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A b stra c t A detailed  analysis ol the VLI' em issions obtained during continuous whistler recordings ul the low  latitude ground station

l.uninu (geom agnetic latitude, 22'^26'/N) has yielded some unusual discrete VI emissions o f  the rising type and hiss-triggcrcd chorus emissions 

These include (i) emissions occurring sim ultaneously in dilTerent freiiucncy ranges, (ii) his-tnggcrcd discrete chorus emissions o f the rising t>T)c. 

In the present study, the observed characteristics ol these em issions are described and inleqircted It is shown that unusual occurrence o f the 

discrete chorus emission in two different frequency ranges at the same time m ay possibly be linked with tlieir generation at tw o dificrent locations 

From the analysis o f the hiss-triggcrcd chorus emissions observed at Jarnmu. it is Ibund that a chorus element is likely to have originated from  the 

hiss band 'ITicn tlieir generation and propagation in the inner plasm aspheie have been discussed, and luture problems are suggested

Keyword.s ' W histler, VLF hiss-triggered chorus emission, low lalilude ground station.

PACS Noa. . 94 3 0 .T /

V e ry  lo w  f r e q u e n c y  ( V L F )  e m i s s i o n s  l i k e  w h i s t l e r s ,  i s  a  c l a s s  
of n a t u r a l  r a d i o  p h e n o m e n o n  | 1 ] . T h e  w a v e - p a r t i c l e  
in t e r a c t io n s  o c c u r r in g  i n  th e  io n o s p h e r e / m a g n e t o s p h e r e  
g e n e r a te  v a r i e t y  o f  e m i s s i o n s  in  t h e  e x t r e m e ly  lo w  f r e q u e n c y  
( E L F ) / v e r y  l o w  f r e q u e n c y  ( V L F )  r a n g e .  H e l l i w c l l  [ 1 ]  h a s  
c l a s s i f ie d  t h e s e  e m i s s i o n s  in t o  h i s s ,  d is c r e t e ,  p e r io d ic ,  c h o r u s ,  
an d  t r i g g e r e d  e m i s s i o n s .  R y c r o f t  [ 2 ] a n d  S a z h i n  a n d  
H ay  a k a  w a  [ 3 ]  h a v e  p r e s e n t e d  e x c e l l e n t  r e v i e w s  o n  
n ia g n c t o s p h c r ic  c h o r u s  e m i s s i o n s  o b s e r v e d  in  U ie  g r o u n d  
S ta t io n s , r o c k e t s ,  a n d  s a t e l l i t e s .  R e c e n t l y ,  N u n n  a n d  S a z h i n  
|4] a n d  T r a k h t e n g e r t z  et a! | 5 |  h a v e  p r e s e n t e d  c h o r u s  
m o d e ls .

U n t i l  a  f e w  y e a r s  a g o ,  V L F  e m i s s i o n s  h a v e  b e e n  a  s u b je c t  
of m id d le  a n d  h i g h  la t i t u d e s  o n ly .  T h o u g h ,  t itc  V L F  e m is s io n s  
a rc  b a s i c a l l y  a  m i d d le  ( g c o m a g .  la t .  3 0 ° - 5 0 ° )  a n d  h i g h  
la titu d e  ( g e o m a g .  la t .  >  5 0 ° )  p h e n o m e n a ,  t h e r e  a r e  a m p le  
e v id e n c e s  o f  t h e i r  o c c u r r e n c e  i n  lo w  la t i t u d e  g r o u n d  s ta t io n

a l s o .  J a p a n e s e  w o r k e r s  |6 | h a v e  r e p o r t e d  th e  o b s e r v a t io n  o f  
h i s s - t y p e  e m is s io n s  in  t h e i r  lo w  la t i t u d e  g r o u n d  s t a t io n s ,  
w h e r e  a s  I n d ia n  w o r k e r s  [ 7 - 9 ]  h a v e  r e p o r te d  th e  o b s e r v a t io n s  
o f  d i s c r e t e - h i s s - t y p c  e m i s s i o n s  in  t h e i r  g r o u n d  s t a t io n s .  T h e  
e x i s t e n c e  o f  in t e n s e  z o n e  o f  V L F  e m i s s i o n s  in  t h e  lo w  
la t i t u d e  io n o s p h e r e  h a s  a l s o  b e e n  c o n f i r m e d  b y  s a t e l l i t e  
o b s e r v a t io n  | 1 0 ].

V e r y  lo w  fr e q u e n c y ' c h o r u s  a n d  h i s s  a r e  w e l l  k n o w n  
f o r m s  o f  e l e c t r o m a g n e t ic  e m i s s i o n s  w h i c h  a r i s e  in  t h e  
io n o s p h e r e / m a g n e t o s p h e r e .  H o w e v e r ,  t h e i r  o r i g i n s  a r e  p o o r ly  
u n d e r s t o o d . C h o r u s  a n d  h is s  s i g n a l s  a r e  b e l i e v e d  to  p l a y  a n  
im p o r t a n t  r o le  in  th e  p r e c ip i t a t io n  o f  t h e  e le c t r o n s  f r o m  th e  
r a d ia t io n  b e l t s  [ I I ]  A  p r o m in e n t  fe a t u r e  o f  n a t u r a l  h i s s  i s  
i t s  t e n d e n c y  o f  t r ig g e r  c h o r u s  e m i s s i o n s  a t  th e  u p p e r  e d g e  
o f  i t s  b a n d  [ 1 ]. S i m i l a r  p h e n o m e n a  h a v e  a l s o  b e e n  o b s e r v e d  
a t o u r  lo w  la t i t u d e  g r o u n d  s ta t io n  J a m m u  a l o n g  w it h  d i s c r e t e  
c h o r u s  e m is s io n s .  T h e  g e n e r a t io n  m e c h a n i s m  o f  s p o n t a n e o u s
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c h o r u s  e m i s s i o n s  h a s  b e e n  s t u d ie d  e x p e r im e n t a l ly  b y  B u r t o n  
a n d  H o lz e r  [ 1 2 ] ,  G o l d s t e i n  a n d  T s u r u t a n i  [ 1 3 ] ,  l l a y a k a w a  
et a l [ 1 4 ]  a n d  H a t to r i  a n d  H a y a k a w a  [ 1 5 ]  a n d  t h e o r e t i c a l ly  
b y  N u n n  [ 1 6 ] ,  F ^ c s p a lo v  a n d  T r a k h t e n g e r t z  | 1 7 |  a n d  C u r t is  
[ 1 8 ] .  T h e  g r o u n d  a n d  s a t e l l i t e  V L F / H L F  m e a s u r e m e n t s  h a v e  
i n d ic a t e d  th a t c h o r u s  h is s  is  f r e q u e n t ly  a c c o m p a n ie d  b y  a  
b a c k g r o u n d  o f  h i s s  [ 1 9 ] .  T h e s e  e x p e r im e n t a l  r e s u l t s  s u g g e s t  
th a t  h i s s  h a s  a n  im p o r ta n t  r o le  in th e  g e n e r a t io n  o f  c h o r u s  
in th e  o u t e r  m a g n e t o s p h e r e .  H o w e v e r ,  a l  lo w  la t i t u d e s , th is  
p h e n o m e n a  h a s  n o t  a t t r a c t e d  th e  a t te n t io n  o l ' m a n y  w o r k e r s  
in  th is  f i e ld  b e c a u s e  o f  s c a r c e  g r o u n d - b a s e d  o b s e r v a t io n a l  
r e s u l t s .  A n  u n d e r s t a n d in g  o f  th e  g e n e r a t io n  m e c h a n is m  o f  
s o m e  u n u s u a l  d i s c r e t e  V F F  a n d  h i s s - t r ig g e r e d  c h o r u s  
e m i s s i o n s  o b s e r v e d  a l o u r  lo w  la t itu d e  g r o u n d  s ta t io n  .la m m u  
( la t i t u d e  2 2 ° 2 6 'N ,  lo n g it u d e  1 4 7 ' 1 0 ' F ) ,  c o u ld  b e  m o s t  u s e f u l  
f o r  in f e r r i n g  th e  p r o p c n i c s  o f  th e  h ig h  e n e r g y  t r a p p e d  
e le c t r o n s .

In  th e  p r e s e n t  p a p e r ,  w e  p ic k  u p  s o m e  in t e r e s t in g  c a s e s  
o f  u n u s u a l  d i s c r e t e  V I . F  e m is s io n s  a n d  h i s s - t r ig g e r e d  d is c r e t e  
V L F  e m i s s i o n s  o b s e r v e d  a t o u r  lo w - la t i t u d e  g r o u n d  s ta t io n  
J a m m u  d u r in g  a  p e r io d  o f  a b o u t  th re e  y e a r s  a n d  in te rp re t  
t h e i r  m o r p h o l o g ic a l  c h a r a c t e r i s t i c s .

T h e  V L F  e m i s s i o n s  a r c  o b s e r v e d  w ith  th e  s a m e  s e t  o f  
e q u ip m e n t s  a s  th a t  r e q u ir e d  fo r  th e  o b s e r v a t io n s  o f  w h is t le r s .  
U s in g  s t a n d a r d  w h is t l e r  o b s e r v a t io n  e q u ip m e n t s  c o n s is t in g  
o f  a  T - t y p e  a n te n n a , 2 5  m  h ig h ,  s u it a b ly  a m p l i f i e d  b y  a  
t r a n s is t o r i s e d  p r e -  a n d  m a in  a m p l i f i e r s  h a v in g  b a n d  p a s s  o f  
5 0 0  to  1 5 0 0  H z , a n d  a  m a g n e t ic  ta p e  r e c o r d e r ,  w e  c o n d u c te d  
ro u t in e  o b s e r v a t io n s  o f  w h i s t l e r s  at o u r  lo w - la t i t u d e  g r o u n d  
.statio n  J a m m u  U n i v e r s i t y  C a m p u s ,  C a n a l  R o a d ,  J a m m u , 
b e t w e e n  J a n u a r y ,  1 9 9 7  to  J u n e ,  1 9 9 9 .  T h i s  s ta t io n  is  a n o is e  
f r e e  a r e a .  T h e  o b s e r v a t io n s  w e r e  t a k e n  c o n t in u o u s ly  d u r in g  
n ig h t  h o u r s .  T h e  a c c u m u la t e d  d a ta  o n  m a g n e t ic  t a p e s  w e r e  
a n a l y s e d  o n  a  d ig i t a l  s o n o g r a p h .

T h e  r e s u l t s  o f  th e  d e t a i l e d  s p e c t r u m  a n a l y s i s  s h o w e d  
a  n u m b e r  o f  d i s c r e t e  V L F  e m i s s i o n s  a n d  h i s s - t r ig g e r e d  
d i s c r e t e  V L F  e m i s s i o n s  r e c o r d e d  at o u r  s ta t io n  o v e r  a  s p a n  
o f  t h r e e  y e a r s .  A  t y p ic a l  s p e c t r u m  o f  a  d i s c r e t e  ty p e  V L F  
e m i s s i o n s  o u t  o f  a  la r g e  n u m b e r  o f  d a t a  r e c o r d e d  o n  6  

J a n u a r y ,  1 9 9 9  d u r in g  n ig h t im e  b e t w e e n  0 1 0 0  h rs  1 S T  to  
0 3 0 0  h rs  1 S T  ( I n d ia n  S t a n d a r d  T i m e )  a t J a m m u  is  s h o w n  
in  F i g u r e  1 .

F i g u r e  1 ( a )  c o n t a in s  o n ly  o n e  r i s e r  in  th e  f r e q u e n c y  r a n g e  
o f  3 . 6  t o  6  k H z .  F i g u r e  1 ( b )  s h o w s  t w o  r i s e r  e v e n t s  T h e  f i r s t  
r i s e r  e m i s s i o n  l i e s  in  th e  f r e q u e n c y  r a n g e  o f  2 .8  to  5 .5  k H z  
w h e r e a s  s e c o n d  r i s e r  e m i s s i o n  l i e s  in  th e  f r e q u e n c y  r a n g e  o f  
2 .8  to  5 .6  k H z .  F i g u r e  1 ( c )  c o n t a in s  t w o  g r o u p s  o f  r i s e r  
e m i s s i o n s  e a c h  g r o u p  c o n s is t in g  o f  t w o  r i s e r  e v e n t s .  T h e  f i r s t  
r i s e r  e m i s s i o n  o f  th e  f i r s t  g r o u p  l ie s  in  th e  f r e q u e n c y  r a n g e

o f  3  .4  to  5 .9  k H z  w h e r e a s  th e  .se c o n d  r i s e r  o f  th is  g r o u p  lies 
in th e  f r e q u e n c y  r a n g e  o f  5 . 2  to  8  k H z .  T h e  o t h e r  tw o  r iser 
e m is s io n s  o f  th e  s e c o n d  g r o u p  a r e  in th e  f r e q u e n c y  ra n g e  o f  
3 .8  to  5 . 1  k H z  a n d  5 .9  to  7  8  k H z  r e s p e c t i v e ly .  F ig u r e  1 (d) 
s h o w s  th re e  g r o u p s  o f  d i s c r e t e  c h o r u s  r i s e r  e m is s io n s ,  each  
g r o u p  c o n s is t in g  o f  t w o  r i s e r  e v e n t s .  T h e  t w o  r i s e r  e m is s io n s  
o f  th e  f i r s t  g r o u p  a r c  in th e  f r e q u e n c y  r a n g e  o f  3 . 1  to  4 4 

k H z  a n d  4 ,9  to  6 .4  k H z  r e s p e c t i v e ly .  T h e  f i r s t  r i s e r  e m is s io n s  
o f  th e  s e c o n d  g r o u p  is  f o u n d  in th e  f r e q u e n c y  r a n g e  o f  3  i 
to  4 .4  k H z  w h e r e a s  th e  s e c o n d  r i s e r  e m is s io n  is  fo u n d  in tlic 
f r e q u e n c y  r a n g e  o f  4  7  to  6 .5  k H z . T h e  t w o  r i s e r  e m is s io n s  
o f  th e  th ird  g r o u p  a r e  fo u n d  in  th e  f r e q u e n c y  r a n g e  o f  3  5 

to  4 .6  k H z  a n d  5 . 2  to  7 . 1  k H z .  T h e  e v e n t s  in  F ig u r e  I 
c o r r e s p o n d  to  a  m a g n e t ic a l l y  d is t u r b e d  d a y .

JAM M U  (gromag l«t.. 22“26'N; 6 JANIIAKY|9<J<»

TIME, Sec

Figure 1. .Sonograms of discrete type of chorus cmis.sions recorded on 
January, 1999 during night time at Jammu.

T h e  s p e c t r o g r a m s  o f  s o m e  u n u s u a l  t y p e  o f  d iscrete  
V L F  e m is s io n s  t r ig g e r e d  b y  V L F  h i s s  b a n d  a r e  sh o w n  m 
F i g u r e  2 .  T h e s e  e v e n t s  w e r e  r e c o r d e d  o n  d i f f e r e n t  days 
d u r in g  n ig h t  h o u r s .  T h e  s p e c t r u m  s h o w n  in  F ig u r e  2(a) 
c o n t a in s  in v e r te d  h o o k  e m i s s i o n s  w h ic h  a r c  t r ig g e r e d  by
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lo w e r  a n d  u p p e r  h i s s  b a n d  2 . 2  t o  3 .9  k H z .  F i g u r e  2 ( b )  s h o w s  
d is c re te  c h o r u s  e m i s s i o n s ,  c o m b in a t io n s  o f  r i s in g  a n d  f a l l in g  
to n es. T h i s  e v e n t  i s  t r ig g e r e d  b y  th e  u p p e r  b a n d  o f  V L F  h is s  
o b s e r v e d  in  th e  f r e q u e n c y  r a n g e  o f  2 . 2  to  3 .9  k H z . T h e  
e v e n ts  s h o w n  in  F i g u r e s  2 ( a )  a n d  ( b )  w e r e  r e c o r d e d  o n  
Ja n u a r y  5 ,  1 9 9 9 ,  w h i c h  c o r r e s p o n d s  to  a  m a g n e t ic a l ly  
d is t u r b e d  d a y  w i t h  th e  s u m  o f  th e  ‘ P l a n e t a r y  3 - h o u r  
m a g n e t ic  i n d e x ’ A p  a s  1 5  (LKp - 1 5 ) .  T h e  s p e c t r u m  s h o w n  
in F ig u r e  2 ( c )  c o n t a in s  t w o  d i s c r e t e  c h o r u s  e v e n t s .  T h e  f ir s t  
e v e n t is  a  r i s e r  a n d  s e c o n d  e v e n t  is  a  f a l l i n g  to n e  w h ic h  a r e  
seen  to  b e  t r ig g e r e d  b y  lo w e r  b o u n d a r y  o f  a  V L F  b a n d  in 
the f r e q u e n c y  r a n g e  o f  2 . 7  to  4 . 2  k H z . T h e  e v e n t s  s h o w n  
in F ig u r e  2 ( c )  w e r e  r e c o r d e d  o n  2 3  J a n u a r y ,  1 9 9 9  a n d  
c o r r e s p o n d  to  a  m a g n e t ic a l l y  d is t u r b e d  d a y  w ith  th e  su m  
o\' Kp a s  2 7  (LKp = 2 7 ) .  F i g u r e  2 ( d )  s h o w s  t w o  lo n g  r i s e r s  
h a v in g  u p p e r  b o u n d a r y  f r e q u e n c i e s  o f  5  k H z  a n d  8  k H z  
r e s p e c t iv e ly  w h ic h  a r e  t r ig g e r e d  b y  th e  u p p e r  b o u n d a r ie s  
o f  a  h is s - b a n d  in  th e  f r e q u e n c y  r a n g e  o f  1 to  2 . 5  k H z . T h is  
e v e n t w a s  r e c o r d e d  o n  F e b r u a r y  1 7 ,  1 9 9 9  [ ( F ig u r e  2 ( d ) ) l  
w h ic h  c o r r e s p o n d s  to  a  m a g n e t ic a l l y  d is t u r b e d  d a y  w ith  
sum o f  Kp i n d ic e s  a s  2 2  ( S A ^  “  2 2 ).

JAMMU (Rcomag. la l , 22‘*26'N, L -  1 17)

; (d)

TIME. See TIME, See

I'lpurc 2. (a, b) Sonograms of some unusual type of discrete VLF emissions 
triggered by VLF hiss-band recorded on 5 January, 1999 at 2025 1ST and 2035 
1ST respectively, at Jammu, (c) Sonograms of some unusual type of discrete 
VLF emissions triggered by VLF hiss-band recorded on 23 January, 1999 
during night lime at Jammu and (d) Sonograms of some unusual type of 
discrete VLF emissions triggered by VLF hiss-band recorded on 17 February, 
1990 dunng night time at Jammu

T h e  d i s c r e t e  t y p e  o f  c h o r u s  e m i s s i o n s  s h o w n  in  
f i g u r e  1 d i f f e r  m a r k e d l y  in  f r e q u e n c y  a n d  th e  r a te  o f  c h a n g e  
o f  f r e q u e n c y  w it h  th e  t im e  f r o m  t h o s e  o f  th e  r i s e r  w h is t le r s  
o b s e r v e d  e a r l i e j  a t  lo w - la t i t u d e  g r o u n d  s ta t io n  G u lm a r g  
(g e o m a g . 2 4 ° 1 0 ' N )  [ 6 ] ;  h e n c e ,  th e  p o s s ib i l i t y  th a t  th e s e  
e m is s io n s  a r e  a l s o  r i s e r  w h i s t l e r s ,  is  r u le d  o u t . F u r th e r , th e  
p o s s ib i l i t y  th a t  t h e s e  e m i s s i o n s  w a s  ju s t  a  c o in c id e n c e ,  d o e s

n o t  s e e m  to  b e  l i k e ly  b e c a u s e  K h o s a  et a l [ 7 ] h a v e  r e p o r t e d  
o t h e r  c a s e s  a l s o  in  w h ic h  m o r e  th a n  t w o  e m i s s i o n s  o c c u r r e d  
o n e  a f t e r  th e  o t h e r  d u r in g  th e  s a m e  n ig h t  o f  o b s e r v a t io n .

W e  h a v e  e x a m in e d  v a r io u s  p o s s ib i l i t i e s  fo r  o c c u r r e n c e  
o f  th e s e  e m is s io n s  s h o w n  in  F ig u r e  1 w h ic h  in c lu d e  ( 1 ) th a t  
th e y  w e r e  c a u s e d  b y  in s t ru m e n t , ( 2 ) t h e y  w e r e  g e n e r a t e d  d u e  
to  s e c o n d  o r d e r  c y c lo t r o n  r e s o n a n c e s ,  ( 3 ) th e y  w e r e  c a u s e d  
b y  H F  h e a t in g  o f  th e  lo w e r  in o s p h e r e .  H o w e v e r ,  t h e s e  
p o s s ib i l i t ie s  a r e  r u le d  o u t b e c a u s e  s u c h  e m is s io n s  w e r e  a l s o  
r e c o r d e d  a t  V a r a n a s i  | 7 ,8 ] ,  th e  s o c o n d  o r d e r  c y c lo t r o n  
r e s o n a n c e  r e q u ir e s  e n e r g e t ic  e le c t r o n s  o f  ~ 5 0  M e V  w h ic h  
a r e  n o t  a v a i l a b le  a t  L  ^  1 . 2  [ 2 0 ] ,  a n d  r a d ia t io n s  f r o m  H F  
h e a t in g  p e a k s  a t f r e q u e n c y  n e a r  2  k H z  w h ic h  a r e  n o t  
o b s e r v a b le  o n  th e  g r o u n d  i f  th e  r e c e i v e r  is  a w a y  f r o m  th e  
s o u r c e  [ 8 ]. T h u s ,  th e  o n ly  p o s s ib i l i t y  le ft  is  th a t th e s e  
e m is s io n s  a r c  g e n e r a te d  a t  s l i g h t ly  d i f f e r e n t  lo c a t io n s  in  th e  
m a g n e t o s p h e r e .  F u r th e r ,  th e  p o s s ib i l i t y  th a t t h e s e  e m is s io n  
a r e  h ig h - la t i t u d e  d is c r e t e  c h o r u s  e m is s io n s  w h ic h  h a v e  
p r o p a g a t e d  to  o u r  lo w - la t i t u d e  g r o u n d  s ta t io n  Ja m m u  in  th e  
E a r t h - I o n o s p h e r e  w a v e g u id e  m o d e  o f  p r o p a g a t io n ,  is  a l s o  
ru le d  o u t b e c a u s e  th e re  is  a  s t r o n g  a b s o r p t io n  b a n d  in th e  
f r e q u e n c y  r a n g e  a r o u n d  2  k H z . T h e  p o s s ib i l i t y  th a t  th e s e  
e m is s io n s  a r e  g e n e r a te d  a t  h ig h  a n d  le s s  L - v a lu e s  in  th e  
v ic in i t y  o f  th e  p la s m a p a u s e  a n d  p r o p a g a t e d  to  o u r  g r o u n d  
s ta t io n  a f t e r  s u c c e s s i v e  m a g n e t o s p h e r ic  r e f le c t i o n s  in  a  
m a n n e r  s im i la r  to  th o s e  o f  th e  E L F  h is s  o b s e r v e d  b y  s a t e l l i t e s  
in  th e in n e r  z o n e  [ 2 1 ]  d o e s  n o t  s e e m  to  b e  t e n a b le .  T h i s  is  
b e c a u s e ,  a t  th e  f r e q u e n c y  o f  t h e s e  e m is s io n s ,  th e  a t te n u a t io n  
lo s s e s  d u r in g  v a r io u s  m a g n e t o s p h e r ic  r e f le c t io n s  c o u ld  b e  
h ig h  a n d  th u s  w a v e s  c o u ld  n o t  b e  d e te c te d  o n  th e  g r o u n d  
[ 1 1 ] .  T h u s ,  w e  b e l i e v e  th at th e s e  e m is s io n s  a r e  g e n e r a t e d  in  
th e  e q u a t o r ia l  r e g io n  a t I  ^  1 . 2  ( I n n e r  Z o n e  r a d ia t io n  b e lt )  
u n d e r  c y c lo t r o n  r e s o n a n c e  m e c h a n is m  a n d  p r o p a g a t e d  to  o u r  
g r o u n d  s ta t io n  in  n o n d u c t e d  m o d e  o f  p r o p a g a t io n .  In  o r d e r  
to  te s t  c y c lo t r o n  r e s o n a n c e  a s  th e  p o s s ib le  g e n e r a t io n  
m e c h a n is m  fo r  th e s e  e m is s io n s ,  w e  c a lc u la t e d  th e  r e s o n a n t  
e n e r g y  o f  th e  in v o lv e d  e le c t r o n s  a n d  g r o w t h  r a te s  at L  =  1 . 2  

in th e  e q u a t o r ia l  p la n e . T h e  r e s o n a n t  e n e r g ie s  f o r  v a r io u s  
f r e q u e n c ie s  o f  th e  e m is s io n s  w e r e  c a lc u la t e d  f r o m  th e  
e x p r e s s io n  g iv e n  b y  T s u r u t a n i  et al [ 2 1 ] .  T h e  r e s o n a n t  
e n e r g ie s  f o r  v a r io u s  f r e q u e n c ie s  f o r  th e  e m is s io n s  w e r e  
fo u n d  to  b e  in  th e  r a n g e  3 - 5  M e V  in  g o o d  a g r e e m e n t  w ith  
th e  r e s u lt s  r e p o r te d  b y  o t h e r  w o r k e r s  [ 7 ,9 ] .  U s in g  th e  
e x p r e s s io n  ( 2 . 2 0 )  o f  K e n n e l  a n d  P e t s c h e k  [ 1 1 ] ,  w e  c a lc u la t e d  
th e  g r o w t h  r a te s  f o r  v a r io u s  f r e q u e n c ie s  o f  th e  e m i s s i o n s  a t  
L ^ \ 2  a n d  fo u n d  to  b e  - - 3  r a d . s e c ’ ' in d ic a t in g  a  s i g n i f ic a n t  
w a v e  a m p l i f ic a t io n .  T h e s e  w a v e s ,  th u s  g e n e r a t e d  a t  L  =  1 . 2 ,  
w e r e  p r o p a g a t e d  to  th e  g r o u n d  s ta t io n  o f  J a m m u  in  n o n d u c t e d  

m o d e  o f  p r o p a g a t io n .
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P r o m  th e  a n a l y s i s  o f  th e  h i s s - t r ig g e r e d  c h o r u s  e v e n t s  
o b s e r v e d  a t J a m m u  s h o w n  in  F ig u r e  2 ,  it is  fo u n d  th a t a  
c h o r u s  e le m e n t  is  l i k e l y  to  h a v e  o r ig in a t e d  f r o m  th e  h is s -  
b a n d  a n d  is  a s y m p t o t ic  in  th e  h is s - b a n d . It is e v id e n t  fr o m  
F i g u r e  2  th a t c h o r u s  e v e n t s  w ith  d i f f e r e n t  s lo p e s  (dfldt) a n d  
w it h  v a i l i n g  in t e n s i t i e s  a r c  o b s e r v e d .  I 'h c  s h a r p n e s s /  
d i f f u s e n c s s  v a r ie d  f r o m  e v e n t  to  e v e n t .  T h e  d u r a t io n  o f  m o s t  
o f  th e  c h o r u s  e v e n t s  is  a b o u t  0 .3  s  a n d  a v e r a g e  dfldt is  a b o u t  
0 .2  k H z  s  I h c  s i m i la r  e v e n t s  o f  h is s - t r ig g e r e d  c h o r u s  
e m i s s i o n s  r e c o r d e d  at G u lm a r g ,  h a v e  r e c e n t ly  b e e n  r e p o r te d  
b y  S i n g h  ct a! [ 2 2 1.

B a s e d  o n  e x p c n m e n la i  r e s u l t s  o f  h i s s - l r ig g c r c d  c h o r u s  
e m is s io n s  o b s e r v e d  o n b o a r d  s a t e l l i t e  G H O S - 1 , r e c e n t ly  H a tto r i 
a n d  H a y a k a w a  j l .^ ]  h a v e  s h o w n  th a t  th e  a z im u th a l a n g le  
v a l u e s  fo r  b o th  h is s  a n d  c h o r u s  e m is s io n s  a r c  th e  s a m e  a n d  
h a v e  s u g g e s t e d  th at b o th  p h e n o m e n o n  c o m e  fr o m  th e  s a m e  
s o u r c e  r e g io n .  IT ir lh e r , th e y  h a v e  s h o w n  th a t c h o r u s  is 
t r ig g e r e d  f r o m  s o m e  is la n d  s t r u c tu r e s  o r  w a v e le t  e x i s t in g  at 
th e  u p p e r  e d g e  o f  th e  h i s s - b a n d  th ro u g h  a  c o h e r e n t  w a v e -  
p a r t ic le  in t e r a c t io n  in  th e  c a s e  o f  a n  a c t i v e  V L F  in je c t io n  
e x p e r i m e n t .

A l t h o u g h  a t  p r e s e n t ,  w e  d o  n o t h a v e  a  u n iv e r s a l ly  
a c c e p t e d  g e n e r a l  th eo r> ' o f  h i s s - t r ig g e r e d  c h o r u s  e m is s io n s  
a t  lo w  la t i t u d e s ,  w e  b e l i e v e  th a t  th e  H a t to r i  a n d  H a y a k a w a 's  
t h e o r y  f l 5 ]  b a s e d  s i m p l y  o n  g y r o r c .s o n a n c e  in t e r a c t io n  
b e t w e e n  e n e r g e t i c  s t r e a m in g  e le c t r o n s  a n d  w h is t l e r - m o d e  
w a v e s  t r a v e l l i n g  in  th e  o p p o s i t e  d i r e c t io n  is  a b le  to  e x p la in  
m o s t  o f  th e  fe a t u r e s  o f  t h e s e  e m is s io n s  o b s e r v e d  a t  o u r  
g r o u n d  s ta t io n  Ja m m u .  T h i s  m e c h a n is m  b a s e d  o n  H e l l iw e l l 's  
th e o r y  [ 2 3 ]  h a s  a l s o  b e e n  a d o p t e d  r e c e n t ly  b y  S in g h  et al 
[ 2 2 ] to  e x p l a i n  th e  f e a t u r e s  o f  th e  h i s s - t r ig g e r e d  c h o r u s  
e m i s s i o n s  o b s e r v e d  a t G u lm a r g .  H a t to r i  a n d  H a y a k a w a  [ 1 5 ]  
h a v e  v e r i f i e d  th e  p r o p o s e d  m e c h a n is m  c o m p u t a t io n a l ly  to  
e x p la in  th e  h i s s - t r ig g e r e d  c h o r u s  e m is s io n s  o b s e r v e d  o n b o a r d  
s a t e l l i t e s  G F O S - I  o n  J u l y  2 1 ,  1 9 9 7  T h i s  m e c h a n is m s  h a s  
t w o  S te p s  : a t f i r s t ,  th e  e n e r g e t i c  r e s o n a n t  e l e c t r o n s ,  w ith  a  
w a v e le t  w h ic h  h a s  e n o u g h  in t e n s i t y  a n d  d u r a t io n  lo c a t e d  a t  
th e  u p p e r  e d g e  o f  th e  p r e - e x i s t i n g  h i s s - b a n d ,  a r c  p h a s e -  
b u n c h e d  a t th e  m a g n e t ic  e q u a t o r  in  th e  o u t e r  m a g n e t o s p h e r e .  
T h u s ,  th e s e  p h a s e - b u n c h e d  e le c t r o n s  m o v e  a w a y  f r o m  th e  
e q u a t o r  a l o n g  th e  e a r t h 's  m a g n e t ic  f i e ld  l in e ,  r a d ia t in g  a  
c o h e r e n t  w a v e  w h i c h  s a t i s f i e s  th e  c y c lo t r o n  r e s o n a n c e  
c o n d i t io n  a n d  th e  d i s p e r s i o n  c o n d it io n  a t  a n y  la t i t u d e ; th is  
c a u s e s  a  t e m p o r a l  c h a n g e  o f  f r e q u e n c y .  T h e  r a d ia t e d  w a v e  
p r o p a g a t e s  t o w a r d s  th e  e q u a t o r  a n d  th e n  to  th e  g r o u n d  to  b e  
r e c e i v e d  a i th e  o b s e r v i n g  s ta t io n .

In  o r d e r  to  c o m e  to  a  f i r m  c o n c lu s io n  o n  th e  g e n e r a t io n  
m e c h a n is m  o f  th e  h i s s - t r ig g e r e d  c h o r u s  e m is s io n s  o b s e r v e d  
at lo w  la t i t u d e  g r o u n d  s ta t io n , a  la r g e r  d a ta  is  r e q u ir e d . It

w o u ld  b e  m u c h  m o r e  h e lp f u l  to  h a v e  d i r e c t io n  f in d in g  o f  
V L F  d a t a  c o n t a in in g  s im u lt a n e o u s  h i s s  a n d  c h o r u s ,  and 
th e  f in e  s t r u c tu r e  a n a l y s i s  a t  J a m m u  to  c h e c k  th e  source 
r e g io n  o f  b o th  h is s  a n d  c h o r u s ,  b u t  t h e s e  m e a su re m e n ts  
a t  J a m m u  a r e  n o t  a v a i l a b l e .  N o t  w i t h s t a n d i n g  th ese 
l im it a t io n s  th e  p r e s e n t  e x e r c i s e  o f  s t u d y i n g  th e  g en era tio n  
m e c h a n is m  o f  h i s s - t r ig g e r e d  c h o r u s  e m i s s i o n s  o b s e r v e d  at 
o u r  lo w  la t i t u d e  g r o u n d  s t a t io n  J a m m u  is  s t i l l  w o r th w h ile  
H e n c e  fu r t h e r  r e s e a r c h  i s  r e q u i r e d  to  e x p l a i n  th e  m ic ro 
p r o c e s s  o f  h i s s - t r ig g e r e d  c h o r u s  e m i s s i o n s  o b s e r v e d  at 
lo w  la t i t u d e s .
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