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I. INTRODUCTION

As stated in our earlier Progress Reports, we produce

this six-monthly 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

F'.g) machines have operated during the six-month period as

follows:-

SUPPER II

This device is being used for ion cyclotron resonance

heating experiments. During the six-monthly period the charging

system of the electrolytic capacitor bank has been changed so

that each parallel column of capacitors is charged independently

thus providing continuous reforming of the capacitors. The

system differs from that first proven on SUPPER IV in that full

wave rather than half wave rectification is used enabling

faster charging of the bank.

Another modification to the device has been to change

the shape of the pumping port to the vessel. This has enabled

a repositioning of the modules of the solenoid so as to remove

the highly non-uniform field region associated with the port.

As a result the flat field region in the vessel has been

extended from 1 m to 1.7 m and the forces associated with the

asymmetric field have been eliminated.
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SUPPER IV

There were two experiments running concurrently on

this machine. The magneto acoustic experiment, and laser

interferometry using both He-Ne and COj lasers.

SUPPER V

This machine is being used for the metal centrifuge

experiments.

SUPPER VI

The shock tube and associated capacitor banks are now

operating quite reliably and measurement of shock parameters

are in progress. The main spark gap is operating well, the

modifications to the original Culham design have proved most

successful. The trigger circuitry, operating at 50 kV and

pulsing to 100 kV, has presented several insulation breakdown

problems. These have resulted in some recent delays to the

experimental programme.

PIG II

This plasma source has been operating as a pulsed

J x B type discharge. The feasibility of using the oscillating

Fabry-Perot interferometer for plasma rotation measurements was

investigated experimentally. It was determined that the method

is quite unsuitable for our machines.

III. HYDROMAGNETIC SHOCK WAVES (A.R. Collins, B.W. James, •. •
A..R. Law)

The experimental studies of shock waves propagating

transverse to a steady magnetic field have begun on the SUPPER VI

shock tube. Magnetic probe studies have been performed on a shock
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propagating into a prepared Hydrogen plasma with a bias field

of 1 kG. The shock velocity is in good agreement with

theoretical prediction. The shock front has been shown to be

essentially flat and perpendicular to the direction of propaga-

tion. The magnetic piston displays a marked curvature as a

function of radius.

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

Metal Centrifuge

A copper-nickel wire is exploded in a rotating J x B

argon plasma.

Samples of the metal deposited on the glass endplates

are being examined using atomic absorption spectroscopy to

determine their chemical composition.

V. MAGNETOHYDRODYNAMICS

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

Evidence of heating has been obtained from Doppler

broadening of the Hg line. This indicates that the neutrals

increase in temperature from 0.3 eV to 3 eV when resonance is

encountered. Attempts to measure the ion temperature directly

have been made using a small admixture of He and looking at the
o

broadening of the t686 A Hell line. These have not yet been

successful*

(b) Magnetoacoustic Waves (B. Blackwell, S. Commons,
R. Cross)

Magnetoacoustic waves launched from a cylindrical

antenna and propagating in the radial direction are being used

as a diagnostic on SUPPER IV (PR.31). An argon plasma under one



set o£ conditions has been studied in detail and the results

are being compared with independent diagnostics, including

the laser interferometry, referred to elsewhere in this report.

A simplified form of the diagnostic has been applied

to a wide range of Hydrogen and Argon plasmas in SUPPER IV.

Parameters that were varied include the filling pressure, the

steady axial magnetic field and the plasma preparation current.

Preliminary results indicate that the method is reliable, and

a full analysis is in progress.

VI. LASER DIAGNOSTICS

(a) Vibration Insensitive He-Ne Laser Interferometer
(B.D. Blackwell, R.C. Cross and I.S. Falconer)

A high sensitivity 633 nm laser interferometer that is

insensitive to vibration has been used to measure the electron

density in a low pressure (1.3 Pa) axial discharge in SUPPER IV.

This instrument is a modified Michelson interferometer in which

the reference beam is parallel to the object beam. The inter-

ferometer components vr̂ ro distributed between two separate

vibration isolation tables at opposite ends of SUPPER IV. As

the two beams were parallel, it was possible to mount equivalent

optical components of both arms on the same platform, reducing

the effect of relative motion of the platforms.

A regular fringe shift was obtained by rotating a thin

glass plate in the reference beam. An auxilliary Michelson

interferometer gave reference fringes against which the plasma

fringes could be compared. The sinusoidal fringes characteristic

of a Michelson interferometer allowed fringe shifts to be

measured to better than 0.1 fringe, for a plasma where the

maximum fringe shift was typically 1 fringe.
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(b) CO., Laser Interferometry (B.D. Blackwell, R.C. Cross,
I.S. Falconer)

The C02 laser constructed in the Department (see

Progress Reports PR.26, PR.29 and PR.31) has been used for

additional interferometric measurements of plasma electron

density as a function of time in SUPPER IV. The Mach Zehnder

interferometer used for these measurements gave accurate values

for the electron density late in the life of the plasma, but

beam bending effects prevented electron density measurements

when the plasma preparation current was flowing. These measure-

ments complement those with the He-Ne laser interferometer

referred to above. The He-Ne iasar interferometer gave accurate

values for electron density at early times, but some doubts were

entertained as to the reliability of the values obtained in the

afterglow. Results obtained at the two wavelengths were in

fact in substantial agreement.

The COj laser interferometer was easy to set up, and

was particularly insensitive to vibration. Colour changes in a

temperature s.ensitive liquid crystal coated on to a thin plastic

backing proved a valuable aid in tracing the invisible laser

beam through the interferometer. (This device is sold commer-

cially as a "mood patch".)

(i:) Rotational Line "Jumping" in a C0n Laser Interferometer
( I . £> . Falconer, J. Howard) ~

In the last Progress Report we reported preliminary

observation of multiple-line operation of a self-modulating COj

laser interferometer. Observation of the individual rotational

lines with a "Monospek" grating monochromator fitted with a

grating blazed at 8 ym, and a high speed mercury cadmium
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telluride detector confirmed that the laser does not oscillate

on a single line, but switches rapidly between rotational lines

of the 00°l - 10°0 band of C02. The dominant line oscillating

at a particular time is determined by the phase of the

radiation reflected from the output mirror, relative to that

of radiation reflected back into the cavity by the external

mirror - i.e. the effective reflectance of the combination of

the laser output mirror and the external mirror, which will be

different for lines of different wavelength.

A report of this research was presented at the

Second Congress of the Australian Institute of Physics held in

Sydney in August 1976.

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

Satisfactory operation of the nitrogen laser constructed

in this laboratory has been secured at 10 pulses per second.

— 4Maximum energy obtained per pulse was 8 x 10 joule, which

corresponds to an average pulse power of 1.6 x 10 watt for the

5 nsec wide pulses. The nitrogen laser has been successfully used

to pump the '."Molectron" dye laser. Tuning over the range 563 nm

to 592 nm was achieved using Rhodamine 6G dye. Improved e

engineering of the nitrogen laser is indicated.

The scan/tilt voltage generator for controlling the

"Burleigh Instruments Inc." Fabry-Perot interferometer has been

completed. This generator is currently being tested in

conjunction with the interferometer.

VII. FAR-INFRAREP (D.V. Bartlett, D. Campbell, G.D. Tait,
Ii.C. Robinson)

The plasma-scanned interferometer (PSI) has been set

up to make measurements of cyclotron radiation produced by the
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DITE tokamak at Culham, and preliminary results should be

available shortly. In Sydney, work is progressing on the

development of improved techniques for the analysis of PSI

interferograms. At present the PSI operates in a single-scan

mode. To provide rapid repetitive pulsing of the scan plasma,

we have constructed special air-blast quenched spark gaps.

A pulse repetition rate of 500 Hz has been achieved for short

bursts. By use of more sophisticated charging circuitry, we

expect to increase this rate considerably while maintaining

the pulse energy constant to better than 1%. Such close

regulation is necessary to ensure the repeatability of the

pulsed plasma.
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