
22.01 Introduction to Ionizing Radiation   Name:____________________ 
Fall 2003       
Professor Coderre 
Quiz # 2 
October 27, 2003       
 
 
You have 50 minutes to complete this quiz. 
This quiz is closed book. 
Please show all work on the attached sheets. 
 
Supplemental information is attached for some of the problems. 
 
This quiz consists of 4 questions worth a total of 100 points.   
 
The point values for each question are indicated in parentheses next to the question number. 
 



1. (25 points) 
Stopping Power.  High-energy carbon ions are used in radiation therapy.  
(A) What is the stopping power (-dE/dx) of 200 MeV/nucleon carbon ions in water?   
(B) What is the range of these ions in water?   
Assume that the carbon is fully stripped of electrons (+6 charge).  
Given: 
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and  
ln Iev for water = 4.312 
n = 3.34 x 1029 electrons/m3 

 



 
Mass Stopping Power –dE/ρdx and Range RP for Protons in Water 



2. (25 points) 
Neutron Activation.  A gold foil weighing 3.500 mg is irradiated with thermal neutrons for 
exactly 10 minutes.  Forty-eight hours after the end of the irradiation, the foil is placed in a 
gamma spectrometer with 100% counting efficiency and an activity of 2750 Bq is recorded. 
(A) What was the thermal neutron flux (neutrons/cm2/sec) to which the foil was exposed? 
(B) What would be the saturation activity of this gold foil when exposed to this neutron flux?   
 
Given: 
197Au (100% abundance) 
thermal neutron capture cross section, σ = 98.8 barns 
197Au + n → 198Au     
198Au   t½ = 2.7 days 

)1( t
T eNNA λσλ −−Φ==  

 
 



3. (25 points) 
A narrow beam of 25 MeV photons passes through 20 cm of concrete (ρ = 2.35 g/cm3), 100 cm 
of air (ρ = 1.29 x 10-3 g/cm3) and then through 0.5 cm of lead (ρ = 11.4 g/cm3).  The original 
fluence rate of the beam was 2 x 1010 photons/cm2/sec. 
(A) What is the fluence rate of photons in the beam that passes through the concrete without 

interaction?   
(B) What is the fluence rate of photons in the beam emerging from the lead without interaction?   
(C) What secondary, long-range radiation might be produced in the lead? 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 



4. (25 points) 
A narrow beam of 100 MeV neutrons, with a fluence of 105 n/cm2/sec, is normally incident on an 
aluminum [ ] plate.  The elastic scattering cross section of aluminum for 100 MeV neutrons 
is 0.95 barns.  The density of aluminum is 2.7 g/cm

Al27
13

3. 
 
(A) How thick must the aluminum plate be in order to reduce the number of unscattered neutrons 
emerging from the plate by three orders of magnitude?   
(B) How much would this plate attenuate a narrow beam of 100 MeV photons? 
 
  


