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HFE PLASMAS

THE INFLUENCE OF AN ELECTROSTATIC FIELD ON
CYCLOTRON RESONANCE BEHAVIQUR OF A PLASMA
- by
D.C. Schram, P. Manintveld and E. Oord"

Association Euratom~FOM
EOM-Instituut voor Plasma-Fysica
Rijnhuizen, Jutphaas, The Netherlands

Abstract

The theoretically predicted influence of an electrostatic
field on the energy gain of electrons at e.e.r. is confirmed ex-
perimentally by measuring the lass tangent of the plasma as a
function of an applied D.C. voltage. The applicability of this
effect as a heating scheme is discussed in general terms.

In a recent publicationl) the influence of an electrostatic
field on the energy gain of charged particles at cyclotron res-
onance has been studied. Here a circularly polarized TEM wave
(w, k) was assumed to propagate along a uniform static magnetic
field. In the following g=eEm/mmc, a=eE /mmv B B=eB /mw-1, are
parameters defining the e.m. wave, the e.s. field, and the stat-
ic magnetic field resp.; a=n e2/ms mz-m /u , is a parameter
for the electron number density, ng. Clgse to the resonance
even a weak external effect, here an e.s. field, has a consider-
able influence on the motion of single electrons, resulting in
a change of the characteristics of plasma.

In the absence of an e.s. field, the so-called "undisturbed
case", the energy of the particle is a periodic function of
time, Fig. 1 curve "0", and an oscillation time tos can be de-
fined. This remains valid if the relativistic mass variation
and axial velocity variation due to the Lorentz force are taken
into account?)

In the presence of an e.s. field two regimes can be distin-
guished, depending on the time scale on which the e.s, fieLicausﬁ
a certain change of the resonance function, r(t)= (m—kv -Q(H)A
- "strong external effect", the particle is pulled out of res-

onance within the f£irst oscillation period. A stepwise energy
increase is found (curves "1.03", "2" of Fig. 1).

- "weak external effect", the particle remains close to reson-
ance: a continuous increase in energy is added to the undisg~
turbed oscillatory behaviour (Fig. 1, curves "aar, ".5").

At the transition, a=a synchz. defined as the synchronous case,

a continuous increase in energy occurs (Fig.

T The reactive and resis-

tive behaviour of the plas-

ma has been studied for
the "undisturbed case" in

1, curve "1").
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Ref, 3. Using the same ca-
libration for the electric
field strength of the e.m.
wave as in Ref.3, we find
for A=0 {at cyclotron res-
onance), a=0(no e.s.field)
l&%/ ¥ 900 723
8=0,a=0
where P, is the incident
power of the e.m. wave in
watts. If an e.s.field is
applied a part of the elec~
trons is accelerated and
a part is decelerated.
This leads to resonance
O functions of opposite
sign and, consequently,
to dielectric currents of
opposite phase. For high
values of the e.s. field
parameter a, the permit-
tivity, e, tends to the
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Fig. 1l.
Numerically calculated gain of kine-
tic energy as a function of time;
2/u2=0.75, g=2.207>, v(£=0)=0,8=0,

=1,2%10"4. The guantity
is curve parameter.

vacuum value 1.

The loss tangent of
the plasma can be calcu-
lated if the time of es-
cape of the particles is

2synchr.
4 known. Experimentally

a/asynchr.
‘
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. tgs “ -
by = 1/2 toj/ ylelding 542 2 620 pié/3 .
g8=0,a= g=0,a=0
Evidently, the loss tangent will show a weak maximum for
a=a

synchr.' For values of a>asynchr. the step in energy de-

creases with increasing a. Consequently, i1f the escape time igu
a d to be independ

t of a, the logs tangent decreases,

The experimental facility shown in Figs. 9, 10 of Ref. 3 has
been used for the measurements. Two electrodes were mounted on
the axis and a negative D.C. voltage was applied. The magnetic
field strength of the static magnetic field was chosen such that
the cyclotron frequency was equal to the applied frequency (£=0).
The loss tangent, the permittivity, and the density of the plas-
ma were measured as functions of the applied D.C. voltage for
several values of Pin’ The result for PinBZOW are plotted in
Fig. 2 {(normalized to the density); the loss tangent shaws a

maximum at V=2.2.Volt, taken to be V . Values of V,

synchr. synchr,
for varjous values of Pin are plotted in Fig. 3.
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Fig. 2. Fig. 3.
Measured loss tangent and dielec- Vsynchr. as a function of

tric constant as functions of the P
applied D.C.voltage. vsynchr.is
the value of V where tgé/a is max.

in* The dashed line is the
theoretically predicted curve
for a Debye length XD a1 em,

« p2/3

As predicted in Ref. 1 we find Vsynchr in * Taking the field
calibration of Ref. 3, we find theoretically a h =.92x10"%
2/3 synchr.
xPin . The e.s. field is assumed to be constant over a shielding
length A
and the estimated parallel electron energy of 50 eV. The experi-
mental result, V —.27!??43,
al predictions.

of 1 cm, which corresponds to the measured ne"3XX0 mc

synchr. is in agreement with theoretic-

Discussion

The mechanisms discussed here may, in more general terms, be
applied to heat plasmas. A discussiop of both cases, weak and
strong external effects, may be of interest.

1f the external effect is weak, the energy graws without any
limitation but time. However, even if the density is small the
plasma can become extremely reactive, while for higher densities
cyclotron absorption will damp the wave before large energies
are reached. As a heating scheme it is only attractive in very
tenuous plasmas of large dimensions, e.g. extra terrestial plasmas.

In a strong e.s. field a quasi-collisional enerdy gain occurs.
The reactive components of the current are relatively low and
can be chosen zero by choosing a value of 8 slightly different
from zero. The permittivity of the plasma is close to the vacmml
value. This mechanism could be applied asa heating mechanism in
which the heating rate can be chosen. It should be remarked that
the external field need not be static: e.g. an e.s. field vary-
ing slowly with respect to t, leads to repetitive heating. Such;
electrostatic waves can be introduced into the plasma.Frequency
modulation is an attractive alternative as an extexnal mechanism,’
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