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DEMONSTRATION OF CLASSICAL PLASMA BEHAVIOR IN A TRANSVERSE MAGNETIC FIELD
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Experiments on dense, fully ionized gases in

strong magnetic fields usually involve a multitude
of plasma processes. As a consequence the be-
havior of such a plasma has rarely been shown

to follow simple classical, theory. In an experi-
ment performed to examine the properties of a
low P (=2p, ,nk2'/B') plasma streaming transverse
to a magnetic field, we were able to demonstrate
that the motion of the plasma is stopped when its
internal electric field is removed. The magnetic
field 8 is produced transverse to the symmetry
axis of a cylindrical Pyrex vacuum chamber (20-
cm diam, 177 cm long) by a pair of rectangular
coils. %ithin the magnetic field region are lo-
cated a pair of parallel-plate electrodes (15x30
cm separated by 7 cm) which are used to estab-
lish an electric field E orthogonal to both the
chamber symmetry axis and the magnetic field
over an axial distance of 30 cm. A coaxial gun, '
operating on a 0.6 cc- atm pulse of deuterium gas,
is located on the symmetry axis 30 cm outside
the magnetic field region and injects plasma along
the axis into the space between the electrodes.
The velocity of injection v; and the fields are
oriented so that E, B, and vz form an orthogonal
right-handed system.

A deuterium plasma of density -10 ' g/cm',
whose degree of purity is presently unknown,
emerges from the parallel-plate electrodes with
a velocity v —5x10' cm/sec in the ExB direction.
This plasma continues to stream along the vacuum
chamber for the full extent of the transverse mag-
netic field region (130 cm). The plasma stream
is found to be well penetrated by the transverse
magnetic field. Magnetic probes indicate a de-
crease of 8 owing to passage of the plasma such

that hB/B= 0 2w.hen B= 6.5 kgauss and when the
E-field electrodes are energized with a 15-p,f
capacitor initially charged to 8.5 kv.

For such a plasma to stream through a trans-
verse magnetic field with velocity v, an orthogonal
electric field vxB must be present. The plasma
leaving the electrode region can make its own elec-
tric field by polarization. Electric probe measure-
ments show that a polarization electric field is in-
deed present, and moreover, the measured value
of EP is in agreement with the plasma velocity as
determined by time of flight with magnetic probes.

A demonstration that the removal of electric
field will halt the streaming of the plasma trans-
verse to the B field was accomplished by making
use of the fact that electrons are unimpeded by
magnetic forces when flowing along 8-field lines.
This property allows the plasma's electric polar-
ization field to be shorted by electron flow to con-
ductors outside the plasma stream which are con-
nected to it by 8 lines extending into the plasma.

A region of shorted electric field extending the
full diameter of the vacuum chamber was pro-
duced 20 cm downstream from the parallel-plate
electrodes by means of a conducting sheet formed
into a half-cylinder to fit the inner wall of the vacu-
um chamber and oriented to intersect all the 8-
field lines for a length of 15 cm. Figure 1(a) is
a time-integrated photograph showing that the ef-
fect of this conducting sheet is to stop the plasma's
forward motion. The plasma penetrates no farther
than approximately 2 cm beyond the leading edge
of the shorting conductor. Magnetic probe meas-
urements support the photographic observations
in detecting no plasma beyond the region of
"shorted lines. " Time-resolved Kerr -cell photo-



VOLUME 8, NUMBER 4 PHYSI t" A. L RKVIKW LKTTKRS FEBRUARY 15, 1962

(a)

Oi O~

I 1

(b)

FIG. 2. Schematic diagram of the plasma flow
around the forbidden region of zero electric field
created by a conducting strip located adjacent to the
inside wall of the vacuum chamber.

(c)

FIG. 1. (a) Time-integrated photograph showing the
stopping of a plasma stream by a conducting liner.
{1) End of coaxial plasma gun; (2) leading edge of the
windings of the B-field coil (8 out of paper); (3) E-
field electrodes (K upward); (4) conducting liner (half-
cylinder on wall away from the reader). (b) and (c)
Over-all and close-up time-integrated photographs

shying the exclusion of plasma flow found in the re-
gion of zero E-field produced by a conducting sheet
of 4-cm height at the far chamber wall.

graphs show that the forward motion of the plasma
stops and portions of the plasma drift upward and

downward across the magnetic field and are di-
rected baclavard at the glass wall.

When the electric field is removed from only
a portion of the stream, that portion is impeded,

and the flow continues outside the shorted region.
Over-all and close-up photographs of this phenom-
enon with the conducting sheet 4 cm high and 15
cm long are shown in Figs. 1(b) and l(c). Kerr
cell photographs indicate that the plasma stag-
nates in front of the shorted E-field region and
portions of it divide and flow around. It should
be emphasized that in these experiments the con-
ducting sheets were immediately next to the cham-
ber wall (as shown in Fig. 2), well outside the
main body of the plasma stream, and did not con-
stitute mechanical obstructions to the flow.
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