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Qualifying Examination for the Ph.D. in Biomedical Sciences—

Medical Physics 
 
Biophysical Sciences                         August 26, 2016 
 
ANSWER 6 OF THE FOLLOWING 10 QUESTIONS.  IF YOU ANSWER MORE 
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.  
 

1. Consider the following growth model 21 N
K
NN

dt
dN
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⎛ −=  (all the 

parameters are positive). Find the fixed points and determine their stability 
both graphically and by linear stability analysis. Notice that different 
regimes are possible depending on the values of parameters. For each regime 
determine the population size at large times depending on initial conditions. 
 
 
2. Describe in detail the spin-echo sequence in nuclear magnetic resonance, 
using words and pictures. Explain the mechanism that leads to an echo. In 
particular, draw a pulse sequence showing the types and timing of RF pulses 
required for spin-echo measurements. In your discussion, be sure to explain 
the difference between T2 and T2*. How is the production of echoes in “echo 
planar imaging” different from the production of echoes in traditional spin-
echo imaging? 
 
 
3.  Discuss the biological parameters that are commonly known as the four 
“R’s” of radiobiology. Explain how these factors impact the radiosensitivity 
or radioresistance of solid tumors and normal tissues and how clinical 
radiotherapy is delivered with respect to these parameters. 
 

4. Assume the stopping power of a particle, 

€ 

S = −
dT
dx

, as a function of kinetic 

energy, 

€ 

T , is 

€ 

S =
C
T

, where 

€ 

C  is a constant.   

a) What are the units of 

€ 

C ?   
b) If the initial kinetic energy at 

€ 

x = 0  is 

€ 

To , find 

€ 

T x( ) .   
c) Determine the range 

€ 

R of the particle as a function of 

€ 

C  and 

€ 

To .   
d) Plot 

€ 

S x( ) versus 

€ 

x .  Does this plot contain a Bragg peak? 
e) Discuss the implications of the shape of 

€ 

S x( ) for radiation treatment using 
this particle. 
 
 
 
5. What is the annual background radiation dose (in sieverts). Describe the 
four main contributors to the natural background radiation, and discuss 
their relative importance.  
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6.  What are enzymes? Describe their structure and their role in biology. Give three 
examples. Be sure to include the following ideas in your answer: activation energy, 
substrate, product, catalysis, active site, co-factor, competitive inhibition, allosteric 
inhibition, Michaelis-Menton kinetics, “-ase”. 
 
 
7.  What is “homeostasis”? Give three examples of negative feedback loops in 
physiology. 
 
 
8. Suppose you grow E. coli in a medium containing the rare but stable 
isotope of nitrogen, 15N. At some time t = 0 remove some of the E. coli from 
this medium and grow it in another medium containing the normal isotope 
of nitrogen, 14N. Then, at different times place DNA from the E. coli into a 
density gradient centrifuge and measure where along the gradient the DNA 
settles.  
a) Describe qualitatively what you would expect to see at t = 0, before any of 
the E. coli reproduce. Your answer should contain a brief explanation of a 
density gradient centrifuge. 
b) Assume DNA replicates semiconservatively: replication produces two 
new DNA molecules, each containing two strands: one a strand from the 
original DNA molecule and another new strand produced from the medium. 
Describe what you would expect to see at t = t1, where t1 is the time required 
to produce one new generation of E. coli. Describe what you would expect to 
see at t = 2 t1.   
c) Repeat part b) assuming DNA replicates conservatively: each replication 
produces two DNA molecules, one containing the original two strands and 
the other containing two new strands.   
d) Repeat part b) assuming DNA replicates dispersively: each replication 
produces two new DNA molecules, both containing a mix of the original and 
new DNA.   
 
 
9.  Magnetic resonance imaging uses many types of magnetic field gradients. 
Compare and contrast the following types of gradients: a slice selection 
gradient, a readout gradient, a phase encoding gradient, a diffusion gradient, 
the prephasing lobe of a gradient, a gradient to produce gradient echos, and 
a spoiler gradient. Be sure to explain the purpose of each type of gradient. 
Use drawings of pulse sequences if you find that helpful. 
 
  
10. In tissue irradiated by x-rays, energy is transferred back and forth 
between photons and electrons. Describe in detail the mechanisms by which 
photons produce electrons, and the mechanisms by which electrons produce 
photons.  


