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ABSTRACT 

A s t u d y  of very-low-frequency h i s s  e m i s s i o n s  i n  t h e  

r e g i o n  677 t o  2528 km and 35' t o  75' i n v a r i a n t  l a t i t u d e  ( i n  

t h e  n o r t h e r n  hemisphere)  u s i n g  t h e  I n J u n  5 Poynt ing  f l u x  

measurement t e c h n i q u e  i s  p r e s e n t e d .  Downgoing ELF h i s s  i s  

obse rved  o v e r  t h e  e n t i r e  r e g i o n  of a l t i t u d e - i n v a r i a n t  l a t i t u d e  

s p a c e  under  s t u d y ,  whereas ELF h i s s  hav ing  an  upward-d i rec ted  

n e t  Poyn t ing  f l u x  i s  o n l y  obse rved  a t  i n v a r i a n t  l a t i t u d e s  

below abou t  6 0 O .  A new p r o p a g a t i o n  phenomenon i s  proposed  

i n  which downgoing ELF h i s s  may p r o p a g a t e  a c r o s s  t h e  plasma- 

pause  boundary t o  lower  l a t i t u d e s  and become s u b s e q u e n t l y  

r e f l e c t e d  and t r a p p e d  w i t h i n  t h e  plasmasphere. Measurements 

i n d i c a t e  t h a t  a t  l e a s t  p a r t  of t h e  VLF h i s s  which i s  obse rved  

by t h e  I n j u n  5 s a t e l l i t e  must be g e n e r a t e d  above t h e  I n j u n  5 

a l t i t u d e  r a n g e .  A new t y p e  of sub-aurora l -zone  VLF h i s s  has 

been ebserved c a l l e d  m i d - l a t i t u d e  h i s s .  
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I .  I L l T R O D O G T I O N  

T h i s  pape r  r e p o r t s  on s t u d i e s  o f  very- low-frequency 

hiss u s i n g  t h e  Poynt ing  f l u x  measurement t e c h n i q u e  

I n j u n  5 s a t e l l i t e ,  The t h e o r e t i c a l  basis f o r  t h e  Poyn t ing  

f l u x  measurements w i t h  t h e  I n j u n  5 s a t e l l i t e  is p r e s e n t e d  i n  

t h e  p r e c e d i n g  pape r  [Mosier  and G u r n e t t ,  19701, h e r e a f t e r  

referred t o  as Paper  1. The pu rpose  of t h i s  paper  i s  t o  p r e -  

s e n t  t h e  r e s u l t s  o f  d e t a i l e d  s t u d i e s  of h i s s  phenomena beyond 

t h o s e  r e p o r t e d  by Mosier and  G u r n e t t  [19691. 

I n j u n  5 i s  a l o w - a l t i t u d e  (677 t o  2528 km), p o l a r -  

o r b i t i n g  s a t e l l i t e  launched  on 8 August 1968 and c a r r y i n g  

a VLF (30 Hz t o  10 kHz) e l e c t r i c  and magnet ic  f i e l d s  e x p e r i a e n t  

[ G u r n e t t  e t  a l .  , 19691. The s a t e l l i t e  i s  m a g n e t i c a l l y  o r i e n t e d  

such  t h a t ,  when p r o p e r l y  a l i g n e d ,  t h e  x a x i s  of t h e  s a t e l l i t e  

i s  p a r a l l e l  t o  t h e  geomagnet ic  f i e l d  and t h e  e l e c t r i c  a n t e n n a  

a x i s  ( y  a x i s )  and  magnet ic  a n t e n n a  a x i s  (z a x i s )  a r e  perpen-  

d i c u l a r  t o  t h e  geomagnet ic  f i e l d ,  as w e l l  as t o  each  o t h e r  

( s e e  F i g u r e  1). 

t a t i o n  of  c o o r d i n a t e  a x e s  for t h e  I n j u n  5 8 t e l l i t e  geometry,  

it h a s  been shown t h a t ,  f o r  a s i n g l e  p l a n e  wave, t h e  measure- 

m e n t  o f  t h e  time-averaged c o r r e l a t i o n  <E B > between t h e  

e l e c t r i c  and m a g ~ e t i c  s i g n a l  i c i e n t  t o  d @ t ~ r m i n e  t h e  

d i r e c t i o n  of t h e - P o y n t i n g  f l  a l o n g  t h e  gesm 

R e f e r r i n g  t o  Paper  1 and making a permu- 

Y =  

is). For  m u l t f p l  such  as h i  s, ~ e ~ t ~ i n  
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r e s t r i c t i o n  must be  a p p l i e d  t o  t h i s  c o r r e l a t i o n  measurement,  

A s  d i s c u s s e d  i n  P p e r  l s  t h e  p r o p o r t i o n a l i t y  f a c t o r  between 

*E B and  < S x >  i s  a f u n c t i o n  of b o t h  t h e  wave normal a n g l e  

6 and t h e  a z i m u t h a l  a n g u l a r  o r i e n t a t i o n  o f  t h e  s a t e l l i t e  

( r e f e r  t o  t h e  a z i m u t h a l  c o o r d i n a t e  9 i n  Paper  1). A t  f r equen-  

c i e s  above t h e  l o c a l  LHR f r equency ,  t h e  p r o p o r t i o n a l i t y  f a c t o r  

goes  t o  z e r o  a t  t h e  r e sonance  cone f o r  two a z i m u t h a l  a n g u l a r  

p o s i t i o n s  (I# = r / 2  and Ifr = 3n/2, as d e f i n e d  i n  Paper  1). A t  

a l l  o t h e r  a z i m u t h a l  s a t e l l i t e  o r i e n t a t i o n s ,  t h e  p r o p o r t i o n a l i t y  

f a c t o r  is n e a r l y  i s o t r o p i c  as a f u n c t i o n  o f  0 .  Below t h e  

l o c a l  LHR f r e q u e n c y ,  t h e  a n i s o t r o p y  is n o t  so pronounced ( t h e  

p r o p o r t i o n a l i t y  f a c t o r  does  n o t  go t o  z e r o )  and as t h e  p r o t o n  

Y Z  

gy ro f requency  is approached ,  t h e  p r o p o r t i o n a l i t y  f a c t o r  c e a s e s  

t o  be a f u n c t i o n  of t h e  wave normal a n g l e .  I f  a measurement 

i s  performed under  c o n d i t i o n s  such  t h a t  t h e  p r o p o r t i o n a l i t y  

f a c t o r  i s  h i g h l y  a n i s o t r o p i c ,  t h e n  one canno t  make a d e f i n i t e  

c o n c l u s i o n  r e g a r d i n g  t h e  d i r e c t i o n  o f  t h e  e Poyn t ing  f l u x  

of  t h e  wavesr One can  o n l y  say t h a t  i f  a c o r r e l a t i o n  f o r  a 

g i v e n  d i r e c t i o n  i s  observed, t h e n  these  must be a t  l e a s t  I__ some 

waves p r o p a g a t i n g  i n  t h a t  d i r e c t i o n ,  up o r  down t h e  f i e l d  

l i n e s ,  Howeverp i f  a s u f f i c i e n t  aunbe r  of measurements are  

made such  t h a t  t h e y  are  d i s t r i b u t e d  o v e r  t h e  r a n g e  of a z i m u t h a l  

t f o n s ,  t h e n  t h e  o c c u r r e n c e  of measurements hav ing  i s o -  

t r o p i c  p r o p o r t i o n a l i t  f u n c t i o n  o f  e )  a l l o w s  one 

t o  a c c u r a t e 1  e t h e  - n e t  Poyn t ing  f l u x  d i r e c t i o n ,  One 
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t i o n  must be re obse rved  t o  

up __p_ and down t h e  g e o m ~ g n e t i ~  f i e l d ,  t h e  

c o n c e r n i n g  t h e  r e l a t i v e  i n t e n s i t i e s  of t h e  

upgoing and do ngoing  components u n l e s s  t h e  measurement i s  

performed ne r t h e  p r o t o n  gyrof requency  where t h e  p r o p o r t i o n -  

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

a d e s c r i p t i o n  o f  t h e  c o r r e l a t i o n  measurement techn-ique,  t h e  

reader i s  re fer red  t o  Mosier and G u r n e t t  [1969] .  

The Indun 5 da ta  p r e s e n t e d  i n  t h i s  pape r  were a c q u i r e d  

by t h e  North L i b e r t y  Data A c q u i s i t i o n  F A c i l i t y  of  The Univer- 

s i t y  o f  Iowa d u r i n g  t h e  p e r i o d s  31 December 1968 t h r o u g h  25 

Februa ry  1969 and 4 March 1969 t h r o u g h  12 May 1.969. O f  t h e  

1529 Indun 5 r e v o l u t i o n s  d u r i n g  t h e s e  p e r i o d s ,  VLF data  

were a c q u i r e d  f o r  628 r e v o l u t i o n s  and data  f o r  t h e  Poyn t ing  

f l u x  measurements were o b t a i n e d  from t h e  s t u d y  o f  329 r e v o l u -  

t i o n s .  These 329 r e v o l u t i o n s  were chosen  t o  g i v e  a good 

sampl ing  of  b o t h  magnet ic  l o c a l  day (0600 - 1800 MLT) and  

magnet ic  l o c a l  n i g h t  (1800-- 0600 MLT) and a re  d i s t r i b u t e d  

th roughou t  t h e  December t h r o u g h  May t ime  p e r i o d .  These d a t  

cover  t h e  r a n g e  of i n v a r i a n t  l a t i t u d e s  ( I IBVL)  from a p p r o x i -  

ma te ly  35' t o  75'. 
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II, ELF HISS 

A .  R e s u l t s  of O b s e r v a t i o n s  

I n  t h e  i n i t i a l  r e s u l t s  o f  t h e  I n j u n  5 Poyn t ing  f l u x  

measurements reporLed by Mosier and G u r n e t t  119691, 1 2  ex- 

amples of ELF h i s s  had been  obse rved  below 1500 Ism by t h e  Poyn- 

t i n g  f l u x  measurement t e c h n i q u e ,  t h e  n e t  Poynt ing  f l u x  of 

which were de te rmined  t o  be d i r e c t e d  downward. I n  a d d i t i o n ,  

r e f l e c t i o n s  of downgoing waves n e a r  t h e  two-ion c u t o f f  f re -  

quency were obse rved  (see F i g u r e  5 o f  Mosier and G u r n e t t  

[1969] ) .  However, i n  t h e  more d e t a i l e d  s t u d y  r e p o r t e d  i n  t h i s  

paper ,  ELF h i s s  h a s  been obse rved  i n  which t h e  n e t  Poyn t ing  

f l u x  is d i r e c t e d  up  t h e  geomaguet ic  f i e l d  ( i n  t h e  n o r t h e r n  

hemisphere) .  I n  t h i s  s e c t i o n ,  t h e  r e s u l t s  of t h e  ELF h i s s  

s t u d y  w i l l  be d i s c u s s e d  and a p r o p a g a t i o n  mechanism w i l l  be 

proposed  t o  e x p l a i n  t h e  o b s e r v a t i o n s  of upgs ing  h i s s ,  

Of t h e  329 I n j u n  5 r e v o l u t i o n s  which were s t u d i e d ,  

ELF h i s s  was i d e n t i f i e d  in 140 r e v o l u t i o n s .  The r e s u l t s  of 

t h e  c o r r e l a t i o n  measurements Prom these  140 r e v o l u t i o n s  a re  

p r e s e n t e d  i n  F i g u r e s  2 and 3, I n  F i g u r e  2,  t h e  I n j u n  5 o r b i t  

is p l o t t e d ,  i n  a l t i t u d e  v e r s u s  i n v a r i a n t  l a t i t u d e ,  for a l l  

times at which t h e  Poyn t ing  f l u x  wa erved t o  be 

g u r s  3 i s  a similar 

o y n t ~ ~ ~  f l u x  w a s  



downgoing EL w a ~  obeerved  o v e r  t h e  e n t i r e  r e g i o n  of  

a l t i t u d e - i n v  i a n t  l a t i t u d e  space  under  s t u d y ,  whereas t h e  

h i g h e s t  l a t i t u d e  a t  which t h e  n e t  Poyn t ing  f l u x  of ELF h i s s  

was d i r e c t e d  upward i s  approx ima te ly  60° I H V L .  Fu r the rmore ,  

w i t h  t h e  e x c e p t i o n  o f  t h r e e  i s o l a t e d  o b s e r v a t i o n s  of l e s s  

t h a n  one minu te  d u r a t i o n ,  a l l  obse rved  c a s e s  of upgoing ELF 

h i s s  below 1500 km o c c u r r e d  at l o c a l  n i g h t ,  between 1800 

and  0600 MLT. It  shou ld  be no ted  t h a t  t h e  data  p r e s e n t e d  

i n  F i g u r e s  2 and 3 o v e r l a p  i n  many cases ,  s i n c e  b o t h  upgoing 

- and downgoing h i s s  are  o f t e n  obse rved  i n  t h e  same r e g i o n ,  

S i n c e  t h e  h i g h - l a t i t u d e  c u t o f f  f o r  upgoing ELF 

h i s s  c o i n c i d e s  w i t h  t h e  approximate  l o c a t i o n  o f  t h e  plasma- 

pause  - l i g h t  i o n  t r o u g h  boundary [ C a r p e n t e r ,  1966;  T a y l o r  

e t  a l . ,  19691,  da ta  from t h e  AFCRL e l e c t r o n  d e n s i t y  p robe  

on Indun 5 were examined t o  f i n d  o u t  i f  t h e  t r a n s i t i o n  i n  

n e t  Poyn t ing  flux d i r e c t i o n  c o r r e s p o n d s  w i t h  t h e  l o c a t i o n  

of t h e  plasmapause boundary f o r  i n d i v i d u a l  c a s e s ,  I n  f i v e  

of 1 6  cases s t u d i e d ,  t h e  t r a n s i t i o n  o c c u r r e d  a t  lower  l a t i t u d e s ,  

w i t h i n  s e v e r a l  degrees of t h e  a b r u p t  d e c r e a s e  i n  t h e  e l e c t r o n  

d e n s i t y  g r a d i e n t  p r o f i l e .  I n  t h e  r ema in ing  3.1 c a s e s ,  t h e  

t r a n s i t i o n  o c c u r r e d  a t  t h e  same l a t i t u d e  a8 t h e  a b r u p t  d e n s i t y  

d e c r e a s e  (R. Saga lyn ,  p e r s o n a l  communicat ion) .  T h i s  a b r u p t  

d e c r e a s e  i n  t h e  e l @ c t r o n  den e n t  may be i d e n t i f i e d  
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w i t h  t h e  p l a  r y ,  a l t h o u g h  a t  low a l t i t u d e s  

t h e  plasmapa e does  n o t  always e ~ h i b ~ t  a w e l l - d e f i n e d  d e n s i t y  

d e c r e a s e  (D,L. C 1, communication) e 

o f  t h e  t r a n s i t i o n  i n  n e t  Poyn t ing  

e g i o n  of  t h e  plasmapause boundary 

is i l l u s t r a t e d  i n  F i g u r e  4 ,  A f t e r  a s l i g h t  peak i n  e l e c -  

t r o n  d e n s i t y  

l a rges t  d e n s i t y  g r a d i e n t ,  i d e n t i f i e d  as t h e  plasmapause,  

o c c u r r i n g  between 1417:30 and 1418 UT, a t  upprox ima te ly  56.5' 

IIVPL (L = 3.3)6  The t r s r n s i t i o n  from an  upward t o  a down- 

ward -d i r ec t ed  n e t  Poyn t ing  f l u x  o c c u r s  n e a r  t h e  plasmapause 

boundary a t  abou t  1418:30 a t  all f r e q u e n c i e s  a t  which t h e  

emis s ion  i s  obse rved .  The c o r r e l a t i o n  measurement a t  250Hz 

i n  F i g u r e  4 i n t e r c e p t s  t h e  lower  f r e q u e n c y  c u t o f f  of t h e  ELF 

hiss ( v i s i b l e  i n  t h e  30-658 Hz e l e c t r i c  and magnet ic  s p e c t r a )  

a t  1413:30 UT,  I n  t h i s  n e t  Poyn t ing  f l u x  

a t  t h e  c u t o f f  is d i r e c t e d  upwards,  

t 1414:30 UT, Ne b e g i n s  t o  decrease w i t h  t h e  

r f e a t u r e s  are o f t e n  p r e s e n t  in t h e  

1 0  kH& e l e c t r i c  ~ @ ~ e i ~ e ~  p e c t r a  8% p l  

c r o s s i n g s  and can  be s e e n  i n  F i g u r e  4 .  F i r s t ,  a breakup  

i n  t h e  LHR n o i s e  band b e g i n s  a t  1417:kO UT, w i t h  t h e  n o i s e  

c o n t i n u i n g  u n t i l  a p p r o x i ~ a t e ~ ~  1420 UT. The LHR b reakup  

a t  t h e  p l a s ~ a p a u  e has been i d e n  

C a r p e n t e r  e t  al., [ l g 6 8 ] ,  Seco t b e  e l e c t r i c  a n t e n n a  
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n 1418:30 nd 1419 UT, 

S i n c e  t h e  i o f  b o t h  t h e  e l e c t r o n  

p e r a t u r e ,  it must be  concluded  

empera tu re ,  o r  b o t h ,  undergo a 

r a the r  d i s c o  a t  t h a t  t i m e ,  The p l o t  o 

t h e  AFCRL probe  does  n o t  r e f l e c t  

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

f u n c t i o n  o f  e l e c t r o n  t e m p e r a t u r e  and s p a c e c r a f t  p o t e n t i a l ,  

n e i t h e r  of whish  were a v a i l a b l e  a t  t h e  t ime t h e s e  p r e l i m i n a r y  

e l e c t r o n  d e n s i t y  data were p r e p a r e d ,  F e r  t h e  p l o t  i n  F i g u r e  

4 ,  a c o n s t a n t  t e m p e r a t u r e  and p o t e n t i a l  were assumed. tiever- 

t h e l e s s ,  t h i s  s i m p l i f i c a t i o n  can o n l y  a f f e c t  t h e  magnitude 

of t h e  d e n s i t y  g r a d i e n t ,  b u t  no t  i t s  g e n e r a l  l o c a t i o n  o r  

f e a t u r e s .  

a check  o a  t h e  v a l i d i t y  of t h e  t r a n s i t i o n  i n  

t h e  d i r e c t i o n  t h e  n e t  ~ o ~ ~ t i ~ g  flux, l a r g e  phase s h i f t s  

('up t o  8 0 ° )  were i ~ t r o d u c e d  i n  both t h e  e l e c t r i c  and magnet ic  

p r i o r  $0 m a ~ i ~ ~  %he correl t i o n  ~ e a s u r e m e ~ t  f o r  a 

l a r g e   numb^ of c a s e o  i n  hicR a t ~ a n 8 i t i o n  o c c u r r e d ,  S i n c e  

t h i s  t ~ a ~ ~ ~ t i o n  o f t e n  o c c u r s  a t  v e r y  n e a r l y  t h e  same t i m e  
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0 

is in a g ~ ~ @ r n e ~ t  w i t h  

that  the ge 
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LF hiss, (2) the 

xt i tuae  at 

ea ( e  = 0 )  to 
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the plasmapause bou 
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e s e n t e d  above i s  also 

able t o  expl r d - a ~ ~ e c t @ a  n e t  

f of ELF h i s s ,  

g n e t i c  field 

j u s t  outside t h e  plk rye The two-ion cutoff 

w a ~ @ s  w i t h  %re- 
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w i l l  p be obse rved  

f r e q u e n c y  obse rved  i n s i d e  t h e  p lasmasphere  i n  t h i s  c a s e  i s  

a c t u a l l y  nea t h e  two-ion c u t o f f  f r e q u e n c y  f o r  downgoing 

waves o u t s i d e  t h e  p lasmasphere  a t  t h e  8ame a l t i t u d e ,  r a the r  

t h a n  n e a r  t h e  l o c a l  two-ion c u t o f  f r equency  a t  t h e  s a t e l l i t e  

G u r n e t t  and Burns [19681, The o b s e r v a t i o n  of 

a c u t o f f  f r e q u e n c  d i f f e r e n t  from t h e  l o c a l  two-ion c u t o f f  

s e r v a t  i o n  by 

l o c a l  p r o t o n  

t 1412 UT t o  305 HZ a t  

ELF h i s s  band 



accoun t  f o r  t h e  d i u r n a l  v a r i a t i o n  o f  t h e  minimum a l t i t u d e  

a t  which an  upward -d i r ec t ed  n e t  P o y a t i n g  f l u x  is obse rved  

i n  t h e  p lasmasphere .  It  is t h e r e f o r e  concluded  t h a t  such  

r e f l e c t i o n s  i n  t h e  lower  i o n o s p h e r e  can  o n l y  c o n t r i b u t e  i n  

small  p a r t ,  if st a l l ,  t o  t h e  obse rved  b e h a v i o r  of  ELF h i s s  

p r o p a g a t i o n ,  S i m i l a  c e  of ELF h i s s  t low a l t i -  

t u d e s  i n  t h e  ( i n  a d d i t i o n  t o  s o u r c e s  a t  h i g h  

a l t i t u d e s )  migh t  s u c c e s g f u l l  v a t f o n s  of  an 

s p h e r e ,  b u t  

it canno t  uency c u t o f f  

i n  t h e  upgoing 
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III, VLF HISS 

A .  Results of Observations 

The results of correlation measurements of VLF hiss 

from 40 Ingun 5 r olutions support the preliminary results 

on VLF hiss prese ed by Mosier and Gurnett [1969]. In all 

40 cases, VLF his was observed to have components propaga- 

ting both up and down the geomagnetic field lines. 
Several distinct for 8 of VLF hiss are observed 

in the Injun 5 d ta, ell of which exhibit both upgoing and 

downgoing waves in the Correlation measurement. Figure 6 

illustrates the most commonly observed form of auroral-zone 

VLF hiss. This type of hiss has been discussed in detail by 

Gurnett [1966], who referred to it a8 impulsive hiss, and is 

characterized by spectral vari tisne on a time scale of the 

order of BL second and a lo requeney that tends 

initialLy to decrease with increa tude, reaching a 

out 70' IMVL,  

tituae [Gurnett , 1966 
quency dependence is a r a ~ B L t ~ ~ ~ ~ ~ ~  i l ~ ~ $ t ~ ~ t e d  in Figure 7, 

which shows a transitis b e t w ~ e n  ~ m p u ~ s i ~ ~  VLF hiss and 8 



on which exhibit a smooth, steady 

variation o be s~mmetric in 

shape , i 'V-shaped~ name is 

derived, or it 

enission b ~ n ~ s ~  hiss is often 

accompanied f relatively weak VLF 

hiss which, xhibits both upgoing 

- and downgoing waves. 

ted in Figure 10 is new type of VLF 

hiss which oceurs c o m m o ~ ~ y  at sub-auro~al latitudes and 

which is called m i d - l ~ t ~ t u d e  hiss. Like auroral-zone hiss, 

I t  exhibits both  upgoing nd downgoing waves. However, 

whereas auroral-zone VLF his o b a e r ~ e d  at latitudes 

a t ~ ~ u d ~  hies is not 

frequency decre Mid-letitude 



t f o n  r e s u l t s  

it ~ a g n e t i c  a l ignmen t  o r  

a z i m u t h a l  o en obse rved ,  and it i s  t h e r e f o r e  

coneluded  t h a t  t h e   iso orientation of t h e  s a t e l l i t e  i s  n o t  

a f f e c t i n g  t h e  Po i n a t i o n s  of VLF hiss, 

fscassian ai Results 

S i n c e  VLF h i s s  i s  be l ieved  t o  occur  a lmos t  e n t i r e l y  

above t h e  l o c a l  LHR f r e q u e n c y  [ J d r g e n s e n ,  19681,  it may n o t ,  

i n  g e n e r a l ,  be p o s s i b l e  t o  draw any d e f i n i t e  c o n c l u s i o n s  con- 

c e r n i n g  t h e  d i r e c t i o n  of t h e  n e t  Poyn t ing  f l u x  of  VLF h i s s .  

However, one E conc lude  from t h e  o b s e r v a t i o n s  of  downgoing 

waves t h a t  a t  l e a s t  p a r t  o f  t h e  VLF hiss must be g e n e r a t e d  a t  

a l t i t u d e s  above t h e  s a t e l l i t e ,  s i n c e  (1) upgoing waves cannot  

be r e f l e c t e d  about  t h e  geomagnet ic  f i e l d  l i n e  and (2) waves 

from t h e  o p p o s i t e  h e m i s p h @ r ~  w i t h  f r e q u e n c i e s  greater  t h a n  

t h e  e q u a t o r i a l  e l e c t r o n  gy ro f requency  canno t  p r o p a g a t e  past  

t h e  e q u a t o r .  The s i m u l t  ~ ~ O U S  o b s e r v a t i o n s  of upgoing VLF 

h i s s  a r e  prob  b l y  due a t  feast i n  p a r t  Lo t h e  r e f l e c t i o n  o f  

downgoing waves n e a r  t h e  a l t i t u d e  a t  which t h e  wave f r equency  

i s  e q u a l  t o  t h e  locacl LHR f r e q u e n c y ,  b u t  t h e r e  may a l s o  be 

~ ~ 1 3  below t h e  s a t e b l f t e ,  

though t h e  p r e  

roposed  by o t h e r  i nves -  



for example, J n ,  1968.], t h e r e  i s  i n s u f f i c i e n t  

ev idence  from t h e  e measurements t o  draw any d e f i n i t e  eon- 

clU8iOns concerning t h e  Source mechanism. 
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PED EMISSIONS 

Mosier and Gu 

of the emissions i nt limiting 

ray angle for prop 

below the satellit Since the initial data of Mosier and 

Gurnett [A9691 wer ported, six additional cases of saucer- 

shaped emissions have been studied; in each of these cases, 

the correlation measurement <E 

waves. These six cases represent all s s s f b l e  displacement 

directions for the satellite misalignment (refer to the dis- 

cussion of misalignment errors in Paper 1) and it is expected 

that the data are di tributed over different values of the 

azimuthal angular position of" the satellite, s discussed 

in the introductio zimuthal orientations 

in which the proportion lity factor between <Ey Bz> 

is nearly isotropice Since it i 

Bz> indicates only upgoing 
Y 

measurement 

having large anisotropies in the proportionality factor, one 

can conclude that the 

the r n e a s u ~ ~ ~ ~ n t s  indicates that t 

sion is ai 



2 1  

been proposed  for 

may propag 

8cross t h e  p l  

sphe re .  T h i  l e  t o  e x p l a i n  t h e  

f o l l o w i n g  expe r i  

(1) AB upward-d i rec ted  n e t  Poyn t ing  f l u x  of 

s i n  c e r t a i n  r e g i o n s  of t h e  plssma- 

sphere  

( 2 )  The d i u r n  1 vet r$a t ion  of t h e  minimum a l t i t u d e  

a t  which a n  upwyrd-d i rec ted  n e t  P s y n t i n g  f l u x  

i s  ~ b s e ~ ~ ~ d ~  

( 3 )  The ~ o w m f r e q u e ~ s y  c u t o f f  for  upgoing ELF 

( 4 )  The 1 O W ~ f ~ e ~ U e n c y  CutOf"fs of ELF h i s  

b o w  t h e  l o c  1 p r o t o n  g y r o f r e q u e n c y ~  

of VLF hiss i n d i c a t e  t h a t  a t  l e  

l t i t u d e s  above t h e  I 

s a t e l l i t e ,  a l t h o u g h  no d e f i n i t e  c o n c l u s i o n  can  be made 

conce rn ing  'the soure p o s s i b i l i t y  of h i s s  

g e n e r a t  ion b e l o  

i s s i o n s  i n d i c a t e  

t h a t  t h e  n e t  Po i s  d i r e c t e d  upw 
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a u t h o r ' s  Ph.D. d i s s e r t a t i o n  a t  t h e  U i v e r s i t y  of Iowa. 

T h i s  r e s e a r c h  was s u p p o r t e d  i n  p a r t  by t h e  N a t i o n a l  

A e r o n a u t i c s  and Space A d  nde r  C o n t r a c t s  I A S 5 -  
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FIGURE CAPTIONS 

F i g u r e  1. Top view of t h e  I n j u n  5 s a t e l l i t e  showing t h e  

o r i e n t a t i o n  of t h e  e l e c t r i c  d i p o l e  and  magnet ic  

l o o p  a n t e n n a  

F i g u r e  2. I n j u n  5 o r b i t  p l o t s  f o r  times d u r i n g  which down- 

g o i n g  ELF h i s s  w a s  observed .  

F i g u r e  3. I n j u n  5 o r b i t  p l o t s  f o r  times d u r i n g  which upgoing 

ELF h i s s  was observed .  No upgoing  h i s 8  was ob- 

served a t  a l t i t u d e s  greater  t h a n  approx ima te ly  

60° I N V L .  

F i g u r e  4 .  C o r r e l a t i o n  measurement of ELF h i s s  f o r  a plasma- 

pause  c r o s s i n g  i n  wbich a t r a n s i t i o n  from upgoing 

t o  downgoing waves q c c u r r e d .  T h e  e l e c t r o n  d e n s i t y  

from t h e  AFCRL probe  is a l s o  p l o t t e d  and i n d i c a t e s  

t h a t  t h e  t r a n s i t i o n  o c c u r s  a t  t h e  d e c r e a s e  i n  t h e  

e l e c t r o n  d e n s i t y  g r a d i e n t .  

F i g u r e  5 .  Diagram showing r e f l e c t i o n  mechanism o f  ELF h i s s  

i n  t h e  plasmasphere. 

F i g u r e  6 .  C o r r e l a t i o n  measurement of i m p u l s i v e  a u r o r a l - z o n e  

VLF h i s s ,  showing b o t h  downgoing and  upgoing waves. 
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Figure 7. Correlation measurement of auroral-zone VLF hiss 

showing strong latitudinal dependence of lower 

cutoff frequency. 

Correlation measurement of a symmetric V-shaped 

VLF hiss event showing both downgoing and upgoing 

waves. 

Figure 8. 

Figure 9 .  Correlation measurement of V-shaped VLF hiss event 

consisting of segments of narrow emission bands, 

showing both downgoing and upgoing waves. 

Figure 10. Correlation measurement of mid-latitude VLF hiss, 

showing both downgoing and upgoing waves. This 

type of hiss is observed at latitudes below about 

6 5 O  IIVL. 
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