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Abstract

The equilibrium states of a rotating electron flow
inside a cylindricaol coaxial diode imbeded in a longi-
tudinal external magnetic field, on condition that wmag-
netic flux is conserved are investigated. It is shown
that in the case of a given magnetic field a wmultipli-
city of equilibria can be realized. These equilibria
differ from each other by the number of revolutions of
electrons around the cathode and the emission current.
In the coee of a large number of revolutione kinetic

electron flovw passes over to Brillouin parapotential
flow.
Introduction

The initial phase of magnetron coperation conaists
of a magnetically insulated rotating electron flovw.Sin-
ce in this phase the electron flov eesentiolly does not
ve consider a smooth-bore

interact with HF waves, mag -

netron as a form of coaxial diode imbeded in an exter-
nal magnetic field.

Two classes of solutions that have received the
most attention are Brillouin or paropotential flow (1 -
3], in which wvith drift

~ Er/Bz

velocities
and the

electrons wmove

v parallel to the electrode surface,

9

double-stream model [4, 51, in vhich the electrons move
in cycloidal orbits begining ond ending on the cothode
surface. In the latter case,it is assumed thaot all ele-
ctrong perform a single turn along such a trajectory,
starting and finishing on the surface of the cathode
independent of diode geometry.

It is easily verified that in the plane diode the
net force acting on the electrons at the turning point,
vhere transverse =0,

mechanical pulse P also equals

zero. Under such conditions, it is possible to conti-

nue from the top of the trajectory ayammetrically down-
ward (and this is usually done) or upward to the next
turning point etc., i.e. the top of the trajectory is a
branching point.

On the other hand, ve shall shov thot in a cooxial

diode these degenerate trajectoriee are obsent due to

cylindrical geometry. At the pointa vhere the net force
equals zero electrons have a nonzerc tranaverse women-
tum, and ot the turning point, vhere P.= 0,0 return fo-
tovards the cathode, i.e. the

rce acts on electrons

trajectory vill be of a definite form.
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Theoretical model of rotating electron flow

Electron flow fills up the region from r R'= to

r=rg
de, electron flow oand

< RQ, vhere Rc’ r_, Ra are the radii of catho-

e

anode, respectively. A voltage

Vo and homogeneous external longitudinal magnetic field
B are impressed on the diode.

zo
It is8 assumed that electron flov conseists of

electrone rotating and moving in the r-direction. For

thie case, the distribution function can be vwritten as

f = F*&(H ~ HD)'S(Pe - H)-S(P2 - PD), (1)
vhere H = (ngc4 + t::2p2)u2 + ep -~ hamiltonian, Pe =

= ripyt erlc) and Pz= Pt eAz/c are the full wowenta

of aon electron, F, HO, P_, M are constants.

o
Integrating (1) to calculate charge and current

density of electrons, we obtain
30 = aw/a<enatc), jr = sefF/r, jz = aw/a<eAz/c).
e = — aW/aleq),
vhere
2 2 2 1/2
L e -l L IR WS R P W)
T c e T c 9 o c z

Choosing the constants according to Ho = P0 =8 =0, ve
can express the energy and mwechanical momenta as func-
tione of electrostatic ¢ and vector AQ potentials as
follovws

-eczy = -ep Py = —eAalc, P, = —eAz/c = 0.

It is assumed that on the cathode surface

- =2 =
—ev(Rc) = mc Aa(Rc) = 0,

and on the anode surface

_ 2
-ew(Rc) = mco o+ evo.

In this case, the equations vhich describe the pte-

ady state solutions are

xcs x < A xes x sl
1 d dy F Y 1 d dy
-_ — X e— T ’ - e—x — = 0,
x dx dx x y°o - AT -1 x dx dx 2)
d 1 d F A d 1 d
—— e XA = - e, } — - — xA =0,
dx x  dx x jyz - A2 -1 dx x  dx

vhere x = r/Ra, A= eAs/uecz, and the appropricte boun-
dary conditions are

2
y(xc)=1, y(1)=v°= 1+ eVolnec . dy/dx(xc) = 0, (3)

A(xc) = 0, A(1l) = Ao.
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If the duration of the electron pulse is much less
than the diffusion time of mognetic field through the

electrodes, then image currents are generated in the

anode and the flux of magnetic field ® inside the anode

-cathode gap is conserved. Since Bz = (llr)d(rha)/dr,

o= 20 B.rdr = nB__(RZ — R®) = const = 2nR_A
R Z zo Ta c ‘ a”o’

c
This equation gives the boundary condition for Ao

2
c

A =

(4)
[}

2,. 2
(eBZOR°/2mec )*(1 ~ R/ Ru).

Main results
Analysis of the solution of eq. (2) under the con-
ditions (3, 4) shows that for fixed values of Bzoand V0
there exists a multiplicity of equilibrium states, dif-
fering ag to structure of electron trajectories and
emiseion current density.
In Fig.

1,a tvo dependenceas of radial wmomentum of

electrons on radius are presented. The first (1) is for
the case af Bzo= Bc (Bc ig the critical field of magne-
The Becand (2) is

> Bc. Provided Bzo = B

tic insulation). for the case of

Bo= B) 1

value of p, are exactly equal to zero at the turning

the net force aond the

point. If Bzo> Bl solutions with one maximum of P (k=1)
do not exiat and only solutions with several wmaxima can
exigt. In Fig. 1,b a wore complicated trajectory (k =
8) is shown at the powme magnetic field Bzo > Bl'

For the case k = 1, the displacement of elect-

rong around caothode is less than 2n and for the case
k = 8 the electrons perform more than 4 revolutions
(Fig. 1,c,d}), i.e., electrons stay inside the ancde-ca-

thode gap for a longer time-interval in the last caee.
Therefore the emission current has to be less to satis-
fy the condition of space-charge flow on the cathode
surface.

It i clear that for the case k >> 1 the structure

of electron flow opproaches that of Brillouin flov.
This is attested by the decrease of Py with increasing
k (note the scales in Figq. 1,a,b). Thaot is, the full

energy of electrons is distributed between kinetic ene-
rgy of rotation and potential energy while the energy
of radial motion decreases.

The variations of the radius of electron flow and
nondimensional current density on the cathode vwith ex-
terncl mognetic field are illustroted in Fig.2 for dif-
ferent values of k and Y, = 3. A multiplicity of equi-
libria is possible at a given magnetic field, differing
as to values of k and emission current. It is instruc-
tive to compare thew with that of the Brillouin equili-
brium {61, All

The latter is shown by the heavy line.
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the kinetic solutione lay above and tend to the para-

potentiol solution as k increases. Here, kinetic flow

passes over to Brillouin flow.

It follows from these resultis that to choose the
equilibrium it is necessary to single out the value of
emigsion current,

which depends on the history of a

transition process, real emission copability etc.
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The dependences of radial momentum of electrons
ta) for the case Bzo = Bc (1) and Bzo > Bc > Bl
(2) and the corresponding trajectories in r-d
plane (c). More complicated dependences (b, d)

are for the case Bzo > Bl'
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The dependences of radii of electron flovs on
the external magnetic field for different valu-
es of k (a) and the corresponding dependences

of emission current (in arbitrary units) (b).
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