Problem Set #4/Course 22.04

Autumn 2001

Date Due:  Friday, October 26

1. What is the maximum energy of the neutrons emitted from a 210PoBe source?  For 9Be, 
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= 11.351 MeV. 

2. a)  Estimate the average energy that a 2 MeV neutron transfers to a deuteron in a single collision.

b)  What is the maximum possible energy transfer?

3. a)  Make a rough estimate of the number of collisions that a neutron of 2 MeV initial energy makes with deuterium in order for its energy to be reduced to 1 eV.

b)  Repeat part a for a 4 MeV neutron in carbon.

4. What is the saturation activity of  24Na that can be induced in a 400 g sample of NaCl with a constant thermal-neutron fluence rate of  5 x 1010 cm-2 sec–1?  The isotope 23Na is 100% abundant and has a thermal-neutron capture cross section of 0.53 barns.

5. a)  Calculate (for uranium enriched to 3% in 235U.  The thermal-neutron fission cross section of 235U is 580 barns and the thermal-neutron absorption cross section for 238U is 2.8 barns.

b)  Calculate ( for uranium fuel used at the MIT reactor.

6. In an experiment designed to measure the total cross section of lead for 10 MeV neutrons, it was found that a 1-cm-thick lead absorber attenuated the neutron flux to 84.5% of its initial value.  The atomic weight of lead is 207.21, and its density is 11.3 g/cm3.  Calculate the total cross section from these data.

7. A sample containing an unknown quantity of chromium is irradiated for 1 week in a thermal neutron flux of 1011 n/cm2/s.  The resulting 51Cr gamma rays give a counting rate of 600 counts per minute in a scintillation counter whose overall efficiency is 10%.  How many grams of chromium were there in the original sample? The reaction in this case is

50Cr + 
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The thermal neutron activation cross section for 50Cr is 13.5 barns, and 50Cr forms 4.31% by number of the naturally occurring chromium atoms.  Chromium 51 decays by orbital electron capture with a half-life of 27.8 days and emits a 0.323-MeV gamma-ray in 9.8% of the decays.  The atomic weight of Cr is 52.01.

8. A 10-MeV photon penetrates into a 100-g mass, and a pair-production interaction leads to a positron and an electron of 4.5 MeV each.  Both charged particles dissipate all their kinetic energy within the mass through ionization and bremsstrahlung production.  Three bremsstrahlung photons of 1.6, 1.4, and 2 MeV each are produced and escape from the mass before they interact.  The positron, after expending all its kinetic energy, interacts with an ambient electron as they mutually annihilate one another to produce two photons of 0.51 MeV each.  Calculate the absorbed dose. 

9. a)  What is the average absorbed dose in a 40 cm3 region of a body organ (density = 0.93 g/cm3) which absorbs 3 x 105 MeV of energy from a radiation field?

b) If the energy is deposited by ionizing particles with an LET of 10 keV/(m in water, what is the dose equivalent?

c)  Express the answers to (a) and (b) in both rads and rems as well as Gy and Sv.

10.  A portion of the body receives15 mrad from radiation with a quality factor Q = 6 and 22 mrad from radiation with Q = 10.

a) What is the total dose?

b)  What is the total dose equivalent?
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