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Acoustic wave generation in a low-pressure magnetoplasma afterglow
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Acoustic wave generation is induced in the afterglow of a weakly ionized helium plasma by the presence
of a uniform axial magnetic field. Acoustic wave oscillations are generated at a gas pressure as low as 0.04
Torr by the application of an axial magnetic field of strength equal to 75 G.

(const)(m/M)(N, /N„)/(T,/T) )T,„/Y„,
where T,„=1/v is the average electron-neutral

(3)

The spontaneous generation. and amplification of
acoustic waves in weakly ionized plasmas has been
observed by numerous investigators, ' ' and treat-
ed analytically by Ingard' and Ingard and Schultz. '
Such generation can be attributed to coherent trans-
fer of energy by means of elastic collisions be-
tween the electrons and the neutral atoms. The
rate at which energy is transferred, per unit vol-
ume per second, from the electrons to the neutral
gas component, is given, approximately, by the
expre s si on":

R,„=7)(U, —U„)N,v,

where q= 2m/(m+ M) is the fractional energy trans-
fer of electron energy per collision; m and M are
the electron and neutral particle masses, respec-
tively; U, and U„are the average energy per parti-
cle of. the electrons and neutrals, respeetivel. y; N,
is the electron density; and v is the average elec-
tron neutral collision frequency.

In the absence of an acoustic wave perturbati. on,
all of the energy transferred to the neutral gas,
by means of elastic electron-neutral collisions,
appears as thermal energy. In the presen. ce of an
acoustic wave perturbation, part of this energy is
coupled into the acoustic wave. If u represents
the energy per unit volume associated with the
acoustic wave and u„the thermal energy per unit
volume associated with the neutral gas, then the
energy coupled into the acoustic wave per un. it vol. —

ume per second is'. R,„ugu„.The rate at which
energy is lost from the wave per unit volume per
second is u /7„,where T„is the acoustic wave de-
cay time. ' The condition under which an acoustic
wave perturbation ean grow is

It,„u/~„&u+T„.
Assuming that the electrons and neutrals obey a
Maxwellian distribution, and the electron tempera-
ture 7, is much greater than the neutral gas
temperature T„,expression (2) can be written in
the form:

collision time and N„is the neutral. particle dens-
ity. Expression (3) is in agreement with expres-
sion (15) from Ingard and Schultz. '

One can see from expressions (1) and (3) that
conditions become more favorable for acoustic
wave generation as T,/T„and the neutral gas pres-
sure p increase. Experimental evidence con-
firms this. In the experiment of Berlande et al. ,

'
acoustic wave generation was obtained in the after-
glow of helium and neon plasmas by cooling the
neutral gas component down to temperatures of 77'
and 4.2 K in helium and down to a temperature of
77'K in neon. Strickler and Steward, ' operating
at pressures ranging from 13.5 to 38.5 Torr, ob-
served acoustic wave generation in modulated "r-
gon and krypton dc glow discharges.

When T„is approximately equal to room temper-
ature, expression (3) is difficult to satisfy for P,
less than 1 Torr. Evidence, however, of acoustic
wave generation in a helium plasma afterglow has
been reported by Ventrice' at a gas pressure as
low as 0.1 Torr. In this experiment the acoustic
wave generation occurred at the onset, or in the
very early afterglow, and was attributed to the
difference in cooling rates between the electrons
and the neutral gas component. The acoustic wave
was not observed directly, but the reflection of the
wave off of the end walls was observed using an
electrostatic probe, biased to saturation.

The present comment reports the existence of
acoustic wave generation in a helium plasma af-
terglow' at a pressure as low as P,= 0.04 Torr.
The exper imental arrangement and procedure used
was identi. cal to that reported by Ventrice, ' ex-
cept for the application of a uniform axial magnet-
ic field B. Measurements of ion saturation cur-
rent I, versus time were made in the afterglow
over the pressure range from 0.02 to 1.0 Torr,
and over the magnetic field range from 6 to 1250 G.

,
In the absence of a magnetic field, the results were
consistent with those previously reported'. acous-
tic wave generation was observed when p, ~ 0.1

Torr. The leading edge of the acoustic wave oscil-
lations appeared on the I, versus time curves at a
time which ranged from approximately 2.5 msec
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FIG. 1. Ion saturation current vs time in the after-
glow of a helium plasma at p~= 0.04 Torr. Upper trace:
B= 0; center trace: B= 75 G; bottom trace: B= 100 G.
Time scale begins at t= 1 msec and is 500 p sec/division.

to approximately 3.2 msec. This variation can be
- attributed to variations in the length of the plasma

column and to slight variations in the ambient
temperature of the neutral gas.

When a uniform axial magnetic was applied to
the plasma column, it was observed that acoustic

wave generation occured at pressures below 0. 1
Torr. The threshold value of B that was neces-
sary to induce oscillations increased with decreas-
ing pressure. A value of B= 10 G was necessary
at a pressure slightly less than P,= 0.1 Torr, and
a value of B=75 G was necessary at P =0.04 Torr
(see Fig. 1). At p, =0.04 Torr, the afterglow was
observed to be quiescent for magnetic field values
less than 75 G. At B=75 G, the onset of oscil-
lations appeared at t =2.6 msec, and these oscil-
lations were observed to grow with increasing
magnetic field, becoming fully developed at B= 100
G. The frequency of the oscillations was observed
to be approximately 10 kHz. At pressures below

P =0.04 Torr, no oscillations were observed,
even for large values of B.

An insight into the phenomenon can be gained by
examining the electron energy transport equation.
In this equation, the significant electron energy-
loss terms are the radial transport term and the
collision term. The axial transport term is insig-
nificant owing to the fact that R «L, where R is
the radius of the plasma tube and L is the length.
An increase in p gives rise to an increase in the
collision loss term and a decrease in the radial
loss term. This favors acoustic wave generation.
On the other hand, a decrease in pressure gives
rise to a decrease in the collision. loss term and
an inc rease in the radial transport term, thus
making it difficult to support acoustic wave genera-
tion. It appears that both of these l.oss mechan-
isms affect acoustic wave generation. If the radi-
al transport term predominates over the collision
term (which is what happens at low values of P )
most of the electron energy is lost at the walls by
means of recombination with positive ions. Now,
the application of an axial magnetic field decreas-
es the radial transport term, and thus the rate of
electron cooling. It is plausible that this decrease
is sufficient to support acoustic wave generation
below a gas pressure of 0.1 Torr. If the reduc-
tion in gas pressurecontinues, eventually the point
is reached at which insufficient electron- neutral
collisions occur to support acoustic wave genera-
tion, even in the presence of the axial magnetic
field.
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