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A non-linear non-stationary analytical theory of diode gap overlap by electrons emitted from the plasma cathode
is represented. The fact of the non-linear self-acceleration at the electron flow front is confirmed.
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1. INTRODUCTION

Electron self-acceleration takes place in a cathode-
anode interval during electron emission from a metal
cathode [1]. This effect provides the appearance of the
corresponding additional source of current in the
equivalent electrical circuit of the diode. It is interesting
to ascertain as this effect is modified in case of electron
emission from a plasma cathode. This problem is
investigated in the present report.

2. THEORY

Let us consider a plasma layer with a thickness of d
in the Cartesian coordinate system O0XYZ placed
between two conducting plates x=0 and x=/ in the
interval (0,d), i.e. d<lI.

Since a moment =0 the plates x=0 and x=I were
found under potentials @(0)=0 and @)=¢u(t)>0,
respectively. So at £>0 an external electric field acts on
plasma. Then to a moment ¢ not so greater than #=0
electrons are displaced from the initial position so that
the whole region (0,/) is divided on four physical
regions: a) (0,k) - ions; b) (k,d)- plasma; c) (d,m) -
electrons; d) (m,/) - vacuum. Let us consider an
electrodynamical problem for each of these regions with
taking into account the non-linear electron movement,
make a joining of fields and potentials and satisfy their
boundary conditions.

Let us start to proceed from the electron movement
equation, continuity equation and Poisson equation
which in the Lagrange variables a,, where a is the initial
coordinate, ¢ is the time, have a form:
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where e and m are the charge value and the mass of
electron.

Let us consider that at t=0 and x=a. V=0, ni(a)=n.
Then C;(a)=n, and from equation (3) we have

E-= 47Ten0(x- a) + E(t), %)

where &(1) is the integral constant.

We have from equation (1):

x=atl (t), (6)
where function 6%) satisfies the equation
008+ ¢ Elt)= 0, 7)

and besides 8-=0, 8)-o=0.
Then we found that in this region

b=l (x-0)+ (] (8)
where H,(t) is the integral constant.

In this region the electron movement is described by
the set of equations

DdV = -7E
507 -4nen
0 /dx"

where 7 is the time of passing by an electron of the
coordinate x=d.

The integration of the Poisson equation from (9) has
shown that the electric field represents a sum of function
t and function T in this region:

E= -4neI;C2(E Jat + 1) (10)

It permits to execute the integration of movement
equation in quadratures:
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We find the integration constants from conditions at

d{ H(t— r)%_
: (13)
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Cs(t) = x{t,1) == d, (14)
- dx(r,t) - ﬂx(a,t) _df (T)
C4(T)' it =1 U‘t{ F x=d ~ dr (15)
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Now we can find the function C,(7) incoming into
the continuity equation in (9):
dx
LY a1 ‘r:r .
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Since n|i-s=no and x/01|,-r=—Cy(D)+dCs(D/dT=—0'(T),

Gylr)= - nf; i) (15)

Joining of electric fields at the point x=d leads to the
formula

== m/9"(t) - 4meng [r). (16)
Then takmg into account that
d%t: -6'(r) 1+w /H (17)
we can find the potentlal in the region (d,m)
nlr 1) = (2n) /24 02~ 1)), (18)

It can be seen from formula (18) that the electron
density decreases with time as we move off from the
plasma layer boundary x=d.

The second boundary coordinate of the plasma layer
is determined by the formula, getting from (13):

m=x(0,)= d+0)+ w;IO’dzII;‘e(f . (19)

It can be seen that the electron coordinate changing
at layer boundary differs from the corresponding change

in the plasma region at the value w 12) J‘ Oldf 1 I(j ‘9 (f )d{ that

confirms the electron layer propagation.

Consideration of the Poisson equation 0JE3/dx=0,
joining of fields and potentials in the point x=m, the
connection to boundary condition on the border x=/
leads to the formulas:

E,(x,1) = - (m/e)(@ "+w2f ), (20)
lx)= - (mfelle"+ 020 )(1- x)+ ¢, e), 1)
Hle)= (e/mlg o[e)-0"(1-8)- w38 (- a)+

,  (22)
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where @y(?) is the potential of anode x=I.

A positively charged layer completed by heavy
stationary ions is appeared near the cathode after
beginning of action of the external potential @(z). The
ion density is n,. Solving of the Poisson equation JE,/d
x=4Ten, and joining of electrical fields and potentials in
the point x=k give us:

E, = 4nenyx + f(t) , (23)
$,= -ZITenO)c2 - g‘(t)x, (24)
Hr)=88"+0207%/2. (25)

3. BASIC PROBLEM EQUATION AND
RESULTS

Equating expressions (22) and (25), we receive the
equation for determination of non-linear electron
displacement in the plasma layer &

jz;pz Hinle-aol7) er(f)ﬂ'(f)(T_;)zdf

=0,(26)
where p=@/l, T=as, n=d/l, 9,(T) = (ed olt))/|ma 212).
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The equation (26) is the head result of present
research. The numerical solution of this equation was
performed using the function

2(7) = y[1- 7] @)

The concrete values of parameters 17 and yare very
important for result. Estimations give us the value 107
for yunder /=1 sm, n,/=10"sm™ and potential amplitude |
®0()|=10°V. The level of effect on plasma can be
characterized by the ratio p/n: the effect is strong for o/
n<l1, and the effect is low for p/n<<1.

Fig. -3 demonstrate the numerical results for y
=0,025, n=0,5. In particular, Fig. 2 shows the velocity
of one electron corresponding. This fact takes place due
to the collective acceleration of electrons at the electron
flow front.
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Fig. 1. Electron displacement in a plasma layer, p.
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Fig. 2. Curve I - velocity of electron flow front,
curve II - velocity of one electron under the influence of
@y(T) for the case a=d
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Fig. 3. The coordinate of electron flow front
4. CONCLUSION

In this report we create a strong non-linear non-
stationary analytical theory of diode gap overlap by
electrons emitted from the plasma cathode. The fact of
the non-linear self-acceleration at the electron flow front
is confirmed.
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