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Effect of Electron Pressure on Plasma Electron Oscillations

ERNEsT G. LINDER, RCA Manufacturing Co. , Inc. , Camden, N. J.
(Received March 18, 1936)

A general equation for electron motion in a plasma is
developed which includes a term arising from electron gas
pressure. The resulting expression is

8'p/Bt'+ (47' ne'/m) g = (k T/m) V'(

where & is electron displacement, n electron density, and
T electron gas temperature. From this it is found that

the possible frequencies of free vibration form a series
given by f; =(kT/P m+ne'/~m)&. The lower limit corre-
sponds to the Tonks-Langmuir value (ne'/7')&, while the
other frequencies depend upon the possible standing waves
which may exist. The theory explains the observed varia-
tion of frequency with electron gas temperature.

Departures from a uniform distribution will

give rise also to pressure gradients. It will be
shown that the forces thus arising may be of the
same order of magnitude as the force E, and
that their inclusion in the theory gives a variation
of frequency with electron gas temperature.

If the undisturbed electron density is taken
to be no, the change due to any displacement
$(x) is

so that

8n= np8$/Bx,

n =np(1+8&/Bx). (4)

' L. Tonks and I. Langmuir, Phys. Rev. 33, 195 {1929).
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N their investigation of electron oscillations in
- - ionized gases„Tonks arid Langmuir' did not
take into consideration forces arising from elec-
tron gas pressure. The writer has found that if
this force is included the previously not under-
stood variation of resonance frequency with
electron temperature may be explained.

In order to determine the effect of electron
pressure, consider the equation of motion,

mj = eZ+—Bp/nBx,

where the last term represents the force arising
from' pressure. The electron displacement is
denoted by &. The electric field 8 arises from
electron displacements. In an undisturbed plasma
the electron and positive ion densities are uni-
form and equal, and the net charge in any
element of volume is zero, hence the plasma is
6eld free. However, if electron displacements
occur, the net charge in a volume element is no
longer zero, in general, and electric forces are
set up. The expression for this force, is'

E= 47rneg

Now p=nkT,

hence
Bp Bn 8'$—=&~—=no&~
OX BX BX

Substituting (5) and (2) in (1) yields

8'( 4zne' kT 8'$
+

812 m 8$ BX2

A more general equation can be derived from
Maxwell's equations, and a force equation
similar to (1), wherein Bp/Bx is replaced by
grad p. The procedure is the same as that given
by Tonks and Langmuir, ' except that the term
involving pressure is carried through. The re-
sulting equation is the same as (6) if 8'&/Bx' be
replaced by V'&.

For a plane wave the possible frequencies are
given by,

f,= (k T/XPm+ne'/mm) ', .

where the X s are the possible wave-lengths
determined by the standing w'ave systems which
may exist. For a given n and 1, there is therefore
a series of possible frequencies, the lower limit
of which is the Tonks-Langmuir frequency
(ne'/prm)i. This series, however, appears experi-
mentally as a single broad band due to the
breadth of the individual resonances and the
closeness of spacing.

It is assumed that the possible range of
wave-lengths lies between a length comparable
to the size of the containing vessel, and a length
comparable to the Debye distance for the plasma.
It w'ill be shown that the experimental data can
be fitted by choosing a wave-length within this
region.
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FIG. 1. Showing combinations of n, the number of
electrons per cc, and T, the electron gas temperature, which
give resonance under applied frequency of 1.6)&10'.

To fit the data it is found that the effective
wave-lengths must be X,=0.36 cm, and Xb ——0.22

cm. The plasma diameters in the two cases
were about 1.9 cm and 2.5 cm, respectively.
The discharge did not fill the entire cross section
of the tube, which was 3 cm in diameter. The
Debye distances, X& = (k T/47rne') '', are 0.064
and 0.038 cm, respectively. It is evident that
the necessary X's lie within the required range
in both cases.

The width of the resonance band may be
estimated as follows: Assume the small wave-
length limit to be given by o,)&, where 0. is a
small numerical constant, found by Langmuir4
to be 3.31. Since XD

——(kT/4irne')*' we may make
use of (7) and write the limiting frequency as

In Fig. 1. are plotted data, some of which were
taken from Tonks' paper, ' and some of which,
previously unpublished, were kindly supplied to
the writer by him. These represent combinations
of n and T, which gave resonance when the
plasma was placed between condenser plates to
which a fixed frequency (1.6&&10') was applied.
The linear relation is represented by (7) if both
sides are squared, and f is regarded as a constant.
The two lines, (a) and (b), correspond to two
resonances which were observed, but for which
there is no explanation. They apparently repre-
sent two modes of oscillation, and may be related
to plasma shape. ' It will be noted that there is a
very definite effect due to electron temperature,
the values of n required for resonance varying
by as much as 2: 1, over the temperature range
investigated.

The slopes of these lines should be, according
to (7),

drl/d T= —irk le'X'

2 L. Tonks, Phys. Rev. 37, 1458 (1931).
'L. Tonks, Phys. Rev. 38, 1219 (1931).

Hence the maximum frequency is 2.14 times the
lowest frequency, giving a band width of about
one octave, which is in agreement with experi-
ment.

The contribution of the pressure term to the
frequency may be computed by using the above-
determined values of ) . It is found that the
frequencies predicted for the (a) and (b) reso-
nances are 50 percent and 45 percent greater,
respectively, for a given electron density, than
when pressure is not considered. The available
data do not permit a decisive check of this
because of the unexplained fact that several
resonances are observed. The agreement is better
with the (a) type but worse with the (b).

It should be noted that Eq. (8) for the slope
is independent of any constant factor multi-

plying f in (7), for exa.mple, to correct for
plasma configuration as was done by Tonks. '
The expression for slope would be unchanged by
any such factor.

' I. Langmuir, Proc, Nat, Acad. Sci. 14, 633 (1928).


