
Radiation Shielding 1 
RADIATION SHIELDING 

 
In this experiment, you will investigate two of the factors that affect the intensity of radiation that reaches a 
given point from a small radioactive source.  These factors are distance from the source and the use of shielding 
materials. 
 
Theory - Distance 
 
Perhaps the simplest of the two factors to understand is the effect of distance.  The radiation emanating from a 
source “spreads out”.  Therefore, the amount that passes through a given area (e.g. 1 cm2) clearly depends upon 
how close the area is to the source.  As shown in Figure 1, the fixed area intercepts several more rays when it is 
closer to the source.  At a distance R away from the source, the total area surrounding the source is 4pR2.  
Hence, if Q is the activity (the total radiation emitted per time) of the source, the flux (the amount of radiation 
per area per time) is given by 
 

   (1) 

 
 

Figure 1.  The spread of radiation from a point source.  Shown is a fixed area located at two different 
distances, R1 and R2.  (Note that radiation is actually emitted in all directions; but for simplicity, only a 
few rays in the plane of the paper are depicted.) 

 
Theory - Shielding 
 
When a gamma does interact with a particle such as an electron, it loses all of its energy, either to absorption or 
to scattering.  As a result, the flux of gammas that emerges from the back side of a shield is decreased in 
number, but the energy of any surviving gamma is unchanged.  Therefore, as depicted in Figure 2, the 
fractional effect of subsequent shields is the same as the first:  every identical shield will cut the flux by the 
same fraction. 
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  Figure 2.  Decrease in Flux through Identical Filters 
 
Describing this mathematically, let a be the fractional decrease in flux per unit distance in the shield.  The 
change in flux, Dφ, in a small distance Dx, depends on a and on the incident flux.  (The more that hits the shield, 
the more that gets stopped.)  So, 
 

  (2) 
 
In the limit of Dx becoming infinitesimally small, we can apply calculus to solve for the flux, φ(x), after any 
thickness, x, of shielding. 
 

  (3) 
 

 
Doesn’t this look familiar?  (It’s the same form as the exponential decay plotted in the neutron activation 
experiment and the second dice trial.) 
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Experiment – Background 
 
As was true in the previous experiment, results must be corrected for background, i.e., radiation that does not 
come from the radioactive source being studied.  To measure the effect of background, take a 200 second count.  
Record the value and subtract it from all subsequent (200 second) measurements. 
 
Experiment – Distance 
 
Note:  Measure all distances from the axis of the Geiger Counter.  
 
Start with the  137Cs source 10 cm from the axis of the GM tube.  Using the SpecTech, count for 200 seconds.  
In Origin, enter the distance in one column and the number of counts in the next.  Then move the source back 5 
cm and repeat.  Continue moving back 5 cm until you have made a measurement with the source 30 cm back 
from the GM tube. 
 
Now, create a new column in Origin and, using the technique you learned last week, set the values in the new 
column to the number of counts column minus your background. 
 
Next, plot counts-minus-background versus distance and note the steep drop-off.  As you can see, distance is an 
effective way to reduce radiation dose.  (That’s why your dental technician doesn’t wear a lead apron, even 
though he/she might give a thousand x-rays per year.  He/she just steps out of the room – and exposure goes 
down very fast.) 
 
(Note:  Although the plot looks exponential, the function is actually 1/R2 as shown in Equation 1.  Origin is able 
to make a best fit to a 1/R2 function, so make a fit to your data using a power function.  
 
Experiment – Shielding 
 
Move the source back to 10 cm and slide the wooden block/shield holder between the source and the detector.  
Open a new sheet in Origin and put 0, 2, 4, and 6 in the first column.  Start by taking a 200 second count with 0 
shields in place and record the counts in the second column.  Then, starting near the source, place two lead 
shields in the holder, take a 200 second count, and record the result in the second column.  Repeat for 4 and for 
6 shields in place.  Then, as you did above, make a new column and subtract the background.  Plot counts-
minus-background versus distance and note the drop-off.  This time, the drop-off is exponential, as shown in 
Equation 3.  Fit a best fit line using an exponential and report the exponent. 
 
Finally, replace the shield holder with a lead brick and take a 200 second count.  Conclude by replacing the lead 
brick with an Aluminum brick and take a final 200 second count. 
 
Deliverables 
 

• This handout.  
• Graphs for the counts vs. distance and counts vs. shields, including best fit lines.  As always, graphs 

should have a title, and axes should have titles and UNITS 
• A comparison of results between the Lead and Aluminum brick runs 
• A 2-paragraph summary of your lab and results. You will have more to discuss in this lab instead of just 

talking about numerical results.  
  



Radiation Shielding 4 
 
Pre-lab Questions 
 

1. How far will a beam of 1 MeV gamma rays travel through air before half of the beam has been absorbed 
or scattered?  (Use the table below.)  Relate that distance to something that a non-scientist would 
understand. 

 
2. If your count rate in front of the first shield is 200 counts per minute (cpm) and behind one shield is 100 

counts per minute, what count rate would you expect to have behind three such shields?  Ignore drop-off 
due to distance. 

 
3. If your count rate is 100 counts per minute at 20 cm from an unshielded source, what count rate do you 

expect at 5 cm? 
 
 

 
 Table 1:  Half-thicknesses in cm to gamma radiations for common materials 
 
Material Eg = 0.01 MeV Eg = 0.1 MeV Eg = 1.0 MeV Eg = 10. MeV 
Air 150 3770 9080 28600 
Water 0.13 5.03 12.2 37.3 
Aluminum .0098 1.51 4.17 11.06 
Lead .00047 .011 0.864 1.23 
     

 

"The paradox is only a conflict between reality and your feeling of what reality ought to be." - Richard 
Feynman  


