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Longitudinal high-frequency plasma oscillations in junction diodes are 
examined by the kinetic equation method with allowance for the 
asymmetry of the boundary conditions at the boundaries between the 
plasma and the electrode barriers. It is shown that when the time 
taken by the wave to travel the distance between the electrodes is 
half the wave attenuation time in the unbounded plasma, an undamped 
wave may occur as a result of the superposition of waves reflected 
from the electrodes on the perturbation wave. 

In many gas-discharge and semiconductor diodes there are regions 
of quasineutral plasma bounded by potential barriers which create 
favorable conditions for the formation of standing waves in the plasma. 
Studies [1-5] are devoted to the investigation of these waves in an 
electron plasma between plane electrodes. In all these instances, how- 
ever, the conditions at the two boundaries were assumed to be the 
same. In fact, in a glow or arc-discharge plasma, and also in semi- 
conductor diodes when current passes through the diode, the conditions 
at the boundaries between the plasma and the space-charge regions 
are not the same. For example, in a p-i-n diode in the forward-cur- 
rent, mode holes and electrons from the i region that reach the bound- 
ary between the i region and the n and p regions behave differently. 
Holes are reflected from the boundary between the i and the p regions 
and readily pass into the n region, where they recombine; electrons, 
on the other hand, readily pass into the p region, where they recom- 
bine. but are reflected from the boundary between the i and the n 
regions. A similar asymmetry of the boundary conditions occurs at the 
boundaries between the positive column and the electrode barriers in 
glow and arc discharges, as well as in a cesium diode pIasma. This 
paper examines the longitudinal high-frequency plasma oscillations 
in junction diodes by the kinetic equation method with allowance for 
the asymmetry of the boundary conditions. 

We will cons ide r  a p l a s m a  located between plane  
e lec t rodes .  We denote the d i s tance  between the bound-  
a r i e s  of the p l a s m a  with the s p a c e - c h a r g e  reg ions  
n e a r  the e l ec t rodes  by 9,1 and se lec t  a coordinate  or ig in  
at the cen t e r  of the p lasma,  d i rec t ing  the x axis f rom 
the anode (col lector)  to the cathode (emit ter) .  In the 
l i n e a r  approximat ion  the o n e - d i m e n s i o n a l  p rob lem of 
longi tudinal  p l a s m a  osc i l l a t ions  reduces  to the i n t eg ra -  
t ion of the sys t em of equat ions 
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Here, JOz0 is the unperturbed distribution function 
for electrons (c~ = I) and ions or holes (o~ = 2), fff are 

smallperturbations(f~<<fc~0), ec~, m~ are the charge 

and effective mass of the current carriers, ~'~ their 

momentum relaxation time, and E the perturbation of 

the electric field. The latter cannot be assumed small 

as compared with the unperturbed external field E0; 

therefore in Eqs. (i) we have neglected the term 

EoOf~/Ou, since it is of the same order as the term 

ESfc~/Ou << Edfc~o/SU. H e r e ,  t he  e f f e c t  of i o n i z a t i o n  
and  r e c o m b i n a t i o n  on  the  h i g h - f r e q u e n c y  p l a s m a  o s c i l -  

l a t i o n s  i s  not  t a k e n  in to  a c c o u n t ,  s i n c e  t h e  e x t e r n a l  
f i e l d  E0 in  t h e p l a s m a  i s  t o o w e a k f o r  i m p a c t  i o n i z a t i o n ,  

and  the  l i f e t i m e  of t he  c u r r e n t  c a r r i e r s  i s  s e v e r a l  

o r d e r s  g r e a t e r  t han  t h e  p e r i o d  of t he  h i g h - f r e q u e n c y  

o s c i l l a t i o n s .  The  p l a s m a  of a g low o r  a r c  d i s c h a r g e  

and  the  p l a s m a  in t h e  i r e g i o n  of  a p - i - n  d i o d e  in  t he  

f o r w a r d  m o d e  a r e  s t r o n g l y  i o n i z e d  [6, 7]. T h i s  m e a n s  

tha t  the  e l e c t r o n  d e n s i t y  in  s u c h  a p l a s m a  i s  so  h igh  

t h a t  i n t e r e l e c t r o n i c  c o l l i s i o n s  b e c o m e  i m p o r t a n t  in 

e n e r g y  t r a n s f e r  b e t w e e n  p a r t i c l e s ,  and  an e l e c t r o n  

t e m p e r a t u r e  i s  e s t a b l i s h e d .  H o w e v e r ,  t he  d r i f t v e l o c i t y  

of t he  e l e c t r o n s  in t h e  f i e l d  b e c o m e s  �9 l e s s  than  

t h e i r  t h e r m a l  v e l o c i t y .  In s u c h  a p l a s m a  the  u n p e r -  

t u r b e d  c a r r i e r  d i s t r i b u t i o n  f u n c t i o n  can  b e  d e s c r i b e d  

in t he  f o r m  of a M a x w e l l  f u n c t i o n  d i s p l a c e d  in v e l o c i t y  

s p a c e  by  the  d r i f t  v e l o c i t y  wc~: 

m~ ,1"2 ln~ ( u - -  w~) 2 

In a c o l l i s i o n l e s s  p l a s m a ,  f o r  e x a m p l e ,  in the  d r i f t  

m o d e  of a c e s i u m  d iode ,  t he  u n p e r t u r b e d  d i s t r i b u t i o n  

f u n c t i o n  can  a l s o  be  t a k e n  in the  f o r m  (3), and  in t h i s  

c a s e  

We wi l l  i n t e g r a t e  Eqs .  (1) and  (2) f o r  the  f o l l o w i n g  

in i t ia l  and boundary  condit ions:  

Air-0 = q2 (uL x), (4) 

/1 ( - u )  = A (u) ,  /2  (~ ) , ,  : 0 =  0 at x =- t, (5)  

A (u)[~ > o = O, A ( - - u )  = A(~O at ~ = - -  l .  (6)  

Condition (4) means that the perturbation is chosen to depend on 
the magnitude of the velocity, but not on its direction. Condition (5) 

means that electrons entrained by the perturbation wave and reaching 

the cathode boundary of the plasma are reflected from that boundary, 

while ions (holes) pass through the boundary and recombine at the 

cathode without returning to the plasma. Condition (6) means that 

ions (holes) entrained by the perturbation wave and reaching the anode 

boundary of the plasma are reflected from that boundary, while 

electrons pass through the boundary and disappear at the anode. The 

reflection of electrons and ions (holes) is assumed to be instantaneous 

and from a plane, not from a layer. This assumption is justified if the 

reflection time is much less than the period of the plasma oscillations, 
and the width of the reflecting layer is much less than the wavelength, 
It will be satisfied the more closely, the higher the potential barrier 
and the narrower the space-charge region. Taking the finiteness of the 
layer into account leads to additional attenuation of the order of or 
less than the attenuation due to collisions with neutrals. 
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We will not place any r e s t r i c t ions  on the pe r tu rbed  
field. We m e r e l y  a s sume  that the field E(x, t) can be 
expanded in a F o u r i e r  se r i e s :  

E (x, t) = ~ E (k, t) e~ ,  
h'~--co 

l 

--I 

(lk ~ rig, n--  is an in teger  ) .  (7) 

Fo r  initial and boundary  conditions (4)-(7) the s y s -  
tem of equations (1), (2) is solvable.  

We in tegra te  Eqs. (1), (2) by means  of Laplace  
t r ans fo rma t ions  with r e s p e c t  to t ime and Fou r i e r  t r a n s -  
fo rmat ions  with r e spec t  to the coordinates .  

Using the Laplace  t ransformat ion ,  instead of (1), 
(2) we obtain 

qlq~-~ u ? - t  - e~ Eq ~~176 - ~ - =  g~ 
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x Eq (y) dg + d) (g~, g~), 

K~+(~)= m~.) u u Ou du. 
o 
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Here,  5(g~, g2) is the initial per turba t ion  function. We 
fo rmal ly  continue Ka* (~) into the region ~ < 0 with 
the aid of the re la t ion  

K~ +- (--~) = - K~:~ (~) .  (13) 

Using (13), we wri te  Eq. (12) in the more  compact  
f o r m  

l 
OEq0x(z) _ 4ae 28 S {K~+ ( 2 / +  x + g) - -  

- -  K F  ( 2 / - -  x - -  g) - - I K . -  ( x - -  y) - -  

- K1- ( x - -  v)} E~ (v) @ + �9 (g,, g4,  (14) 

Integrat ing Eq. (8) with r e spec t  to the coordinate  
with boundary conditions (5), (6), we obtain 

u _dI L ml u Ou 

- -  gl] exp .q~ (yu-- l) dy (u > o) 
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fqe = exp - -  q.2u(X @ l). S k ~'-~'-2 [ e2Eq 0]2o (Uuou-- w.z) 

--g~]expq~(Y2!)~dy m<m. 
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(q~ = q + i I"%). 

Using (10), (11)~ we wri te  Eq. (9) thus: 

OEq (x) __ 
Ox 

(11) 

and solve it by the F o u r i e r  method. Then Eq. (14) is 
wri t ten as a sys t em of a lgebraic  equations 

Eq(k) [1 + Ax(k) + A~ (k)] -k 

+ ~ Eq (kt) [B~ (--  k, - -  k~) -:'- B2 (k, kx)l = o)~, 

where  

l 'f Eq (k) = , )7  Eq (x) e -ikx d x  
- i  

(15) 

and k 1 sa t i s f ies  the same condition (7) as k, 

A~(k) -- 4~e~ i O.f~o(U--W~) t 
ikm a , ou % -}- iku 

--co 
du, (16) 

4:te~ ~ { si~ [(% -- nqu)//u] 

o 

0/~ (u q- (-- 1) a w~) Fexp (iku -- %) l / u 

- -  2 exp ( - -  2qfl  / u) sh  [ (% + iku) l ! uj  ] 
qa + iku J 

sh [ (% + iktu) l / (*] exp  [ - -  (iku + %) l / u] 
- -  • 

(qa @ iklu) ~qa -~ iku) 

x al~~ } u d u  (Re%>0).  (17) 

The dependence of the field on t ime can be found for  
each F o u r i e r  component  using the invers ion fo rmula  

"ico+~ 
t 

E ( k , t ) = ~  l eq~Eq(k) dq 
--4,co+~ 

(~>0), 
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where Eq(k) is the solut ion of Eq. (15) de t e rmined  in 
the r ight  ha l f -p lane  of q. Analy t ica l ly  cont inuing Eq(k) 
into the left ha l f -p lane  of q, we see  that the only s ing-  
u l a r i t i e s  of Eq(k) a r e  the pa les  r e p r e s e n t i n g  the roots  
of the equation 

Det I[i + A i (k) + Ae (k)15~, + 

+ B~ (--k, --kl) + B~ (k, k3I = o. (18) 

At l a rge  t the solut ion E(k, t) will be p ropor t iona l  
to eqt, where  q = - iw - y i s t h e r o o t  of Eq. (16)having 
the g r e a t e s t  r ea l  part .  Here ,  w is the osc i l l a t ion  f r e -  
quency, and Y the a t tenuat ion constant .  Equation (16) 
is the d i s p e r s i o n  equation of the osc i l l a t ions  of a 
bounded p l a s m a  in an ex te rna l  e l ec t r i c  field; it is val id  
for  both h igh- f requency  and low-f requency  p l a sma  
osc i l l a t ions .  As I ~ oo t h e t e r m s B a  inEq.  (18)vanish  
and the l a t t e r  takes the form 

+ A~ (k) + A: (k) = 0. (19) 

Equation (19) coincides with Eq. (I0) of [8] derived 

for the oscillations of an unbounded plasma in an ex- 
ternal electric field. 

We will consider high-frequency plasma oscillations 

whose frequency is of the same order as the Langmuir 
frequency of the electron oscillations 

We a s s u m e  that  the phase veloci ty  w/k of the waves 
is much g r e a t e r  than the t he rma l  veloci ty  of the p a r t -  
i c l e s  soz = ( n T o J m ~ ) l / 2 .  It does not make sense  to 
cons ide r  the p r o b l e m  of h igh- f requency  p l a s m a  o s c i l -  
la t ions  with boundary  condi t ions  at a wave phase  ve-  
loci ty  comparab le  with or l e s s  than the e lec t ron  t h e r -  
ma l  velocity,  s ince  in this case  the Landau damping 
is comparab le  with or  g r e a t e r  than the f requency  of 
the osc i l l a t ions ,  and the boundary  condit ions have no 
effect on them. 

We in t roduce  the d i m e n s i o n l e s s  va r i ab l e  and p a r a m -  

e te r s  

/2 W x ~q= 

~T - -  8~ ~ 8 a 

In these  v a r i a b l e s  for  the waves cons ide red  we can 
r e p r e s e n t  the quant i ty  A~(k) in the form of an a sympto -  
tic s e r i e s  [8] 

A~(~)- ~"-~(~+ ~ ""j  + 

+ z { - - ~ - )  ~ e x p -  :~ 

where  a a is the Debye rad ius  of the p a r t i c l e  a .  In the 
in tegra l  B(~ we will confine ou r se lve s  to l i n e a r  t e r m s  

of the expansion of the in tegrand  in powers  of v a << 1 
and r e p r e s e n t  it  in the form of a sum of th ree  in tegra l s :  

B ~ ( k , k ~ ) = _ ( _ _  i),~_.~ i ( l o +  I ~ +  l~) ~r 

Io : ~-ot ~ I C ' ( u ) - - + ] ) ~ ( u ) ]  2 

[ i  = ~ [--  C~(u) + D~.(u)le~'(u)du, 

1 ~ e %(u) 

l i  

}[ _ u ~ , ( k + k ~ ) l t k  [ (~.2 u~k~'~/lk~l)([~U~ u~) , 

u"- -t- (-- t) ~' ~'~ (1 - -  u~) u 
D~ 

(l~< + uk~ 1 i k I) (13~< - -  u,~ t I k I) ' 

c p i ( u ) = -  ~ 2 ' 

4 i  I k 1113~ u~ 

q~  ( u )  - -  u 2 ' 

n =: k l / n ,  m = k l l / g ,  

tie ~ )  0, Im ~ ~ 0, B e ~ I m ~ .  (21) 

The in tegra l  I0 is eas i ly  evaluated.  Asympto t ica l ly  
at f i :  >> 1 it is  equal to 

: 1) ~ - -  �9 (22) 

In order to evaluate the second integral we employ 
the stationary phase method. For this purpose we re- 
place 91 (u)with the first terms of the series expansion 

in powers of (u - ul): 

where  u 1 is the root  of the equat ion m1(ul) = 0: 

and 

(23) 

a] U ~' q~l" r = - -  "~ l ,  (ui) = --3.  (24) 

We take the i n t e g r a t i o n p a t h p a r a l l e t  to the r ea l  axis 
pas s ing  through the point  u = u 1. The s ingu la r  points  
u = f i a  and u = r ink 1/k will  l ie  above this path even at 
I m f l a  < 0, if lira flo~l <l i ra  ul]. We a s sume  that the la t -  
t e r  inequal i ty  is sat isf ied,  s ince  we a r e  cons ider ing  
osc i l l a t ions  for  which u = fic~ is c lose  to the r ea l  axis.  
Evaluat ing  the in tegra l  11 by the s t a t ionary  phase  

method, we obtain 

o ( . i ) - -  C~ (/21) e . ,  ~.,, , .  ( 2 5 )  
I t  - -  V ~  - -  

Obviously, at ifial >> i the modulus of the square 

Iu12[ is much greater than unity at all values of n = 
= kl/~r and is the greater, the greater n. Therefore 

the correction I I will be significant only for integers 

n close to unity. For these n, obviously, ]fin21 >> 
>> Iu12], and from (25) we have approximately 
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,,- 
2 V~ li3d i 

\TlUl -- 

(26) 

a~, ~ = '1 - -  Al '  (k) -+- i [AI" (k) ~ ~ "  (k)] 
a< ~+~ - - -  i~l" (k) 

a~+~,~_~ = q~l" ( k +  t ) ,  

a k + l ,  l = - - i ~ l ' '  ( k  "q~ l )  

a~+,,~+l = t - - A  l '  (kq-  I) -~ 

A s i m i l a r  f o r m u l a  i s  ob ta ined  fo r  I2, but in th is  
c a s e  it is  n e c e s s a r y  to r e p l a c e  

3 

We note that  the r e a l  p a r t s  of 11 and I z a r e  much 
s m a l l e r  than the r e a l  p a r t  of I0; t h e r e f o r e  they can  be  
neg lec t ed  in e x p r e s s i o n  (21) and only the i m a g i n a r y  
p a r t s  r e t a ined .  Thus,  we can f ina l ly  wr i t e  

2 

B~ (k, k~) ~ "~- l ~% I 

• e-<' ! " g ' l "  i ~ q -  . . . .  (27) 

Subs t i tu t ing  (20) and (27) into Eq. (16) m a k e s  i t  p o s -  
s ib l e  to so lve  the p r o b l e m  of d e t e r m i n i n g  the f r equency  
and l o g a r i t h m i c  d e c r e m e n t  in a junct ion diode.  

We wilI c o n s i d e r  the e l e c t r o n i c  p l a s m a  o s c i l l a t i o n s  
in a g a s - d i s c h a r g e  junct ion diode.  In d e t e r m i n i n g  the 
f r equency  and l o g a r i t h m i c  d e c r e m e n t  of the e l e c t r o n i c  
p l a s m a  o s c i l l a t i o n s  it is  p o s s i b l e  to d i s r e g a r d  the 
mot ion  of the ions and se t  A 2 = B2 = 0 in Eq.  (16). In 
the f i r s t  a p p r o x i m a t i o n  we will  not t ake  into account  
the  r e a l  p a r t  of the c o r r e c t i o n  B1 ( - k, - k l ) .  Going 
ove r  to d imens iona l  quant i t i es ,  we in t roduce  the no-  
ta t ion  

+ i [A~" (k ~- t) -b ~ ( '  (k ~- t)1. (28) 

I so la t ing  the  r e a l  p a r t  of the d e t e r m i n a n t  and con-  
s i d e r i n g  thatAt"{k) << A1T(k), we obta in  

Re A : I I  (1 - -  A~' (k)) : 0. (29) 
k 

As m a y  be seen  f rom (29), the c o r r e c t i o n s  BI" do 
not  e n t e r  into the r e a l  p a r t  of the  de t e rminan t .  Th is  
m e a n s  that  in  the a p p r o x i m a t i o n  c o n s i d e r e d  the p r e s -  
ence of bounda r i e s  does  not af fec t  the o s c i l l a t i o n  f r e -  
quency and fo r  a given wave number  k the f r equency  
is found f r o m  the equat ion 

t - -  A ( ( k )  = 0 (30) 

whose  so lu t ion  is given by the Vlasov f o r m u l a  

co = % (t if- a/~ k~-al2) _}_ (wk). (31) 

In the  next  a pp rox ima t ion  a s m a l l  c o r r e c t i o n  equal  
to - 1 / 2 ,  Re B l ( - k ,  - k l )  is  added  to the f requency .  
In d e t e r m i n i n g  the i m a g i n a r y  p a r t  of the d e t e r m i n a n t  
we note  that  the  p roduc t  of the o f f -d iagona l  t e r m s  iBl" 
is  c o m p e n s a t e d  by the p roduc t  of the s a m e  t e r m s  in 
the d iagonal  e l e m e n t s  of the d e t e r m i n a n t .  Consequent ly ,  

I m A =  ~,[A( ' (k ) -~-B~"(k)]  x 

t i n 3 x ]7[ (l - A, '  ( l~ )=0  (B~ .)). 
k '7 ~ _ k  

(32) 

tul 2 
A,'  (k) ~ - -  lie A~ (k) := -~-72 ~.z~ (1 q- 3k~-al~), 

T~--I- 1 / - r l  - -  T Al"(k)  -~ Im A1 -- 
o )  i 

Bl"(k)  ~ C--t)  ..... • 

x h n  B~ ( - -  k . - - / q )  = ~-t (iT_I_ 2~)2~slt"~1 ). 

We w r i t e  Eq. (16) in the f o r m  

F o r  those  k fo r  which Eq. (30) is  sa t i s f i ed ,  and 
consequen t ly  

I I  (t - AI' (k')) ~ 0 
/ d ~ k  

and f r o m  (32) we obta in  

& "  (k) + B I "  (k) = o.  

F r o m  this  we f ind the wave a t tenua t ion  

(33) 

I . . . . . . . . . . . . . . . . . . .  I �9 " �9 a k - l ,  l - 1  a k - l .  I #Zg:~l, l J-1 - �9 . 

A : =  �9 " " a k ,  l - 1  a k .  1 a k ,  t4.1 , . , : 0 

�9 " " ( l k 4 - l ,  l - 1  a k + I ,  I a k + l ,  I-A . . 

m:-> ~-~ = l - -  A l '  ( k - -  t) + 

+ i [Al" (k - -  t) q- 13t" (k - -  t )] ,  

ae_t,z = - -  i~!" (k - -  t), 

a k - 1 ,  l §  = i ~ , "  ( k  - -  t ) ,  

a~ t-1 = - -  ~ l "  (k), 

(34) 

As may be seen from (34), the presence of plasma 

boundaries affects the wave attenuation in such a way 

that a wave propagating from the anode to the cathode 

(k > 0) is more strongly, and one propagating from 

cathode to the anode (k < 0) less strongly damped than 

a wave in the unbounded p l a s m a .  The  l e s s e r  a t tenuat ion  
of a wave moving  f r o m  the ca thode  to the anode  is 
a s s o c i a t e d  with the  fac t  that  on it t h e r e  is  s u p e r i m -  
posed  a wave due to the  s a m e  p e r t u r b a t i o n  r e f l e c t e d  
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f rom the cathode and having the same  wavelen'gth and 
phase  veloci ty .  In this  case  when the t ime  taken by 
the wave to t r ave l  the d i s tance  between the e lec t rodes  
is half  the wave a t tenuat ion t ime  in the unbounded 
p l a s m a  

2~ ~ ~ ~ (35) 

a wave moving f rom the cathode to the anode becomes  
cont inuous in the cou r se  of the t ime  in te rva l  dur ing  
which the pe r tu rba t i on  acts.  The e lec t ron  dr i f t  v e -  
loci ty  p lays  only an un impor t an t  par t ,  s ince  Iw~l/s~: << 
<< 1. However,  it s t i l l  helps to bui ld up an undamped 
wave moving in the d i r ec t ion  of e lec t ron  drif t .  

In a semiconduc to r  diode it is n e c e s s a r y  to take 
hole osc i l l a t ions  into account  as well as e l ec t ron  o sc i l -  
la t ions .  In a semiconduc to r  diode for the h i g h - f r e -  
quency osc i l l a t ions  we have 

+ 32 k2 (r + -~o::~ + (wik) + (w~k) , (36) 

: ,  

t e x p  I 0~L ~ -4- 0), ~ .] t ~ x ~-~k~-~ + -~-~,~,~ , ~ k ~ j  + 

+ ~0p(1/~+ I , a l / } z ~ s i ) - ~ - ( V ~ l w ~ l / y ' ~ s , _ )  (37) 
2 k l  } f -~ l  ~ v -  o>,. 2 

As may be seen  f rom (36), boundar i e s  have no ef-  
fect on the osc i l l a t ion  f requency.  As may  be seen f rom 
(37), boundar i e s  l ikewise  have no effect on the wave a t -  
tenuat ion if '~I = w2, which holds when the effect ive 
m a s s e s  of e lec t rons  and holes  a re  equal ml  = m2 in an 
i n t r i n s i c  s emiconduc to r  (for example,  in the i reg ion  
of a p - i - n  diode) or  when n l / m l  = n~/m2 in a doped 
semiconduc to r .  However,  if c01 >> r we have purely" 
e l ec t ron ic  p l a s m a  osc i l la t ions ,  poss ib ly  with s a t i s -  
fact ion of condit ion (35), when undamped osc i l l a t ions  

propagat ing  f r o m  the e mi t t e r  to the co l lec to r  a r e  ob-  
served.  Since l/T1 --~ 1012 sec -1, while for  sa t i s fac t ion  
of condit ion (35) it is n e c e s s a r y  for  wl to be g r e a t e r  
than 1/~: 1 by at l eas t  an order ,  the e l ec t ron  dens i ty  
m u s t  be nl > 4- 1017ml/m0 em -~, where  m0 is the m a s s  
of the f r ee  e lec t ron .  However,  if o~ 2 >> o)1, we have 
pure ly  hole osc i l l a t ions ,  for  which there  may  also be 
sa t i s fac t ion  of condi t ion (35) with undamped os c i l la t [ons  
propagat ing  f rom the co l lec tor  to the emi t t e r .  Since 
1/T 2 ~ 1012 sec -1, for  condit ion (35) to be sa t i s f ied  it 
is n e c e s s a r y  that n 2 > 4- 101~mJm0 cm -~. 

I wish to thank A. I. Gubanov for  r ead ing  the m a n u -  
scr ip t .  
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