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Abstract 

A 3.375 kJ plasma focus is designed to operate at 13.5 kV for the purpose of studying x-ray 
source for radiography in Argon discharge. X-rays is detected by using x-ray film from the 
mammography radiographic plate. The feasibility of the plasma focus as a high intensity flash x-
ray source for good contrast in radiography image is presented. 
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Introduction 

The photographic film was one of the first was used in radiation natural detection, traceable 
effect produced on photographic film. Radiation-sensitive photographic emulsion is a convenient 
environment for dosimetric measurements, since its characteristics, sensibility in particular, may 
be controlled by composition and its preparation process wide-limits and it also can be adapted 
to different type radiation measuring. It is known that ionizing radiation effect is the blackening 
of photographic emulsion, meaning a film dose radiation measuring. 

The photographic measurement method employed in radiation dosimetry show the following 
advantages: permanent measurement record, simultaneous record of different radiations type, 
repeated reading of the same film, large area dosimetry especially for electrons beams, linearity 
of dose, dose rate independence permanent record, good spatial distribution of dose or energy 
permitting realization of little detectors. 

The blackening of the film after X-ray exposure is expressed in terms of its optical density: 

D = log10(I0/I) 

where I0 and I is the light intensities before and after passing through the exposed film material. 

 

The degree of the film blackening is measured by determining the optical density by a 
densitometer [1]. The film densitometer is a simple to use peripheral device for the measurement 
of the blackening density film exposed to ionizing radiation. A film densitometer is defined by 
the “response curve” – the Optical Density (OD) versus dose curve for an x-ray exposed film.  
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The film densitometer characteristic curve is the relation between the measured values and 
optical film density. The plot of the net OD as a function of radiation exposure or dose is termed 
the sensitometric curve as a H-D curve (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : The curve relating the optical density to the film exposure dose 

Plasma Focus (PF) are pulsed power devices that generate dense magnetized plasmas by means 
of electrical discharge in rarefied gases. These devices produce pulsed energetic beams ions, 
electrons, electromagnetic radiation (EMI), x-ray and high energy neutrons. The current basic 
and applied research interest is related to dense plasma physics and innovative applications of 
pulsed radiation sources[5][6].  From the point of view of applications, the feasibility of a small 
PF as a high-intensity flash x-ray source for good contrast biological radiography has been 
demonstrated in several laboratories[3][4]. 

Abdul Halim Baijan et al. [2] shown one of first preliminary studies on X rays coming from the 
an experimental Plasma Focus device in Nuclear Malaysia. The UNU/ICTP PFF (The United 
Nation University/International Center For Theoretical Physics Plasma Focus Facility) in Asian–
African Association for Plasma Training Network (AAAPT) program, Plasma Focus Mather 
type in Nuclear Malaysia where is originate from University Malaya produced a focused plasma 
with Argon gas as the filler gas. When Argon gas is used as a filler gas, x-ray source would be 
produced. 

The aim of the present investigation is to confirm the feasibility to exploit this Plasma Focus 
technology in the field of radiography applications.  
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Experiment setup and results 

The experimental study was carried out on 3.375 kJ Plasma Focus device (Figure 2). The control 
parameters are: 30 µF, 13.5 kV and 40 nH capacitor charger. The filling gas was Argon, Ar, at 
working pressure 1.5 mbar. The outer electrodes are copper rods and arranged in a coaxial 
configuration. The inner electrode is cylindrical and hollow at its front surface. All the electrodes 
are enclosed in vacuum chamber. A x-ray film was installed inside of mammography 
radiographic cassette chasing, placed perpendicular to the axial axis, at 10 mm above  from the 
outside of the discharge chamber (Figure 3). Each radiographic chasing contains different filter 
(1mm-4mm thickness) and tested at one shot per film (Figure 4). The filter leaves on the film 
surface an unshielded border and gives images, as shown in Figure 4 which provides a 
blackening corresponding to the radiation intensity. 

  

 

 
 

 

 

 

 

Figure 2 : Plasma Focus Device 

 

 

 

 

 

 

 

 

Figure 3 : Mammographic radiographic chasing position at the discharge chamber 
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Conclusion 

The measurement of the effective energy of photons emitted by a short intense pulse, can be 
employed for monitoring with x-ray emission by Plasma Focus device. In this frame, we have 
pointed out the possibility studies of radiography application of the x-ray radiation by means of 
very simple and inexpensive methodology. The advantages producing the x-ray by using the 
plasma focus is, since the shot is very short time (nanosecond) the risk of over doses to the 
operator would be minimized.  

Future development is to build a graphics which related the optical density of x- ray films with 
the radiation dose values from Plasma Focus device. Form the point of view, plasma focus is 
able to produce x-ray and can be utilized successfully. But yet it has to be fully characterized 
carefully.  

 

References 

[1] F. Scarlat, A. Scarisoreanu, M. Oane, E. Mitru, E. Badita, Determination of Absorbed Dose 
Using a Dosimetric Film, IX Radiation Physics & Protection Conferences, 15-19 November 
2008, Nasr-Cairo, Egypt. 

[2] Abd Halim Baijan, Rokiah Mohd Sabri, Abu Bakar Mhd Ghazali, Possibility of x-ray 
radiography with plasma focus device, Seminar R&D, Malaysian Nuclear Agency, 2010. 

[3] M. Zambra, C. Pavez, L. Soto, J. Moreno, A necessary experimental discussion concerning 
the X-rays’ plasma focus use for radiographic images applications, 39 th EPS Conference & 16 th 
International Congress on Plasma Physics. 

[4] Andrea Da Re, Franco Mezzetti, Agostino Tartari, Giovanni Verri, Luigi Rapezzi, V. A. 
Gribkov, Preliminary study on X-ray source from Plasma Focus device for fast radiography, 
NUKLEONIKA 2001;46 (Supplement 1): S123-125. 

[5] Dubrovsky AV, silin PV, Gribkov VA, Volobuev IV (2000), DPF device application in the 
material characterization. Nukleonika 45;3;185-187. 

[6] Gribkov VA (2000), On possible formulation of problems of a Dense Plasma Focus used in 
material science. Nukleonika 45;3:149-153. 

 


