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1. (20%, each 5%) Briefly explain the following terms:
A. Q-value of nuclear reaction '
B. Microscopic and macroscopic cross sections
C. Fissile and fissionable materials
D. ke and the four-factor formula

2. (20%) Nuclear reactors are powered by fuel containing fissile material (U-235 or
Pu-239). A certain nuclear reactor is fueled with 1500 kg of uranium rods enriched
to 20 wt% U-235. The remainder is U-238. The density of the uranium is 19.1
g/cm®. (a) How much U-235 is in the reactor? (b) What are the atom densities of
U-235 and U-238 in the rods?

3. (20%) Tsing Hua Open-pool Reactor is a reaserch reactor using TRIGA fuel at
20% enrichment with a U-235 critical mass of about 9 kg. Assume the ractor
volume is 40x40x40 cm® and the fission cross-section in the reactor is 0.1 cm™. If
the reactor has a neutron flux of approximately 10’3 neutrons/cm?2.s, please
calculate the operating power of the reactor?

4. (20%) The following table summarizes values of the buckling (5?) and flux for
critical bare reactors of various shapes. Please explain the meaning of the buckling
and derive the one-group critical equation for a bare reactor as follows. L is called

the diffusion length.
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TABLE 6.2 BUCKLINGS, B2, AND FLUXES FOR CRITICAL BARE REACTORS (ASSUMING 4 IS
SMALL)
Geometry Dimensions Buckling Flux A Q
Infinite slab Thicknessa  (£)° Acos () 1.57P/aExX, 1.57
Rectangular ' . i ' wx x -

paraﬁe!cp\ipad ax bxc (E-)2 -l-(;)2 + (;)2 Acos(ZX)cos (32 )cos ()  387P/VEREL, 3.88
Infinite cylinder - Radius R (242)? Al (352) 0.738P/R*ExX;  2.32
Finite cylinder Radins R

Heigh H  (22)* 4 (z)? AJo (2422) cos (%) 3.63P/VE:E;  3.64

Sphere Radius R &7 Alsin (%) P/AREpT; 3.29
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5. (20%) The following figure shows the mass attenuation coefficients (i/p) for a
number of elements or mixtures as a function of gamma-ray energy. Please derive
and exaplin why the values of p/p tend to be roughly the same for all elements at
energies around 1~2 MeV?
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