
Radiation Biology, Protection and Applications 
(PHYS-450) 

EXERCISES 
Week 11  

 

 
Problem 1: (Shielding of β-particles)� 
One curie of 32P (Eβ,max = 1.71 MeV, Eβ = 0.695 MeV) is dissolved in 50mL of water for  
an experiment. The solution is to be kept in a polyethylene bottle (ρ = 0.93 g.cm-3). 
a) How thick should the wall of the bottle be to stop all β-particles emitted by 32P? 
b) What should be the thickness of lead required to ensure that the dose equivalent rate due to 
bremsstrahlung photons is less than 1 mrem/h at 1m? 
 
Problem 2: (Shielding of photon sources)� 
Determine the thickness of an iron shield able to reduce an exposure rate of 800 mR/h from  
1 MeV photons to: 
a) 200 mR/h  
b) 150 mR/h 
N.B. : Roentgen [R] is the old unit of radiation exposure and 1R = 2.58 · 10−4 C.kg-1 of air. 
 
Problem 3: (Shielding of photon sources, buildup factor)� 
A fluence of 105 γ/cm2 of 1.5 MeV photons strikes a two cm thick piece of lead. What is the best 
estimate of the total energy that reaches a receptor beyond the lead shield? 
 
Problem 4: (Shielding of photon sources,	buildup factor)� 
Determine the thickness of an iron shield needed to reduce the exposure rate from a point source 
emitting 108 γ/s of 1 MeV to 1 mR/h at a distance of 60 cm.  
Use that the exposure rate in air for unscattered photons of energy E [MeV] is given by  
Exposure [mR/h] = 0.0658 · φ · E · (μen/ρ)air , where φ = flux of photons [cm-2.s-1] and (μen/ρ)air is the 
energy absorption coefficient for photons [cm2.g-1] of energy E [MeV]. 
 
Problem 5: (Shielding of neutron sources, buildup factor)� 
Estimate the dose equivalent rate 1m from an 239Pu-Be source that emits 3·107 neutrons/s with  
an average energy of 4.5 MeV. 
a) unshielded� 
b) shielded by 25 cm of water 

	
	



	
	
	



	
	
	



	
	
	
	
	
	
	
	
	
	
	
	
	



	

	



	

	



	

	



	

	



	



	


