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The experimental study of Alfven-wave propagation makes possible
a quantitative comparison between the predictions of hydromagnetic theory
and experimental results. Our hydromagnetic wave guide for the generation
and propagation of torsional Alfven waves has been described previously, !

It consists of a cylindrical hydrogenic plasma contained in a copper cylinder
86 cm long and 14.6 cm in diam which ie immersed in an axial magnetic field
of approxiinately 15 kgauss. A torsional hydromagnetic wave is induced at
one end of the tube by an oscillating radial current, which is driven from an
external circuit.

We have measured the radial distribution of the oscillating magnetic
field that is associated with the wave, and find a good agreement with the
results of an analysis of the modes of propagation to be expected. We have
observed reflections of the hydromagnetic waves from the end of the
cylindrical plasmaz and have used this effect to measure the radial magnetic-
field distribution of a wave that has made three transits of the hydromagnetic
wave guide. Since the lowest-order mode has the least amount of attenuation,
the wave that has made three transite of the tube would be expected to consist

almost entirely of the lowest-order mode. This is verified experimentally.
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Using Maxwell's equations, Ohm's law, and Newton's second law
of motion one can sl'mw3 that the radial distribution of the azimuthal magnetic
field b@ associated with the wave is described by a first-order Bessel
function J 1(kcnr). where the various principal modes are designated by
n=1,2,3:--+ , and the kcn are evaluated from a boundary condition that was
determined experimentally in the following manner. Radial current probes
inserted into the wall of the wave guide failed to detect a current associated
with the propagating wave. Therefore the radial current density gwhich is
also proportional to J l(kcnt)j is zero at the wall, and the boundary condition
ie Jl(kcn a)=0, where a is the wave guide radius. The attenuation length
for ohmic lossés is proportional to (kzcn*rkz)'l. where k is the wave number
of the wave. Since we have kcl<kc 2 44:03 «++ , the attenuation of the lowest-
order mode is considerably less than the attenuation of the higher modes. Thus,
although an arbitrary disturbance at the driving end can excite many modes,
only the lowest-order modes survive for an appreciable distance.

The radial variation of b8 has been measured with six magnetic
probes inserted into the plasma at six radial positions near the receiving end
of the tube, Results for the wave which has made one transit of the tube
are shown in Fig. 1. The solid line represents the lowest mode of
propagation plus 30% of the second mode. The amount of second mode present
was determined by a best fit to the experimental data. The effective plasma
radius for wave propégation appears to be about 4mm less than the radius of
the copper cylinder. This may be 2 measure of the thickness of the sheath or
layer of neutral particles that isolates the wave currents from the conducting

boundary.



-4 UCRL-9244

When the wave reaches the receiving end, it undergoes a reflection
which corresponds to that of an open-ended transmission line. A similar
reflection occurs at the driving end, and we can then observe a wave that
h§s made fhree transita of the wave guide, ae shown in Fig. 2. According
to theory, a second mode which wae present to the extent of 30% after one
transit would be present after three transits to the extent of only 0.4%, i.e.
it would be negligible. Thus the solid line in Fig. 2 represents the lowest

mode only.
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FIGURE LEGENDS

Fig. 1. Measured radial distribution of the wave magnetic field after one
transit of the wave guide (74 cm). The solid line is proportional
to Jl(kclr) + 0.3 Jl(kc;’.r)’ i.e., the first mode plus 30% of the second
mode., Vertical bars indicate the standard deviation of the mean for eight
measurements plus an estimate of calibration uncertainties.

Fig. 2. Measured radial distribution of wave magnetic field after two
reflections, i.e., after three transits of the wave guide (247 cm).

The solid line is proportional to Jl(kdr). i.e., the first mode only.
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