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The purpose of this experiment is to compare the properties of alpha, beta, and gamma radiation. The activity (counts pe
minute) of low-level o, B. and y sources will be measured using a Geiger counter, which “counts” the number of atoms ionizec
by nuclear radiation. The relative penetrating power of @, B, and y radiation will be investigated by measuring how the recorded
activity (counts per minute) changes as different materials are placed between the source and the detector. The effectiveness of dif-
ferent shielding materials will also be determined.

Pre-Lab Questions

1. Why do different forms of nuclear radiation travel at different speeds? How is the speed of the radiation related to (a) its
ability to “penetrate” matter and (b) its ability to ionize atoms as it travels through matter? Explain.

2. Look up the density of aluminum versus lead. Which metal should be more effective in shiclding or blocking nuclear
radiation? Explain.

3. X-rays are a form of ionizing radiation. They are high-energy photons (electromagnetic radiation) released when inner
shell electrons that have been excited to higher energy levels release their excess energy. What form of nuclear radiation
are X-rays similar to? What type of shielding is normally used to protect against X-rays?

Materials
Alpha source, Po-210, 0.1 uCi Metric ruler
Beta source, Sr-90, 0.1 uCi Scissors
Gamma source, Co-60, 1.0 pCi Shielding materials
Computer or calculator for data collection Aluminum sheet, 0.8 mm thick
Computer interface system (LabPro™) Lead sheet, 1.6 mm thick
Data collection software (LoggerPro™) Paper sheet

Geiger counter

Safety Precautions

The radiation levels produced by the radioactive sources are extremely low (less than 1.0 uCi) and the sources are contained
within sealed disks. Because the ionizing radiation “dose” is very low—similar to that obtained from watching television—no
special safety precautions need to be taken. Observe normal laboratory safety guidelines. Wear Chemical splash goggles, chemi-
cal-resistant gloves, and a chemical-resistant apron. Wash hands after handling any radioactive materials.

Procedure
Part A. Radiation Shielding

1. Set up the Geiger counter as shown in Figure 1 on page 3. Set the detector horizontally on the bench and place a metric
ruler in front of the detector window.

2. Connect the Geiger counter to the interface systexg, and connect the interface system to the computer or calculator.
3. Turn on the computer or calculator and open the data collection program for the radiation detector.
7

4. Set a data collection interval of 60 seconds—this will be the length of time the activity of the radioactive source will be
“counted.” Set a sampling rate or “count interval” of 10 seconds/sample (0.1 samples/second).

5. (Optional) Adjust the highest value of radiation (counts) on the y-axis as needed.
+6. Determine the “background” activity when there is no radioactive source placed in front of the radiation detector:

a. Select Collect from the data collection program to begin collecting data.

b. Wait 60 seconds to complete the data collection interval. Record the number of background counts per minute in Data
Table A. Save the experiment file as desired.
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Figure 1.

. Measure the activity of the alpha source: Place the alpha source approximately 1 cm from the radiation detector, with the

unlabelled side of the disc facing the detector. Press Collect to begin collecting data, and wait 60 seconds for the prograr
to complete the data collection interval. Record the number of counts per minute in Data Table A.

. Repeat step 7 two more times for a total of three trials.

. Place a single sheet of paper between the alpha source and the detector and measure the activity (counts per minute) as

before. Try to keep the source in the same position with respect to the radiation detector. Record the number of counts pe;
minute in Data Table A.

Repeat step 9 two more times for a total of three trials.

Remove the paper and place a sheet of aluminum between the alpha source and the detector. Measure the activity (counts
per minute) three times and record the data in Data Table A.

Remove the aluminum and place a piece of lead between the alpha source and the detector. Measure the activity (count:
per minute) three times and record the data in Data Table A. Save the experiment file as desired.

Repeat steps 7-12 twice more using first the beta source and then the gamma source.

Part B. Effect of Distance on Radiation Intensity
14.
135:
16.
17
18.
19

Reset the data collection interval for 60 seconds, if necessary.

Place the beta or the gamma source 2 cm from the radiation detector.

Press Collect to begin collecting data and wait 60 seconds for the program to complete the data collection.
Record the activity (counts per minute) in Data Table B. Save the experiment file as desired.

Repeat steps 16 and 17 two more times for a ‘t’olal of three measurements of the radioactivity at 2 cm.

Move the beta or gamma source 5 cm away Vfr{om the radiation detector. Repeat steps 16 and 17 three times to obtain thre:
measurements of the activity at 5 cm. Record all data in Data Table B.

Repeat step 19 at distances of 10 cm and 20 cm. Record all data in Data Table B.
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Data Table A

Name:

Number of Counts per Minute

Radiation

No Shielding

Shielding

Paper

Aluminum

Lead

Background

Alpha

Beta

Gamma

Data Table B

Source

Distance from
radiation detector

10cm

20cm

Activity (Counts
per minute)

Post-Lab Questions (Use a separate sheet of, paper to answer the following questions.)

1. Compare the background activity (number of counts per minute of back;

gamma sources in Part A. Is it necessary to “correct” the activity of the o,
background radiation? Explain.

2. What type(s) of shielding material can be used to absorb (a) alpha, (b) beta, and (c) gamma radiation?

3. Which metal, aluminum or lead, is more effective in shielding against beta radiation? What is the reason for the difference

in shielding ability of aluminum versus lead?
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Is it possible to completely stop gamma radiation using a sheet of metal? Would increasing the thickness of the metal stop
more gamma radiation? Why or why not?

Use arrows in the following diagram to show the ability of alpha, beta, and gamma radiation to “penetrate” different types
of shielding materials.

o

B

X
Paper Al sheet Pb block

. Prepare a graph of radiation activity (counts per minute) on the y-axis versus the distance of the beta or gamma source

from the detector on the x-axis.

. Describe in words how the level of radiation from a radioactive source changes as the distance of the source from the

detector increases.

. Calculate the activity ratios for each of the following distances. Does the activity change by a constant amount when the

distance from the source is doubled?

@ 1cm ®) 5cm " 10 cm
2cm 10cm 20 cm

. Based on the results obtained in Question #3, predict how the amount of radiation detected should change when the dis-

tance between the source and the detector is increased by a factor of four (e.g., from 5 cm to 20 cm). What was the actual

activity ratio at 5 cm Vversus 20 cm? 5

,

. Explain how distance and shielding can be used together to protect workers from the harmful effects of gamma radiation.

(Optional) How could shielding be used to decide what type of radiation is emitted by an «unknown” radioactive source?
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