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PROPAGATION OF WHISTLER WAVES TRAPPED IN A NARROW DENSITY TROUGH 

H. Sugai, K. Ido, H. Niki and S. Takeda. 
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Abs t rac t :  Whis t ler  waves a r e  observed t o , b e  t r ap -  

ped i n  t h e  narrow d e n s i t y  trough of width  2d < XI/ 
( p a r a l l e l  wave l e n g t h ) .  The phase and ampli tude 

p r o f i l e  of ducted w h i s t l e r s  is  measured a long and 

a c r o s s  t h e  trough. The experimental r e s u l t s  a r e  i n  

good agreement wi th  t h e  r e c e n t  t r app ing  theory. 

Ducted propagat ion of w h i s t l e r  waves has  been 

widely  recognized a s  a  mechanism guiding t h e  wave 

energy a long l i n e s  of magnetic f i e l d  i n  geo- 

magnetosphers ! I n  t h e  f i e ld -a l igned  d e n s i t y  t rough 

o r  hump ( ' d u c t ' ) ,  w h i s t l e r s  a r e  t rapped somewhat i n  

t h e  manner of a  m e t a l i c  waveguide. The convention- 

a l  r a y  theory1 cannot be  app l i ed  t o  t h e  narrow duc t  

(2d ,< A,,). The r e c e n t  theory2 so lv ing  t h e  eigen- 

va lue  problem has  p red ic ted  t h a t  w h i s t l e r  waves a r e  

I n  t h i s  paper we p resen t  l a b o r a t o r y  exper i -  

ments of w h i s t l e r  wave t r app ing  i n  t h e  narrow den- 

s i t y  trough. The d e t a i l s  of plasma dev ice  has  a l -  

ready been repor ted  elsewhere? The experiment is  

performed i n  an  a f t e rg low plasma of d e n s i t y  n  z 

7 X 10" cm-3 and e l e c t r o n  temperature  kT6 = 0.3 - 

0.8 eV, under t h e  magnetic f i e l d  Bo = 100 - 200 G .  

The f i e ld -a l igned  d e n s i t y  t rough i s  a r t i f i c i a l l y  

produced i n  t h e  novel  f a s h i o n  where t h e  depth  and 

t h e  width  of t h e  duc t  can be  c o n t r o l l e d  a r b i t r a l l y .  

Whis t l e r  waves of frequency w / 2 ~  = 100 - 500 MHz 

a r e  exc i t ed  w i t h  a n  e l e c t r i c  d i p o l e  antenna. The 

r f  power app l i ed  t o  t h e  e x c i t e r  antenna i s  so  smal l  

t h a t  t h e  wave n o n l i n e a r i t y  and t h e  e l e c t r o n  hea t ing  

due t o  antenna a c t i o n s 4  i s  excluded. 

While t h e  wave energy f low d ive rges  i n  t h e  

t rapped even i n  t h e  narrow d e n s i t y  trough. uniform d e n s i t y  p r o f i l e ,  t h e  narrow d e n s i t y  t rough 
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Fig .1 .  R e l a t i v e  wave ampli tudes  

a c r o s s  Bo a t  d i f f e r e n t  a x i a l  

d i s t a n c e s  from t h e  e x c i t e r  an- 

tenna,  toge the r  wi th  t h e  d e n s i t y  

p r o f i l e s  i n  t h e  absence (a)  and 

t h e  presence (b) of t h e  narrow 

d e n s i t y  trough. w / O  = 0.70, 

52127~ = 508 MHz. 
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conf ines  t h e  wave which does no t  broaden with  in -  

c r e a s i n g  d i s t a n c e  from t h e  e x c i t e r .  Figure  1 d i s -  

p l a y s  a  comparison of t h e  wave amplitude p r o f i l e s  

a c r o s s  Bo, i n  t h e  absence [ F i g . l ( a ) ]  and i n  t h e  

presence [ F i g . l ( b ) ]  of t h e  d e n s i t y  trough. The 

p e r f e c t l y  ducted mode is  e s t a b l i s h e d  a t  z  2 25 cm, 

whi l e  t h e  e f f e c t  of r a d i a t i o n  broadenning from t h e  

e x c i t e r  antenna cannot be  neglected f o r  z  ,< 1 5  cm. 

The t r a n s v e r s e  p r o f i l e s  of wave ampli tudes  

show t h e  exponent ia l  decay o u t s i d e  t h e  trough. The 

t r a n s v e r s e  decay l e n g t h  A is p l o t t e d  i n  Fig .2 ,  a s  a  

func t ion  of t h e  f requency normalized by t h e  e l ec -  

t r o n  cyc lo t ron  f requency Q. The s o l i d  l i n e  i n  

Fig.2 i n d i c a t e s  t h e  t h e o r e t i c a l  curve obta ined i n  

t h e  sha rp  boundary model? The experimental v a l u e s  

of A become minimum, around t h e  c r i t i c a l  f requency 

The wave l e n g t h  a s  we l l  a s  t h e  wave ampli tude 

i s  modified i n  t h e  presence of t h e  d e n s i t y  trough. 

The measured d i s p e r s i o n  r e l a t i o n s  of t h e  ducted 

modes we l l  ag ree  w i t h  t h e  t h e o r e t i c a l  ones,  a s  

shown i n  Fig .  3. 
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Fig.2 .  Experimental p o i n t s  and t h e o r e t i c a l  l i n e  of 

t h e  t r a n s v e r s e  decay l e n g t h  A a s  a  f u n c t i o n  of 

t h e  normalized frequency w/Q. The d e n s i t y  de- 

p ress ion  r a t e  6 = 33 %, and 2d = 1 .4  cm. 
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Fig.3. Cornparisor of t h e  w h i s t l e r  wave d i s p e r s i o n  

r e l a t i o n s  i n  a  uniform plasma and i n  a narrow 

d e n s i t y  trough. So l id  l i n e  and c losed c i r c l e s  

correspond t o  t h e  c a s e  wi th  t h e  t rough,  and dash- 

ed l i n e  and open c i r c l e s  i n d i c a t e  t h e  c a s e  with- 

ou t  t h e  trough. n l  = 6.9 x 10" ~ r n - ~ ,  Q/2n = 508 

MHz, 8 = 30 X ,  and 2d = 1.4 cm. 


