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Abstract: In this study, the usual light source (Tungsten) used in the optical microscopy with intensity (924W/mm2) was 
changed to another light source (LED) of intensity 1049W/mm2).  Eight pieces of the CR-39 (SSND) track detector with 
dimensions (1cm×1cm) and thickness (500μm) were irradiated with the Am-241 source,  has radioactivity 12μci, for 
different irradiation times (30:30:270 sec) and direct contact with track detectors. After etched and drying the track 
detectors, they were read under the optical microscope (Pro-Way) before and after the source of light changed. The number 
of tracks in using the intensity of the Fluorescence and LED cases of lighting through the optical microscope was calculated 
using software via digital camera (HDEC-50B) through the calculator screen. The results showed an increase in the 
visibility of the track boundary with a significantly higher number of visible tracks.      

INTRODUCTION 

The CR-39 detector is one of the best detectors of neutrons and charged particles such as protons, alpha particles, 
fission fragments, and heavy ions [1, 2]. In this research, the CR-39 solid-state detector was used with a thickness of 
500 μm. Where they were cut into squares of equal dimensions 1 cm x 1 cm. Where they were cut into squares of 
equal dimensions 1 cm x 1 cm. Exposure time was 30, 60, 90, 120, 150, 180, 210, 240 and 270 second.  Detectors are 
placed in direct contact with the source at a 90 ° angle. After four hours of chemical etching, the effects of the track 
were read using a digital camera (HDEC-50B) software connected to the optical microscope, whose tungsten source 
was changed by a light-emitting diode to obtain the tracks of the detector. The LED is considered good in use and 
cheap in terms of traditional cost. Light-emitting diode LED and other solid-state illumination sources are 
commercially available and can be very cost effective for custom building. Continuous LED techniques develop to 
increase brightness in the green and yellow parts of the visible spectrum. Because new markets have started to use in 
some microscopes. Large-scale microscopy is still one of the most sensitive and affordable options applicable to 
addressing a large number of biological questions. Combining the general use of the broad microscope with the 
availability of constant LED lighting sources will improve the quantitative nature of tungsten microscopy [3]. Before 
and after changing the light of the microscope by a LED source for the purpose of calculating the numbers of heavy 
alpha particles, the intensity of the path shall be at different times of irradiation. There are many previous studies in 
this field, exhibited by Ho et al. (2002) [4] where they used a variable light in the optical microscope system to evaluate 
the etching rate of the CR-39 and LR-115 detectors. While Vazquez Lopez et al. (2001) [5] examined the surface 
roughness and the function of different samples of the CR-39 detector. Also, Al-Jubouri et al. (2016) [6] studied the 
image analysis of the CR-39 and CN-85 detectors that were irradiated by thermal neutron. Besides, Hassan et al. 
(2018) studied the improvement of the illumination system in microscopic imaging of nuclear tracks using the light 
emitting diode [7]. 

The aim of this study is to solve the data through the Matlab program. Four tables were measured the quality  
without reference[8], such as the intermediate gradient (AG), measurement of improvement by Entropy (EMEE), and 
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image quality assessment without reference based on wavelet conversion (NIQWT calculation recommended) to 
calculate the correlation coefficient (CC) on the two Tungsten (T) and LED (L) photoreceptors to compare the number 
of Alpha particles' nuclear tracks facing the two cases[9]. 

MATERIALS AND METHOD 

Effect of Radiation on Polymers 

The effect of radiation on polymers can either lead to degradation, which specifically leads to the breakdown of 
chemical bonds between the atoms in the main polymer chains, leading to the loss of solid polymer or structural 
strength and low molecular weight or leads to the overlap of molecules in polymers that are It is defined as an 
interaction that can bind polymer chains with cross-links [10]. This can lead to complex overlapping structures that 
increase polymer strength, rigidity and molecular weight. Some physical changes in the polymers caused by radiation 
may lead to discoloration or absorption change or result in overlapping productivity [11]. 

Ionization Radiation 

Ionizing radiation is capable of striking electrons outside their orbits around atoms, which destabilizes the 
electron/proton stability and gives the atom a positive charge. Molecules and atoms are electrically charged ions. 
Ionizing radiation includes radiation that comes from natural and man-made radioactive materials. There are several 
types of ionizing radiation: alpha radiation, beta radiation, photon radiation (gamma ray, x-ray) and neutron radiation. 
These were collectively called ionizing radiation because of their ability to strip one or more electrons away from 
atoms in any material passing [12,13]. 

Thermal Neutron Scource 

Neutron sources vary in intensity and in the energy of neutrons emitted. They can be classified into three groups 
of nuclear fission reactors, radioisotopes, and particle accelerators. It is clear that nuclear reactors are not portable and 
unsuitable for good nuclear logging sources. Radioisotopes are the most commonly used neutron source in well 
logging applications. Relatively limited particle accelerators (though growing) experienced good logging experience. 
Neutron sources (n, α) have a counterpart of α-radioisotopes with a low mass nucleus as a target. Compared to other 
isotopes, Beryllium is the most important target because it contains the highest productivity of neutrons. The 
long half-life (about 433 years) for  has approximately a constant level of neutron flux from the source 
over the lifetime of the equipment (about 20 years). Active neutrons are formed after the interaction between the alpha 
particles and the nucleus of the target material As follows [14, 15, 16]:  

Where the emission of alpha particles from Americium , affects the target of  and produces a neutron 
on a wide range of energies with an average energy of about 4.2 MeV and a maximum of 10 MeV. 

Characteristic of Alpha pocess in polymer 

The etching cavities grow along the alpha particle tracks in the CR-39 detectors. The etched track is implanted in 
a conical-like structure. The track walls bend because the track etching rate increases with the low particle range. 
When drilling reaches the end of the particle range, the track is said to be "engraved". When all additional expansions 
of the route are continuing as a result of the large inscription, the track is said to be "over-etching". The continued 
over-etching extends the etching but gradually destroys the conical structure [17]. 

Light emitting diode 

The basic principle of operation behind a light emitting diode LED is that it stimulates the behavior by negative 
carriers (n-type) and some by (p-type). When the charged carriers of different types are reassembled, the released 
energy may emit light [18]. LED lamps are the newest and latest addition to the list of energy-saving lighting sources. 
LED lights emit visible light in a very narrow spectral band, which can produce white light. This is achieved either by 
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using a red-blue-green array or a blue phosphorescent LED lamp in addition to its light decay, which is less than 
10,000 hours of testing. Although it is still in its infancy, the LED lighting techniques are good and give hope for the 
future [19]. 

RESULTS AND DISCUSSION 

The first step in this research was to replace the tungsten light source used in the light microscope with the LED 
lamp. The relationship of the output analysis between the number of tracks and light levels measured by the Lux scale 
was studied before and after changing the light system in  the optical microscope. In the second step, the number of 
for different irradiation times of the CR-39 detector was compared using Am-241. The relationship between the 
irradiation time and the number of tracks can be seen in Figs I and II. The behavior of this relationship is a linear 
behavior that reflects an increase in the number of tracks with increasing irradiation time at different densities of light, 
as shown in Table (I). In the third step, the MATLAB program was designed to identify image quality with four No-
reference scales such as the average Gradient (AG), the measurement of Enhancement by Entropy (EMEE), and the 
No-Reference Image Quality Assessment Based on Wavelet Transform (NIQWT) were calculated to be 
recommended. A good correlation coefficient was obtained for these scales, as shown in Table ( II). The best 
correlation coefficient was 0.6431 for the NIQWT scale. The statistical results show that photography was much better 
when using a LED light instead of using tungsten light in an optical microscope. Therefore, these processes have 
increased the number of nuclear tracks detected, as well as image clarity. 

 
 

TABLE I: Number of Nuclear Tracks Before and After the Change of Tungsten Light with LED Light at Different Light 
Intensity and Irradiation Time (30:30:270).  

Number of 
Nuclear 

Tracks 
(after) 

Intensity of 
LED Light 
(Lux) 

Number of 
Nuclear Tracks 
(before) 

Intensity of 
Tungsten Light 
(Lux) 

 
Irradiation Time 
(sec) 

 
Detector 

446 139 33 16 30 CR-39 
338 233 42 46 60 CR-39 
557 358 52 63 90 CR-39 
658 477 117 81 120 CR-39 
736 919 145 92 150 CR-39 
2002 1102 209 108 180 CR-39 
2112 1241 127 119 210 CR-39 
2045 1267 111 190 240 CR-39 
277 1278 77 240 270 CR-39 

 
 

TABLE II: Correlation Coefficients for (AED, EMEE, NIQW) Scales Using Tungsten and LED Sources. 
Images Correlation 

Coefficient 
(NT, AED) 

Correlation Coefficient 
(NT, EMEE) 

Correlation 
Coefficient 

(NT, NIQE) 
Group T 0.5377 0.3621 0.4851 
Group L 0.6196 0.4649 0.6431 
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FIGURE I: The relation between maximum number of tracks and irradiation time with Tungsten light within optical microscope. 

 
 

FIGURE II: The relationship between the maximum number of tracks and irradiation time with the LED light in the optical 
microscope. 

CONCLUSIONS 

This study exploded the possibility of changing the tungsten light used in the optical microscope by the light 
emitting diode source to increase the discovered number of tracks of alpha particles and increase the image clarity. 
The track has been irradiated by thermal neutron with different times to increase accuracy of the count and reduce the 
rate of error. The number of nuclear tracks before and after the tungsten light change was examined using a LED lamp 
when the intensity of the light and the irradiation time varied. It was found that the number of tracks ranged from 33 
to 209 when using tungsten light and from 277 to 2112 when using the LED light. From these results we conclude 
that when using LED light instead of tungsten light, the number of tracks increased and the calculation of number of 
tracks process was corrected by 88% to 90% than the previous, due to image clarity. Finally, comparing with image 
processing using four no-reference scales, we conclude that LED light increases the number of nuclear tracks.  In these 
processes, they increased the clarity and numbering of the nuclear tracks detected as correlation coefficients using 
Matlab between the T group with a value of 0.3621 and the group L having a value of 0.4649 in four no-reference 
scales. The results indicate that the correlation coefficient was high because it corresponds to the source of the light 
emitting diode used rather of the tungsten light in the nuclear tracks of the alpha particles on the irradiated CR-39 
detectors with the Am-241 thermal neutron source increasing the clarity and thus the accuracy of the number of nuclear 
tracks of the detected alpha particles. 
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