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MED PHYS 4RA3/6R3                    LABORATORY EXPERIMENT #2 
 

PULSE STATISTICS 
 
Introduction: 
The purpose of this experiment is to introduce the statistics used in pulse acquisition. These are 
important concepts in radiation detection because they define the accuracy, precision and hence 
detection limits of measurements. This experiment should illustrate the time-interval distribution, the 
Poisson distribution, the combination of variance and the 2 test. 
 
Procedure: 
Apply the HV at the operation voltage you determined in the experiment #1. 
 
Sampling of the time-interval distribution: Locate the uranium reference source which you prepared in 
the experiment #1, to get a counting rate of no greater than 2 cps. Make sure you obtain a good 
statistics for this rate (> 1,000 counts at least) before proceeding.  
 
Turn off the HV. 
As shown in the photo, convert the register from a scalar to a time-
interval digitizer: 
 
i. Disconnect the pin 1 and keep it disconnected. 
ii. Using an extra cable, shorten pins 1 and 4 of the terminal block.  
iii. Keep the other pin connections without change  
(2-black, 3-green, 5-red).  
 

Set the operation mode in the test mode.  
Push the reset button once and write down the time-interval sampled. Note, the unit of the time-interval 
is clock counts. 
Repeat and obtain a set of 50 time-interval samples.  
 
Convert the unit back to a timer-controlled scalar: 1-white, 2-black, 3-green, 4-open, 5-red.  
Choose a counting interval which results in a small event number, less than 10. Take at least 30 
samples. Now choose a different counting interval within a factor of two of the first. Obtain a set of 10 
samples. Finally, set up the counting interval which is the sum of the first two. Take 15 samples - in 5 
of these, simulate a system malfunction by inserting an absorber paper between the source and the 
detector. Note these readings so that they are not indiscriminately included in all analyses. Remove the 
source and take a 10 minute background counting. 
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1. Calculate the mean value of the 50 time-interval sample data. What is the expected mean time-
interval from the counting rate ?  
Find the calibration constant to convert the unit of the data from [clock counts] to [s] by matching the 
sample mean to the expected mean. What is the clock frequency of the time- interval digitizer ? 
Convert the unit of each sample to [s] using the calibration constant. Make a frequency distribution 
table of the time-interval samples.   
 
 
2. From the frequency distribution table above, make plots of both frequency histogram and cumulative 
distribution of the time-interval. Also indicate the expected curves based on the observed counting rate 
(Refer to the theoretical time-interval distribution discussed in the paralyzable dead time model). 
 
 
3. Make plots of both frequency histogram and cumulative distribution of the event number from the 30 
samples. Compare with the curves you would calculate from the Poisson distribution. 
 
 
4. Calculate the mean and variance for each of the three sets of data taken with the three different time-
intervals. Use any 10 of the 30 samples from the first set, and do not include the five disturbed readings 
from the last. What is the relationship between the three means? What is the relationship between the 
three variances? 
 
 
5. Use the last set of measurements to investigate the 2 test. Calculate  
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first for the n = 10 undisturbed readings, and then for a set of ten readings consisting of 5 disturbed and 
5 undisturbed readings. Compare the chi-square values when obtained with the quantity n-1. Using 
statistical tables calculate the probability of observing  2 values in excess of these values. 
 
 
6. Why is it important not to subtract the background from the counting rate used in the first part of the 
experiment? 
 
 
 
7. From the background count obtained, and the results in experiment #1, find the detection limit of 
your system at the uppermost tray position used in both mg of uranium and Bq of activity. 


