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ABSTRACT 

A new t y p e  o f  i o n  c y c l o t r o n  w h i s t l e r  a s s o c i a t e d  w i t h  

i o n s  h a v i n g  a  m a s s - t o - c h a r g e  r a t i o  o f  8 - a m u / u n i t  c h a r g e  i s  

r e p o r t e d  f r o m  v e r y - l o w - f r e q u e n c y  ( V L F )  r a d i o  n o i s e  o b s e r v a -  

t i o n s  w i t h  t h e  I n j u n  5 s a t e l l i t e .  T h i s  o b s e r v a t i o n  c o n f i r m s  

e a r l i e r  m e a s u r e m e n t s  b y  t h e  E x p l o r e r  31  s a t e l l i t e  i d e n t i f y i n g  

t h e  p r e s e n c e  o f  8 - a m u / u n i t  c h a r g e  i o n s  i n  t h e  i o n o s p h e r e  a n d  

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

i n  s a t e l l i t e  VLF d a t a .  From c r o s s o v e r  f r e q u e n c y  m e a s u r e m e n t s  

t h e  f r a c t i o n a l  c o n c e n t r a t i o n  o f  t h e  8 - a m u / u n i t  c h a r g e  i o n s  

h a s  b e e n  d e t e r m i n e d  t o  b e  a  f ew p e r c e n t  o r  l e s s ,  T h i s  new 

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

l o c a l  n i g h t ,  a t  a l t i t u d e s  r a n g i n g  f rom 1 2 0 0  km t o  2100 km 

a n d  i n v a r i a n t  l a t i t u d e s  f r o m  3 7 O  t o  58O. 



A new ion cyclotron whistler associated with ions 

having a mass-to-charge ratio of' 8-amu/unit charge has been 

found in the Ingun $ satellite very-low-frequency (VLF) 

radio noise d a t a ,  This 8-smu/unit charge ion cyclotron 

whistler is the third type of ion cyclotron whistler found 

in satelli'be VLF' data, the previous types being the proton 

whistler, which was first reported by Smith et al. El9641 

and explained by Gurnett et ale [ ~ 9 6 5 ] ~  and the helium 

whistler, which was first reported by Barrington et al. [1966]. 

This observation of an 8-amu/unSL charge ion cyclotron whistler 

confirms earlier measurements by Hoffman Cl9671 who first 

identified %he presence of ionospheric ions with mass-to- 

charge ratios sf 8-amulunit charge using a mass spectrometer 

on the Explorer 31 satellite, The corresponding ion species 

4-9 
is tkough"co be either 0 (8, doubly charged mass a6 ion) 

+ 
or He2 (a singly charged mass 8 molecule [Hoffman, 19671). 

At the present Lime the identity of %his ion has not been 

clearly established [ s e e  aissussions by Banks and McGowan, 

1948; Fergussn and Fehsenfeld, 1969; Banks and McGowan, 1969a; 

Gerardo and Gusinow, 1969; and Banks and McCowan, 1969b1. 

An example of an 8-amu/unit charge ion cyclotron 

whistles observed with the I n j u n  5 VLF experiment (see 

Gurnett et al, 619491 for a description of this experiment) 

i e  ehswn i n  F i g u r e  1, T h j e  illus%ralisn shows the 



Prequency-$ ime  s p e c % r a g r s m  oP a s h o r t  f r a c t i o n a l  hop  e l e c -  

t r o n  w h i s t l e r  f o l l o w e d ,  $a o r d e r  o f  d e c r e a s i n g  f r e q u e n c y ,  

b y  a p r o t o n  w h i s t l e r  a t  a b o u t  432 Hz,  a h e l i u m  w h i s t l e r  a% 

a b o u t  1 0 8  H z ,  a n d  a n  8 -amu/un i% c h a r g e  w h i s t l e r  a t  a b o u t  

5 4  Hz .  The i o n  s p e c i e s  c o r r e s p o n d i n g  t o  each  o f  t h e s e  i o n  

c y c l o t r o n  w h i s t l e r s  c a n  5- d e t e r m i n e d  f rom t h e  a s y m p t o t i c  

f r e q u e n c y  o f  % h e  w h i s t l e r  s i g n a l  ( t h e  i o n  g y r s f r e q u e n c y )  

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

o f  t h e  c o r r e s p o n d i n g  i o n  s p e c i e s  [ s e e  G u r n e t t  e t  a l . ,  1 9 6 5 1 .  

T h e  a s y m p t o t i c  f r e q u e n c y  o f  t h e  8 - a m u / u n i t  c h a r g e  w h i s t l e r  

i n  F i g u r e  1 w a s  d e t e r m i n e d  t o  be ~ / 8 t 3 %  o f  t h e  p r o t o n  g y r o -  

f requenc3r  t h e r e b y  i d e n t i f y i n g  t h e  c h a r g e - t o - m a s s  r a t i o  t o  b e  

8 - a m u / u n i t  c h a r g e ,  

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

o b t a i n e d  f r o m  me2zsuraments o f  t h e  c r o s s o v e r  f r e q u e n c y ,  t h e  

f r e q u e n c y  a-which t h e  i o n  c y c l o t r o n  ' w h i s t l e r  s i g n a l  m e e t s  

t h e  s h o r t  B s a e L i o n a l  hop  whistler s i g n a l  [ s e e  G u r n e t t  e t  al., 

1965;  Shawhan and  G u s w e t t ,  1 9 6 6 ;  a n d  MeEwen a n d  B a r r i n g t o n ,  

1 9 6 7 3 ,  C o n s i d e r i n g  t h e  u n c e r t a i n t i e s  f n  m e a s u r i n g  t h e  e r o s s -  

o v e r  f r e q u e n c i e s  i n  F i g u r e  1, t h e  f r a c t i o n a l  c o n c e n t r a t i o n s ,  

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

The  l a r g e  u n c e r t a i n t y  i n  L h e  f r a c t i o n a l  c o n c e n t r a t i o n  o f  t h e  

8-amu/unit c h a r g e  i o n s  ( Q  t o  3 % )  a r i s e s  b e c a u s e  t h e  d l r f e r e n c e  



b e t w e e n  % h e  c r o s s o v e r  f r e q u e n c y  a n d  t h e  i o n  g y r o f r e q u e n c y  o f  

t h e  8 - a m u / u n i t  c h a r g e  w h i s t l e r  i s  v e r y  s m a l l  ( ~ 5  HZ) a n d  

d i f f i c u l t  t o  d e t e r m i n e  w i t h  good a c c u r a c y .  

A t  t h e  p r e s e n t  t i m e ,  a f t e r  s u r v e y i n g  d a t a  f rom s e v e r a l  

h u n d r e d  p a s s e s ,  8 - a m u / u n i t  c h a r g e  w h i s t l e r s  h a v e  b e e n  o b s e r v e d  

on o n l y  s i x  p a s s e s ,  much l e s s  f r e q u e n t l y  t h a n  e i t h e r  p r o t o n  

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

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

d e c r e a s e d  r e c e i v e r  s e n s i t i v i t y  a t  t h e s e  e x t r e m e l y  low f r e -  

q u e n c i e s .  The s a t e l l i t e  c o o r d i n a t e s  a t  w h i c h  8 - a m u / u n i t  

c h a r g e  w h i s t l e r s  w e r e  o b s e r v e d  on e a c h  p a s s  a r e  g i v e n  i n  

T a b l e  1. I n  a l l  c a s e s  t h e  f r a c t i o n a l  c o n c e n t r a t i o n  o f  t h e  

8 - a m u / u n i t  c h a r g e  i o n s  was a  few p e r c e n t  o r  l e s s ,  



REFERENCES 

5. 
Banks, P, M., and J. W. McGowan, He2 in the topside ionosphere, 

J - , -* Res 9 - 73, 5008-5011, 1968. 

Banks, P. M., and J. W. McGowan, Reply, J .  Geophys. *., 74, 
404, 19698. 

Banks, P. M,, and J. William McGowan, Reply, J .  Geophys. Res * ' 

74, 921, 1969b6 - 
Barrington, R. E,, J. S. Belrose, W. E. Mather, A helium 

whistler observed in the Canadian satellite Alouette 

2, Nature, 210, 80-81, 1966. 

Ferguson, E. E., and F. C. Fehsenfeld, Discussion of letter 
+ 

by Peter M. Banks and J. William McGowan 'He2 in 

the topside ionosphere', J .  Geophys. g.,  74, 402- 
404, 1969. 

Gerardo, J. B., and M, A .  Gusinow, Discussion of letter by 

+- 
Peter M. Banks and J. William McGowan, 'He2 in the 

topside ionosphere', J .  Geophys. K., 7 4 ,  919-920, 

1969 

Gurnett, D. A., S. D. Shawhan, N. M, Brice, and R. L. Smith, 

Ion cyclotron whistlers, - J. Geophys. * Res s - 70, 1665- 

1687, 1965. 



G u r n e t t ,  D .  A . ,  G .  W i l l i a m  P f e i f f e r ,  Roger  R .  A n d e r s o n ,  S t e p h e n  

R .  M o s i e r ,  a n d  Dav id  P .  C a u f f m a n ,  I n i t i a l  o b s e r v a t i o n s  

o f  VLF e l e c t r i c  a n d  m a g n e t i c  f i e l d s  with t h e  I n J u n  5 

s a t e l l i t e ,  - J. - R e s . ,  2, 4631-4647 ,  1 9 6 9 .  

Hoffman,  J .  H., C o m p o s i t i o n  m e a s u r e m e n t s  o f  t h e  t o p s i d e  

i o n o s p h e r e ,  S c i e n c e ,  z, 3 2 2 - 3 2 4 ,  1 9 6 7 .  

McEwen, D, J,, a n d  R .  E ,  B a r r i n g t o n ,  I o n  c o m p o s i t i o n  b e l o w  

3000 km d e r i v e d  f r o m  i o n  w h i s t l e r  o b s e r v a t i o n s ,  

R e s e a r c h  ....-.-$ VIP N o r t h - H o l l a n d  P u b l i s h i n g  Co,, 

Amsterdam,  396-404 ,  9 9 6 7 .  

Shawhan,  S .  D . ,  a n d  D .  A ,  G u r n e t t ,  F r a c t i o n a l  c o n c e n t r a t i o n  

o f  h y d r o g e n  i o n s  i n  t h e  i o n o s p h e r e  f r o m  VLF p r o t o n  

w h i s t l e r  m e a s u r e m e n t s ,  J ,  

1 9 6 6 .  

S m i t h ,  R ,  L , ,  N .  M .  B r i c e ,  J, K a t s u f r a k i s ,  D, A .  G u r n e t t ,  

S ,  D .  Shawhan ,  J. S.  B e l r o s e ,  a n d  R .  E, B a r r i n g t o n ,  

An i o n  g y r o f r e q u e n c y  phenomena o b s e r v e d  i n  s a t e l l i t e s ,  

N a t u r e ,  204, 274-275 ,  1 9 6 4 .  



Date 

March 2, 1969 

August 11, 1969 

August 15, 1969 

August 24, 1969 

August 24, 1969 

September 2, 1969 

September 2, 1969 

TABLE 

Universal 
Time 

nr min:sec 

1 

Altitude ~nvasian-% 
Latitude 

5 0 . 1  

41,2 

148. 0 

5 3 . 7  

58.6 

4 2 , ~  

37.4 






