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Exponential Decay Model

Introduction:


Throwing 100 pennies, removing all those that land tails-up, and graphing the results provides a handy way to model radioactive decay.  Placing tail-up results in flat columns along the edge of a table will also visually demonstrate the meaning of the term “half-life.”

Procedure:

1. Toss the pennies onto a flat surface.  Make sure no pennies are lost. 

2. Remove all pennies that land tail side up.  Align these in a column alongside the edge of a table or desk.

3. Repeat steps one and two until all pennies are used up.  If no pennies come up tails, leave an empty column.

4. Sketch a drawing of the shape of the columns pennies.

5. Transfer data into the data table provided.

6. Repeat steps 1-5 two (3) more times.

7. Plot all data on one graph.  Make sure the y-axis (dependent variable) is labeled Decayed Nuclei (#Tails) and the x-axis (independent variable) is labeled Tosses (#Half-Lives).  

8. Use colored pencils and small circles, squares, triangles, and diamonds to differentiate data points.

9. Draw a single smooth curve that best fits all the data.  

Explanation:


Tossing coins is an unpredictable, random process.  Rarely will exactly ½ the coins decay (land tails-up) on the first toss.  However, if you repeat the experiment many times, the average number of decay (tails) products will approach ½ of the population.  The chance that any penny will land tails-up on any toss is always exactly the same, 50%.  However, once a penny has landed tails-up, it is removed.  Therefore, approximately half the pennies will be left after each toss.

Even though about half the remaining pennies will fall tails-up on each succeeding toss, there will fewer pennies to toss.  After the first toss, about ½ the pennies are left; after the second about ¼; then 1/8; 1/16, and so on.  These numbers can be written in terms of powers or exponents of 2: 2-1, 2-2, 2-3, and 2-4.  This type of pattern in which a quantity repeatedly decreases by a fixed fraction (1/2 in this case) is known as exponential decay.  


Each time you toss the remaining pennies, about ½ are removed.  The time it takes for ½ the remaining pennies to be removed is called the half-life.  The half-life of the pennies in this model is one toss, while the removal of a penny corresponds to the decay of a radioactive nucleus.  The chance that a particular nucleus in a sample of identical nuclei will decay in each second is the same for each second that passes.  This is the same as the chance that a penny will fall tails-up for each toss (1/2).  It turns out that, the smaller the chance of decay, the longer the half-life (the time it takes for ½ the sample to decay) of the particular radioactive isotope.  

For example: Uranium-238 has a very small chance of decay and its half-life is correspondingly large (4.5 billion years).  On the other hand, for Radon-117, the chance of decay is large and its half-life only about 1/1000 of a second.

