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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

Experimtntal Rig) machines have operated during the six-month

period as follows:-

SUPPER II

This machine has been inoperative. During the six-

month period three of the five electrolytic banks used to

produce the longitudinal field in the device have been trans-

ferred to the TORTUS tokamak. With the two banks remaining, a

field of 1.3 tesla can be achieved.

SUPPER IV

For part of the six-month period this plasma source

has been inoperative whilst automation of the charging of the

electrolytic capacitor bank, used to produce the longitudinal

magnetic field in the device, was carried out. The machine is

now being used again for experiments on magneto-acoustic waves

at high power.

SUPPER VI

The SUPPER VI coaxial shock tube has operated without

problem during the last six months. During this period,
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measurements of Doppler broadened emission lines have been made

in an attempt to determine the ion temperature profile in the

transverse MHD shock wave.

TORTUS (Toroid of the University of Sydney) (R.C. Cross,
B.W. James, J.A. Lehane, G.F. Brand, H.C. Kirbie,
P.J. Hart)

Construction of this machine continues. Good progress

has been made with the electrolytic capacitor banks. The

individual drawers of capacitors are complete and have bean

installed in racks in the TORTUS laboratory. All parts of the

toroidal field magnet and ii.cs supporting platform have now been

completed- The assembly of the magnet awaits the completion of

the vacuum vessel which is being constructed by the Australian

Atomic Energy Commission workshops. This part of the project is

experiencing major delays and it appears likely that the vessel

will not be completed till early 1980.

The development of diagnostics for use on TORTUS is

also continuing. Equipment now being assembled includes a ruby

laser Thomson scattering system with its associated 10 channel

polychromator;, and optical and magnetic probe apparatus for

plasma position measurements. A data acquisition system

controlled by a small computer is also being assembled.

III. HYDROMAGNETIC SHOCK WAVES (J. Howard, B.W. James, A.R. Law)

The Monospek 1000 monochromator has been used to measure

the spectral width of an OIII (396.16 nm) line arising from

impurity oxygen. If the predominant broadening mechanism is

the Doppler effect resulting from thermal motion, the measure-

ments indicate a. maximum ion temperature in excess of 200 eV.

This is somewhat higher than is expected from solution of the

jump equations for the shock wave. The possibility of other
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broadening mechanisms being present is being investigated.

As well, the widths of an Oil (374.95 nm) line from impurity

oxygen and a Hell (468.6 nm) line from a deliberately introduced

small concentration of helium are being measured.

The study of Raman scattering for calibration of the

Thomson scattering system has continued. Using the SUPPER III

vessel the linear dependence of scattering signal on pressure

has been confirmed. When carbon dioxide was used instead of

nitrogen the scattered spectrum changed in the way expected

confirming that the scattering mechanism is indeed the Raman

effect.

IV. MAGNETOHYDRODYNAMICS

(a) Non-axisymmetric waves (J. Lehane and C. Schmidt-Harms)

Attempts continue to solve the dispersion relation for

a resistive magnetoplasma of radially non-uniform density,

retaining finite electron mass and displacement current terms.

A system of 8 differential equations is to be integrated

numerically using a Gears' Method which is suited to the

integration of stiff systems of differential equations, i.e.

equations whose eigenvalues differ relatively by large factors

(x ioo or more). The restricted problem with electron mass,

displacement current and resistivity equal to zero has been

solved and integrated successfully. Work continues on the more

general system of differential equations.
/

(b) Magnetoacoustic waves

Investigations of magnetoacoustic resonance at high

power using a 10 MW line oscillator have continued. An analog

multiplier has been constructed which enables measurement of



the instantaneous power bein^ coupled into the plasma. As

expected, power matching is observed to be best near the

fundamental magnetoacoustic resonance frequency. Attempts,

however, are also being made to couple power in using higher

order eigenmodes. With such modes there is the advantage

that energy is absorbed in the interior of the plasma rather

than at the edge.

V LASER DIAGNOSTICS

(a) Laser interferometry (I.S. Falconer, P.A. Krug)

A twin-mirror rotating mirror device for modulating

the output of CC>2 laser interferometers by mechanically changing

the optical path length of the reference arm, together with

associated speed-control electronics, has been placed in service.

This device provides fringes separated by regular time intervals,

which gives reference fringes for interferometric measurement of

plasma electron density. It is presently being used to measure

the frequency response of a self-modulated C02 laser inter-

ferometer. A peak in the frequency response curve,, which is

related to the lifetimes of the upper and lower levels of the

C02 lasing transitions, has been observed for several lines in

the 00°l - 10°0 and 00°l - 02°0 vibrational bands of C02.

The oscillations in the output of the C02 laser in

the 1-50 MHz range, referred to in our last Progress Report,

have been suppressed by two circular apertures in the cavity,

inclined at an angle to the axis of the cavity so that incident

radiation is not reflected back into the lasing system.

(b) Dye Laser Scattering (I.S. Falconer, A. Gronlund,
S.H. Law, V7.I.B. Smith)

The improved laser pump for the dye laser is now

operating. This laser consists of two double-rows of capacitors



located close to the discharge gap in a novel symmetrical

configuration that minimizes discharge circuit inductance,

giving a compact laser that generates minimum radio-frequency

interference. The discharge is at present very non-uniform,

being concentrated at the ends of the discharge gap. Even so,

it gives an output of <v 1 MW in a 5 ns pulse.

Testing of the scattering apparatus by scattering of

sodium vapour has so far proved unsuccessful, probably due to

an excessive thickness of sodium metal on the walls of the

sodium vapour cell. An improved cross-shaped cell with

Brewster angle entrance and exit windows, and plane viewing

windows has been constructed. It has been filled with sodium^

and neon as a buffer gas, and is presently being tested with a

sodium lamp.

(c) Ruby laser scattering (L. Bighel, W.I.B. Smith)

A thomson scattering system for measurements of T and

ng on the tokamak is being assembled. It comprises a KORAD

K1500 ruby laser and a ten channel polychromator with high

stray light rejection. The system allows radial scans of the

plasma. Some further investigations of the use of anti-Stolces

rotational Raman scattering have been carried out, and a paper

on the subject has been accepted for publication.

VI FAR-INFRARED (L. Bighel, G.F. Brand, D.J. Campbell,
R.G. Hewitt, L.C. Robinson, P.G. Stokes)

(a) Electron cyclotron emission observations

The rotating-mirror interferometer has now been used

extensively in the observation of cyclotron harmonic emission

from the Dite tokamak. Emission spectra have been measured in

less than 1 msec at repetition rates of 100 Hz, and much of
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our work has been done during early times when the tokamak

current is rising rapidly. Our first results showing temp-

erature profiles measured with this interferometer have been

presented at the 1979 Conference of the European Physical

Society. This work also includes a study of polarization of

electron cyclotron emission from Dite.

Mr. Campbell has completed a. 15 month observation

programme on Dite, and the work is being, continued by Mr. Stokes,

Mr. Stokes is installing a multi-pulse version of the plasma-

scanned interferometer on Dite.

(b) Electron cyclotron maser or gyrotron

Our first model gyrotron is presently being assembled.

A superconducting solenoid has been ordered but we are still

in need of a cryostat, a power supply and some small auxiliary

liquid helium handling components to complete the job.
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