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Increasingly, since multipactoring was 
first described by P h i l o  Farnsworth in 
the 1 9 3 0 ' ~ ~  it has been the supposed 
defect in many microwave devices. It is 
thought to have occurred in p r o t o n  
linear accelerators (between drift 
tubes), klystron cavities, obstacle 
loaded waveguides and super-conducting 
cavities. I n  many such devices f i e l d  
strengths are o f t e n  rather high so that 
the classical calculation is 
presumably no t  adequate. This report 
presents a relativistic calculation of 
the multipactoring cond i t ion  f o r  the t w o  
surfaces phenomenon. 

Secondary e l e c t i o n  multiplier action 
(multipactoring) may exist between t w o  
opposed surfaces when a cyclic voltage 
is maintained between them. If a 
primary electron impinges Qn one o f  the 
opposed s u r f a c e s ,  causing the  emission 
of more than one secondary electron, a 
sustained exchange ~f charge will occur, 
i f  ar abcut the i n s t a n t  of emission the 
applied e lec t r i c  f i e l d  reverses and 
accelerates the secondaries to the 
opposing surface, where a similar 
circcmstance occurs. Once initiated, 
f o r  whatever reason, a multipactor 
"discharge" then consists o f  a t h i n  
electron cloud that is driven back-and- 
f o r t h  becween the  .opposed surfaces (or 
gap) i n  r e s p o n s e  t o  the applied f i e l d .  
The charge exchange in each half-cycle 
will increase to a l i m i t  s e t  by the 
perveance of the gap, reaching steady 
s t a t e  in a number of half-cycles s e t  by 
t h e  secondary emission c o e f f i c i e n t  
( S E C ) .  This perveance iimit may be 
interpreted c h a t ,  as the electron 
density increases m u t u a l  repulsion 
causes some e lec trons  to f a l l  outside 
the phase rafige over which 
multipactoring can occur, thereby 
limiting t h e  maximum electron density in 
the exchange cloud. 

The appropriate condition necessary to 
produce multipactoring may be derived 
from the electronic equation of motion, 

where E =IVoJd) s i n  at is the Cyclic 
f i e l d  across the gap(d) ,  Vo being the 
peak gap voltage and cp the f i e ld  phase 
at emission. 

I n t e g r a t i n g ,  with dz/dt=O, t = O ;  

Noting that, for the  one-dimensional 
(linear trajectory) case, 

and eq ( 2  1 becames 

With the t r a n s f o r m a t i o n  

e q ( 4 )  reduces to 

which may be directly integrated (See 
Grobner and Hofre iter, I n t e g r a l t  a f e 1, 
WnbestSmte Integrale ,  Wien (1957) no. 
867 sec 2 4 4  p 8 8 )  but the  unravelmsnt of 
t h e  result is too complicated for 
prac t ica l  use, so tha t  the n e x t  best 
procedure seems to be an expansion of 
the denominator of eq 1 4 )  in a binomial 
series, fo l lowed  w i t h  tern-by-term 
i n t e g r a t i o n .  Then, 

Integrating, w i t h  Z=O, wt=O;  
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S:nce Cot= (2rl-tl)X to achieve the 
n.;ltipactor condition, that the transit 

time be an odd number of half cycles, 
eq!8) becomes 
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P " t ': :. n g z=Cl, (the gap separation) and 
solving the resulting quadratic: 

to lJz=320:KTJ by the truncation in eq(7). 
Incl-ding further terms in eq(7) would 
c a \: e resulted In a higher order 
aigebralc equation in the solution of 
eq(lEj. 

The sinplicity of the dynamic problem is 
?. c w f u r - :2 e r _ co,mpl:c;;ed by the secondary 
eriission IJrocess, L . When the primary 
ey.e-- I-? --_. d.. str:!kes the opposing surface 
+ : ,3 t- ;- _.._L - are a number of competing 
1; :- c, c *L: ; 3 e s bY which it may become 
deckred of LZS in'cident energy. For a 
s;-fflcie-yy high energy the electron 
.;.L 11 locse energy 
y ?, 2 i 3 -- 1 3 .- and 

pr:ncipally by 
forward scattering deeper 

: r + 3 -.._ t 'F* ,z target material, although some 
,?c;:?~r:es are produced at any energy. 
EJ '7‘ It i may be used to determine the 
:r:,ac+ er.ercq i (tij when Ot='lt; since 
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For the special case 
<Cl, substituting from 
spacing condition: 

V 

cp=O and eV,/nc2 
eq (10) , the qap 

c) 

Quite obviously there 1s a phase span 
over which m;ltipactoring riay occur. 
Classically O<cp<arctan 2/ (2ntl)x. But, 
in the present case the method 3 f 
solution prevents obtaining an estimate 
of the phase range. 

It may also be noticed that the eq-atior. 
of motion, eq(l), is simplistic in that 
reradiation by the accelerated electron 
beam is ignored. (4) 

Alternatively, if we assume (&Jg%‘sy - rss/wttp/y~ / 
as will usually be the case, eq(4; 
reduces to the classical case, t ke 
solution of which has been cons;dereo 
elsewhere (ref 2). 

Such complications as eq(4) are comm30n 
in relativisticrdynamics, to the chagrin 
Of analysts, but can be saved for 
special cases 'by means Of comtx‘tina 
machines, however unstatisfying tha; ' ma! 
be. 
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