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ABSTRACT

The electron inertia effects in the one-
dimensional model of the applied-B ion
diode for the relativistic diode poten-
tial eU/mec

2 > 1 are investigated, when
the magnetic Debye length rg is of the
order of the collisionless electron skin
depth c/upe. For this, an analytical re-
lation between the magnetic field and
the electric potential is discovered that
makes it possible to reduce the second
order eigenvalue problem to the sys-
tem of algebraic equations. Instabili-
ties inside the vacuum gap and in the
near-anode emitting plasma are consid-
ered. In the near-anode Hall plasma the
instability with two ion species is ob-
tained that can give contribution to the
ion angle divergence.

1 INTRODUCTION

Ion diodes are used to generate high-
power ion beams to be focused on tar-
gets for inertial confinement fusion [1].
The electron magnetic insulation in an
applied-B ion diode makes it possible
an essential increasing of the ion cur-
rent [2] . The last computer simula-
tions give new insight into the physical

processes in the applied-B ion diodes
[3, 4]. A maximum value of the elec-
tron density obtained in simulation near
the anode has a simple interpretation
within the frame of a new applied-B
ion diode model [5], where for the first
time was formulated an idea about elec-
tron mixing and screening processes in
ion diodes. Such processes result in
smoothing-out of the Lagrange invari-
ant / ' = B/ne, (B - is z-component
of the magnetic field ) over the entire
diode gap and building-up of the elec-
tric field screening at the magnetic De-
bye length r# = B/4irene.

In the present paper a modified elec-
tron fluid model is proposed, where a
new Lagrange invariant / = f)/ne is
introduced [6] (Q = B — (c/e)cur\zp -
the electron vorticity, p - the relativistic
electron momentum). Besides, as it was
shown in [6], the ion diode turbulence

'results in a diffusion smoothing-out of
the Lagrange invariant by the following
diffusion equation

= (l/n)V(nI>VL), (1)

where D is a turbulent diffusion tensor.
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Thus, a new equilibrium ne ~ Q
arises.

Also, the EMHD instabilities in the
ion diode gap and in the near-anode
plasma are considered, which can give
rise to the ion divergence.

Here are introduced the normalized
functions

B
6 n

" 5 " ' v = —•> V = 77'Ba n0 U

and the normalized coordinate xuojc =>•
j , where Ba -the anode surface mag-

2 SELF-CONSISTENT MODEL netic field,
OF ELECTRON FLUID IN AN 4 ? r f ^
APPLIED-B ION DIODE ul = — -n0

IBa

inrrieC2'

The relativistic electron fluid is de-
scribed by the equation ;J= ~

Here

v -

= -eE-^[vin]. (2)

— B — (c/e)curlp, p =
the electron velocity, 7 =

From Eq. (2) it follows for the
one-component magnetic field and by
djdz = 0 the following equation

(3)

which together with the electron conti-
nuity equation gives the Lagrange type
equation for the quantity / = fl/ne.

From Eqs. (2) and (3), taking into
account the Poisson equation and the
Amper law one can obtain for a station-
ary case after simple transformations
the system of equations

The arbitrary constant no is intro-
duced for convenience and not enters in
the final results.

The coordinate x is measured from
the anode surface (x — 0) to the virtual
cathode surface (x = d ), after which
the electric field becomes zero.

The dimensionless counterpart of the
electron drift equation

-vyBz = 0
c

may be represented as

where

(7)

(8)

- l = a [ 7 - l + A ( 6 - l ) ]

db__

dx
n dg A

7
3 / = v - - b,

dx 3

(4)

(5)

where for the dimensionless density v
there exists the available expression

is the dimensionless electric potential
and a = mec

2/eU.
Dividing Eq.(4) by Eq.(8) and intro-

ducing a new "potential" xp = ^ 1 — <p,
one can obtain the equation, which can
be integrated analytically. The result is

[7]

v = 7 + A6 (6)
A

1 + A
b = s

l+a-
(9)
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where

a(s) = - 1 + A 2 -4A 2 J

=J/P,s = l-xi>2/a{\ +

The ion current density ji

j t =
Aitcrl

(10)

( 7-0 = |/|/47re - the magnetic Debye
length ), depends on the dimensionless
constants J, A and a, which can be cal-
culated starting from additional condi-
tions.

The equilibrium condition in the ion
diode takes the form

A2(l -
Q

= A2 ,
Airmec

2

(11)
Besides, the vorticity flux conserva-

tion

Qdx — const

and the integral neutrality of the ion
diode

Ar
e = ZNi (12)

must be taken into account. Here Ne

and Ni - the particle number, related
to the unit area in the (x,y) plane.

An additional investigations show
that for this model the S -function elec-
tron layer at the virtual cathode is ab-
sent and the electric and the magnetic
fields are continiuous.

3 EMHD INSTABILITIES IN AN
APPLIED-B ION DIODE

The investigations of the ion diode in-
stability have a big history. The suc-
cessive progress in this region results

in the understanding that the slow in-
stabilities are the most dangerous ones.
The paper [8] seems to confirm a real
instability, which discovered in recent
numerical calculations. One must bear
in mind that ions and electrons inside
the ion diode can be considered as a
plasma-like medium with the electric
field screened at the magnetic Debye
scale rg. The characteristic parameters
of this plasma lie in the EMHD region

[9]

4wnemec
2 < B2 < 47rn,-m,-c2 (13).

The instability frequencies of the
applied-B ion diode have an abrupt
change in some point of the diode op-
eration. In the first half of the voltage
pulse there exist the fast disturbances,
which apparently connected with the
electron diffusion in the diode gap.
Such instabilities prevent the inclina-
tion from the condition / = const ( or
/ ' = const ). The corresponding disper-
sion equation in the quasiclassical limit
is equal [10]

(14)
Here

u>6
, n,- -,SB =

K = k8s, w and k - the frequency
and the wave vector of the disturbances,
no(z) - the equilibrium density, B0(x)
- the magnetic field, B'o = dBo/dx.

From Eq.(14) one can see that for /c ~
1 and d\nneo/d\nBo < 0 the instability
can exist that leads to the smoothing-
out of the / ' .
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In the second stage of the voltage
pulse the slow disturbances are usually
developed, which are give contribution
to the ion divergence. Below such an in-
stability will be considered, which arises
in the near-anode Hall plasma by the
account of two ion species: hydrogen
and carbon. The basic assumptions will
be: 1) the neglecting of the electron in-
ertia; 2) the magnetized electrons; 3)
the neglecting of the heavy component
(carbon) velocity; 4) unmagnetized ions
(protons). Within a framework of this
approximations the main equations will
be the following ones: Ohm's law

0 = —eneE — (ene/c)[ve x B] — aej,
(15)

the proton motion equation

(16)

and proton continuity equation

V(niVi) = O. (17)

Calculations give the following dis-
pertion equation for the frequency u

cB \2 iH k3

7 ^
Zana

\47ren/ ne
(18)

Estimate for the KALIF device emit-
ter gives the increment value

Imw < l O V 1 . (19)

4 CONCLUSION

Thus, the turbulent mixing processes
result in the smoothing-out of the value
/ and the establishing of the unique
magnetic Debye length r^ over the en-
tire volume of the diode gap. The elec-
tric field screening at the lengh TB leads

to the decreasing of the effective diode
gap ("voltage decay") and also to the
decreasing of the phase velocity of the
disturbances in an applied-B ion diode.
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