
22.01 Fall 2015, Quiz #3 (Final)

December 24, 2015

Complete all the assigned problems, and show all intermediate work. Partial credit will be given generously for
showing the correct approach, even if you can’t solve the problem. Make sure to write whatever you can, to show
what you really know. Define any variables which you don’t know and keep cranking. HINT: Read all questions

before starting, to help you budget your time.

1 Conceptual Questions (10 Points Each)

1.1 Mechanistically explain five ways in which irradiation prevents the early spoilage
of food, and/or the spread of harmful agricultural pests.

 

 

 

 

 

 

  

 

1.2 Suggest three reasonable ways (lead underpants are not an option) in which
airlines could help flight attendants and pilots incur less radiation dose per unit
of flight time. Mention why you choose each one, and state which sources/forms
of radiation you are mitigating.

 
 
 
 
 
 
 
 
 
 
 
.
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1.3 Studies still disagree on whether second-hand smoke is actually dangerous. Ex-
plain from a radiological point of view why you think it is/isn’t (choose a side),
and set up an equation to estimate the increase in equivalent dose from living
with a smoker.

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

1.4 Set up, but do not solve, an expression for the equivalent dose rate in Sieverts for a
second

person standing at a distance D from a point source of gamma activity Aγ. Define
any variables you need to complete the expression.
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1.5 Rank the following types of cells in order of increasing radiation sensitivity, based
on your knowledge of acute radiation effects: Bone marrow cells, cerebral neurons,
endometrial (blood vessel liner) cells, hair follicle cells, intestinal cells in villi.
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1.6 Qualitatively and mechanistically explain the observed trend (below) in G-values
as a function of chemical species and particle energy, using your knowledge of
charged particle creation, diffusion, and stopping power:
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2 Analytical Questions (20 Points Each)

2.1 Set up, but do not solve, a complete set of equations to calculate the added
risk of long-term radiation effects (cancer, mutations) for a person standing and
permanently living within 1 km of an atomic bomb detonation delivering a 1 MeV
neutron flux of Φn and a 1 MeV gamma flux of Φγ. Consider all possible sources
of elevated radiation exposure that would result from being in close proximity to
an atomic bomb blast, and how they would become incorporated in the human
body. Define any symbols you need to represent quantities which you do not
know: Numbers aren’t important here, concepts are!



2.2 Set up, but do not solve, a complete set of equations to determine the acute,
equivalent dose to which a person was exposed by taking time-dependent mea-
surements of their white blood cell count. Graph what this function would look
like for any general case starting at the time of acute radiation exposure, and
point out the major features, slopes, or other parameters of this graph. (HINT:
Also graph the concentration of cells which produce white blood cells, and think
back to our discussion of isotope production & decay)



  

Useful Equations, Figures, and Tables Not in the Yip Book

λ2

= D
6τ

Area
Ω = (for a point source)

r2

Tables from Turner, J. E. Atoms, Radiation, and Radiation Protection, 2007. © John Wiley & Sons.
All rights reserved. This content is excluded from our Creative Commons license. For more
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Useful Figures and Tables Not in the Yip Book

Courtesy of Elsevier. Used with permission.
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