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We discuss the development & applications 

of the PF from the work of our network 

ÅHistorical aspects - Malaysian region 

ÅThe role of training programmes 

ÅNeutron applications 

ÅMulti-radiation applications 

ÅMaterials- fabrication, enhanced properties 

ÅThe DuPF 
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Historical notes:  

Development of PF in Malaysia 

ÅProfessor S P Thong started plasma 

research in Malaysia in 1960, when he 

joined the Physics Department, Universiti 

Malaya as Head of Department.  

ÅExperimental work started on: 

 Glow discharge ï S P Thong 

 Electric shock waves ï H H Teh 
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Example of UM Plasma publications  

ï pre 1970 
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HRH Prince Philip of 

Great Britain visits UM 

Physics Department, 1965,  

in conjunction with gift of 

large capacitor bank to 

start Plasma Physics 

Laboratory under Colombo 

Plan 
(R-L: Dr A Husain, Dr Lee Kuen On, Dr 

Teh Hock Heng, Lee Sing and Dr Lim 

Chuan Poh) 
 

HISTORICAL NOTE  
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40 kV bank switched by 20 kV ignitrons with 

voltage dividing gaps ï 100 capacitors in 4 modules 
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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 mega-ampere capacitor bank using a voltage-

division technique.  Malaysian J. Science, Malaysia (1973), 2(B): 157-169 
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UM PF in Fusioning Self Light 
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Time of Flight Measurement, D-D neutrons: UM PF- Oct 1973- 
S. Lee and Y.H. Chen.  Measurements of neutrons from a focussed plasma.  Malaysian 

J. Science, Malaysia (1975), 3(B): 159-163 

 

8 - 8 - 

         Claim: First electric plasma fusion neutron measurement  in Asia  

485 ns over 10.19 m, 

backwards direction 

Conclusion:  

2.3 MeV n from D-D fusion 

Beam ions at ~150 keV 

 

Neutron yield 108 
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1971 Published streak and framing pictures of PF with dynamics 

and inductance measurements 
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HE Ambassador Dr Ritter of West Germany on the platform of the Juelich I 

(2 MegaAmp facility) in 1977 on the occasion of Presentation of the Juelich PF 

II as follow-up grant of AVH Fellowship 
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Nuclear fusion observed in laser-initiated 

Vacuum Spark-1977 
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First Physics PhD Thesis produced by a 

Malaysian University in 1978 was in the 

field of Plasma Focus 

 

Chen You Hor. Parametric Study of Focus 

Optimization. PhD thesis. UM, Malaysia, 1978 

**:  

university needs to produce its first PhD before it 

comes of age- Abdus Salam  
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                              K H Kwek- Pinch Structure of a PF - PhD thesis, UM 1989 



INTERNATIONAL WORKSHOP on Plasma Physics  
ŦƻǊ ǘƘŜ ƴŜȄǘ ŎŜƴǘǳǊȅ ŀƴŘ ōŜȅƻƴŘ Χ 

28-30 August 2018, Johor Bahru, Malaysia  

D vs Ar focus pinches - insights  

into plasma thermodynamics -1982 

Our first 

glimpse of  

Plasma Focus 

materials 

deposition 
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UM Plasma started to organise international training programmes in 1984:  

(Concept: South-south technolgy creation, sharing and transfer) 
Distinguished scientists from India, China, Pakistan, UK, US, Australia Visiting UM Plasma 

Research Lab during First Tropical College on Applied Physics In 1984             
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Nobel Laureate Abdus Salam visiting the UNU Training Programme on Plasma and 

Laser Technology at UM in January 1986 

L-r: Widdi, Gholap, Sapru, Smith, Tou, Abdus Salam, K Eissa (almost hidden), Suryadi, Zakaullah, Kwek, Lee,Chatar Singh, Susetyo, Tan 
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UNU Training Programme on Plasma and Laser Technology in 1985 to 1986 
Widdi  Usada assembling his UNU/ICTP PFF                      Parts of several UNU/ICTP PFFôs 

 Dr Walter Shearer (UNU), Zakaullah, Dr Eissa, Lee              Warmate & Dr Smith with 1 set (in crates) of  

                                        UNU/ICTP PFF-at Foyer Of UM Physics 

 
        Fellows 



INTERNATIONAL WORKSHOP on Plasma Physics  
ŦƻǊ ǘƘŜ ƴŜȄǘ ŎŜƴǘǳǊȅ ŀƴŘ ōŜȅƻƴŘ Χ 

28-30 August 2018, Johor Bahru, Malaysia  

1984-1991: 4 Tropical Colleges  

and  3 intensive Training Programmes 

We provided hands-on experiments to some 80 
participants in: 

ÅEm shock tube, plasma focus, glow discharge, 
tokamak, control electronics, plasma computations 
and laser experiments. 

ÅThe intensive training programmes trained 24 
Fellows.  

Å18 papers were written during  the programmes; 5 
published in ISI journals, the others in journals 
and conference proceedings.  

ÅThe following equipment was transferred. 
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Equipment transferred up to 1991(not comprehensive) 
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Research results of training programmes 
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Research results of training programmes 
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Research results of training programmes 
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Review of 1998 
ÅThe UNU/ICTP PFF - research network based on a 3kJ PF. 

Designed in 1985/86 -during an UNUTraining Programme. 
 

ÅEstablished in 10 institutions in 8 countries; built up 7 research 

laboratories and research groups  
 

ÅProduced 16 PhDôs, 31 Masters, 160 research papers (as of 1998) 
 

ÅIt was instrumental in the formation of the AAAPT.  
 

ÅHas produced innovative concepts of radiation enhancement and a 

wide range of studies encompassing plasma dynamics, radiation, 

scaling and optimization, modification of advanced materials, 

neutron activation and analysis, radiation safety, plasma space 

propulsion, astrophysics and non-linear deterministic mechanics and 

new types of high power devices and switches 
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PhD thesis completed on the UNU/ICTP PFF 
ÅPhD theses (16)  

ÅD1 M. Jalil  bin Ali. Development and Studies of a Small Plasma Focus. PhD thesis. UTM, 

Malaysia, 1990.  
Å 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   

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

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

Å D5S G.X.Zhang.  Plasma Soft x-ray source for Microelectronics lithography.  PhD thesis NTU, Singapore 1998.  

Å D6S Muhammad Shahid Rafique. PhD thesis (in preparation) NTU, Singapore.  

Å D7Z. M. Mathuthu.  Design, fabrication & characterization of Plasma Focus Device.  Ph D thesis. U Zimbabwe1998.  

Å D8In. Rajdeep Singh Rawat, Laser Shadowgraphic Studies on DPF & Plasma Processing. PhD thesis. Delhi U,1993.  

Å D9In. Smruti Ranjan Mohanty, X-ray Studies on DPF & Plasma Processing.  PhD thesis. Delhi U, India, 1997.  

Å D10In. Chhaya R.Kant, Studies on Dense Plasma Focus for the Deposition of  Graphite, Fullerene and Diamond like carbon 

Films. PhD thesis (in preparation). Delhi University, India, 1998.  

Å D11P.  Muhammad Zakaullah.  A parametric study of dense plasma Focus.  PhD thesis, QuaidI-Azam University,  Islamabad, 

Pakistan.  1989  

Å D12P.  Tariq Javaid Baig.  Investigation of radiative cooling by heavy gases in high-density hydrogen plasmas.  PhD thesis, 

QAU, Islamabad, Pakistan.  1993  

Å D13P.  Imtiaz Ahmed. Plasma dynamics and characteristics in gas-linear pinch and plasma focus (Experimental Stark width of 

Kr-III lines), PhD thesis (submitted) QAU, Islamabad, Pakistan.  

Å D14P.  Muhammad Nisar. The study of plasma dynamics and short wave-length radiation in axial discharges (Plasma focus and 

vacuum-sparks), PhD thesis (submitted) QAU, Islamabad, Pakistan.  

Å D15N.  A.G.Warmate.  A Study of the Dense Plasma Focus and its possible application to an Astrophysical Site. PhD thesis, 

Rivers State Univsity of Science & Technology, Port Harcourt, Nigeria, 1997  

Å D16N.  M A Alabraba.  Electrical and Optical Properties of the Plasma Focus. PhD thesis, Rivers State Univ of Sc & Tech, Port 

Harcourt, Nigeria, 1997.  

Å  

Å  
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Papers in Refereed Journals  

(from results obtained during training programmes) 

 

ÅJ1. A.J. 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.  

ÅJ2. 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 

dynamics and plasma nuclear fusion.  Amer  J. Phys., USA (1988), 56: 62 -68.  

ÅJ3 S. Lee, K.H. Kwek , Jalil  Ali, M.V.H.V. Prabhakar , Y.S. Shishodia  and A.G. Warmate .  

Sequenced Nitrogen Lasers.  J. Appl. Phys., USA (1989), 65: 4133 -4137.  

ÅJ4. S. Lee, M.A. Alabraba , A.V. Gholap , S. Kumar, K.H. Kwek , M.  Nisar , R.S. Rawal , J. 

Singh.  Effect of Targets on Plasma Focus Dynamics.  IEEE Trans Plasma Science, USA 

(1990), 18: 1028-1032.  

ÅJ5. S.P. Moo, C.K. Chakrabarty  & S. Lee.  An Investigation of the Ion Beam of a Plasma 

Focus Using a Metal Obstacle and a Deuterated  Target.  IEEE Trans. on Plasma Science, 

USA (1991), 19: 515-519.  

ÅJ6. M.Favre , S. Lee, S.P. Moo and C.S. Wong.  X -ray Emission in a Small Plasma Focus 

Operating with  H2 -Ar Mixtures. Plasma Sources Sci  & Tech. UK (1992), 1: 122 -125.  
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Å 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 

Å J21. S. Lee, A.V. 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.  

Å 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. Phys ,  (1986), 3: 75-82. 

Å J23. S. Lee et. al.  Preliminary results of the UNU/ICTP Plasma Focus.  J. Fiz. Mal., Malaysia   (1986), 7: 1.  

Å J24. K.H. Kwek , A.J. Smith, T.Y. Tou, A.V. Gholap  and S. Lee.  Determining nitrogen laser channel 

parameters.  J. Fiz. Mal., Malaysia (1986), 7: 125 -130.  

Å J25. S.P.Moo, S. Lee.  Application of plasma neutrons for half -life measurements.  Singapore J. Phy,(1987), 4: 

131.  

Å J26. S.P. Moo, C.K. Chakrabarty  and S. Lee.  Half -life Measurements of In Using Plasma Focus Neutrons.  J. 

Fiz. Mal., Malaysia (1989), 10: 57 -59.  

Å J27. S.H. Saw, S. Lee and C.S. Wong.  A Numerical Study Of The Effect Of X on the Shock Speed for Atomic 

and Molecular Hydrogen.  J. Fiz. Mal., Malaysia (1989), 9: 93.  

Å J28. S.S. Kumar, S. Lee, H.B. Ahmad and C.Y. Jing.  Shadowgraphy  of Laser Induced Sparks.  J. Fiz. Mal., 

Malaysia (1990), 11: 24 -28.  

Å J29. S. Lee, H.A. Alabraba , A.V. Gholap , S. Kumar, K.H. Kwek , M. Nizar , R.S. Rawat , J. Singh.  A Simple 

Shadowgraphy  system and results.  J Fizik  Malaysia, (1990), 11: 1 -10.  

Å J30. S. Lee, S.H. Saw, Abdelmagid  A. Elfetouri , A.M. Shengher , E.O. Shummaki  and N.A. Hassan.  Magnetic 

Reynolds Number and Current Sheath Structure.  J. Fiz. Mal, Malaysia (1991), 12: 25 -29.  

 

 

 

Papers in Refereed Journals  

(from results obtained during training programmes) 
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Other Papers in refereed journals- from Network research (up to 1998) 

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

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

Review Paper) 33-41.  

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

597-606.  

Å 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.  

Å  J11.  A.Serban and S.Lee. A Simple Optical Fibre Axial Speed Detector. Rev Sci Instru. USA (1995), 66: 4958-4960.  

Å  J12. S.Lee. Research Transfer as an Educational Process- A Model and some Experience. J Moscow Physical Soc 

(Series B) "Physics in Higher Education" Russia (1995) 1:99-126.   

Å  J13. S.Lee & A.Serban. Dimensions & Lifetime of Plasma Focus Pinch. IEEE Trans Plasma Science. USA (1996) 

1101-1105.   

Å  J14. A.Serban and S.Lee. Soft X-ray Emission from a Small Plasma Focus Operated in Deuterium. Plasma Sources 

Science and Technology. USA (1997) 6: 78-85.  

Å  J15. X.Feng, M.H.Liu and S.Lee. A Transmission Grating Spectrograph and its Application in both Laser Plasma and 

Plasma Focus. Rev Sci Instru USA (1997). 68:1-6  

Å  J16.  Lee Sing and Chia Teck Chee. Microcomputer Simulated Experiments in the Teaching of Multi-Channel Laser 

Systems in an Undergraduate Course, J of Computers in Mathematics and Science Teaching, USA (1997). 16:25-36  

Å  J38. Ratna Sagar and M.P.Srivastava,Amorphization of thin film of CdS due to ion irradiation by Dense Plasma 

Focus, Physics Letters A 183, 209 (1993).  

Å  J39. R.S.Rawat, M.P.Srivastava and S.R.Mohanty, Study of current sheath dynamics in Dense Plasma Focus in the 

presence of external axial magnetic field using Laser Shadowgraphic technique, IEEE Transaction on Plasma 

Science 22, 967 (1994).  

Å   



INTERNATIONAL WORKSHOP on Plasma Physics  
ŦƻǊ ǘƘŜ ƴŜȄǘ ŎŜƴǘǳǊȅ ŀƴŘ ōŜȅƻƴŘ Χ 

28-30 August 2018, Johor Bahru, Malaysia  

Å 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.     

Å   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.  

Å  J20. S. Lee.  The dynamic pinch : A new concept and new computations.  Singapore J. Phys., Singapore 

(1984), 1: 103-110.  

Å 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.  

Å  J32.  M.H.Liu, X.Feng & S.Lee. A Crystal Spectrograph and its Application in Plasma Focus.. J Fiz Mal. 

(1998) 18(1): 1-9.  

Å  J33. A.Serban and S.Lee. Experiments on Speed-Enhanced Neutron Yield. J Plasma Phys. USA.  in press 

(March 98) for June 1998.  

Å  J35. A Serban and S Lee. The Effect of High Axial Sheath Velocity on Neutron Yield in Plasma Focus. 

Fusion Technology.  USA. (1998) 34. In Press for Sep 1998.  

Å  J36. Y.L. Lam, P. Lee, M.H. Liu, S. Lee, R.S. Rawat, P. Arun, A.G Vidheshwar and A.C.H.Huan. Argon ion 

induced changes on antimony telluride thin films using dense plasma focus. Accepted for Singapore J 

Physics.  

Å  J37. R.S.Rawat, M.P.Srivastava, S.Tandon and A.Mansingh,Crystallization of amorphous lead zirconate 

titanate thin film with a dense plasma focus device, Physical Review B 47, 4858(1993).  

Å J51. Mathuthu, M.; Gholap A.V.; and Zengeni T.G.  Variation of focus action with electrode length for an Inner 

Electrode of negative polarity.  IEEE Trans on Plasma Sc, 26 (11) 14-19, 1998.  

Å  J52. Gholap A.V.; Tamasic P.; and Madridza.  Dextrinization of cassava and maize starch by irradiation of 

nitrogen gas laser.  Starch 45 (12), 430-432, 1993.  

 

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

Å  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).  

Å  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).  

Å  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).  

Å  J44. Chhaya R. Kant, M.P.Srivastava and R.S.Rawat, Dense Plasma Focus energetic ion based Fullereene Films on 

Si(111) substrate, Physics Letters A 239, 109 (1998).  

Å  J45. Smith, A.J. and Gholap, A.V., Intensity of focus in various gases; in Small Plasma Physics Experiments.  P 105-

115 Edited by Lee, S and Sakanaka, P.H. World Scientific Publishers, Singapore (1988).  

Å  J46. Gholap, A.V.; Sigalo, F.B.; and M.A. Alabraba.  Magnetic field and current distribution profiles in 3.6 kJ 

UNU/ICTP Plasma Focus Fusion device. Small Plasma Experiments, p 221-226.  Edited by S. Lee, P.H. Sakanaka, 
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UNU ICTP PFF: 3 kJ Plasma Focus 

1m 
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The Parts for the Plasma Focus 
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Diagnostics 
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Development of a range of Plasma 

Focus Machines 

 

Critical scaling properties 
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3 kJ machine  

Small Plasma Focus 
1000 kJ chamber only  

Big Plasma Focus 

1 m  

Scaling Properties 
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Comparing large & small PFôs- Dimensions & lifetimes- putting 

shadowgraphs of pinch side-by-side, same scale 

Lifetime   ~10ns   order of   ~200 ns 

SAME ENERGY DENSITY in all optimised PFôs  

Anode radius  1 cm                      11.6 cm 

Pinch Radius:  1mm                     12mm 

Pinch length:   8mm                     90mm 
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A range of PFôs in Singapore ï Paul Lee 
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NX2-Plasma SXR Source-Hi Rep 
Å11.5kV, 2 kJ 

Å16 shots  /sec ; 400 kA 

Å20J SXR/shot (neon) 

Å109 neutrons/shot 
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Current -Stepped Pinch ï PhD S H Saw 1991 
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Current -Stepped PF 
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Development of 

Applications 
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Code-correlated templates (CCT):  
1. SXR spectrometer (5-ch) with CCT 

 


