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MED PHYS 4RA3/6R3                         LABORATORY EXPERIMENT #1 
 
 
 

PREPARATION OF A LONG-LIVED BETA REFERENCE SOURCE AND THE 
OPERATING CHARACTERISTICS OF THE GM DETECTOR 

 
 
SOURCE PREPARATION 
 
 
Introduction: 
 
A long-lived source of radioactivity is often used to check the day to day performance of 
radiation detection equipment. For beta counting a source may be conveniently prepared 
from UO2 
 
Procedure: 
 
Add a weighed amount (about 80 mg) of the uranium compound to the aluminum foil and 
install on the source mount. Wear gloves, try to avoid spilling any of the compound, and 
treat all equipment used in handling the compound as a potential source of contamination.  
Distribute the powder as uniformly as possible by gently tapping the mount on the edge. 
Cautiously add enough collodion solution with a dropper to wet the oxide layer 
completely without greatly disturbing the uniformity. Dry the sample slowly under a heat 
lamp. Seal the source with aluminum foil and carefully mark an edge to facilitate 
orientation of the source. 
 
 
Source Preparation Comments:- Please describe below the procedures you followed, 
including safety procedures, and note the quantity of UO2 used in the source.  
 
Obtain information on the 238U decay chain; briefly chart the chain. Assuming the 
uranium used in this source preparation has been purified and left for a year or so, 
describe the isotopes which are still present and their characteristic radiation. What type 
of radiation is detected by GM tubes? Calculate the disintegration rate (from the weight) 
of the uranium source you prepared. 
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DETECTOR 
 
Introduction:  
The electrical characteristics of any detector play a significant role in the applicability of 
that detector to a particular situation. When the detector is incorporated into the over-all 
counting system, there is all too often no opportunity to examine the transient 
performance. In this experiment a special arrangement is used to provide this opportunity. 
The behavior of the detector with applied voltage is also extremely important practically, 
and this will also be investigated.  
 
Procedure:  
MAKE SURE THE HIGH VOLTAGE IS OFF WHILE CONNECTING AND DISCONNECTING 
CABLES !  
1. Check the cable connection between the preset timer and the counting instrument. As 
shown in the photo below, make sure the terminal connections: 1-white, 2-black, 3-
green, 4-open, 5-red.  

                              
Disconnect the MHV high voltage connector (with a label “Fix to HV Supply”) from 
the “GM” jack and connect to the “HV” jack as shown in the photo above.      
Connect the other end of the cable to the HV jack of the 10 MΩ load resistor box.  
Using another cable, connect the “GM” jack of the 10 MΩ load resistor box to the 
detector.   
Using another cable, connect the “Out” jack of the 10 MΩ load resistor box to the 
oscilloscope.   
Ask a TA to confirm your cable connection is OK.  
 
 
Apply positive high voltage to the series combination of a 10 MΩ load resistor and the 
detector anode. The transient response is then viewed through the coupling capacitor at 
the junction between the load resistor and the anode. Using the oscilloscope in the 
internal trigger mode, determine the variation of pulse amplitude with applied voltage 
over the range 200V - 600V, in 50V increments.   
Start the measurement around 500 volts where the pulses are most easily observed. In the 
region above 550 V the pulse shape undergoes severe fluctuations so that you will have 
to average over at least 10 measurements. From the variation of amplitude with applied 
voltage determine a) the Geiger starting voltage and b) the minimum voltage at which 
events will be observed in a counting system employing a discriminator with 1/4 volt. 
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2. At one suitable operating voltage determine as carefully as you can the detector pulse 
response i.e. the pulse amplitude, shape and time characteristics. Plot the observed pulse 
shape. Find the time required for the pulse to fall to 1/10th of its maximum. 
 
TURN OFF THE HIGH VOLTAGE ! 
 
3. As shown in the photo, disconnect the MHV high voltage connector (with a label 
“Fix to HV Supply”) from the “HV” jack and connect to the “GM” jack.  
Connect the other end of the cable to the detector directly. 

   
Determine the variation of counting rate with applied voltage. For each measurement 
choose counting periods which result in an excess of 1,000 counts.   
Plot the variation of count rate with applied voltage and determine the slope by the 
method of least squares. Comment on the graph. 
4. Determine and plot the counting rate as a function of source detector distance, by 
moving the source away from the detector. Comment on the graph. 
 
5. Determine and plot the counting rate in shelf 3 as a function of source lateral position, 
by moving the source sideways out of the holder. Comment on the graph. 
(Remember to do a background count !) 
 
6. Using your previous calculation of source disintegration rate calculate the detector 
efficiency for the various geometries used (Describe your calculation). Compare the 
relevant results with what you would expect from a point source calculated for an 
entrance window diameter of 1 cm. 
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