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A POS HALL MODEL

Ivanenkov G.Y., Krastelev E.G.,

P.N.Lebedev Physical Institute,

Leninsky Prospect 53, Moscov,

The model explains POS gperation on the basgis of
internal processes in the plasma: cathode plasma crea-
tion, field penetration of the

plasma ond current switching.

double layer formation,

The large number experiments performed to date has
not clarified the physics of POS [11.
del [2]

The simple 1D mo-
can not explain field and current penetrotion

of plasma. This model proposes four successive phaoses

of POS action: conductivity, erosion, enhanced erasion

and magnetic insulation of electron flow. But opening

after the current maximum (1] and switching on a too

high-impedance load do not provide magnetic insulation

in vacuum ({3]). These facts ond the practical indepen-

dence of rate of impedance rise on the 1load indicate,
in our opinion,

of POS action (41,

the presence of an internal mechanism

1. Cothode plasma creation. Our assumption for plasma

injection in the P0OS gap are the followving [51:

a) plosma velocity vp provides delay of neutrals from

the ei-component during plasma gun pulse time t_ of not

less than the gap width d. This gives vpz d/tp= 107cm/s

for 1p = 1 ps and d = 10 cm;

b) plasma volume is large for total erosion in the gap

during generator pulse time tg. This means (Fig.1)

2nrcld > plmtg/enp, vhere p = fhe/mi, Im ig the maximum

current, np ~ the plaemo density;

c) Im is sufficiently large for plosma erosion: Im>IB=
2nrcljB (js = enpvp/p), or 19 < tp {from a) and b});
d) np is sufficiently low and not influenced by the

electron work function from the cathode.

Requirements @) and d) lead to DL creation. The

low voltage V = mevg/Ze reflects the electrons in the

injected plasma and an ion sheath of dimension » vp/mpe

(current density = en_v ) is formed near the cathode.

PP
It extends along the not emitting cathode to the depth

of collisionless skin layer SB = c/wpe. With increasing

- 2 - *
voltage to Vs = mivp/2e = 0.6 kV (C)),
to = .
vp “pl
pivs/vp‘

thode plasma con be created.

the sheath ex-
The cathode electric field reaches

If E = 0.1 MV/cm,

pands

the value E =z w a dense ca-

This gives n, * 1043 cp~3

v /w = 0.1 mm).

p pi
value.

(Ss = 2 mm,

this

The actual np may differ

from We shall congider o sowevhat denser

injected plasma when the cathode explodes at V < VB.

Mozgovoy A.G.,

Solovyev M. Yu.

USSR Academy of Sciences,
117924, USSR

2. DL formation and _plasmao_erosion. The dense plasma

front moves with o velocity = 106 cm/s. DL formation is

described in {3] as the quasi-stationary evolution of

potential distribution in the plasma-filled gap. The

voltage and current density reaches the values Vs and

j_for t = t . DL size slovly rises to =* v /w_. ( 8
8 8 P pi s
with an almost constant velocity = atj/enpvp (2107 cm/e
for the us installation (3] and = 10® cw/s for ns gene-
rators). Saturation at VS and IS leads to erosion. The

simple 1D wodel (6] (mee [3] too) shovs that the magne-

tic field acts on the electrons during an erosion time

-1 , _
B “pi 2= 1 ns, vwhen its Larmor radius fee © 88.

3. Field penetration of the plasma. This action forces

electrons accelerated in DL to be displaced towards the
load and slovw injected electrons tovards the generator.

This is the Hall effect. It forms two regions of fast-

electron ExB-drift.The first is the caothode layer (CL),

vhere the emission area extends along the cathode. Mag-

netic insulation of the electron flow, neutralized by

ions, is realized in CL. Uping Ampere’s lav, we can

vrite the insulation condition & = Tee in the form

2

eV = B7/8nn (B = 2I/cr 1)

c'

vhere n is the average CL density. CL growth follows a
& ~ 17yn lav in this erosion phase.

The second layer is the magnetic insulation front
maving

(CS; Fig.2),

along the POS oxie as the radiol current sheath
Its dynamics was discussed in (11].
The emission current density is about jB for any

t > ts' aond the current rise is supported by the CS

movement through the plasma. The rise stops when CS

reaches the load POS boundary (t = tc). The critical

values Ic and Vc can be determined from the LC-circuit

equation, wvhere the P0OS voltage (1) is included. We can
use the simple lav n ~ 172 for CL density. Then, the
analysis of the Airy equation gives us Ic and Vc. For
example, for L= 0.5 pH, C = 0.5 pF, U0= 20 kv, Tes 3 cm
(Fig.1), we obtain Ic= 15 kA4, VC= 3 kV when tc= 0.6 us,
ta= 0.3 ps.

The CS dynamics equations are

n, (Nv)* = B%/8@n f=nv-vNd (2)

i ’ p p

which include the snow-plough effect as wvwell as the
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plasma loss to CL. The loss is emall for t « d/vp=1 ne,

when (2) is the snow-plough model. For I = it. constant

on v = i/cr.d3nm.n_ satisfies the

Y D/ergidnmn, sotisfies
loss is considerable for t 2 d/2vp = /o,

model. The
The exact so0-

lution is

t 2 t
Brdt 2 .. ~alt-t’)
anm N™ = &Zn e
t 8nmy Py
8 8

Ny = J <(Nv)(t')dtr’. (3

it gives v * wtiats/2 for at » 1 oand I ~ t. We can find
from ¢(3) the velocity vcz 107 cm/s and the axial dimen-
sion of the injected plasma region 1 * 10 cm in our
example.

nhﬁnrpfﬁnn by the

moving CS

chaonges the process. This vas noted in our experiments
t3) by the appearance of anode plasma, the position of
which testified to current flow curvature and enhanced
e-bombardment of the onode for Tt = t-tc > 0.

Rapid current decay occurs after tc. There arises

an inductive voltage -c*zLi. Simultaneocusly, magnetic
field and 1ts pressure weaoken and con not accelerate CS

in this phase.The anomalous heating (possibly type (71)

leads to rapid CS expunsion. These equations can be
written as
mb’ = 2e/3b, £ » 2b.e/3b = IV/N 4)

in the frame of reference moving with velocity vc.Here,

b is (S width (Fig.3!', £ the internol energy for one

ion, Np the number of ions in C5. We take sz 2nrcldn .

p
System (4)

has the iLaw of conservation min52/2*N e = L(Ig—lz)/Zc?

8 cm/s

C5 losses as < 1/3 wf plasma in our example.

We see thot a limit value v _ = 1T 'JL/m.czN = 10
m c i P

exists. The maximum temperature = 10 eV allows us to

explain the observated spreading of the axial glow (8},

the brightness of which increases in the direction of

load.

A part of heated plasma diffuses backward across

the magnetic tield, losing average movement towards the

cathode due to turbulence and forms a wake after CS.

Its density 18 n x npl/o, vhere a 1is the wake length;

a x J{cT/eBit for Bohm diffusion. The retardation of

ditfusion allows us to tix the value n, for a current

decay time t, (see definition below; afzy,) = 1 cm).

*
CL develops in this plasma as a result of 1ts ero-

sion. lon balonce analysis gives the dependence n,/n =

chewCI-sxé for CL density. From (1) and the circuit
equation, we obtain
7. 2icfusi-bisr - (92+12/rf1§>1 = 0;
(5}
O I =0 (x=W.

1077

Here, 1, = cjnrngmin‘/Ic (z 0.1 ps in our example),

9 = /i€ (= 2-10° s71). The solution of (5) leads to
I./1 . 5 N

v (¢ du . Li L1® le L

—— = e T - e = T ) —

T4y Zinw ' c? el I

for optimal charging of the inductor (tc = n/29). The

voltage maximum V‘= LIc/r,c212e (=30 kY in the example;
The POS impe-

e = 2,71...) 1is reached in time <t = <.

dance has a sharp peck too, but its maximum appears la-

ter. The CL size and its density vary as
s (5 2 .
n/np = (63/8) = tss/lerC) J(n*/np>/21n(lc/1)
It is diffusive initially, when & x J2DT with D =
r.L/2w (I itz Then the increcse in CL size slows
C c ’ i Lo BlZe B8a0WS

e "¢ %

down.
The model (4) does not include plasma loss from (S
to wake. Besides, there are C’, Cz', K" ions in the ac-
tual plasma and they are separated according to mass as

acceleration proceeds. This promotes further accelera-

tion. Maognetic field diffusion in CS is considerable
too. Its diffusivity is determined from the anomalous
registivity (of ion acoustic type, vhere "collisional®

frequency 9 ; * wpe-ff75 , for example). Therefore, the

x ols w12,
8'm

the vacuum

field penetrates the entire CS in time tB—tc

fET?EiTT = 0.2 pus. Its penetration into

electron layer on the plasma front veakens the image

force on these electrons. The anomalous resistivity

rige leods to on increase of electrons moving along the

plasma boundary to the anode. Ions n* preferentially)

are drawn from the plasma and form an almost charge

neutral ep-beam before the plasma. Its propogation

(v = 103 cm/g) towards the load gives voltage stabili-

zation at the level V = Bdv/c {z 3-4 kV) instead of the

decay (6}, Beam’s arrival at the load switches on cur-

rent.

Qur model is valid if I < pISc/vp (160 kA in the

example), when the space-charge layer is not thicker

than riet Utherwise, one must add the contribution of

the ion sheath voltage to (1).
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