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Introduction/Background 

An unstable nucleus can release energy in the form of energetic particles or electromagnetic waves to 
become more stable. This process is call radioactivity.  The resulting particles and electromagnetic waves are 
called radiation. The Earth contains radioactive material that was present in the interstellar cloud of gas and 
dust from which it formed. Radioactivity produces a significant portion of Earth’s internal heat, thus providing 
the energy driving plate tectonics, earthquakes and volcanic activity. Although the breakdown of any one 
unstable nucleus is inherently unpredictable, in large numbers it occurs in a highly predictable pattern. We take 
advantage of this predictability to determine the age of earth rocks and meteorites in a technique known as 
radioactive dating.  A great deal of the evidence we use to determine the story of Earth’s history depends on the 
results of radioactive dating.  

An unstable nucleus  (called a radionuclide or radioisotope) will undergo a process called radioactive 
decay, emitting energy and particles in stages until a stable endpoint is reached. The emitted radiation can 
knock electrons out of atoms or molecules, creating ions. Such radiation is thus known as ionizing radiation. 
When atoms or molecules are ionized, they become highly reactive and inflict serious damage to human tissues, 
cells and DNA. For this reason, humans are rightly concerned with the effects of radioactivity on living 
organisms. Common types of ionizing radiation include alpha, beta and gamma radiation, which can be 
characterized on the basis of size, electrical charge and ability to damage living tissues. They are summarized 
below:  
 

Type  Structure  Range in 
air 

Stopped by  Comments 

Alpha 
(𝜶) 

Helium nucleus (24He) 

Mass = 4 
Charge = +2 

<5 cm Paper  
(single sheet) 

Large size and high charge mean they easily ionize 
molecules they encounter. They do not travel far and pose 
little danger to humans, unless they are ingested. 

Beta  
(𝞫) 

Electron from nucleus 
Mass = 0 
Charge= -1 

10-50 cm Aluminum  
(<5 mm) 

Electron ejected from nucleus when a neutron decays. 
Small size means more range and charge means they cause 
damage with molecules they encounter. 

Gamma 
(Ɣ) 

EM wave, very short 
wavelength 
Mass=0 
Charge =0 

Infinite Lead (>100 cm) 
Concrete (>2 M) 

Waves that travel at speed of light. Lack of charge makes it 
less likely they interact with matter, but short wavelength 
means increased damage when it does interact. Difficult to 
stop with shielding. 
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Phenomena/Observations to be Explained 

● Different radioactive sources emit different amounts of radiation 
● Radiation emitted from different sources behaves differently 

○ How does the amount of radiation detected vary by distance? 
○ How does the amount of radiation detected vary by shielding material and thickness? 

 
Essential Questions/Focus Questions 

● What is the difference between radioactivity and radioactive material? 
● Why is a radioactive element’s half life important? 
● How can we date rocks and other materials using radioactive elements? 
● When is radioactivity dangerous and how can we make it less dangerous? 

 
Part A. Measuring Radioactive Decay  

1. The instrument most commonly used to detect radiation is called a Geiger counter.  It contains a gas filled tube 
called a Geiger tube.  Within the tube, there is a high voltage wire.  When radiation enters the tube, it ionizes the 
gas inside (the gas particles become charged).  The wire attracts these ions, sending an electric pulse down the 
wire.  The Geiger tube is connected to a counter that records these electrical pulses as audible clicks or displayed 
numerical counts. 

 
 

2. Familiarize yourself with the Geiger counter and the instructions for using it. Using any one of the radioactive 
sources provided, practice using the Geiger counter by noting counts in 20 second increments. 

 
3. The table below includes the radioactive sources you may have access to for this activity. Research each source 

and record the requested information in the table below. 
 

 

Radioactive Source Type of Radiation Half Life (T1/2) Sample Date 

Polonium-210 (Po-210)    

Strontium-90 (Sr-90)    

Cobalt-60 (Co-60)    

Thallium-204 (Tl-204)    

Cesium-137 (Cs-137)    
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4. Collect initial data on the decay rate for the radioactive sources available in your classroom. Set up the necessary 

data tables to record your data. Your initial data should include the following: 
● Background counts: 3 trials of 20 seconds each, no sample 
● ‘shelf’ number 2nd closest to the Geiger tube 
● For each radioactive source, 3 trials of 20 seconds each 
● For each radioactive source, calculate the average counts/20 seconds 

 
Part B. Effect of Distance on Ionizing Radiation 

1. Plan an experiment that tests how moving the radioactive sample further from the Geiger tube affects the detected 
decay rate. 

2. Your experiment should include the following details: 
● Same radioactive sources as Part A, including a background count 
● For each radioactive source, 3 trials of 20 seconds each 
● For each radioactive source, calculate the average counts/20 seconds 

3. Construct data tables to record your experimental results 
4. Conduct the experiment. 

  
Part C. Effect of Plastic and Metal Shielding on Ionizing Radiation 

1. Plan an experiment that tests how plastic or metal shielding between the radioactive sample and the Geiger tube 
affects the detected decay rate. 

2. Your experiment should include the following details: 
● Same radioactive sources as Parts A and B, including a background count 
● For each radioactive source, 3 trials of 20 seconds each 
● For each radioactive source, calculate the average counts/20 seconds 
● At least (3) shields, either different material or different thickness of the same material (control=no 

shield) 
3. Construct Data tables to record your experimental results 
4. Conduct the experiment. 

 
 
Analysis/Conclusions

 
 

1. Summarize your results from Part A of the lab. Construct an evidence-based explanation for how the sample’s 
half-life is related/not related to its decay rate (counts/20 seconds). 

 
 
 
 
 
 
 

2. Summarize your results from Part B of the lab. Construct an evidence-based explanation for how distance 
between radioactive source and Geiger tube is related/not related to its counts. (counts/20 seconds). 
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3. Summarize your results from Part C of the lab. Construct an evidence-based explanation for how shielding 
material between radioactive source and Geiger tube is related/not related to it decay rate (counts/20 seconds). 

 
 
 
 
 
 
 

4. A radioactive source has a decay rate/radiation count of 400 counts/20 seconds. Its half-life is 100 days. What 
would predict its decay rate/radiation count should be after: 

● 100 days 
● 150 days 
● 1 year 
● 5 years 
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Teacher’s Resources/Notes 
 
This student handout does not include the specific directions for setting up and running the Geiger counters. These will be 
specific to the instruments and radioactive samples that are purchased for each site. A good strategy would be to make an 
instruction sheet (using student friendly language) and have them laminated. These can then be set out at each lab station 
for reference as the lab is being conducted.  
 
 

DCI/Content 
PS1.C Nuclear processes, including 
fusion, fission, and radioactive decays 
of unstable nuclei, involve the release 
or absorption of energy. The total 
number of neutrons plus protons does 
not change in any nuclear process. 

SEP/Practices 
Construct Explanations. Apply 
scientific reasoning to link evidence 
to the claims to assess the extent to 
which the reasoning and data support 
the explanation or conclusion.  
 
Plan and Carry Out Investigations. 
Plan an investigation or test a design 
individually and collaboratively to 
produce data to serve as the basis for 
evidence as part of building and 
revising models, supporting 
explanations for phenomena, or 
testing solutions to problems. 
Consider possible variables or effects 
and evaluate the confounding 
investigation’s design to ensure 
variables are controlled. 

CCC/Concepts 
Energy and Matter. In nuclear 
processes, atoms are not conserved, 
but the total number of protons plus 
neutrons is conserved. 
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