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Alpha, Beta, and Gamma
Nuclear radiation can be broadly classified into three categories. These three categories are labeled with the first three letters of the Greek alphabet: α (alpha), β (beta), and γ (gamma). Alpha radiation consists of a stream of fast-moving helium nuclei (two protons and two neutrons). As such, an alpha particle is relatively heavy and carries two positive electrical charges. Beta radiation consists of fast-moving electrons or positrons (an antimatter electron). A beta particle is much lighter than an alpha, and carries one unit of charge. Gamma radiation consists of photons, which are massless and carry no charge. X-rays are also photons, but carry less energy than gammas.
After being emitted from a decaying nucleus, the alpha, beta, or gamma radiation may pass through matter, or it may be absorbed by the matter. You will arrange for the three classes of radiation to pass through nothing but a thin layer of air, a sheet of paper, and an aluminum sheet. Will the different types of radiation be absorbed differently by the air, paper, and aluminum? The question can be answered by considering which radiation type will interact more strongly with matter, and then tested by experiment. In this experiment, you will use small sources of alpha, beta, and gamma radiation.
OBJECTIVES
· Develop a model for the relative absorption of alpha, beta, and gamma radiation by matter.
· Use a radiation counter to measure the absorption of alpha, beta, and gamma radiation by air, paper, and aluminum.
· Analyze the count rate data to test for consistency with your model.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct Radiation
paper sheet
Polonium-210 0.1 μC alpha source
Strontium-90 0.1 μC beta source
Cobalt-60 1 μC gamma source
aluminum sheet, about 2 mm thick
PRE-LAB EXERCISE
1. Most nuclear radiation carries energy in the range of a few million electron volts, or MeV (1MeV = 106 eV = 1.6 × 10–13 J), regardless of its type (α, β, or γ). This means that more massive particles generally travel more slowly than light particles. Hypothesize about which radiation type will interact most strongly with matter. The greater the interaction, the more radiation will be absorbed. Consider electrical charge, mass, and speed. Explain your hypothesis.
2. You will be using paper and aluminum sheet metal as absorbers for the radiation. Which material has the greater areal density (that is, mass per unit area (g/cm2)), therefore, presenting more matter to the passing radiation?
PROCEDURE
1. Launch Graphical Analysis. Connect the Radiation Monitor to your Chromebook, computer, or mobile device. 
2. Set up the data-collection mode.
a. Click or tap Mode to open Data Collection Settings. Change Mode to Event Based.
b. Enter Reading as the Event Name and leave the Units field blank. The default value of 50 seconds/interval is correct for this experiment.
c. Click or tap Done.
3. Set up the monitor. Note: Follow all local procedures for handling radioactive materials.
· Place the source near the metal screen. When you test an absorber (paper or aluminum), place the absorber between the source and the screen.
· Use approximately the same position for the sources each time, with and without an absorber. The sources are usually mounted on small plastic discs, with the most radiation emitted from the underside of the disc.
4. Determine the background count rate. 
a. Move all sources away from the monitor.
b. Click or tap Collect and then click or tap Keep. There will be a 50-second delay for counting. 
c. Enter 0 as the Reading value to indicate that this is the value for the background count. Click or tap Keep Point to store this data pair.
5. Test the beta radiation source.
a. Place the beta source near the monitor, according to the directions in Step 3.
b. Click or tap Keep. Counts are taken for 50 seconds.
c. Enter 1 as the Reading value. Click or tap Keep Point.
d. Place a single sheet of paper between the beta source and the monitor. 
e. Click or tap Keep. When the counting period is complete, enter 2 as the Reading value, and then click or tap Keep Point.
f. Repeat this process, using a single sheet of aluminum as the shield and entering 3 as the Reading value. 
g. Click or tap Stop to stop data collection.
6. Record the data in your data table. 
7. Click or tap Collect to start data collection and repeat Steps 5–6 with the alpha radiation source. Note: The previous data set is automatically saved.
8. Click or tap Collect to start data collection and repeat Step 5–6 with the gamma radiation source. When you have completed the testing and recording your data, store the radiation sources as directed.
DATA TABLE
	 
	Counts/min 
(No shielding)
	Counts/min 
(Paper shield)
	Counts/min 
(Aluminum shield)

	No source (background)
	 
	 
	 

	Alpha source
	 
	 
	 

	Beta source
	 
	 
	 

	Gamma source
	 
	 
	 


DATA ANALYSIS
1. Correct the radiation readings to account for the background radiation. Are the corrected count rates significantly different from the original readings in your data table? Explain why or why not.
2. Do the corrected count rates support your initial hypothesis about the relative absorption of the various types of radiation by matter? Explain.
3. X-rays are photons, just like gamma rays. X-rays can carry lower energy, however. When a dentist takes X-rays of your teeth, a lead-lined apron is placed on your chest and lap. What is the function of the lead apron? Support your answer with data from your testing.
EXTENSIONS
1. Say, for example, that you are presented with a safe, but unknown, radiation source that emits only one type of radiation. Propose a test that would allow you to identify the type of radiation as primarily alpha, beta, or gamma.
2. Your Radiation Monitor has detected some radiation without a source present. Propose a method to correct for this background radiation.
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