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INTRODUCTION

During the current period we have made a preliminary measurement of the
dispersion relation of a wave near the electron cyclotron frequency. Such
a measurement is one of the primary objectives of this research program. At

the time of this writing, these measurements are still in progress.




Special Antenna

We have designed an antenna in the shape of a helix surrounding the
plasma column. This antenns acts as a slow wave structure for the transmitter
signal. This geometry should couple preferentially to plasma waves of short
wave length. The helix is mounted on the ion trap and carefully shielded by
8 wavegulide-beyond-cutoff structure. The receiving probe is a small diameter

transverse wire also shielded by wavegulde-beyond-cutoff structure.

Dispersion Relation

The dispersion relation we observed for waves near electron cyclotron
frequency is shown in Fig. 1. The plasma frequency in this case is less
than the electron cyclotron frequency but not terribly smell compared to it.
The low frequency branch of the curve, which we have investigated extensively
for another program, is also given in Fig. 1. The upper branch of the dis-
persion curve may be represented by the formula f-fc = % vb/k, where f is
the transmitter frequency, fc is the electron cyclotron frequency, A is the
wave length of the transmitted wave, and for the case exhibited in Fig. 1,
vp = 3.5 X 108 cm/sec. We have as yet made only a preliminary theoretical
interpretation of this result. However, a wave with this dispersion is
expected if the plasma distribution function has two electron beams out on
the tail, one going in each direction at a speed equal to vb. This has now
been experimentally cbnfirmed by injecting a controlled beam into the plasma.
Preliminary snalysis indicates that instabilities may result in such a beam-
Plasma system when the beam wave resonates with the cyclotron frequency. Work is
in progress to analyze this situation. Positive identification of the wave

will depend on further experimental and theoretical work.
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Fig. 1--Dispersion Relation



Wave Damping

The wave observed near the electron cyclotron frequency is heavily
attenuated and disappears in a few wave lengths. Detailed measurements of

the wave damping have not been made as yet.

Publications

A talk on the dispersion date will be given at the New York meeting of
the American Physical Society. The abstract of this talk is given in

Appendix A.

Financisl

Approximately $37,000 has been expended or committed on this project

to date.




APPENDIX A
CYCLOTRON WAVES IN A COLLISIONLESS PILASMA

C. B. Wharton and J. H. Malmberg

The propagation characteristics of spacecharge waves in a long collision-

less plasma columnl have been studied over the frequency range 90 to 520 Mc.
The collisionless damping of these waves has previously been reportedz.
Recently the growth of the wave amplitudes in space, due to an injected
electron beam having a velocity spread3, has been Investigated.

In this paper we report the appearance of a wave at frequencies slightly
above the cyclotron frequency'am. The wave appears to be longitudinal, with
velocities ranging from 3 X 108 to lO10 cm/sec over the frequency range.
There is also a wave at frequencies slightly belowcnb, that seems to be

directed by the plasma column and which may be a whistler.

1 Melmberg, J. H., et al, A collisionless plasma for wave propagation

studies. Proc. VI Intern. Conf. on Ionizetion Phen. in Gases, Paris, 1963.

2 Malmberg, J. H. and C. B. Wharton, Collisionless damping of electro-

static plasma waves, Phys. Rev. Lett. 13, (6), 184 (1964).

3 Drummond, W. E., Spatially growing electrostatic turbulence, Phys.

Fluids, 7, 816 (1964), also General Atomic Report GA-3809, (Sept. 1963).



