
Experiment No. 1 

The statistics of the nuclear processes 
Structure of matter (laboratory) 

 

 

The aims of the experiment: 

1. To learn how does scintillation detector work.  

2. To measure the distribution of the number of counts in given interval of time (Poisson and 

Gauss distributions).  

3. To measure the dependence of the intensity of gamma radiation on distance of the source 

to the detector.  
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To be learned before the experiment: 

1. Types of radioactive decays. 

2. The law of radioactive decay. 

3. Detection of γ radiation (name at least 3 types of detectors and give the principle of their 

operation). 

4. The decay process of 60Co: (decay type, emitted particles, energies of gamma radiation). 

5. The Poisson distributions. 

Experimental setup: 

The experimental setup consist on the scintillation detector connected to the counter. Coun-

ter 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. 

 

Figure 1. The scheme of experi-

mental setup used during the ex-

periment no. 1.. 



The plan of the experiment: 

1. Tests of the counter. Do the 10 independent 100 s measurements of the intensity of the back-

ground radiation. 

2. Set such threshold that detector measures 1-2 counts per second. Perform 500 measurements 

of the number of counts. This data will be used to draw a histogram of the number of counts. 

3. Do the measurements of a number of counts in function of the distance source-detector. For 

each position of the detector perform 5 independent measurements. Do measurements for 10 

different source-detector distances. 

Data processing: 

The numbers of counts per interval of time are the measure of the intensity of gamma ra-

diation which reaches the detector. We can define the intensity as: 

𝐼 =
𝑁

𝑡
 

where N is the number of counts measured in time t. Because the gamma radiation is isotropic 

the intensity I should decrease with the increase of the source-detector distance r as: 

𝐼 =
𝑘𝐴

𝑟2
 

where k is some factor and A is the activity of the source. In order to check whether the exper-

imental data agree with this predictions they should be plotted is proper way. If we plot the 

intensity I on vertical axis and the new variable x=1/r2 on the horizontal axis the data should 

follow the straight line. If the points really fulfill this condition fit a dependence I=ax+b, where 

a and b are the fitting parameters. Do discussion of the values of obtained parameters. Does the 

parameter b equal 0 within the accuracy of the experiment? In the case of discrepancies try to 

find the explanation of it. 

Due to randomness of nuclear and atomic processes, the processes of emission and absorp-

tion of γ radiation are completely random. So the statistic of counting should fulfill Poisson 

statistics. It is know that when the mean value is N then the standard deviation is equal to √𝑁. 

On the basis of the collected data check this statement. The histogram should be normalized to 

1, so the vertical scale will show the probability. To the figure with histogram add theoretical 

function calculated for given mean value. Does the standard deviation agree with theoretical 

predictions? 

The report: 

The report should contain:  

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

theoretical 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 pre-

dictions. 

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

conclusions were found.  

 

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


