
FYSA2002/K1 Radioactivity and radiation sources 

The purpose of this laboratory exercise is to become acquainted with radioactivity, different 

radiation sources and statistical nature of radioactive decay. Measurements will be done by 

using a Geiger-Müller counter (GM counter). 

Do the preliminary exercises at the end of section 2 before actual measurements. 

 

1 Introduction 

Radioactivity has always been present on earth. Natural radioactivity exists in soil, buildings 

and food. There are radioactive gases in the air we breathe. Our own body also contains 

radioactive elements. Some radioactive radiation comes from space. This is called cosmic 

radiation. 

Furthermore, we subject to man-made radiation for example in medical examinations where X 

rays are used for medical diagnoses and in cancer treatments. Fallouts from nuclear tests 

nuclear power station accidents are a part of our radiation exposure.  

Radioactivity is a term that describes the decays of atoms. An atom can be characterized with 

the number of protons in its nucleus. Some elements is the environment are unstable. Therefore, 

their nucleus decays releasing energy in the form of radiation. 

The unit of radioactivity is becquerel (Bq), i.e. number of decays in second. Unstable nuclei 

decay with the rate characteristic for theme, which does not depend on condition in the 

environment. The time it takes half of the nuclei to decay, is called half-life. Different nuclei 

have different half-lives. For example the half-life of 113I is 8 days, while for 40K it is 1,42*109 

years. 

 



2 Basics 

2.1 Radioactive decay and radiation 

The nucleus of an atom consists of protons and neutrons. Same element has always the same 

number of protons, but the number neutrons may vary. The nuclei of certain element with 

different masses are called isotopes.  There are more unstable proton-neutron configurations 

than stable ones. Unstable nuclei (or radioactive nuclei) emit ionizing radiation while decaying 

which can be alpha or beta radiation (α, β- or β+), or electromagnetic gamma radiation (γ). 

In α decay the unstable nucleus emits an α particle which consists of two protons and two 

neutrons. In the β decay, weak interaction chances a neutron to a proton (β- decay), and the 

nucleus emits an electron and an antineutrino, or a proton to a neutron (β+ decay), and the 

nucleus emits a positron and a neutrino. In this decay the nucleus may remain in an excited 

state, which may decay by subsequent particle decay or de-excite by gamma radiation to the 

ground state of the nucleus. 

 

2.2 Dose and dose velocity 

When the ionizing radiation hits some matter, for. ex. a tissue, the radiation ionizes atoms and 

molecules from it. The produced ions in turn release their energy to the matter.  Effects of the 

radiation depend on the energy brought to the matter.  

Absorbed dose D tells the absorbed energy per mass unit (J/kg). Its SI unit is Gray (Gy). This 

unit is used for all kind of radiation in all media. Dose velocity tells what the absorbed dose 

per time unit is. 

While considering protection against the radiation, equivalent dose is a more relevant quantity 

since it takes into account ability of radiation to cause biological harm. Equivalent dose H is 

defined as the product of absorbed dose and a weight factor wR describing the harmfulness of 

the radiation. The weight factor is one for X rays, γ rays, electron and muons, but 10 for the α 

radiation and 20 for the fission fragments. The unit of equivalent dose is Sievert (Sv). 

Equivalent dose velocity is correspondingly equal to equivalent dose per the time unit. Average 

doses of human beings are available in various places on the internet. 

Several radioactive sources are used in the laboratory works of this modern physics course. 

The sources are adequately protected and their radioactivity is rather low. It is advisable to 

learn to handle sources carefully and to keep the radiation dose as low as possible. The dose is 



proportional to the inverse of distance raiser to the second power, therefore it decreases rapidly 

with increasing distance.  Don’t touch an unprotected, naked source by hands ever. 

    

 

2.3  Interaction between radiation and matter 

Radioactive radiation has the ability to ionize atoms in matter. In the following, we tell shortly 

about the interaction between radiation and matter. Gamma radiation differs clearly from beta 

and alpha radiation. The main difference is related to the fact that gamma quantum does not 

have charge, whereas electrons and alphas have. Attenuation of gamma radiation obeys the law  

𝐼 = 𝐼0𝑒
−𝜇𝑥, 

where I is the intensity at depth x in matter, I0 intensity at the surface and μ absorption 

coefficient. The interaction of gamma radiation with matter can happen via three different 

ways: photoelectric effect, Compton scattering and internal pair formation. The distance after 

which the intensity has decreased to 50% is called half distance. 

Electrons and alpha particles lose their kinetic energy in collisions with atomic electrons. For 

the alpha particles the energy loss is small in individual collision due to the mass difference 

between the alpha particle and the electron. The electron, on the other hand, can lose a large 

portion of its energy in a single collision. The path of a charged particle in matter is not straight. 

In case of charged particles, we do not talk about the half thickness, but about the range. To 

attenuate gamma radiation, some metal is needed for the gamma radiation, for electrons a thin 

sheet of aluminum or even plastic is enough. Alpha particles interact with matter even stronger. 

 

Homework 1: a) You hold tight in your fist a 370 kBq source, which emits 2.8 MeV beta 

particles. a) What is the dose (in units Sv) directed to your hand, if all energy is absorbed to 

your hand? Let’s assume, that the mass of the hand is 0.25 kg. b) Repeat the calculation, if the 

source is at a distance from your hand whose area is 100 cm2. 

 

Homework 2: In what kind of measurements we encounter Poisson distribution instead of 

normal distribution?     



3 Setup and measurements 

3.1 Setup 

The measurements will be done using the GM tube made by Wallac. Performance of this GM 

tube is explained in the instruction for work FYSA2002/K2. A suitable high voltage for the 

tube is 650 V. The signals from the GM tube are collected using Capstone data acquisition and 

software. In Capstone, choose Geiger Counter for the sensor. The signal from the GM tube 

(negative, about 100 μs wide) is not suitable for Capstone Interface, since Capstone Geiger 

Counter assumes a positive, so called TTL signal. Therefore, a set of pulse shaping modules 

are placed between the GM tube and The Capstone interface, as shown in Fig. 1.  Following 

radiation sources are used in this laboratory work: 241Am (alpha source), 90Sr (beta source) and 

137Cs (gamma source). Decay schemes of these isotopes are presented in attachment 1.  

  

Figure 1. Schematic layout of the measurement setup 

 

 

3.2 Measurement 

Familiarize yourself with the measurement setup and prepare Capstone for the measurements. 

 

1) Measure the back ground radiation from the environment. 

2) Study attenuation of alpha, beta and gamma radiation by placing different materials (paper, 

plastic or different metals) between the source and the GM tube. Draw conclusions on what 

kind of protection is needed in case of each radiation type.  



3) Study using the 137Cs source, how the count rate varies as the function of distance between 

the source and the tube. 

4) Using the same source, study the distribution of counts by repeating the measurement many 

times. Set the distance between the source and tube so that you get about 20-30 counts in 

selected time interval. What kind of distribution is expected and what is the expected width 

of the distribution? Did you get the expected distribution?  

5) There is a dose meter near the workstation. Try to use it and measure the dose velocity in 

the room. Where in the room the dose meter shows the highest radiation level? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Attachment 1: Työssä käytettävien radioaktiivisten isotooppien hajoamiskaaviot. 

 

 

 

Figure 1. Decay schemes of 90Sr and 241Am 

 

 

 

Kuva 2: Decay scheme of 137Cs 

 


