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tne lassage  o f  waves  w i th  f r equency  be l -ow  the
p lasma  f requency  th rough  a  dens i t y  ba r r l e r  1n  a rL
inhomogeneous  p lasma  l i as  obse rved  expe r lmen ta l l y .
The  obse rved  t r i nduced  t ranspa rency r r  o f  t he  wave
b a r r l e r  i s  a t t r i b u t e d  t o  t r a n s p o r t  o f  t h e  p e r t u r -

ba t i on  t h rough  the  ba r r i e r  by  t he  pa r t i c l - es  t r apped
b Y  t h e  w a v e .

The  e f f ec t  o f  | t i nduced  t ranspa rency t r  o f  wave  ba r r l e r s  f o r  p lasma  waves  was

p r e d i c t e d  t h e o r e t i c a l l y  i n  [ 1 ] t , ) .  T h e  g l s t  o f  t h i s  e f l e c t  i s  t h a t  t h e  e l e c -

t " o n s  t r a p p e d  i n  a  p o t e n t i a l  w e l l  o f  s u c h  a  w a v e  ( o f  f r e q u e n c y  u r ) ,  w h i c h  m o v e s

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

, r  o :  a re  sp i l l ed  ou t ,  as  j - t  we re ,  f r om the  po ten t i a l  we l l - s  when  the  wave  f i e l - d

i s  a t t enua ted  ano  pa i s  t h rough  the  ba r r i - e r '  p roduc ing  1n  the  p lasma  a  modu la ted

n r r - r i  n t  e  e r r r . r en l ,  beh ind  the  ba r r i e r .  Unde r  ce r ta in  cond i t i ons  ,  t h i s  cu r ren t  can

' . oso6an r ' t v  exe i t e  a  wave  o f  f i n i t e  amp l i t ude  i n  t he  p l -asma  beh ind  the  ba r r i e r .
r e v v r r \ 4 r  u + J

The  e f f ec t i ve  coe f f l c l en t  o f  wave  t ransmiss ion  th rough  the  ba r r i e r  i s  no  l onge r

e x p o n e n t i a l l y  s m a l l  i n  t h i s  c a s e .

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

ba r r i e r s  t o  e lec t ron i c  p l -asma  waves  1n  an  l nhomogeneous  p lasma  were  pe r fo rmed

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

r i e r ,  p l as rna  was  made  to  f l ow  i n to  t he  vacuum reg lons  I  and  I I I  f r om a  Penn lng

d i s c h a r g e  w i t h  i n c a l ' l d e s c e n t  c a t h o d e ,  p r o d u c e d  i n  t h e  d l s c h a r g e  g a p  I I  t 2 ) .

The  en t i r e  sys tem was  p laced  i n  a  homogeneous  magne t i c  f i e l d  wh i ch  d id  no t

e x c e e d  Z O  O e  i n  t L e  p r e s e n t  e x p e r i m e n t s ,  s o  t h a t  n o  i n t e n s e  l o w - f r e q u e n c y  o s c i l -

l a t i ons  due  to  t t r e  rb ta t i ona l  l ns tab i l i i y  I J ]  we re  p roduced  1n  the  d i scha rge

p l a s m a

The  work ing  gas  (a rgon  o r  he l -
i um)  was  fed  to  t he  cen t ra l  Pa r t  o f
reg ion  I I  and  1 t s  P ressu re  was  usu -
a l i y  1  x  f O - 3  m m  H g  f o r  t h e - d i s -
cha rge  1n  he l i um and  2  x  10  *  mm Hg
fo r  t he  d i scha rge  i n  a rgon ;  t he
p r e s s u r e s  1 n  r e g i o n s  I I  a n d  I I I  w e r e
lower  by  app rox l rna te l y  one  o rde r  o f
magn i tude .

F igu re  l b  shows  a  t yp i ca l  ax ia l
p ro f i l e  o f  t he  1on  sa tu ra t i on  cu r -
ren t  t o  a  P robe  mov ing  a long  the
q \ / s t e m  a x i S  -  a n d  r c n r . A s p n t s  t h e  C O f -o J  D U s r i l  4 ^ L p  ,  

v y f  v v u r r v v

r e s p o n d i n g  d e n s i t Y  P r o f i l e .  T h e
abso lu te  va lues  o f  t he  dens i tY  a t
t he  max i -mum o f  t he  ax ia l  d l s t r l bu -
t i o n  a t  I  =  I  A  w e r e  1  x  1 0 1 1  c m - 3
f o r  a r g o n  a n d  5  x  1 O 1 o  c t - '  f o r
he l i um.  f n  t he  reg lon  o f  t he  Pene -
t r a t i n g  p l a s m a ,  t h e  c o n c e n t r a t i o n

l ) A s  s h o w n  i n  [ 1 ] ,  a  s i m l l a r  e f f e c t  e x i s t s  a f s o  f o r  e x t r a o r d i n a r y  e J . e e t r o -

m a E n e t i c  w a v e s .

t t  r e l .  un .

Vacuum

q,cn

Vacuum

F i g .  1 .  a )  E x p e r i m e n t a l  s e t u p ,  A -  a n o d e ,
C  -  c a t h o d e s ,  R  -  r e f l e c t o r s .  b )  A x i a l -
p r o f i l e  o f  t h e  s a t u r a t l o n  c u r r e n t ,  T ^  =

1  A ;  V .  =  1 0 0  V ;  a r g o n .
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was  o f  t he  o rde r  o f  l - 0 t  c r -3  and  dec reased  mono ton l ca l - l y  w l t h  i nc reas ing  d i s -
t ance  f rom the  ex lb  open ing  o f  t he  re f l ec to r .

The  p lasma  waves  were  exc i t ed  1n  reg ion  I  w i t h  a  v i b ra t i ng  p robe  V ,  t o
wh ich  a  s l gna l  w l t h  amp l i t ude  0 .5  V  was  fed  f rom a  G4-7A  h igh - f requency  gene ra -
t n r  r t  f r . e n r r e n n j s s  f  =  2 0  -  5 0  M H z  c o r r e s p o n d i n g  t o  t r l ^  i n  t h e  p e n e t r a t i n g  p l a s -

v Y g v r . v + v v 4 v v l + - - r . e

m a .  T h e  o s c l l l a t i o n s  i n  t h e  p l a s m a  w e r e  r e g i s t e r e d  b y  a  s y s t e m  o f  l n s u l a t e d
h igh - f requency  p robes  P r r  -  P rs .  The  s igna l  f r om the  h igh - f requency  p robe  was
e m n l  i  f i  c r l  h v  a  T l ? - 5  h y ' o A d h e n d  n m n l  i  f i  c r  n n d  f p d  f i h r o r r  e h  a  f  P - 2  6  r e c e i v e r  t o  au ' t y L L  l f v u  v , y  a  v ) - )  q r r r y t f  t + v r

P D S - 0 2 1  a u t o m a t i c  x - y  r e c o r d e r  t o  o b t a l n  t h e  p l o t s  o f  t h e  a m p l i t u d e s  ( u r  -  u s )
o f  t h e  o s c l l l a t i o n s  r e c e i v e d  b y  t h e  p r o b e  a g a l n s t  t h e  d i s c h a r g e  c u r r e n t .

Expe r lmen t  has  shown  tha t  osc1 l1a t1ons  a t  t he  exc i t a t l on  f r equency  a re  ob -
s c r . v c d  i n  r c E i o n  I I I  u n d e r  d e f i n i t e  c o n d i t i o n s .  T h e  a m p l i t u d e s  o f  t h e s e  o s c i l - -
l - a t i ons  depend  i n  t he  resonan t  f ash lon  on  the  d i scha rge  cu r ren t  ( see  cu rve  1  o f
F i g .  2 a ) .  I f  t h e  p h y s i c a l  m e c h a n i s m  w h e r e b y  t h e  o s c i l l a t i o n s  a r e  p r o d u c e d  l n
r e g i o n  I I I  i s  l n d e e d  d e s c r l b e d  b y  t h e  t h e o r y  o f  r r l n d u c e d  t r a n s p a r e n c y r r  o f  t h e
w a v e  b a r r i e r s  [ 1 ]  t t r e n ,  i f  w e  m a k e  i t  i m p o s s l b l e  f o r  t h e  e l e c t r o n s  b u n c h e d  b y
t h e  w a v e  i n  r e g l o n  I  t o  e n t e r  r e g i o n  I I I ,  w e  s h o u l - d  e x p e c t  o s c i l l a t l o n s  1 n  r e -
- j ^ -  r r r  + n , , o n i q l  T n r t c e d  w h e n  a  t h i n  d i e l e c t r l c  s c r e e n  S c  w a s  l n t r o d u c e d
S r v l I  r r r  u v  v 4 r r D l r .  a t r u g c u ,  v t r r \

i n to  t he  d i scha rge  p lasma  and  was  ro ta ted  i n to  a  pos i t i on  t ha t  exc ludes  the
n n s s i h i ' l  i  i v  o f  r l i r c n t  f l i  E h t  o f  t h e  e l e c t r o n s  f r o m  r e g i o n  I  i n t o  r e g i o n  I I I ,  n o
osc i l l a t i ons  we re  obse rved  i n  reg ion  I I I  1n  t he  en t i r e  range  o f  va r i a t l on  o f
t h c  r t i s n h e r c F  n r r r r e n t  ( s e e  c u r v e  2  o f  F i g .  2 a ) .  A t  t h e  s a m e  t i m e ,  t h e  a m p l - i t u d e

v r r e +  b u

o f  t h e  o s c l l l a t i o n s  1 n  r e g i o n  I  r e m a l n e d  p r a c t i c a l l y  u n c h a r r g e d .  R o t a t i o n  o f  t h e
sc reen  had  1 i t t l e  i n f l uence  on  the  s ta t i ona ry  pa ra lne te rs  o f  t he  p fasma  1n  the
s v s t a m  T h e  a m o l l t u d e  o f  t h e  o s c i l l a t i o n s  i n  t h e  c h a l n  o f  p r o b e s  3 , 4 ,  a n d  ! ,v J  v v v r r r .

d u e  t o  t h e  i n v e s t i g a t e d  e f f e c t ,  w a s  s u b -
sF . i u t rn  f i l  v  de  f i ned  as  t he  d l f  f e rence  o f
t he  s igna l s  ob ta lned  by  se t t l ng  t he
sc reen  pa ra f l e l  and  pe rpend l cu la r  t o  t he
g e o m e t r i c a f  a x l s  o f  t h e  s y s t e m .

' I o r A

F i g .  2

F i g .  2 .  O s c i l l a t i o n  a m p l i t u d e  v s d i  s  a h  a n o a  a r r r r . a n f  .  \ /  =  
- l  

O O  V '  r  -
u r v v r r ( . r b v  v q r r v r l U .  v q  -  I U v  v  ,  t  -

2 0  M H z ,  h e l i u m ;  a )  u s ,  f  -  s c r e e n  p a r a l l e l  t o  t h e  s y s t e m  a x l s  '  2  ' s c r e e n
n A F n A n r l i n r r ' l  a ?  l ^  s \ r q t a m  r v i s .  h )  1 1 r  r r o  -  s i o . r r a ' l s  J : o  n r . o h e s  1  a n d  2
I r L r y s r r u r u u l o t  u v  u J U u u r r r  u ^ r u t  u /  u I ,  v z  -  e L  6 r r g r s  u v  y !  ( , r u  L ,

l r 3 ,  L r l + :  u s  -  d i f f e r e n c e  s i g n a l s  t o  p r o b e s  3 r  4 ,  a n d  5 ,  r e s p e c t l v e l y .

F i g .  3 .  O s c i l - l a t i o n  a m p l i t u d e  1 n  r e g l o n  I I I  v s
h e l i u m ,  1 )  f  =  2 0  l : t l H z : 2 )  2 5  M H z , 3 )  3 0  M H z .
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F lgu re  2b  shows  p lo t s  o f  t he  osc i l l - a t l on  amp l - l t ude  l n  a l l  t h ree  reg lons  o f

t he  p las -ma  aga lns t  t n -e  a i scha rge  cu r ren t .  We  eas i l y  see  tha t ,  f i - r s t ,  t hey  have

a  re lonan t  cha rac te r  and ,  second ,  t he  amp l - i t ude  o f  t he  osc i l l a t l ons  dec reases

sha rp l y  i n  reg ion  I I ,  md  then  i nc reases  aga in  1n  reg ion  I I I .  The  l a t t e r  o f f e r s

e v i d e n t e  1 n  f i v o r  o f  t h e  r r l n d u c e d  t r a n s p a r e n c y r t o f  t h e  w a v e  b a r r j - e r .  T h e  p r e s -

ence  o f  osc i l - l a t i ons  i n  reg ion  I I  may  be  d .ue  to  t he  bu l l dup  o f  f o r ced  osc i l l a -

t i o n s  b y  t h e  b u n c h e d  e l e c t r o n s .

The  resonan t  cha rac te r  o f  t he  ob ta ined  re la t l ons  g i ves  g rounds  fo r  assuming

tha t  t he  waves  exc i t ed  l n  reg ions  I  and  I I I  bu l t d  up  a t  t he ,  f r equenc les  o f  t he

e lec t ron  p lasma  osc1 l l a t i - ons .  Th l s  assumpt lon  i s  f avo red  a l so  by  t he  change

o f  t he  cu r ren t  a t  wh i ch  the  resonance  i s  obse rved  w l th  i nc reas ing  exc i t a t l on

f r e q u e n c y  ( s e e  F i g .  3 ) .

S im i l a r  r esu l t s  we re  ob ta lned  fo r  a  d i scha rge  i n  a rgon .  These  e f f ec t s  we re

obse rved  a l so  when  the  open lngs  1n  the  re f l - ec to rs  we re  cove red  w i th  a  2  x  2  mm

meta l l i c  mesh ,  and  when  t r re  v i n ra to r  p robe  was  moved  rad ia l l y  beyond  the  l im i t s

^ f  t h e s t r  o o e n i n g s .  T h e  l a t t e r ,  i n  p a r t l c u f a r ,  i n d i c a t e s  t h a t  t h e  o b s e r v e d  e f -

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

p l a s m a  [ 4 ] .

Thus ,  t he  resu l - t s  repo r ted  i n  t he  p resen t  pape r  can  be  rega rded  as  t he

f i  ] ' s t  o r ra l  i t a . t i ve  con f i rma t l on  o f  t he  ex i s tence  o f  an  e f f ec t  o f  t ? i - nduced  t rans -
Y q e 4 + v e v +

p u " u ^ " y r r  o f  t h e  w a v e  b a r r i e r s .  F o r  a  m o r e  d e t a i l e d  i n v e s t l g a t i o n  o f  t h i s  e f -

i ec t ,  ad .d i t i ona l  expe r imen ts  a re  be ing  p lanned .
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