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Correspondence

A Resonator Technique

for Studying Dispersion

in Longitudinally Magnetized

Plasma Guides

A resonator technique has been developed

for experimentally studying the dispersion

characteristics of the angular symmetric
modes with one and two radial variations

in a circular, longitudinally magnetized
plasma column.l,z The resonator was made

to resonate for both modes by varying
the magnetic field, thus making an inde-

pendent measurement of plasma density un-
necessary for verifying theoretical calcula-

tions. A detailed cutaway cross-sectional
drawing of one of the resonators is shown
in Fig. 1. The plasma was formed by pulsing

the cathodes negative with a 2-kilovolt

pulse of 5 microseconds duration applied at
a repetition rate of 60 cycles per second.

The plasma thus formed decayed completely

between successive pulses. A CW probing

microwave signal was applied to one end of

the resonator and the resonance was de-

tected in the decaying plasma either by
monitoring a sharp decrease in the reflected
power or an increase in the transmitted
power when the plasma density decayed
to a value that caused the column to reso-
nate. The oscilloscope traces of reflected
power shown in Fig. 2 (a) and (b), in which

time increases from right to left, are illus-
trative examples of the resonances obtained

in such a resonator for modes with one and

two radial variations, respectively. The
second dip corresponds to a resonance; the

one near the beginning of the trace, which is

independent of magnetic field, has not been
fully explained.

The experimental results obtained from a
resonator similar to the one shown in Fig. 1
having a cathode radius of 1.5 cm, a length
of 1.43 cm, and an outer glass wall radius
of 4 cm are presented in Fig. 3. The reso-
nator was filled to one torr with Argon, the

probing signal was CW at 9.6 Gc/s and the
magnetic field was varied from zero to

about 5 kilogauss.
A theoretical plot of normalized cyclo-

tron frequency vs. normalized plasma fre-
quency is shown in Fig. 4 for the axially

sYrnmetric modes with one and two radial
variations.2,? These modes which are repre-
sented here in parameter space correspond
to the so-called backward wave or cyclotron
wave when represented on a Brillouin plot.
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Fig. t. Cutaway cross-sectional drawing of a plasma resonator.
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Fig. 2. Oscilloscope traces of reflected power f:om plasm? reso?atpr. (a) Mode with one radial variation;
sweep sDeed M 20 ps/cm. (b) Mode with two radial varlatrons; sweep speed is 50 ps/cm.
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magnetic waves in parameter space for finite msg.
netoplasmas, ” J. Ajjl. Phys., vol. 35, no. 10, PP.
2846–2S55, October 1964.
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Fig. 3. Experimental data from Dlasma resonator experiment.



1966 CORRESPONDENCE 41

[.1

0.6

ONE R&DIAL VARIATION

-.

‘\
\

\ TWO RADIAL
\

\
VARIATIONS

\
\

\

\
\

LENGTH = 1,43 CM \
\

RADIUS = 1.5 CM \
1,

FREQUENCY = 9.6 Gc/j \
\

— EXACT \
\

\

\
\

\

I I I I I

0.1 0.2 t13 (). 4 0.5 t). 6 0.7 0.8

NORMALIZED PLASMA FREQuCNCY, ~

Fig. 4. Tl~eoretical curves forplasma resonator exper~ment.
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FLg. 5. Experimental plasma decay charactenstms.
The circular data points represent resonances with
one radial variation, while the trm”gles represent
resonances with two radial variatmns.

The model for these calculations consisted of

a circular cylindrical, unclad plasma column;
the plasma was considered to be cold, col-
Iisionless and homogeneous within the col-

umn. Solid lines are used to illustrate SOhL-

tions obtained through an exact solution of
Maxwell’s equations while the dashed lines

are used for solutions obtained through use
of the quasi-static approximation. Both sets
of curves are presented to illustrate the dis-
crepancies that would arise if the quasi-
static solutions were used to reduce the ex-
perimental data.

A plasma decay curve, obtained by re.
ducing the experimental results of Fig. 3

through the use of the exact curves of Fig. -1,
is shown in fi-i~. 5. Good correlation exists

between the d~cay- characteristics obtained

through the use of the mode with one radial
variation and those obtained through the

use of the mode with two radial variations.
Some discrepancies should exist, since the

theoretical model consisted of a lossless,
homogeneous plasma while the experimental
plasma was lossy, as is apparent from the

width of the resonances, and must have had

large longitudinal gradients because of dif-
fusion to the cathodes along the magnetic

field lines.

An examination of Fig. 4 shows that in

the region of parameters for which the ex-
periment was performed, the resonance is

very sensitive to small changes in magnetic
field, but relatively insensitive to changes in
plasma density. It would thus be expected
that rather large spatial inhomogeneities
could exist in the plasma without destroying
the resonance, but small inhomogelleities in
the magnetic field would seriously deterio-
rate the resonance. This was found to be the

case experimentally.
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A Parallel-Strip Point-Contacl

Diode Mount for Video Detection

of Millimeter Waves

This correspondence presents UIfMSUr&

ments of the performance of an experi-

mental parallel-strip transrnission line mount
for point-contact diodes (see Fig. 1). ‘rhese
results are an extension of work reported

previously [1]. The mount has been used

with tunnel-diode, back diode, and ordinary
diode detectors at wavelengths of 3.3, 2.1,

and 0.84 mm. The sensitivities of the diodes
in the new mount compare favorably with

reported results for in-line waveguide diodes
[2]- [4]. As the signal wavelength decreases,

the fabrication of waveguide diode mounts
becomes increasingly difficult; therefore, the

parallel-strip mount does effect some con-
struction and experimental advantages over

such waveguide structures. A detailed de-
scription of the parallel-strip mount is

given in Gerdine and Barnes [6].

The most comprehensive measurements

were made at 3.3 mm because of the avail-
ability of laboratory- components. A block

diagram of the experimental circuit is shown

in Fig. 2 and it should be noted that the
diode mount was enclosed in a metal box to
eliminate background ac pickup. The ref-
erence input power for the ~sensitivity ratings
is the input power to the sending horn. The
power from the horn was coupled by a di-

electric lens to the diode mount input and
the spacing between horn and lens was ap-
proximately 4 inches. The spacing between

the lens and diode mount was adjusted for
maximum video output.

The results for different type cliodes
mounted in the parallel-strip mount are

shown in Table 1. The tangential sensitivity
(TSS) is defined in the standard manner,

and the nominal detectable signal (NDS) is
defined as the input power required to raise
by 3 dB the video output power for no input
signal.

Included for comparison, the 1N53 sensi-

tivity measurements were made by replac-
ing the parallel-strip mount and dielectric

lens combination by a phase-corrected

dielectric lens horn and a waveguide detec-

tor mount having a variable tuning termi-

nation. The tunnel diodes tested had peak

currents in the range from 0.5 mA to 1.5 mA
with the most typical values being approxi-
mate y 1 mA. The peak voltage was t ypi-

cally 0.25 to 0.3 volt. Three to one was the
typical peak-to-valley current ratio. Diodes
with peak currents ranging from O to 0.1
mA were classified as back: -diodes and were
fabricated from semiconductors doped less
heavily than the material used for tunnel-
diodes. The silicon used for the point-contact

diodes was obtained from 1N53 cartridges,
The results show that the silicon-tung-

sten point-contact diode~s give the best

tangential sensitivity for a high impedance

video preamplifier, while the gallium arsen-
ide tunnel-diode was most sensitive fcw the
low impedance input into the VSWR ampli-
fier. The principal reason for this is the
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