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Final Technical Report 

IUE Program SUGSD: Variability Time Scale 
of H Ly-CY From Uranus 

P.I.: Samuel T. Durrance, The Johns Hopkins University 

The scientific motivation for this program was to determine the time scale for 
the variability of the H Ly-a emission from Uranus. It has previously been shown 
to be variable on time scales as short as one day which, coupled with its unusually 
high brightness, indicates that it must be excited by magnetospheric activity. 
The purpose of this series of observations is to determine its variability on shorter 
time scales. This will provide information on the timescale for changes in the 
level of particle precipitation in the Uranian magnetosphere. If this “auroral” 
emission appears to be modulated by the rotation of the planet, as has been 
observed on Jupiter and possibly Saturn, this would provide fundamental infor- 
mation on the nature of the interaction between the Uranian magnetosphere and 
the solar wind. I t  may also indicate the tilt of the magnetic pole with respect t o  
the spin axis and provide information on the rotation of the planetary core. 

A series of observations was carried out in coordination with ESA to cover as 
completely as possible one 24 hour period of the Uranian H Ly-CY emission. The 
observations were obtained on April the 23rd and 24th. Two additional observa- 
tions on April the 25th and 26th were obtained to search for longer term trends. 
A small modulation in the brightness was observed and the results presented in 
two publications; copies of which are attached to this report. The first publica- 
tion (Durrance, S. T. and J. T. Clarke, “Lyman a Aurora, in Uranus and Nep- 
tune,” edited by J. T. Bergstralh, NASA CP-2330, p. 559, 1984) presents these 
data  for the first time and’ shows a variation on a time scale of 18 hours, the rota- 
tion period of the planet. The second publication (Clarke, J. T., S. T. Durrance 
et. al., “Continued Observations of the H Ly-a Emission from Uranus,” J. Geo- 
phys. Res., 91, p. 8771, 1986) presents a comprehensive compilation of all the IUE 
observations of Uranus to  date with the results from this grant included. 
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and 

John T. C l a r k e  

Space Sc iences  Labora to ry  

U n i v e r s i t y  of C a l i f o r n i a ,  Berke ley  

A b s t r a c t  

The  e x i s t e n c e  o f  i n t e n s e  a n d  v a r i a b l e  H Ly a e m i s s i o n  f r o m  

U r a n u s  i s  d e m o n s t r a t e d  u t i l i z i n g  t h e  m o n o c h r o m a t i c  i m a g i n g  

c a p a b i l i t i e s  o f  t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  E x p l o r e r  s a t e l l i t e .  

A s e r i e s  o f  1 4  o b s e r v a t i o n s ,  u s i n g  t h e  I U E  s h o r t  w a v e l e n g t h  

s p e c t r o g r a p h  i n  low d i s p e r s i o n  a n d  c o v e r i n g  t h e  p e r i o d  f r o m  3 

March 1 9 8 2  through 2 S e p t e m b e r  1 9 8 3 ,  s h o w s  t h e  d i s k  a v e r a g e d  L Y  a 

b r i g h t n e s s  o f  U r a n u s  t o  vary b e t w e e n  6 9 0  a n d  2230  R a y l e i g h s -  

Model  c a l c u l a t i o n s  i n d i c a t e s  t h a t  < 4 0 0  R o f  t h i s  e m i s s i o n  c a n  b e  

a t t r i b u t e d  t o  r e s o n a n t  s c a t t e r i n g  o f  s o l a r  L y  a r a d i a t i o n .  An 

u p p e r  l i m i t  o f  1 0 0  R i s  o b t a i n e d  f o r  t h e  Raman s c a t t e r i n g  o f  

s o l a r  LY a b y  H2 ( 1 2 8 0  A ) .  T h i s  i m p l i e s  t h a t  < 3 0 0  R i s  

c o n t r i b u t e d  t o  t h e  p l a n e t a r y  Ly a e m i s s i o n  by  R a y l e i g h  

s c a t t e r i n g .  I n  a d d i t i o n  t o  b e i n g  u n e x p e c t e d l y  s t r o n g ,  t h e  U r a n i a n  

Ly a e m i s s i o n  h a s  b e e n  o b s e r v e d  t o  v a r y  by  a f a c t o r  o f  two i n  o n e  

2 4  h r  p e r i o d  a n d  b y  a b o u t  5 0 %  i n  o n e  5 h r  p e r i o d .  These d a t a  t h u s  
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o f f e r  t h e  f i r s t  s t r o n g  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  a u r o r a  a n d  

t h e r e f o r e  a m a g n e t i c  f i e l d  o n  U r a n u s .  
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S p e c t r o s c o p y  o f  t h e  o u t e r  p l a n e t s  a t  f a r  u l t r a v i o l e t  

w a v e l e n g t h s  h a s  p r o g r e s s e d  r a p i d l y  o v e r  t h e  p a s t  few y e a r s  w i t h  t h e  

a d v e n t  o f  t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  E x p l o r e r .  s a t e l l i t e  a n d  t h e  

V o y a g e r  f l y b y s  o f  J u p i t e r  a n d  S a t u r n .  M e a s u r e m e n t s  o f  H L y  a e m i s s j o n  

( 1 2 1 6  A )  f r o m  t h e s e  p l a n e t s  h a s  b e e n  a p a r t i c u l a r l y  u s e f u l  t o o l  t o  

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

m a g n e t o s p h e r e s .  T h e  t h r e e  p r i n c i p a l  e x c i t a t i o n  n e c h a n i s m s  t o  p r o d u c e  H 

Ly a e m i s s i o n  f r o m  t h e  o u t e r  p l a n e t s  a r e  ( a )  r e s o n a n t  s c a t t e r i n g  o f  

s o l a r  Ly  a r a d i a t i o n ,  ( b )  R a y l e i g h  s c a t t e r i n g  o f  s o l a r  L y  a r a d i a t i o n ,  

a n d  ( c )  

t h e s e  m e c b a n i s n ; s  p r o v i d e s  c o n p l e m e n t a r y  i n f o r m a t i o n  o n  t h e  p h y s i c a l  

s t a t e  o f  t h e  a t m o s p h e r e .  

c h a r g e d  p a r t i c l e  e x c i t a t i o n  o f  a t m o s p h e r i c  H a n d  H2. E a c h  o f  

R e s o n a n t  s c a t t e r i n g  o f  s o l a r  Ly a p h o t o n s  b y  a t m o s p h e r i c  H 

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

t h e  l o w e r  U V  a b s o r b i n g  l a y e r s .  A t o m i c  h y d r o g e n  i s  p r o d u c e d  i n  t h e  u p p e r  

a t m o s p h e r e  b y  p h o t o d i s s o c i a t i v e  p r o c e s s e s  a n d  m i x e d  d o w n w a r d  b y  e d d y  

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

a t m o s p h e r e  a n d  m i x e d  d o w n w a r d .  The  c o l u m n  a b u n d a n c e  o f  H a b o v e  a n  

a b s o r b d n g  CH4 l a y e r  c a n  t h u s  b e  u s e d ,  i n  c o n j u n c t i o n  w i t h  m o d e l  

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

o f  t h e  h o m o p a u s e  i n  t h e  a t m o s p h e r e .  R e s o n a n t  s c a t t e r i n g  o f  s o l a r  L y  a 

p h o t o n s  h a s  b e e n  o b s e r v e d  f r o m  b o t h  J u p e t i r  a n d  S a t u r n .  

I 

R a y l e i g h  s c a t t e r i n g  o f  s o l a r  Ly  a p h o t o n s  b y  a t m o s p h e r i c  H2 

i s  a n o t h e r  p l a u s i b l e  m e c h a n i s n  t o  p r o d u c e  p l a n e t a r y  Ly a e m i s s i o n .  A t  I 
l o w  s p e c t r a l  r e s o l u t i o n  ( > 2  A )  t h i s  e m i s s i o n  i s  i n d i s t i n g u i s h a b l e  f rom 

I 
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-,=I; 
>:"4 * t h a t  p r o d u c e d  b y  r e s o n a n t  s c a t t e r i n g .  R a y l e i g h  s c a t t e r i n g  w i l l ,  -..-?:c 
I S  . -2G.G 
-324.2 . I +  ..- 1 . I_  

h o w e v e r ,  p r o d u c e  a R a n a n - s h i f t e d  l i n e  a t  1280 A w i t h  a b o u t  1/3 t h e  

i n t e n s i t y  o f  t h e  R a y l e i g h  s c a t t e r e d  l i n e  ( D a l g a r n o  a n d  W i l l i a m s ,  1962, 

a n d  B r a n d t ,  1963). T h i s  R a m a n - s h i f t e d  l i n e  c a n  b e  u s e d  t o  d e t e r m i n e  t h e  

a m o u n t  o f  R a y l e i g h  s c a t t e r i n g  p r e s e n t  a t  1216 A .  T h e  R a y l e i g h  

s c a t t e r i n g  c r o s s  s e c t i o n  i s  l o w  ( -  1 0  CCI 1, so  i t  r e q u i r e s  a 

l a r g e  H2 c o l u m n  d e n s i t y  ( -  cm'*) a b o v e  t h e  a b s o r b i n g  CH,, 

l a y e r .  S u c h  l a r g e  E2 c o l u m n s  a r e  n o t  p r e s e n t  o n  J u p i t e r  o f  S a t u r n  a n d  

. $0. - . I C  , *  - -  -2i-*. -..-. 4 
-r. 

- r  
. .  

-24 2 , ,  

t h e  R a m a n - s h i f t e d  e m i s s i o n  a t  1280 A h a s  n o t  b e e n  d e t e c t e d .  

C h a r g e d  p a r t i c l e  e x c i t a t i o n  c a n  p r o d u c e  Ly a e m i s s i o n  b y  

2 d i r e c t  e x c i t a t i o n  o f  H o r  b y  d i s s o c i a t i v e  e x c i t a t i o n  o f  H . On 

J u p i t e r  a n d  S a t u r n  t h i s  t y p e  o f  e m i s s i o n  h a s  b e e n  o b s e r v e d  i n  b o t h  t h e  

p o l a r  a u r o r a e  a n d  i n  t h e  e q u a t o r i a l  r e g i o n s .  Its p r e s e n c e  i s  i n d i c a t e d  

b y  H b a n d  e r c i s s i o n  a n d  b y  t h e  n o r e  v a r r i a b l e  n a t u r e  o f  p a r t i c l e  

p r e c i p a t i o n .  T h i s  e m i s s i o n  i s  a u s e f u l l  i n d i c a t o r  t h e  l e v e l  o f  

2 

m a g n e t o s p h e r i c  a c t i v i t y  a n d  a s  a t o o l  t o  s t u d y  t h e  d y n a m i c s  o f  t h e  

m a g n e t o s p h e r e .  

R e c e n t l y  H L y  a e m i s s i o n  f r o m  U r a n u s  h a s  b e e n  d e t e c t e d  b y  

t h r e e  i n d e p e n d e n t  g r o u p s  ( F r i k e  a n d  D a u i u s ,  1982, D u r r a n c e  a n d  Eoos, 

1982 a n d  C l a r k e ,  1982). F r i k e  a n d  D a r i u s  i n t e r p r e t  t h e i r  m e a s u r e m e n t s  

a s  m o s t  l i k e l y  d u e  t o  r e s o n a n t  s c a t t e r i n g  o f  s o l a r  Ly  a b y  H. T h e  

H o p k i n s  a n d  B e r k e l y  g r o g p s ,  h o w e v e r ,  i n t e r p r e t  t h e i r  d a t a  a s  m o s t  

l i k e l y  d u e  t o  a u r o r a l  e x c i t a t i o n .  T h e s e  d a t a  w i l l  b e  r e v i e w e d  a n d  n e w e r  

o b s e r v a t i o n s  w i l l  b e  p r e s e n t e d  i n  a h o p e  t o  c l a r i f y  t h e  s i t u a t i o n .  

5 6 2  



I n  t h e  s p r i n g  o f  1 9 8 2  two  r e s e a r c h  g r o u p s ,  o n e  a t  J o h n s  

H o p k i n s  U n i v e r s i t y  a n d  o n e  a t  t h e  U n i v e r s i t y  o f  C a l l f o r n i a  E e r k e l y ,  

b e g a n  o b s e r v a t i o n a l  p r o g r a m s  t o  s e a r c h  f o r  H L y  a e m i s s i o n  f r o m  U r a n u s  

a n d  M e p t u n e .  T h e  o b s e r v a t i o n a l  t e c h n i q u e s  u s e d  t a k e  a d v a n t a g e  o f  t h e  

m o n o c h r o m a t i c  i m a g i n g  c a p a b i l i t i e s  o f  t h e  I U E  s h o r t  w a v e l e n g t h  

s p e c t r o g r a p h .  T h e  l a r g e  e n t r a n c e  a p e r t u r e  o f  t h e  s p e c t r o g r a p h  h a s  a 

p r o j e c t i o n  o n t o  t h e  s k y  o f  a b o u , t  1 0  x 2 0  a r c  s e c  a s  i n d i c a t e d  i n  t h e  

u p p e r  p o r t i o n  o f  f i g u r e  1 .  T h e  d i s k  o f  U r a n u s ,  w h i c h  h a s  a d i a m e t e r  o f  

a b o u t  3 . 8  a r c  s e c ,  was i n a g e d  i n t o  t h e  c e n t e r  o f  t h i s  a p e r t u r e  a s  i s  

a l s o  i n d i c a t e d  i n  f i g u r e  1 .  The  b a c k g r o u n d  g e o c o r o n a l  a n d  

i n t e r p l a n e t a r y  Ly a e m i s s i o n s  a r e  v a r r i a b l e  o n  b o t h  s h o r t  a n d  l o n g  t i m e  

s c a l e s ;  h o w e v e r ,  t h e y  a r e  s p a t i a l l y  u n i f o r m  o v e r  s c a l e  l e n g t h s  

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

t h e  p l a n e t a r y  Ly a e m i s s i o n  f r o m  t h a t  o f  t h e  b a c k g r o u n d .  The f i l e  w i t h  

l i n e  b y  l i n e  s p e c t r a  f r o a  t h e  s t a n d a r d  N A S A / I U F  d a t a  p a c k a g e  ( i n  w h i c h  

a d a t a  p o i n t  c o r r e s p o n d s  t o  a n  a r e a  1 . 1  a r c  s e c  i n  t h e  d i s p e r s i o n  

d i r e c t i o n  a n d  2 . 1  a r c  s e c  h i g h )  was u s e d  t o  o b t a i n  a t w o - d i m e n s i o n a l  

P l o t  o f  t h e  f o c a l  p l a n e  f l u x .  A p r o j e c t i o n  o f  t h e  r e s u l t i n g  d a t a  s e t  a t  

Ly a i s  s h o w n  i n  f i g u r e  1 .  T h e  d i s p e r s i o n  d i r e c t i o n  i s  p a r a l l e l  t o  t h e  

axes  p o i n t i n g  d o w n w a r d  a n d  t o  t h e  r i g h t .  F i g u r e  l a  s h o w s  a n  e x p o s u r e  

t a k e n  a b o u t  3 a r c  m i n  s o u t h - w e s t  o f  t h e  p l a n e t  a n d  t h u s  c o n t a i n s  

b a c k g r o u n d  Ly a e m i s s i o n  o n l y .  F i g u r e  l b  s h o w s  an e x p o s u r e  w i t h  U r a n u s  

c e n t e r e d  i n  t h e  a p e r t u r e ,  so  i t  c o n t a i n s  b o t h  p l a n e t a r y  a n d  b a c k g r o u n d  

Ly a e m i s s i o n s .  T h e  p l a n e t a r y  e m i s s i o n  i s  c l e a r l y  r e s o l v e d  f r o L  t h e  

b a c k g r o u n d  e m i s u i o o .  T h e r e  a r e  c u r e n t l y  a b o u t  30 U r a n u s  o b s e r v a t i o n s  o f  
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t h i s  t y p e  s c a t t e r e d  t h r o u g h o u t  t h e  p e r i o d  f r o m  3 March 1 9 8 2  t o  2 

S e p t e m b e r .  

T h e  U r a n i a n  Ly a b r i g h t n e s s  i s  o b t a i n e d  f r o m  t h e s e  d a t a  by  t h e  

f o l l o w i n g  p r o c e s s .  The two o r  t h r e e  U r a n u s  e x p o s u r e s  o b t a i n e d  i n  a 

g i v e n  8 h r  I U E  s h i f t  a r e  combined  i n t o  o n e .  The e x p o s u r e  w i t h  

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

t o  t h i s  c o m b i n e d  e x p o s u r e  a n d  t h e  two d a t a  s e t s  a r e  s u b t r a c t e d .  T h e  

r e s u l t i n g  a r r a y  i s  summed o v e r  a r e g i o n  a b o u t  9 a r c  s e c  d i a m e t e r ,  w h i c h  

i s  c e n t e r e d  o n  t h e  p l a n e t a r y  e m i s s i o n ,  t o  g i v e  t h e  t o t a l  measured  

p l a n e t a r y  L y  a s i g n a l  i n  I U E  f l u x  n u m b e r s .  T h i s  summing r e g i o n  i s  

c h o s e n  t o  i n c l u d e  a l l  o f  t h e  f l u x  f r o m  t h e  - 4 a r c  s e c  p l a n e t a r y  d i s k  

a f t e r  c o n v o l u t i o n  w i t h  t h e  - 5 a r c  s e c  p o i n t  s p r e a d  f u n c t i o n  o f  t h e  

i n s t r u m e n t .  T h i s  i s  c o n v e r t e d  t o  a d i s k  a v e r a g e d  b r i g h t n e s s  u s i n g  , t h e  

a b s o l u t e  c a l i b r a t i o n  o f  t h e  SWP camera g i v e n  b y  B o l i n  e t  a1  ( 1 9 8 0 )  a n d  

t h e  s i z e  o f  t h e  U r a n i a n  d i s k  a t  t h e  t i m e  o f  t h e  o b s e r v a t i o n s  a s  g i v e n  

i n  t he  A s t r o n o m i c a l  Almanac .  

The  d a t a  f r o m  C l a r k e  ( 1 9 8 2 1  ..were a n a l i z e d  i n  a somewhat  

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

s t a n d a r d  NASA/IUE d a t a  package  was u s e d  i n s t e a d  o f  t h e  l i n e  by  l i n e  

f i l e .  T h i s  f i l e  s h o u l d  p r o v i d e  somewha t  b e t t e r  s p a t i a l  r e s o l u t i o n .  

T h e r e  i s ,  h o w e v e r ,  a t r a n s f o r m a t i o n  n e c e s s a r y  t o  c o n v e r t  t h e  

p h o t o m e t r i c a l l y  c o r r e c t e d  irnabe d a t a  i n t o  t h e  I U E  f l u x  n u m b e r s  i n  w h i c h  

t h e  a b s o l u t e  c a l i b r a t i o n  i s  g i v e n .  When t h e  IUE image p r o c e s s i n g  s y s t e m  

was c h a n g e d  i n  1 9 8 0  t o  i n c r e a c e  t h e  d i g i t a t i o n  o f  t h e  l o w  d i s p e r s i o n  

s p e c t r a  by  a f a c t o r  o f  2 t h i s  t r a n s f o r m a t i o n  was n o r m a l i z e d  by  a f a c t o r  

o f  2 ( T u r n r o s e ,  1 9 8 0 )  s o  t h a t  t h e  same c a l i b r a t i o n  c o u l d  b e  u s e d .  The 

L Y  a b r i g h t n e s s e s  o f  U r a n u s  g i v e n  b y  C l a r k e  ( 1 9 8 2 )  s h o u l d  t h u s  b e  

i n c r e a c e d  b y  a f a c t o r  o f  2 t o  a c c o u n t  f o r  t h i s .  

The  Ly a b r i g h t n e s s  o f  U r a n u s  f r o m  t h e  a b o v e  a n a l y s i s  i s  

565 



p l o t t e d  a s  a f u n c t i o n  o f  t ime  i n  f i g u r e  2 .  The  d a t a  shown  a s  s q u a r e s  

a r e  f r o m  D u r r a n c e  a n d  Moos ( 1 9 8 2 )  a n d  s e v e r a l  s u b s e q u e n t  o b s e r v a t i o n s  

a n a l y z e d  u s i n g  t h e  same t e c h n i q u e .  The d a t a  s h o w n  as  d i a m o n d s  a r e  f r o m  

C l a r k e  ( 1 9 8 2 )  b u t  t h e y  h a v e  b e e n  i n c r e a c e d  b y  a f a c t o r  o f  2 t o  a c c o u n t  

f o r  t h e  p r o p p e r  n o r m a l i z a t i o n .  Two a d d i t i o n a l  o b s e r v a t i o n s  b y  C l a r k e  

a r e  a l s o  shown  a s  d i a m o n d s .  T h e  l a r g e s t  u n c e r t i a n t y  i n  t h e s e  

m e a s u r e m e n t s  i s  a s y s t e m a t i c  e r r o r  i n t r o d u c e d  b y  t h e  b a c k g r o u n d  

s u b t r a c t i o n  a n d  i s  e s t i m a t e d  t o  b e  + 20%. H o w e v e r ,  i t  i s  e s t i m a t e d  t h a t  

e x t r a c t i n g  d i f f e r e n t  images b y  t h i s  m e t h o d  i n t r o d u c e s  a r e l a t i v e  e r r o r  

o f  < 1 0 % .  T h e  q u o t e d  u n c e r t a i n t y  i n  t h e  I U E  c a l i b r a t i o n  i s  2s = 1 5 %  i n  

a 2 5  A b a n d  a t  1 2 1 6  A ( B o l i n ,  e t  a l .  1 9 8 0 ) ,  a n d  t h e  i n s t r u m e n t  h a s  b e e n  

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

s t a n d a r d  s t a r s .  T h e  s y s t e m a t i c  e r r o r  i n  t h e  b a c k g r o u n d  s u b t r a c t i o n  a n d  

t h e  u n c e r t a i n t y  i n  a b s o l u t e  c a l i b r a t i o n  a r e  n o t  s h o w n  i n  f i g u r e  2 ;  o n l y  

t h e  r e l a t i v e  e r r o r  b e t w e e n  d i f f e r e n t  o b s e r v a t i o n s  is shown. A 

v a r i a b i l i t y  b y  2s much a s  a f a c t o r  o f  3 o n  r e l a t i v l y  s h o r t  t ime s c a l e s  , 

i s  c l e a r l y  i n d i c a t e d  b y  t h e s e  d a t a .  
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The d a t a  p r e s e n t e d  h e r e  c l e a r l y  s h o w  U r a n u s  t o  b e  a n  i n t e n s e  

a n d  h i g h l y  v a r i a b l e  s o u r c e  o f  H L y  a r a d i a t i o n .  To u n d e r s t a n d  t h i s  

e m m i s i o n  we w i l l  now a d d r e s s  t h e  t h r e e  m o s t  p l a u s a b l e  e x c i t a t i o n  

m e c h a n i s m s .  F i r s t  c o n s i d e r  t h e  r e s o n a n t  s c a t t e r i n g  o f  s o l a r  H L y  a 

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

a t m o s p h e r e .  T h e r e  i s  e v i d e n c e  t h a t  C H 4  i s  c o n d e n s e d  o u t  o f  t h e  

a t n o s p h e r e  o n  U r a n u s  a t  t h e  t e m p e r a t u r e  n i n i m u n  ( d a n i e l s o n ,  1 9 7 7 ) .  T h i s  

c o u l d  p r o v i d e  a l a r g e r  c o l u m n  o f  A t h a n  o n e  w o u l d  e x p e c t  b a s e d  o n  

a n a l o g y  w i t h  J u p i t e r  a n d  S a t u r n .  H o w e v e r ,  s i n c e  b o t h  I! a n d  C H 4  a r e  

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

s i n c e  t h e  s o l a r  f l u x  a t  U r a n u s  i s  r e l a t i v e l y  weaker ,  i t  i s  d i f f i c u l t  t o  

I p r o d u c e  t h e  l a r g e  H c o l u m n  r e q u i r e d  t o  e x p l a i n  t h e  h i g h  Ly a b r i g h t n e s s  
I b y  r e s o n a n t  s c a t t e r i n g .  D e t a i l e d  n o d e l  c a l c u l a t i o n s  b y  A t r e y a  a n d  

P o n t h i e u  ( 1 9 8 3 )  a n d  b y  A t r e y a  ( t h i s  v o l u n n )  s h o w  t h a t  f o r  a r a n g e  o f  ’ 

, : m o d e l  p a r a m e t e r s  t h e  e x p e c t e d  H c o l u m n  d e n s i t y  a b o v e  a n  a b s o r b i n g  C H 4  

2 l a y e r  i s  - - 5  x 1 0 1 5  cm . A s i m p l e  m o d e l  f o r  t h e  r e s o n a n t l y  

s c a t t e r e d  e m i s s i o n  was p r e s e n t e d  b y  C l a r k e  ( 1 9 8 2 ) .  The t w o  c u r v e s  o f  

g r o w t h  f rom t h a t  model a r e  p r e s e n t e d  i n  f i g u r e  3 ;  t h i s  m o d e l  a s s u m e s  

m o n o c h r o m a t i c  s c a t t e r i n g  i n  a p l a n e - p a r a l l e l  i s o t h e r m a l  l a y e r  w i t h  a 

c o m p l e t e l y  a b s o r b i n g  l o w e r  b o u n d r y .  T h i s  i s  a n  i d e a l i z a t i o n  b u t  s h o u l d  

b a d a q u a t e  f o r  o u r  p u r p o s e s  h e r e .  F o r  t h e  l o w e r  t e m p e r a t u r e  m o d e l ,  

w h i c h  a p p e a r s  m o r e  r e a s o n a b l e ,  t h e  a b o v e  c o l u m n  o f  H w o u l d  p r o d u c e  a Ly 

a b r i g h t n e s s  o f  a 1 0 0  R c o n s i d e r a b l y  l e s s  t h a n  t h e  2 . 1  KR o f  t h e  
I 

I h i g h e s t  b r i g h t n e s s  o b s e r v e d .  To p r o d u c e  t h i s  l e v e l  o f  Ly  a e m i s s i o n  v i a  

r e s o n a n t  s c a t t e r i n g  w o u l d  r e q u i r e  a n  H c o l u m n  d e n s i t y  i n  e x c e s s  o f  

1 0 l 8  cm2 w h i c h  seems u n l i k e l y .  
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I f  a n  e x t e n d e d  H a t m o s p h e r e  e x i s t e d ,  a s  a r e s u l t  o f  a h o t  

h y d r o g e n  c o r o n a  f o r  e x a m p l e ,  t h e n  o u r  c o n v e r s i o n  o f  t h e  m e a s u r e d  f l u x  

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

a r g u e  a g a i n s t  t h i s .  F i r s t ,  t h e  s i z e  o f  U r a n u s '  image i n  t h e s e  

o b s e r v a t i o n s  i s  - 5 a r c  s e c  w h i c h  i s  t h e  same s i z e  a s  t h e  p o i n t  s p r e a d  

f u n c t i o n  o f  t h e  t e l e s c o p e .  I f  U r a n u s  were e m i t t i n g  o v e r  a n  a r e a  much 

l a r g e r  t h a n  t h e  v i s i b l e  d i s k  t h e n  i t  w o u l d  s h o w  u p  a s  a m o r e  e x t e n d e d  

i n a g e .  S e c o n d ,  c a l c u l a t i o n s  u s i n g  a 6 0 , 0 0 0  K h y d r o g e n  c o r o n a  ( S h e m a n s k y  

a n d  S m i t h ,  p r i v a t e  c o m m u n i c a t i o n )  s h o w  t h a t  t h e  o p t i c a l l y  t h i c k  H 

c o l u m n  w o u l d  e x t e n d  o u t  t o  < 1 . 1  R U .  T h i s  w o u l d  r e d u c e  t h e  d e r i v e d  

d i s k  a v e r a g e d  b r i g h t n e s s  b y  o n l y  a b o u t  1 5 % .  

If C H 4  i s  c o n d e n s e d  o u t  o f  t h e  a t m o s p h e r e ,  U r a n u s  may h a v e  a 

d e e p  H2 a t m o s p h e r e  a n d  t h u s  R a y l e i g h  s c a t t e r i n g  c o u l d  b e  a n  i m p o r t a n t  

c o n t r i b u t e r  t o  t h e  L y  a b r i g h t n e s s .  H o w e v e r ,  t h e  R a y l e i g h  s c a t t e r i n g  

c r o s s  s e c t i o n  i s  - cm2 ( D a l g a r n o  a n d  W i l l i a m s ,  1 9 6 2 )  a n d  t h e  

m o d e l  c a l c u l a t i o n s  o f  A t r e y a  ( t h i s  v o l u m n )  g i v e  N(H2)  - 1 0 1 5  cm'2 

so t h i s  m e c h a n i s m  i s  p r o b a b l y  n o t  i m p o r t a n t .  A l s o ,  i n  a sum o f  s e v e r a l  

l o n g  l o w  d i s p e r s i o n  I U E  e x p o s u r e s  u s i n g  t h e  s m a l l  a p e r t u r e  a n  u p p e r  

l i m i t  t o  t h e  R a m a n - s h i f t e d  e m i s s i o n  o f  < 3 0  R i s  s e t  ( F r i k e  a n d  D a r i u s ,  

1 9 8 2 ) .  T h i s  s e t s  a n  u p p e r  l i m i t  t o  t h e  R a y l e i g h  s c a t t e r e d  Ly a e m i s s i o n  

o f  < 1 0 0  R .  

C h a r g e d  p a r t i c l e  e x c i t a t i o n  b y  d i r e c t  i m p a c t  o f  s o l a r  w i n d  

p a r t i c l e s  o n  t h e  U r a n i a n  d i s k  c o u l d  a l s o  p r o d u c e  H Ly  a e m i s s i o n .  I f  

o n e  a s s u m e s  a n  a v e r a g e  v e l o c i t y  o f  4 0 0  Km/sec f o r  s o l a r  w i n d  p r o t o n s  

a n d  a n  a v e r a g e  e x c i t a t i o n  e n e r g y  o f  1 2  eV per  e m i t t e d  p h o t o n  a n d  i r  

a d d i t i o n  t h a t  t h e  e n t i r e  d i s k  c a p t u r e s  a n d  c o n v e r t s  t h e s e  p r o t o n s  t o  U\ 

p h o t o n s  w i t h  100: e f f i c i e n c y ,  t h e n  t h e  r e s u l t i n g  Ly a b r i b h t n e s s  w o u l c  

b e  < 50 R .  T h e r e  d o e s  n o t  a p p e a r  t o  b e  e n o u g h  e n e r g y  a v a i l a b l e  f o r  t h i :  

p r o c e s s  t o  b e  i m p o r t a n t .  
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I ‘ A n  a u r o r a l  e m i s s i o n  f r o m  a z o n e  b e t w e e n  80  a n d  90 d e g r e e s  

l a t i t u d e  a n d  c e n t e r e d  on t h e  E a r t h  f a c i n g  p o l e  w o u l d  b e  a b l e  t o  p r o d u c e  

t h e  o b s e r v e d  Ly a e m i s s i o n  i f  t h e  a v e r a g e  s u r f a c e  b r i g h t n e s s  o f  t h i s  

a u r o r a  were 1 5  K R .  T h i s  i s  c o m p a r a b l e  i n  b r i g h t n e s s  t o  t h e  a u r o r a  

o b s e r v e d  on J u p i t e r  a n d  S a t u r n .  R e c e n t  t h e o r e t i c a l  c a l c u l a t i o n s  b y  

H i l l ,  Dess l e r  a n d  R a s s b a c h  ( 1 9 8 3 )  i n d i c a t e  t h a t ,  i f  U r a n u s  h a s  a 

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

r e s p o f i s e  t o  v a r i a t i o n s  i n  t h e  s o l a r  w i n d  v e l o c i t y .  T h e  h i g h l y  v a r i a b l e  

n a t u r e  o f  t h e  U r a n i a n  e m i s s i o n  1.9 i n d i c a t i v e  o f  t h i s  t y p e  o f  e m i s s i o n .  

Jf t h e  b r i g h t e s t  e m i s s i o n  o b s e r v e d  i s  i n t e r p r e t e d  a s  i n t i t e l y  d u e  t o  

a u r o r a l  p a r t i c l e  p r e c i p a t a t i o n ,  t h e  r e q u i r e d  p o w e r  i s  e s t i m a t e d  t o  b e  “ 

3 X 10 ’ ’  W u s i n g  a 5% c o n v e r s i o n  e f f i c i e n c y  (Gera rd  a n d  S i n g ,  1 9 8 1 ) .  

T h i s  a m o u n t  o f  p o w e r  c o u l d  b e  s u p p l i e d  b y  a m a g n e t o s p h e r i c  i n t e r a c t i o n  

w i t h  t h e  s o l a r  w i n d  ( H i l l ,  D e s s l e r ,  a n d  R a s s b a c h ) .  
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I n t e n s e  a n d  h i g h l y  v a r i a b l e  H Ly a e m i s s i o n  has. b e e n  o b s e r v e d  

f r o n  U r a n u s .  T h e  d i s k  a v e r a g e d  b r i g h t n e s s  i s  s e e n  t o  v a r y  b e t w e e n  717 R 

a n d  2 .1  KR. R e s o n a n t  s c a t t e r i n g  o f  s o l a r  Ly  a b y  a t m o s p h e r i c  H a p p e a r s  

i n s u f f i c i e n t  t o  e x p l a i n  t h i s  e m i s s i o n ;  m o d e l  c a l c u l a t i o n s  l i m i t  t h i s  

c o n t r i b u t i o n  t o  t h e  , U r a n i a n  Ly a b r i g h t n e s s  t o  < 4 0 0  R. R a y l e i g h  

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

was d e r i v e d  t o  b e  < 1 0 0  R .  A u r o r a l  p r e c i p a t a t i o n  o f  c h a r g e d  p a r t i c l e s  

i s  t h e  m o s t  l i k e l y  c a u s e  o f  t h i s  e m i s s i o n .  T h i s  i m p l y s  t h a t  U r a n u s  h a s  

a m a g n e t i c  f i e l d  a n d  t h u s  a m a g n e t o s p h e r e .  The r e q u i r e d  i n p u t  p o w e r  t o  

t h e  a u r o r a  i s  a b o u t  3 x 10" W. 
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