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Abstract. As in other areas of physics, the real 

experiment plays an important role also in 

teaching of nuclear physics. Nowadays various 

safe sources of ionizing radiation and the 

corresponding detectors are available and allow 

us to make simple and conclusive experiments in 

the field of nuclear physics at all types of 

schools. 

The paper discusses the influence of back-

ground radiation on the interpretation of results 

from school measurements with weak radiation 

sources. 

The paper also shows several examples of 

experiments demonstrating the fundamental 

phenomena of nuclear physics such as the 

existence of radiation from natural or artificial 

sources (including objects around us), shielding 

of the radiation using different materials, some 

properties of gamma radiation, basic ways to 

protect against radiation and other.  
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1. Introduction 
 

Similarly to other fields of physics, the real 

experiment plays an important role also in 

teaching of nuclear physics. For more than 15 

years, Czech schools have used the set 

Gamabeta, or its newer version GAMAbeta 

2007, to demonstrate directly the elementary 

phenomena of nuclear physic (e. g. the existence 

of radiation, its shielding by various materials, 

some properties of beta and gamma radiation, the 

basic methods of radiation protection etc.). Safe 

sources of gamma or beta radiation, Geiger-

Müller (GM) detector and (computer controlled) 

counter are the key parts of these sets. [1], [2] 

The source of gamma radiation in these sets 

(Fig. 1) is equipped with emitter containing 

radionuclide 241Am. Half-life of this radionucli-

de is about 432 years (it means that the activity 

of the emitter would drop approximately by 6% 

during 40 years of teacher’s career). The emitter 

itself produces the gamma radiation with the 

energy of 60 keV and the alpha radiation with 

the energy of 5.44 MeV and 5.49 MeV. This 

radiation is accompanied by a soft X-ray 

radiation (coming from the electron shell of 

atoms). The output of the alpha radiation from 

the source is inhibited. The emitter activity is 

about 30 kBq, which means there are about 

      transformations per second. 
 

 
 

Figure 1. School gamma radiation source 

SZZ Gama 30 kBq 

 

The use and distribution of radiation sources 

in the Czech Republic is controlled by the Czech 

Act No. 18/1997 Coll. – so called Atomic Act 

[3]. According to §21 of this Act, in case of the 

source of low significance (as the source from 

Gamabeta set is) or in case of so called minor 

radiation source of approved type (where does 

the new, more powerful and furthermore 

described Demonstrative radiation source DZZ 

Gama 300 kBq belong), there is no need for any 

approval to use these sources in the Czech 

Republic. Before the minor radiation source of 

approved type is being used for the first time, the 

user is obliged to announce the regional State 

office of Nuclear Safety of the use. Usually, this 

is done by the distributor of the source. 



2. Sensitivity of the school GM detector 

 
Experience says that the school GM detector 

from the Gamabeta set is capable to recognize 

small units of particles within a second in case 

the detector distance is several centimetres from 

the radiation source. How does it comply with 

the above mentioned information about the 

number of transformations in the source? 

Let’s take the source in a simplified view (and 

to do at least a raw estimate) as a dot source 

emitting the radiation in all directions of the 

space equally. Assuming the common setup in 

which the radiation source and the detector (with 

Geiger-Müller tube of 9 mm diameter and 

“active” length of about 70 mm) are located 

close to each other, the distance of the tube 

centre from the radiation source is 40 mm. Using 

the respective angles and simple integration of 

spherical coordinates we can show that the 

detector tube “covers” only about 2.5 % of the 

spatial angle around the radiation source. The 

GM tube of the detector is therefore subject to 

only this low percentage of all particles emitted 

by the source. 

 

 
 

Figure 2. Emitter of SZZ Gamma 30 kBq 

 

In fact, the radiation source represents more 

planar source (Fig. 2) than the dot source, 

emitting the radiation more forward than 

sidewise from the emitter axis. Dependence of 

the number of particles on the angle from emitter 

axis can be approximated by the cosine or 

parabolic function (see example of measurement 

on Fig. 7). At correct aiming of the source and 

the detector, the particles get to the detector (at 

the same settings of the experiment) at a bit 

bigger volume than is stated in the previous 

paragraph. Nevertheless, we can expect only 

small percentage of all particles from the source 

to get to the detector. 

Other important fact that must be taken into 

account is the low efficiency of the GM tube in 

gamma radiation detection. The efficiency 

depends on the energy of gamma radiation. The 

[4] states the efficiency lower than 1%. More 

about the radiation detection (not only using the 

GM tube) can be found e.g. in [4]. 

During regular use of GM detector and the 

radiation source from the Gamabeta set, we can, 

due to the physical principles, detect only about 

1/10 000 of particles emitted from the radiation 

source. For radiation source activity of 30 kBq 

we therefore recognize the particles only in 

quantity of units per second. 

 

3. “Tricky” background correction 

 
Natural radioactivity varies according to 

location, where measuring is performed. It is 

affected by terrestrial radiation (released by 

rocks and soil in the area) or cosmic radiation. 

The overall radioactivity at the background may 

be reinforced significantly by radioactivity of the 

construction material of the buildings. 

In teaching conditions, the Gamabeta set 

detector can usually detect about 25 to 70 pulses 

per 100 s in average (depending on the site) due 

to background radiation.  

As the processes in micro world – resulting in 

natural radioactivity – are of probability pattern, 

the number of pulses registered by detector per 

fixed time unit is as well a random quantity. It 

can be described by so called Poisson 

distribution (further explanation and reasoning 

e.g. in [4]). 

 
 

Figure 3. Poisson distribution 

 

Poisson distribution is determined by only 

one parameter, which is mean value of the 



number of pulses per fixed time unit. Light 

columns in Fig. 3 show what is the probability 

based on this distribution for mean value 26 

pulses at 100 s (you can compare this theoretical 

probability with experimentally obtained values, 

represented by dark columns). 

In the Fig. 3 can be seen, as well, that exact 

26 pulses per 100 s can be measured with 

probability of only 7.8 % and with almost 30 % 

of probability the measured number of pulses per 

100 s would be outside the 20-30 pulses interval. 

Experimentally obtained frequencies in 156 

measurements of the length of 100 s with mean 

value as stated with the above theoretical 

computation are described as dark columns in the 

Fig. 3. Such a measurement can be easily 

performed at schools e. g. automatically 

overnight, using the GAMAbeta 2007 set – the 

counter should be interconnected to a PC, the 

control software should be set to counting period 

100 s and Repeat option should be activated. The 

results are stored into a file that can be processed 

e. g. in Excel. The Remote School Laboratory for 

Radioactivity Examination “on the internet” can 

be used as well [5].  

We can assume that the background value, 

stated as an individual measurement or as an 

average of several measurements can 

significantly differ from the real value. Similarly 

the number of pulses in different measurements 

in respective time intervals can differ among 

each other. Therefore if we work with low 

number of detected particles (e. g. when 

measuring the dependence of number of detected 

particles on the distance from the radiation 

source or on the thickness of shielding material), 

the variance of measured background values is of 

high importance when interpreting the 

measurement results. 

Similarly as in case of the background the 

number of particles released from the radiation 

source and registered by the detector in the time 

of 100 s is a random quantity that can be 

described by Poisson distribution. In the 

presence of radiation source is therefore the 

number of particles registered by the detector in 

100 s time the sum of two random quantities. 

It is possible to show (more detailed 

explanation in [4]) that the relative error δ of the 

determination of mean value λ of number of 

pulses in stated time interval using one 

measurement only is reduced as    √ ⁄ . With 

average of 25 pulses per 100 s would the relative 

error be about 20 % (!), with average of 100 

pulses per 100 s it would only be 10 %. 

To reduce the relative error of measurement, 

we have to use higher mean value of the particles 

number per the time interval – either by using 

longer time interval or more sensitive detector or 

stronger radiation source. For this reason a new 

demonstration radiation source DZZ Gama 

300 kBq has been introduced.   

 

4. Radiation source DZZ Gama 300 kBq 
 

Demonstration source DZZ Gama 300 kBq, 

as well as school gamma radiation source from 

Gamabeta set is equipped with the emitter 

containing radionuclide 241Am. Ten times 

higher emitter activity (300 kBq) enables us, 

even in such a short time as demonstration 

experiment in the physics lesson is, to show 

reliably even the dependence of number of 

particles registered in time unit by the detector 

on distance from the radiation source or on the 

thickness and material of shading barrier etc. 

 

 
 
Figure 4. Demonstration gamma radiation source 

DZZ Gama 300 kBq 

 

The demonstration radiation source DZZ 

Gama 300 kBq is aimed to be used by the 

professional teacher to perform the 

demonstration experiment and accompanies the 

former school radiation source SZZ Gama with 

ten times lower activity which is a part of the 

Gamabeta set and aimed for group and 

laboratory work of pupils and students. 

DZZ Gama is of the same mechanical 

construction as the school radiation source SZZ 

Gama, therefore it is fully replaceable with the 

original source of Gamabeta set. 

  



5. Experiments with the school gamma 

radiation sources 
 

One of the most commonly performed 

experiments at schools is the investigation of the 

gamma radiation passing the shielding plates of 

different thickness and different material.  

In the experiment, three brass plates from the 

GAMAbeta 2007 set of 0.5 mm thickness were 

used. The detector (equipped with Geiger-

Müller tube) and radiation source DZZ Gama 

300 kBq were both located in the set stand in a 

way that allowed them to be as close as possible. 

The plates were inserted (successively 0, 1, 2 and 

3) into the groove of the stand. Always, there 

was once the number of pulses registered in 

detector measured for 100 s interval (Fig. 5). The 

estimated background correction was taken into 

account (the detector without radiation source 

detected about 35 pulses per 100 s). 

 
 

Figure 5. Gamma radiation shielding 

by brass plates 

 

We can see that each brass plate would reduce 

the passing gamma radiation with the energy of 

60 keV by about one half (note the capability of 

materials to shield off the radiation depends on 

the energy of this radiation). By interpolating the 

exponential function e.g. in Excel, we can get for 

our numeric values for dependence of the 

number of the registered particles on the brass 

thickness (mm) this formula: 

              . 

Based on this formula, we can try to estimate 

to what extent the gamma radiation passes out of 

the radiation source when the rotational brass 

shield on the radiation source is closed. Its 

thickness is 6 mm. If we substitute this value for 

x in the above formula, we get the value for the 

stated number of pulses: N = 0.07 pulses per 

100 s. This is two orders of magnitude less than 

the value the detector would register from the 

background. 

The measurement was repeated for the 

stainless steel shielding sheets as well (Fig. 6). 

 
 
Figure 6. Gamma radiation shielding by stainless 

steel plates 

 

The plate of the thickness 0.5 mm would 

reduce the passing gamma radiation of the 

energy at 60 keV by about 1/3. The stainless 

steel is shielding the used gamma radiation 

worse than brass. 

The sufficient activity of the demonstration 

radiation source DZZ Gama 300 kBq allows us 

to investigate in short time even the “sideways” 

radiation off the axis of the emitter. The bottom 

part of radiation source was equipped with paper 

section with angular scale with grade of 7.5°. 

The radiation source with such protractor was 

then inserted into the stand in the distance about 

4 cm from the detector and the rotating shield 

was oriented in such a way the radiation would 

leave the source through the larger opening. The 

number of particles was then measured per 50 s 

at different orientation of the source. The result 

of the measurement shows the Fig. 7. 

 

Figure 7. Effect of source orientation on the 

number of registered particles by the detector 



The estimated background correction was taken 

into account (the detector without radiation 

source detected about 15 pulses per 50 s). 

The measured dependence shows that the 

precise orientation of the axis of the emitter of 

the radiation source towards the detector is not 

significant for the common school measurement. 

The drop of registered number of particles to the 

level of background is apparent already at the 

orientation of 60° which is caused by the 

experiment geometry. 

 

6. Conclusion 
 

The experiments mentioned in this article 

represent only a tiny share of possible 

experiments that can be performed using school 

radiation sources and simple school detectors. 

School students are future users of radiation 

and therefore school or college is an ideal stage 

to instil a respect for the safe and proper use of 

radiation. Teaching about radiation helps people 

develop a balanced attitude towards the subject.  

Providing students with “hands-on 

experience” with a variety of radiation sources 

offers many benefits for the teaching of science 

and technology [6].  

As with any other potentially hazardous 

material or electrical appliance, it is necessary to 

follow some rules so that the radiation sources 

are used appropriately and safely. 
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