Radioactive Penny Lab

Background

Radioactive materials have become an important part of our everyday lives. Nuclear power plants use radioactive elements, such as plutonium, to produce very clean and safe power. Plutonium is a very unstable element and the nucleus of these atoms lose energy by emitting particles and radiation at a particular rate. When these reactions occur and energy is lost it is referred to as radioactive decay. 

This decay happens at a particular rate for each radioactive material and the rate at which it happens is called the material’s half-life. Half-life is simply a measure of how long it takes for half of the atoms in a sample of material to go through the process of radioactive decay. This time is different for each material. For example, a specific isotope of plutonium, Pu-239, has a half-life of 24,100 years. This means half of the atoms will decay every 24,100 years.

Procedure

1. Place 100 pennies in a cup.

2. Cover the top of the cup with your hand, and give the cup a vigorous shake to mix the pennies.

3. Gently pour out the pennies onto the lab table (be careful that they don't roll off the table).

4. Remove all the pennies that are now heads up, and set them aside. Return any tails up pennies to the cup.

5. Count the number of heads up pennies that were removed and record this in a data table.

6. Repeat steps 2-5 for ten trials or until all of your pennies have been removed, whichever comes first.

7. Repeat this procedure three more times starting with 75 pennies, then 50 pennies, and finally 25 pennies.

Analysis

1. Construct a labeled line graph of the number of pennies remaining as a function of the number of shakes for each of your trials. Draw a smooth curve through the points, and clearly label the different lines.

2. On your graph, mark and label the half- life (the point on each line when the sample was reduced to exactly one half the beginning number of pennies). Did the number of pennies you started with affect the half-life or the shape of the graph?

3. A half-life is the time required for one-half of the atoms of a radioisotope to emit radiation and to decay to products. For the process of flipping pennies, what do the “heads” pennies and “tails” pennies represent respectively?

4. What is the advantage of using this simple model of radioactive decay? Explain three ways in which this model differs from the actual process of radioactive decay.

5. In this activity you removed the flipped pennies from the cup, which could not happen if you were studying radioisotopes in the lab (conservation of matter). Describe some changes that could be made to make this model more accurate.

6. Predict how your data would change if you repeated this activity using 6-sided dice instead of pennies and removed any 6 rolled. Explain your response.

7. How many shakes would it take to remove only 15% of your starting number of pennies? Explain how you determined this value.

8. If you could follow the fate of an individual penny in the cup, could you predict the exact moment it was going to decay? Explain your response.

