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Laboratory 4:  Random processes 

 

 

Experiment 1 

 

 Some events are effectively random.  It is not possible to predict the result of a single roll 

of a single die.  On the other hand, the statistical behavior of a great many dice rolls can be 

predicted pretty well.  This lab explores the connection using a collection of 20-sided dice, each 

one bearing the numbers 1 through 20 on its sides. 

 Rather than counting the dice (which is tedious), we will weigh them using an electronic 

balance.  We first put the empty container on the scale and "tare" it, setting its weight to zero.  

Thus, the weight we register is the weight only of the dice themselves. 

 

 Suppose we roll N dice and pick out only those showing the numbers between 1 and 10.  

The total weight of the dice should be, on average, 

   
 

 
                           

where w is the weight of one die.  This value is proportional to N, of course.  However, because 

the roll of each die is random, we might actually get somewhat more or less than this value.  The 

"spread" of the possible weight values is measured by the standard deviation σ , the square root 

of the average squared deviation from the mean.  According to probability theory, the standard 

deviation should be about 

   
 

 
                        

 

So the standard deviation increases only as the square root of N, the total number of dice.  This 

means that the relative size of the standard deviation to the mean is 
  

  
 

 

  
                             

 

which decreases as N becomes large. 

 What does this mean qualitatively?  A larger value of N will cause the mean and standard 

deviation to be larger.  However, as N increases, the standard deviation becomes a smaller 

fraction of the standard deviation.  For large N, in other words, the relative size of the random 

variations from average behavior will be small. 

 

To check these predictions, do the following measurements: 

 

1. Roll a set of 10 dice and weigh only those showing numbers between 1 and 10.  Repeat 

this 10 times, recording the measured weight each time.  Check to see if Equation (3) 

holds approximately.  (Remember, since the roll of each die is random, there is 

uncertainty in all of our statistical predictions.) 

2. Roll a set of 100 dice and weigh only those showing numbers between 1 and 100.  Repeat 

this 10 times, recording the measured weight each time.  Compare your results to the 



results of the trials with 10 dice.  According to Equations (1) and (2) above, you should 

find the mean value to be 10 times larger and the standard deviation to be          

times larger.  Check this prediction, and also the prediction in Equation (3). 

 

 

Experiment 2 

 

 In our second experiment, we examine how a random process can lead to exponential 

decay.  (Indeed, this is almost always the way that exponential decay arises in nature.)  Begin 

with the entire set of 100 dice, and weigh this set.  Now roll the dice and remove each die that 

shows the number 20 on its upper face.  Weigh the remaining dice.  Repeat this procedure, 

obtaining a table of data that looks something like this: 

 

# rolls weight (g) 

0 600 

1 570 

2 543 

3 520 

 

and so on.  Continue the experiment until the weight is no more than one-quarter of the initial 

weight.  (This may take many iterations.) 

 

 Each time the dice are rolled, on average about 1/20 of the dice are removed.  Thus, we 

expect the weight W of the dice to change with n, the number of rolls, according to 

 
  

  
                               

 

where b = 0.05, the likelihood that a particular die is removed from the set on each roll.  We 

recognize this as closely akin to the governing equation for exponential decay (which we 

discussed last time).  If we treat n as a continuous variable and the left-hand side of Equation (4) 

as a derivative, then we conclude that W(n) should have the following form: 

 

         
                         

 

The weight of dice should exponentially decay with decay constant b.  By taking the logarithm 

of this relation, we obtain a linearized relation 

 

                             
 

Our theory makes two predictions.  First, if we plot  ln W versus n for our data, the graph should 

be roughly linear (with some variation due to the underlying random nature of the process).  

Second, the slope of this line should be b = 0.05.  Check these predictions for your dice data. 


