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We discuss the development & application
of the PF from the work of our network

A Historical aspects - Malaysian region
A The role of training programmes




Historical notes:
Development of PF in Malaysia

A Professor S P Thong started plasma
research in Malaysia in 1960, when he
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HISTORICAL NOTE
f = | : HRH Prince Philip of

g Great Britain visits UM
[ @'k PhysicsDepartment1965,
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Malaysian J. Sei. 2(B) (1973); 157-169

A simplified method of switching a 2 mega-ampere capacitor

Fig. 11

194

bank using a voltage division technique

S. P. THONG*? AND S. LEE!?
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Photograph of experimental set-up. In the centre js shown
the pyrex return focus tube., The inner electrode can be

seen through the glass tube. The high voltage collector
plates of the two modules, each with 25 cable connections,

are also shown with the coaxial transmission cables leading
downwards to the condensers, which are on a lower platform,

not shown,
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40 kV bank switched by 20 kV ignitrons with
voltage dividing gaps$ 100 capacitors in 4 modules

S. P. THonG AND S. Lee
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Figune 2, High voltage collector:plate and exterslon-plate showing detils of the comecions of
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Figurt 4. Circuit diagram for a module of 25 capacitors, showing charging circuit, distributor, capa-
citor bank, voltage division spark-gaps, ignitrons and load.
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UM Bank recorded 1.92 MA in 1972

S.P. Thong and S. Lee. A simplified method of switching a 2 tasyeere capacitor bank usinga@tage-
division technique Malaysian J. Science, Malaysia (1973), 2(B):-169

UM Bank1 40kV 23 nH,1.9 MA

2 mega-ampere capacitor bank
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Measured peak current as a function of capacitor bank voltage,
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UM PF inFusioningSelf Light

Taking First High Speed Imacon Photos of Plasma Fosion Dyvnamics Nov 1972

Organizers:

INTERNATIONAL WORKSHOP on Plasma Physics
F2N) GKS ySEG OSyldzNE
28-30 August 2018, Johddahru, Malaysia



Time of Flight Measurement, DD neutrons: UM PF- Oct 1973

S. Lee and Y.H. Chen. Measurements of neutrons from a focussed plasma. Mal
J. Science, Malaysia (1975), 3(B59-163

Claim: First electric plasma fusion neutron measurement in Asia

S %_ i 485 ns over 10.19 m,
 ErrETRE backwards direction
ot 16 Conclusion:
S s . 2.3 MeV n from DD fusion
T R Beam ions at ~150 keV
Neutron yield1 (P
—— :
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1971 Published streak and framing pictures of PF with dynamics
and inductance measurements

Framing pictures lpsec interval
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HE Ambassador Dr Ritter of West Germany on the platform of the Juelich |
(2 MegaAmp facility) in 1977 on the occasion of Presentation of the Juelich F
Il as follow-up grant of AVH Fellowship
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Nuclear fusion observed In laseinitiated
Vacuum Spark-1977

mzterial ejected |
from central
ol

AR kel

)
Soft X-ray pinhole photograph taken with a photographic sensitivity of 1—-2.5 A,

The anode, in this case, has a central channel filled with LiD. The circular spot at
the top of the intense image has a diameter corresponding to the pinhole size ol

0.4 mm. ‘
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First Physics PhD Thesis produced by a
Malaysian University in 1978 was In the

fleld of Plasma Focus




" K H Kwek- Pinch Structure of a PF- PhD thesis, UM 1989
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J. Fiz. Mal. 6, 23 (1985)

D vs Ar focus pinches insights
Into plasma thermodynamie$982

DYNAMICS OF REB—SPUTTERED COPPER PLASMA JETS

S.LEE, HARITH AHMAD, T.Y. TOU, K. H. KWEK and C. S. WONG

PINCH DYNANICH OF THE PLASMA FOCUS
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Fig. 4. Graph of plasma jet position against the delay time, 7p,

Figure 2b Side-on streak image of a deuterium focus pinch
at 5.5 torr, 14 kV.
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Fig. 3. Time sequance of 1he copper plasme jot,
’ Preliminary observations of sputtered deposits on a flat glass plate indicate the

possibility of depositing areas of very clean film of copper by this method. These observa-
tions also raise the possibility of producing plasma jets of other materials by simply
placing an insert of the desired material in the anode cavity so that this insert may then
be bombarded by the relativistic electron beam, This technique may have useful applica-
tions,
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UM Plasma started to organise international training programmes in 1984
(Concept: Souttsouthtechnolgycreation, sharing and transfer)

Distinguishedscientists from India, China, Pakistan, UK, Wastralia VisitingUM Plasma
Research Lab during First Tropical CollegeApplied Physics In 1984

The Malay Mail, Wednesday, January 4, 1984
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Nobel Laureaté&bdusSalam visiting the UNU Training Programme on Plasma
Laser Technology at UM in Januak986

L-r: Widdi, Gholap Sapry Smith,Tou, AbdusSalam, KEissa(almost hidden)Suryadj Zakaullah Kwek, Lee,ChataiSingh,Susetyo Tan

Plasma & Laser Traw F‘mgram

UNUICTP
r'; PLASMA FUSI
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UNU Training Programme on Plasma and Laser Technology in 1985 to 1986
Widdi Usadaa s sembl i ng his UNU/I CTP PFF

Dr Walter Shearer (UNUYakaullah Dr Eissa Lee Warmate& Dr Smith with 1 set (in crates) of
UNU/ICTP PFFat FoyerOf UM Physics
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19841991 4 Tropical Colleges
and 3 intensive Training Programmes

We provided handsn experiments to some 80
participants in:

A Em shock tube, plasma focus, glow discharge,
tokamak, control electronics, plasma computatior
and laser experiments.

A The intensive trainingrogrammesrained 24
Fellows.

A 18 papers were writtesuring the programmess
published in ISl journals, the others in journals




Equipment transferred up to 1991(not comprehensive

Table 1
UNU/ICTP EMST Nitrogen Laser Glow
PFF Flow Laser Shadowgraph  Discharge
Simulator System System

Cairo. Al Azhar U. X* X
Jaipur. Rajasthan U. X

Delhi, Delhi U. x.*
Srinaga.SP College

Jakarta. LAPAN

(Space research)

Yogyakarta, PPNY

(Nuclear research)

Islamabad. QAU

PortHarcourt, US&T

Sierra Leone. NUC
Songkla. PSU
Liberia

Harare. Ui of
Zimbabwe

* Have produced PhD/MSc theses trom these facilities
+ Developed the UNU/ICTP PFF locally

28-30 August 2018, Johdahru, Malaysia

i T ®® BRITISH INTERNATION@L V\{ORKSJ—IQF; on E’Ie}sm:i PhysiE:s
...-m... M‘;'—' T2NJ UKS SEU OSYy UdzNEe
®® COUNCIL ) g

APhFa._ S



Research results of training programmes

TWELVE YEARS OF
TNU/ICTEP PEFE-
A REVIEW
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Research results of training programmes

IEEE JOURNAL OF QUANTUM ELECTRONICS. V0L OK.I3 MO, 1 MARCH 10K7 8

A simple facility for the teaching of plasma dynamics and plasma
Measurement of Nitrogen Laser Channel Current. Inductance, and Resistance nuclear fusion

S, Lee, T.Y. Tou, S.P. Moo, M. A. Eissa,™ A V. Gholap,® K. H. Kwek,

A SMITH, K. H. KWEK. T. ¥. TOU. A. V. GHOLAF. axp 5. LEE S. Mulyodrono,® A, J. Smith,® Suryadi,® W. Usada,® and M. Zakaullah"
United Nations Universicy Training Programme on Plasma and Laser Technology. Physics Department,
University of Malaya, 59100 Kuala Lumpur, Malapsia

. Laser cmamnel

(Received 11 July 1986; accepted for publication 23 February 1987)
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Research results of training programmes

IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. I8 N0, 6, DECEMBER (990

Sequenced nitrogen lasers
S. Lee and K. H. Kwek
Plesma Research Laborztory, University of
Jaiil Ali,* M. V.H. V. Prabhakar,® Y,

{United Nations University) International Centre for Theoretical Physics. Training Programme on Plasma
and Laser Technology. Physies Department, University of Malaya, 59100 Kuala Lumpur, Malaysia

Effect of Targets on Plasma Focus Dynamics
J. Appi. Phys. 65 (11), 1 June 1989

- ———— . e e

S. LEE, M. A. ALABRABA. ASHOK VASUDEO GHOLAP, S. KUMAR. K. H. KWEK,
MOHAMMAD NISAR. R. 5. RAWAT, ano JASBIR SINGH

{Received 26 September 1988; accepted for publication 3 January 1989)
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Fig. 1. Schematic of shadowgraph setup.
F1G. 1. Circuit diagram of the three-channel sequenced mtrogen laser.
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FIG. 4. Schematic of a three-channel sequenced nitrogen laser. The high-
voltage plates of the capacitors C,, C,, C,, and C, arc made of aluminum
foils

Fig. 2. Biock diagram of electronic time sequence in cxperimental setup
SCR = silicon controlled recuifier. HVSCR = high voltage SCR
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Review of 1998

A The UNU/ICTP PFF - research network based on a 3kJ PF.

Designed in 1985/86 -during an UNUTraining Programme.

A Established in 10 institutions in 8 countries; built up 7 research
laboratories and research groups

Organizers: Sponsors:
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PhD thesis completed on the UNU/ICTP PFF

A PhD theses (16)

A D1 M. Jalil bin Ali. Development and Studies of a Small Plasma Focus. PhD thesis. UTM,
Malaysia, 1990.

D2Is Susetyo Mulyodrono. The Electromagnetic Shock Tube with Plasma Focussing Ability: Possibility for use in a Plasma
Propulsion System. PhD thesis. ITM Bandung, Indonesia, 1993

D3S. A.Serban. Anode Geometry and Focus Characteristics. PhD thesis. NTU, Singapore, 1995

D4S. M.H.Liu. Soft X-Rays from Compact Plasma Focus. PhD thesis. NTU, Singapore, 1997.

D5S G.X.Zhang. Plasma Soft x-ray source for Microelectronics lithography. PhD thesis NTU, Singapore 1998.
D6S Muhammad Shahid Rafique. PhD thesis (in preparation) NTU, Singapore.

D7Z. M. Mathuthu. Design, fabrication & characterization of Plasma Focus Device. Ph D thesis. U Zimbabwe1998.
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Papersin Refereed Journals
(from results obtained during training programmes

A J1. AJ. Smith, K.H. Kwek, T.Y. Tou, A.V. Gholap and S. Lee. Measurement of nitrogen
laser channel current, inductance and resistance. IEEE J. Quantum Electronics, USA
(1987) QE-23: 283-286.

A J2.S. Lee, T.Y. Tou, S.P. Moo, M.A. Elissa, A.\V. Gholap, K.H. Kwek, S. Mulyodrono , A.J.
Smith, Suryadi, W.Usala, M. Zakaullah . A simple facility for the teaching of plasma
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Papersin Refereed Journals
(from results obtained during training programmes

A J17. S.T.Tsai, S.Lee, J.L.Hu and Y.P.Chen. Time Averaged spontaneous Power Radiation in Plasma Focus.
ACTA Physica Sinica (1997). China (Overseas Ed). 6:690 -696

A J21.S. Lee, AV. Gholap, A.J. Smith, K.H. Kwek, A.C. Chew, T.Y. Tou and S. Sapru. Parametric study of the
nitrogen laser circuit. J. Fiz. Mal., Malaysia (1985), 6: 165 -174.

A J22.S. Lee, M. Eissa, A.V. Gholap, K.H. Kwek, S. Mulyodrono , S. Sapru, A.J. Smith, Suryadi, T.Y. Tou, W.
Usada, C.S. Wong, M Zakaullah . Toroidal plasmoids in em shock tube. Singapore J. . 75-82.
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Other Papers in refereed journals from Network research (up to 1998)

J7. S. Lee. A sequential Plasma Focus. IEEE Trans. Plasma Sci. USA (1991) 19: 912-91

J8. S.Lee. Bench-marking the 3 kJ Plasma Focus. Chinese Physics Letters. China (1993), 10: (Supplement-Invited
Review Paper) 33-41.

J9. S. Lee. Density ratios in compressions driven by radiation pressure. Laser and Particle Beams, UK (1988), 6
597-606.

J10. S.Lee, Suresh Kumar, T.C.Chia, A. Serban and S.V.Springham. Pulse-charging of Capacitors for Reduction of
Voltage Stress. Rev Sci Instru. (1994), 65: 2408-2409.

A J11. A.Serban and S.Lee. A Simple Optical Fibre Axial Speed Detector. Rev Sci Instru. USA (1995), 66: 4958-4960.
A .J12 S.Lee. Research Transfer as an Educatlonal Process- A Model and some Experience. J Moscow Physical Soc
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Other Papers in refereed journals from Network research (up to 1998)

A J18. M.Liu, X.Feng, S.V.Springham and S.Lee. Soft X-ray Measurement in a Small Plasma Focus Operated
in Neon. IEEE Trans Plasma Sc. USA. (1998) 26(2):135-140.

A J19. Jalil Ali, S. Lee, T.Y. Tou and Y.C. Yong. A generalised slug model for the pinch. J. Fiz. Mal., Malaysia
(1984) 5: 153-142.

A J20.S. Lee. The dynamic pinch : A new concept and new computations. Singapore J. Phys., Singapore
(1984), 1: 103-110.

A J31. A.Serban and S.Lee. Neutron Time-of-Flight Measurements for Studies of Neutron Yield Enhancement
from Plasma Focus. Singapore J Phys (1996). Singapore. 12: 53-67.

A J32. M.H.Liu, X.Feng & S.Lee. A Crystal Spectrograph and its Application in Plasma Focus.. J Fiz Mal.
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Other Papers in refereed journals from Network research (up to 1998)

J40. M.P.Srivastava, S.R.Mohanty, S.Annapoorni and R.S.Rawat, Diode like behaviour of ion irradiated Polyanaline
film, Phys Lett A 215, 63 (1996).

J41. Chhaya R. Kant, M.P.Srivastava and R.S.Rawat, Thin Carbon film deposition using energetic ions of Dense
Plasma Focus, Phys Lett A 226, 212 (1997).

J42. Priti Agarwala, S.Annapoorni, M.P.Srivastava, R.S.Rawat and Pratima Chauhan, Magnetite phase due to
energetic argon ion irradiation from a Dense Plasma Focus on Hematite thin film, Physics Letters A 231, 434 (1997).

J43. S.R.Mohanty, M.P.Srivastava and R.S.Rawat, Study of X-ray emission of Dense Plasma Focus device in
presence of external magnetic field, Physics Letters A 234, 472 (1997).
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Other Papers in refereed journals from Network research (up to 1998)

J53. Gholap A.V.; Mathuthu, M.; Warrate A.G. Characterization of locally made nitrogen gas laser. Discovery and
Innovation.
J54. Gholap A.V.; Mathuthu, M; and Mpinyuri M. Design of low cost experiments for undergraduate laboratory.
Journ. of Sc. & Tech. 15, (283), 41-58, 1997. J55. Zakaullah, M, Baig,T.J., Beg, S. and Murtaza, G. Effect of
Insulator Sleeve Length on Neutron Emission in a Plasma Focus Phys. Lett. A137, 39-43 (1989).
J56. Beg, F.N., Zakaullah, M., Murtaza, G., and Beg, M.M. Effect of Insulator Sleeve Material on Neutron Emission
from Plasma Focus. Physica Scripta 46, 152-154 (1992).
J57. Beg, F.N., Zakaullah, M., Nisar, M., and Murtaza, G. Role of Anode Length in the Mather-Type Plasma Focus.
Mod. Phys. Lett. B6, 593-597 (1992).

A J58. Zakaullah, M., Imtiaz Ahmad, Nasir Rashid, Beg, M. M. and Murtaza, G. Influence of Insulator Contamination by

Organizers: Sponsors:
- mima INTERNATIONAL WORKSHOP on Plasma Physics

=} ilai - UEL S (G e FLE T
F' l l'I‘M por b @® BRITISH F2NJ GKS ySEG OSy G dNE
Q= U A LVL R55 2 —1PFS ®® COUNCIL 2830 August 2018, Johdahry Malaysia




Other Papers in refereed journals from Network research (up to 1998)

J65. Zakaullah, M., Imtiaz Ahmad, Khairur Rehman and Murtaza, G. SSNTDs CR-39 to Study Charged Particles Emission
From 3 kJ PF. Mod Phys Lett B9, 1033-1037 (1995).

J66. Zakaullah, M., Murtaza, G., Shahid Qamar, Imtiaz Ahmad and Beg, M.M. Neutron and X-ray Emission Studies in a Small
Plasma Focus Physica Scripta, 53, 360-363 (1996).

J67. Zakaullah, M., Imtiaz Ahmad, Omar, A., Murtaza, G. and Beg, M.M. Effects of Anode Shape on PF operation with Argon
Plasma Sources Sci and Tech, 5, 544-552 (1996).

J68. Zakaullah, M., Imtiaz Ahmad, Murtaza, G. and Beg, M.M. Influence of Magnetic Probe Presence on Current Sheath
Dynamics in Plasma Focus Operation. Fusion Engineering and Design, 36, .437-446 (1997).

J69. Zakaullah, M., Imtiaz Ahmad, Shafique, M., Salma Khanam, Omar, A.R., Mathuthu, M., Murtaza, G. and Beg, M. M.
Plasma Focus Characteristics using Stainless Steel Anode. Physica Scripta, 56, 649-654 (1997).
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85 papers published using the UNU ICTP PFF In
International journals as of 1998

A J79. W.Sharkawy, F.F.El-Akshar, A.Saudy, M.A.Eissa and A.A.Garamoon. Electron
Temperature Measurement in PF. Al-Azhar Bull Sci Vol 4, 1 p 61 June (1993).

A J80. M.A.Eissa, A.H.Saudy, W.Sharkawy and M.A.Mansour. Comparison Between
Experimental Data and Theoretical Predictions for Plasma Focus Device. Accp AlAzhar Bull.
Sci Vol 6, 2, p 1373 (1995).

A J81 J.Gratton, M A Alabraba, A G Warmate and G Giudice. Deterministic Dynamics of Plasma
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UNU ICTP PFF: 3 kJd Plasma Focus
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The Parts for the Plasma Focus

Thyratron

Capacitor
GA Power Supply 20 kv, 200EA

3
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Diagnostics

Bubble
Detector
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K5 TATE
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Development of a range of Plasme
Focus Machines
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Scaling Properties

afim

: e -
PF1000 40KY 1332uF 9nH 1.1MJ Io= 15

Small Plasma Focus

Big Plasma Focus
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shadowgraphs of pinch sideby-side, same scale
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A range of PFdaullesn S

DPF Devices @ Plasma Radiation SoUrces'.'I._ab(PFlSL)
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NX2-Plasma SXR SourceHi Rep

A 11.5kV, 2 kJ
A 16 shots /sec; 400 kA
A 20J SXR/shot (neon)

A 10° neutrons/shot

T Ry
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Current -Stepped Pinchi PhD S H

Fig. 3.3 The capacitor, €, and the spark-gap

connections.

L. = 70 nf
of a 1

dIO

Fig. 2.1 sSchematic diagram of the arrangement

sde = 1.2 x 10'!

current-stepped Z-pinch. 1

(165 )

L, =26 nH

2

d1,,/dt = 5.5 x 10M

—le=ie]

A/s

Saw 1991

~ capaciter

First bank - & J-stage Marx :

r= 6 cm L =5cm F, = 0.14 mbar

VD = 150 kv L, = 600 nA €, = 600 aF

ty= 0.6 us z =140 1, = 150 ka

dI/dt = 2.5 x 10" /s

Second bamk - A Marx-pulse-charged water-line :

Water-line:

Als

Vo = 150 kv Ly = 90 nf €, = 30 aF

=

S

Fig. 3.16 Block diagram of the UMCSZP set-up.
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signals and  time-resolved signals and time resolved
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@@® BRITISH
®® COUNCIL

predicted by the ¥ - varying mdel of tha UMCSZP.

L

INTERNATIONAL WORKSHOP on Plasma Physics
FT2NJ G6KS ySEG OSyidaNE
28-30 August 2018, Johddahru, Malaysia



Current -Stepped PF

Currents, Total and each Capacitor

Radial Trajectories

H
s a
£ -
= =
: i
s =
5]

radial inward
shock
|| with CS

p Timeinmicrosse g 10 Time inns 1000 2000 3000

Fig 16 Comparing the current waveforms of Fig 17 Comparing radial trajectories with and
main bank (I; with CS), current-step bank (I3) without current step.

and the combined current (I). Also shown for

comparison is the current when the current-step

is not switched on (I7).
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Codecorrelated templates (CCT):
1. SXR spectrometer {&h) with CCT
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