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PENETRATION OF A LONGITUDINAL MAGNETIC FIELD
INTO A PLASMA OF A LINEAR DISCHARGE

B.N,Breizman, D.D.Ryutov

In experiment /1/ the propagation time of a magnetic field
pulse from the boundary té the axis of an electrode ended plasma co-
Jumn was measured. An intéreating feature ofthe experi:hent wag that
the mean signal velocity turned to be anomalously high ( at least
an order of magnitude higher than Alfven velocity ). In this paper
one of the possible mechanisms of such a fast penetration of a field
into a plasma is discussed, |

It is assumed that a plasma fills a cylindrical volume (( <
<+t <R; -~L/2<z< L_/Z ) between two perfectly conducting elec-
trodes. The constant longitudinal magnetic field is denoted by Ho;
Besides that let's suppose that at a plasma boundary a pulsed magne-
tic field ,Fﬂ <3 Iﬁo{ of a form
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is created by an extermal coil ( r X R, IR <z <{/2 ). The pul-
se duration T 18 considered to be much greater than the inverse
cyclotron frequency (J.JHO( W, T > (B

First, consider the case of a small amplitude pulse, when

plasma currents do not produce any instability and a usual Ohm's law

is valid: AN A
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whera W, = (ii'ﬁ'n 'e?'/mffz is an electron plasma frequenci,- Y = elec-
troﬁ - ion dollisian* frequency.. Only an electron contribution in
surrent is taken into account, because in the experiment under con-
gideration the pulse velocity is much gfeater than Alfven velocity,
and ion current is negligibly small,

Substituting relations (2) into a quasistationary Maxwell
squations and taking into account that (C/(-On](v'f )1/2<<. R one gets:
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The boundary conditions for H-,_r at Z :iL/Z are:
+ =
Ho{r; 2L/2)=0
Equation (3) is a wave equation for helicons in plasma. The
radial velocity of the basic harmonic ( H, CHeanTiz/L ) is

given by >
S s I Wy, C
T w?

Higher harmonics penetrate into a plesma faster than the basic one,

(4)

but for a long exciting coil ( E e I_ ) their amplitudes are
much less than that of the basic one (the latter point comes imme-
diatly from the Fourier expantion of a magnetic field on the plasma
boundary). Therefore, the penetration velocity in the case E"‘“L
is determined by the formula (4) namely. Strictly speaking this for-
mula is valid only at “jmaxl é\ﬁo‘ . But one can also use it as
an estimate at lﬁmax'l"‘- “_-Ll and even at Iﬁm,l >>lﬁn\ ' (in the
latter case the cyclotron frequency to be calculated for a field
ﬁ max Je If the coil becomes shorter, then V increases and tends

to its maximum value v*  as [/R—"-O 3
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Note that in the case of & short coil ( {<& L ) the penetration
time is insensitive to the boundary conditions ( the preseﬁce"oﬁ-fﬁ#
absence of electirodes). The estimation (4) is comsistent with the ex-
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perimental velocity values at a plasma density of N ~ 2 40
| But the dependence Vveon differs from an experimental one
(Vv 2 rlfwz ) This diserepancy may be due to the fact that the
pulse amplitude in experiment /1/ was not sufficiently small., To
check experimentally whether the propagation of.helicon is really
cause of the penetration of magnetic field into plasma one should
measure the @ - component ofthis field ( Q? - component to be ob~
viously present in the helicon). |
The high amplitude pulse may give rise to current instability
in plasma and as a consequence to anomalous resistivity. If so, the
current will be "frozen“.at some critical level which depends on
plasma parameters and corresponds to the marginal stability. In heli-
con Z and (P - components of a current are of the same order of
magnitude. Since in all existing models of anomalous resistivity the
threshold of instability for current perpendicular to the magnetic
field is less than that for the parallel one, we shall consider that
the instability and anomalous resistivity are caused by the current
jCP o In order to estimate the penetration time for the turbulent
regime, we shall assume the anomalous resistivity to be connected
with a sound type instability and take the following interpolation
for the critical current dependence on the electron temperature
. T2 ()" (T} 1
J?=Ane('a‘) () + () _ o
Here TB is an initial electron temperature, A>0 end « >() -

some constants, JA being of the order of unity., This formula for



T=T, &ives the critical current for isothermal ( _ri==-re )
plasma J ~ne (T / m)ﬁz » Moreover, for high temparature formula
(5) gives asymptotical dependence J Ane(rn/M) (T/ m) , obtained
in the paper /2/.

Denoting the characteristic penetration depth by a(t) one can

write that
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By means of these relations it is possible to express a temperature

inside a skin in terms of a magnetic field perturbation at the plas-

ma boundary: -
' T ~H (R,t)/8%n @)

FProm the expressions (5 - 7 ) it comes that
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Introducing the explicit time dependence of I'Ti at t<T (ef.(1))
and taking A=R , one finds a penetration time in the case of

the anomalous resistivity existence:
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t ﬁ—(:QT' )/h(;f\Q(J%) =
it 2 SRR R (9)
0 C
r Hzma_r M 1/4 :
This formula is valid nnly o £ 3 W, A ) 4 because in the

opposite case the maximum penetration depth is smaller than R .
The dependence of 'to on Hz coincides with experimental one., As for
the dependence on concezitration, it is determined by a choice of &
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