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

Medical Physics 
 
Biophysical Sciences                         August 20, 2010 
 
 
ANSWER 6 OF THE FOLLOWING 10 QUESTIONS.  IF YOU ANSWER MORE 
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.  
 
 
1. Describe the underlying principles of five of the following eight 
neuroimaging techniques (what they measure and how) and include an 
example of their use:  
 Positron Emission Tomography (PET) 
 Magnetic Resonance Imaging (MRI)  
 Functional MRI (fMRI),  
 Diffusion Tensor Imaging (DTI) 
 Electroencephalography (EEG) 
 Magnetoencephalography (MEG) 
 Optical imaging (near infrared spectroscopy or NIRS) 
  X-Ray or Computed Tomography (CT)  

 
 

2.  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. 
 
 
 
 
3. Derive the passive, one-dimensional cable equation for an unmyelinated nerve 
axon. Express the time and space constants in terms of the axon’s membrane 
capacitance per unit length, c, membrane conductance per unit length, g, and 
longitudinal resistance per unit length r. To get full credit, you must show the 
entire derivation (just writing down the cable equation will only get you partial 
credit). State any assumptions you make in your derivation. 
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4.    Fill in the answers or circle the correct answers for the following questions. 

1. The Fourier Transform (FT) of SINC is _________________. 
2. The FT of Lorentzian is ________________. 
3. The FT of a spike is ________________. 
4. The energy of the m=-1/2 spin state is higher or lower than that of the 

m=1/2 spin state. 
5. The population of the spin-up state is higher or lower than that of the 

spin-down state. 
6. The resonant peak of oil (~1ppm) appears at the left or right of that of 

water (~4.7ppm). 
7. The oil peak resonates at a higher or lower field than the water peak. 
8. The nuclear __________ interaction can be minimized at the magic 

angle for simple liquids. 
9. The T2 relaxation occurs when the magnetization is in the transverse 

plane or along the z axis.  
10. For a weakly coupled AX system, MH

Cα leads or lags behind MH
Cβ  in the 

transverse plane. 
11. The proton spectrum of a first-order quartet has the intensity ratio as 

___ ___ ___ ___. 
12. A pulse with a long-time duration is said to be a soft or hard pulse. 
13. A soft pulse excites the spins in a narrow or wide range of frequencies. 
14. An 8-bit ADC has a digital resolution of ___________ %. 
15. The S/N increases as n2 or n1.5 or n1 or n0.5 where n is the number of 

accumulation. 
 
 
 
5. Hemoglobin was one of the first proteins whose structure was determined. 
a) Describe hemoglobin’s physiological role. Where is it found in the body? 
b) Describe any kinds of atoms that are important in hemoglobin but not found 
in most proteins. 
c) Compare and contrast hemoglobin and myoglobin. 
d) Sketch curves showing the oxygen saturation versus oxygen partial pressure 
for both hemoglobin and myoglobin. 
e) Describe the disease “sickle cell anemia” and explain its relationship to 
hemoglobin. 
f) What experimental technique was used to first determine the structure of 
hemoglobin? 
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6.  Explain in detail what is being summarized in the table below. Tell what all 
the symbols and letters mean.  
 
 

 
 
 
 
7. The following is an abstract from the paper "Neurogenesis, 
Angiogenesis, and MRI Indices of Functional Recovery From Stroke" 
(Chopp, Zhang, and Jiang, Stroke. 2007; 38:827) 

This article analyzes the mechanisms underlying the potentiation of functional 
recovery poststroke by cell-based and pharmacologic agents, which amplify 
endogenous neurogenesis in the subventricular zone and angiogenesis in the 
border of the ischemic lesion in the animal. Discussion of the interaction between 
angiogenesis and neurogenesis is provided and data are described demonstrating a 
role for matrix metalloproteinases expressed in periinfarct vasculature as 
chemotactic for neuroblasts migrating from the subventricular zone. Monitoring 
angiogenesis and structural changes in the ischemic brain associated with 
functional recovery by means of MRI is described. We demonstrate that injured 
brain can be stimulated to promote angiogenesis and neurogenesis, which are 
coupled restorative processes that contribute to functional recovery from stroke 
and that MRI indices of these neurorestorative events are highly correlative with 
neurologic function and may be used in real-time monitoring of recovery from 
stroke. 
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Define and discuss each underlined word. 
 
 
8.  The following is an oversimplified model of calcium regulation. Calcium is 
stored in body fluids and bones. The calcium concentration C (mg/liter) in the 
blood obeys the equation 
 

    

€ 

4 dC
dt

+1.5C = 90 + ˙ Q r + ˙ Q iv  ,   (1) 
 
where t is the time (hours), 

€ 

˙ Q r  is the rate of reabsorption of calcium from bone 
into the blood (mg/hour), and 

€ 

˙ Q iv  is the rate of intravenous infusion of calcium 
(mg/hour). Through a mechanism involving a parathyroid hormone, the rate of 
reabsorption depends on the calcium concentration as 
 
     

€ 

˙ Q r = 210 −1.5C  .   (2) 
 
a) Draw a block diagram of the feedback loop with variables C and 

€ 

˙ Q r . 
b) Find the steady-state values of 

€ 

˙ Q r  and C when 

€ 

˙ Q iv=0. 
c) Now, begin intravenous infusion at a rate 

€ 

˙ Q iv=30. Find the new steady-state 
values for 

€ 

˙ Q r  and C, and the time constant for approaching steady state. 
d) If the parathyroid gland is removed, Eq. 2 no longer holds and 

€ 

˙ Q r  does not 
change. If intravenous infusion begins at a rate 

€ 

˙ Q iv=30, find the new steady-state 
values for 

€ 

˙ Q r  and C, and the time constant for approaching steady state. 
e) Comment on the physiological role of Eq. 2 (how does it influence calcium 
regulation). 
 
 
 
 
 
9.  What is being shown in the figure below? Be as detailed as possible. In 
particular, explain the differences between the left, middle, and right sections of 
the figure. What are the units and scales on the vertical and horizontal axes? 
How would you treat a patient who was in the situation on the right side of this 
figure. 
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10.  Describe the structure of the cell membrane. Draw a picture of a 
membrane, and include a bar showing the distance scale. Be sure to 
explain what sorts of molecules make up a membrane. Give examples of 
special jobs the membrane has.  
 
 
 
 


