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We consider the class of invariant solutions which can describe only 
vortex flows (curl P ~ 0, P is the generalized momentum) and show 
that they contain solutions corresponding to flows from a plane or cy- 
lindrical emitter with a linear voltage drop across it (direct heating) 
in the temperature-limited regime*, The solution is obtained in an- 
alytic form for emission from a plane in a uniform magnetic field 
perpendicular to the flow plane. It also (for 8 = 0) defines a plane 
magnetron in the T-regime. The solution of the problem for a cylin- 
drical emitter reduces to considering equations describing a cylindri- 
cal diode or magnetron in the T-regime, where the shape of the col- 
lector is given by the potential distribution curve for these oases. We 
can extend the results to a relativistic beam if restrictions are im- 
posed o~, its relative dimensions which permit us to ignore the mag- 

netic self-field, Brillouin type flows (including irrotational ones) are 

studied in which particles move without intersecting the equipotential 
surfaces along three-dimensional spirals on the surface of cones, An 
analytic solution is given for relativistic Briilouin flow in a conical 
diode when strict allowance is made for the magnetic self-field, 

w Below we shall  study solut ions of the equations 
of a s ta t ionary  monoenerge t ie  beam of charged pa r t i -  
c les  with the same magnitude and sign of the charge-  
mass  rat io ~? in the nonre la t iv i s t i c  case [1, 2]; the i r  
form is given in Table  1, 

Table I 
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Here V is the par t ic le  velocity vector,  ~ is the 
s ca l a r  potential ,  p is the space charge density,  H is 
the external  magnet ic  field s t rength vector ,  J, :: tg,, 
J~, J~}, gv J~, J.  ~ (~, J~, J~} a re  functions of ~, c~, 
a re  a r b i t r a r y  constante  one of which is alwaye non- 
zero, • y, and z are  Car t e s i an  coordinates ,  R, ~, 
and z are  cy l indr ica l  coordinates ,  % % z are  spi ra l  
cy l indr ica l  coordinates ,  and r, O, r are  spher ica l  
coord ina tes ,  The sp i ra l  eoordain tes  ql, q~ a re  related 
to the o rd ina ry  polar  coord ina tes  R, r by 

q! - -  b l ~ b ~  -- , 

N (In ~ + %a /' 
q ~ -  bP4-b~ 

{b~. b~ = coast). 

As in [3], the flow will be cons idered  regu la r  if the 
genera l ized  momentum P of the par t i c le  is a potential  
vec tor .  In this case we have the energy in tegra l  for 
the flow as a whole: 

V ~ 2_ 2r~(p = const. (1o 1) 

The solut ions cons idered  in [1, 2] may cor respond 
to both r egu la r  and i r r e g u l a r  flows. The solut ions 
given in Table 1 cannot in pr inc ip le  descr ibe  r egu la r  
beams,  s ince the form of the veloci ty vector  and sca-  
l a r  potential  does not pe rmi t  the energy in tegra l  to 
exist  in the form (1.1). Moreover ,  the solutions in 
Table 1 a re  invar ian t .  Below, we use the d imens ion-  
less  va r i ab les  of [1, 2] unless  otherwise  stated. 

. . . . . . . . . . . . . . . . .  

Fig. 1 

Table 2 gives external  magnet ic  fields which can 
be real ized without special  sus ta in ing  devices in the 
beam (Hxl a re  the physical  components  of the field 
s trength) .  

Here H0p H0~, H~a are arbitrary constants. 
N~te that solutions ~~ for a ~ 0 and 8" fo~ fi ~ O, which depend 

upon ~, have meaning only when 0 ~ ~ ,~ 2~, k i~ clear ~hat th~ solu- 
tions in Table i can describe flow in certain diodes wgh emlttr in the 
form of. $' a plane x ;conm 2 0 a cylinder R ~ eora~, 3 ~ a half-plane 

= cenm 4" a ~piral cylinder q ~  cons~; 8~ a cone t~ ~ eonsL where 
the emitter potential varie~ ~ccordin 8 to a linear or logarithmic law, 
We can show that there ~re no 8olutio~s of the form 1'-8" for which 
the normal veloel~y component and the emitter field sh'nul~aneously 
vanish. 

Let us corridor In detail flow~ of ~ypes 1' and ~~ for c, -= 0, A~ a~- 
tempt to ~a~i~fy ~he corresponding ~otal space charSe eondition~ leads 
to an infinite tangential c~rent density at ~he emitter, It is shown be- 
low ~ha~ the~e ~olution~ can describe temperature-limi~e~ emission in 
certain diodes wi~h diree~ heating, 

The sys tem of equations de t e rmin ing  the eolutio~ 
1 ~ for I~I = 0 has the form 

u u '  = J ~ ' ,  p u  = j ,  J~" = p ,  

u v '  = . f f  = coas t ) .  
(1o2) 

*Below, for brevi ty ,  we shall use the t e r m  " T - r e -  
gime emis s ion"  to define t e m p e r a t u r e - l i m i t e d  e m i s -  

sion, 

Here u, v, and w are  the velocity components  in 
Car tes i an  coord ina tes ,  The f i rs t  th ree  equations de- 
sc r ibe  flow in a plane diode, while the las t  gives the 
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y - componen t  of the veloci ty .  Note that  the pa r t i c l e s  
a c c e l e r a t e  un i fo rmly  in the y - d i r e c t i o n .  For  t e m p e r -  
a t u r e - l i m i t e d  e m i s s i o n  

J ~  x, u ~  x'/~, p ~- x-'/'; 

t he re fo re  v ~ x 1/2, and the c u r r e n t  dens i ty  is  e v e r y -  
where  f ini te .  The equipotent ia l  su r faces  ~v = const  a re  
comple te ly  de t e rmined  by the potent ia l  d i s t r ibu t ion  in  
the co r r e spond ing  o n e - d i m e n s i o n a l  flow 

~y = -- J~ (x) + const. 

Table  2 

2 ~ 
3 ~ 

4 ~ 
5 ~ 

Hx~ I Hxz 

Hoi HOZ 
H0iR -i Ho~R-1 
HoiR - i Ho~ R -i 
H0iR -i H, ~R -i  
H0i r~l r-i(HoictgO~-Ho~ csc 0) 

Hod 

H08 
Htz 
0 
o 

Host -1 csc 0 

Thus,  in o r d e r  to find the solut ion in  ques t ion  it  is  
suf f ic ient  to know the quant i t ies  de sc r ib ing  a plane di-  
ode in the T - r e g i m e  [4]. The solut ion to this  p rob lem 
can be given in  p a r a m e t r i c  fo rm (Fig. 1): 

~=2--Cz- + - s t ,  ; = - s t ,  7 =  i = 

i 
t ~ + ~ ~ - ~ - t ,  (1.3) 1 

2 

( 3x ,~ Y--Y0 3e0 ) - ;  ' "  

El imina t i ng  t f rom the expres s ions  for ~ and C, we 
obta in  the equat ion of the t r a j e c t o r y  

= ~/' + v ; .  (1.4) 

Curves  of j a / j2  de t e rmin ing  the shape of the co l l ec -  
t o r  as a funct ion of ~ for  d i f ferent  v a re  given in Fig.  
2. The pa r t i c l e s  leave the e m i t t e r  x = 0 at an angle 
~0 = are tg (% / a), where  % = J~' (0). 

5 

Fig. 2 

Let us c o n s i d e r  th ree  ca se s  of mot ion of pa r t i c l e s  
in a un i fo rm  magne t ic  field H. We in t roduce  the di -  
m e n s i o n l e s s  v a r i a b l e s  r ~ V ~ ~0 ~ p~ us ing  the fo rmulas  

r = ar ~ V = ]/-a--~o V ~ (p= --aeoq~ ~ p = (]/  ]/-a~o).p ~ 

Let the magnet ic  field in i t i a l ly  be d i rec ted  along 
the z axis .  Then,  omi t t ing  the d imens ion l e s s  symbol ,  

we have 

x " = J j § 1 6 2  y " = ~ - - c o x ' ,  p x ' = t ,  

J ,"  = vp ( 1 . 5 )  

Here,  the dots and b a r s  a re  used to denote d i f fer -  
en t ia t ion  with r e spec t  to t and x, r e spec t ive ly .  We 
can wri te  the solut ion of (1.5) in p a r a m e t r i c  form.  
Using t as the p a r a m e t e r  [5], we eas i ly  obtain 

X =to~x = l - - c o s ~  + ~ t ( ~ - - s i n ~ ) ,  

Y =(o 2 . (g -go)  = - -  ~ + s i n ' c  + ~ t ( t - - c o s ~ ) - - L & ,  

cI) =r = l  - - c o s x  + I t  (T- -  sin ~) + (1.6) 

+ L { 2 ( s i n x - - ' c e o s x )  + ~t [2 (t --  cos T --  ~ sin ~) +&]},  

(it = 2L + ~, L = :r �9 = ~t). 

F igure  3 de sc r i be s  the t r a j e c t o r i e s  for  d i f ferent  
g, X in X, Y coord ina tes ,  while Fig.  4 gives the curves  
r = el) (X; ~t, X). If fi = 0, Eqs.  (1.6) define a plane 
magne t ron  with t e m p e r a t u r e - l i m i t e d  emis  sion. The 
t r a j e c t o r i e s  and cu rves  of qb = r (X; ~) a re  shown in  
F igs .  5 and 6. 

4V I ~ , 2 ~  

/ [  I 
/" a/z, -b 

Z / / / . . f  - -  

o= J \ \ l  I \  
Fig. 3 

When the magnet ic  field is  d i rec ted  along the y 
axis,  we a r r i v e  at the equat ions 

uu' =,f4 '  - -  O)W, W ' = O ) ,  pu =~1, 

J," = YP, y'" = 8 .  ( i .  7)  

The f i r s t  four  equat ions define a plane magnetron. 
The t r a j e c t o r y  of a pa r t i c l e  moving in this  magne -  

t r on  for  T - r e g i m e  e m i s s i o n  will be developed in space 
as a r e su l t  of supe r impos i t ion  of the un i fo rm a c c e l e r -  
a t ion g = 1/2 ~t ~. 

If, f inal ly,  we equate Hy and H z to zero,  we ob- 
ta in  a superpos i t ion  of independent  mot ions  in the x-  
d i rec t ion  (in accordance  with the same  law as for a 
plane diode) 

x'" = J j ,  px" = t ,  J [  = TO,' 

while in the yz plane (motion in  un i fo rm e lec t r i c  and 
magnet ic  f ields)  

Y'" = 8  +r z'" = - -  o~y'. (1.8) 
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The s o l u t i o n  of  (1 .8)  w h e n  v(0) = w(0) = 0 wi l l  be  
the  c y c l o i d s  

Y = ~ -  (Y-- / /o)  = l - - c o s y ,  

Z (o'-' = 7 -  (z - -  zo) = ~  - -  si~ ~. 

(1 .9)  

D e v e l o p m e n t  of  c u r v e s  (1 .9)  in s p a c e  is  r e a l i z e d  

a c c o r d i n g  to t he  law x = x ( r )  of  a p l ane  d iode .  Tak ing  

the  p o t e n t i a l  q) a s  a c o n s t a n t ,  we  ob ta in  c y l i n d r i c a l  

s u r f a c e s  wi th  g e n e r a t o r s  p a r a l l e l  to the  z ax i s ,  t h e i r  
s h a p e  b e i n g  g iven  by the  p o t e n t i a l  d i s t r i b u t i o n  q) = 

= ~o(x; T) in a p l a n e  d iode .  

0LY-- I -! 

Fig.  4 

The  s y s t e m  of  e q u a t i o n s  d e t e r m i n i n g  the  e l e c t r o -  

s t a t i c  s o l u t i o n  2 ~ f o r  cz = 0 has  t he  f o r m  

v n v R '  = J4 ' ,  R p V R  = j ,  

O.Z0)  
R -~ (R]~')' = p, vRv~' = ~. 

The f i r s t  t h r e e  e q u a t i o n s  d e s c r i b e  f low in a c y l i n -  

d r i c a l  d iode ,  wh i l e  t he  l a s t  one  g i v e s  the  z - c o m p o n e n t  

of  the  v e l o c i t y .  C o n s e q u e n t l y ,  the  s o l u t i o n  f o r  T - r e -  

g i m e  e m i s s i o n  f r o m  an i n d i r e c t l y  h e a t e d  c y l i n d e r  R = 

= c o n s t  is  c o m p l e t e l y  d e t e r m i n e d  by the  p a r a m e t e r s  
c h a r a c t e r i z i n g  the  c o r r e s p o n d i n g  f low in a c y l i n d r i c a l  

d iode  [6]. Thus ,  f o r  e x a m p l e ,  t he  c o l l e c t o r  is  o b t a i n ed  

by r o t a t i n g  the  c u r v e  q)(R) about  the  z ax i s  {Fig, 7).* 

T h e  p a r t i c l e s  m o v e  in p l a n e s  d = c o n s t  wh ich  p a s s  

t h r o u g h  the  e m i t t e r  a x i s .  

5 

,: / 

.J; 12 
g 5 

Fig.  5 

/7 

Fig. 6 

The s y s t e m  of  e q u a t i o n s  f o r  a b e a m  in a u n i f o r m  

m a g n e t i c  f ie ld  d i r e c t e d  a long  the  z a x i s  i s  

v R v n '  - -  t: l-~v,  2 = J~' ~ Hz,r , 

v r  = - - H ,  Rpvn = j ,  (1.11) 

R -x (R  J4') '  = p, v . v ~ '  = ~. 

It i s  c l e a r  tha t  the  so lu t ion  of  t h e  p r o b l e m  can be  

g i v e n  i f  we  know the  s o l u t i o n  f o r  a c y l i n d r i c a l  m a g n e -  

t r o n  in t he  T - r e g i m e ,  

Jo ;z~; /sez zT~s 

, t  T=a 734, 

R 
5 

Fig.  7 

C o n s i d e r  f low of type  5 ~ a s s u m i n g  v0 = 0 in the  

m a g n e t i c  f i e ld  g iven  in the  l a s t  c o l u m n  of  Tab le  2: 

v .  2 - H 0 a e s c 0 v r  a = 0 ,  

vr (v, - -  Hol ctg 0 - -  Ho~ csc 0) = ~ csc 0,  

J4' = - - c t g 0 v *  2 - -  Hoivr  -~ Hoa csc O vr , 

J5 = a + csc 0 (sin0J4') ' .  

(1 .12)  

When the inequality H0a: ~ 4a is satisfied, we have two different 
solutions where all the determining quantities can be found from (1.12) 
using algebra and differentiation: only the potential is computed by 
taking quadratures. When t3 ~ 0, this solution is meaningful for 0 
--. r < 2~. The particles move in space along spirals, obtained by the 
intersection of the equipotential surfaces and the cones. Figure 8 gives 
a schematic representation of the upper half of the equipotential sur- 
face a, = const. The surfaces e = const intersect the horizontal plane 
0 = 7r/2 along spirals determined by the equation 

S (r, 1/2~,~2) = a In r + 6 '  + J* (l/=a) = e0nst. 

The trace of the equipotential surface in the half-plane ff = ~0 is 
given by 

*In F ig .  7, T = ( % F 2 1 n L R 0 r i l ) - ' / ' J , ' ( R &  w h e r e  R 0 is  
the  e m i t t e r  r a d i u s .  r (r, 0, %) = a In r -b J~ (0) + ~r = const . 
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When v r = 0, ~ = 0 the trajectories will be circles located on the 
equipotential surfaces (surfaces of revolution) 

(~, 0) = const. 

Note that the solutions considered define BrilIouin flows, since the 
particIes move without intersecting the equipotential surfaces~ they 
belong to the class of generalized Brillouin flows introduced in [% 8] 
and characterized by the conservation of generalized momentum along 
the trajectory. 

The solutions given in Table 1 can also determine flows at rela- 
tivistic speeds. Since there always exists a nonrelativistic region near 
the emitter, all the above remarks about the conditions at the emitter 
remain in effect. The solutions 1 ~ and 2 ~ for c~ = const in this case de- 
scribe flows from the plane x = const and the cylinder R = const for a 
linear voltage drop across the emitting surface and for T-regime emis- 
sion with or without an external magnetic field. However, the con- 
stmction of each of these solutions is an independent problem and does 
not reduce to the corresponding one-dimensional problem. Here, of 
course, it is assumed that definite restrictions are imposed on the rela~ 
tire dimensions of the beam [9, 10], so that we can ignore the mag- 
netic self-field, 

Z L 

~a= COrtSf, 

i Vi 
;J  �9 / 'f \'k~, R'co'~t 

~>--h 
X 

Fig.  8 

w C o n s i d e r  a f l o w  of t ype  5 ~ w h e n  a = fi = 0, a s -  
s u m i n g  t h a t  v 0 = 0 and  t he  v e l o c i t i e s  a r e  n o n r e l a t i v i s -  

t i c ;  t h e  f low t a k e s  p l a c e  in  a n  e x t e r n a l  m a g n e t i c  f i e ld  
d e t e r m i n e d  by  t h e  l a s t  c o l u m n  of  T a b l e  2.  I t  i s  d e -  

s c r i b e d  b y  t he  e q u a t i o n s  

(p' = Ho3 csc 0 vr - -  Ho~v, - -  ctg 0 v,  ~, 

vr = J ,  = H01 ctg 0 +  Ho~ csc 0 ,  (2 .1 )  

ds = *" + ctg 0 (p'. 

C l e a r l y ,  s y s t e m  (2.1} i s  s u b d e f i n i t e ,  w h i c h  p e r m i t s  

u s  to  t a k e  an  a r b i t r a r y  f u n c t i o n  of  e a s  t he  v r .  F o r  
H03 = 0 t h e  p o t e n t i a l  i s  i n d e p e n d e n t  o f  Vr .  F o r m u l a s  
(2 .1 ) ,  in  g e n e r a l ,  s p e c i f y  i r r e g u l a r  f low. By r e q u i r i n g  

t h e  e n e r g y  i n t e g r a l  to  e x i s t  in  t h e  f o r m  (1 .1 )  we o b -  

t a i n  an  e q u a t i o n  f o r  Vr: 

c l e s .  I t  i s  c l e a r  f r o m  (2 .1 )  t h a t  vr  = 0 w h e n  0 = 00 i f  

cos 0 o = - -H02  / H0r, I H02 / H011 ~ 1. By c h o o s i n g  Vr0 in  
(2 .2 )  we c a n  a c h i e v e  t h e  e q u a l i t y  Vr  = 0 a t  0 = 00. H e r e ,  
t h e  f i e ld  w i l l  a l s o  b e  z e r o  on t h e  c o n e  0 = 00. 

W h e n  v$  = 0, t h e  r a d i a l  v e l o c i t y  of  t h e  r e g u l a r  f low 

i s  g i v e n  by  (2 .2 ) .  I f  we s e t  r~0 = - -  Ho3 in tg 1/~ 00, t o -  
t a l  s p a c e  c h a r g e  c o n d i t i o n s *  wi l l  be  s a t i s f i e d  on  t h e  

c o n e  0 = 00. 

L e t  u s  now e x a m i n e  B r i l l o u i n  f low in  t h e  r - d i r e c -  
t i o n  in  a c o n i c a l  d iode  a t  r e l a t i v i s t i c  v e l o c i t i e s ,  w h e r e  
s t r i c t  a l l o w a n c e  i s  m a d e  f o r  t h e  m a g n e t i c  s e l f - f i e l d .  
T h e  c o r r e s p o n d i n g  s y s t e m  (S/H)  i s  s u b d e f i n i t e :  

q)' = vrds,  csc 0 (sin 0q~')' ~ ds ,  

(2 .3 )  
csc 0 (sin 0 J ~ ) ' =  v rJ s  , 

ve = vr = d 6  = J 7  = 0  

T h e r e f o r e  we c a n  t a k e  any  f u n c t i o n  s a t i s f y i n g  t h e  i n -  
e q u a l i t y  ]v~ I ~ t  a s  t h e  r a d i a l  v e l o c i t y  ( the v e l o c i t i e s  

a r e  r e f e r r e d  to  t h e  s p e e d  of  l i gh t ) .  T h e n  

ds  = a t ( 2 . 4 )  
sin0 ] f i - - v r S  

F o r  a r b i t r a r y  Vr  f o r m u l a s  (2 .4 )  d e s c r i b e  v o r t e x  
f low.  By r e q u i r i n g  t h a t  t h e r e  e x i s t  t h e  r e l a t i v i s t i c  
e q u i v a l e n t  of  (1 .1 ) ,  we a r r i v e  a t  t h e  f o l l o w i n g  e x p r e s -  
s i o n s  f o r  t he  r e g u l a r  f low: 

vr = ~ 1--b~( tg l /20)  ~a (P = t + b  ~(tgl/a0)~a , 
i + b  2 ( t g l / 2 0 f  a ' 2 b ( t g l / ~ 0 )  a 

d~ = :F s i-Ny(p.  (2 .5 )  

H e r e ,  a and  b a r e  a r b i t r a r y  c o n s t a n t s .  

F ig .  9 

v r v / - -  Ho3 csc Ovr + v ,vr  + ctg 0 v~ 2 + 

+ Ho l y ,  = O. 

So lv ing  t h i s  e q u a t i o n ,  we o b t a i n  

vr = H0a In tg 1/~ 0 + Vro. (2 .2 )  

S p a c e  s p i r a l s  on  t h e  c o n e s  0 = c o n s t  w i l l  r e p r e s e n t  
t h e  p a r t i c l e  t r a j e c t o r i e s  f o r  (2 .1 )  (F ig .  9) .  

W h e n  v r = 0 t h e  t r a j e c t o r i e s  d e g e n e r a t e  in to  c i r -  

* A r t i c l e  [11] d e a l t  w i t h  t he  p r o b l e m  i n v o l v i n g  t he  
c o m p e n s a t i o n  of  t h e  s p a c e  c h a r g e  f o r c e s  of  a c o n i c a l  

b e a m  by a m a g n e t i c  f i e ld  w h e n  H01 = -H02 , H03 = 0. The  
a s s u m p t i o n  t h a t  t h e  r a d i a l  c u r r e n t  d e n s i t y  w a s  i n d e -  

p e n d e n t  of  0 led  to a n  a p p r o x i m a t e  s o l u t i o n  w h i c h  i s  
v a l i d  f o r  s m a l l  a n g l e s  of  c o n v e r g e n c e .  F o r m u l a s  (2 .1 )  
and  (2 .2 )  d e t e r m i n e  t he  e x a c t  s o l u t i o n  w h i c h  e x i s t s  f o r  
a n y  0 in  t h e  m o r e  g e n e r a l  c a s e :  no  r e s t r i c t i o n s  on  

H 1, H~, and  H 3 and  v r ~ c o n s t .  
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When a = b = 1, fo rmulas  (2.5) have t h e  v e r y  s i m -  
ple f o r m  

v~ = _-4=cos0, v0 = r e  = 0 ,  

q~=csc 0, p = r  -2csc~9, (2.6) 

Ha = H 0  = 0 ,  Hr = ~  r - lcsc  20. 

For  each pa i r  of values  of a and b there  ex is t s  a 
cone 0 = O0 with potential  ~v = 1, on which total space  
charge  condit ions hold, 

tg 112 O ~ = (1) 1/a. 

F o r  (2.6) we have 0 0 = 7r/2. We note in conclus ion  
that flow in the C-di rec t ion  can only be r egu la r .  

RE FERENCES 

1. V. A. Syrovoi,  " Inva r i an t -g roup  solutions of 
the equations of  a plane s ta t ionary  b e a m  of charged  
par t ic les ,"  PMTF,  no. 4, 1962. 

2. V. A. Syrovoi,  " Invar i an t -g roup  solutions of 
the equations of a t h r ee -d imens iona l  s t a t ionary  beam 
of charged  par t ic les , "  PMTF,  no. 3, 1963. 

3. D. Gabor,  "Dynamics  of e lec t ron  beams,"  P r o c .  
IRE, vol.  33, no. 11, 1956, 

4. H. F.  Ivey, "Cathode field in diodes under  p a r -  
t ial  s p a c e - c h a r g e  condi t ions ,"  Phys .  Rev . ,  vol.  16, 
n o .  4, 1949. 

5. S. Ya. Braude,  "Motion of  an e lec t ron  in e l ec -  
t r i c  and magnet ic  fields allowing fo r  space cha rge , "  
Zh. ekspe r im,  i t eo r .  f iz . ,  vol.  5, no. 7, 1935. 

6. J .  Crank,  D. R. Har t ree ,  J .  Ingham, and R. W. 
Sloane, "Distr ibut ion of  potential  in cy l indr ica l  t h e r -  
mionic  valves,"  P r o c .  Phys .  Soc. A, vol,  51, no. 288, 
1939. 

7. V. N. Dani lov ,"Genera l ized  Bri l louin conditions 
in e lec t ron  beams,"  Radiotekhn. i e lek . ,  vol.  8, no. 
11, 1963. 

8. V. N. Danilov, "The Bri l louin  state of  a two- 
d imensional  e l ec t ron  flux," Radiotekhn. i e lek . ,  vol.  
8, no. 12, 1963. 

9. B. Mel tzer ,  "Magnetic cons t r i c t ion  in s imple  
diodes," Nature,  vol.  181, no. 4619, 1958. 

10. BI Meltzer ,  "Magnetic  fo rces  and re la t iv i s t i c  
speeds  in s t a t iona ry  e l ec t ron  beams,"  J .  E l ec t r .  Con t r . ,  
vol.  4, no. 4, 1958. 

11. M. E. Hines, "Null if icat ion of  space - ch a rg e  ef-  
fec ts  in a converg ing  e lec t ron  b e a m  by a magnet ic  
field," P r o c .  IRE, vol.  40, no. 1, 1952. 

3 Apr i l  1965 Moscow 


