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ABSTRACT 
Measurements have been made to determine gamma ray attenuation coefficients very accurately 
by using a narrow-collimated-beam method which effectively excluded corrections due to small-
angle and multiple scattering of photons. Mass (µ/ρ) and linear attenuation coefficients (µ) of Cr 
in the energy range 10keV to 1500keV gamma-rays photons have been measured using the HP 
(Ge) photon detector. The values of µ and µ/ρ thus obtained are found to be in good agreement 
with the theory.  
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INTRODUCTION 
 

Accurate values of photon interaction parameters like mass and linear attenuation coefficients in 
several materials are needed in solving various problems in radiation physics and other related 
areas. In the last few decades there has been an increasing interest in accurate measurements of 
attenuation coefficients of elements or compounds for X-rays and low-energy gamma-rays. This 
is mainly due to the fact that careful measurements of attenuation coefficients allow important 
information about the composition of materials or tissues, or at least allow discrimination 
between materials which have a very similar composition [1]. 
 
Although a number of experimental measurements are reported in the literature [2] , the work 
therein actually carried out is limited to a few energy points and materials .Further, the 
experimental techniques used by different workers are not identical and hence it is difficult to 
intercompare the experimental results. A survey of other relevant measurements [3-13] reported 
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shows that in many of these measurements the experimental results for the same elements at the 
same energies are somewhat inconsistent. Appreciable discrepancies between the experimental 
and theoretical values were observed in some of these measurements. It was therefore decided to 
carry out accurate measurements of photon attenuation data covering the 10-1500 keV energy 
range in Cr and then determines from the attenuation data the interaction parameters like mass 
and linear attenuation coefficients.   
 
In the earlier work, the photons were detected by organic scintillators and total –absorption –
proportional counters. The accuracy of the final results was limited by the poor efficiency of 
either of these detectors. A good photon detector with high-energy-resolution characteristics as 
used in the present measurements is an essential requirement for higher accuracy. Solid-state 
detectors have the high-energy-resolution characteristics necessary for such measurements to be 
performed accurately. The present paper reports photon interaction parameters like mass (µ/ρ) 
and linear attenuation coefficients (µ) of Cr in the energy range 10 keV to 1500 keV through 
photon transmission measurements perform under narrow-beam counting geometry with HP 
(Ge)  as a photon detector. 
 

EXPERIMENTAL SECTION 
 
The monoenergetic photon radiation required for these measurements was derived from 203Hg 
radionuclide .The source was procured as a sealed source from BARC, Trombay, Mumbai. The 
photon transmission measurements were done under a narrow beam counting geometry 
employing high resolution HP Ge solid state detector. The HPGe detector utilized in the present 
work is of 30.3 cc active volume and was obtained from EG2G, ORTEC USA. The detector was 
operated at liquid nitrogen temperature and had a good stability of the order of 0.01 % over the 
entire range of photon energy. The energy resolution of the detector at 279.30 keV from 203Hg 
was about 3.3% with full width at half maxima (FWHM) being 180 eV. 
 
The experimental set up used in the present work as shown in figure1. The experimental system 
consists mainly of two aluminum collimators of about 12 cm long, having internal and external 
diameters of 10 and 60 mm, respectively. These collimators were internally lined with 4 mm-
thick perspex so as to provide a scatter-free collimated photon beam 2mm in diameter. With the 
present experimental system, it was established from the photon spectrum that the energy of 
transmitted photons did not change appreciably due to scatter or fluorescent radiation from the 
collimators. A provision was made midway between the collimators to introduce absorbers 
which were in the form of thin foils. The entire system was arranged vertically over the HP (Ge) 
detector, ensuring that the central axis of the collimators coincided with the central axis of the 
detector.  
 
Radioactive source of 203Hg had thin beryllium windows for the exit of photon radiations. The 
source was kept in a lead container which was provided with an aperture for the exit of photons. 
The source container assembly was then kept over the collimator so as to allow a narrow, well-
collimated photon beam from the collimator incident normally on the absorbers. The source and 
the detector were well aligned with the collimators. The incident energy of photon radiations 
from the source was known accurately from the photon spectrum. The chosen absorbers include 
thin and uniform foils of high purity of chromium.  
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Figure. 1 Block diagram of photon counting system. 
 

These foils were weighed accurately using a digital balance, and from their measured area the 
thickness proportional to the areal density in g cm-2 was determined. The absorbers had varying 
thicknesses of a few mg cm-2and higher thicknesses were obtained by stacking the foils together. 
 

Table1. Counts per 100 second for Chromium foil at 279 keV. 
 

 
 

The presently used absorbers are uniform sheets of Cr, These sheets/foils were weight accurately 
and from their measured area, the thickness (t) in gm/cm2 was determined in each case. The 
absorbers had varying thicknesses of a few mg/cm2. The higher values of thickness were 
obtained by stacking required number of foils together. The absorbers used were of nuclear grade 
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of specified purity of the order of 99.95%. No further attempts were made to ascertain the purity 
of these absorbers. 
 
The schematic experimental set-up is as shown in Figure 1. 
 
Counts recorded for various thicknesses (gm/cm2) of Cr foils at 279, 284, 355, 362, 637, 662, 
834, 1170 and 1330keV as shown in Table1 to 9 respectively.  
 
Number of particles of radiation counted without absorber (I0) = 3943. 
 

Intercept on Y-axis = 0.757

Slope =0.110

0.76

0.765

0.77

0.775

0.78

0.785

0.79

0.795

0.8

0.805

0 0.1 0.2 0.3 0.4 0.5

I 0
/
I

Thickness (gm/cm2)

 
 

Figure 2. Thickness vs.I0/I for the Chromium foil at 279 keV. 
 

Table2. Counts per 100 second for Chromium foil at 284 keV. 
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Figure3. Thickness vs.I0/I for the Chromium foil at 284 keV. 

 
Table3. Counts per 100 second for Chromium foil at 355 keV. 
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Figure 4. Thickness vs.I0/I for the Chromium foil at 355 keV. 
 

Table4. Counts per 100 second for Chromium foil at 362 keV. 
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Figure 5. Thickness vs.I0/I for the Chromium foil at 362 keV. 
 

Table5. Counts per 100 second for Chromium foil at 637 keV. 
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Figure 6. Thickness vs.I0/I for the Chromium foil at 637 keV. 
 

Table 6. Counts per 100 second for Chromium foil at 662 keV. 
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Figure 7. Thickness vs.I0/I for the Chromium foil at 662 keV. 
 

Table 7. Counts per 100 second for Chromium foil at 834 keV. 
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Figure 8. Thickness vs.I0/I for the Chromium foil at 834 keV. 
 

Table 8. Counts per 100 second for Chromium foil at 1170 keV. 
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Figure 9. Thickness vs.I0/I for the Chromium foil at 1170 keV. 

 
Table 9. Counts per 100 second for Chromium foil at 1330 keV 
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Figure 10. Thickness vs.I0/I for the Chromium foil at 1330 keV. 



Pravina P. Pawar et al  J. Chem. Pharm. Res., 2011, 3(6):693-706  
______________________________________________________________________________ 

704 

Table10: Linear attenuation coefficient µ (cm-1) and mass attenuation coefficient µ/ρ (cm2/g) of Cr absorber 
at Photon energies 279, 284, 355, 362, 637, 662, 834, 1170 and 1330 keV. 

                                           ________________________________________________ 
Sr.No.    Energy keV     µ (cm-1)                        µ/ρ (cm2/g)                   
________________________________________________ 
 
1               279                 0.791a                      0.110a 
                                        0.784b                      0.109b   
                                       -0.892c                     -0.917c 
 
2               284                 0.769 a                     0.107 a 
                                        0.777 b                     0.108 b   
                                        0.926 c                     0.926 c  
 
3               355                 0.712 a                     0.099 a 
                                        0.690 b                     0.096 b   
                                       -3.125 c                   -3.125 c                      
 
4               362                 0.676a                      0.094 a 
                                        0.683 b                     0.095 b   
                                        1.053 c                     1.053 c 
 
5               637                 0.532a                      0.074a 
                                        0.525 b                     0.073 b   
                                       -1.370c                    -1.370 c 
 
6              662                  0.511a                       0.071a 
                                        0.515 b                      0.072b   
                                        0.838c                       0.838c 
 
7              834                 0.453a                        0.063a 
                                        0.457b                       0.064b   
                                        0.875c                       0.787c 
 
8             1170                 0.388a                       0.054a 
                                        0.392b                       0.055b   
                                        1.020c                       0.917c 
 
9              1330                0.367a                       0.051a 
                                        0.363b                       0.0505b   
                                       -1.102c                      -0.990c  
_________________________________________ 
   a (experimental) 
   b (Hubbell and Seltzer) values. 
   c (Percentage deviation) 

 
 RESULTS AND DISCUSSION 

 
The linear and mass attenuation coefficients were calculated for Cr foils at various thicknesses 
by using gamma transmission measurements. It was observed that the experimental values of 
number of particles of radiation counted without absorber (I0) per number of particles of 
radiation counted with absorber (I) were linearly increased with increasing thickness. Also it is 
observed by table 10 that as energy increases the value of linear and mass attenuation 
coefficients goes on decreasing. 
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The comparison of their measurements with the theoretical values [14] is done by calculating the 
Percentage deviation as: 
 
                                    % deviation     =    (µ/ρ) theo -(µ/ρ)exp        X     100 
                                                                                              (µ/ρ) theo 

                                                                                                                             

These are also presented in the table 10 and the author found the deviation mostly below 2% 
indicating thereby excellent agreement of the author’s measurements with theory. Figure 2-10 
shows plot of the thickness vs.I0/I for the Chromium foils at photon energies 279, 284, 355, 362, 
637, 662, 834, 1170 and 1330keV respectively. Using this graphs, slope can be calculated and 
these slope is nothing but the (µ/ρ) mass attenuation coefficient of element at that particular 
energy. And then the linear attenuation coefficient is obtained by multiplying the mass 
attenuation coefficient of the element by its density. 
 

CONCLUSION 
 

The theoretical values of mass attenuation coefficient for element are available from [14] and the 
author carried out the work of their experimental measurement with excellent accuracy. The 
agreement of the author so measured values with theory confirms the theoretical considerations 
of the contribution of various processes such as photoelectric effect, the Compton scattering and 
the pair production. The measured mass and linear attenuation coefficients of element are useful 
for dosimetry and radiation shielding purpose. 
 
From the results of the present study, it is observed that the errors quoted are due to mainly 
counting statistics, since the sample impurity corrections are negligible. The agreement seems to 
be good within experimental error. The mass attenuation coefficient µ/ρ of Chromium foils of 
various thicknesses have been studied by using gamma radiation in the energy range 10 keV to 
1500 keV. The results have been presented in a graphical form from Figure 2-10.The increasing 
linear nature of graphs of number of particles of radiation counted without absorber (I0) per 
number of particles of radiation counted with absorber (I) vs. the thickness of absorber are fitted 
by the least square method. The slope of these graphs gives the value of the mass attenuation 
coefficients. Then the linear attenuation coefficient (µ) is obtained by multiplying the mass 
attenuation coefficient of the element by its density. The results are in good agreement [15-16]. 
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