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PHYS 1402 General Physics II

The Half-Life of Dice

Equipment

Cup of 32 Wooden Cubes

Yellow Plastic Tray

Graphical Analysis Software
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Introduction

The throwing of dice is a random event, the same as the decay of an atom is random.  As a result, dice can be used to simulate radioactive decay.  To simulate radioactive decay, we need to know when a die has "decayed".  The easiest way is to mark one or more of the faces on a wooden cube to represent a "decay".  When the appropriately marked face comes up the die has “decayed” and is removed from the set.

Objective
To find the half-lives of dice, subject to certain “decay” probabilities.

Procedure

Collect a cup of 32 wooden cubes.  Note that each cube has three faces marked, two with dots and one with an “X”. You will be simulating two different cases: one with a theoretical chance of decay of 1/2 (that is, 50 % chance of decay), and the second case with a decay probability of 1/6.  These two “species” will have different half-lives, each of which you will measure.

Case 1:  Decay Probability 1/2:  If any mark (dot or X) comes up in a throw, the die has decayed.

On a sheet of paper, create a simple table to record your data. Starting from zero, record the number of throws, the number of dice decayed, and the number of dice remaining.  Shake the cup of dice and dump onto the yellow tray.  Collect all the dice that have "decayed.”  Count these "decayed" cubes, record the number and then put them aside.  Return the remaining dice to the cup and repeat until there is only at most one cube left.
After collecting your data, transfer the “# of Dice Left” column to the board and label it with your group number.  To increase the accuracy of the experiment, we will use the sum of the “# of Dice Left” per throw from all groups.  So, for six groups, you start out with 192 dice after Throw 0.

	Sample Results
	
	
	

	
	
	Group 1
	Group 2,3,4,5,6

	# of Throws
	# of Decayed
	# of Dice Left
	# of Dice Left
	Total

	0
	0
	32
	32, 32, 32, 32 ,32
	192

	1
	13
	19
	21, 18, 21, 20, 17
	116

	2
	5
	14
	12, 15, 14, 12, 16
	83


Data and Analysis

With the classroom totals from the board, we can now plot our results.

1. Open Graphical Analysis and enter the number of throws on the X-axis and the number of dice remaining on the Y-axis.  Replace the X-Y column titles with “# of Throws” and “# of Dice Left.”  Rename the Data Set to “Case 1.”

2. Now you will fit a curve to the data.  From the Analyze menu select Curve Fit.  From the dialog box that appears, select the Inverse Exponent function and click Try Fit and OK.

3. Using the table below and our curve fit, we will now be able to determine the half-life.  From the Analyze menu, select Interpolate.  A small box will appear over your graph displaying the x-y (throws - dice left) values of where the vertical cursor line intersects the fitted curve.

4. Select any “# of dice left” value from the graph and record in the table along with its corresponding number of throws, including the decimal, in columns 1 and 2.

5. Now halve your number of cubes and find its value on the throws axis and enter these readings in the third and fourth columns.

6. To find the half-life, subtract the values in the fourth and second columns and enter the answer in the last column.  This number represents the number of throws for the number of cubes to halve.

7. Do this exercise for three other starting numbers and then find the average half-life.

	C1
	C2
	C3
	C4
	C5

	Selected # of Dice Left
	Value on Throws axis for number of cubes in C1
	Half of cubes in C1
	Value on Throws axis for number of cubes in C3
	C4 - C2

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	
	
	
	Average of C5 =
	 


Case 2: Decay probability 1/6:  If and only if an “X” comes up in a throw, the die has decayed.

Now, repeat the entire procedure that you followed for Case 1, up to this point, for the case corresponding to where there is only one chance in 6 for the dice to decay. Collect your decay data on paper and from the entire classroom and then graph and curve fit as before.  You can close Case 1’s file without saving and then open Graphical Analysis again to plot Case 2’s data.
	C1
	C2
	C3
	C4
	C5

	Selected # of Dice Left
	Value on Throws axis for number of cubes in C1
	Half of cubes in C1
	Value on Throws axis for number of cubes in C3
	C4 - C2

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	
	
	
	Average of C5 =
	 


Question

How do your measured half-lives (in number of throws) for the two cases correspond to your intuitive belief in what the half-lives should be?  Try to justify your belief with some appeal to logic.
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