Instructor: Bruce Kubanoff (2002 Science Teacher Workshop participant)
School district: Hamilton Township, NJ

Lesson Title: Simulation of Radioactive Decay

Grades: 9,10,11,12

Overview: You will be able to make a mental model of how the nuclei of radioactive
atoms decay.

Objectives: Simulate decay, graph results, determine half life.
Materials & Resources:
Paper cups
Pea, lima beans or lentils (split peas represent nuclei; lima beans or lentils represent
decay product nuclei)
Large trays
Zip lock bags
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'RADIOACTIVE DECAY—A SIMULATION i

Certain elerments are made up of atomswhose nucleiare naturally unstable. The
atoms of these slements are said to be radioactive. The nucleus of 2 Rdioactve atom
will decay inte the nucleus of aaother element by emitting paricles of radiation. It is
impossible oo predics when the nuclows of an individual radicacave atam will decay.
However, if a large number of nuclei are present in a sarmple, itis possible w predict
the dme pericd inwhich half the nuclei in the sunple will decay. This tme pesiced i3
called the halflife of the element

Radisactive materials are harmful to living tissues, Their halMHives are difficult 1o
measure without taking safety precautions. To eliminate these problems, you will
simulate the decay of unstable auclei by using harmless materials that are easy o
observe, In this experiment you will use dried split peas ta represent the unstable
nuclel of one clement, Dried lima beans will represent the st2ble nuclei of another

slament. Your sbeervasions will allowyon ta make 2 mental model of how the nuclei
of radicactive amoms decay.

Objectives

In this cxperimeant, you will

« simulate the decay of nuclei of a radicacdve element,
- g-mph the resules of the simulated decag.r, and

# determine tha halflife of the elemenc

Equipment

= small bag of dried split peas
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* bag or dried lima beans

* Iarge pizza or baking o=y

Procedure

1. Count out 200 dried spliz peas and place themina =1k Cap

2. Record the number of split peas in Table -1 as Observadon 0.

3. Flace the pizza or baking eray on a flacsurface.

4, Hold the beaker over the trayand sprinkle the splitpeasonie the way. Try o produceasingle
layer of split peas on the oay,

. Remove all the split peas that have NOT landed flat side dawn. Count the split peas that yeu
have removed and remarn them to the cuf, Replace the number of peas that you have

removed from the tray with an equal number of lima beans. Count the number of peas and
the number of lima beans on the tray, Record these values in Table Al as Observadon 1.

. Scoop the peas and beans from the tray and place them imothe Drpgl owp



7. Predict how many split peas you will remave if you repeat steps 4 and 5. Enter yaur
prediction in the Data and Observatons secrion.

8. Repeat steps 4 through 6, recording your data in the data table as Observation 3.

9. Predict how many observations you will have to make undl there are no split peas
remaining. Enter your predicdon in the Da and Observation section.

10. Repeat steps 4 through & undl there are no splic peas remaining,

Anclysis
In this experiment each splic pea represents the nuclens of an arem of radioactive element

A A split pea that has landed flat side dewn represents the pucleus of an awm of radicactive

element A that has not yet decaved. Fach split pea that has NOT landed flat side down

represents the nucleus of an element A atam that has decayed. Each lima bean represants the
nucleusofan clemen: B atom tharwas formed by the decayofthe nucdeusofan elementA atom.

Assume thax the time period between each observarion was 5 minutes. Observation 1 will have
been made at 5 minutes, ohservarion % 2z 10 minutes, and s0 on. Complete the Time ealumn

in Table A-1,

1. Use Graph A-1 in the Dam and Observations section 1o graph the results of vour
experiment. Ploton one axisthe number of nuclei afelement A atoms remaining after each
obsenation, Plot the time of the ohservaton on the ether axis, Determine which varahle
should be represenced by each ads,

2, Use Graph Al to construct another graph. Plot on one axis the number of nuelel of

clement B auims remaining after each observadion. Plot the dme of the observation on the
other axis.

3. Determine the approximate halflife of element A from your graph.

Conclusions
1. What is the approximate halflife of slemen: A2

2. Use your graph to determine the number of nuclei of element A atarms remaining afer 2
halflves, After 3 halflives

3. Why did you replace split peas but not lima beans during this experiment?

4. The two graphs that you consoucted loak like mirrorimages. Explain why this is so,
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5. Suppose you were given 40 dried split peas to do this experiment, Explain which of the
following questions you could answer before starting the experiment
a. Can you identify which split peas will fall flat side up?
b. Can you predic: when an individual split pea will £all fla: side up?
t. Can you predict how many split peas will be remiining after 3 obseratons?

Guoing Further

Hew does the shape of the ohject representing the nucleus of a radioactive atom affect the
outcome of the experiment? Repeat this experiment using sugar cubes instead of split peas.
Paint 2 dot on ane surface of each cube. fa cube falls dot-side down, it represents a nucleus
of an atom that has decayed. Before repeating the experiment, predict how the graph of the
remaining nuclei will compare with that made using split peas. Fredict if the radicactive
arom represented by a sugar cube will have a longer or shorter halflife than that represented

by 2 split pea.
Ciscover

The halflives of radicactive lsotopes vary greatly. Lse reference materials tor And out the
range of halflives of radicactve elements. [nvestigate how extremely short half-lives and
exTemely long halflives are determined. Write a report summarizing what you discovered.

Data and Observations
Step 7. Prediction of number of split peas removed:

Siep 9. Predicdon of number of chsenations un il thers are no split peas remaining:
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