
MIT NSE Ph.D. Qualifying Exam:  
Reactor Physics Oral Question, February 2017 

 
The MIT Graphite Exponential Pile (MGEP), constructed in 1958, is to be restarted after forty years in 
hibernation.  The pile (Fig. 1) is a large rectangular parallelepiped of 1.70 g/cc nuclear-grade graphite 
with 144 horizontal cylindrical holes - into which either graphite rods or natural uranium metal rods are 
placed.  The outer surface of the graphite pile is covered with cadmium metal sheets. 
 
The pile is subcritical when loaded with uranium, so a 252Cf source (emitting 2.0 MeV neutrons) is 
placed at the midpoint of the pedestal’s central hole to generate a neutron flux distribution within the 
pile.  Foils are distributed throughout the pile to measure neutron activation and infer flux distributions.   
 
For some experiments, a sheet of cadmium (the shutter) is inserted at the top of the graphite pedestal. 
 
Basic Neutron Physics of a pure graphite pile 
 

1. Explain the physics phenomena that are most important in determining the spatial and energy 
distribution of neutrons throughout the pile. 

2. Using the cross section data given in Fig. 2, estimate the diffusion length of neutrons in the pile 
at the most probable neutron energy. 

3. What is the flux extrapolation distance at the outer graphite surface (e.g., at the 
graphite/cadmium interface) for neutrons of the most probable neutron energy?  

 

2-D Lattice Physics of the graphite pile filled with NU rods 
 

4. Using one-group homogenized diffusion theory, derive the mathematical expression for the 
relationship between the lattice material buckling and the lattice k-infinity. 

5. Discuss the impact of altering a pile’s rod diameter and rod spacing on the lattice k-infinity. 

6. Estimate the 0.001 eV neutron escape probability from an isolated natural uranium fuel rod 

7. Explain how you would estimate the infinite lattice black Dancoff factor. 

 

3-D Homogenized Diffusion Theory flux distributions in the graphite pile filled with NU rods 
 

8. Using one-group homogenized diffusion theory, derive the general mathematical expression for 
the source-driven 3-D flux distribution in the pile 

9. Explain how one could use axial measurements of Indium foil activation rates to estimate the 
pile’s material buckling.  

 

Critical Pile Dimensions 

10. Explain how you would use one-group theory and MGEP foil activation data to predict the 
dimensions of a pile that would be critical for the MGEP rod diameter and pitch. 

11. Explain how you might use modern core analysis methods to improve upon traditional one-group 
predictions of critical pile dimensions. 



Fig. 1 MIT Graphite Pile (~ 91” x 91” x 115” or 230 cm x 230 cm x 292 cm) 

  
 

 
 

  

Pile Unit Cell (7.25” x 7.25”)  
Graphite Blocks & Bare Natural Uranium Metal Rods (3.175 cm Dia.)_ 

252Cf Source Channel 

7.5” (18.4 cm) 

0.020” thick Cd Sheet (removable) 



Fig. 2 Neutron Cross Sections  
  



Fig. 3 Indium Neutron Absorption and Decay  
  

 
Isotopic Abundances 

 


