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I. INTRODUCTION

Progress in the experimental program using the research tokamak

TORTUS* is presented in Section II. During the year, the first

experiments using the tokauak were completed. The main thrust of

the program is the study of the characteristic of hydromagnetic

waves in tokamak plasmas and the use of such waves in r.f. heating.

The experimental prograo is supported by theoretical work carried

out in the School's Department of Theoretical Physics; a summary of

this work is included in this report. Some of the work carried out

this year was also concerned with runaway electron production in

TORTUS.

Work continues, on the linear SUPPER IV machine, on various

aspects of hydromagnetic wave propagation in collisional plasmas.

This experimental work, and supporting theoretical work carried

our in collaboration with the Department of Theoretical Physics, is

reported in Sections 3.1 and 3.2. In Section 3.3 a final report is

presented of the hydromagnetic shock wave studies carried out in

SUPPER VI.

Work on the development of diagnostic techniques and equipment

is reported in Sections 4 and 5. In Section 4, progress is reported

in the development of a laser interferometer system for TORTUS

(14.1.1) and a scanning laser interferometer, also for use on TORTUS

(§4.1.2), in the identification of transitions responsible for laser

emission from ethyl chloride (§4.1.3], in CO2 laser gain measurements

(§4.1.4), and in the development of diagnostic techniques based on

the observation of resonance fluorescence and near-resonant scattering

of a laser beam from atomic species in a plasma (§4.2). The

development of a tunable gyrotron is described in Section 5.

We were pleased to have a number of visitors to the Department

during the year. Those who stayed for extended periods were Dr. B.D.

Blackwell (M.I.T.), who collaborated in the wave experiments on TORTUS,

Dr. Chen Zhiyi (Vacuum Electron Device Research Institute, Beijing),

who is spending two years with us working on the gyrotron project, and

Dr. Liu Jia-Rui (Institute of Physics, Beijing), who collaborated in

the development of diagnostics and the runaway electron studies on TORTUS.

Torpid of The University of Sydney
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efforts of our support staff:- V. Buriak, P. Oenniss, N. Lowe,

J. Pigott, S. Romashenko, D. Vender, and Mrs. Elaine Shooks. We

are grateful to them. We also acknowledge financial and other
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II. TORTUS TOKAMAK

The TORTUS tokaaak is a snail research tokamak designed primarily

for wave experiments in hot plasmas. The parameters of the tokamak

are:

Major radius 44 cm

vessel cross-section 26 cm x 34 cm

maxima toroidal field 1.5 Tesla

maximum plasma current 50 kA for 30 ms.

2.1 Diagnostics and data acquisition

(G.F. Brand, R.C. Cross, I.S. Falconer, L. Giannone, B.W. James,
J.A. Lehane, Liu Jia-Rui, R.A. Niland, D. Vender)

Diagnostics already employed include plasma position coils, loop

voltage coils, hard X-ray monitors and spectroscopie measurements.

Since the last report a microwave interferometer and a far-infrared

laser interferometer, which is discussed in §4, have been installed.

A ruby laser Thomson scattering system is nearing completion.

2.1.1 Microwave interferometer measurements

The interferometer installed operates at 110 GHz and uses a

klystron of 300 mW nominal power. To minimise problems associated

with beam bending the horns are mounted inside the vacuum vessel

almost flush with the walls. To reduce attenuation, oversize

waveguide is used and the power is coupled to the horns through a thin

quartz window. The interferometer is a direct reading device in which

the ambiguity of conventional interferometry, as to whether the

electron density is rising or falling, is overcome by frequency

modulation of the klystron output. This is achieved by applying a

1 MHz sawtooth to the reflector of the klystron. The output of the

interferometer is digitised and stored by the data acquisition system

and is subsequently processed to produce a display of electron

density versus time.

2.1.2 Thomson scattering

The scattering system consists of a Korad K1500 ruby laser

oscillator and amplifier delivering up to 10 J in a 25 nsec pulse.

Inst. of Physics, Beijing, People's Republic of China
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Input optics bring the beam to a focus about 2 na in diameter in

the plasma. The light scattered from about a 10 mm length of beam

is collected by a large lens and coupled into a three-stage

polychromator which has six spectral channels and very high

rejection of light at the laser wavelength. The exit aperture of

the polychromator is coupled by fibre optics to an array of

photoaultipliers which have been carefully shielded. The signals

from the photomultipliers will be fed to the data acquisition system

where they will be digitised and processed to give the electron

temperature as a function of time. The laser and collector systems

are rigidly mounted together so that radial scans can be readily

made.

2.1.3 Data acquisition system

Hardware

The system now comprises three CPU's running under Ian Hammond's

STAR 11 system. The host computer is an LSI 11/23. It handles

input/output for two satellites and is connected to nearly all of

the peripherals - tape, Winchester disc, floppies, X-Y plotter and

decwriter. One of the satellites is dedicated to data acquisition

and controls the Camac crate and graphics terminal. The other

satellite is used for program development and data reduction and is

connected only to its terminal. Each satellite and the host has

64 k bytes of memory. The overall result of the system is that

two users can work simultaneously each with his own CPU while

peripherals are shared.

Software

The main data-taking program TAKE has been revised and expanded

in response to user requirements and to the new hardware. It now

includes the following capabilities:

abbreviatable commands

expert/novice mode commands

chaining to user programs

mountable/demountable Camac modules

incorporation of X-Y plotter.

It also has enhanced 'robustness' and many speedups and friendly
defaults.

13.
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2.2 Runaway electron production

(R.C. Cross, Liu Jia-Rui, L. Giannone)

It is well known that runaway production rates can be decreased

in some machines by increasing the gas filling pressure and in other

machines by decreasing the gas filling pressure. No explanation of

these differences has previously been offered. We have resolved

these differences in TORTUS by a careful and systematic study

correlating runaway production with H20 production during tokainak

discharges. These studies show that the effects of varying the

filling pressure depend critically on the level of oxygen on the

vacuum vessel walls. When the walls are clean (as a result of

discharge cleaning), the runaway production rate decreases when

the filling pressure increases. When the walls are contaminated

with oxygen, the production rate increases as the filling pressure

increases. These effects are associated with the production and

destruction of HjO during tokamak discharges in hydrogen.

The amount of H20 produced during a tokamak discharge, as a

result of chemical reactions at the walls, depends on the amount of

oxygen on the walls and the amount of hydrogen in the vessel. A

considerable fraction of the H20 so produced is destroyed when it

enters the high temperature discharge. The net production of H20

during TORTUS discharges was monitored by a residual gas analyser,

by measuring the difference in H20 levels immediately before and

after a discharge. Typical results with contaminated walls are

shown in Fig. 2.1. The amount of H20 produced exceeds the amount

destroyed at high filling pressures, when the walls are contaminated

with oxygen, resulting in high runaway production rates. When the

walls are clean, H-0 is not produced in significant quantities, with

the result that runaway production rates decrease when the filling

pressure is increased.

The equilibrium level of H20 is set by a balance between the

natural outgassing rate in the vessel and the pumping speed. Between

tokamak discharges, this equilibrium level is approached f rein above

or below depending on how the equilibrium is upset as a result of

each discharge. These effects are clearly evident in Fig. 2.1.

The equilibrium level is approached from below at low filling

pressures due to the fact that each discharge destroys more H-0

than it produces. The reverse effect is seen at high filling pressures.

19.



6. 1

10 20 30

Time (minutes)

40 50

Chart record of time integrated X-ray signal, X, and H20
partial pressure for 40 consecutive Cokamak discharges
with contaminated walls. The first 10 discharges are at
a filling pressure 2.5 x 10"4 Torr, followed by 10 discharges
each at filling pressures 3.7, 4.2 and 5.0 x 10"^ Torr
respectively.
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2.3 Wave experiments

(G.G. Borg, M.H. Breiman, R.C. Cross, J.A. Lehane, A.B. Murphy)

2.3.1 Low power experiments

As stated in the last report some wave experiments are being

made at powers up to 500 W in a low temperature (Te z 20 eV) plasma.

These experiments use magnetic probes in 6 mm O.D. quartz tubes

which in these plasmas can be inserted to the plasma axis without

significantly modifying the plasma. The waves are launched by a

single turn loop enclosed in a stainless steel tube.

Above the ion cyclotron frequency the loop launches congressional

Alfvén waves. Figure 2.2 shows the wave signal at two different

radial positions for this wave. Similar signals are obtained for

5 kA/div

p * 10 cm

6 cm

Fig. 2.2 Congressional
wave signals, B * 0.6 T,
14.5 MHz, * - 180° from
antenna, p * minor radius

First current pulse is
preionisation discharge.

different toroidal locations. As can be seen, the signals show a

strong correlation in amplitude which is expected since this wave

has eigenmodes which are cavity modes.

Below the ion cyclotron frequency torsional waves are launched.

Measurements made.at different radial positions for this wave are

shown in Fig. 2.3. Unlike the signals in Fig. 2.2 these do not show

Fig. 2.3 Torsional
p * 6.9 cm waves B * 0.4 T,

f = 4.0 MHz, <j> = 135°.

p = 6.0 cm Simultaneous observations
at minor radii 6.0 and
6.9 cm.

21. "1
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a correlation in amplitude. They do, however, show good phase

correlation. Moreover, measurements made at different toroidal

locations show that the wave attenuation is not strong in the

toroidal direction. An extensive series of measurements has been

made for this wave.

2.3.2 High power experiments

A high power class-C Hartley oscillator has been matched to a

shielded antenna positioned inside the TORTUS chamber. 10 ms RF

pulses with an initial peak rms power of up to SO kW at a frequency

of 7 MHz are initially envisaged. The toroidal field will be varied

to cover the range 0.5 < <"/ucu
 K 1» where ÜJC„ is the ion cyclotron

frequency for hydrogen. Experiments will be performed in pure

hydrogen plasmas and in hydrogen-deuterium mixtures, thus enabling

the system to be used to study various aspects of ICRF and Alfvén

wave heating. The RF power available to be coupled to the plasma

is comparable to the ohmic heating power level used in TORTUS.

Some heating of the plasma should therefore be observable.

The initial experiments will use an antenna which surrounds

the plasma and excites predominantly axisynmetric m=0 waves. Two

other antennae have been designed which will excite predominantly

the m*l wave mode. One of these surrounds the plasma tube like the

m«0 antenna but is formed from two half loop antennae. The other

is a single half loop structure. The m=l mode is predicted

theoretically to be more useful for wave heating (§2.4).

The antennae are of the all metal type, consisting of an inner

conductor formed from a short circuited section of copper strap which

is electrostatically shielded by an array of overlapping U-shaped

pieces of stainless steel. The strips make electrical contact or.

the outer rear edge only, allowing the magnetic field to penetrate

into the plasma through the open slots. The electrostatic shield

also serves as the plasma limiter.

The antenna is connected to a capacitor tuning circuit which

in turn is connected to a six metre length of RF21S cable. The

tuning circuit consists of two capacitive arms one in series with

the antenna and one in shunt. Their values may be adjusted so that

the cable's input appears purely resistive with a magnitude of

about 2 kfl. This value provides the optimum anode-cathode load

for the valve - an RCA 5771 power triode. The frequency of the

22.
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tank circuit is governed by a 100 pF vacuum capacitor and an

inductor of about 1 iiH wound from a copper tube. These elements

are connected in parallel with the cable's input and, except for

the grid feed back mesh, complete the tank circuit.

A computer program has been written to analyse the oscillator's

equivalent circuit which includes all the important elements of

stray inductance and capacitance. It calculates, as a function of

frequency, the phase difference between the grid and plate voltages

and the corresponding loop gain. This information is used to

determine the optimum circuit parameters required to match the

antenna into the tank circuit. This ensures that the valve is

correctly loaded and undesirable high frequency modes of

oscillation are prevented.

2.4 Alfvén resonance heating of plasmas
* **

(N.F. Cramer , I.J. Donnelly )

Sydney University and the Australian Atomic Energy Commission

have a collaborative program to develop the theory of Alfvén

resonance heating for application to TORTUS. The heating process

can be summarised as follows:

(i) MHD wave modes are excited in the plasma by an

antenna.

(ii) At the spatial Alfvén resonance position the MHD

waves are either mode converted to electrostatic

waves, which are subsequently damped, or they are

collisionally damped. The process depends on the

plasma density and temperature.

Simple plasma models have been used to understand the properties

of the MHD waves (including ion cyclotron terms) which can be excited

in TORTUS, with particular emphasis on surface waves. A series of

computer codes are also being developed to calculate the wave fields

excited in a toroidal plasma by oscillating antenna currents with

frequencies around ;;he ion cyclotron frequency, a^. The preliminary

version of the code solves the MHD wave equations with resistive

effects included but with the approximation that E| = ny = 0. The

*
Department of Theoretical Physics

**
Australian Atomic Energy Commission
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MHD equations are in many cases adequate for the evaluation of the

energy absorption at the spatial Alfvén resonance; however, the

kinetic theory equations are currently being formulated to allow

a complete description of the wave fields.

A cylindrical model of the plasma is used with a parabolic

radial density distribution p(r) and a constant magnetic field BJz.

For many antenna designs the current distribution can be Fourier

decomposed into current sheets of the form

J(j»t) = J_ n <S(r - ra) exp i(m6 + kz - at)

where V-J « 0, k = n/RQ, ra is the antenna radius, RQ is the major

radius of the torus, n = 0, ± 1, ... and m*0, ±1, ... . Each of

these current sheets has an associated impedance given by

Zm,n • i('a)'J»y|J»,nl2 •

The energy absorbed by the plasma via the (m,n) mode is proportional

As long as « t_00 < w < 8-, the Alfvén resonance occurs in the

plasma at radius r^ given by

where the threshold frequency u _ is a function of k, and V. is the

Alfvén speed. These modes which excite the Alfvén resonance are of

particular interest as enhanced wave damping and plasma heating then

occur. In Fig; 2.4 the values of Re(Zx 4) and ReCZ^ „ are shown

as a function of frequency for plasma parameters appropriate to the

TORTUS tokamak at Sydney University. The impedance is obviously

increased when the Alfvén resonance is present (u^ < u < a.). The

excitation of m = + 1 surface wave eigenmodes is the reason for the

large impedances of the m = ± 1 modes compared with the m = 0 mode.

The m = ± 1 surface waves have fairly large bandwidths because these

waves are heavily damped by the Alfvén resonance.

24. 1
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III. HYDROMAGNETIC WAVES AND SHOCK WAVES

3.1 Parametric amplification of Alfvfin waves

(6.A. Collins and J.A. Lehane)

In the previous report an experiment aimed at observing parametric

amplification of Alfvén waves was described and it was reported that

amplification of m»0 and m*l slow waves at half the pump frequency

had been observed as had been reported previously by Lehane and

Paoloni . The new measurements differ from the ones of Lehane

and Paoloni in that frequency domain detection was used, the wave

signal being digitised and then Fourier transformed to obtain the

frequency spectrum of the detected waves. This technique allows

for more sophisticated analysis. The method first used to interpret

the information in the frequency spectrum was to fit to the

theoretical dependence of the frequency spectrum produced by the

wave launching oscillator. This method showed amplification for

the m=0 waves and for the m=l waves. Moreover, the m=l waves

exhibited a phase dependence of the amplification as reported by

Lehane and Paoloni. Similar measurements could not be made for the

m=0 waves due to shot to shot variation.

Subsequently a more reliable analysis of the data, less sensitive

to the early large peaks, has been made using the cross- correlation

of the wave signal and the wave launching current. This shows no

phase dependence and indeed no significant amplification of the m=l
2

wave. It is clear now, as has been shown by Cramer , that no phase
dependence is expected; nor is amplification, since at half the

pump frequency the m - ±1 waves have different wave numbers and

hence momentum conservation is not satisfied. That the amplification

for the m*l wave, present when the fitting technique was used, is

removed by using the cross-correlation technique, casts doubt on

whether the effect has been observed unambiguously even for the

m=0 wave. Though resistivity has not been properly incorporated

into the theory, growth rate calculations indeed suggest that it

is unlikely that the effect is observable in the collision dominated

plasmas used.

1 J.A. Lehane and F.J. Paoloni, Plasma Phys. 1±, 461 (1972).
N.F. Cramer, Private communication.

L
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3.2 Hydwagnetic surface waves

(G.A. Collins and J.A. Lehane)

In an earlier series of experiments , Lehane and Paóloni

obtained results for the dispersion of m«0 and m«±l slow and fast

waves in a glass-walled vessel wrapped in metal foil. A striking

feature of their results was that the m»+l fast wave was observed

to show no cut-off and to continue to propagate to low frequencies

below the ion cyclotron frequency where it was thought the wave

was now a slow wave. A subsequent analysis by Paoloni , using a

model in which a vacuum layer is inserted between the plasma and

the metal wall predicts the behaviour observed for the in*+l wave.

There still remained, however, the question as to why the behaviour

of this wave was so strikingly different from the m=0 wave.

Recent calculations and measurements by Collins eludicate the

real extent of the peculiar behaviour of the m=±l waves and explain

this behaviour. Calculations have been made of the dispersion of

the waves and their radial field profiles for thin vacuum layers

as used by Paoloni and also for essentially complete insulating

boundary conditions. As observed by Paoloni the vacuum layer has a

pronounced effect on the m=+l fast wave which shows no cut-off. It

is also apparent, however, that the m=-l slow wave is markedly

affected, its velocity at low frequencies being increased.

The unusual nature of the m=-l slow and m=+l fast waves is also

shown in their radial field profiles. Compared with the m=+l slow,

m*-l fast and m=0 waves these waves have particularly large vacuum

field amplitudes. A comparison of the experimental field profiles

with the theoretical ones shows reasonable agreement and in addition

shows that at low frequencies it is indeed the m=+l fast wave which

is still being launched and not the m=+l slow. This is not

surprising since the field profiles for the m=+l fast wave match

better those of the launching antenna and as well the attenuation

length for the m=+l fast is much greater than that of the m=+l slow

at low frequencies. It is for similar reasons that no m=-l fast

wave is observed to propagate at high frequencies.

The final question as to the reason for the odd behaviour of the

XJ.A. Lehane and F.J. Paoloni, Plasma Phys. 1£, 701 (1972).
2F.J. Paoloni, Plasma Phys. 1£, 475 (1973).
3G.A. Collins, Ph.D. thesis (1982).
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••-1 slow and m«+l fast waves was elucidated following some

investigations made by Cramer and Donnelly on the propagation of

hydrougnetic surface waves at a vacuum plasma boundary. Their

calculations, which were made in slab geometry, clearly separate

the behaviour of these surface waves from the normal fast and slow

body waves. At low frequencies only surface waves propagate. At

higher frequencies the surface waves merge into the slow and fast

wave continuua. To show what happens in cylindrical geometry

calculations have been made for the different radial eigenmodes

using a temperature sufficiently high so that the effects of

resistivity, while still apparent, did not mask the main features.

The results of these calculations are shown in Fig. 3.1.

It is clear that the first radial eigenmode (n=l) is actually

a surface wave for both the m»-l slow and m»+l fast waves, approaching

the expected velocity of «'T V^ at low frequencies. It is these waves

which were observed experimentally and their apparent odd behaviour

is to be attributed to the fact that they are surface waves. The

higher order eigenmodes are body waves and, as Fig. 3.1 shows, these

exhibit normal behaviour; in particular there are cut-offs for the

fast waves.

A

N.F. Cramer and I.J. Donnelly, Plasma Phys. (1983) (accepted for
publication).
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_ real k

frequency kHz

Fig. 3.1 Dispersion relation for the m»-l slow eigenmodes and m=+l
fast eigenmodes in a typical SUPPER IV plasma but with T * 105 K and
the conducting boundary at the radius of the field coils. The parameter
n denotes the radial eigenmode.
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3.3 Hydroaagnctic shock waves

(J. Howard and B.W. James)

The two dimensional electron density and magnetic field

distributions in the SUPPER VI coaxial shock tube during the

propagation of positive and negative drive transverse MHD shock

waves are shown in Figs. 3.2 and 3.3 respectively. The shocks

travel at speeds of 2.8 x 10S ms"1 and 2.1 x 105 ms" respectively.

The magnetic field distribution was obtained by inserting magnetic

probes into the shock tube. The electron density distribution was

determined from the line integral of density measured along three

different chords as described in the previous annual report. It

can be seen that for the negative drive shock wave a considerable

amount of the plasma is located in regions near the inner and

outer cylinders of the shock tube while, for the negative drive

shock wave.it is located mainly near the outer cylinder.

Ruby laser Thomson scattering has been used to measure electron

temperature and density at mid radius. Results of the density

measurements for the negative drive MHD shock wave are shown in

Fig. 3.4 together with the electron density at the same location

obtained from the interferometry. The scattering system was

calibrated for density measurements using rotational Raman scattering

from nitrogen gas at a pressure of ~ 80 kPa . The agreement between

these two independent measurements of electron density is particularly

good.

The results of extensive magnetic field measurements indicate

that the MHD shock waves travel significantly faster than would be

expected from simple snowplough theory. This can be accounted for by

assuming the snowplough to be "leaky" with only ~ 45% and 35% of the

upstream gas actually being swept up by the positive and negative

drive pistons respectively. The electron density distributions

shown in Figs. 3.2 and 3.3, coupled with the rapid fall in electron

density at the magnetic piston at mid radius shown in Fig. 3.4,

suggests that the leakage occurs close to the cylinder walls rather

than uniformly through the piston.

XA.R. Collins and C D . Mathers, Phys. Fluids 2X, 1939 (1978).
2L. Bighel and J. Howard, Phys. Lett. 69A, 39 (1978).
3J. Howard, B.W. James and W.I.B. Smith, J.Phys.D:Appl.Phys. 12,
1435 (1979).
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Fig. 3.2 Two-dimensional representations of the electron
density (top) and magnetic field in the tube for the
positive drive MHD shock wave.
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Fig. 3.3 Two-dimensional representations of the electron
density (top) and magnetic field in the tube for the
negative drive MHD shock wave.
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Fig. 3.4 Results of electron density measurements on the
negative drive shock wave derived from interferometry (solid
curve) and Thomson scattering.
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IV. LASER DIAGNOSTICS AND DEVELOPMENT

4.1 Laser interferoaetry

4.1.1 Laser interferoaetry on TORTUS

(I.S. Falconer, P.A. Krug and P.A. Stimson)

A subaillimetre laser interferometer has been constructed for

measurement of *he electron density integrated along a diameter of

the TORTUS tokamak plasma. A Michelson configuration was chosen to

double the sensitivity of the interferometer by permitting the

probing beam to make two passes through the plasma, and an optically

pumped laser producing about 10 mW on the 394 jan line of formic

acid was chosen as the radiation source. At this wavelength this

instrument gives a fringe shift of one fringe for an electron
19 -3density on the axis of the machine of 2.1 x 10 m .

A rotating mirror modulator (RM) is used to introduce a

regular phase modulation in the reference arm of the interferometer,

to permit fractional fringe shifts to be measured from changes in

the phase of the interference signal. The fringing rate due to this

modulator is around 3 kHz. A GaAs photoconductive detector, cooled

to 4.8 K, is used to measure the fringe pattern during a plasma

shot. These fringes are sampled every 25 us by a Le Croy model 2264

waveform digitizer, and this data is transferred to the TORTUS data

acquisition computer for later analysis. Unlike most interferometers

designed for plasiaa electron density measurement, this instrument

does not incorporate a second "reference" interferometer; instead,

the times of occurrence of the "reference" fringes are calculated

by interpolating between the times of occurrence of fringe extrema

before the plasma is fired and after its decay. Figure 4.1 shows

the density trace obtained from this interferometer for a typical

plasma shot, together with that for a shot when no plasma was

produced. These results show that this instrument is capable of

measuring electron densities with an uncertainty of ~ /20 of a

fringe (1.2 x 10 1 8 m " 3 ) .

J

1

D.J. Campbell, P.A. Krug, I.S. Falconer, L.C. Robinson and G.D. Tait,
Appl. Optics 20_, 335 (1981).
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Fie. 4.1 (a) Plasma current and (b) electron density on axis measured using
the submillimetre (X • 39 um) interferometer for a typical TORTUS plasma shot.
Tine is measured from a trigger pulse received from slotted disc on the RMM.
(c) Results produced by analysing an interferogram obtained when all capacitor
banks are fired, but no plasma is produced. In (b) and (c), a phase shift of 2ir
(1 fringe) corresponds to 2.1 x 1019 m"3 change in peak electron density. The
vertical strokes on the time axis give the time interval outside of which the
fringes are used as reference fringes.
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4.1.2 Development of a scanning plasma interferometer

(I.S. Falconer, P.A. Krug and P.A. Stimson)

Construction of a scanning interferometer, which will permit

radial profiles of the electron density in the TORTUS tokaraak to

be measured several times during the life of the plasma, is well

advanced. This instrument will use a rapidly scanning RMM ,

500 ma in diameter, to scan the probe beam across the plasma, and

simultaneously provide phase modulation of this beam. At the

design maximum rotation speed of 7,500 r.p.m. this modulator will

scan the 2G0 mm diameter of the TORTUS plasma in 0.5 ms at

intervals of 4.0 ms.

Construction of the scanning RNM has been completed, and it

is now undergoing tests. A Schottky barrier diode has been acquired

as the high speed detector required for this system for which the

maximum fringing rate is 1.2 MHz if the 394 jim formic acid laser

is used as the radiation source. The design of the optical system

for the interferometer is almost completed, and work has begun on

the construction of the fast digital electronic circuit required

to process the fringe pattern.

4.1.3 Wavelengths of laser emission from ethyl chloride

(N.G. Douglas, P.A. Krug)

An investigation of the wavelengths of laser emission from C02

laser pumped ethyl chloride, using a high resolution metal mesh

Fabry Perot interferometer developed as part of the gyrotron project,

has permitted errors in the published wavelengths and pump line

assignments to be corrected. Knowledge of the correct values of

these wavelengths .is of particular significance as ethyl chloride

is one of the few media which lase in the sparsely populated region

around 1 mm.

4.1.4 CO, laser gain measurements

(P.A. Krug)

As part of an investigation of the frequency response of the
3 4fringes produced in a coupled-cavity laser interferometer ' - the

1

2
Campbell e* al.3 loo. ait.

3P.G.R. King and G.J. Steward, reported in New Scientist 17, 180 (1963).
4R.A. Haas. J.Appl.Phys. 47, 879 (1976).
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laser interferoaeter first applied to plasma electron density

measurements by Ashby and Jephcott - extensive measurements were

made of the small signal gain for lines in the P and R branches

of both the 9.6 pm and 10.6 urn bands of C02, and the quasi-

coincidence line 1OP(56)/11P(23)• Fitting of a theoretical

expression for the gain in each band to these measured values

permits the calculation of the three parameters which specify

the gain in each band - T p (the rotational temperature of the

discharge), A (which depends on TR, the total population density

of the lower vibrational state, and the J independent part of the

rotation-vibration matrix element) and B (which is proportional

to the ratio of the total population of the upper and lower

vibrational states). Anomalously high gains for some transitions

were related to quasi-coincidences between these lines and lines

in "hot" bands of C02. This appears to be the first occasion on

which C.W. gain measurements have been published for the full range

of 9.6 ym band lasing transitions (from 9P(4) to 9P(44) and from

9R(2) to 9R(44)).

4.2 Resonance fluorescence and near-resonance scattering

4.2.1 Scattering from a helium plasma

(I.S. Falconer and S.H. Law)

The object of this investigation is to develop diagnostic

techniques based on the observation of resonance fluorescence and

near-resonant scattering of a tunable laser beam from atomic

species in a plasma. Initial measurements are being made of the

Doppler broadening of resonance fluorescence in order to estimate

the ion temperature in a helium plasma. A Hansch type pulsed dye

laser, pumped by a nitrogen laser constructed in our laboratory,

has been set up to observe resonance fluorescence from the 587.6 nm

Hel transition, the fluorescence being spectrally resolved on a

"shot-by-shot" basis with a scanning Fabry-Perot interferometer.

When preliminary measurements failed to show the expected

fluorescence signal, the spectral shapes of the Hel lines at

587.6 tun and 506.1 nm (an alternative choice for initial experiments)

were measured with the Fabry-Perot interferometer in order to

determine more suitable conditions for these observations.

SD.E.T.F. Ashby and D.F. Jephcott, Appl.. Phys. Letters 3_, 13 (1963).
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These measurements indicated that the plasma electron temperature

was such that the saturated fluorescence signal was being masked

by the intense spontaneous emission from the plasma. On-completion

of the analysis of the spectral lineshape measurements further

fluorescence measurements will be made under more suitable plasma

conditions.

4.2.2 Dye laser development

(I.S. Falconer and W. Wright)

The present dye laser system is not sufficiently powerful to

saturate most of the transitions of interest, which is a necessary

requirement if we are to achieve a sufficiently good signal-to-noise

ratio to make reliable measurements of ion temperature over a wide

range of plasma conditions. Consequently we are constructing a dye

laser of improved design which will be pumped with a frequency-

doubled ruby laser to increase the output power. This laser uses

a prism beam expander and a diffraction grating for linewidth

control, and incorporates a prismatic dye cell, which will permit

near-uniform pumping of a cylindrical column of dye. A prismatic

dye cell of novel design has been built to our specifications by

Herbert A. Groiss and Co. of Melbourne. A ruby laser available

in the Department has been refurbished and put into operation as a

pump for the frequency doubling system.

1
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S. GYROTRON DEVELOPMENT

(G.F. Brand, N.6. Douglas, M. Gross, J.Y.L. Ma, L.C. Robinson,
Chen Zhiyi)

S.I Gyrotron II and Instrumentation

The second University of Sydney gyrotron has an overmoded cavity.

It has produced Microwave output at more than 60 frequencies in the

range 130 to 260 GHz at power levels approaching 10 W (Fig. 5.1).

The output has been studied extensively with two instruments

developed largely by Douglas:-

(a) A Fabry-Perot interferometer which can be used in two

configurations: with plane-parallel mirrors to measure

wavelengths to 0.05% accuracy or as a semi-confocal

open resonator for high resolution (0.0001%) studies.

(b) A heterodyne receiver to measure frequencies to better

than 2 MHz. Mixing of the 23th harmonic of the

klystron local oscillator with the gyrotron signal

has been observed.

Excellent agreement has been obtained between the measured

performance of our gyrotrons and theory. The frequencies observed

match those predicted for nodes that exist in our cavity. The

signals occur at the magnetic fields expected from the linear theory

and the shapes of the peaks in the spectrum agree with those expected

from non-linear theory. Frequency pulling is, as expected, small

(of the order of 10 MHz).

Power measurements are surprisingly high (1-10 W). This is

due to mode conversion at the output end of the cavity. This is

especially important with our overmoded cavity.

5.2 Night moth eye window

Ma and Robinson have developed a broad-band window based on

profiled anti-reflection surfaces of the type evolved on the cornea

of the night moth. Both surfaces of a disk of transparent dielectric

are mechanically profiled to give an array of protuberances which

behave as a gradation of refractive index (Fig. 5.2). Reflected

power can be made less than 1% over a 5:1 bandwidth.
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Fig. 5.2 Mechanically profiled surface on a quartz window.
Distance between peaks is 0.25 mm, depth is 1.0 mm.

L
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S.3 Gyrotron III

Gyrotron II produces a comb of frequencies. In order to
obtain continuous tunability the dimensions of the cavity must
be able to be changed. Gyrotron III, designed primarily by
Gross and Chen is under construction and will incorporate a
cavity consisting of two half-cylinders whose separation can be
changed (Fig. 5.3). This cavity will support TE1 £ modes 13 GHz
apart and a movement of the half-cylinders of O.S ma is sufficient
to cover this gap. We acknowledge the assistance of the Beijing
Vacuum Electron Device Research Institute in making several
components for this new gyrotron.

ADJUSTING CAM

CAVITY

SPRING CONTACT

Fig. 5.3 The variable cavity of Gyrotron III
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