a r i o u s  l e v e l s  of the  a t m o s p h e r e ,  and  the  i n f o r m a t i o n  is s e n t  b a c k  c 
t i n u o u s l y  by r a d i o .  D u r i n g  the  IGY t e m p e r a t u r e s  m e a s u r e d  by Uni t ed  
S ta te s  s c i e n t i s t s  a t  the  South P o l e  f e l l  be low - i00  ° F . - - a b o u t  -103 ° - -  
and  t e m p e r a t u r e s  be low -125 ° F.  have  b e e n  o b s e r v e d  by s c i e n t i s t s  of tl 
USSR at  the  A n t a r c t i c  Vos tok  Sta t ion  a t  abou t  11 ,000  f e e t  ( f i g u r e  i i ,  pe 
18). I shou ld  s a y  tha t  we a r e  not  qui te  s u r e  abou t  t ha t  - 1 2 5 ° - - t h e i r  the  
m o m e t e r  has  a -fi 5 ° c o r r e c t i o n  at  tha t  t e m p e r a t u r e ;  but it  r e a d  on ly  
down to -130o and it r a n  off the s c a l e .  

In c o n t r a s t ,  the e x t e n s i v e  i c e - f r e e  " d r y - v a l l e y "  a r e a  of m o r e  than  
10 ,000  s q u a r e  m i l e s ,  only  60 m i l e s  f r o m  our  b a s e  n e a r  M c M u r d o  Soun 
a p p e a r s  to have  an  u n u s u a l l y  a g r e e a b l e  c l i m a t e ,  r a n g i n g  f r o m  ~ 70o F 
to -30o F.  as  a low, and  of c o u r s e  t h e s e  v a l l e y s  a r e  found wi th  f ine  lak 
and r i v e r s  ( f igu re  12, page  19). S t r a n g e l y  enough,  s c i e n t i s t s  a t  the  
South P o l e  Sta t ion ,  wh ich  is m o r e  than  two m i l e s  above  s e a  l eve l ,  hav~ 
found tha t  the  a i r  a few h u n d r e d  fee t  above  the  s u r f a c e  is  u s u a l l y  m u c h  
w a r m e r  b e c a u s e  of the  e x c h a n g e  of w a r m e r  a i r  f r o m  the  e q u a t o r i a l  
r e g i o n s ,  the s u r f a c e  l o s i n g  h e a t  by r a d i a t i o n .  

A m o s t  u n u s u a l  a c h i e v e m e n t  d u r i n g  the  IGY has  b e e n  the  c o m p l e t i (  
of the  f i r s t  w e a t h e r  m a p s  of the  A n t a r c t i c  C o n t i n e n t .  With the  e x t r a o r  
d i n a r y  c o m m u n i c a t i o n  n e t w o r k  tha t  t i e s  the  A n t a r c t i c  s t a t i o n s  t o g e t h e r  
t h e s e  w e a t h e r  m a p s  h a v e  b e e n  p r o d u c e d  fou r  t i m e s  e a c h  day  a t  the  Inte  
n a t i o n a l  W e a t h e r  C e n t r a l  at  L i t t l e  A m e r i c a  by m e t e o r o l o g i s t s  f r o m  
A r g e n t i n a ,  A u s t r a l i a ,  Chi le ,  F r a n c e ,  Un i t ed  S ta tes ,  and  USSR. R e c e r  
ly I had the  p l e a s u r e  of l i s t e n i n g  to l e c t u r e s  one e v e n i n g  a t  L i t t l e  
A m e r i c a  by e a c h  of t h e s e  s c i e n t i s t s  on t h e i r  w o r k .  Maps  fo r  m u c h  hi£ 
a l t i t u d e s ,  of c o u r s e ,  a r e  d r a w n  t w i c e  e a c h  day,  e a c h  b a s e d  on the r a d i  
s o n d e  o b s e r v a t i o n s .  We no l o n g e r  th ink  of the  c o n t i n e n t  as  u n i f o r m l y  
i c y  co ld ,  f o r  we know its  c l i m a t o l o g i c a l  s t r u c t u r e ,  of wh ich  the  d i f f e r -  
e n c e s  f r o m  the  c o a s t l i n e  to the  P o l e  a r e  p r o b a b l y  abou t  the  s a m e  as  th 
d i f f e r e n c e s  b e t w e e n  the c l i m a t e  at  M i a m i ,  F l o r i d a ,  and  the  C a n a d i a n  
A r c t i c .  Man now b e g i n s ,  you s e e ,  to p i e c e  t o g e t h e r  the  w e a t h e r  pheno 
ena  of p l a n e t  E a r t h  into  a g loba l  p a t t e r n .  I ndeed ,  o b s e r v a t i o n s  in the  
A n t a r c t i c  d u r i n g  the  IGY have  b e e n  so  i m p o r t a n t  and s u c c e s s f u l  tha t ,  a 
you  p r o b a b l y  know, the na t i ons  have  d e c i d e d  to c o n t i n u e  t h e s e  o b s e r v a -  
t i ons  i n d e f i n i t e l y  in the  f u t u r e .  
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T u r n i n g  to the  a t m o s p h e r e ,  i t s  c h e m i c a l  m a k e u p  is ,  of c o u r s e ,  
of  v e r y  g r e a t  i m p o r t a n c e .  E v e r y o n e  knows  tha t  the  e a r t h ' s  a t m o s p h e r  
c o n t a i n s  o x y g e n  and n i t r o g e n  and w a t e r  v a p o r ,  but  it a l so  has  s m a l l  
a m o u n t s  of m a n y  o t h e r  e l e m e n t s ,  c o m p o u n d s ,  and  p a r t i c l e s .  T h e s e  
have  m u c h  i n f l u e n c e  on a t m o s p h e r i c  po l lu t ion ,  c loud  f o r m a t i o n ,  r a i n -  
fa l l ,  and  o t h e r  a s p e c t s  of l i f e .  F o r  i n s t a n c e ,  m a n k i n d  i s  now e n g a g e d  
in the  g igan t i c  e x p e r i m e n t  of b u r n i n g  up m o s t  of  the  e a r t h ' s  c o a l  and  
oi l  in  about  a c e n t u r y .  T h i s  e x p e r i m e n t  can  be  done  on ly  o n c e .  T h e  
c o m b u s t i o n  p r o d u c t s  a d d e d  to the  a t m o s p h e r e  by  o u r  p r e s e n t  i n d u s t r i e  
m a y  have  a v e r y  f a r - r e a c h i n g  e f fec t  on m a n ' s  c l i m a t e  and h i s  l i f e  in the  
f u t u r e .  T h e r e f o r e ,  s c i e n t i s t s  m u s t  c o n t i n u e  to o b s e r v e  th i s  e x p e r i -  
m e n t  v e r y  c a r e f u l l y  by e v e r y  s c i e n t i f i c  m e t h o d .  

Above 50, to about  150, m i l e s  the  o u t e r  a t m o s p h e r e  i s  c a l l e d  the  
i o n o s p h e r e  ( f i g u r e  13, page  21). The  v e r y  s h o r t  r a y s  of  t he  sun,  the  
X - r a y s ,  and the  u l t r a - v i o l e t  l ight  c a n  c a u s e  the  a t m o s p h e r e  in t h e s e  
r e g i o n s  to be  e l e c t r i f i e d ,  o r  i o n i z e d ,  in to  e l e c t r i c a l l y  c h a r g e d  a t o m s  
and  e l e c t r o n s .  The  i o n o s h p e r e  is  of v e r y  s p e c i a l  i n t e r e s t ,  of c o u r s e ,  
s i n c e  i t  r e f l e c t s  r a d i o  w a v e s .  B e c a u s e  of t h i s  we c a n  " b o u n c e "  s h o r t  
r a d i o  w a v e s  o r  s c a t t e r  v e r y  s h o r t  r a d i o  w a v e s  o v e r  l ong  d i s t a n c e s  
a r o u n d  the  c u r v a t u r e  of  the  e a r t h .  L a r g e  e l e c t r i c a l  c u r r e n t s ,  s o m e -  
t i m e s  m o r e  than  a m i l l i o n  a m p e r e s ,  f low in the  i o n o s p h e r e  ( f i g u r e  14, 
p a g e  22). T h e s e  c u r v e d  l i n e s  show the  d e n s i t y  of  c u r r e n t .  T h e s e  
c u r r e n t s ,  of  c o u r s e ,  d i s t u r b  the  e a r t h ' s  m a g n e t i c  f i e l d .  In  a c a s e  l i k  
t h i s  about  10 m i l l i o n  a m p e r e s  w e r e  f lowing  o v e r  one  s i d e  of the  p o l a r  
cap .  It i s  in th i s  r e g i o n  tha t  the s t r a n g e  g lowing  a r c s  and  f l a s h i n g  l ig  
known as  the  a u r o r a  o c c u r  ( f i gu re  15, page  23). You s e e  h e r e  the  re~ 
of  m a x i m u m  a u r o r a l  f r e q u e n c y .  T h e s e  a u r o r a s  a r e  c a u s e d  by  e l e c t r i  
e x c i t a t i o n  of  a t o m s  and  m o l e c u l e s  in  the  v e r y  h igh  a t m o s p h e r e  t ha t  th, 
g low v e r y  m u c h  the  s a m e  as  the  gas  in a f l u o r e s c e n t  l a m p .  F o r  obse:  
r a t i o n s  in the  p o l a r  r e g i o n s ,  h o u s e s  l i ke  th i s  a r e  u s e d  fo r  a u r o r a l  
o b s e r v a t i o n s  ( f igu re  16, page  24). 

I m i g h t  s ay  tha t ,  d u r i n g  the  IGY, we found fo r  the  f i r s t  t i m e  tha t  
a u r o r a l  a r c s  tha t  a p p e a r  in the  N o r t h e r n  H e m i s p h e r e  a p p e a r  wi th in  a 
f ew s e c o n d s  of the  s a m e  t i m e  tha t  s i m i l a r  a r c s  a p p e a r  in the  S o u t h e r r  
H e m i s p h e r e .  

20 
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To s tudy  the i o n o s p h e r e ,  s c i e n t i s t s  s e n d  r a d a r  p u l s e s  that  a r e  (~ ~ ~i " 
r e f l e c t e d  f r o m  the i o n i z e d  c louds .  (In fact ,  as  m a n y  of you know, r a d a r  
~as  i n v e n t e d  in  1925 for  this  p u r p o s e .  ) The r a d a r  pu l s e s  a r e  s e n t  on 
d i f f e r en t  r a d i o  f r e q u e n c i e s  to d i s c o v e r  the a m o u n t  and  the k ind  of ion -  
Lzation p r e s e n t  and the t h i c k n e s s  and  t e m p e r a t U r e  of the a t m o s p h e r e  at  
these  g r e a t  h e i g h t s .  Dur ing  the IGY the o b s e r v a t i o n s  of the i o n o s p h e r e  
~t the South P o l e  showed  that ,  wh i l e  the sun  was  at  the s a m e  a l t i t ude  
~ll day,  t h e r e  was  n e v e r t h e l e s s  a n o t i c e a b l e  d i u r n a l  v a r i a t i o n  in  ion  
] e n s i t y  wi th  i t s  m a x i m u m  c o r r e s p o n d i n g  to noon at the long i tude  of 
~an F r a n c i s c o .  This  i s  a v e r y  puzz l i ng  m a t t e r  wh ich  has  to be i n v e s t i -  
gated f u r t h e r ,  but i t  m u s t  have  s o m e t h i n g  to do wi th  the m o v e m e n t  of the 
.ons h o r i z o n t a l l y  u n d e r  the c o n t r o l  of the e a r t h ' s  m a g n e t i c  f ie ld .  The 
~tudy of the fa l l  of m e t e o r s  by both  v i s u a l  and r a d a r  m e t h o d s  t e l l s  us 
much about  the o u t e r  a t m o s p h e r e .  In add i t ion ,  the sky g ives  off a fa in t  
.ight, c a l l e d  a i r g l o w ,  that  c h a n g e s  f r o m  t i m e  to t i m e  and f r o m  p lace  to 
~lace. The i n t e n s i t y  and  c h a n g e s  of a i r g l o w  give us i n f o r m a t i o n  about  
:he k inds  of a t o m s  and m o l e c u l e s  in  the o u t e r  a t m o s p h e r e .  We f ind,  
"or e x a m p l e ,  such  th ings  as  n i t r o g e n - o x i d e  in c o n s i d e r a b l e  quant i ty .  

To e x p l o r e  the a t m o s p h e r e  d i r e c t l y  at  g r e a t  h e i g h t s ,  g e o p h y s i c i s t s  
r, u s t  u se  ba l l oons  and r o c k e t s  e q u i p p e d  wi th  s c i e n t i f i c  i n s t r u m e n t s  and 
radio t r a n s m i t t e r s  to t e l e m e t e r  the data  back.  Dur ing  the IGY s c i e n t i f i c  
-ocke t s  have  r i s e n ,  as you know,  to h e i g h t s  of n e a r l y  70 ,000  m i l e s .  
~ u n d r e d s  of r o c k e t s ,  u sua l l y  s e n t  to h e i g h t s  of 100 o r  200 m i l e s ,  w e r e  
a u n c h e d  d u r i n g  the IGY by s c i e n t i s t s  of m a n y  na t ions  in  t h e i r  s tudy  of the 
) h e n o m e n a  in  the e a r t h ' s  o u t e r  a t m o s p h e r e .  L a r g e  n u m b e r s  of s m a l l  
rocke t s ,  c a l l e d  " r o c k o o n s , "  have  b e e n  l a u n c h e d  f r o m  h igh  a l t i tude  b a l l o o n s  
:o c a r r y  on r e s e a r c h  at h igh  a l t i tUdes  and at  a r e l a t i v e l y  s m a l l  cos t .  
Tol lowing the h igh  a l t i tude  a t o m i c  bomb e x p l o s i o n s  at J o h n s o n  I s l a n d  l a s t  
%ugust, s c i e n t i s t s  f r o m  San F r a n c i s c o  to Tokyo o b s e r v e d  a v a s t  r a d i o  
'adeout  that  l a s t e d  fo r  s e v e r a l  h o u r s  a c r o s s  the P a c i f i c ,  b l a c k i n g  out 
; o m m u n i c a t i o n s  a l m o s t  c o m p l e t e l y .  S i m u l t a n e o u s l y ,  an  a r t i f i c i a l  a u r o r a  
vas o b s e r v e d  at  Apia in Samoa ,  showing  that  the e l e c t r i c a l l y  c h a r g e d  p a r -  
: ic les  had  fo l l owed  the l i n e s  of the e a r t h ' s  m a g n e t i s m  up and a c r o s s  the 
• . qua to r  and down in to  the oppos i t e  h e m i s p h e r e .  Such i n f o r m a t i o n  of 
; o u r s e  is  i n v a l u a b l e  in  u n d e r s t a n d i n g  the t h e o r e t i c a l  b e h a v i o r  of our  a t -  
n o s p h e r i c  e n v i r o n m e n t  and  shows  tha t  t h e r e  a r e  v e r y  g r e a t  u s e s  fo r  such  

.~xplosions in  s c i e n c e .  

I m i g h t  add  that  a few w e e k s  a f t e r  the bomb e x p l o s i o n s  at  J o h n s o n  
is land,  the l i t h i u m  l ine  was  o b s e r v e d  at  a l l  of the A n t a r c t i c  S ta t ions .  
t h i s  gave i n f o r m a t i o n  on the r a t e  of the a i r  t r a n s f e r  f r o m  the r e g i o n  of 
:~awaii down into  the A n t a r c t i c ,  a c r o s s  the e q u a t o r .  

25 



~ ~: ~ The  h a p p e n i n g s ,  of  c o u r s e ,  at the v e r y  f a r t h e s t  f r i n g e s  of  the  
o u t e r  a t m o s p h e r e ,  known as  the  e x o s p h e r e ,  a r e  of  u n u s u a l  i m p o r t a n c e ,  
fo r  h e r e  we can  l e a r n  jus t  what  kind of  s p a c e  it i s  t h r o u g h  which  the  
e a r t h  r o t a t e s  and c o u r s e s  on i t s  o r b i t .  S c i e n t i s t s  have  l e a r n e d  tha t  
t h i s  s p a c e  i s  not a v a c u u m  but c o n t a i n s  m o r e  than  1, 000 p a r t i c l e s  in 
e a c h  cubic  inch .  In fac t ,  the  e a r t h ' s  o r b i t  s e e m s  to p a s s  r i g h t  t h r o u g h  
the  o u t e r  r e a c h e s  of the  s u n ' s  c o r o n a .  Th i s  o u t e r  s p a c e  c a n  be  s t u d i e d  
by the  o b s e r v a t i o n  of  z o d i a c a l  l ight ,  w h i c h  i s  sun l igh t  r e f l e c t e d  by  
p a r t i c l e s  in s p a c e .  C o s m i c  r a y s  r e a c h i n g  the  e a r t h  c a r r y  t e l l t a l e  
m a r k s  of  the  s p a c e  t h r o u g h  wh ich  t hey  have  t r a v e l e d .  The  e x o s p h e r e  
can  a l so  be e x p l o r e d  by  c u r i o u s  r a d i o  w a v e s  known as  w h i s t l e r s  w h i c h  
s e e m  to t r a v e l  f a r  into s p a c e  a long  the  e a r t h ' s  m a g n e t i c  f i e ld  and  then  
b a c k  to the  e a r t h  aga in ,  b o u n c i n g  b a c k  and f o r t h  f r o m  one h e m i s p h e r e  
to a n o t h e r .  

D u r i n g  the  IGY s c i e n t i s t s  have  found tha t  t h e s e  o u t e r  r e a c h e s  of  
the  a t m o s p h e r e  b e h a v e  l i ke  a " t r a v e l i n g  wave  tube  a m p l i f e r "  tha t  a m p l i -  
f i e s  the  w h i s t l e r s  as  t h e y  p a s s  t h r o u g h  the  r e g i o n  and a c q u i r e  e n e r g y  
f r o m  the i n c o m i n g  p a r t i c l e  s t r e a m s  o r i g i n a t i n g  on the sun .  T h u s ,  the  
sun  i s  the  c a t h o d e  tha t  s e n d s  the p a r t i c l e s  of  the  r a d i o  tube ,  and  the  
e a r t h ' s  m a g n e t i c  f i e ld  is  the f o c u s i n g  e l e m e n t  tha t  m a k e s  th i s  n a t u r a l  
t r a v e l i n g  wave  tube  a m p l i f i e r  w o r k .  

P r o b a b l y  the  m o s t  p u b l i c i z e d  a c h i e v e m e n t  of the  IGY has  b e e n  
the  l a u n c h i n g  of the  i n s t r u m e n t e d  e a r t h  s a t e l l i t e s  by the Un i t ed  S ta t e s  
and  the USSR. By the  end of the  IGY, m o r e  than  a h a l f - d o z e n  s a t e l l i t e s  
had  c i r c l e d  the e a r t h  {f igure 17, page  27). T h i s  IGY d e v e l o p m e n t  i s  so 
i m p o r t a n t  to s c i e n c e  tha t  I am go ing  to spend  ju s t  a l i t t l e  t i m e  e m p h a -  
s i z i n g  i t s  p o w e r  for  s c i e n c e .  C e r t a i n l y ,  as  a s c i e n t i f i c  tool ,  the  s p a c e  
v e h i c l e  i s  a d e v i c e  of s u p e r b  p o t e n t i a l i t i e s  c o m p a r a b l e  to o t h e r  g r e a t  
s c i e n t i f i c  i n s t r u m e n t s  of  the  pas t ,  s u c h  as  the  t e l e s c o p e ,  the  m i c r o s c o p e ,  
and the  n u c l e a r  a c c e l e r a t o r  ( f igure  18, page  28). We have  a l r e a d y  e m -  
p h a s i z e d  that ,  u n d e r  o u r  a l m o s t  i n s u l a t i n g  a t m o s p h e r e ,  we can  s e n s e  the 
n a t u r e  of  the  u n i v e r s e  on ly  t h r o u g h  one  o c t a v e  of l ight ,  a few o c t a v e s  of  
r a d i o  w a v e s ,  the  i n t e r a c t i o n  of a few v e r y  e n e r g e t i c  p a r t i c l e s  on o u r  
a t m o s p h e r e ,  and the  e x a m i n a t i o n  of a few m e t e o r i t i e s .  The  r e s u l t  is  an  
a l m o s t  m o n o c h r o m a t i c  v i ew  of the  a t m o s p h e r e  f r o m  the s u r f a c e  of  the 
e a r t h .  

26 



Figure 17 

Another View of Soviet Satellite 
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T h e  s i m p l e  s a t e l l i t e ,  a s  we n o w  know i t ,  e x t e n d s  o u r  s c i e n t i f i c  
: a p a b i l i t i e s  f a r  b e y o n d  t h i s  i n s u l a t e d  v i e w  ( f i g u r e  19, p a g e  30). I t  p e r -  
a i r s  us  to s e e  t he  u n i v e r s e  f o r  the  f i r s t  t i m e  in  i t s  fu l l  r a n g e  of  c o l o r ,  
n the  s p e c i a l  s e n s e  t ha t  t he  s a t e l l i t e  b r o a d e n s  t he  r a n g e  of  o u r  v i s i o n  
t o m  a n a r r o w  s p e c t r u m  to the  w h o l e  s p e c t r u m  of  n a t u r e - - f r o m  the  
l h o r t e s t  to t he  l o n g e s t  w a v e  l e n g t h s ,  f r o m  the  l o w e s t  to t he  h i g h e s t  p a r -  
i c l e  e n e r g i e s .  

To  t r y  to o u t l i n e  the  fu l l  r a n g e  of  s c i e n t i f i c  e x p e r i m e n t s  t ha t  c a n  
tow be  f o r e s e e n  in  a r t i f i c i a l  s a t e l l i t e s  wou ld  t a k e  a v e r y  t h i c k  v o l u m e .  
m i g h t  s ay  t ha t  t he  S p a c e  S c i e n c e  B o a r d  of  the  N a t i o n a l  A c a d e m y  i s  

~ow p r e p a r i n g  s u c h  a v o l u m e .  Bu t  I t h i n k  i t  i s  u s e f u l  to c i t e  a f ew  
, x a m p l e s  o f  t h e  r e a l  s i g n i f i c a n c e  o f  e v e n  e l e m e n t a r y  s p a c e  s c i e n c e .  

We h a v e  s a i d  t ha t  t he  s a t e l l i t e s  c a n  v i e w  the  u n i v e r s e  in  the  fu l l  
a n g e  of  c h r o m a t i c i t y .  To  t he  a s t r o p h y s i c i s t ,  of  c o u r s e ,  t h i s  m e a n s  
hat  t he  w o r d  " c o l o r "  j u s t  t a k e s  on n e w  m e a n i n g .  T h r o u g h  h i s  a c c e s s  

t he  w h o l e  r a n g e  of  c o l o r  of  r a d i a t i o n s  and  of  s p e c t r a l  d i s t r i b u t i o n s  
v e r  t h i s  r a n g e ,  he  c a n  n o w  l o o k  a t  t he  a t o m s  t h r o u g h  t he  e n t i r e  s p e c t r a l  
a n g e  and  s t u d y  t he  o r i g i n ,  e v o l u t i o n ,  and  d e s t r u c t i o n  of  m a t t e r  in  the  
n i v e r s e ,  w h i c h  s i m p l y  r e v o l u t i o n i z e d  o u r  who le  v i e w  o f  a s t r o p h y s i c s .  
] v e n t u a l l y ,  I s u s p e c t ,  an i n h a b i t e d  a s t r o p h y s i c a l  o b s e r v a t o r y  on  the  
~oon m a y  b e c o m e  a e s i : : a b l e  and  n e c e s s a r y  to e n j o y  the  ful l  a d v a n t a g e s  
hat s p a c e  o f f e r s  to as t~ -onomy.  

C l o s e l y  r e l a t e d  to  g e n e r a l  a s t r o n o m y  a r e  o b s e r v a t i o n s  of  o u r  own  
un, o u r  k n o w l e d g e  of  the  p h y s i c s  o f  t he  sun ,  and  i t s  c h a n g e s  a s  t i m e  
a s s e s .  A b o v e  t h e  a t m o s p h e r e  we c a n  s e e  t he  sun  in  i t s  fu l l  g l o r y ,  and  
re c a n  e n t e r  t he  c o r o n a  at  wi l l  and  e v e n  a p p r o a c h  the  s u n ' s  s u r f a c e  w i th  
a t e l l i , t e s  in  t h e  f u t u r e  ( f i g u r e  20, p a g e  31). But  a l r e a d y  o u r  s t u d i e s  o f  
he r a d i a t i o n  d i s t r i b u t i o n  s h o w  v e r y  s t r o n g  X - r a d i a t i o n  f r o m  the  sun  
~self, w h i c h  p e r m i t s  us  to  a c q u i r e  k n o w l e d g e  of  the  m a g n e t i z e d  p l a s m a  
nd  i t s  c h a n g e s  wi th  t i m e .  T h i s  i s  t he  c o r o n a  t h r o u g h  t he  o u t e r  r e a c h e s  
f w h i c h  t he  e a r t h  i s  n o w  t r a v e l i n g .  

29 



(--~ 

SOLAR ULTRAVIOLET 
AND X-RAYS 

MILES 

0 

ITUDE 

MILES 





T u r n i n g  to the  e a r t h  i t s e l f ,  c e r t a i n l y  m u c h  m o r e  a c c u r a t e  m a p p i n g  
with  s u c h  c a m e r a s  as  th i s ,  the  B a k e r - N u n n ,  on s a t e l l i t e s  i s  in  s igh t ,  
and  we t h i n k  tha t  an u l t i m a t e  p r e c i s i o n  of p e r h a p s  10 f ee t  wi l l  be 
p o s s i b l e ,  w h i c h  wi l l  p e r m i t  c r i t i c a l  t e s t s  of s u c h  h y p o t h e s e s  as  c o n -  
t i n e n t a l  d r i f t  ( f igu re  21, page  33). T h e s e  B a k e r - N u n n s  a r e ,  of  c o u r s e ,  
v e r y  p r e c i s e  when  t i m e d  to about  o n e - t e n - t h o u s a n d t h  of a s e c o n d  (f ig-  
u r e  22, page  34). A l r e a d y  the  m a j o r  g e o d e t i c  c h a i n s  of  the  e a r t h  a r e  
b e i n g  t i ed  t o g e t h e r .  I m i g h t  add tha t  r i g h t  at  the  m o m e n t  the  e r r o r s  in  
the  l o n g - r a n g e  l a n d i n g s  of  the  A t l a s  a r e  s u f f i c i e n t l y  s m a l l  so tha t  we 
a r e  not  qu i te  s u r e  w h e t h e r  the  faul t  is  of  the  r o c k e t  f i r i n g s  o r  of o u r  
l a c k  of k n o w l e d g e  of the  c u r v a t u r e  and  c h a r a c t e r  of the  e a r t h  i t s e l f .  
But  p e r h a p s  the  m o s t  i m p o r t a n t  c o n t r i b u t i o n ,  I th ink ,  t ha t  the  s a t e l l i t e  
i s  b r i n g i n g  to the  E a r t h  s c i e n c e s  wi l l  be  in the  f i e ld  of  m e t e o r o l o g y .  

T u r n i n g  to th i s  f i e ld  of m e t e r o l o g y ,  we l e a r n e d  in h igh  s c h o o l  t ha t  
the  e a r t h ' s  a t m o s p h e r e  can  be r e g a r d e d  as  the  gas  of a kind of hea t  
e n g i n e  ( f i g u r e  23, page  35). The  e q u a t o r i a l  r e g i o n  i s  the  f i r e - b o x  tha t  
r e c e i v e s  the  ne t  ga in  of e n e r g y  f r o m  the  sun  and  s t o r e s  the  e n e r g y  
l a r g e l y  in w a t e r  v a p o r .  H e r e  you  s e e  the  e x c e s s  of e n e r g y  r e c e i v e d  
f r o m  the e q u a t o r i a l  r e g i o n s  ( f i gu re  24, page  36). T h e  p o l a r  r e g i o n s  a r e  
the  c o n d e n s e r s  of t h i s  g r e a t  hea t  eng ine ,  w h e r e  the  a t m o s p h e r i c  gas  
s u f f e r s  a ne t  l o s s  of e n e r g y  by an e x c e s s  of r a d i a t i o n  of hea t  into s p a c e .  
T h u s ,  the  e a r t h ' s  a t m o s p h e r e  i s  p e r h a p s  the  on ly  g r e a t  hea t  e n g i n e  tha t  
u s e s  a r a d i a t o r  a s  a c o n d e n s e r .  

The  c i r c u l a t i o n  of  the  a t m o s p h e r e  tha t  b r i n g s  us o u r  w e a t h e r  a r i s e s  
f r o m  the  t r a n s f e r  of hea t  f r o m  the  e q u a t o r i a l  f i r e - b o x  to the  p o l a r  c o n -  
d e n s e r .  U n f o r t u n a t e l y ,  the  hea t  input  and  output  of t h i s  e n g i n e  a r e  not  
c o n s t a n t .  The  input  v a r i e s  as  the  c h a n g i n g  e q u a t o r i a l  c l o u d - c o v e r  r e -  
f l e c t s  m o r e  o r  l e s s  of i n c i d e n t  hea t  f r o m  the  sun b a c k  into  s p a c e ;  the  
ou tput  d e p e n d s  on the  r e a b s o r p t i o n  in the  a t m o s p h e r e  of the  hea t  r a d i a t e (  
f r o m  the  s u r f a c e ,  a s  the  g a s e s  wi th in  the  a t m o s p h e r e  tha t  r e a b s o r b  the  
r a d i a t e d  hea t  a r e  r e d i s t r i b u t e d .  F u r t h e r m o r e ,  a s m a l l  c h a n g e  in r a t e  
of o v e r t u r n  of the o c e a n s  by c h a n g i n g  winds  can  c h a n g e  the  supp ly  of  hen 
to o r  f r o m  the a t m o s p h e r e ,  l o c a l l y .  
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To c o m p l i c a t e  m a t t e r s ,  the e q u a t o r i a l  e n e r g y  is  c o l l e c t e d  by the 

t r a d e  w inds  and c a r r i e d  to the  m e t e o r o l o g i c a l  e q u a t o r  w h e r e  i t  i s  p iped  
up th rough  the huge  e q u a t o r i a l  t h u n d e r s t o r m  c e l l s  to the t r o p o s p h e r e  to 
be c i r c u l a t e d  p o l e w a r d  into the t e m p e r a t e  zones .  P e r h a p s  5 ,000  of t h e s e  
e q u a t o r i a l  t h u n d e r s t o r m  p ipes  n o r m a l l y  o c c u r  each  day. But o c c a s i o n -  
a l ly  such  c e l l s  m a y  fa i l  to f o r m  loca l ly ,  o r  c o n c e i v a b l y  m a y  d i r e c t  
t h e i r  e n e r g y  in to  the w r o n g  h e m i s p h e r e  to p r o d u c e  t e m p o r a r i l y  h e m i s -  
p h e r i c  u n b a l a n c e  of s t o r e d  hea t .  Al l  of t h e s e  l o c a l i z e d  c h a n g e s  in  input  
and output  of this  h e a t  eng ine  m a y  u p s e t  the a l r e a d y  doubtful  s t ab i l i t y  of 
the a t m o s p h e r i c  flow. 

The c i r c u l a t i o n  of h e a t  f r o m  the e q u a t o r i a l  r e g i o n s  t oward  the po l e s  
is  not  as s i m p l e  as  i t  would  be t h rough  a s e r i e s  of p ipes .  I n s t e a d ,  the 
hea t  i s  c o n v e y e d  th rough  coup l ings  b e t w e e n  a s e r i e s  of v e r t i c a l  c i r c u l a -  
t ion c e l l s  s u c c e s s i v e l y  in the e q u a t o r i a l  r e g i o n s ,  in  the t e m p e r a t e  z o n e s ,  
and  in  the p o l a r  r e g i o n s .  And of c o u r s e  t h e s e  c e l l s  a r e  bounded  by the 
m e t e o r o l o g i c a l  " f r o n t s "  wi th  t h e i r  a s s o c i a t e d  w e s t - e a s t  j e t  s t r e a m s .  
S o m e t i m e s  t he se  c e l l s  do not t r a n s f e r  h e a t  f r o m  one to a n o t h e r  as  ex-  
p ec t e d ,  wi th  a r e s u l t a n t  de lay  in  the h e a t  t r a n s f e r  and c o n s e q u e n t  bui ldup 
of unusua l l y  hot  and cold  spo t s ,  o r  a r e r o u t i n g  of the o r d i n a r y  flow pat -  
t e r n s .  The de lay  m a y  ex tend  for  a c o n s i d e r a b l e  t ime ,  but, when  the 
b r e a k d o w n  does  o c c u r ,  the e f f ec t s  on the w e a t h e r  m a y  be c a t a s t r o p h i c .  
Such g r o s s  e f f ec t s  canno t  now be t r a c e d  o r  u n d e r s t o o d  unt i l  the whole  
e a r t h  is  o b s e r v e d  at v e r y  f r e q u e n t  i n t e r v a l s  wi th  a p p r o p r i a t e  m e a s u r i n g  
d e v i c e s .  

When we v iew m e t e o r o l o g y  in  th is  way,  i t  i s  not  s u r p r i s i n g  that ,  
t h rough  i nab i l i t y  to m a k e  f u n d a m e n t a l  g lobal  m e a s u r e m e n t s ,  our  p r e s e n t  
m e t h o d s  of f o r e c a s t i n g  a r e  fa r  f r o m  p e r f e c t .  By i t s e l f ,  the l i m i t e d  
o b s e r v a t i o n  f r o m  a few p o o r l y  d i s t r i b u t e d  po in ts  on the s u r f a c e  canno t  
p o s s i b i l y  p r o v i d e  the b a s i s  fo r  the con t inu ing  g loba l  d e s c r i p t i o n  of a t m o s -  
p h e r i c  c i r c u l a t i o n  and u n d e r l y i n g  hea t  ba l ance  and the e x c h a n g e  of h e a t  
that  is  the v e r y  b a s i s  of our  w e a t h e r  and c l i m a t i c  change .  

The s a t e l l i t e  ho lds  p r o m i s e  of r e v o l u t i o n i z i n g  our  p o w e r s  of o b s e r -  
va t ion  in  the f i e ld  of m e t e o r o l o g y .  A m o n g  the e a r l y  s a t e l l i t e  e x p e r i -  
m e n t s  that  would  have  b e e n  f lown d u r i n g  the IGY, e x c e p t  fo r  a few 
d i s a s t e r s ,  but wi l l  now be f lown wi th in  a m o n t h  or  two, is  the m e a s u r e  
of the hea t  ba l ance  of the e a r t h  and the v a r i a t i o n  of that  h e a t  ba l ance  f r o m  
p lace  to p lace ,  n a m e l y ,  the m a p  of the input  and output  e n e r g y  to our  
a t m o s p h e r i c  h e a t  eng ine .  Mapping  of the hot  and cold  spo t s  in  the s e n s e  
of e x c e s s i v e  input  to or  output  f r o m  a t m o s p h e r i c  a r e a s  i s  c e r t a i n l y  
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f o r e s e e a b l e  now wi th in  a few m o n t h s ,  in the e a r t h  s a t e l l i t e .  Not  f a r  be -  
h ind  w i l l  c o m e  the e x p e r i m e n t a l  m a p p i n g  of c loud  and  s t o r m  s y s t e m s  
o v e r  the who le  e a r t h .  

S o m e  of you m a y  h a v e  s e e n  in the "New Y o r k  T i m e s "  y e s t e r d a y  the 
m a g n i f i c a n t  m a p  p r o d u c e d  by the Navy  wi th  a s i n g l e  r o c k e t .  A s i m i l a r  
a p p a r a t u s ,  a bit m o r e  c o m p l e x ,  w i l l  go into  the s a t e l l i t e s  f o r  m a p p i n g  
the c loud  c o v e r  of the who le  e a r t h ;  and o b s e r v i n g  the s i g n a t u r e s  of the 
c loud  tops one can  i d e n t i f y  t h e s e  s t o r m  s y s t e m s  v e r y  w e l l .  So we a r e  
a l m o s t  in  r e a c h ,  fo r  the f i r s t  t i m e ,  of knowing  how m a n y  s t o r m s  e x i s t  
on the e a r t h ,  how they  a r e  m o v i n g ,  how they  a r e  f o r m i n g  r e l a t i v e  to 
one a n o t h e r ,  and how they  a r e  d i s a p p e a r i n g .  And of c o u r s e  one  can  
o b s e r v e  the f r o n t s  by m e a n s  of e i t h e r  the f l a s h - f r e q u e n c y  of l i g h t i n g  a t  
n igh t  o r  by o b s e r v a t i o n s  of r a d i o  s t a t i c .  

I cou ld  go on to m a n y  o t h e r  p o w e r f u l  e x p e r i m e n t s  that  a r e  c r i t i c a l  
to m e t e o r o l o g y .  

F o r  i n s t a n c e ,  to wha t  ex t en t  do m e t e o r i c  dus t  p a r t i c l e s  of m i c r o -  
s c o p i c  s i z e  v a r y  in d e n s i t y  as  they  a r e  s w e p t  up f r o m  po in t  to po in t  by 
the e a r t h  as  i t  c o u r s e s  a long  i t s  o r b i t ?  A r e  s u c h  p a r t i c l e s  of m e t e o r i c  
dus t  of the k ind  and n u m b e r s  that  can  i n f l u e n c e  r a i n f a l l ,  as  P r o f e s s o r  
E .  G. B o w e n  has  s u g g e s t e d ?  ( f i g u r e  25, p. 39. ) 

D u r i n g  the IGY a r a t h e r  r e m a r k a b l e  p h e n o m e n o n  h a s  b e e n  o b s e r v e d  
in  tha t  i c e  c r y s t a l  n u c l e i  a p p e a r  to be found e v e r y  p l a c e  o v e r  the e a r t h  
on the s a m e  day.  T h e r e  a r e  a few days  d u r i n g  the y e a r  in  w h i c h  t h e s e  
w i l l  be found in  A u s t r a l i a ,  in  H a w a i i ,  in  W a s h i n g t o n ,  and  a t  o t h e r  p l a c e s .  
T h e i r  o r i g i n  is  not  now known,  a l t hough  B o w e n  h a s  s u g g e s t e d  tha t  t hey  
m i g h t  be due to m e t e o r i c  dus t  p a r t i c l e s .  W h e t h e r  t hey  c a u s e  r a i n f a l l  o r  
w h e t h e r  they a r e  b r o u g h t  down f r o m  r a i n f a l l  i s  not  known,  but i t  i s  known 
and has  b e e n  known fo r  a long t i m e  tha t  r a i n f a l l  t ends  to peak  on t h e s e  
d a y s .  Th i s  new i n f o r m a t i o n  is  e x t r e m e l y  i m p o r t a n t  wi th  r e s p e c t  to d e -  
v e l o p i n g  o u r  t h e o r i e s  of m e t e o r o l o g y .  I m i g h t  s a y  tha t  one of t h e s e  d a y s  
h a p p e n s  to be in the v i c i n i t y  of 18 M a r c h ,  the e x a c t  da te  d e p e n d i n g  on 
w h e r e  l eap  y e a r  f a l l s - - a  l i t t l e  b e f o r e  o r  a l i t t l e  a f t e r - - w h i c h  s e e m s  to 
be c l o s e l y  a s s o c i a t e d  wi th  the f r e q u e n t  h e a v y  s p r i n g  s n o w f a l l s .  You 
r e m e m b e r  the b l i z z a r d  of 1888, and one can  s e e  tha t  t h e r e  h a s  b e e n  a 
w~ole  s e r i e s  of t h e s e  e v e n t s  about  th is  s a m e  da t e .  T h e s e  m a y  be r e l a t e d ,  
b u t w e  d o n ' t  know ye t .  We a r e  ju s t  b e g i n n i n g  to get  the c l u e s  t h r o u g h  the 
p o s i t i o n  of the e a r t h  in i t s  o r b i t  and wha t  i t  h a p p e n s  to be r u n n i n g  in to  
in  those  p o s i t i o n s .  
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You m i g h t  a s k  how th is  whole  p i c t u r e  f i t s  in to  the p o t e n t i a l i t i e s  of 
w e a t h e r  c o n t r o l .  We do not  u n d e r s t a n d  the a t m o s p h e r e  w e l l  enough  at  
the m o m e n t  to give an a n s w e r .  Bu t  the s a t e l l i t e  w i l l  he lp  in i m p r o v i n g  
o u r  k n o w l e d g e  of the p h y s i c s  of the c i r c u l a t i o n  and  the f o r m a t i o n  of 
i n s t a b i l i t i e s .  If i t  t u r n s  out  that  the a t m o s p h e r e  is  u n s t a b l e - - t h a t  is  
that  s m a l l  p h e n o m e n a  r e g e n e r a t e  in to  l a r g e - s c a l e  s t o r m s - - t h e n  one 
s u s p e c t s  tha t  w e a t h e r  c o n t r o l  o r  w e a t h e r  m o d i f i c a t i o n  on a l a r g e  s c a l e  
wou ld  be p o s s i b l e  at  s o m e  t i m e  in the f u t u r e  by g e t t i n g  c o n t r o l  of the 
t r i g g e r i n g  m e c h a n i s m s .  

If,  on the o t h e r  hand ,  the g loba l  c i r c u l a t i o n  is  r e a l l y  s t a b l e  and 
s m a l l  d i s t u r b a n c e s  a r e  qu i ck ly  d a m p e d  out ,  t hen  l a r g e - s c a l e  w e a t h e r  
c o n t r o l  m i g h t  be d i f f i cu l t  o r  i m p o s s i b l e ;  but in  tha t  c a s e  we  s h o u l d  
a c h i e v e  n e a r  100 p e r c e n t  p r e d i c t i o n ,  e v e n  on a long  c l i m a t i c  s c a l e .  
H a p h a z a r d  e x p e r i m e n t s  wi th  c loud  s e e d i n g ,  of c o u r s e ,  a r e  of doubt fu l  
v a l u e  a t  th is  t i m e ,  but a f u l l - s c a l e  a t t a c k  on the p h y s i c s  of g loba l  m e t e o r -  
o logy  i s  c e r t a i n  to give us a m a j o r  payoff  in  one d i r e c t i o n  o r  a n o t h e r .  

In the f i e ld  of p u r e  p h y s i c s  i s  a who le  r a n g e  of e x p e r i m e n t s  tha t  the 
s a t e l l i t e  can  do. One m i g h t  m e n t i o n  the p o s i t i v e  t e s t  of the g e n e r a l  
t h e o r y  of r e l a t i v i t y  t h rough  the m e a s u r e m e n t  of w h a t  we c a l l  the g r a v i -  
t a t i o n a l  r e d - s h i f t .  

You m i g h t  be s u r p r i s e d  to know that ,  wh i l e  the s p e c i a l  t h e o r y  of 
r e l a t i v i t y  i s  fu l ly  e s t a b l i s h e d - - i n  f ac t  o u r  c o s m o t r o n  a t  B r o o k h a v e n  
w o u l d n ' t  w o r k  f r o m  day  to day  if i t  w e r e n ' t  f o r  E i n s t e i n ' s  s p e c i a l  t h e o r y - -  
the g e n e r a l  t h e o r y  of r e l a t i v i t y  is  not  at  a l l  w e l l  e s t a b l i s h e d  and is  c o n -  
s i d e r e d  by m a n y  to r e s t  on v e r y  " r o c k y "  g r o u n d .  It  i s  p o s s i b l e l ~  t e s t  th is  
t h e o r y  by pu t t ing  an a t o m i c  c l o c k  k e e p i n g  t i m e  to one p a r t  in  10 " - - t h a t ' s  
one p a r t  in  a m i l l i o n  m i l l i o n - - i n  a s a t e l l i t e  w h i c h  is  f l y ing  in  a l o w e r  
g r a v i t a t i o n a l  f i e ld  h igh  above  the e a r t h ,  and  a n o t h e r  a t o m i c  c l o c k  on the 
g r o u n d ,  and to c o m p a r e  t h e s e  two. Th i s  e x p e r i m e n t  w i l l  c e r t a i n l y  be 
done in  the nex t  y e a r  o r  two to m a k e  a f o r m  t e s t  of the g e n e r a l  t h e o r y  of 
r e l a t i v i t y .  

L i k e w i s e ,  the s a m p l i n g  of m e t e o r i c  dus t  in  s p a c e  w i l l  add  to ou r  
k n o w l e d g e  of the u n i v e r s e ,  i t s  m a s s ,  and the p r o c e s s e s  of f o r m a t i o n  of 
m a t t e r .  The  i n t e r a c t i o n  of c o s m i c  r a y s  wi th  the p a r t i c l e s  of s p a c e  can  
give us  i n t i m a t e  k n o w l e d g e  of the age  of s u c h  m a t e r i a l .  
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I cou ld  go on to d e s c r i b e  s a t e l l i t e  e x p e r i m e n t s  i nvo lv ing  p r i m a r y  
c o s m i c  r a y  p a r t i c l e s  t h e m s e l v e s ,  z o d i c a l  l ight ,  c h a r a c t e r  of the iono-  
s p h e r e ,  p r o p a g a t i o n  of the w h i s t l e r s ,  and a h u n d r e d  o t h e r  s t u d i e s  
in p h y s i c s .  A l r e a d y ,  d u r i n g  the IGY, Van Al l en  has  d i s c o v e r e d  the 
c u r i o u s  " r a d i a t i o n  be l t "  of h igh  e n e r g y  p a r t i c l e s  ex t end ing  above s o m e  
700 m i l e s  o v e r  the s u r f a c e  in a band a r o u n d  the e a r t h  b e t w e e n  the two 
a u r o r a l  z o n e s ,  but not  above the po l e s  t h e m s e l v e s .  Th is  be l t  s e e m s  
to a r i s e  f r o m  the u p w a r d - f l y i n g  d e b r i s  of c o s m i c  r a y  c o l l i s i o n s ,  t e c h -  
n i c a l l y  c a l l e d  c o s m i c  r ay  a lbedo ,  which  is  t r apped  by the e a r t h ' s  m a g -  
ne t i c  f i e ld  b e c a u s e  the p a r t i c l e s  a r e  c h a r g e d .  The data  f r o m  the 
P i o n e e r  I r o c k e t ,  wh ich  a r e  j u s t  now be ing  announced ,  s u g g e s t  that  two 
such  be l t s  m a y  ex i s t ,  one e n c i r c l i n g  the o t h e r .  The d i s c o v e r y  of this  
Van  A l l e n  r e g i o n ,  of c o u r s e ,  s u g g e s t s  a whole  hos t  of e x p e r i m e n t s  r e -  
l a t ed  to g e o m a g n e t i s m ,  the a u r o r a ,  and p a r t i c l e  s t r e a m s  f r o m  the sun 
and f r o m  space  that  c e r t a i n l y  w i l l  g r e a t l y  i l l u m i n a t e  our  k n o w l e d g e  of 
the e a r t h ' s  e n v i r o n m e n t .  

Whi le  the s t u d i e s  of the IGY have  been ,  of c o u r s e ,  d e s i g n e d  to t e l l  
us about  the e a r t h ,  we c a n ' t  i g n o r e  our  sun,  the s o u r c e  of our  l ight  and 
e n e r g y  {f igure  26, page 42). The sun  b e c o m e s  unusua l ly  spot ty  and 
s t o r m y  and e x p l o s i v e  e v e r y  11 y e a r s ,  and i t s  spo t s  and e r u p t i o n s  have  
i m p o r t a n t  e f f ec t s  on our  ea r t h .  They  a r e  the baby e l e p h a n t  in m y  o r i g i -  
na l  s t o ry .  F o l l o w i n g  the g r e a t  e x p l o s i o n s  on the s u n ' s  s u r f a c e ,  r a d i o  
b l ackou t s  o c c u r  and the i n t e n s i t y  of c o s m i c  r a y s  s o m e t i m e s  i n c r e a s e s  
g r e a t l y  ( f igure  27, page 43), Af t e r  a day o r  two the s l o w e r  d e b r i s  of the 
e r u p t i o n  r e a c h e s  the e a r t h ,  c a u s i n g  g r e a t  p o l a r  r a d i o  b l ackou t s ,  geo-  
m a g n e t i c  d i s t u r b a n c e s ,  a u r o r a s ,  and o t h e r  v i s a b l e  r e s u l t s  ( f igure  28, 
page  44). The n a t u r e  of t he se  e v e n t s ,  of c o u r s e ,  is  not  ye t  ful ly  u n d e r -  
s tood.  T h e r e f o r e ,  d u r i n g  the IGY, m e n  and i n s t r u m e n t s  have  been  
w a t c h i n g  the sun  c o n s t a n t l y  at  m o r e  than 20 s t a t i o n s  a r o u n d  the e a r t h ,  as  
w e l l  as  hav ing  a u g m e n t e d  o b s e r v a t i o n s  of the s a t e l l i t e s  and r o c k e t s .  

T h e s e  p a r t i c l e  s t r e a m s  m a y  behave  s o m e t h i n g  l ike  th i s ,  but we a r e  
not ye t  qui te  s u r e .  This  i s  a h y p o t h e s i s  ( f igure  29, page 45). 
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The  i n t e r v a l  of  the  IGY d u r i n g  1957-1958 was  d e l i b e r a t e l y  s e l e c t e d  
b e c a u s e  the  sun would r e a c h  i t s  l l - y e a r  m a x i m u m  of s o l a r  s t o r m i n e s s  
d u r i n g  tha t  t i m e .  The  p r e s e n t  s u n s p o t  c y c l e  c e r t a i n l y  e x c e e d e d  e x p e c -  
t a t i o n s .  T h e r e ' s  a v e r y  i n t e r e s t i n g  s t o r y  about  i t .  S o m e  peop l e  p r e -  
d i c t e d  tha t  t h e r e  would  be a v e r y  low sunspo t  c y c l e .  In J a n u a r y  1957 
the  sunspo t  n u m b e r ,  h o w e v e r ,  wh ich  is  a m e a s u r e m e n t  of the  s t o r m i -  
n e s s  on the  sun,  had  r e a c h e d  a coun t  of 169 .6 .  T h i s  a l l t i m e  h igh  ex-  
c e e d e d  the  p r e v i o u s  h igh of about  160 wh ich  was  r e a c h e d  in 1 7 7 8 - - a b o u t  
the  t i m e  of the  A m e r i c a n  R e v o l u t i o n - - s i n c e  sunspo t  a c t i v i t y  was  f i r s t  
e s t i m a t e d  in 1755. By June  of 1957, at the  o p e n i n g  of  the  IGY, the  
count  had  r e a c h e d  the  u n h e a r d  of  v a l u e  of 205 .6 ,  f a r  e x c e e d i n g  a n y t h i n g  
tha t  cou ld  have  b e e n  p r e d i c t e d ,  and it has  r e m a i n e d  at v e r y  h igh  v a l u e s ,  
above  200, we l l  t ~ r o u g h  1958. It i s  s t i l l  up in  the  180 ' s .  

C o m p l i c a t e d  o b s e r v a t i o n s  tha t  c a n  be m a d e  on ly  r a r e l y ,  of c o u r s e ,  
m u s t  be  m a d e  s i m u l t a n e o u s l y  o v e r  the  e a r t h ,  if we a r e  to d e s c r i b e  the  
p h e n o m e n a  that  o c c u r ,  but  t h e s e  o b s e r v a t i o n s  m a y  be so c o m p l e x  tha t  
t hey  c a n ' t  be  m a d e  c o n t i n u o u s l y  ( f i gu re  30, page  47). T h e r e f o r e ,  d u r i n g  
the IGY, the  s c i e n t i s t s  of the  e a r t h  a g r e e d  to m a k e  the m o r e  c o m p l e x  
o b s e r v a t i o n s  on a c a l e n d a r  of two, t h r e e ,  o r  f ou r  r e g u l a r  w o r l d  d a y s  
e a c h  mon th ,  wh ich  you s e e  c i r c l e d  on th i s  c a l e n d a r .  

M o r e o v e r ,  s p e c i a l  o b s e r v a t i o n s  w e r e  m a d e  when  w o r l d w i d e  g e o -  
p h y s i c a l  d i s t u r b a n c e s  w e r e  p r e d i c t e d .  To m a k e  t h e s e  p r e d i c t i o n s ,  s o l a r  
o b s e r v e r s  s en t  r e p o r t s  of s o l a r  a c t i v i t y  to t h r e e  c e n t e r s ,  at W a s h i n g t o n ,  
P a r i s ,  and Tokyo .  A f t e r  c o m b i n i n g  the  da ta ,  the f a c t s  w e r e  sen t  to the  
C e n t r a l  Rad io  P r o p a g a t i o n  L a b o r a t o r y  of  the  N a t i o n a l  B u r e a u  of S t a n d a r d s  
in  Wash ing ton ,  w h e r e  the  c o m p l e t e  s t o r y  on s o l a r  a c t i v i t y  was  e v a l u a t e d .  
T h i s  IGY p lan  was  so s u c c e s s f u l  tha t  s c i e n t i s t s  a r e  c o n t i n u i n g  it p e r -  
m a n e n t l y .  When a c t i v e  r e g i o n s  a p p e a r  on the  sun,  the  W a s h i n g t o n  W a r n -  
ing  C e n t e r  s e n d s  out  an i n t e r n a t i o n a l  a l e r t  on the  w o r l d w i d e  IGY c o m m u -  
n i c a t i o n s  n e t w o r k ,  w h i c h  i s  c a l l e d  AGIWARN, to w a r n  g e o p h y s i c a l  
o b s e r v e r s  tha t  the  sun  m a y  e r u p t  ( f i g u r e  31, page  48}. If the a c t i v i t y  i s  
s u s t a i n e d  o r  i n c r e a s e s  a s  i t  m o v e s  t o w a r d  the  s u n ' s  c e n t r a l  m e r i d i a n  
the  W a r n i n g  C e n t e r  a n n o u n c e s  what  i s  c a l l e d  a S p e c i a l  W o r l d  Day,  so tha t  
o b s e r v e r s  can  be on the  job to m a k e  the  m o s t  c o m p l e x  o b s e r v a t i o n s  when  
the  e r u p t i o n  o c c u r s ,  and wi l l  be r e a d y  to fo l low i t s  d e v e l o p m e n t  and i t s  
r e a c t i o n  o v e r  the  e a r t h  ( f i g u r e  32, page  49). 
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This  I n t e r n a t i o n a l  G e o p h y s i c a l  Y e a r  has  b e e n  so s u c c e s s f u l  in  an 
e r a  w h e n  i n t e r n a t i o n a l  d i s a g r e e m e n t s  and t e n s i o n s  w e r e  the r u l e  that  
I think we shou ld  spend  a m o m e n t  on i t s  o r i g i n s  and on the p r i n c i p l e s  
of m a n a g e m e n t .  By the e a r l y  y e a r s  of the 20th c e n t u r y ,  p r o g r e s s  in  
s c i e n c e  and p a r t i c u l a r l y  in a s t r o n o m i c a l  o b s e r v a t i o n ,  in  i n t e r n a t i o n a l  
r a d i o  r e s e a r c h ,  and in  g e o d e t i c  m e a s u r e m e n t  and g e o p h y s i c a l  o b s e r v a -  
t ion,  had  m a d e  i m p e r a t i v e  a m o r e  f o r m a l  i n t e r n a t i o n a l  i n s t r u m e n t  
for  s c i e n t i f i c  c o l l a b o r a t i o n  and p lann ing .  M o r e o v e r ,  the g rowth  of r e -  
s e a r c h  in  l o c a l i t i e s ,  such  as  N o r t h  A m e r i c a ,  that  w e r e  w i d e l y  s e p a -  
r a t e d  f r o m  the o r i g i n s  of c o n t e m p o r a r y  s c i e n c e  in  W e s t e r n  E u r o p e  
m u l t i p l i e d  the n e e d  fo r  p r o m p t  a g r e e m e n t  on n o m e n c l a t u r e  and  s t a n d a r d s  
to e n c o u r a g e  a quick and h e a l t h y  r e v i e w  and d i s c u s s i o n  of s c i e n t i f i c  d i s -  
c o v e r y .  It i s  s i g n i f i c a n t  that  the c o r r e c t i v e  ac t i on  to m e e t  th is  s i t u a t i o n  
o c c u r r e d  at  the i n i t i a t i ve  of s c i e n t i s t s  t h e m s e l v e s  ac t i ng  t h rough  t h e i r  
n a t i o n a l  a c a d e m i e s  and r e s e a r c h  c o u n c i l s  and wi thou t  any f o r m a l  a c t i o n  
on the p a r t  of g o v e r n m e n t s .  

In  1918, the a c a d e m i e s  and r e s e a r c h  c o u n c i l s  of m a n y  na t i ons  j o i n e d  
to c r e a t e  the I n t e r n a t i o n a l  R e s e a r c h  Counc i l  ( f igure  33, page 51). U n d e r  
the s p o n s o r s h i p  of th is  Counc i l ,  the f i r s t  i n t e r n a t i o n a l  s c i e n t i f i c  un ions  
w e r e  f o r m e d  to dea l  wi th  i n t e r n a t i o n a l  p r o b l e m s  in  s p e c i f i c  f i e l d s  of 
s c i e n c e .  In the e n s u i n g  y e a r s ,  m o r e  un ions  w e r e  r e c o g n i z e d ,  as  the 
n e e d  a r o s e ,  un t i l  now 13 s c i e n t i f i c  un ions  a r e  a f f i l i a t ed  wi th  the c e n t r a l  
i n t e r n a t i o n a l  body.  I th ink p e r h a p s  t h e r e  a r e  only 11 in  this  p i c t u r e ,  but 
t h e r e  have  b e e n  two m o r e  added  r e c e n t l y .  

J u s t  two o t h e r  e v e n t s  in  th is  h i s t o r y  of the g rowth  of i n t e r n a t i o n a l  
s c i e n t i f i c  a c t i v i t y  a r e  w o r t h y  of no t i c e .  The o r i g i n a l  I n t e r n a t i o n a l  
R e s e a r c h  Counc i l  of 1918, t h rough  the f a i l u r e  to r e c o g n i z e  G e r m a n y ,  
had  f a i l e d  to u n d e r s t a n d  the e s s e n t i a l  s o u r c e  of v i t a l i t y  of the p r i n c i p l e  
of p o l i t i c a l  n o n d i s c r i m i n a t i o n  which ,  of  c o u r s e ,  m u s t  u n d e r l y  i n t e r n a t i o n a l  
s c i e n t i f i c  c o l l a b o r a t i o n .  So that  c o n s e q u e n t l y ,  the I n t e r n a t i o n a l  R e s e a r c h  
Counc i l  was  r e p l a c e d  in 1932 by the I n t e r n a t i o n a l  Counc i l  of Sc i en t i f i c  
Un ions  (ICSU), which  has  r e c o g n i z e d  the o v e r r i d i n g  i m p o r t a n c e  of p r i n c i -  
p l e s  of p o l i t i c a l  n o n d i s c r i m i n a t i o n .  

In c o n c l u d i n g  m y  m e n t i o n  of the ICSU and the s c i e n t i f i c  un ions ,  I would  
. just  r e i t e r a t e  two po in t s :  

F i r s t ,  that  the i n t e r n a t i o n a l  a c t i v i t y  a m o n g  s c i e n t i s t s  is  v e r y  young,  
hav ing  r i s e n  only in the p r e s e n t  c e n t u r y .  
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Second,  that  the  f i r s t  g e n u i n e  and l a s t i n g  i n t e r n a t i o n a l  c o l l a b o r a t i o n  
in  s c e i n c e  has  b e e n  g e n e r a t e d  and m a n a g e d  by the  s c i e n t i s t s  t h e m s e l v e s ,  
a c t i ng  t h r o u g h  t h e i r  na t i ona l  a c a d e m i e s  and r e s e a r c h  c o u n c i l s .  T h e r e  
has  g rown,  d u r i n g  the  i n t e r v e n i n g  40 y e a r s ,  an i n t e r n a t i o n a l  r e c o g n i t i o n  
and e n c o u r a g e m e n t  of  the  p r i v i l e g e  and r e s p o n s i b i l i t i e s  of s c i e n t i s t s  to 
s o j o u r n  and to p lan  t h e i r  a c t i v i t i e s  f o r m a l l y  in t h e i r  own i n t e r n a t i o n a l  
g ro u p s ,  wi thout  p o l i t i c a l  i n t e r f e r e n c e .  While ,  of c o u r s e ,  s c i e n t i s t s  a c t -  
ing  in  the  i n t e r n a t i o n a l  s p h e r e  consu l t  t h e i r  g o v e r n m e n t s  i n t i m a t e l y ,  
t h r o u g h  t h e i r  a c a d e m i e s ,  c o n c e r n i n g  any i n t e r n a t i o n a l  c o m m i t m e n t s  t h e y  
m a y  m a k e ,  t h e i r  a c t i o n s  a r e  m u c h  l e s s  r e s t r i c t e d  than  if  t hey  w e r e  
f o r m a l  g o v e r n m e n t a l  b o d i e s ;  fo r  t h e i r  a g r e e m e n t s  do not  r e q u i r e  the  f a c e -  
s a v i n g  f o r m u l a s  tha t  p o l i t i c i a n s  s o m e t i m e s  b e l i e v e  n e c e s s a r y  d u r i n g  
i n t e r g o v e r n m e n t a l  n e g o t i a t i o n s  at the  p o l i t i c a l  l e v e l .  

By 1950 a w o r l d w i d e  e f fo r t  was  both  n e c e s s a r y  and f e a s i b l e  to d e s c r i b e  
g e o p h y s i c a l  e v e n t s  tha t  e n c o m p a s s e d  al l ,  o r  a g r e a t  pa r t ,  of  the  e a r t h .  
T h i s  s i m u l t a n e o u s  w o r l d w i d e  e f fo r t  of n a t i o n s  s e e m e d  the  on ly  way to 
m a k e  th i s  s i g n i f i c a n t  a d v a n c e  in k n o w l e d g e  that  was  r e q u i r e d .  C o n s e -  
quent ly ,  the  IGY was o r g a n i z e d  unde r  a s p e c i a l  c o m m i t t e e  f o r m e d  by  the  
I n t e r n a t i o n a l  Counc i l  of  Sc i en t i f i c  Unions  and was  known as  the  S p e c i a l  
C o m m i t t e e  of the  I n t e r n a t i o n a l  G e o p h y s i c a l Y e a r  ( f igure  34, page  53). 
Th i s  c o m m i t t e e  was  i n i t i a l l y  f i n a n c e d  by g r a n t s  f r o m  UNESCO. /-t had 
an a d v i s o r y  counc i l  of  the  n a t i o n s  that  w e r e  i n t e r e s t e d ,  r e p r e s e n t i n g  the  
n a t i o n a l  c o m m i t t e e s ,  and,  of  c o u r s e ,  it i n c l u d e d  m e m b e r s h i p  f r o m  the  
i n t e r n a t i o n a l  un ions .  

It was  in  1952 that  the  s p e c i a l  c o m m i t t e e  a s k e d  e a c h  n a t i o n  to o r g a n i z e  
a n a t i o n a l  c o m m i t t e e  to a d v i s e  how i ts  n a t i o n a l  c o m m i t t e e  cou ld  c o n t r i b u t e  
to the  a c h i e v e m e n t  of  s p e c i f i e d  IGY o b j e c t i v e s  ( f igure  35, page  54). H e r e  
i s  an e x a m p l e  of the  o r g a n i z a t i o n  of the  Uni t ed  S ta tes  n a t i o n a l  c o m m i t t e e  
u n d e r  ou r  N a t i o n a l  A c a d e m y  of S c i e n c e s .  

S i x t y - s i x  n a t i o n s  r e s p o n d e d  and the  c o m m i t t e e  p l anned  a c o m p r e h e n -  
s ive  w o r l d w i d e  p r o g r a m  of g e o p h y s i c a l  m e a s u r e m e n t s  that  was  c a r r i e d  
out d u r i n g  1957-1958.  Of the  g r e a t  na t i ons ,  on ly  C o m m u n i s t  China  had a 
g o v e r n m e n t  so b a c k w a r d  tha t  it p e r m i t t e d  i t s  p o l i t i c a l  j a r g o n  to s t and  in  
the  way of i t s  a c t i ve  p a r t i c i p a t i o n .  P a r e n t h e t i c a l l y ,  it  i s  r e p o r t e d  that  
the  s c i e n t i s t s  of  Red  China  c a r r i e d  out t h e i r  p a r t  of the p r o g r a m  anyway .  
I n d e e d  we know th i s ,  b e c a u s e  we found s o m e  of t h e i r  da ta  at the  I n t e r -  
n a t i o n a l  Data  C e n t e r  at Moscow.  The  p lans  w e r e  i n t e g e r a t e d  by a s e r i e s  of  
m e e t i n g s  in B r u s s e l s  in  1953, R o m e  in 1954, and B a r c e l o n a  in  1956 to 
c a r r y  out e v e r y  d e t a i l  of the  w o r l d  p r o g r a m  and to n e g o t i a t e  fo r  w h a t e v e r  
e x t e n s i o n  of the  n a t i o n a l  p r o g r a m s  was n e e d e d  w h e r e  s e r i o u s  o r  obv ious  
gaps  e x i s t e d .  
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T h e r e  a r e  s e v e r a l  po in t s  about the  o r g a n i z a t i o n  and m a n a g e m e n t  
of  the  IGY p r o g r a m  tha t  a r e  w o r t h y  of no t i c e :  

1. The  o r g a n i z a t i o n  of the  r e s e a r c h  is  t h r o u g h  n a t i o n a l  m a c h i n e r y .  
C o n s e q u e n t l y ,  the  g o v e r n m e n t s  of the  w o r l d  r e s p o n d  f a v o r a b l y  to 
r e q u e s t s  by t h e i r  own n a t i o n a l  c o m m i t t e e s  for  suppor t  of s p e c i f i c  m e a s -  
u r e s  wi th in  t h e i r  c a p a b i l i t i e s  that  a r e  p l anned  and e n d o r s e d  by the  w o r l d ' s  
l e a d e r s  in  s c i e n c e .  

2. The planning function of the special committee is international 
and must be financed from international funds. Consequently, UNESCO 
properly played a leading role. The amount of such administrative funds 
is small (perhaps a few hundred thousand dollars) compared to the huge 
research funds of perhaps hundreds of millions that were catalyzed by 
this international planning. 

3. The method is successful in catalyzing extensive research. 
The specification of particular international objectives tends to inspire 
the desire for participation on the part of every national group (except 
the Chinese politicians) since it satisfies a sense of national aspiration. 

4. R e s e a r c h  can  be  s t i m u l a t e d  that  would  not o t h e r w i s e  be  p o s s i b l e .  
I c i t e  as  an e x a m p l e  of  t h i s  p o w e r  of c o o p e r a t i v e  p l ann ing  the  s c i e n t i f i c  
e x p l o r a t i o n  of the  A n t a r c t i c  Con t inen t .  The  unknown " s e v e n t h "  c o n t i n e n t  
i s  b e i n g  e x p l o r e d  by m e a n s  of e v e r y  a v a i l a b l e  s c i e n t i f i c  tool  in  c o o p e r a -  
t ion  a m o n g  n a t i o n s  in sp i t e  of t h e i r  p r e v i o u s  v i c i o u s  po l i t i c a l  c l a i m s .  

5. The special committee is entirely nonpolitical. It states objec- 
tives and plans requirements and arranges for the interchange of data. 
(Incidentally, much of the Russian data, which were previously withheld, 
are now available as a consequence of this.) It makes no recommendations 
for the work by one nation in the terri tory of another. It encourages 
bilateral negotiations where cooperation between specific nations is 
advantageous. Above all, it welcomes participation by all national groups. 
(Our own Government was worried on this last one because of Communist 
China ,  but i t  has  go t t en  o v e r  th i s  w o r r y ) .  

6. The  m e t h o d  c a p t u r e s  the  i m a g i n a t i o n s  of the  w o r l d ' s  b e s t  r e s e a r c h  
s c i e n t i s t s .  The  p l ann ing  by s c i e n t i s t s  of  m a n y  na t ions  t o w a r d  a c o m m o n  
o b j e c t i v e  i n s p i r e s  e n t h u s i a s m  for  o t h e r w i s e  u n r e a l i z a b l e  g o a l s .  
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In  c o n c l u s i o n  I s h o u l d  m e n t i o n  t h a t  o t h e r  s p e c i a l  c o m m i t t e e s  a r e  
n o w  u n d e r  c o n s i d e r a t i o n  o r  a r e  a l r e a d y  a t  w o r k  to  f o l l o w  t h e  I G Y .  
F o r  i n s t a n c e ,  c o l l a b o r a t i o n  in  t h e  A n t a r c t i c  w i l l  c o n t i n u e  a f t e r  t h e  IGY 
u n d e r  t h e  n e w  S p e c i a l  C o m m i t t e e  on  A n t a r c t i c  R e s e a r c h ,  c a l l e d  S C A R .  
T h e  S p e c i a l  C o m m i t t e e  o n  O c e a n i c  R e s e a r c h  i s  p l a n n i n g  a n  i n t e r n a t i o n a l  
a n a l y s i s  o f  t h e  I n d i a n  O c e a n ,  u s i n g  m o r e  t h a n  20 v e s s e l s  o f  m a n y  c o u n -  
t r i e s  in  1961 a n d  1962,  to  be  f o l l o w e d  b y  s i m i l a r  s t u d i e s  o f  o t h e r  o c e a n s .  
T h e  I n t e r n a t i o n a l  C o u n c i l  o f  S c i e n t i f i c  U n i o n s  h a s  j u s t  e s t a b l i s h e d  a 
S p e c i a l  C o m m i t t e e  o n  S p a c e  R e s e a r c h  to c o n t i n u e  i n t e r n a t i o n a l  p l a n n i n g  
f o r  s p a c e  s c i e n c e  a f t e r  t h e  IGY,  a n d  a l l  l a u n c h i n g  a n d  t r a c k i n g  n a t i o n s  
h a v e  j o i n e d  t h i s  c o m m i t t e e ,  i n c l u d i n g  t h e  U S S R .  

So t h e  n e w  p a t t e r n s  f o r  i n t e r n a t i o n a l  c o l l a b o r a t i o n  a r e  b e i n g  c o n -  
s t r u c t e d  a n d  t e s t e d .  S o m e ,  o f  c o u r s e ,  w i l l  e n j o y  s u c c e s s ,  a n d  o t h e r s  
m a y  f a i l .  B u t  a t  l e a s t  m e n  a r e  r i s i n g  to t h e  c h a l l e n g e  to  p r o v i d e t h e  
o p p o r t u n i t y  to  a c q u i r e  t h e  b e n e f i t s  t h a t  i n t e r n a t i o n a l  c o l l a b o r a t i o n  a n d  
s c i e n c e  c a n  p r o v i d e .  

We m u s t  r e m e m b e r  t h a t  t h e  w h o l e  p u r p o s e  o f  t h e  IGY a n d  o f  t h e  
s t u d i e s  t h a t  w i l l  f o l l o w  h a s  b e e n  to u n d e r s t a n d  t h i s  u n u s u a l  P l a n e t  E a r t h  
w i t h  i t s  s p e c i a l  c o n d i t i o n s  t h a t  m a k e  l i f e  b o t h  p o s s i b l e  a n d  a b u n d a n t .  
F o r  i t  i s  n e c e s s a r y  t h a t  we  c o m p l e t e l y  u n d e r s t a n d  t h i s  e x t r a o r d i n a r y  
p l a n e t  t h a t  i s  o u r  h o m e .  We m u s t  b e  p r e p a r e d  to  a d j u s t  o u r  l i v i n g  to  i t s  
c h a n g e s  a n d  to  t u r n  to  o u r  a d v a n t a g e  t h e  b o u n d l e s s  o p p o r t u n i t i e s  t h a t  i t  
o f f e r s .  

T h a n k  y o u  v e r y  m u c h .  

C A P T A I N  F I K E :  D r .  B e r k n e r  i s  r e a d y  f o r  y o u r  q u e s t i o n s .  

Q U E S T I O N :  D r .  B e r k n e r ,  I w o u l d  l i k e  to  f o l l o w  up a l i t t l e  b i t  o n  t h e  
p o i n t  y o u  m a d e  a b o u t  g e t t i n g  i n f o r m a t i o n  f r o m  t h e  S o v i e t s  o n  t h e i r  s a t e l -  
l i t e s .  I n i t i a l l y ,  u n d e r  t h e  IGY,  d i d  y o u  h a v e  a n  a g r e e m e n t  a s  to  t h e  k i n d  
o f  i n f o r m a t i o n  t h a t  w o u l d  be  o b t a i n e d ?  I f  so ,  d i d  t h e  R u s s i a n s  c o m e  
t h r o u g h  o n  i t  ? 

DR.  B E R K N E R :  Y e s .  T h e  f a c t  i s  t h a t  we  d i d  h a v e  a n  a g r e e m e n t  
o n  w h a t  i n f o r m a t i o n  s h o u l d  b e  a n n o u n c e d ,  a n d ,  a s  u s u a l ,  i f  y o u  e x a m i n e  
t h e  r e c o r d s  c a r e f u l l y ,  y o u  f i n d  t h a t  t h e  S o v i e t s  l i v e d  up e x a c t l y  to  t h e  
l e t t e r  o f  t h e  a g r e e m e n t .  T h e r e  w a s  a g o o d  d e a l  o f  m i s u n d e r s t a n d i n g  o n  
t h e  p a r t  o f  m a n y  of  o u r  n e w s p a p e r s  b e c a u s e  m u c h  o f  t h e  S o v i e t  m a t e r i a l ,  
w h i c h  w a s  p u b l i s h e d  in  t h e  R u s s i a n  l a n g u a g e ,  w a s n ' t  t r a n s l a t e d  u n t i l  t o o  
l a t e .  T h e  s e c o n d  d i f f i c u l t y - - a n d  I t h i n k  t h i s  w a s  i m p o r t a n t - - c l e a r l y  h i n g e d  
a r o u n d  t h e  f a c t  t h a t ,  e v e n  a f t e r  we k n e w  t h e y  w e r e  g o i n g  to l a u n c h  we  
w o u l d n ' t  b e l i e v e  i t !  I t  w a s  j u s t  a s  r o u g h  a s  t h i s !  
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I w i l l  g ive  you  a s p e c i f i c  e x a m p l e .  We had  a c o n f e r e n c e  on r o c k e t s  
and  s a t e l l i t e s  in the  N a t i o n a l  A c a d e m y  of S c i e n c e s ,  s t a r t i n g  on the  f i r s t  
of O c t o b e r  and go ing  t h r o u g h  the  fou r th .  On Monday ,  the  f i r s t ,  G e n e r a l  
B o g a n r o b o v ,  whom you s e e  quoted  e~e,].l~ntly in  the  p a p e r s ,  and  who i s  
one  of  t h e i r  l e a d i n g  a c a d e m i c i a n s  and r o c k e t  e x p e r t s ,  got up on the  
p l a t f o r m  in the  A c a d e m y  and m a d e  the  s t a t e m e n t ,  in f ron t  of a l a r g e  
a u d i e n c e ,  o f f i c i a l l y .  He sa id ,  "We a r e  on the  eve  of l a u n c h i n g  o u r  f i r s t  
s a t e l l i t e .  " T h i s  was  Monday ,  O c t o b e r  f i r s t .  P r e v i o u s  to tha t ,  a s  it  t u r n s  
out ,  t h e r e  had b e e n  p u b l i s h e d ,  about  two w e e k s  b e f o r e ,  a f a i r l y  good 
a c c o u n t  in one  of the  s c i e n t i f i c  j o u r n a l s  j u s t  how they  w e r e  go ing  to do 
t h i s .  

If you  go on t h r o u g h  the  s u b s e q u e n t  h i s t o r y  you wi l l  f ind tha t  the  
r e q u i r e m e n t  was  tha t  t h e y  a n n o u n c e  wi th in  an hou r  of l a u n c h i n g  the  
fac t  tha t  a s a t e l l i t e  had b e e n  l a u n c h e d .  T h i s  t h e y  did,  r e g u l a r l y .  It 
i s  r e q u i r e d  tha t  c e r t a i n  da t a  be t r a n s m i t t e d  and t hey  have  t r a n s m i t t e d  
t h e s e  data ,  r e a l l y  p r e t t y  w e l l .  C a r e f u l  e x a m i n a t i o n  of the  r e c o r d  s h o w s  
tha t  t h e y  i n d e e d  l i v e d  up to the  l i m i t s  of t h e i r  a g r e e m e n t ,  but I wi l l  f u r t h e r  
s a y  tha t  t hey  d i d n ' t  go any  f u r t h e r .  

QUESTION:  T h e r e  have  b e e n  a n u m b e r  of, s u g g e s t i o n s  fo r  the  r o l e  
of the  U n i t e d  N a t i o n s  in  c a r r y i n g  on s p a c e  e x p l o r a t i o n  by a UN Space  
A g e n c y  o r  even  a UN Space  F o r c e .  A l though  the  Un i t ed  S t a t e s  e n t e r e d  
a s u g g e s t e d  plan,  it  s e e m e d  to be  qu i te  a l i m i t e d  one ,  and  the  g e n e r a l  
a t t i t u d e  of  the  Un i t ed  S t a t e s  s e e m s  to be  r a t h e r  l i m i t e d  in t e r m s  of wha t  
r o l e  the  Un i t ed  N a t i o n s  wi l l  p l ay  in the  i m m e d i a t e  f u t u r e  as  f a r  as  s p a c e  
e x p l o r a t i o n  i s  c o n c e r n e d .  Could  you give  us y o u r  v i e w s ,  s i r ,  on the  r o l e  
of  the  UN and  on p e r h a p s  what  a t t i t u d e  the  Un i t ed  S ta t e s  s h o u l d  t ake  t o w a r d  
s u c h  a UN p r o g r a m  ? 

DR.  B E R K N E R :  Y e s .  I d e l i v e r e d  a whole  l e c t u r e  on 12 J a n u a r y  on 
t h i s  s u b j e c t  l a s t i n g  about  50 m i n u t e s  in New Y o r k  b e f o r e  the  A m e r i c a n  
G e o g r a p h i c a l  S o c i e t y ,  so you have  a s k e d  m e  to s u m m a r i z e  a m o s t  
c o m p l e x  s i t u a t i o n  v e r y  q u i c k l y .  L e t  m e  say  it t h i s  way:  T h e r e  a r e  two 
a s p e c t s  of s a t e l l i t e  o p e r a t i o n s  tha t  r e q u i r e  c a r e f u l  s tudy .  The  f i r s t  a s p e c t  
i s  r e g u l a t i o n  and c o n t r o l ;  tha t  i s :  To wha t  ex ten t  d o e s  one  e s t a b l i s h  r e g u -  
l a t o r y  p r o c e d u r e s  wi th  r e s p e c t  to s a t e l l i t e s  o r  s p a c e  v e h i c l e s ?  T h e  s e c o n d  
a s p e c t  i s  o p e r a t i o n s .  

Now, when  the  Sta te  D e p a r t m e n t  f i r s t  l a i d  i t s  r e s o l u t i o n  on the  t a b l e ,  
it a p p e a r e d ,  f r o m  M r .  D u l l e s '  s t a t e m e n t ,  tha t  the  v i e w  w a s  tha t  r e g u -  
l a t i o n  and  c o n t r o l  and  o p e r a t i o n  shou ld  be  b u n c h e d  t o g e t h e r  and  put in  the  
UN. T h e r e  was  a s e r i e s  of o b j e c t i o n s  to t h i s  p r o c e d u r e  and  a f t e r  v e r y  
c a r e f u l  s tudy  in o u r  G o v e r n m e n t ,  I t h ink  the  o r i g i n a l  i n t e r p r e t a t i o n  of 
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M r .  D u l l e s t  p r o p o s a l  was  m o d i f i e d  s u b s t a n t i a l l y .  In  t he  f i na l  r e s o l u t i o n ,  
w h i c h  we s u p p o r t e d  b e f o r e  the  UN, it  was  r e c o g n i z e d  t h a t  a t  l e a s t  r e g u -  
l a t i o n  and  c o n t r o l  s h o u l d  go in  UN o r  in  s o m e  o t h e r  i n t e r n a t i o n a l  a g e n c y ,  
bu t  t ha t  u n d e r  the  r e s o l u t i o n ,  o p e r a t i o n s  m i g h t  be  d e l e g a t e d  to o t h e r  
g r o u p s  who wou ld  o p e r a t e  in  a c c o r d a n c e  wi th  t h e  r e g u l a t i o n  and  c o n t r o l  
e x e r c i z e d  by the  UN. 

How f a r  r e g u l a t i o n  and  c o n t r o l  a r e  g o i n g  to  go,  one  d o e s n ' t  know.  
It  i s  p e r f e c t l y  c l e a r ,  a s  I d e s c r i b e d  t h i s  m o r n i n g ,  t h a t  t h e r e  i s  i m m e n s e  
s c i e n t i f i c  i m p o r t a n c e  in  s a t e l l i t e s .  It i s  e q u a l l y  c l e a r  t ha t  we a r e  o n  
t he  v e r g e  of  s e t t i n g  up a h u g e  c o m m u n i c a t i o n s  i n d u s t r y  u s i n g  s a t e l l i t e s ,  
w h i c h  in a few y e a r s  wi l l  be  w o r t h  p r o b a b l y  s e v e r a l  b i l l i o n  d o l l a r s .  
W h e r e  we h a v e  a b i l l i o n  d o l l a r s ,  we a r e  g o i n g  to h a v e  s o m e  p r o b l e m s .  
It  i s  a l s o  c l e a r  t ha t  s a t e l l i t e s  a r e  of  i m m e n s e  m i l i t a r y  v a l u e - - c o n t r a r y  
to a lo t  of  o t h e r  p r o n o u n c e m e n t s .  W h e n e v e r  one  n a t i o n  c a n  u s e  a t o o l  in  
a way  w h i c h  i s  i n i m i c a l  to  the  i n t e r e s t s  of  a n o t h e r  n a t i o n ,  t h a t  t o o l  i s  
c e r t a i n l y  o f  m i l i t a r y  s i g n i f i c a n c e ,  and  s a t e l l i t e s  c a n  c e r t a i n l y  be  u s e d  
t h i s  way .  T h e y  c a n  be  u s e d  f o r  r e c o n n a i s s a n c e ;  t h e y  c a n  be  u s e d  f o r  
i n t e l l i g e n c e ,  e s p e c i a l l y  c o m m u n i c a t i o n s  i n t e l l i g e n c e ;  t h e y  c a n  be  u s e d  to  
b r o a d c a s t  s i g n a l s  in to  a r e a s  in to  w h i c h  o t h e r  p e o p l e  d o n ' t  wan t  s i g n a l s  
b r o a d c a s t ;  t h e y  can  be  u s e d  in  any  n u m b e r  of  m i l i t a r y  w a y s .  R a n d  e v e n  
p o i n t s  ou t  t ha t  you  c a n  s t o r e  y o u r  n u c l e a r  s t o c k p i l e  in  t h e m  and  d r o p  i t  
ou t  a t  t he  a p p r o p r i a t e  m o m e n t .  And  t h i s  i s  qu i t e  f e a s i b l e .  

So i t  i s  p e r f e c t l y  c l e a r  tha t  s a t e l l i t e s  h a v e  m i l i t a r y  i m p l i c a t i o n s .  
Now, s o m e  of  t h e s e  m i l i t a r y  i m p l i c a t i o n s  m a y  be  v e r y  d e s i r a b l e .  F o r  
e x a m p l e ,  r e c o n n a i s s a n c e ,  if  a c c e p t e d  i n t e r n a t i o n a l l y ,  m i g h t  be  j u s t  t h e  
t h i n g  t h a t  w a s  n e c e s s a r y  to  p r e v e n t  t he  o u t b r e a k  of  an  a g g r e s s i o n .  

J u s t  how c o n t r o l  a n d  r e g u l a t i o n  wi l l  go in  t he  f u t u r e  no o n e  k n o w s .  
I t  i s  q u i t e  c l e a r  t h a t  one  c o u l d  e a s i l y  ge t  in to  a s a t e l l i t e  w a r .  I w i l l  
o n l y  s a y  t h i s  in  c o n c l u s i o n :  I f  r e g u l a t i o n  and  c o n t r o l  a r e  no t  e s t a b l i s h e d  
v e r y  soon ,  t h e n  I do h o p e  t h a t  o u r  m i l i t a r y  f o r c e s  qu i t e  q u i c k l y  a c q u i r e  
t he  m e a n s  of  d i s a b l i n g  o r  d e s t r o y i n g  e n e m y  s a t e l l i t e s .  One  m u s t  r e m e m -  
b e r  and  i t  c a n  be  put  l i k e  t h i s ,  t ha t  t he  h o v e r i n g  s a t e l l i t e ,  l a u n c h e d  e a s t -  
w a r d  at  an  a l t i t u d e  of  22, 000 m i l e s ,  w h i c h  h o v e r s  o v e r h e a d  a l o n g  a 
m e r i d i a n ,  c o u l d  e a s i l y  be  a Sov ie t  s a t e l l i t e  h o v e r i n g  o v e r  t he  U n i t e d  S t a t e s .  
And  1984 c a n  c o m e  v e r y  q u i c k l y  wi th  " B i g  B r o t h e r  l o o k i n g  at  u s .  " 

QUESTION: Si r ,  i t  h a s  b e e n  s a i d  in  t he  p a s t  t h a t  t he  h e a t  b u d g e t  of  
t he  e a r t h  i s  r a t h e r  i n t i m a t e l y  c o n n e c t e d  w i th  t he  c a r b o n  d i o x i d e  c o n t e n t  of  
t he  a t m o s p h e r e .  You  m e n t i o n e d  t h a t  w i t h i n a  c e n t u r y  we a r e  d o i n g  o u r  b e s t  
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to  b u r n  a l l  o f  t h e  h y d r o c a r b o n s  a v a i l a b l e  to  u s .  I w o n d e r  w h a t  t h e  
c o n n e c t i o n  m i g h t  b e  b e t w e e n  t h i s  p r o c e s s  o f  b u r n i n g  h y d r o c a r b o n s  a n d  
t h e  c l i m a t e  o f  t h e  e a r t h .  

D R .  B E R K N E R :  We t h i n k  t h e r e  i s  p r o b a b l y  a n  i n t i m a t e  c o n n e c t i o n .  
U n t i l  t h e  IGY i t  w a s  g e n e r a l l y  t h o u g h t  t h a t  t h e  i n t e r c h a n g e  o f  c a r b o n  
d i o x i d e  b e t w e e n  t h e  a i r  a n d  t h e  o c e a n  w a s  a v e r y  q u i c k  i n t e r c h a n g e  a n d  
t h a t  t h e  h a l f - l i f e  o f  c a r b o n  d i o x i d e  in  t h e  o c e a n  o r  in  t h e  a i r  w a s  o f  t h e  
o r d e r  o f  a f e w  d a y s ,  s o  t h a t  t h e r e  w a s  a n  e q u i l i b r i u m  c o n d i t i o n  b e t w e e n  
t h e  c a r b o n  d i o x i d e  i n  t h e  a i r  a n d  t h e  c a r b o n  d i o x i d e  in  t h e  o c e a n .  

T h i s  t u r n s  o u t  to  b e  w r o n g  a n d  w e  h a v e  n o w  f o u n d ,  d u r i n g  IGY,  t h a t  
t h e  h a l f - l i f e  o f  c a r b o n  d i o x i d e  in  t h e  a i r  i s  p r o b a b l y  a b o u t  s e v e n  y e a r s .  
T h i s  i s  a v e r y  i m p o r t a n t  o b s e r v a t i o n ,  f o r  t h e  f o l l o w i n g  r e a s o n :  
B e c a u s e  t h e  h a l f - l i f e  o f  c a r b o n  d i o x i d e  i n  t h e  a t m o s p h e r e  i s  l o n g ,  i t  
m e a n s  t h a t  c a r b o n  d i o x i d e  c a n  b u i l d  up in  t h e  a t m o s p h e r e  s t e a d i l y .  

M e a s u r e m e n t s  d u r i n g  t h e  IGY of  c a r b o n  d i o x i d e  in  w o o d  g r o w n  in  
1900,  a s  c o m p a r e d  to  w o o d  g r o w n  in  1950,  s h o w e d  t h a t  t h e  c a r b o n  d i o x i d e  
in  t h e  a t m o s p h e r e  h a d  i n c r e a s e d  f r o m  2 to  5 p e r c e n t  o v e r  t h e  i n t e r v e n i n g  
50 y e a r s .  O n e  c a n  e x t r a p o l a t e  t h i s  s i t u a t i o n  v e r y  r e a d i l y  a n d ,  I b e l i e v e  
s h o w  t h a t  i n  a n o t h e r  50 y e a r s  t h e  c a r b o n  d i o x i d e  in  t h e  a t m o s p h e r e  w i l l  
h a v e  i n c r e a s e d  35 p e r c e n t .  T h i s  i s  a v e r y  l a r g e  a m o u n t ,  a n d  i t  i s  i m -  
p o r t a n t  f o r  t h e  f o l l o w i n g  r e a s o n :  t h a t  c a r b o n  d i o x i d e  i s  a m o l e c u l e  t h a t  i s  
a d i p o l e  t h a t  a b s o r b s  h e a t  i n f r a r e d  r a d i a t e d  f r o m  t h e  e a r t h ' s  s u r f a c e .  
I f  y o u  i n c r e a s e  t h e  a m o u n t  o f  c a r b o n  d i o x i d e  in  t h e  a t m o s p h e r e  i t  w i l l  
a b s o r b  t h e  h e a t  t h a t  i s  n o r m a l l y  r a d i a t e d  i n t o  s p a c e  a n d  r a d i a t e  i t  b a c k  
to e a r t h .  T h i s  i s  a k i n d  o f  g r e e n h o u s e  e f f e c t ,  t h e  s a m e  t h i n g  h a p p e n s  in  
t h e  g l a s s  o v e r  a g r e e n h o u s e .  

So we might anticipate that, with increasing carbon dioxide in the 
atmosphere, the earth will get much warmer. We know the earth is indeed 
getting warmer. The temperature, for example, at such places as 
Spitzbergen in the observed time has risen on an average of 12 °. At Little 
America, during the 50 years of observation from Amundsen down to the 
present time, the increase has been of the order of 4 ° or 5 ° . The 
g l a c i e r s  a r e  r e t r e a t i n g  a l m o s t  e v e r y w h e r e ,  a n d ,  in ,  t h e  d r y  v a l l e y  a r e a s  
t h a t  I d e s c r i b e d  t h e r e  i s  a p o o r  l i t t l e  o l d  i c e b e r g  s i t t i n g  o u t  i n  t h e  m i d d l e  
o f  o n e  o f  t h e  d r y  v a l l e y s .  O b v i o u s l y  t h e  v a l l e y  m u s t  h a v e  b e e n  c l e a r e d  in  
r e l a t i v e l y  r e c e n t  t i m e ,  a n d  t h i s  l a s t  i c e b e r g  h a s  10 o r  15 m o r e  y e a r s  to  go  
a n d  i t  w i l l  b e  g o n e ,  t o o .  
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So the  i m p l i c a t i o n  i s  tha t  the  b u r n i n g  of the  fue l  wi l l  i n c r e a s e  t h e  
c a r b o n  d iox ide ,  w a r m  the  e a r t h ,  and m e l t  the  g l a c i e r s .  As  you  know, 
t he  o c e a n s  a r e  p r o b a b l y  r i s i n g .  We don ' t  have  the  f ina l  da t a  f r o m  t h e  
IGY, but  t h e r e  is  e v e r y  i n d i c a t i o n  tha t  t hey  a r e  r i s i n g  m o r e  r a p i d l y  than  
b e f o r e .  

QUESTION:  D r .  B e r k n e r ,  I have  r e a d  tha t  s o m e  of  the  d a t a  t ha t  
the  S o v i e t s  f u r n i s h e d  u n d e r  the  IGY w e r e  not  of a q u a l i t y  c o m p a r a b l e  
to o u r  own.  If  t h i s  i s  t r u e ,  c o u l d  you d i s c u s s  wha t  t h i s  m e a n s  so f a r  
a s  the  q u a l i t y  and  c o m p e t e n c e  of  the  Sovie t  s c i e n t i s t s  a r e  c o n c e r n e d ?  

DR. B E R K N E R :  I don ' t  b e l i e v e  I would  c o n c u r  wi th  t h i s  pointp I 
t h i n k  the  d a t a  tha t  t h e y  gave  us w e r e  r e a l l y  of  good  q u a l i t y .  Sov ie t  
s c i e n t i s t s  have  a g r e a t  d e a l  of p r i d e  and t h e y  w o n ' t  r e l e a s e  t h e i r  d a t a  
at  a l l  u n l e s s  t hey  f ee l  t h e y  a r e  p r e t t y  good.  On the  o t h e r  hand ,  I po in t  
out  tha t ,  wh i l e  the  Sov i e t s  c o u l d  have  s p o t t e d  t h i s  Van  A l l e n  r a d i a t i o n  
zone ,  m a y b e  t h e y  d idn ' t  r e l e a s e  t h e i r  da t a  v e r y  q u i c k l y .  Van  A l l e n  got 
the  j u m p  on t h e m  in the  l a t e r  o b s e r v a t i o n .  

So I c a n  on ly  s u m m a r i z e  m y  a t t i t u d e  t o w a r d  Sovie t  s c i e n t i s t s  by  
s a y i n g  tha t  I found tha t  o v e r  the  e igh t  y e a r s  of  n e g o t i a t i o n s  wi th  t h e m  
tha t  t h e i r  qua l i t y  i s  r e a l l y  v e r y  good.  One i n t e r e s t i n g  a s p e c t  of t h i s  
n e g o t i a t i o n  has  b e e n  the  fac t  tha t ,  in  n e g o t i a t i n g  wi th  t h e i r  s c i e n t i s t s ,  
we  a r e  n e g o t i a t i n g  wi th  a d i f f e r e n t  g r o u p  of p e o p l e  than  if  we w e r e  n e g o -  
t i a t i n g  wi th  t h e i r  p o l i t i c i a n s .  The  p o l i t i c i a n s  a r e  r o u g h ,  tough ,  and  
g e n e r a l l y  i g n o r a n t  a s  h e l l .  T h e y  a r e  p e o p l e  who h a v e  sho t  t h e i r  way  to 
the  top.  You m i g h t  c a l l  t h e m  the  B a t i s t a  t ype .  On the  o t h e r  hand,  t h e i r  
s c i e n t i s t s  on the  whole  a r e  e x t r e m e l y  i n t e l l i g e n t  p e o p l e .  The  t h i n g  tha t  
i s  so n o t i c e a b l e  in n e g o t i a t i n g  wi th  R u s s i a n  s c i e n t i s t s  i s ,  f i r s t ,  of  c o u r s e ,  
the  p o l i t i c i a n s  have  t h e i r  f i n g e r  on t h e m  a l l  the  t i m e .  T h i s  i s  v e r y  a p p a r e n t .  
On the  o t h e r  hand,  the  p o l i t i c i a n s  in R u s s i a  have  to u se  the  R u s s i a n  i n t e l -  
l e c t u a l  to get  on wi th  t h e i r  job,  and,  t h e r e f o r e ,  the  R u s s i a n  p o l i t i c ~ n s  a r e  
in a d i l e m m a .  The  m o r e  t h e y  u s e  the  i n t e l l e c t u a l s  in  R u s s i a ,  the  m o r e  
the  i n t e l l e c t u a l s  r i s e  in p o w e r ,  and the  m o r e  the  e v o l u t i o n  g o e s  on in  the  
Sovie t  Union .  If  t h e y  t r y  to a v o i d  th i s  r i s e  in p o w e r  t h e y  l o s e  in the  o t h e r  
d i r e c t i o n  by  not  hav ing  the  s k i l l s  tha t  the  i n t e l l e c t u a l s  c a n  p r o v i d e .  

In e igh t  y e a r s  I have  s e e n  an e n o r m o u s  e v o l u t i o n  go on in the  Sov ie t  
Un ion  in the  f r e e d o m  wi th  w h i c h  we get  t h e i r  i n f o r m a t i o n  and  in the  e a s e  
~rilh w h i c h  the  n e g o t i a t i o n s  a r e  c a r r i e d  ou t .  I n e v i t a b l y ,  the  r i s e  of the  
i n t e l l e c t u a l  c l a s s  in the  Sovie t  Union i s  c a u s i n g  a v e r y  r a p i d  e v o l u t i o n  in 
t h e i r  who le  s y s t e m  and i s  w e a k e n i n g  the  p o w e r  of t h e i r  g a n g s t e r  g ~ v e r n -  
m e n t  l e a d e r s .  
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QUESTION: Dr. Berkner, in a recent issue of "The Atlantic" there 
was a very interesting article entitied "Will the Ice Age Return?" This 
concerns the shelf under the North Atlantic and states in effect that, when 
the warm Atlantic water melts the icecap we will have the beginning of 
the next ice age. Did this receive any attention in general under the IGY, 
and are there any other opinions on this ? 

DR. BERKNER: Yes. Wasn't that in "Harper's" instead of "The 

Atlantic ?" 

S T U D E N T :  I g u e s s  i t  w a s .  

DR. B E R K N E R :  Tha t  i s  M a u r i c e  E w i n g ' s  h y p o t h e s i s .  As a m a t t e r  
of f a c t  i t  i s  a v e r y  good one and i t ' s  v e r y  w e l l  r e s p e c t e d .  I t  looks  to the 
f ac t  tha t  t h e r e  have  been  fou r  i ce  a g e s  in the l a s t  m i l l i o n  y e a r s ,  e a c h  
s e p a r a t e d  by about  2 5 0 , 0 0 0  y e a r s ,  i t  s e e m e d ,  wi th  wide  s p a c e s  b e t w e e n  
t h e m .  They  s e e m e d  to c o m e  up v e r y  r a p i d l y  and to d i s a p p e a r  v e r y  r a p i d l y .  
F o r  e x a m p l e ,  we now think that  the l a s t  g l a c i e r ,  the W i s c o n s i n ,  tha t  
r e a c h e d  the a r e a  ju s t  n o r t h  of W a s h i n g t o n  and  e x t e n d e d  a c r o s s  w h e r e  m y  
h o m e  i s  in New Y o r k ,  d i s a p p e a r e d  in on ly  abou t  3 ,000  y e a r s .  Th i s  i s  a 
v e r y  i n t e r e s t i n g  o b s e r v a t i o n ,  b e c a u s e  we  c a l c u l a t e d ,  d u r i n g  m y  r e c e n t  
t r i p  to the A n t a r c t i c ,  wha t  the to ta l  h e a t  d e f i c i e n c y  was  in the i ce  of the 
A n t a r c t i c .  I t  t u r n s  out  tha t  the t~eat d e f i c i e n c y  cou ld  not  be m a d e  up by 
a l l  the h e a t  in  the o c e a n .  In o t h e r  w o r d s ,  if you  took a l l  the h e a t  in the 
ocean and applied it to melting the ice in the Antarctic Continent, there 

wouldn't be enough. 

Th i s  v e r y  i n t e r e s t i n g  c a l c u l a t i o n  that  c o m e s  out of the IGY, s h o w s  
tha t  an  i c e  age  c a n n o t  be a c o m p l e t e l y  c l o s e d  s y s t e m  wi th  h e a t  be ing  t r a n s -  
f e r r e d  f r o m  i ce  to w a t e r  and v i ce  v e r s a .  Of c o u r s e  you  can  e x p l a i n  i t  by 
s a y i n g .  " W e l l ,  the a l b e d o  of the e a r t h  c h a n g e s  fo r  10, 000 y e a r s  abou t  
1 p e r c e n t  o r  a few ten ths  of 1 p e r c e n t ,  o r  s o m e t h i n g  l ike  th i s ,  so  tha t  you  
a r e  r e c e i v i n g  l e s s  h e a t  f o r  m a n y  t h o u s a n d s  of y e a r s  b e c a u s e  the e a r t h  i s  
m o r e  c l o u d y  and i t  ge t s  c o l d e r .  T h e n ,  w h e n  i t  a c c u m u l a t e s  the i c e  in 
g r e a t  s h e e t s ,  i t  b e c o m e s  l e s s  c l o u d y  and the i ce  s t a r t s  to m e l t .  " 

Th i s  does  not  deny  the E w i n g  t h e o r y ,  b e c a u s e  the E w i n g  h y p o t h e s i s ,  as  
I r e c a l l  i t ,  wou ld  r e a l l y  be a p a r t  of a l l  th i s .  In  the l o w e r i n g  and r a i s i n g  
of the o c e a n s  the e f f e c t  of the s u b m e r g e d  r i d g e  r u n n i n g  b e t w e e n  G r e e n l a n d  
and  I c e l a n d  and  to the F a r o e s  p r e v e n t s  m o v e m e n t  of w a t e r  f r o m  the A t l a n t i c  
in to  the p o l a r  r e g i o n s  w h e n  the w a t e r  i s  low.  The E w i n g  h y p o t h e s i s  i s  tha t  
th is  d a m  c o m p l e t e l y  s e p a r a t e s  the w a t e r  of the A r c t i c  O c e a n  and  the w a t e r  
in  the A t l a n t i c  a t  the m a x i m u m  of an  i ce  age  b e c a u s e  the o c e a n s  a r e  l o w e r e d  
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a b o u t  200 to  400 f e e t ,  w h e r e a s ,  w h e n  i c e  d i s a p p e a r s  t h e  w a t e r  c a n  e x c h a n g e  
f r e e l y  a n d  t h e  A r c t i c  O c e a n  m e l t s ,  c a u s i n g  a c o m p l e t e  c h a n g e  in  c l i m a t e .  

So I think we are getting very close to the time when perhaps we 
will be able to explain the ice ages. But we must remember one thing: 
There were four ages in the Pleistocene, one after the other, about 
250, 000 years apart. But,  before that, there wasn't a single ice age 
in the earth until you go back to the Permian, which is 250 million years 
ago. So there must be external influences involved. 

Q U E S T I O N :  T h i s  g o e s  b a c k  to  p r e v i o u s  to  1947 .  I f  y o u  r e c a l l ,  i n  t h e  
o l d  R e s e a r c h  a n d  D e v e l o p m e n t  B o a r d  t h e r e  w a s  a p a p e r  o n  w h a t  w a s  c a l l e d  
T h e  E a r t h  S a t e l l i t e  V e h i c l e .  M y  q u e s t i o n  i s  t h i s :  I f  t h a t  p r o j e c t  h a d  b e e n  
g i v e n  f u n d s  a n d  s u p p o r t  a t  t h a t  t i m e ,  h o w  s o o n  c o u l d  we  h a v e  l a u n c h e d  
t h e  s a t e l l i t e  ? 

D R .  B E R K N E R :  W e l l ,  I a m  n o t  g o i n g  to  s a y  h o w  s o o n  w e  c o u l d  h a v e  
l a u n c h e d  i t ,  b u t  I ' m  d a m n  s u r e  we  w o u l d n ' t  h a v e  h a d  s o  m u c h  t r o u b l e .  
I r e m e m b e r  t h e s e  p a p e r s  a t  t h a t  t i m e  v e r y  w e l l .  Y o u  w i l l  r e c a l l  t h a t  we  
g o t  g o i n g  o n  t h e  r o c k e t  b u s i n e s s  i n  1950 a n d  t h e n  a l l  o u r  m o n e y  w a s  p u l l e d  
a w a y  in  1952 a n d  o u r  p e o p l e  a l l  d i s p e r s e d .  We g o t  g o i n g  a g a i n ,  a n d  a g a i n  
o u r  m o n e y  w a s  p u l l e d  a w a y  in  1954  a n d  a l l  o u r  p e o p l e  d i s p e r s e d .  I t  w a s  
t o w a r d  t h e  e n d  o f  1955 t h a t  we  r e a l l y  f i n a l l y  go t  to  s t a y  in  t h i s  b u s i n e s s .  

Y o u  m u s t  r e m e m b e r  t h e  f o l l o w i n g  f a c t s :  T h e  G e r m a n s  g o t  g o i n g  o n  
r o c k e t s  in  1928;  t h e  R u s s i a n s  i n  1934;  we ,  o n  s m a l l  r o c k e t s ,  i n  1942,  b u t  
n e v e r  c o n t i n u o u s l y  u n t i l  1955 .  So we  h a v e  l o s t  a l o t  b y  o u r  f a i l u r e  to  c o n -  
t i n u o u s l y  s u p p o r t  o u r  r o c k e t  a c t i v i t y .  A n d  I c a n  t h i n k  o f  o n e  o r  t w o  t h i n g s  
t h a t  we  a r e  n o t  c o n t i n u o u s l y  s u p p o r t i n g  n o w .  I ' m  n o t  g o i n g  to m e n t i o n  t h e m  
h e r e ,  b u t  t h e y  a r e  g o i n g  to  c a u s e  u s  t h e  s a m e  k i n d  o f  t r o u b l e  i n  a b o u t  1962 
o r  1963 .  

C A P T A I N  F I K E :  D r .  B e r k n e r ,  o n  b e h a l f  o f  b o t h  C o l l e g e s ,  I w i s h  to  
t h a n k  y o u  f o r  a v e r y  s t i m u l a t i n g  a n d  c o m p r e h e n s i v e  p r e s e n t a t i o n  a n d  f o r  
y o u r  v e r y  f r a n k  a n s w e r s  t o  o u r  q u e s t i o n s  o n  a s u b j e c t  a r e a  t h a t  I a m  s u r e  
i s  a l m o s t  m y s t i c a l  to  m o s t  o f  u s  n o n s c i e n t i s t s .  T h a n k  y o u  v e r y  m u c h .  

DR.  B E R K N E R :  C a p t a i n ,  I c a n  o n l y  e n d  w i t h  a l i t t l e  s t o r y  t h a t  V a n  
B u s h  a l w a y s  t e l l s  w h e n  a p r o g r a m  g o e s  o n  v e r y  l o n g .  O n e  i s  n e v e r  s u r e  
in  t a l k i n g  a b o u t  t h e s e  s c i e n t i f i c  m a t t e r s  h o w  l o n g  he  s h o u l d  do  i t .  T h e  
s t o r y  i s  a b o u t  t h e  f e l l o w  w h o  go t  o n  t h e  p l a t f o r m  a n d  c o u l d n ' t  s t o p  t a l k i n g .  
T h i s  w a s  a t  a d i n n e r  m e e t i n g .  T h e  c h a i r m a n  f i n a l l y  s a w  p e o p l e  g o i n g  to  
s l e e p  a n d  a f e w  i n  t h e  b a c k  s n e a k i n g  o u t ,  so  he  r a p p e d  h i s  g a v e l  o n  t h e  
t a b l e  l i g h t l y ,  b u t  t h e  s p e a k e r  k e p t  r i g h t  o n  g o i n g .  F i n a l l y  t h e  c h a i r m a n  

62 



t o o k  h i s  gave l  and banged  the  t ab le  r e a l l y  h a r d .  Th i s  d idn ' t  s top the  
s p e a k e r ,  but the  head  of the  gave l  went  s p i n n i n g  out in  the  a u d i e n c e  and 
hit  a poo r  f e l l ow on top of the  head .  He jus t  d i s a p p e a r e d  unde r  the  t ab l e  
and p a s s e d  out.  T h i s  d idn ' t  s top the  s p e a k e r ;  he  went  r i g h t  on t a lk ing .  
F i n a l l y ,  the  poor  c h a i r m a n  jus t  sat  back .  His  gave l  was  gone  and he had  
no c o n t r o l  o v e r  the  s i tua t ion .  T h e n  a p a i r  of  hands  a p p e a r e d  o v e r  the 
edge  of the  table ,  and  f ina l ly  the  f e l l ow pu l l ed  h im se l f  up unt i l  h i s  ch in  
was  jus t  o v e r  the top, and he shou ted  in a loud vo ice ,  "Hit m e  again ,  I 
can  s t i l l  h e a r  h im !"  

(5 May 1959- -4 ,  150) O / m s r / b n / m a s  
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