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ABSTRACT 

Thermospheric  t e m p e r a t u r e s  deduced from 
s a t e l l i t e  d r a g  o b s e r v a t i o n s  are compared w i t h  
t h e  i n t e n s i t y  of extreme u l t r a v i o l e t  r a d i a t i o n  
measured on t h e  first O r b i t i n g  S o l a r  Obse rva to ry  

(OSO-1). The comparison l e a d s  t o  a c o n c l u s i o n  
t h a t ,  f o r  t h e  two complete  s o l a r  r o t a t i o n  p e r i o d s  
d u r i n g  which t h e  EUV d a t a  a re  a v a i l a b l e ,  t h e  
27-day p e r i o d i c  v a r i a t i o n  i n  upper  a tmosphe r i c  

d e n s i t y  w a s  due t o  co r re spond ing  changes  p r i n c i -  
p a l l y  of u l t r a v i o l e t  r a t h e r  t h a n  c o r p u s c u l a r  

r a d i a t i o n .  

*NAS-NASA P o s t d o c t o r a l  Res iden t  Research  
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TIME CORRELATION OF EXTREME ULTRAVIOLET 
RADIATION AND THERMOSPHERIC TEMPERATURE 

by 
R .  E .  Bourdeau, S.  Chandra and W .  M. Neupert  

Space S c i e n c e s  D i v i s i o n  
NASA-Goddard Space F l i g h t  C e n t e r  

INTRODUCTION 

It g e n e r a l l y  h a s  been a c c e p t e d  t h a t  t h e  a b s o r p t i o n  of 
s o l a r  extreme u l t r a v i o l e t  (EUV) r a d i a t i o n  c o n s t i t u t e s  an 
i m p o r t a n t  mechanism f o r  a tmosphe r i c  h e a t i n g .  The p o s s i b i l i t y  
of a n  a d d i t i o n a l  h e a t  s o u r c e  o f  importance comparable  t o  t h e  
EUV e f f e c t  h a s  been i n t r o d u c e d  by many i n v e s t i g a t o r s  t o  
e x p l a i n  semi-annual ,  d i u r n a l  and 27-day v a r i a t i o n s  i n  a tmosphe r i c  
d e n s i t i e s  deduced from s a t e l l i t e  d r a g  o b s e r v a t i o n s .  However, 
t h e  need f o r  a h e a t  s o u r c e  a s  impor t an t  a s  EUV r a d i a t i o n  i n  

o r d e r  t o  e x p l a i n  t empora l  d e n s i t y  changes  does  n o t  appea r  t o  
be c o n c l u s i v e .  

P a e t z o l d  and Zschi j rner  (1960) f i r s t  s u g g e s t e d  t h a t  senii- 

a n n u a l  v a r i a t i o n s  i n  a tmosphe r i c  d e n s i t y  c o u l d  be a s s o c i a t e d  

w i t h  c o r r e s p o n d i n g  changes  i n  geomagnet ic  a c t i v i t y  and t h u s  

w i t h  p o s s i b l e  s low changes  i n  a s econd  h e a t  s o u r c e  a s s o c i a t e d  

w i t h  t h e  s o l a r  wind. However, t h e y  depended on c o r r e l a t i n g  

s a t e l l i t e  d e c e l e r a t i o n  d a t a  f o r  t h e  p e r i o d  1958-1961 wi th  

geomagnet ic  i n d i c e s  f o r  t h e  co r re spond ing  months averaged  o v e r  

t h e  p r e v i o u s  s o l a r  c y c l e .  According t o  B a r t e l s  (1963) ,  a 

p o s i t i v e  c o r r e l a t i o n  is n o t  o b t a i n a b l e  i f  t h e  s a t e l l i t e  de- 

c e l e r a t i o n  d a t a  are compared wi th  s imul t aneous ly -obse rved  
geomagnet ic  i n d i c e s .  T h i s  sheds  doubt  on t h e  need f o r  a s o l z r  
wind e f fec t  t o  e x p l a i n  semi-annual d e n s i t y  v a r i a t i o n s .  

H a r r i s  and P r i e s t e r  (1962) ,  by s o l v i n g  t h e  h e z t  b a l a n c e  
e q u a t i o n  have proposed  t h a t  t h e  EUV e f f e c t  s h o u l d  r e s u l t  i n  
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a d i u r n a l  maximum i n  a tmosphe r i c  d e n s i t y  a t  l Y h  l o c a l  t i m e .  
The observed  maximum deduced from s a t e l l i t e  d r a g  s t u d i e s  

o c c u r s  a t  abou t  14h l o c a l  t i m e  ( J a c c h i a ,  1 9 6 3 ) .  
f o r  t h e  d i f f e r e n c e  between t h e  obse rved  and t h e i r  t h e o r e t i c a l l y -  

computed t i m e  f o r  t h e  d i u r n a l  maximum, H a r r i s  and P r i e s t e r  

e m p i r i c a l l y  i n t r o d u c e  a second h e a t  s o u r c e  e q u i v a l e n t  t o  t h e  
EUV e f f e c t  and which t h e y  i d e n t i f y  w i t h  t h e  s o l a r  wind.  

However, an a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  phase  s h i f t  is 
t h a t  t h e  h e a t  s o u r c e  is e n t i r e l y  EUV b u t  a t r a n s p o r t  mechanism 

e x i s t s  which s h i f t s  t h e  absorbed  ene rgy  toward t h e  w e s t .  
( P r i e s t e r ,  p r i v a t e  communicat ion) .  

To accoun t  

MacDonald (1963) h a s  s u g g e s t e d  t h a t  t h e r e  i a s y s t e m a t i c  
7 3  

56-hour phase d e l a y  between t h e  27-day c y c l e s  i n  obse rved  

d e c i m e t r i c  s o l a r  f l u x  and s a t e l l i t e - d r a g  i n f e r r e d  d e n s i t i e s ,  
a d e l a y  co r re spond ing  t o  a s t r a i g h t  l i n e  v e l o c i t y  from t h e  
sun  of  750 km sec-l .  S i n c e  750 km sec-' is c h a r a c t e r i s t i c  

of s o l a r  wind v e l o c i t i e s ,  Mac Donald c o n c l u d e s  t h a t  t h e  27-day 
p e r i o d  i n  a tmosphe r i c  d e n s i t y  is e n t i r e l y  due t o  c o r p u s c u l a r  
r a t h e r  t h a n  EUV r a d i a t i o n .  

0 
I n  t h i s  pape r  d a i l y  a v e r a g e s  of 170-370 A r a d i a t i o n  measured 

by u s e  of  t h e  f i r s t  O r b i t i n g  S o l a r  O b s e r v a t o r y  d u r i n g  March- 
May 1962 a re  t i m e - c o r e l a t e d  w i t h  s a t e l l i t e  d r a g  o b s e r v a t i o n s  
and w i t h  geomagnet ic  a c t i v i t y .  The compar ison  leads t o  a 
c o n c l u s i o n  t h a t  f o r  t h e  two complete  s o l a r  r o t a t i o n  p e r i o d s  

d u r i n g  which t h e  EUV d a t a  are a v a i l a b l e ,  t h e  27-day p e r i o d i c  
and t h e  day-to-day v a r i a t i o n s  i n  upper  a t m o s p h e r i c  d e n s i t y  are 
p r i n c i p a l l y  due t o  EUV r a d i a t i o n ,  a c o n c l u s i o n  which is n o t  
i n  harmony wi th  MacDonald's .  

MEASURED ULTRAVIOLET SPECTRUM 

The s o l a r  r a d i a t i o n  d a t a  used  i n  o u r  a n a l y s e s  w e r e  o b t a i n -  

ed by t h e  use  of a g r a z i n g  i n c i d e n c e  s p e c t r o m e t e r  p o i n t e d  a t  
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t h e  c e n t e r  of t h e  s o l a r  d i s k  w i t h i n  s e v e r a l  minutes  of a r c .  

I n  t h i s  o r i e n t a t i o n  t h e  spec t romete r  ana lysed  r a d i a t i o n  from 

t h e  e n t i r e  s o l a r  d i s k  and i n n e r  c o r o n a ,  c o v e r i n g  t h e  nominal 
0 0 0 

s p e c t r a l  range  from 10 A t o  400 A wi th  a r e s o l u t i o n  of 0 .85  A 
once e v e r y  8 . 5  minu tes .  V a r i a t i o n s  i n  s e v e r a l  of t h e  more 

i n t e n s e  l i n e s  i n  t h e  observed  spectrum have a l r e a d y  been 
a s s o c i a t e d  w i t h  s o l a r  f l a r e s  (Behring,  e t  a l ,  1963) and 

t h e  s lowly  v a r y i n g  component of s o l a r  a c t i v i t y  (Neuper t ,  
e t  a l ,  1964) .  I n  t h i s  p a p e r ,  we p r e s e n t  t i m e  v a r i a t i o n s  of  
t h e  EUV f l u x  r e p r e s e n t i n g  t h e  sum of  t h e  i n t e n s i t i e s  of t h e  
twenty-two most prominent  l i n e s  i n  t h e  r ange  170-370 A .  These  

l i n e s  a r e  i d e n t i f i e d  by a s t e r i s k s  i n  t h e  two s p e c t r a l  s c a n s  
shown i n  F i g u r e  1. 

0 

S i n c e  an a b s o l u t e  c a l i b r a t i o n  or” t h e  OSO-1 s p e c t r o m e t e r  
h a s  n o t  y e t  been comple ted ,  an i n d i r e c t  method of  c a l i b r a t i o n  
h a s  been used to d e r i v e  f l u x  from measured c o u n t i n g  r a t e s .  

T h i s  method c o n s i s t s  of comparing t h e  c o u n t i n g  r a t e s  o b t a i n e d  

from t h e  OSO-1 ins t rumen t  w i t h  f l u x e s  measured by H a l l  e t  a l ,  

(1963) who used a c a l i b r a t e d  rocke tbo rne  s p e c t r o m e t e r .  The 

comparison c o u l d  on ly  be made i n  t h e  s p e c t r a l  r e g i o n  f o r  which  

t h e  two i n s t r u m e n t s  ove r l apped ,  250 A t o  370 A .  Fur thermore ,  

t h e  comparison is meaningful  only if t h e  s o l a r  r a d i a t i o n  on 

t h e  day of t h e  rocke tbo rne  measurement was indeed t h e  same a s  

on t h e  days  of  OSO-1 o b s e r v a t i o n s  chosen f o r  comparison. The 

mean d a i l y  s o l a r  r a d i o  f l u x  a t  2830 M c ,  measured by t h e  
N a t i o n a l  Research C o u n c i l ,  Ottawa, Canada, was used a s  a n e a s u r e  
of  s o l a r  a c t i v i t y  t o  o b t a i n  e q u i v a l e n t  days  of OSO-1 obser -  
v a t i o n s .  C a l i b r a t i o n  of t h e  in s t rumen t  was e x t r a p o l a t e d  below 
250 A u s i n g  t h e  measured r e f l e c t i v i t y  of t h e  g r a t i n g  and an 
e s t i m a t e  of t h e  d e t e c t o r  s e n s i t i v i t y .  

0 0 

0 

Each of t h e  s p e c t r a l  l i n e s  used i n  t h e  i n t e n s i t y  e s t i m a t e  

was observed  75 t o  100 t i m e s  d u r i n g  each  day of o b s e r v a t i o n ,  
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t h e r e b y  y i e l d i n g  a n  accu racy  of abou t  one p e r c e n t  i n  t h e  

d e t e r m i n a t i o n  of  t h e  c o u n t i n g  r a t e  f o r  e a c h  l i n e ,  assuming a 
c o n s t a n t  l i n e  i n t e n s i t y  th roughou t  t h e  a v e r a g i n g  p e r i o d .  The 

e s t i m a t e d  error of t h e  sum of i n t e n s i t i e s  of t h e  twenty-two 

b r i g h t e s t  l i n e s  is t h e r e f o r e  s i g n i f i c a n t l y  smaller  t h a n  t h e  

obse rved  day-to-day v a r i a t i o n s .  I t  h a s  been  found t h a t  t h e  

d e t a i l s  of t h e  t i m e  v a r i a t i o n s  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  
l i k e l y  changes i n  t h e  assumed c a l i b r a t i o n  o f  t h e  i n s t r u m e n t  
and a l s o  t o  t h e  i n c l u s i o n  of  numerous f a i n t e r  l i n e s  i n  t h e  sum 
of i n t e n s i t i e s .  The d a i l y  a v e r a g e s  of t h e  sum of t h e  i n t e n -  
s i t ies of t h e  twenty-two d i s c r e t e  l i n e s  a r e  i l l u s t r a t e d  i n  
F i g u r e  2a .  Because of  t h e  u n c e r t a i n t i e s  i n  c a l i b r a t i o n ,  t h e  

a b s o l u t e  v a l u e  of t h e  o v e r a l l  c u r v e  s h o u l d  n o t  be  t a k e n  a s  
r e l i a b l e  b u t  t h e  t i m e  v a r i a t i o n s  s h o u l d  b e  v a l i d .  

PHASE COMPARISON BETWEEN ATMOSPHERIC TEMPERATURE AND MEASURED 
ULTRAVIOLET RADIATION 

Thei.mospheric h e s t i n g  can  o c c u r  as 9 r e s u l t  of photo- 

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

h e a t i n g  (1350-1750 A )  is  abso rbed  m o s t  s t r o n g l y  below 120 km. 
P h o t o i o n i z a t i o n  h e p t i n g  is more i m p o i t a n t  above 120 km because  
m o s t  of t h e  r e s p o n s i b l e  r a d i a t i o n  (1027-170 A )  is abso rbed  above 

t h a t  a l t i t u d e .  S i n c e  o u r  a n a l y s i s  d e a l s  o n l y  w i t h  t e m p e r a t u r e s  

above 120 km w e  w i l l  be c o n s i d e r i n g  t h e  more i m p o r t a n t  h e a t i n g  

p r o c e s s  ( p h o t o i o n i z a t i o n  h e a t i n g ) .  Summaries of EUV measurements 

( H i n t e r e g g e r  and Watanabe, 1962;  Watanabe and H i n t e r e g g e r ,  1962)  
i n d i c a t e  t h a t  t h e  twenty-two d i s c r e t e  l i n e s  i d e n t i f i e d  i n  

F i g u r e  1 r e p r e s e n t  approx ima te ly  o n e - t h i r d  of t h e  u l t r a v i o l e t  
r a d i a t i o n  p e r t i n e n t  t o  o u r  a n a l y s i s .  Thus ,  c o n c l u s i o n s  d e r i v e d  
from t h e  EUV d a t a  p r e s e n t e d  h e r e  w i l l  depend on t h e  v a l i d i t y  of 

0 

0 
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o u r  p r e s e n t  wosking assumpt ion  t h a t  t h e  e n t i r e  spec t rum between 
1026-170 A e x h i b i t s  t h e  s a m e  temporal  va-p ia t ion  a s  t h e  sum of 
t h e  twenty-one l i n e s  i n  t h e  170-370 r e g i o n s .  Conc lus ions  drawn 

f r o m  t h e  EUV d a t a  a d d i t i o n a l l y  w i l l  depend on t h e  a s sumpt ion  

t h a t  t h e  c o n t r i b u t i o n  of  i n d i v i d u a l  l i n e s  t o  the rmospher i c ,  

h e a t i n g  is p r o p o r t i o n a l  t o  t h e i r  r e s p e c t i v e  i n t e n s i t i e s .  One 

weakness i n  t h i s  assumpt ion  a r i s e s  from t h e  p r o b a b i l i t y  t h a t  

t h e  a b s o r p t i o n  and  p h o t o i o n i z a t i o n  cross sect ions o f  t h e  atmos- 
p h e r i c  c o n s t i t u e n t s  va ry  w i t h  wavelength .  The u n c e r t a i n t i e s  i n  

o u r  knowledge of  t h e s e  cross  s e c t i o n s  p r e v e n t  u s  f rom t a k i n g  

t h i s  p o s s i b i l i t y  i n t o  a c c o u n t .  

0 

P l o t t e d  i n  F i g u r e  2b are t h e  d a i l y  v a l u e s  o f  t h e  temper- 
a t u r e  (T) r e p r e s e n t a t i v e  of d i u r n a l  maximum c o n d i t i o n s  i n  t h e  
i s o t h e r m a l  a l t i t u d e  r e g i o n .  T h e s e  v a l u e s  of T were computed 
by J a c c h i a  and Slowey (1963) from t h e i r  o b s e r v a t i o n s  of t h e  
d e c e l e r a t i o n  o f  t h e  E x p l o r e r  9 s a t e l l i t e  and a t h e o r e t i c a l  
model ( N i c o l e t ,  1961) of  a tmosphe r i c  d e n s i t y  p ' o f i l e s  a s  a 

f u n c t i o n  o f  t e m p e r a t u r e .  I t  shou ld  b e  emphasized t h a t ,  
a l t h o u g h  t h e  a b s o l u t e  v a l u e  of T and t h e  EUV i n t e n s i t y  may b e  
somewhat u n c e r t a i n .  w e  ? re  i n t e r e s t e d  h e r e  o n l y  i n  t h e  v a l i d i t y  

o f  t h e  t i m e  v a r i a t i o n .  

By compnring F i g u r e s  2a a n d  213. w e  conc lude  b o t h  from v i s u a l  
i n s p e c t i o n  and from a l e ~ s t - s q u a r e  f i t  performed by a computer  
a n a l y s i s  t h a t  t h e  phase  d i f f e r e n c e  between T rnd t h e  measured 

EUV r a d i a t i o n  f o r  t h e  March and A p r i l  s o l a r  r o t a t i o n s  is of t h e  

o r d e r  o f  one day .  A one day d e l a y  can  be  e x p l a i n e d  e i t h e r  by 
t h e  u n c e r t a i n t y  of  t h e  s a t e l l i t e  d e c e l e r a t i o n  d a t a  or by t h e  

r e l a x a t i o n  t i m e  o f  t h e  atmosphere.  Thus ,  i t  c a n  b e  c o n s i d e r e d  

t h a t  t h e r e  is a p o s i t i v e  c o r r e l a t i o n  between T and t h e  EUV f l u x ,  

l e a d i n g  t o  t h e  c o n c l u s i o n  t h a t  t h e  day-to-day and t h e  27-day 

p e r i o d i c  v a r i a t i o n  of T a r e  due p r i n c i p a l l y  t o  t h e  EUV e f fec t ,  
a t  l e a s t  f o r  t h e  months of March and  A p r i l ,  1962. I t  s h o u l d  b e  

n o t e d  t h a t  d e s p i t e  t h e  u n c e r t a i n t y  i n  t h e  i n d i v i d u a l  T p o i n t s ,  
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t h e  s h o r t  t e r m  v a r i a t i o n s  i n  t h e  a t m o s p h e r i c  t e m p e r a t u r e  
cor re la te  q u i t e  w e l l  w i t h  c o r r e s p o n d i n g  EUV r a d i a t i o n  changes .  

Note, for example,  t h e  e x i s t e n c e  of  doub le  peaks  i n  b o t h  t h e  

T and t h e  EUV d a t a  d u r i n g  t h e  maxima of t h e  March and A p r i l  
s o l a r  r o t a t i o n s .  

The 1 0 . 7  c m  decimetric r a d i a t i o n  has  been p l o t t e d  i n  F i g u i e  

2 c .  Comparison w i t h  F i g u r e  2a shows t h a t  decimetric f l u x  is 
a n  approximate  b u t  n o t  p r e c i s e  i n d e x  o f  t h e  EUV effect .  MacDonald 
(1963) h a s  s u g g e s t e d  t h a t  t h e r e  is  a s y s t e m a t i c  56-hour d e l a y  

between t h e  e m i s s i o n  of s o l a r  d e c i m e t r i c  r a d i a t i o n  and t h e  

r e s p o n s e  of t h e  a tmosphere .  S i n c e  t h i s  c o r r e s p o n d s  t o  t y p i c a l  

v e l o c i t i e s  o f  t h e  s o l a r  wind,  t h i s  d e l a y  l e d  h im t o  conc lude  
t h a t  t h e  27-day d e n s i t y  f l u c t u a t i o n s  a r e  e n t i r e l y  due t o  i n t e r -  

a c t i o n  of t h e  upper  a tmosphere  w i t h  t h e  s o l a r  wind. I t  s h o u l d  

be n o t e d  t h a t  J a c c h i a  (1963) r e p o r t s  t h a t  there w a s  n o t  

a p p r e c i a b l e  l a g  between 1 0 . 7  c m  s o l a r  f l u x  and a t m o s p h e r i c  

d e n s i t y  for t h e  same p e r i o d  a n a l y z e d  by MacDonald. 

I t  a l s o  i s  p o s s i b l e  t o  conc lude  t h a t  t h e  two 27-day cycles 

i n  T c o n s i d e r e d  here are  n o t  s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  t h e  

s o l a r  wind from s imul taneous ly-measured  i n d i c e s  of geomagnet ic  
a c t i v i t y .  Snyder  e t  a l ,  (1963) have  measured t h e  v e l o c i t y  of 

t h e  s o l a r  wind and have q u a n t i t a t i v e l y  r e l a t e d  t h i s  pa rame te r  

. .  Cqnsequen t ly ;  w e  have p l o t t e d  t o  t h e  geomagnet ic  i n d e x ,  
t h e  C k p  index for  each  d a y  of t h e  p e r t i n e n t  p e r i o d  i n  F i g u r e  2d.  
Using t h e  r e l a t i o n s h i p  between s o l a r  wind v e l o c i t y  and Ck 
e s t a b l i s h e d  b y  Snyder  and e t  a l ,  w e  e s t i m a t e  t h a t  i f  t h e  s o l a r  
w i n d  is e n t i r e l y  r e s p o n s i b l e  f o r  t h e  27-day v a r i a t i o n  of t h e  

u p p e r  a tmosphere t e m p e r a t u r e  there  s h o u l d  be a n  a v e r a g e  phase  
d e l a y  of 4 days  between t h e  EUV f l u x  and T ,  a d e l a y  much i n  
e x c e s s  of t h e  a v e r a g e  v a l u e  de i . ived  from F i g u r e s  2a and 2b .  

Thus ,  w e  conclude t h a t  t h e  s o l a r  wind was n o t  s i g n i f i c a n t l y  
e f f e c t i v e  i n  h e a t i n g  t h e  uppel. a tmosphere  d u r i n g  March and 
A p r i l ,  1962. T h i s  does n o t  c o n t r a d i c t  t h e  f i n d i n g s  of J a c c h i a  

(1963) who has  a s s o c i a t e d  s i g n i f i c a n t  t r a n s i e n t  i n c r e a s e s  i n  

CkP 

P 
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a t m o s p h e r i c  d e n s i t y  w i t h  geomagnet ic  a c t i v i t y  g e n e r a l l y  much 

more i n t e n s e  t h a n  what was c h a r a c t e r i s t i c  of t h e  t i m e  i n t e r v a l  

s t u d i e d  h e r e .  

There  is a s u g g e s t i o n  of a s i g n i f i c a n t  enough phase  d e l a y  

between T and t h e  EUV r a d i a t i o n  d u r i n g  t h e  May r o t a t i o n  t o  
s u p p o r t  t h e  need f o r  a n o t h e r  heat  s o u r c e .  However, i t  would be  

dange rous  t o  draw any f i r m  c o n c l u s i o n  from t h i s  c y c l e  w i t h o u t  

d a t a  th roughou t  t h e  complete s o l a r  r o t a t i o n .  

COi'vIPARISON BETWEEN DIURNAL AMPLITUDE OF ATMOSPHER I@ TEMPERATURE 
AND MEASURED ULTRAVIOLET RADIATION 

I t  is i m p o r t a n t  t o  compare t h e  r e s p e c t i v e  a m p l i t u d e s  8s 

w e l l  ns t h e  phases  of t h e  27-day t e m p e r a t u r e  and EUV V a l - i a t i o n s .  
In  F i g u r e  2 ,  even though t h e  a m p l i t u d e s  of  t h e  t w o  comple te  
EUV c y c l e s  a r e  approx ime te ly  t h e  same, t h e  a m p l i t u d e s  o f  t h e  
cos.z-esponding T cycles d i f f e r  s i g n i f i c a n t l y  from each  o t h e r .  
Due t o  t h e  motion o f  t h e  p e r i g e e  of t h e  s a t e l l i t e  under. s t u d y  
w i t h  r e s p e c t  t o  t h e  sun-emrth l i n e ,  t h e  d i u r n a l  tempera tu i ' e  
v a i i a t i o n  shows up  i n  t h e  d a t a  of J a c c h i a  and Slowey i n  
a d d i t i o n  t o  t h e  day-to-day v a r i a t i o n .  Fo r  o u r  p u r p o s e s ,  w e  
s h o u l d  have  t e m p e r a t u r e s  reduced t o  t h e  same l o c a l  t i m e .  For' 
t h i s  r e a s o n  w e  w i l l  now compare t h e  d i f f e r e n c e s  between d i u r n a l  

t e m p e r a t u r e  maximum (T) and minimum (To) w i t h  h e a t  s o u r c e  

v a r i a t i o n s .  I t  w i l l  be  shown t h a t  t h e  a m p l i t u d e s  of t h e  

27-day v a r i a t i o n  of (T - To) and of  t h e  EUV c y c l e s  p r e s e n t  

a c o n s i s t e n t  p i c t u r e .  J a c c h i a  (1963) h a s  s u g g e s t e d  t h e  fo l low-  

i n g  e m p i r i c a l  formula  which re la tes  day and n i g h t  t e m p e r a t u r e s  

deduced from d r a g  o b s e r v a t i o n s :  

T = To ( 1  + 0.33 c o s n  f ) ,  (1) 

where To c o r r e s p o n d s  t o  t h e  n i g h t t i m e  t e m p e r a t u r e  minimum, JI 
is  t h e  a n g u l a r  d i s t a n c e  between s a t e l l i t e  p e r i g e e  and a p o i n t  
30 d e g r e e s  e a s t  i n  l o n g i t u d e  of  t h e  s u b s o l a r  p o i n t  and where 
n = 4 .  
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In  F i g u r e  3, w e  have set n = 1, 2 ,  4 and compare t h e  
I t h r e e  r e s u l t a n t  T - To c u r v e s  w i t h  t h e  EUV d a t a ,  u s i n g  

obse rved  v a l u e s  o f  Q a p p l i c a b l e  t o  t h e  E x p l o r e r  9 s a t e l l i t e .  
It is s e e n  t h a t  by t h e  u s e  o f  n = 4 ,  one  t e n d s  t o  o v e r - c o r r e c t  

f o r  t h e  change i n  Jr w i t h  t i m e  i n  t h a t  now t h e  a m p l i t u d e  of 
t h e  second t e m p e r a t u r e  cycle is l a rge r  t h a n  t h e  f i rs t .  An 
a p p r o p r i a t e  v a l u e  for n seems t o  b e  between 1 and 2 ,  a s  
demonst ra ted  b y  t h e  v e r y  f a v o r a b l e  comparison between t h e  
r e l a t i v e  a m p l i t u d e s  o f  t h e  t w o  EUV c y c l e s  w i t h  t h e  r e l a t i v e  
a m p l i t u d e s  of t h e  t w o  t e m p e r a t u r e  cycles €or n = 1 and 2 .  
J a c c h i a  ( p r i v a t e  communicption) i n d e p e n d e n t l y  c o n c l u d e s  t h a t  a 
much lower  v a l u e  of  n t h a n  was p r e v i o u s l y  used  is  more c o n s i s t e n t  

w i t h  s a t e l l i t e  d r a g  o b s e r v a t i o n s .  

CONCLUSIONS 
D P i l y  v a l u e s  of a tmosphe r i c  t e m p e r a t u r e  have  been compax.ed 

w i t h  EUV r a d i a t i o n  d a t a  nnd a l s o  w i t h  i n d i c e s  o f  geomagnet ic  
a c t i v i t y .  The  a n a l y s i s  which i n c l u d e s  b o t h  a phase  and a m p l i t u d e  
s t u d y  f a v o r s  t h e  EUV r a t h e r  t h a n  t h e  solar wind e f f e c t  a s  p i . i nc i -  
p s l l y  r e s p o n s i b l e  f o r  t h e  27-day v a r i a t i o n s  i n  a t m o s p h e r i c  

t e m p e r a t u r e  a t  l e a s t  fo-. t h e  months of Xnrch and A p r i l  1962.  
The q u e s t i o n  a s  t o  whether  t h i s  c o n c l u s i o n  a p p l i e s  a t  a l l  t i m e s  
and whether  a second s o u r c e  of h e a t i n g  i s  r e q u i r e d  t o  e x p l a i n  

semi-annual and d i u r n a l  t e m p e r a t u r e  v a r i a t i o n s  r ema ins  open.  
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FIGURES 
F i g u r e  1. S p e c t r a  o b t a i n e d  by OSO-1, g r a t i n g  s p e c t r o m e t e r  

f o r  two days  of d i f f e r e n t  s o l a r  a c t i v i t y .  The 
l i n e s  marked by a s t e r i s k  were used  i t h e  p r e s e n t  

second o r d e r  images of  l i n e s  obse rved  a t  s h o r t e r  
wave leng ths .  

a n a l y s i s .  Unmarked l i n e s  above 340 P r e p r e s e n t  

F i g u r e  2 .  Comparison of t h e  EUV f l u x  w i t h  t h e  a tmosphe r i c  
t e m p e r a t u r e ,  t h e  2800 Mc/s so l a r  f l u x ,  and t h e  
geomagnet ic  index  CK . 

P 
F i g u r e  3. Comparison of t h e  EUV f l u x  w i t h  t h e  d i u r n a l  

ampl i tude  a s  computed from Equa t ion  1 for n = 1, 
2 and 4 .  
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