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原子炉物理学   REACTOR PHYSICS 
 
1. Consider an infinitely large thermal reactor. The reactor is a homogeneous reactor consisting of a uniform 

mixture of fuel and moderator. The fuel consists of  
238U and 235U. The atom densities of  238U and 235U 

in the fuel are 𝑁ଶଷ଼ and 𝑁ଶଷହ, respectively. The microscopic cross-sections of the absorption of thermal 

neutron of 238U and 235U are 𝜎௔,ଶଷ଼ and 𝜎௔,ଶଷହ, respectively. The moderator’s macroscopic cross-section 

of the absorption of thermal neutron is Σ௔,ெ. The fast fission factor, resonance escape probability, and 

average number of neutrons produced when the fuel absorbs one thermal neutron are given as 𝜀, 𝑝, and 

𝜂, respectively. Answer the following questions. Ignore the change in the composition of the fuel and 

moderator due to burn-up.  

(1) Obtain the fuel’s macroscopic cross-section of the absorption of the thermal neutron.  

(2) Obtain the ratio of the number of thermal neutrons absorbed by the fuel and that by the moderator.  

(3) Show the three conditions that the reactor is subcritical, critical, and supercritical, respectively. 

 

2. Fig. 1 shows changes in the power of a reactor when a step change in reactivity is applied to the reactor. 

When a reactivity of Δ𝑘/𝑘 = 0.5% is applied, the power gradually increases from 𝑃଴ to 𝑃ଵ. In contrast, 

applying a reactivity of Δ𝑘/𝑘 = 0.7% causes an abrupt increase in the power followed by an abrupt 

decrease to reach a steady power of 𝑃ଶ. The fuel of the reactor is low-enriched uranium. Light water is 

used as the coolant and moderator of the reactor. Answer the following questions.  

(1) Explain the reason for the large difference in the changes in the power of the reactor.  

(2) Explain why the power of the reactor does not keep increasing but starts decreasing in the case that 

a reactivity of 0.7% is applied.  

(3) Qualitatively explain the response of the reactor when a reactivity larger than 0.7% is applied. 

 

 

Fig. 1 
 


