
~1
REVIEW OF PLASMA PHYSICS RESEARCH IN
MALAYSIA

S.LEE
Plasma Laboratory, Physics Department,
University of Malaya,
Kuala Lumpur, Malaysia

Abstract

The energy trends of Malaysia projected for the next few
decades are briefly discussed as a background to the rationale for
Malaysian research into new forms of energy including plasma fusion.
The planning of this research started nearly two decades ago.
Today research facilities at PLUM centre on two capacitor banks,
one rated at 40 kV, 48 kJ, 2 MA short circuit current and the other
at 60 kV, 40 kJ, 2MA. Other equipment include several smaller
capacitor banks, vacuum systems, oscilloscopes, diagnostic systems,
a screened room, a transient digitizer, an Iraacon camera and a
100 MW pulsed ruby laser for discharge initiation and diagnostics.
The research devices include two plasma focus machines, one vacuum
fusion spark, a shock tube and minor experiments like the glow
discharge. The main focus facility, the UMDFFI, was designed and
built entirely by Indigenous effort, using 40 kV capacitors donated
by Britain under the Colombo Flan. Difficulties were encountered
especially in the need to adapt what is locally available or
readily importable to all phases of the design, construction,
testing and measurement. Nevertheless, the focus group has achieved
the following results: measurement, in 1973, of neutrons produced
in the deuterium focus; current, voltage, magnetic field and
pressure measurements to interpret plasma dynamics and focus
mechanism and to compare with computer simulation of plasma
trajectory and configuration; soft x-ray measurements to determine
electron temperature; study of the effect on the focus of rotation
and multiple ionization up to Argon XVIII; and optimuzation of
focus performance as judged from neutron yield.

In 1977 PLUM acquired the Julien DPFI which was reassembled
as a fast focus, the UMDPF2. -This device has been converted to
operate as a vacuum spark with the aim of demonstrating the spark
as a neutron source when using a deuterided anode. We have
measured temperatures of 8 keV in the dense plasma spots.

Plasma research work here has produced some interesting
results and postgraduate theses including a Ph.D. thesis. A.
small low-cost Tokamak is being planned to extend the scope of the
work.

Introduction

At the Seminar on Energy Options for Developing Countries
held in Madras in February 1981 it was pointed out that despite
all conservation measures that may be taken the rate of increase
of energy consumption world-wide would result in a doubling time
in energy consumption of about 20 years It was also pointed out
that renewable resources couid only be planned, and optimistically
at that, to provide 10-20% of the world1s energy .needs towards
the early part of the 21st Century-

These conclusions together with estimates of the logistic
production curves of fossil and fissile ores give us a scenario
as depicted in Figure 1. Inexorable social and economic pressures
dictated by an increasing population and an innate world-wide
demand towards an universal reasonable standard of living
compatible with the average human intelligence require the energy
consumption curve to rise at a minimum rate of 3% towards a point
some 20 times above present consumption, However, well before
this 20 times point is reached, a critical point is reached when
the total of all energy supplies, fossil, fission (with breeding)
and renewables, is insufficient to support any further increase
in consumption {]}.

This would be a critical point in human history at which
human hopes would forever by extinguished unless a limitless
source of energy such as fusion were to be developed. The present
increasing international effort to built a fusion reactor is
primarily motivated by such a scenario. Realising that this
problem is crucial to all humanity, developing countries inclusive,
many scientists in developing countries must have pondered as we
did in Malaysia how we may attempt to play a role at least firstly
in carrying out some experiments to enable us to understand, at
first hand, some of the problems regarding the physics of fusion.

Energy trends in Malaysia

The energy trends in Malaysia {I} tisvn been extrapolated to
the middle of the next century by fsoft-energy? proponents as
shown in Figure 2. It is certain that a study of the land area
and the construction materials required to support the energy-

growtn in energy consumption, /A per annum, naiaysia aoes nave a
breathing space to plan her energy policy and research without
the strangle-hold of immediate energy crisis. The result is that
a fairly comprehensive range of energy research now thrives in
Malaysia including solar energy research and plasma fusion
research.
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Plasma Research in Malaysia

Plasma research at the University of Malaya started in the
early I9601s with the studies of oscillations in the glow discharge
{2}. At the same time components for a 40 kV, 60 MF capacitor bank,
including capacitors, transformers, thyratrons and other electrical
parts were secured from the U.K. government through the Colombo
Flan. Assembly of the capacitor bank was started but progress
was slow because of inadequate understanding of the technical
aspects of capacitor bank switching and associated timing and
synchronising problems. During this time shock wave research vas
carried out {3-6}.

Capacitor bank

These problems were resolved in I97O when a decision was
made to use ignitrons to switch the bank. A modular design was
adopted {7,8} dividing the 60 MF bank into four modules each with
25 capacitors. Each module was switched by two 7703 ignitrons as
shown in Figure 3, with all 8 ignitrons controlled by one master
krytron. A novel feature of this bank was the confinement of the
full capacitor voltage to the capacitor terminals by means of
auxilliary spark gaps so that although the capacitors were charged
at 40 kV, only 20 kV appeared on the ignitrons until the ignitrons
are switched. This reduces the problem of corona and also enables
the use of 7703 ignitrons (rated at 20 kV) to switch the 40 kV
bank. Discharged into a short-circuit load, the bank delivered
a measured current of I.93 MA on 23rd March I972. The inter-
ignitron jitter was determined to be ±50 ns and synchronisation
jitter between the start of the current and the master trigger
pulse was of the same order. Since 1972 the 8 ignitrons have
switched in excess of 10000 times between 15 to 30 kV. The
maintenance was minimal until the end of 1980. The ignitrons
need to be replaced now.

Plasma Focus

In late 1970 with the capacitor bank partially operational
a decision was made to operate a plasma focus as this device
appeared to be the most promising, given our limited facilities,
for the production of a plasma hot and dense enough for detectable
plasma fusion. A Mather-type focus was designed {9} with suitable
parameters so that focus could occur at or slightly after peak
current. Considering a snow-plow model and taking into account
the effect of the dynamic impedance of the focus tube on the
circuit current the tube parameters were provisionally fixed at:
diameter of inner electrode « 5 cm, length of inner electrode •
25 cm, operating pressure * 1 torr in deuterium for an operating
voltage of 20 kV generating a plasma current of 500 kA. The
outer electrode was interchangeable using either a copper cylinder
of 8.2 cm diameter or a glass cylinder of 10 cm in diameter to
facilitate photography.

Diagnostics

By early 1971 this focus tube was operational with the
partially completed capacitor bank. Magnetic probes were used
systematically to establish the symmetry, structure and dynamics
of the current sheath in the accelerator region. Voltage and
current probes were used to establish focus dynamics and energetics.
These probes were all of the simplest designs. We also proceeded
to develop soft x-ray techniques for the estimation of electron
temperatures. For neutron measurements we designed indium foil
activation counters and also tizae-of-flight systems in order to
measure the energy of the neutrons. The time-of-flight systems
included two detectors spaced 10 m apart. Each detector consisted
of a plastic (NE102) scintillator and a fast photomultiplier. The
sensitivity of each detector to neutrons was estimated and then
compared with a calibration using a standard polonium-berylium
neutron source. In this way the time-of-flight system could also
give information on the neutron yield.

Results

By late 1971 the gross dynamics of our plasma focus had
already been established both in the. run-down region and in the
focus region. Trajectories of the luminous plasma were obtained
using the Imacon in framing and streak modes. Trajectories of
the current sheath were obtained using magnetic probes {9}. Soft
x-ray pictures of the focussed plasma were obtained and using a
multiple foil technique the plasma electron temperature was
estimated to be between 0.8 - 2.5 keV {10}.

In October 1973 from a deuterium plasma focus we measured
a burst of neutrons with an energy of 2.2± 0.1 MeV (see Figure 4)
in the backward direction {11}. In the forward direction the
neutron energy was measured to be 2.6 ± 0.1 MeV. Thus the
evidence indicated that the neutrons were produced from the D-D
reaction (neutron branch) from a plasma with a centre-of-mass
moving in the forward direction. The distribution of neutrons
from the focus was later studied {12} with a view of relating
the distribution to one of the three popular models namely the
beam-target, the moving boiler and the converging-ion model. A
typical distribution is shown in Figure 5. The conclusion of this
study was that these models were not adequate to explain the
neutron production.

mass tiow measurement was made witn a piezoelectric probe ing- °)
in the run-down region and concluded that only 4-7% of the ambient
mass swept up by the current sheath arrives in time to participate
in the focussing action {13}. The 1-D radial collapse model which



~ \

we developed {14} has an equation of motion of the form:
2

where the LHS represents the rate of change of momentum per unit
length of the focussing plasma and the first term of the RHS
represents the corresponding focussing force supplied by the
self-magnetic field of the cylindrical focus current sheath. The
term f(P) represents a retarding force exerted by the kinetic
pressure of the plasma. This retarding force is calculated using
a shock wave-current sheath model; and divides the collapsing
region into 3 phases, the incident shock phase, the reflected
shock phase followed by a phase of adiabatic compression. The
trajectory computed from the model, using Initial values of ZOQ
and dr/dt consistent with experimental observations, agrees with
high speed photography of the inward-co11apse and with soft x-ray
estimates of minimum focus radius. However the current sheath
rebound predicted by the model was not observed experimentally.
Indeed, voltage and current measurements were used to show that
as the focus diameter approached the minimum value, the current
sheath abandoned its snow-plow cylindrical configuration, rapidly
diffused through the plasma and flowed on-axis. This is a
necessary consequence of the large electron Hall parameter as
the radius decreases. For .example the electron Hall parameter is
estimated as 500 for a typical, focus radius of 1 mm. The plasma
conductivity of the focus is therefore reduced by a factor of
250000 from its Spitzer value.

Together with the development of the I-D radial collapse
model, two projects were also carried out, one to investigate
plasma focus rotation in the presence of an axial bias field{15}
and the other to compute the degrees of ionization in an argon
focus {16,24}.

The next major project was the optimization of the focus.
We had already observed earlier that attempts to increase the
neutron yield by a reduction of operating pressure so as to
enhance plasma speeds resulted in very erratic operation and to
shattering of the back-wall insulator. This had led to the
conclusion that the focus seems to operate best at a speed of
6 cm/|is to 9 cm/us* The detailed optimization procedure adopted
by us {17,18} eventually enabled reproducible neutron production
in a high-pressure neutron optimised regime, as distinct from a
low-pressure beam optimised regime. A comparison of the neutron
yield of various DPF devices reported in the literature is shown
in Figure 7.

Currently we are developing laser diagnostics of the
plasma focus. We started with laser shadowgraphy {19} and are
now proceeding to laser holographic interferometry. Figure 8
shows some shadowgraphs of our plasma focus.

Laser-initiated vacuum spark

In 1975 a link was developed with the Institut fuer
Plasmaphysik of the Nuclear Research Centre (KFA) Juelich,
Federal Republic of Germany, which resulted in the transfer of
the Juelich DPFI facility to our laboratory under the sponsorship
of the Alexander von Humboldt Foundation post-fellowship
programme. This is a 60kV, 40kJ machine originally operated as
a fast focus but converted in its last year at the Institute for
Reâ -cor Development Juelich into a vacuum spark {20} . A 100 MW
pulsed ruby laser was also donated by the AVH Foundation.

With the vacuum spark we have obtained a high density
point plasma having a measured temperature of 8 keV. We are
currently attempting to generate fusion neutrons in this device
by using an anode with a LiD insert {21}.

Tokamak

Since 1977 our Group has been in discussion to build a
small Tokamak {22} with the aim of enabling us to develop
measurement techniques of a plasma which is less transient than
a plasma focus. We have been encouraged by the 1978 Report of
the IAEA Consultants1 Meeting on Fusion Programme for
Developing Countries {23} t and recently we are completing a
design for a small Tokamak specifically to operate from our
existing capacitor banks.

With this constraint we shall be using our 40 kV bank to
provide about 21 kJ to the stabilizing field of the Tokatnak.
This limits severely the energy we can supply to the plasma
heating current for which we could not use more than 1 kJ from
a 10 kV, 100 uF bank, in order not to exceed the Kruskal-
Shafranov limit for the plasma current. Despite this energy
limitation the scaling laws show that we should still be able
to obtain a plasma for the purpose of diagnostic development.
The design parameters for our small Tokamak are shown in the
following table.

Design Parameters of PLUM Tokamak

Major radius
Minor radius
Aspect ratio
Toroidal fi^ld
Plasma current
Safety factor
Ion temperature

0.25 m
0.05 m
5
2 T
40 kA
2.5
0.1 keV

Electron temperature 0.) keV
Confinement time 1.4 ms
Particle density 3xlO13 cm"3

Stabilization Bank

Capacitance
Coil Inductance
Number of turns
Coil current
Rise tine
Charging voltage

Plasma Heating Bank

Capacitance
Coil inductance
Number of turns
Coil current
Rise time
Charging voltage

60 UF
63 uH
100
25 kA
100 us
26 kV

100 uF
3R0 uH
20
2 kA
300 U8
U kV
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Conclusion

Much of the work reviewed in this paper would not have
been possible without the material support given in the early
1960's by the British Government through the Colombo Plan and
more recently by the Nuclear Research Centre (KFA) Juelich and
the Alexander von Humboldt Foundation. The projects have also
been given added momentum by the collaboration between individual
members of the PLUM Group and members of the Institut fuer
Plasmaphysik of KFA Juelich and the Institut fuer Plastnaforschung
of Stuttgart University. We hope chat we can extend our
international contacts in this research. We also hope that we at
PLUM nay be able to play a role in the strengthening of plasma
research and- plasma research collaboration in the developing
countries. The goal is ever before us - infinite energy through
plasma fusion.
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«)KV CHARGER DISTRIBUTOR CAPACITOR BANK IGN1TRONS

Figure 3: Circuit diagram far a module of 25 capacitors,
shewing charging circuit, distributor, capacitor bank,
voltage division spark-gaps, ignitrons and load.

Figure 4: Time-of-flight oscillogram obtained
in the measurement of neutron energy. Top
trace records output from near detector. Bottom
trace records output from far detector placed
10.2 m behind near detector. Horizontal scale
200 ns per cm.
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Figure 5: Results of angular distribution
of neutrons from plasma focus.
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FIGURE 6. Combination probe for measuring plasma total pressure and magnetic field.
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Figure 7: Neutron production as a function of energy.

F=Erascati; IA=los Alarms; S=Stug(|art; A=E1 Sequnda
Aerospace; 1EN=Tennessee; M0S=Moscow; J=Julich;
SA=Sandia; SN=Steven; T=Texas;M1=UMDPFl; »UUMffi
H=Hoboken; D=Darmstadt.

Figure 8: Shadowgraphy of the Plasma locus

Left: 50 ns before minimum radius
Right: Just before minimum radius
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