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I. INTRODUCTION

As stated in our earlier Progress Reports, we produce

this six-montbly document (PR) to summarize briefly the plasma

physics work at the Sydney University School of Physics.

Experimental reports (ER) and theoretical reports (TR), often

as preprints, are produced on specific topics. We naturally

appreciate reciprocal arrangements that have been made with

our colleagues from abroad.

II. PLASMA SOURCES

The SUPPER (Sydney University Plasma Physics Experimental

Rig) machines have operated during the six-month period as

follows:-

SUPPER II

This device is being used for ion cyclotron resonance

heating experiments.

SUPPER IV

This machine has been used for magnetoacoustic resonance

studies for the past six months.

SUPPER V

This machine is being used for metal centrifuge experi-

ments. In addition to the main plasma preparation bank, a second

capacitor bank has been constructed to explode the wire. Its

characteristics are: V Q = 25 kV (max), C = 9.0 yF and equivalent
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series inductance £ 500 nil.

A differential pumping system has also been installed,

enabling the wire to be changed after each shot without

resetting the argon background pressure.

SUPPER VI

The new 65 uF shock drive current capacitor bank

mentioned in the previous progress report has been completed

and tested. When charged to 35 kV the bank delivers to the

shock tube a rectangular current probe of amplitude 250 kA,

duration 15 us and rise time 3 MS. The electrodes of the

pressurised field distortion switch for this bank have been

changed from brass to elkonite and the pressurising gas has

been changed from nitrogen to dried air. These changes are

expected to decrease the maintenance required by the spark gap.

The new copper outer cylinder for the shock tube, anticipated

in the previous report, has been installed and vacuum tested.

The complete vacuum system readily achieves a base pressure of

5 x 10 torr. In addition a low inductance connection from

the bank to the shock tube has been constructed but is yet to

be tested.

PIG II

The plasma source PIG II has been operating as a pulsed

J x B type discharge. The velocity of the ionizing shock has

calculated from plasma light and the rotation of the plasma has

been estimated using voltage probes.
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III. HYDROMAGNETIC SHOCK WAVES (A.R. Collins., A.R. Law,
B.W. Jamesa C M . Watson-Munro)

The changes to the SUPPER VI shock drive current bank•

and the replacement of the stainless steel shock tube by a

copper one have been described in Section II of this report.

These alterations are now completes allowing the study of

transverse ionizing and magnetohydrodynamic shock waves to be

resumed. A feature of the new shock tube is the set of

sixteen ports available for insertion of magnetic probes for

determination of shock speed and magnetic shock structure.

IV. ROTATING PLASMAS (G.F. Brand, B.W. James, D.D. Millar,
S.¥. Simpson, C.J. Walsh)

(a) Gaseous Centrifuge

No further work has occurred on this experiment in the

last six months. A detailed paper on the results of this

experiment has appeared in Plasma Physics (see Section VIII of

this report).

(b) Metal Centrifuge

The experiment described in the previous report (PR.30)

is continuing. A copper-nickel wire is exploded in a rotating,

j x B argon plasma. Two different wires are being used:

ISA-NICKEL (30# copper, 70# nickel) and ISOTAN (565$ copper,

44$ nickel)* Spectral line intensities of the copper and nickel

in the two experiments are being used to infer separation

between the copper and nickel ions.



V. MAGNETOHYDRODYNAMICS

(a) Ion Cyclotron (J. Lehane, C. Schmidt-Harms)

Wave propagation measurements in uniform and "beach"

fields have commenced. During the six-month period considerable

attention has been given to the improvement of the reliability

of the system and to the attainment of greater reproducibility

of results. This involved improvements to the plasma prepara-

tion bank and to the timing circuitry and the construction of

differentially pumped probe holders which minimize the

introduction of impurities when the probes are moved.

(b) Magnetoacoustlc Waves (B. Blackwellj R. Cross)

Measurements of the impedance of a guarded coil around

SUPPER IV have been compared with computed results to yield

estimates of density, temperature and the spatial distribution

of these quantities in an axial discharge in Argon. The

impedance rises to a maximum at a magnetoacoustic resonance

frequency. The resonance frequency is determined by the Alfven

transit time across the plasma column and therefore depends on

the total particle density integrated across a radius. The

sharpness of the resonance depends on the plasma resistivity

and therefore on the electron temperature. An advantage of

this type of measurement is that Alfven wave launching and

detecting equipment is located entirely outside the plasma.

•The results of this experiment are being compared with independent

measurements of temperature and density (C02 laser interferometry}.



VI. LASER DIAGNOSTICS

(a) COg Laser Interferometry (I.S. Falconer, J. Howard)

Construction of the C02 laser for plasma interferometry

has been completed, the unit tested, and optimum operating

conditions determined. Maximum output power achieved was

greater than 4 watt.

This laser is currently being used for an investigation

of rotational line "jumping" in a self-modulating laser

interferometer. The laser output is monitored with an

"Optical Engineering Inc." CO2 Laser Spectrum Analyser. Normally

the laser oscillates on only one of the rotational lines of the

00°l - 10°0 band of C0 2 > and switches between lines every few

seconds3 presumably as the cavity length changes because of

thermal effects. When the output of the laser is reflected

back into the laser by a mirror mounted on a loudspeaker cone --

the self-modulating configuration - the laser apparently

oscillates on two or more lines simultaneously. The speed o.f

response of the apparatus is presently limited to approximately

1 second by the characteristics of the fluorescent screen of

the spectrum analyser. This effect will be investigated further

with the "Monospek" monochromator fitted with a 8 urn grating,

and a high-speed mercury cadmium telluride detector.

(b) Dye Lasers (I.S. Falconer, A,R. Law, W.I.B. Smith)

The nitrogen laser pump for the dye laser has been

assembled, and is presently being modified to overcome vacuum
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leaks in the discharge channel. Completion of the laser was

delayed oecause of difficulties in procuring the "Pyrex" side

walls and the quartz output windows; neither of these items

was received as specified in our orders.

A "breadboard" prototype of a scan/tilt voltage

generator for controlling the "Burleigh Instruments Inc."

Fabry-Perot interferometer has been tested., and the production

unit is under construction. Unlike the commercially available

generator, this unit uses a separate high voltage operational

amplifier for each of the three piezoelectric transducer

;|stacks" of the interferometer. This allows the gain to be

adjusted and the d.c. offset voltage changed at low voltage

levels. In addition operational amplifier summing and

difference circuits allow the tilt to be adjusted by two

tTHelipotsl!, which control rotation about orthogonal axes.

VII. FAR-INFRARED (D.V. Bartlett,, D.J. Campbell, L.C. Robinson,
G.D. Tait)

Following successful tests in Sydney;, the plasma-

scanned Michelson interferometer has been taken to England

by two members of our team (D.V. Bartlett and L.C. Robinson).

They are presently setting it up at N.P.L. and will use it

to make measurements of cyclotron radiation on the DITE Tokamak

at Culham, in cooperation with Dr. A.El. Costley of N.P.L. It

is hoped that, later in the year, the apparatus will be taken

to the U.S.A. for further co-operative experiments.
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