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Purpose:


In this activity you will be exploring the concept of half-life by using M&Ms to simulate the probability of a radioactive isotope’s decay.  In addition, spreadsheet, graphing and word processing skills will also be developed.

Materials:

1 – Cup
100 – M&M plain candies


Access to computer spreadsheet/word processing software
Introduction:

When a radioactive isotope decays, the original element turns into a different element usually with the release of a particle.  This can happen through any one of several possible decay mechanisms such as alpha or beta decay.  One thing that all radioactive decays have in common is the fact that there is no way to determine with absolute certainty when an atom of a given isotope will decay.  Fortunately, through the use of probability, the overall decay rate can be determined for a large group of atoms.  By definition, the half-live of a particular radioisotope is the amount of time required for exactly 1/2 of the original sample of atoms to decay.  The half-life is different for different isotopes and can vary from a fraction of a second to several million years or more.  The half-life is independent of the amount of substance you begin with.  The equation for determining the amount of the radioisotope left after “n” number of half-lives is:
Amount left = 1/2n
After 2 half-lives only 1/4 of the original sample remains.  After 3 it is only 1/8 and so on.  Once the half-life of a radioisotope is known, the age of a sample of that material can be determined by comparing the amount remaining after some time period, t, with the original amount that was present.  
Procedure:

1. Make sure you have 100 M&M’s (atoms).  Place the 100 M&M’s into a cup.
2. Using your hand to cover its mouth, shake the cup for three seconds.  If you don’t have a timer just count one thousand-one, one thousand-two, etc.  This represents your first time interval.

3. Pour and spread the candies out on a clean sheet of paper or paper towel.  Remove any of the candies with the M symbol facing up and set them aside, but don’t eat them yet!  These radioisotopes have decayed.

4. Record your results in the first column of Data Table 1.1.

5. Repeat steps 2 through 4 until either all the candies have decayed or you reach thirty seconds (i.e. ten three-second intervals).

6. Repeat the experiment a second time and place your results in the second column of Data Table 1.1.
7. In columns 3 and 4 of Data Table 1.1, find two other groups and record one set of each of their experimental results.

8. In the fifth column, record the average of the four results for each time interval.  This is the data you will use for plotting a graph of remaining candies (atoms) as a function of time.
Plotting Your Graph:

1. Open a new document in Microsoft Excel

2. In cells A1 through A11 record the time intervals from 0 through 30 in steps of 3 as in Data Table 1.1.

3. In cells B1 through B11 record the average number of atoms remaining from column 5 in Data Table 1.1.  

4. You should now have two columns of data on your worksheet.  Beginning at cell A1, click and hold the left mouse button while you drag the mouse diagonally until you have highlighted cells A1 through B11.  Now select the chart wizard icon from the toolbar at the top of the worksheet (it has a little picture of a chart on it).  Begin by choosing XY (scatter) as your type of graph.  Select the chart sub-type that is described as "Scatter with data points connected by smoothed lines".  Click the button that says Next.  Click the series tab and highlight Series1 from the series window.  Click in the Name window and type "Decay Rate of M&Ms".  Click the Next button again.  On the titles tab, enter "Half-Life Determination for M&Ms" as the chart title.  For Value (X) axis type "Time Interval (s)".  For Value (Y) axis, type "Atoms Remaining".  Click the Gridlines tab and select only the minor gridlines for x and the major gridlines for y.  Now click on the Finish button.  Your graph should now be visible within your worksheet.  Now you can analyze the chart.

Summary:  Open a new Microsoft Office Word document and type a heading for your report.  Be sure to include your names.  Copy and paste your Excel data table and chart into your Word document.  If you are not sure how to do this consult your instructor.

Below this data, type the answers to the following questions:
Post-Lab Questions:

1. How many time intervals were required for one-half of your candy atoms to decay?
2. What is the half-life of your candy atoms?

3. If this half life model decayed perfectly, how many candy atoms would remain after 12 seconds (four time intervals)?

4. If you increased the initial number of candy atoms, would the overall shape of the graph be altered?  Explain.

5. Go back to your data table and for each 3-sec interval divide the number of candies decayed by the number previously remaining and multiply by 100.  Make a table in your word processor and record your results (see your instructor if you need help).  This will give you the percentage of candies decayed during each half-life.  If the model worked perfectly, during each interval exactly 50% of the remaining candies would decay.  Did it work perfectly?  If not, what do you notice about how close the percentage came to 50% at each time interval?   About how close did it come during the intervals of 3 to 12 sec?  How close did it come during the intervals of 18 to 30 seconds?  If you see any pattern, come up with an explanation.
6. Using your graph, approximate the time interval when only 40% of your M&M isotope would be left.  Explain how you achieved this result.  
7. In your own words, define the half-life of a radioactive element.

8. Connection Question:  Living matter has a carbon-14 activity of 16 counts/min per gram of carbon.  What is the age of an artifact for which the carbon-14 activity is 8 counts/min per gram of carbon?  See your textbook for the half-life of carbon-14.
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