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The m a g n e t i c  h i g h - f r e q u e n c y  (hf) f i e ld  of a v o l u m e  r e s o n a t o r  wh ich  i n c r e a s e s  away  f r o m  the  ax i s  can  
r e a c h  va lues  wh ich  a f fec t  the  p r o p e r t i e s  of the  s e c o n d a r y  e l e c t r o n  hf d i s c h a r g e  (a m u l t i p a e t o r ) .  Cond i t ions  
can  a r i s e  u n d e r  wh ich  the p a r t i c l e s  p a r t i c i p a t i n g  in the d i s c h a r g e  a r e  d i s p l a c e d  in the  r a d i a l  d i r e c t i o n  both 
t o w a r d s  and away  f r o m  the  r e s o n a t o r  ax i s .  

One can t r e a t  the phenomenon  as  a v a r i a n t  of the Z - p i n c h  wi th  the  d i s t i n c t i v e  f e a t u r e  tha t  the  e l e c t r i c  
and m a g n e t i c  f i e lds  a r e  sh i f t ed  by 90 ~ in p h a s e .  

We wi l l  c o n s i d e r  the  s e c o n d a r y  e l e c t r o n  hf d i s c h a r g e  [1, 2] in a t o r o i d a l  r e s o n a t o r  w i th  the  E010 type  of 
o s c i l l a t i o n s .  We wi l l  w r i t e  the e x p r e s s i o n s  fo r  the  e l e c t r i c  and m a g n e t i c  f i e lds  in the  f o r m  

E z -~ czEo sin o)t; (1) 

B~ = 7Bo cos 0)t, (2) 

w h e r e  ~o is  the  o s c i l l a t i o n  f r e q u e n c y ,  a E  0 and 7B 0 a r e  the  a m p l i t u d e s  of  the f i e l d s ,  and a and y s p e c i f y  the d e -  
pendence  on the  r a d i u s .  In p a r t i c u l a r ,  ~ and y a r e  e x p r e s s e d  in t e r m s  of B e s s e l  func t ions  fo r  a c y l i n d r i c a l  
r e s o n a t o r  when h = 0 (see  F ig .  1). 

We wi l l  a s s u m e  tha t  d u r i n g  the f l ight  be tween  the w a i l s  the  r a d i a l  sh i f t  is  s m a l l ,  so  tha t  a and ~ / v a r y  
l i t t l e  d u r i n g  a s i ng l e  f l ight .  We wi l l  r e s t r i c t  the d i s c u s s i o n  to the r e g i o n  in wh ich  t h e r e  i s  no r a d i a l  e l e c t r i c  
f ie ld ;  as  a r u l e ,  a m u l t i p a c t o r  d e v e l o p s  in such  r e g i o n s .  The r e m a i n i n g  a p p r o x i m a t i o n s  a r e  the  s a m e  as  in the  

u s u a l  m u l t i p a c t o r  t h e o r y  [1]. 

The equa t ion  of mot ion  in the  c r o s s e d  f i e ld s  (1) and (2) is  of the  f o r m  

e(E z + "rB,~) -~ mz, e'zB,p = - - m r ,  (3) 

w h e r e  e and m a r e  the c h a r g e  and m a s s  of an e l e c t r o n ;  the  dot  deno te s  d i f f e r e n t i a t i o n  wi th  r e s p e c t  to the  t i m e .  

The so lu t i on  of the s y s t e m  (3) is  [3] 

z =--~ S y (O) dO + C3; 

t ~ x ( O ) d O + D 3 ,  r = - - ~ -  

(4) 

(5) 

w h e r e  

Y = go + ClYl +C2Y~; x =Xo  -} -Dlx l  +Dcx~;  

xl = Yl = - -  sin (qsin 0); x~ ~ g2 = cos (qsin 0); 

x 0 = p (x 1Sx2sin  0 d 0 - -  x 2 S xl sin0d0); 

Y~ = 7 y~ ~ dO - -  y,  j ~ dO ; 

e aE o . e 7Bo "~wc. 
P - -  ~n ~ ' q m co - - ' - g - '  O=cot .  

U s u a l l y  the  m a g n e t i c  f i e ld  is  s m a l l  and q << 1. One can show tha t  in th is  c a s e  Eq. (4) changes  into the 
u s u a l  equa t ion  of m u l t i p a c t o r  t h e o r y  [1], and we ob ta in  f r o m  Eq. (5) an e x p r e s s i o n  f o r  the  sh i f t  d u r i n g  a s i n g l e  

flight 
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Fig. 1 

Ar  = - - ( p q / c ~ ) r  

l)'a 
where (~n = .~ (2n -- i) sin 01 cos 01 -~ 6 cos 201 (2~, -- ~ ~ 4 , n is the order of the multipactor, and 01 is the equi- 

librium angle of the discharge; the ratio of the rate of incidence of electrons on the wall to the initial velocity 
of the secondary electrons is taken equal to three. 

When n -> 2, the value ~n < 0; therefore the particles which take part in the discharge will drift away 

from the center. When n = I, the sign of the shift depends on the equilibrium angle of the discharge: '01 > 0 

for 01 >-30 ~ and ~b~ < 0 for 0 ! <-30 ~ . 

The experiments which have been conducted [4] have shown that the electron current of the discharge 

appears earlier near the cylindrical wall of the resonator than the voltage in the given region which is neces- 

sary for the existence of the discharge is attained. The current density exceeds by two orders of magnitude 

that which is attained in the central part of the gap. The measured energy with which the electrons are inci- 

dent on the walls amounts to less than 20 eV, i.e., too low for maintaining a self-maintained discharge. The 

voltages which were attained in the experiment correspond to no less than a third-order muitipactor in the 

large gap. These facts confirm the existence of a radial shift of electrons in a resonant hf discharge caused 
by the intrinsic magnetic field of the resonator. 

The author is grateful to L K. Sedlyarov for a useful discussion. 
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