
PHGN 326 
Experiment 2: 
 

Gamma ray attenuation 
 
Purpose: 
 
The purpose of this experiment is to measure experimentally the mass attenuation coefficient in 
lead and aluminum for 662 keV gamma rays. Gammas interact in matter primarily by 
photoelectric, Compton or pair-production interactions. The total mass attenuation coefficient 
can be easily measured with a gamma ray spectrometer. In this experiment we will measure the 
number of gammas that are removed from the photopeak by photoelectric or Compton 
interactions that occur in a lead (or aluminum) absorber placed between the source and the 
detector. From Lambert's law the decrease of the intensity of radiation as it passes through the 
absorber is given by: 
 
I = I0 e-μx 

 
Where: 
 
I = intensity after the absorber 
I0 = intensity before the absorber 
μ = total mass attenuation coefficient in cm2/g 
x = density thickness in g/cm2 
 
The density thickness is the product of the density in g/cm3 times the thickness in cm. 
Densities: 
Pb: 11.434 g/cm3 
Al: 2.702 g/cm3 
 
The half-value layer (HVL) is defined as the density thickness of the absorbing material that will 
reduce the original intensity (the value is dependent on the photon energy) by a factor 2. 
Using 
 
In I/I0 = -μx; with I/I0 = 0.5 and x = HVL 
 
We assume at: HVL = 0.693/μ. 
In this experiment we will measure μ and HVL in lead and aluminum for the 0.662 MeV 
gammas from a 137-Cs source. 
 



Procedure: 
 

1. Mount the NaI(T1) detector and the 137-Cs source with a distance of app. 30 cm. The 
center of the source should be on the same height as the center of the detector crystal. 
Connect the photomultiplier base (base) to the photomultiplier (PM) connector. 

2. Connect the high voltage (HV) input of the PM base to the HV output of the HV power 
supply. 

3. Connect the anode output of the PM base to the oscilloscope. Signals visible? 
4. Turn on the HV power supply (screw/switch on the back side should be on positive). Try 

if you see signals turning up the voltage in +100 V steps. Maximum + 1000 Volts!!! 
5. Take notes of the results and sketch the signals on the oscilloscope at + 1000 V. 

Risetime, falltime, noise? 
6. Using the same HV, have a look at the dynode signal and sketch it. Why different 

polarity? 
7. Return to the anode signal and connect it to the spectroscopy amplifier input. Turn on the 

power of the NIM bin and check the input signal polarity. 
8. Connect the oscilloscope to the amplifier output (unipolar). Sketch the signal. 
9. Connect the unipolar output with the ADC input and start a measurement. Adjust 

amplification so that you can clearly see the photopeak in the spectrum. Sketch the 
spectrum. Check the signal again on the oscilloscope. Voltage of photopeak? 

10. Determine the count rate (net) in the photopeak region at your given distance without 
absorber foils (zero measurement). 

11. Determine the count rate in the photo peak region with 3 absorber foils of aluminum and 
lead each. Take 3 measurements with each foil. To recognize inadvertent changes in the 
detector/source alignment, perform a zero measurement between each foil change. 

12. Calculate the attenuation coefficient and half-value layer for lead and aluminum for 662 
keV photons. 

 












