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

SUPPER II 
This device is being used for an experiment on 

m = ± 1 compressional and torsional AlfvSn waves. 

SUPPER IV 
The machine has been used for both small and large 

amplitude magnetoacoustic wave experiments. The use cf 
digital data acquisition and analysis systems has assisted 
interpretation of the results of these experiments. 
Improvement and expansion of the digital data acquisition 
and analysis facilities, directly interfaced to the machine, 
is continuing. 

The machine has also been used for testing direct-
reading electron density microwave interferometers. 

SUPPER V 
This machine has been used for the metal centrifuge i 

experiment. This work is now completed. | 
J 
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SUPPER VI 
For the last six months the shock tube and capacitor 

banks have operated without problem during an extensive 
series of Thomson scattering measurements to determine the 
electron density and temperature profiles of the forward 
and reverse bias transverse MHD shock waves. At the end of 
these measurements the spark gap of the shock drive capacitor 
bank was dismantled to allow re-machining of the electrodes. 
Despite considerable erosion, particularly of the central 
trigger electrode, the gap had operated without fault during 
this series of measurements. 

TORTUS (Toroid of the University of Sydney) (R. Cross, 
P. Hart, H. Kirbie, J. Lehane) 

Funds have been obtained to build a small tokamak. 
The basic design of the tokamak has been completed, as 
reported in the "Small Toroidal Plasma Devices Users 
Meeting", Monterey, Calif., May 1973. The vessel is being 
constructed by the AAEC, Lucas Heights. It has a major 
radius of Hk cm, and a rectangular cross-section of 26 cm x 
31* cm with 18 full width diagnostic ports. A 160 turn 
"picture-frame" toroidal field solenoid is being constructed 
in our workshops and has been strength-tested to operate at 
up to 2.5 Tesla. Initial operation with the 400 KJ SUPPER II 
bank will be at about 1.3 Tesla, with an L/R time constant 
of about 75 msec. 

The ohmic heating coil will consist of two main 
50-turn solenoids, vacuum impregnated with epoxy between 
3 concentric fibreglass pipes, together with field correction 
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coils. A fast bank of 17 KJ and a slow bank of 100 KJ is 
being constructed to produce a plasma current of up to 70 kA 
for 30 msec. 

The tokamak should be operational early in 1979, 
and will be devoted mainly to RF wave propagation and heating 
experiments. It will also be available for the development 
of diagnostic equipment. Plasma parameters are expected to 
be T e * 200 eV and n g ^ 5 x 1 0 1 9 m~ 3 with puff-filling. 

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

Electron temperature profiles of the shock front and 
magnetic piston have been determined by Thomson scattering 
using a ruby laser. The laser beam traversed the shock tube 
along a chord 1.2 m from the launching end. The scattered 
radiation from the centre of the chord (at mid radius, 80 mm) 
was detected through a radial viewing port. The spectrum of 
the scattered radiation was recorded by a 5 channel high stray 
light rejection polychromator designed and constructed by 
ur. W.I.B. Smith of our Department. The presence of the 
inner electrode of the coaxial shock tube precluded a viewing 
dump. Consequently, without the high stray light rejection 
of the polychromator the measurement would not have been 
possible. 

Profiles for electron temperature were obtained for 
both the forward and reverse bias transverse MHD shock waves. 
As expected, a peak in electron temperature (of about 80 eV) 
was recorded in the reverse field current layer of the 
reverse bias shock wave. 
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Electron density profiles were also determined from 
the fraction of radiation scattered. Because of the high 
rejection of the polychromator at the laser frequency, however, 
the scattering system could not be calibrated by Rayieigh 
scattering from nitrogen gas. The possibility of using 
Raman scattering for this calibration is being investigated. 

IV. ROTATING PLASMAS 
Metal Centrifuge (SUPPEK V) (G.F. Brand ar.d C.J. Walsh) 

Measurements of the copper to nickel concentration 
ratio have been made at two radial positions using the 
technique of hook interferometry (a method which measures 
the anomalous dispersion near a resonance line, to infer the 
density). The separation between the two metals reaches 3055 
early in time, and decays to zero over a period t» 1 ms. 
These observations are consistent with earlier mass separation 
measurements which were made by analysing endplate deposits. 
Experiments on crowbarred plasmas were also performed, and a 
comparison of these results with those for the uncrowbarred 
plasma suggest that the separation observed in the rotating 
plasma is a centrifugal effect. 

The temperature of the plasma was also measured 
using the hook method, by comparing the populations of 
various excited levels in the nickel spectrum. A temperature 
of 7000 K was measured early in time. 

V. MAONETOHYDRODYHAMICS 
(a) Ion Cyclotron 

The investigation of the propagation characteristics 
of :n • i 1 slow and fast Alfven waves has continued. 



Considerable attention has been given to the development of 
computer programmes to enable tne measurements to be compared 
with theory. Changes in the design and construction of the 
magnetic probes used have resulted in much improved measuie-
ments. The measurements on both the m • ± 1 slow waves, 
including radial field profiles, have been completed. 

(b) Magnetoacoustic Waves (B. Blackwell, G. Collins) 

Magnetoacoustic wave heating experiments with the 
10 !4W oscillator have shown that antenna effects influence 
the amount of energy that can be coupled into the plasma. 
Extensive small signal experiments with the 100 watt 
oscillator have investigated various coil configuration and 
guarding arrangements with a view to selecting the most 
efficient antenna configuration for the heating experiment. 

The excitation of compiessional modes is a probable 
irajor energy loss mechanism - the propagation of compressional 
waves in the z-direction has been observed. One approach 
used to investigate the effect of these waves has been to 
break the antenna into various sections and to measure the 
individual wave fields, combining these results to assess 
possible heating coil configurations. 

VI. LASER DIAGNOSTICS 
(a) Laser Interferometry (I.S. Falconer, P. Krug) 

A mechanically 3table COp laser has been built for 
further electron density measurements. This laser has a 
quartz resonator to facilitate stable operation on one only 
of the lines of the C0 2 rotational band at 10.6 um, and an 
improved plasma tube design which allowed the output power 
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tc be increased by an order of magnitude. These features 
will facilitate rotational line selection with a diffraction 
grating end reflector and yet still provide an adequate 
output power. 

(D) Dye Laser Scattering (3. Commons, 1.3. Falconer, 
W.I.B. Smith) 

An improved nitrogen laser of novel design is under 
construction as a pump for the dye laser. The first batch 
of energy storage capacitors for this laser has been received 
and tested. 

A high speed beam monitor using a vacuum photodiode 
as detector, and a divider circuit for normalizing signals 
from the Pabry-Perot interferometer, have been constructed 
to facilitate measurement of the output spectrum of the dye 
laser. 

(c) Thomson Scattering (W.I.B. Smith, L. Bighel) 

The three grating high rejection polychromator, 
developed by W.I.B. Smith during his study leave in Berkeley 
in 1Q75, has been completed and has been used for Thomson 
scattering measurements on SUPPER VI transverse shock waves. 
It operated according to expectations and electron 
temperatures of 80 eV were recorded. Better fibre optics 
would improve the performance and a set of gratings with 
1200 grooves per millimetre 3pacing would enable higher 
electron temperatures to be measured. 
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VII. FAR-INFRARED (D.V. Bartlett, L. Bighel, G.F. Brand, 
D.J. Campbell, R.G. Hewitt, L.C. Robinson, 
P.G. Stokes) 

(a) electron Cyclotron Emission Observations 

The cooperative programme with the Us'AEA Culham 
Laboratory and the U.K. National Physical Laboratory is 
continuing. Papers on the measurements made on the DITE 
tokamak and CLEO stellarator have been published (''Measure
ment of the Spectrum of Tokamak Electron Cyclotron Emission 
on a Submillisecond Time-Scale1:, D.V. Bartlett, A.2. Costley 
and L.C. Robinson, Proc. Third International Conference on 
Submillimetre V/aves and their Applications, University of 
Surrey, 29 March-1 April, 1978; "Heating ana Confinement in 
tht2 Cleo Stellarator'1, CLEO Group, Proc. dth European 
Conference on Controlled Fusion and Plasma Physics, August 
1977) and others are in preparation. D.J. Campbell is now 
in the U.K. where he is preparing his equipment for further 
iiCE observations on DITE tokamak. 

Another rapid-scan interferometer is being prepared 
for measurements of LCE on the LT-1) tokamak at the Australia 
National University later this year. 

(b) Cyclotron Harmonic Scattering 

A scattering theory which includes details of the 
momentum transfers has been developed. This is an extension 
of the standard treatment of electron cyclotron emission 
based on the vector standard potential. It agrees in 
general terms with the earlier theory based on energy 

considerations and gives more accurate numerical values 
for the scattering cross-section. 



,1 

(c) Gyrotron Development 

Hardware development for a 10 kW, millimetre wave
length gyrotron producing pulses of about 1 ms duration is 
underway. Trial machining of a cavity for 2.5 mm operation 
has been successful. A vacuum system has been constructed 
and a 32 kV, 1.5 A power supply is on order. 

Planned plasma diagnostic applications of the 
gyrotron include a quasi-DC Thomson scattering experiment to 
measure T e, T ^ local magnetic field strength, local Z e f f. and 
the spectrum of microturbulence. Other scattering and inter-
ferometric measurements may be used to determine local n 
and localized values of other plasma parameters. 
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