
Experiment No. 2 

Measurement of γ radiation absorption 
Introduction to Nuclear and Elementary Particle Physics Theory (laboratory) 

The aim of the experiment: 

1. Investigation of γ radiation absorption properties for selected materials. 

Literature: 

1. H. A. Enge, „Introduction to nuclear physics”, Addison-Wesley Publishing Company, Reading, 

Massachusetts 1978. 

2. NIST Physical Measurement Laboratory website –  

https://www.nist.gov/pml/x-ray-mass-attenuation-coefficients 

To be learned before the experiment: 

1. Types of interaction of γ radiation with matter. 

2. The concept of cross-section on the interaction of radiation with matter. 

3. Weakening of γ radiation in matter (linear attenuation coefficient, dependence on the type of ma-

terial and radiation energy). 

Experimental setup: 

The experimental setup consist on the lead shielded scintillation detector connected to the counter. 

Counter contains the high voltage supply to power the photomultiplier. The scintillator consists of 

NaI crystal of a thickness of 3 cm. The counts are show on the display at the front of the counter. The 

counting time can be regulated. 

During the experiment, the stronger 137-Cs source is used. For safety reasons, it is placed behind 

a special lead collimator. 

 

 
 

Figure 1. The photo and the scheme of experimental setup used during the experiment no. 2. 

 

Table 1. Basic parameters of the 137-Cs isotope. 

Decay 

type 

Half-life 

(T1/2) 
Main γ radiation 

energy 

No. of γ quanta 

per 100 decays 

Total activity 

on 01.12.1999 

β- (30.17 ± 0.03) 

years 

662 keV 85.2 5.5·106 Bq 

The plan of the experiment: 

1. Take background measurements to determine the value of IT. 

2. Measurement of radiation intensity without absorbent to determine the value of I0. 

3. Measurements of the mass attenuation coefficient in aluminum, copper and lead for radiation en-

ergy of 662 keV. 
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Put different numbers of aluminum, copper and later lead sheets between the collimator and de-

tector. Perform measurements for at least 5 different thicknesses. Measure the thickness of the 

sheets using a caliper. Each measurement should be performed at least 5 times to avoid mistakes 

and to better investigate the random error of the obtained results. 

Data processing: 

The law of absorption of γ radiation passing through an absorbent of thickness x is described by 

the relationship: 

𝐼 = 𝐼0𝑒
−𝜇𝑥 

where: 

I – radiation intensity after passing through the absorbent, 

I0 – radiation intensity without absorbent, 

µ – linear absorption coefficient [cm-1]. 

The above dependency can be transformed into a form: 

ln (
𝐼0
𝐼
) = 𝜇𝑥 

Therefore, if we introduce a variable y = ln(I0/I), by placing the results of intensity measurements 

(calculated for this variable y) for different thicknesses of the absorbent on the y(x) chart, we should 

obtain a linear relationship, where the slope coefficient will be the value of the linear absorption 

coefficient µ. 

Compare the obtained values of μ coefficients for aluminum, copper and lead with the values 

read from the literature. It should be remembered that the mass attenuation coefficient is the ratio of 

the linear absorption coefficient and the material density. 

 
Figure 2. Mass attenuation coefficients for Al, Cu, Pb. 

Source – https://physics.nist.gov/PhysRefData/XrayMassCoef/tab3.html 

The report: 

The report should contain:  

1) Introduction. The short description of the experimental method, the short description of theo-

retical predictions (no more than one page).  

2) Experiment. Show the scheme of the experiment, describe how it was performed and show the 

results. 

3) Discussion. Describe data processing procedure and show the results. Discuss the accuracy of 

obtained experimental numbers. Discus the results in comparison with theoretical predictions. 

4) Summary. Write short summary showing what was done, what are the results and what conclu-

sions were found.  
 

It is forbidden to copy to the Report any part of the instruction to the experiment. 
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