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NRE/MP Radiation Detection & Protection  
 
Answer 4 of the following questions. 
 
 
1. Describe two different systems (including the detector type and the associated electronics) that can 

both be used to measure neutron and gamma events separately in a mixed field of neutrons and 
gamma-rays, and describe the pros and cons of each system. 

2. You are to determine the half-life and activity of a very weak 116mIn sample based on two consecutive 
1-hr measurements with a GM counter.  Given that the two measurement results are 1000 counts and 
475 counts, respectively, and that the detection efficiency of the GM counter is 40% (i.e. it measures 40 
counts per 100 disintegrations of 116mIn atoms), 

 a. calculate the half-life and the standard deviation (or error) associated with it. 
 b. calculate the initial activity (in dpm) and the associated error of the sample. 
 Note: you may ignore the background count. 
3. A narrow beam containing 1020 photons at 6 MeV impinges perpendicularly on a layer of lead 12 mm 

thick, having a density of 11.3 g/cm3. See attachment A for necessary data. 
a. How many interactions of each type (i.e., photoelectric, Compton, and pair) occur in the lead? 
b. How much energy is transferred to charged particles due to pair production interactions in a) 

above? 



ATTACHMENT A 
 

Note: Perform a linear interpolation of the table values if necessary. 
 

Photon interaction cross section data for Pb 
 

Scattering Pair Production Total Attenuation 
(required) 

Photon 
Energy  

Coherent 
 

Incoherent 

 
Photoelectric 
Absorption 

 
In Nuclear 

Field 

 
In Electron 

Field 

 
With Coherent 

Scattering 

 
Without 

Coherent 
Scattering 

MeV cm2/g cm2/g cm2/g cm2/g cm2/g cm2/g cm2/g 
1.000E+00 2.99E-03 4.99E-02 1.81E-02 0.00E+00 0.00E+00 7.10E-02 6.80E-02 
1.022E+00 2.87E-03 4.94E-02 1.73E-02 0.00E+00 0.00E+00 6.96E-02 6.68E-02 
1.250E+00 1.93E-03 4.48E-02 1.17E-02 3.78E-04 0.00E+00 5.88E-02 5.68E-02 
1.500E+00 1.35E-03 4.07E-02 8.32E-03 1.81E-03 0.00E+00 5.22E-02 5.09E-02 
2.000E+00 7.63E-04 3.48E-02 5.03E-03 5.45E-03 0.00E+00 4.61E-02 4.53E-02 
2.044E+00 7.30E-04 3.44E-02 4.85E-03 5.77E-03 0.00E+00 4.58E-02 4.50E-02 
3.000E+00 3.41E-04 2.74E-02 2.63E-03 1.19E-02 9.59E-06 4.23E-02 4.20E-02 
4.000E+00 1.92E-04 2.29E-02 1.72E-03 1.71E-02 3.91E-05 4.20E-02 4.18E-02 
5.000E+00 1.23E-04 1.98E-02 1.26E-03 2.15E-02 7.77E-05 4.27E-02 4.26E-02 
6.000E+00 8.54E-05 1.75E-02 9.89E-04 2.52E-02 1.19E-04 4.39E-02 4.38E-02 
7.000E+00 6.28E-05 1.57E-02 8.10E-04 2.85E-02 1.60E-04 4.53E-02 4.52E-02 
8.000E+00 4.81E-05 1.43E-02 6.84E-04 3.15E-02 2.00E-04 4.67E-02 4.67E-02 
9.000E+00 3.80E-05 1.32E-02 5.91E-04 3.42E-02 2.38E-04 4.82E-02 4.82E-02 
1.000E+01 3.08E-05 1.22E-02 5.20E-04 3.67E-02 2.74E-04 4.97E-02 4.97E-02 
 
In the following table, 1st column → hν; 2nd column → eσ; 3rd column → eσsc; 4th column → eσtr 
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4. A 10-Ci point isotropic source of 42K is located behind a lead shield with the thickness of 13 cm. 

Without a shield, the exposure rate at 1 m from the source is known to be 1.37 R h-1.  What will be the 
exposure rate at 1 m from the same source with a lead shield in place? 
Note: 1 Ci = 3.7 × 1010 Bq, ρPb = 11.3 g/cm3. See attachment B tables for buildup factors and photon 
attenuation coefficients. You may neglect β-particles for this problem. 
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ATTACHMENT B 
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5. A 600-MeV parallel alpha beam impinges on a person.  Assume the person is 30 cm thick, semi-infinite 

slab of striated muscle (1 g/cm3).  The incident intensity of the beam is 106 alpha particles per second 
per cm2.  Data for alphas in striated muscle are attached. 
a. What is the absorbed dose rate (Gy/s) at a depth of 8 cm in the person.   
b. Does the thickness of the “person” exceed the range of the alpha particle? 
c. Assuming that the maximum of the Bragg peak occurs at the maximum stopping power or LET, at 

what depth in the phantom does it occur? 
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ALPHA DATA FROM ICRU REPORT 49 
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6. The air concentration of Cs-138, the short-lived particulate progeny of Xe-138, is found at a research 

reactor be in the air at a concentration of 400 Bq/cm3.   
a. Air is sampled through a particulate filter at a flow rate of 3.5 liters/minute (1 liter – 1000 cm3).  The 

collection efficiency of the filter is 90%.  Starting with a fresh filter, what quantity of activity remains 
on the filter at the end of a 33-minute sampling period? 

b. What activity of Cs-138 would be present on the filter at equilibrium?  Assume the air concentration 
is always the same. 

c.  If the filter is used to sample until the equilibrium amount of Cs-138 attached to it and then 
immediately (no decay before it is loaded into the detector) counted for 10 minutes with a GM 
counter that has a 10% absolute detection efficiency, how many total counts are observed? 

Half-life of Cs-138 = 33 minutes. 
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