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I. INTRODUCTION

This is the first Annual Report of the Wills Plasma Physics

Department; in the past, Six-Monthly Progress Reports have been

issued.

The main achievement of the year has been the commissioning

of the research tokamak, TORTUS (Torpid of The University of Sydney).

As incoming Head of the Plasma Physics Department I was delighted to

see that the machine had been well-designed and well-constructed.

Much credit is due to the members of the academic and technical

staff who were involved; the Australian Atomic Energy Commission

also did a superb job in constructing the vacuum chamber. The first

experiments on TORTUS are describee in Section II.

During the year, three of the linear, SUPPER machines continued

in operation. SUPPER II, the oldest of the machines was used in

experiments on resonance fluorescence and near resonance scattering

(§4.4). SUPPER IV was used in experiments on parametric amplification

of Alfven waves (§3.1) and studies of hydromagnetic shock waves were

carried out in SUPPER VI (§3.2). These latter experiments are

essentially completed and SUPPER VI will be de-commissioned early in

1982.

The Department is continuing its tradition of developing, diagnostic

techniques. This work is described in Section IV. A pleasant aspect of

this work is the collaboration with staff at the Culham Laboratory on

electron cyclotron emission observations on DITE (§4.1).

The work of the Department is supported by theoretical work

performed by members of the Department of Theoretical Physics. For

completeness, a report on an important aspect of that work - the

theory of ion cyclotron waves - is included in this report (§2.4).

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

during the year. Those who stayed for extended periods were Professor

P.E. Vandenplas (Brussels), who spent three weeks with us giving a

series of seminars and discussing our tokamak wave propagation and r.f.

heating program, and Dr. H.C. Kirbie (Old Dominion University) returned

for a few weeks to assist in the commissioning of TORTUS which he

helped design and construct.

Dr. W.I.B. Smith retired from the University during the year.

He had made a number of important contributions to the work of the
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Department and of the School of Physics. He is spending the first

six months, or so, of his retirement at the University of California,

Berkeley.

The research work of the Department rests very heavily on the

efforts of our support staff:- V. Buriak, P. Denniss, N. Lowe, J. Pigott,

S. Romashenko, D. Vender, and Mrs. Elaine Rodgers. We are grateful to

them. We also acknowledge financial and other assistance from the

University and from

Australian Atomic Energy Commission

Australian Institute of Nuclear Science

and Engineering

Australian Research Grants Committee

Mr. Max Franks

National Energy Research, Development

and Demonstration Council

Science Foundation for Physics within

The University of Sydney.
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II. TORTUS TOKAMAK

The TORTUS tokaraak is a small research tokamak designed primarily

for wave experiments in hot plasmas. It was briefly described in the

40th Six-Monthly Progress Report (July-December 1980). A more

complete description is given by Cross et al. The parameters of

the tokamak are:

major radius 44 cm

vessel cross-section 26 cm x 34 cm

maximum toroidal field 1.5 Tesla

maximum plasma current 50 kA for 30 ms.

The device has now been commissioned and is fully operational.

Discharges with a toroidal field of 1 T, plasma current of 20 kA and

current pulse length of 30 ms are routinely obtained.

2.1 Diagnostics

(G. Borg, G.F. Brand, R.C. Cross, I.S. Falconer, L. Giannone,
B.W. James, P.A. Krug, J.A. Lehane, R.A. Niland, N. Wearne)

Some basic diagnostics have already been installed. These include

plasma position coils, loop voltage coil and hard X-ray monitor for the

detection of runaways. Progress has been made with the development of

several other diagnostics including a 110 GHz microwave interferometer,

a ruby laser Thomson scattering system, an optical position measuring

system based on arrays of small diodes and a far-infrared laser

interferometer. Spectroscopic measurements have so far yielded the

only real information on the plasma.

2.1.1 Spectroscopic measurements

(a) Emission spectrum of tokamak discharges. The spectrum of visible

and ultraviolet light emitted from TORTUS during tokamak discharges

(B, = 0.7 T, I = 15 kA) has been recorded using a quartz spectrograph.

The overall system was sensitive to wavelengths in the range

180 nm < X < 650 nm. Most of the lines present in the spectrum were

identified as from various ionization stages of oxygen 0II-0V. As

well there were several lines from Cr I and NIV.

1. "The TORTUS tokamak", R.C. Cross, B.W. James, H.C. Kirbie, J.A. Lehane,
and S.W. Simpson. To be published in Atomic Energy in Australia.
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Several lines were observed with a monochromator sensitive to

approximately the same wavelength range. The lower ionization stages

of oxygen showed sharp peaks in emission near the start and finish of

the pulse when the plasma was passing through a low value of electron

temperature. The relative prominence of these peaks decreased with

ionization stage. The highest ionization stage from which a line was

detected with the monochromator, OVI, the pulse did not have peak

at either end. (This line was not sufficiently intense to show up

on the photographic spectrum.)

The chromium line emission appeared as narrow pulses at the end

of the discharge and is indicative of plasma interaction with the

stainless steel walls of the vacuum vessel. As discharge cleaning

has been used routinely to minimise the amount of oxygen attached to

the walls of the vessel, it is most likely that the oxygen in the

discharge arises from the break-up of molecules of water vapour which

is the major constituent in the residual gas at base pressure

(2 x io"7 torr).

(b) Line shape of H . The emission of H from the plasma can arise

from relatively cold neutral hydrogen atoms near the plasma edge as

well as from hot neutrals produced by charge exchange in the interior

of the plasma. The more intense emission from the cold neutrals will

be confined to wavelengths close to the line centre while the emission

from the hot neutrals will contribute significantly to the wings of

the line. Therefore, by measuring the profile of the H line it may

be possible to ascertain the ion temperature in the core of the

discharge. The narrow component of the H profile has been studied
2 a 1

by TFR Group and discussed in detail by McNeill" ,

The profile of H emission from TORTUS (BA = 0.7 T, I, = 18 kA)
ct 0 0

has been recorded using a scanning Fabry-Perot interferometer with a
o

free spectral range of 8.4 A and a finesse of 20 giving a resolution
o

of 0.4 A. The time to scan a profile was ̂  1.5 ms compared to a pulse

length of ̂  10 ms. A typical profile is shown in Fig. 2.1. As a

polarising filter was not used and observation was transverse to the

magnetic field three Zeeman components will be present. However, as

2. TFR Group, 9th European Conference on Controlled Fusion and Plasma
Physics, Oxford, Contributed Papers (1979) p.154.

3. D.H. McNeill, "Narrow H-Alpha Emission Profiles in Tokamaks:
Molecular Origin and Observational Effects", Princeton Report
PPPL-1758 (April 1981).
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the Zeeman splitting is only ^ ± 0.14 A it can be neglected. Stark
9 13 -3broadening is also negligible (y 0.02 A at n = 10 cm ).

Because of the relatively slow scan time, some asymmetry in the

profile due to change in the plasma condition is apparent. Figure 2.2

shows the left side of the profile plotted as natural logarithm of

intensity against square of displacement from line centre. It is

clear that there are two components to this profile, a narrow intense

component undoubtedly due to neutrals in the edge of the discharge and

a broader component which fits well to a straight line. The temperature

corresponding to the fitted line is 31 eV. The region of good fit,
p o

1.1 A to 2.9 A, is well into the wings of the profile (compare with

Fig. 2.1). The time of this measurement is at about the middle of

the discharge pulse.

As no other plasma parameters have been measured yet it is

difficult to interpret this result. The other half profiles give

similar straight line fits which correspond to lower temperatures
2

earlier and later in the pulse. The TFR Group observed a broad

component corresponding to ^ 30 eV which was present throughout the

pulse and attributed it to hot neutrals back-scattered from the walls

of the vessel. McNeill attributes the broad component in the TFR

work as due to the Zeeman shift of light reflected from the vessel

walls which subsequently passes through the polariser. Although such

a mechanism can account for the TFR profile where the toroidal field

was 40 kG, such an explanation is not applicable to TORTUS with its

much lower field of 7 kG.

2.2 Data acquisition system

(R.A. Niland)

Hardware

The data acquisition system for the TORTUS tokamak as of December

1981 consists of

(1) LSI 11/03 CPU with 32 k words of memory and floating

point chip

(2) Camac crate and 3 A/D modules with memories

(3) Tape drive

(4) Two 8" floppy disk drives

(5) Four color XY plotter

(6) Tektronix 4010 graphics terminal

(7) Hard copy unit.
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We plan to upgrade to an 11/23 CPU, 128 k words of memory and

hard disks.

Software

The software consists of a large overlaid program, TAKE, written

in Fortran and assembly language. The user is prompted and types in

typically short single word commands to invoke the various subroutines.

A minimal subset of commands are:

LOGSET : set LeCroy 8812 32 channel A/D to required

sampling rate + number of channels.

HANG : await external trigger, then acquire data

and display it.

LAY : read from disk a layout file describing

the format of graphics display.

RESET : reset the Camac crate.

In addition there are facilities to write and edit layout files;

obtain directories of files] store data to disk; write and edit a

header file to prefix to a data file; recall stored data; interactively

examine data. (Any time and voltage window in the data may be selected

with the terminal crosshairs and expanded to fill the screen. Also,

features may be pointed at, and their coordinates automatically

obtained.); commands may be stored and executed as an "indirect command

file".

As a general rule TAKE prompts for input but, if the prompt is

ignored, provides a sensible default. This minimizes user effort.

For example, data in the Camac may be stored on disk under any user-

chosen file name, or if one is not provided, under a name maintained by

TAKE and updated each shot.

Not part of TAKE but closely associated with it, is a collection

of routines to manipulate large masses of stored or archived data.

This is in a rudimentary stage at present but should develop into a

mini-language which will enable the user to graphically display, or

do statistics on, the data base, without the need for detailed programming,

2.3 Wave experiments

(R.C. Cross, J.A. Lehane, M.H. Brennan)

As stated, TORTUS was built primarily for wave experiments. These
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have commenced. A single turn loop surrounding the plasma is being

used to launch waves. Powers of up to about 500 W have been fed to

this antenna and loading of the antenna has been observed. Wave

signals have been detected by means of magnetic probes in 6 mm O.D.

quartz tubes. Using a low temperature pre-ionisation plasma these

can be inserted to the plasma axis without significantly modifying

the plasma. Wave signals have been obtained which clearly show

that both fast and slow Alfven waves can be launched by this antenna;

the slow wave is launched with reasonable efficiency providing the

wave frequency is not too far from the ion cyclotron frequency.

Figures 2.3 and 2.4 show typical slow wave signals. Figure 2.3

shows the poloidal magnetic field signals at three toroidal locations

at minor radius r = 10 cm. Figure 2.4 illustrates the strong radial

structure of the slow wave associated with the Alfven resonant

surfaces.

Fig. 2.3 Poloidal wave
magnetic field signals at
different toroidal locations,
45°, 135° and 180° away from
the antenna (traces 2, 3, 4
respectively) for a toroidal
field of 0.3 tesla and a wave
frequency of 4 VHz. The top
trace is the antenna current.

Fig. 2.4 Poloidal wave
magnetic field signals at
different radial positions
for the same conditions as
Fig. 2.3. Traces 1 and 2
show the signals at radii of
1 cm and 5 cm respectively
for the 135° toroidal
location and traces 3 and 4
those at the 180° location
for the same radii.
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2.4 The theory of ion cyclotron waves in a cylindrical plasma

(N.F. Cramer*, I.J. Donnelly*, R.M. Winglee*)

One of the main experimental programs being carried out on TORTUS

is an investigation of the excitation, propagation and damping of ion

cyclotron waves. A preliminary theoretical study of these waves has

been made using a simple model of the tokamak plasma, and more

detailed calculations are in progress.

The plasma is modelled by a cylindrical column with a parabolic

density distribution

p(r) = po(l - r
2/a2) , (1)

a constant magnetic field B £ s.nd no axial current. The antenna being

used in TORTUS excites m = 0 waves with k = n/R (n = 0, 1, . . . ) , so

that the wave fields have the form

E(r,t) = E(r) exp (i(nz/R - ut)) . (2)

Using cold plasma theory the wave equation reduces to

• " E = 0 ,

where
2. 2

u /VA 2

0 ^ -*-

The singularity at A = 0 in Eq. 3 corresponds to the perpendicular ion

cyclotron resonance. For a hydrogen plasma in TORTUS this resonance

occurs at r. given by

1 - 4 " 2 - 7 X l ° " 3 " 2 ( 1 - f 2 ) . (6)
neof

Department of Theoretical Physics
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where f = w/fi. and n is the central electron number density
20 -3(x 10 m ). It is convenient to define a threshold frequency

cth
2.7 10~3 n 2

2.7 10"3 n 2 + n
eo

for which rQ = 0.

(i) f Lth

In this case the resonance layer is not present in the plasma.

Solutions of the wave equation which satisfy conducting boundary

conditions at the wall can be obtained as long as f . > 0.5 and f is

only slightly less than f . . The wave fields resemble the Bessel

function solutions obtained for constant density plasmas. These

eigenmodes lose energy by global damping processes.

(ii) > £.th

The resonance layer is now situated near the centre of the plasma.

The question of whether eigenmodes can be obtained in this case awaits

further numerical analysis, but we expect that oscillations with an

appreciable amplitude will be excited by the antenna when f , > 0.5

and f is slightly greater than f , . If an eigenmode is (almost)

obtained, the wave fields are similar to those described in (i),

except near the resonance layer where they may be almost singular.

The details of the mode conversion and damping processes occurring

at the resonance are being studied for TORTUS parameters.
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III. NON-LINEAR HYDROMAGNETIC WAVES

AND SHOCK WAVES

3.1 Parametric excitation of Alfven waves

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

Parametric instabilities may contribute significantly to the

absorption of energy by a plasma from an r.f. field . Theoretical

work has shown that both fast and slow MHD waves travelling

parallel or antiparallel to the steady magnetic field may be

parametrically excited by a magnetoacoustic pump wave (the fast MHD

wave travelling perpendicular to the steady field).

In the present experiment, the pump wave is launched from a

solenoid wound around the vessel of the SUPPER IV linear plasma source.

This solenoid is driven by a lumped recurrent line oscillator that

gives ten equal-amplitude cycles of r.f. current. The low temperature,

high resistivity argon plasma in SUPPER IV (n = 1.0 * 10 m ,
4 e

T = 1.8 x io K, BQ = 0.4 T) is such that any parame-crically excited

waves will be quickly damped out.

To overcome this problem, MHD waves are launched into the region

of time-varying magnetic field caused by the magnetoacoustic pump wave.

When the frequency of this launched wave corresponds to one of the

parametric decay modes of the magnetoacoustic wave, amplification is
4

observed. An earlier experiment was hampered by a transient response
observed when the pump field was switched-on. This can be overcome

by observing the waves at later times during the ten cycles of pump

fields produced by the oscillator.

Experiments have been hampered by the need to use heavy filtering

in order to detect the waves in the presence of the large pump field.

Amplification of the m = 0 and m = 1 slow waves at half the pump-field

frequency has been observed.

1. M. Porkolab, Nucl. Fusion _1£, 367 (1978)•

2. N.F. Cramer and W.N-C. Sy, J. Plasma Phys., 22_, 549 (1979).

3. A. Lietti, Rev. Sci. Inst., 4_0_, 473 (1969).

4. J.A. Lehane and F.J. Paoloni, Plasma Phys. 14, 461 (1972).
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3.2 Hydromagnetic shock waves

(B.W. James, J. Howard, A. Law)

SUPPER VI is a 1.7 m long coaxial shock tube (inner radius:

50 mm, outer radius: 112 mm) constructed for the study of transverse

ionizing or hydromagnetic shock waves. For the usual mode of operation

a 15 us long, approximately flat-topped current pulse of amplitude

210 kA is used to drive shock waves into a neutral gas or plasma

containing a transverse field of 0.1 T at mid-radius. The filling

gas is hydrogen at 6.6 Pa. The upstream transverse magnetic field

may be either parallel or anti-parallel to the magnetic field of the

drive current (the magnetic piston).

Measurements of the electron density in the shock tube during

the propagation of both kinds of shock waves have been completed.

Line integrals of electron density along three chords, offset by 60,

80 and 100 mm from the shock tube axis near the 1.2 m axial position,

have been measured using a HeNe (633 nm) Michelson interferometer.

As the maximum fringe shift expected was ^0.5 fringe a rotating

mirror modulated interferometer with a fringing rate of 20 MHz was

used to achieve sufficient sensitivity and time resolution.

The results for the antiparallel ^ D shock are shown in Fig. 3.1.

Fig. 3.1a shows phase as a function of time for each chord. Relative

time displacement of these curves due to the small axial separation of

the chords has been corrected for so that the three curves given refer

to the axial location z = 1.2 m. Figure 3.1b shows the magnetic field

signal recorded at the same axial location.

The amount of data available does not make it feasible to determine

the radial electron density distribution by numerical Abel inversion.

However, an estimate of the radial distribution has been obtained by

fitting a quadratic function to the average density along a chord as

a function of chord offset. The results of Abel inversion are given in

Fig. 3.1c which shows the electron density as a function of time at the

radial positions r = 60, 80 and 100 mm. These curves show that the

shock front is not normal to the axis of the shock tube but rather

inclined with the region near the inner cylinder leading. In the

magnetic piston region the electron density falls to very low values

at r = 60 and 80 mm while remaining relatively high at r = 100 mm

1. D.J. Campbell, P.A. Krug, I.S. Falconer, L.C. Robinson, G.D. Tait,
"Rapid scan phase modulator for interferometric applications",
Appl. Optics 20, 2, 335-343 (1981).
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indicating that the magnetic piston is behaving like a snow plow

with, however, the leading edge of the piston being curved away

from the shock front near the outer wall. Both these observations

are consistent with the shape of the shock front and piston edge

determined by Collins and Mathers from extensive magnetic field

measurements in the shock tube.

2. A.R. Collins and C.D. Mathers, "Dynamics of transverse magneto-
hydrodynamic shock waves", Phys. Fluids 21, 1939 (1978).

8 cm
T 10cm

0

Fig. 3.1

(a) Time profiles of
measured phase at the
three chordal ports
displaced 6, 8 and 10
cm from the vessel
axis.

(b) Magnetic field
probe signals
observed at the
above three radial
positions.

(c) Density profiles
inferred from Abel
transforms of the
above phase information.
Note that the rapid
density decrease
coincides with the
corresponding magnetic
field null for that
radius. The small
negative excursions
at this time are an
artifact of the
fitting procedure.
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IV. LASER AND GYROTRON DIAGNOSTICS DEVELOPMENT

4.1 Electron cyclotron emission observations

(D.J. Campbell, L.C. Robinson, P.G. Stokes)

Our work in Fourier transform spectroscopy of the electron

cyclotron emission from the Dite tokamak resulted in the submission

in May 1981 of the Ph.D. thesis by D.J. Campbell based on the

rotating mirror interferometer (RMI) and in the near-finalisation

of P.G. Stokes' work with the multipulsed plasma-scanned interferometer.

With the rotating mirror interferometer, which can provide

spectral scans of 1 ms duration at intervals of some 9 ms, electron

cyclotron emission was measured with resolution in the range 6.5 GHz

to 9 GHz during the tokamak current-rise time, on the current plateau

near disruptions, and before and after neutral beam injection. The

spectra gave electron temperature profiles across the major radius,

showed evidence of hollow temperature profiles at early times and

distinguished plasma shots where the emission was influenced by

run-away electrons. In particular we observed changes in the level

of electron cyclotron emission associated with the m = 2 MHD instability.

Increased emission appeared associated with the development of supra-

thermal electrons after the decay of MHD activity and electron cyclotron

emission also decreased as MHD instabilities "threw" suprathermals out

of the plasma. Spectra of emission just before, and just after,

neutral beam injection were compared. The corresponding temperature

profiles showed no evidence of consistent increases in electron

temperature as a result of neutral injection.

The multipulsed plasma-scanned interferometer has been operated

to give 10 interferometer sweeps at intervals of 1 ms. Each spectral

scan, however, is completed in 0.5 ms or less.

The data from Dite were largely acquired during a series of

experiments which were designed to make the first measurements of a

beam-driven current in a tokamak. Temperature sawteeth have been

seen which correspond with sawteeth that appear in the loop voltage

signal.

The data are still under analysis for presentation in the Ph.D.

thesis of P.G. Stokes in early 1982.
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4.2 Electron cyclotron maser or gyrotron

(G.F. Brand, N.G. Douglas, M. Gross, R.G. Hewitt*, J. Ma,
L.C. Robinson)

Since the successful operation of our fixed frequency (120 GHz)

gyrotron we have built a frequency-tunable gyrotron based on an

over-moded resonant cavity.

Our progress has been impeded by the lack of a reliable

superconducting magnet. However, an interim version of a 12-13 tesla

magnet under construction by Gryogenic Consultants has now arrived.

We are hopeful that we can use this magnet up to 10 tesla to test and

eliminate faults from our tunable gyrotron. At this stage we have

obtained emission at frequencies in the range 130 GHz to 230 GHz.

Some progress has been made with the development of instruments

for the measurement of gyrotron frequency and line-shape. Predicted

gyrotron frequencies were confirmed by measurements with an

interferometer which has just been completed. We have initiated

the development of a spectrum analyser system for the sub-millimetre

wavelength region.

4.3 Sub-millimetre laser interferometer

(I.S. Falconer, B.W. James and P.A. Krug)

This project is concerned with developing sub-millimetre (smm)

laser interferometers for measuring the electron density distribution

in the TORTUS tokamak. Initial measurements will be made with a

Michelson interferometer, which will measure the electron density

integrated along a chord through the plasma. A scanning interferometer

which will give several radial density profiles during a single plasma

shot is also under development.

The optically pumped smm laser built for this project consists

of a 2.0 m long circular waveguide with a plane polished aluminium

mirror as the "100%" reflector, and a capacitive mesh output coupler.

The C02 pump laser radiation is coupled into the active medium through

a 2 mm diameter hole at the centre of the 100% reflector. We have

constructed output couplers for this laser consisting of a gold

capacitive mesh deposited on top of a multilayer dielectric stack on

a crystalline quartz substrate.

*
Department of Theoretical Physics
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We first obtained C.W. laser operation in methanol vapour

in January, and over this year considerable effort has gone into

improving the output power, beam quality, and reliability of this

laser. To date we have observed laser action on the 96 ym, 119 um

and 570 ym lines of methanol vapour pumped with the 9R10, 9P36,

10R38 and 9P16 lines from the CO- laser, respectively, and in formic

acid vapour at 394 ym and 428 ym, when the vapour was pumped by the

9R18 and 9R20 C02 laser lines.

The copper waveguide initially used for the smm laser cavity

gave an annular intensity distribution in the output beam,

characteristic of the TE-- mode of oscillation of a waveguide laser

cavity. When this waveguide was replaced with a "Pyrex" waveguide

there was minimal loss of output power, and the laser oscillated

substantially in the low divergence EH..., mode, which propagates as

a Gaussian beam in the far field. The low beam divergence makes

this configuration particularly suitable for interferometry.

The CO- laser's performance was substantially improved by

reducing the discharge tube bore from 18 mm to 12 mm, resulting in

an increase in output power from 8 W to 27 W on the 9P16 line.

Active feedback control of the length of the C0 2 laser cavity with

a Lansing Research Corporation 80-215 lock-in stabilizer, which was

used to lock the CO- laser wavelength to the maximum output power

from the smm laser, has resulted in a great improvement in the

stability of the whole laser system.

The rotating mirror modulator (RMM) developed by G.D. Tait

while a graduate student in this Department will be used to scan the

probing beam of the interferometer across the plasma in order to

obtain spatial as well as temporal information about the electron

density distribution in the TORTUS tokamak.

A RMM with a plate separation of 280 mm, which will be rotated

at up to 7,500 rpm, has been designed with assistance from B.W. Roberts

and A.J. Barratt of the Department of Mechanical Engineering. This

device will allow a 200 mm lateral scan of the probe beam in 0.5 ms,

repeated at 4 ms intervals during a single plasma shot, when rotated

at 7,500 rpm. Detailed design of an interferometer incorporating

this RMM is in progress. Meanwhile the design of a conventional

1. D.J. Campbell, P.A. Krug, I.S. Falconer, L.C. Robinson, and G.D. Tait,
Appl. Optics 20 (2), 335-342 (1981).
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single channel Michelson interferometer, incorporating a smaller

RMM to provide modulation of the optical path length of the reference

beam has been completed, and this instrument is now under construction.

4.4 Resonance fluorescence and near-resonance scattering

(I.S. Falconer, S.H. Law, A.B. Murphy and W.I.B. Smith)

The object of this project is to develop diagnostic techniques

based on the observation of resonance fluorescence, and near-resonance

scattering of a tunable laser beam from atonic species in a plasma.

The initial thrust of this project is to develop techniques for

measuring "ion" temperatures in a helium plasma by observation of the

Doppler broadening of resonance fluorescence on the 587.6 nm Hel

transition.

This transition will be excited with a Hansch type pulsed dye

laser, which is pumped witha nitrogen laser constructed in our

laboratory. The scattered light will be spectrally resolved with a

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

A series of checks of the apparatus by observation of resonance

fluorescence from sodium vapour has been completed. Initial tests

in which the lineshape of the fluorescence was observed by scanning

the laser beam through the transition wavelength, were completed last

year. This year we have observed the fluorescence by setting the dye

laser wavelength at the centre of the sodium D2 line, and scanning

across the fluorescence line with a piezoelectrically controlled Fabry-

Perot interferometer. A double-peaked spectrum (Fig. 4.1) was observed

at high laser beam intensities, which may be due to the collisional

redistribution of excitation energy from the pumped 3P 3 upper level

for the D- transition, to the unpumped 3Pi upper level for the D1

transition, due to the high pressure of buffer gas in the sodium cell
4

(<v S x 10 Pa of neon). Since the free spectral range of the Fabry-

Perot interferometer (0.186 + 0.004 nm) is less than the separation

of the lines of this doublet (0.6 nm) these two peaks observed could

correspond to the D lines observed at different orders of interference.

The separation of these peaks (0.19 of a free spectral range) is close

to the expected separation (0.2 of a free spectral range) for the

measured plate spacing. The full width at half maximum of the left-

hand peak is estimated to be 0.035 + 0.005 nm, which is somewhat

larger than the calculated width due to pressure broadening of 0.018 nm.

It is possible, since the transition was highly saturated, that power
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broadening is contributing to the measured line width.

The SUPPER II plasma source has been changed back to a hybrid

shock tube configuration for preliminary resonance fluorescence

experiments. An extensive series of interferometric measurements

of electron density as a function of gas filling pressure and

magnetic field has been made in order to determine optimum conditions

for preliminary measurements, and the apparatus is currently being

set up on the machine. The nitrogen laser pump has been replaced by

an improved laser of novel design, which has been developed in this

Department over the past few years. It consists of two double rows

of capacitors located close to the discharge gap in a symmetrical

configuration, giving a compact laser which generates minimum radio-

frequency interference. Prior to its commissioning for this experiment,

this laser was converted from spark gap switching to thyratron switching,

and investigations made on improvements which may result from using gas

mixtures. It presently uses nitrogen containing 5% sulphur hexafluoride,

and will operate consistently at peak powers of ^ 300 kW.

I
_>
to -4

•01 nm-

decreasing wavelength

Fig. 4.1 Spectrum of light scattered from sodium vapour pumped
at the D2 wavelength (589.0 run).
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Work performed while Dr. I.S. Falconer was on Sabbatical Leave
at the MIT Plasma Fusion Center, February-October, 1980.


