
T H E O R Y  O F  T H E  T E M P E R A T U R E  R E L A X A T I O N  

O F  AN E L E C T R O N - I O N  P L A S M A  IN A H I G H - F R E Q U E N C Y  

E L E C T R I C  A N D  C O N S T A N T  M A G N E T I C  F I E L D  

V.  P .  S i l i n  a n d  V.  T .  T i k h o n c h u k  

The  effect ive coll ision f requency of e lec t rons  and ions which leads to t e m p e r a t u r e  equal iza-  
tion in a p l a s m a  in a constant magnet ic  field and a weak high-f requency e lec t r i c  field when 
the gyroscopic  radius  of the e lec t rons  is  l ess  than the Debye screening  radius  is determined.  
The cor responding  va lues  of the re laxat ion t ime  are  de te rmined  over  a wide range of va lues  
of the ra t io  between the e lec t ron  and ion t e m p e r a t u r e s ,  over  a wide range  of values  of the 
magnet ic  and e lec t r i c  fields,  and also as a function of the f requency of the ex te rna l  e lec t r i c  
field. 

T e m p e r a t u r e  equalization of the e lec t rons  and ions of a p l a s m a  in a high constant magnetic  field 
when the Debye screening radius  is g r e a t e r  than the gyroscopic  radius  of the pa r t i c l e s  has been inves t i -  
gated in [1, 2]. On the bas i s  of these  invest igat ions  a kinetic equation with in tegra l  coll isions was p roposed  
which t akes  into account the effect  of the magnet ic  field on the motion of the colliding pa r t i c l e s  [3]. In th is  
pape r  we consider  the p rob lem of the effect  of a high-frequency e lec t r i c  field on the t e m p e r a t u r e  r e l ax a -  
t ion t ime  of a magnet ized p la sma .  

As shown in [4], it is poss ib le  for  growing osci l la t ions to build up in a magnet ized p l a s m a  in a s t rong 
h igh-f requency e lec t r i c  field. Hence, e l ec t r i c  fields in which the dr if t  veloci ty  of the pa r t i c l e s  becomes  
g r e a t e r  than the i r  t h e r m a l  veloci ty  a re  not cons idered  below. 

The invest igat ion is  made over  a wide range of f requencies  of the externa l  e l ec t r i c  field w 0 > Vei (Vei 
is the e lec t ron- ion  coll ision frequency,  an express ion  for  which will be obtainedbelow).  In the low-frequency 
region w 0 < Pei the dr if t  ve loci ty  of the e lec t rons  along the magnet ic  field will be de te rmined  not by the f r e -  
quency w 0 but by the e lec t ron  coll is ion frequency,  which leads  to another  express ion  for the conductivity 
along the magnet ic  field. 

Finally,  it is  shown that  the col l is ion t ime  for  coll isions which occur  due to Coulomb interact ion,  ob- 
ta ined in [2], st i l l  holds when the p l a s m a  is  s i tuated in an external  h igh-f requency e lec t r ic  field and over  
a cer ta in  range of impact  p a r a m e t e r s  is decis ive .  

1. The bas i s  of our analys is  is  the kinet ic  equation (see [5]) 

Ola %[E i B] of a 
0"~- "~- (t) -~- T va X Op a 

0 i : ~b~OPa~l I OUab(]ra--rb[)OUab(tRa--Rbl) 
- -  --co 0 rak -~a ~ I O) • a~aJ OPbJ ]a( P~'t+~)[~(P~'t+~)d3pbd3rbd~ 

(1.1) 
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H e r e  fa  i s  t he  d i s t r i b u t i o n  func t ion  of p a r t i c l e s  of  t ype  a ,  Uab i s  t h e  s c r e e n i n g  p o t e n t i a l  of Cou lomb 
i n t e r a c t i o n ,  and  Pa and R a a r e  the  m o m e n t u m  and c o o r d i n a t e  at the  i n s t a n t  of  t i m e  t + T of the  p a r t i c l e  a ,  
wh ich  u n d e r g o e s  Cou lomb i n t e r a c t i o n  wi th  the  p a r t i c l e  b,  i f  at  the  i n s t a n t  of t i m e  t i t s  m o m e n t u m  mad co -  
o r d i n a t e  have  the  v a l u e s  P a  and r a . 

In o r d e r  to  ob ta in  the  l i m i t  of t h e  c o l l i s i o n  t i m e  due to  Coulomb i n t e r a c t i o n  in a c c o r d a n c e  wi th  [2], we 
u s e  for  P a  and R a not  the  z e r o t h  but  the  f i r s t  a p p r o x i m a t i o n  to  the  Cou lomb  i n t e r a c t i o n :  

t+~: 
-i- i f Pa(t') dt" 

t 

R~ ~ R~ ) + r~'(~), P~ ----~-- - a  D(~ . • ~~ 

p~) (t + ~, ra, p. ,  r b, Pb) = b (b-p~) - -  b x Pa sin Q~I: - -  b x (b x p~) cos O C  

4e~ I 
t 

[b (b. E (t')) - -  b x E (t') sin ~ (t + z - -  t') - -  b • (b x E (t')) cos Q~ (t -~- T - -  t')] dt' 

P(a 1) (t + "C, ra, Pa' rb' Pb) == 
t 

[ b (b . f ~ )  i b X i ~b si  n ~ a (t + ~ -- i t ' )  "-- b • (b • f~b) Cos Oa (t + I" - -  t')] dt' 
t 

a p~e) ~ cab B 
lab(t) = aR~)(t) U~b(I R~ ~ 9~a=--mac , b = - - g  

Since momentum relaxation occurs much more rapidly than temperature relaxation, we can tt~ke as 
the distribution functions the Maxwell functions of argument 

t 

Pa ~ ea f 
- - c o  

[b (b. E (t')) - -  b x E (t') sin Qa (t - -  t') ~ b x (b x E (t')) cos ~Qa (t - -  t')] dt' 

MuJt ip ly ing  Eq. (1.1) by  

t 

2 - ~ { P . - - e .  ! [b(b 'E( t ' ) ) - -bxE(t ' )s ing- . ( t - - t ' ) - -bx(bxE(t ' ) )cosQ.( t - - t ' ) ]d t ' }  ~ 

and integrating over the momenta of the particles a, we obtain the temperature relaxation equation. 

Before taking the integrals on the right side of the equation, we will discuss the effect of Coulomb 
interaction on the motion of the particles. Corrections of the first approximation of the Coulomb interac- 
tion to Ra were obtained as in [2], so that the characteristic collision time which arises due to taking into 
account the effect of Coulomb interaction 

o b t a i n e d  in  [2]> i s  unchanged .  Hence ,  t he  i n t e g r a l  w i th  r e s p e c t  t o  ~" in  (1.1) m u s t  be  t a k e n  f r o m  - ~ m a x  (k) 
t o  0. H e n c e f o r t h  we  can  n e g l e c t  t h e  s m a l l  a d d i t i v e  c o r r e c t i o n s  clue to  the  e f fec t  o f  t h e  Cou lomb f i e ld  on the  
m o m e n t a  of  t h e  c o l l i d i n g  p a r t i c l e s .  T h i s  i s  j u s t i f i e d  fo r  t h e  a s s u m e d  l o g a r i t h m i c  a c c u r a c y  of the  c a l c u l a -  
t i o n s .  

To  ob ta in  t he  f ina l  e x p r e s s i o n  we  mus t  now t a k e  the  i n t e g r a l s  on the  r i gh t  s ide  of t he  t e m p e r a t u r e  
r e l a x a t i o n  equat ion .  W e  w i l l  t a k e  the  t i m e  d e p e n d e n c e  of  the  e l e c t r i c  f i e ld  in the  f o r m  

E (t) = Eo cos (o0t 

P r o c e e d i n g  a s ,  f o r  e x a m p l e ,  in [5], t h i s  equa t ion  can  be  w r i t t e n  in  the  f o r m  
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tmax Vmax (D ,A~ 

=O} b " 3m~m~ k~'~ ~ sin 0 exp ( - -  Xa --  Xb) 
~:min 0 0 

• (cos ~ O + sin ~ 0 sin~/aa~" ~ (COS ~ 0 -~--- s'in z 0 ~j s in  Ob~ ~ COS (kp I COS 0) J0 (kp• sin 0) dk d'~ dO 

~i6e2e:% 
k~ sin O exp ( - -  Xa - -  Xb) cos ~ O + sin O ~  

k in 0 0 

,X [p ll" cos 0 sin (kpu cos 0) do (kp• sin 0) (~• sin 0 cos (kp n cos O) J ,  (kp• sin 0) dkd~'dO] 
Pi 

(1.2) 

where  T is the t e m p e r a t u r e  measu red  in energy units, kmi n =rD-1, k m a x = r m i n  -1, as in the usual Lan- 
dan col l is ion integral ,  0 is  the angle between the vec to r s  b and k ,  and 

o =b.p, pj =lh• P=Pa--Pb ,  P '=-~-P ,  Ptl 
mot e a , . ( , :  o,0--;  ) 

matoO (tO0 -- ~a ) \ 

ea b•  (E0 • (t _ + ) ]  + m~ ( ~ : - - ~ )  

X. = ~i k'rr:,"[cos"O + ~s in '0s in '  ~ ~ ] ~ .  z j 

v T a  2 = T a / raa 

J n  is  a B e s e l  funct ion of order  n. 

We will  average  the express ion  obtained over  an oscil lat ion per iod  of the external  field. As can be 
seen f rom (1.2), due to osci l lat ions of the Besse l  and t r igonomet r ic  functions in the regions 

kpl I cos 0 > 1, kp• sin 0 > 1 

the in tegra l  is  small ,  so that integrat ion can be ca r r i ed  out over  the regions where  

kPi i cos 0 ~ t,  kp• sin 0 ~ t 

In these  regions we can expand the Besse l  and t r igonomet r ic  functions in se r ies ,  and confining ou r -  
selves  to the f i r s t  t e r m s  of the expansion, we can c a r r y  out the above averaging. As a resul t ,  if the p lasma 
consis ts  of e lec t rons  and one type of ion, we obtain the following expression:  

Xmax tmax (• I 

. . . . .  , ox , i I S  
Xmi n 0 0 

sint [ ~ _ _~i_sin._~eja~catax X [x" ('l -- sin t ) + --7--] |x ( i  ~fl~ sin" -~-~e/fl: ~ + gt e g~dT- - -  

Xma x tma x (z) i 
e~vo / 2 / ' t ,  

Xmi n 0 0 

x 
(1.3) 

Integration with respec t  to ~t and t is only ca r r i ed  out in those regions where  

2 Q e ~ Si l l  toot /)Te 
YEn(l) (1.4) 
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H e r e  

4 V~e~eiv,~ 
vo = 3 V ~ T ' / ~  

E e 

Pe Pe VTa 
~ m i n  = -r~ D , Z m a x  = ~ ,  ~)a = 

r m i n  

$(t )=  -fi sin~t+ P7 

EII =b.Eo, E l - - -  [b• 
V.E' = ' V E e  - -  V E i ,  YE It ---- b. vE, VEl  = ] b ,'< VE ] 

H e r e  v E i s  the  d r i f t  v e l o c i t y  of t he  p a r t i c l e s  in t he  e l e c t r i c  f ie ld .  The  q u a n t i t i e s  v E ]1 
be  o b t a i n e d  f r o m  the  e q u a t i o n s  of  mo t ion  of the  p a r t i c l e s  in e l e c t r i c  and m a g n e t i c  f i e l d s :  

eEii e e l  Z (%)  
VE II ~ meOJ-- ~ , VE.L ~ meO~ ~ 

and v E.L can 

2. B e a r i n g  in  mind  the  l a r g e  l o g a r i t h m i c  e x p r e s s i o n s ,  we w i l l  only  r e t a i n  t he  l e a d i n g  t e r m s ,  i . e . ,  we  
w i l l  n e g l e c t  q u a n t i t i e s  of t he  o r d e r  of un i ty  in  c o m p a r i s o n  wi th  the  l o g a r i t h m i c  and double  l o g a r i t h m i c  e x -  
p r e s s i o n s .  We w i l l  w r i t e  (1.3) in the  f o r m  

OTe __ T i - -  Te  

2m e 
�9 T -1 = Vo (L1 + 8L1) 

tn i 

~'T i s  t h e  t e m p e r a t u r e  r e l a x a t i o n  t i m e ,  ~ j k  i s  the  c onduc t i v i t y  t e n s o r ,  

(2.1) 

Xmax 1 
- -  ~42t~ 

Xmi n 0 

• (2.3) 
Xmi n 1/x 

where the upper limit of integration with respect to t is the least of the following three expressions: 

,g•l• ,,.s-~]~ YTe ~'~e 

In e x p r e s s i o n s  (2.2) and  (2.3) i n t e g r a t i o n  i s  c a r r i e d  out only  in t h o s e  r e g i o n s  of  v a r i a t i o n  of  x and t 
w h e r e  t h e  fo l lowing  r e l a t i o n  ho lds"  

~ VTe 
• sm ~ , vz = max {VE II, vEl}, (2.4) 

O ) o  ~ - -  v E 

W e  wi l l  c o n s i d e r  only  the  f i r s t  t e r m  of e x p r e s s i o n  (2.1) p r o p o r t i o n a l  to  the  t e m p e r a t u r e  d i f f e r e n c e .  
T h e  s e c o n d  t e r m  i s  r e l a t e d  to  t h e  hea t  d i s s i p a t e d  in t he  p l a s m a  due to the  ac t ion  of  t he  e l e c t r i c  f i e ld  E. 
Hence ,  the  c o n d u c t i v i t y  t e n s o r  ~ j k  a g r e e s  wi th  tha t  c a l c u l a t e d  in [5], w h e r e  the  c onduc t i v i t y  of  a m a g n e t i z e d  
p l a s m a  in a w e a k  h i g h - f r e q u e n c y  e l e c t r i c  f i e ld  w a s  c o n s i d e r e d .  

T h e  f o r m a l  d i f f e r e n c e  b e t w e e n  e x p r e s s i o n s  (2.2) and  (2.3) and the  c o r r e s p o n d i n g  e x p r e s s i o n s  g iven  in  
[2], w h e r e  t e m p e r a t u r e  r e l a x a t i o n  in a m a g n e t i z e d  p l a s m a  w a s  c o n s i d e r e d  in t he  a b s e n c e  of an e l e c t r i c  f i e ld ,  
c o n s i s t s  of t he  p r e s e n c e  of t h e  a d d i t i o n a l  l i m i t a t i o n  (2.4), wh ich  t a k e s  in to  accoun t  the  u p p e r  l i m i t  of  t he  
i n t e r a c t i o n  t i m e  due to  p a r t i c l e  d r i f t  in  the  e l e c t r i c  f ie ld .  Note  tha t  t h i s  l i m i t a t i o n  i s  i m p o r t a n t  fo r  a f r e -  
quency  of the  e l e c t r i c  f i e l d  w 0 < ~2 e and v E > VTi. 
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F o r  an unmagne t i zed  p l a s m a  (Oe > rD) we obtain 

Lx = in (rD/rmin) 

F o r  a magne t i zed  p l a s m a  (Pe < rD) 

L~ = In (p~ / rmin) 

In the  f i r s t  case  no double l o g a r i t h m i c  e x p r e s s i o n s  occu r ;  in the second  case  double l oga r i t hmic  c o r -  
r e c t i o n s  o c c u r  due to  (2.3). As  s ta ted  above,  in the  reg ions  

r o > ~2~, v~ > VT~ 

t he  effect  of  the e l e c t r i c  f ield i s  negl igble ,  so tha t  we  have the  e x p r e s s i o n s  obtained in [2]. In the  opposi te  
ca se  we have the  new e x p r e s s i o n s  obtained he re .  

To  s impl i fy  the  equat ions  we wil l  in t roduce  the  fol lowing notat ion:  

V ~ V ~ ro = r m i n  Te / Ti 

In vE ' 

2 
l rOVTi 

I~ = In vw~ , l~ = I n  VT----~ l~ = -~-In 
V E VTi ~ PeVl ~ 

Pl. t . COoro t ropi ~ o 3  
17 = In - ~ ,  ls = -~- in --b-~ ' 19 = --d--ln v~a 

It should be noted that  the f i r s t  s ix  l o g a r i t h m s  a r e  l i nea r ly  independent  whi le  the  r ema in ing  t h r e e  can 
be e x p r e s s e d  l i nea r ly  in t e r m s  of  the  f i r s t  six. 

Us ing  the  above notation,  we  can wr i t e  the  e x p r e s s i o n s  obtained for  5Lt as  fol lows:  

In the  r eg ions  Vei< w0< ~2 i a n d ~  i < w 0 < ~ e  

6L~ = l~l 4 

v~ / too, v~ / ~ > r9 > Pe > rovm ~ / v~ '2, VTe > v~ > VTi 
6L  x = ixl~ _ l ~ (2.5) 

wre / f~  > r~ > roVTi~ / Vg ~ :> Pc, VTe > YE > VTi 

In the  l o w - f r e q u e n c y  r eg ion  Vei < w0 < ~ i  in addit ion to  (2.5) we have 

6L1 = l l l a - - 1 / 2  (11- -12)  ~ 

YTe / ~ i  > rD > VE / ~ i  > Pl > Pe > roVT~ 2 / YE 2 
6L1 = lll4 - -  U2 (l l  - -  /2) 2 --  la 2 

VTe / f~i > r9 > vE / ~2i > Pl, roVTi 2 / VE 2 > Pe 
6L1 = 12la + 1/2 l~ ~ 

rD > VTe / ~di > VE / Q i >  P i >  P e >  I oVTi ~ / VE ~ 
6L~ = lzl 4 + ~/z la  2 - -  la z 

" rD > VTe / ~ > VZ / fl~ > p~, roVw~ ~ / v ~  > p~ 

(2.6) 

In the l o w - f r e q u e n c y  r eg ion  Vei < w 0 < ~ i  no double l oga r i t hmic  e x p r e s s i o n s  occu r .  

In the f r e q u e n c y  r eg ion  ~2 i < w 0 < m e in addit ion to (2.5) we a lso  have the  fol lowing e x p r e s s i o n s :  

6L1 = lal4 + ' ( l l -  la) l~ 

P6 > rD > VE / O0 > ro, Pe > roVTi 2 / VE a 

6Lx = lala + (lx - -  la) 15 - -  1/2 (11 - -  l~) ~ 

vTe / fti  > rD > pi > vE / O)o > ro, Pe > ro vTi * / vE ~ 
5L~ = 13l ̀ + ( l~  - -  13) (l  a - -  17) - -  ~/z l~ ~ + x/2 13 ~ 

vze / O~ > r9 > VE / Oo > Pl, ro'/3P~/a, Pe > roVTi ~ [ v~ ~ 
6L1 = l~14 + (l~ - -  13) l 5 + 1/2 152 

rD > YTe / ~i  > Pl > VE / 0 o > ro, f)e > roVTi ~ / v~ 2 
5L  x = lala + 1/~ (15 + 17 - -  la) ~- 

r9 > VT~ / ~ > VE / 0 0 > P~, roV~P~ ~h, P~ > ro vTt~ / V'E~ 

(2.7) 
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5L~ = l a l  ~ + (l~ - -  la) l ~ - -  1/z (l~ - -  17) ~ - -  /s ~ 

YTe / ~-~i > rD :> Pi > ro > VE / ~o o > pr > roVTi s / VE ~ 

~L~ = ~ ,  + ( ~  - -  ~)  (& _ ~)  _ ~/~ ~ + ~/2 ~3~ _ 3 ~  
VT~ / fl~ > rD > ro'/'RV ~ > vz  / o o, P~ > Pe > roVv~ 2 / v~ ~ 

5L~ = l j ,  + ( l~--  l~) ( l~--  ls) §  ( l l - -  &)~ 
ro, ro'/' pi V~ > rD > VE / 0 o > Pe > roVTi 2 / VE 2 

5L~ = lal ~ + ( l ~ - -  l~) l ~ - -  ls ~ 

R > r~ > r o > VE / o o > P~ > rovTi ~ / V'E 2 
~L~ = lfl~ -{- (l; - -  l~) l~ + 1/~ l ~  __ l ~  

ri~ > VTe / Qi > p i > r o >  VE / OO > Pe > roVTi ~ / vE ~' 
6L~ = l~1~ + U2 (l~ + 17 - -  /s) 2 - -  3120- 

r9 > VTe / ~ > ro'l.pi'/. > p~, VE / COO > 9e > roVTi ~ / V~ ~ 

C o m m o n  to  the  e x p r e s s i o n s  (2.7) i s  t he  fact  tha t  in the  reg ion  of the  impac t  p a r a m e t e r s  V E / %  > r > Pe 
the  i n t e r ac t i on  t i m e  is  l imi ted  by p a r t i c l e  dr i f t  in the  e l e c t r i c  field. Th i s  is  due to  the fact  tha t  in (2.7) in 
all  t he  e x p r e s s i o n s  Pe > r0vTi2/VE 2" In the oppos i te  case  we have 

5L~ = lala - -  l~ ~ + (lx - -  ls)l~ 

pi > rD > v~ / COO > ro > roVTi ~ / rE2 > Pe 

5L1 = lal4 - -  162 + ( / 1  - -  la)  15 - -  1/2 ( l  1 _ _  17)~ 
VTe / Qi > F D >  9t > YE / Oo > ro > roVTi 2 / VE ~ > Pe 

fiL 1 = lal 4 - 1 6 2  + ( 1 1 - -  13) ( 1 5 - -  l ~ ) - - U 2 1 1 2  + l / z l a  2 
VTe / ~ > rD > VE / (0 o > Pi, ro'/' R V', rovTi 2 / V~ 2 > P* 

6L 1 = lal 4 - -  la ~ + (l~ - -  /s) 15 + 1/~ 15~ 
rD > VTe / Qi > Pi > VE / Oo > ro > roVTi 2 / VE ~ > Pe 

fiL 1 = lal4 __ le~ + 1 / ~  (l~ + lr - -  ls) ~ 
r D > V T e / ~ , > V ~ / C O O > R ,  ro R , oVT~ ~rE ~ > p e  

6L~ = l ~ l ~ - -  l~ ~ + ( l ~ - -  13) l ~ - - ~ / ~ ( l l - -  / ~ ) 2 _ _  / s  2 
VTe / ~ > rD > Pi > ro > VE / C0 o > roVT~ 2 / VE ~ > Pe 

5L  x = 1 3 l  ~ - l ~  ~ + ( l  x - l a )  ( l ~ - -  l ~ ) - - x / z l ~  ~ +~ /~  ls ~ - 3 l ~  ~ 

VTe / ~ i  > rD > ro'hp~% > v~ / Oo > roVT~ ~ / VE s > P~, ro > R 

~L1 = ~ - -  ~t ~ + ( ~  - -  &) ( ~  - -  &) + ~/4 ( ~  - -  ~)~" 
r o, ro'hpiV* > rD > VE / o) o > roVr# / VE ~ > p~ 

~)L 1 = lsla - -  l~ ~ + (11 - -  la) la - -  ls ~ 

R > r~ > r o >  vE / COo > ro v~i ~ / vz  ~ > p~ 
5L 1 =  l ~ l ~ - - l ~  ~ ~ ( /7- -  l~) l s +1/~ l~__  ls~ 

rD > VTe / ~ i  > ~)i > t o >  vE / COo > roVTi ~ / VE 2 > Pe 
5L 1 = lal ~ - -  l~ ~ + ~/2 (l~ + l~ - -  13) 2 --  3l~ ~ 

rD > VTe / Q~. > roY' p,'/* > VE / COO > roVTi ~ / Vt~ ~ > Pe, ro > Pr 

(2.8) 

C o m m o n  to  e x p r e s s i o n s  (2.8) is  the fact  that  in the  range  of impac t  p a r a m e t e r s  

the  i n t e r ac t i on  t i m e  is l imi t ed  by 
impac t  p a r a m e t e r s  

rovT~ 2 / vz~ > r > p~ 

the  effect  of Coulomb acce l e r a t i on  of the  pa r t i c l e s ,  and in the  r ange  of  

VE / c o 0 > r Y > r  ovTi 2 / r E  z 

the  i n t e r ac t i on  t i m e  is l imi ted  by p a r t i c l e  dr i f t  in the e l e c t r i c  field. 

3. The  r e s u l t s  obta ined  hold, as  s ta ted  above,  fo r  va lues  of  the  e l e c t r i c  field fo r  which the p a r t i c l e  
dr i f t  ve loc i ty  v E is  l e s s  than the t h e r m a l  v e l o c i t y  of  the e l ec t rons .  However ,  it fol lows f r o m  r e s u l t s  ob -  
t a ined  by A n d r e e v  and Ki r iy ,  kindly c o m m u n i c a t e d  to  the  au thors  p r i o r  to  publ icat ion,  tha t  when v E < VTe , 
p a r a m e t r i c  r e s o n a n c e  is  pos s ib l e  if  the  f r equency  of  the e l e c t r i c  field is c lose  to the  f r e q u e n c i e s  of e l e c -  
t r o n  p l a s m a  osc i l l a t i ons  in a constant  magne t i c  f ie ld:  

(%,2) 2 = 1/2 {(coL, 2 + fie 2) ~ [(coLe 2 + ~2)  2 - -  4 c o J ~ }  cos201v,} 
OJne = ( 4 ~  e~n~ / m~)~ ' 

H e r e  COLe is  the  L a n g m u i r  f r equency  of  the e l ec t rons ,  and 0 is  the angle be tween  the  d i rec t ion  of  
p ropaga t i on  of  the  o sc i l l a t i ons  and the  d i r ec t i on  of the cons tant  magne t i c  field B. 
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In a magnet ized p l a s m a  the upper  b ranch  l ies  within the l imi t s  

P~ < coi< (92' + o~Lo~) '/~ 

while the lower  b ranch  l ies  within the l imi t s  

e ~  ii~L~ ~ + e~ ~) / ( ~ 2  + eo~)l '/' < co2 ~< o~L~ 

Hence, the r e su l t s  obtained must  be used  in the f requency ranges  

~ e i ~ O o ~ a i  ' Q i ~ o ) o < O e (  Zl "i / 
% (3.1) 

T h e s e  a r e  the regions  in which p a r a m e t r i c  r e sonance  is  imposs ib le .  In the p a r a m e t r i c - r e s o n a n c e  
regions ,  for  example ,  in the lower  b ranch  r the r e su l t s  obtained only make sense  i f  the e lec t r i c  field E 0 
is  l e s s  than the th resho ld  field E , ,  given by 

E,2 ~ f ~ -  VeiO)Li ~e2 
4gneTz cole ~2e2 cos~ X "~ c~ sin ~ X ] Cos 0 (0)o) I 

where  X is  the angle between the d i rec t ions  of the v e c t o r s  B and E 0, while O (%) is  given by the e x p r e s -  
sion 

eo ~ (COre~ + a~ -- COo z) 
cos ~ 0 (coo) 

O) Le2(~e2 

The expres s ion  der ived  holds in the long-wave l imit  (w s < 2i) in a magnet ized p l a s m a  (w s =kWLir D 
is  the ion-acous t i c  osci l la t ion frequency).  More detai led exp res s ions  for  the th resholds  can be found in 
the above-ment ioned  pape r  a f t e r  publication.  

4. The  above invest igat ion shows that  in a magnet ized  p l a s m a  in a h igh-f requency e l ec t r i c  field 
double logar i thmic  co r r ec t i ons  to the t e m p e r a t u r e  re laxat ion t i m e  occur ,  which depend on the  intensi ty 
and f requency of the e l ec t r i c  field. Th i s  dependence was  inves t igated with the following l imitat ions:  

1) The dr i f t  ve loc i ty  of  the pa r t i c l e s  in the e l ec t r i c  field doe not exceed the t h e r m a l  ve loc i ty  of the 
e l ec t rons  (v E < VTeT; th is  i s  a l imi ta t ion on the value of the e lec t r i c  field,_ 

27 The cyclot ron rad ius  of the e l ec t rons  should not be  g r e a t e r  than that  of the ions (Pc < PiT, and the 
t h e r m a l  veloci ty  of the ions should be l e s s  than the t h e r m a l  veloci ty  of the e lec t rons  (VTi < VTe); this  i s  a 
l imi ta t ion  on the ra t io  of the e lec t ron  and ion t e m p e r a t u r e s ,  since the las t  two inequali t ies  can be wr i t t en  
as 

m i T i m e 

(z is the charge on the ion in units of e) 

3) The f requency of the e l ec t r i c  field t ies  in the r anges  which sa t i s fy  inequal i t ies  (3.1). 

Note that  under  these  conditions the dependence on the  f requency  and the e l ec t r i c  field appea r s  in the 
t e m p e r a t u r e  re laxat ion  t i m e  only when w 0 < 2e" In the opposite case  the e l ec t r i c  f ield has no effect  on the 
f i r s t  t e r m  of Eq. (2.1). 
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