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

Medical Physics 
 
Biophysical Sciences                         August 17, 2012 
 
 
ANSWER 6 OF THE FOLLOWING 10 QUESTIONS.  IF YOU ANSWER MORE 
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.  
 
 
1. Describe the process of photosynthesis.  Be sure to at least answer the 
following questions: 

a) Write down the overall chemical equation that describes the 
reaction that is taking place during photosynthesis (what are the 
initial reactants and final products). Be sure the equation is 
balanced 

b) In what organelle of green plants does photosynthesis take place? 
c) What metal ion is present in the molecule chlorophyll? What role 

does this ion play? 
d) Besides green plants, what other organism can undergo 

photosynthesis? 
 
 
 
 
2. State the “central slice theorem” that forms the basis for tomography. 
For full credit, prove the theorem. At the least, describe in detail how it is 
used to form images. 
 
 
 
 
3. Consider cells migrating and proliferating in a one-dimensional 
channel.  
 

 
 
Initially cells are in the left part of the channel (see the cartoon above), and 
then they invade into the right part.  

a) What continuum equation can describe this invasion (assuming 
that cell diffusion is a much faster process compared to cell 
proliferation)? (The derivation is not required). Denote the 
diffusion constant by D and the proliferation rate by α . 

b) Look for the solution in the form of propagating front and derive 
the expression for the minimal velocity of the front. 
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4. The concentration of potassium ions in plasma (K, in mM) is regulated 
by the concentration of the hormone aldosterone (A, in ng/100 ml). As 
aldosterone increases, the kidney excretes more potassium in the urine 

and the plasma concentration of potassium ions decreases 
  

€ 

K =
17.4

A
 . 

When the extracellular potassium ion concentration rises, the adrenal 

gland produces more aldosterone 
  

€ 

A =
1
200

e1.6K . 

a) Draw a block diagram of the feedback loop, including accurate 
plots of the two relationships. 

b) Calculate the operating point and the open loop gain. (Note: you 
may have to find these numerically or graphically.) 

c) Suppose the behavior of the kidney changed so 
  

€ 

K =
20
A

. Determine 
the new value of K if the regulation of aldosterone is not 
functioning (A is equal to that found in part b), and then determine 
the value of K taking regulation of aldosterone into account. 

 
 
 
 
5. Write down the Bloch equations governing a spin M in a static magnetic field 
B in the z direction. Include terms for spin relaxation. Solve the Bloch equations 
for Mx(t), My(t), and Mz(t), assuming that at t = 0, Mx=M0, My=Mz=0. 

 
 
 
 
 
6. The abstract of a recent paper, “MRI of Blood-Brain Barrier Permeability in 
Cerebral Ischemia,” by Jiang, Ewing, and Chopp (Translational Stroke Research, 
3:56-64, 2012) is given below.  
 

“Quantitative measurement of blood-brain barrier (BBB) permeability using MRI 
and its application to cerebral ischemia are reviewed. Measurement of BBB 
permeability using MRI has been employed to evaluate ischemic damage during 
acute and subacute phases of stroke and to predict hemorrhagic transformation. 
There is also an emerging interest on the development and use of MRI to monitor 
vascular structural changes and angiogenesis during stroke recovery. In this 
review, we describe MRI BBB permeability and susceptibility-weighted MRI 
measurements and its applications to evaluate ischemic damage during the acute 
and subacute phases of stroke and vascular remodeling during stroke recovery.” 

 
Define and discuss each of the underlined words or phrases. 
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7. Articular cartilage is a load-bearing tissue coating the end of bones in joint. The 
healthy tissue is composed primarily of three types of molecules: water (~ 60-
80% of wet weight), collagen fibers (~ 15% of wet weight, mainly type II collagen 
in the form of triple-helical fibrils), and proteoglycans (~ 5% of wet weight, 
having a bottlebrush like structure that is heavily sulfated (highly negatively 
charged)). None of these molecules alone is strong enough to support the weight 
of a human or animal. A healthy cartilage tissue, however, is stiff enough to 
support a human or animal weight. Describe the mechanisms that contribute to 
the weight-bearing properties of the tissue. 
 
 
 
 
 
8. JBS Haldane was once asked to name a single discovery that would falsify the 
theory of evolution, and he responded “fossil rabbits in the Precambrian.”  What 
did he mean? What evidence supports the theory of evolution? 
 
 
 
 
 
9. “Optical mapping” is often used to map the electrical behavior in the heart. 
Describe optical mapping.  Be sure to explain in detail the equipment required, 
how the experiments are made, and some of the strengths and limitations of this 
method. 
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10. The above picture is part of Fig. 11 from Hodgkin and Huxley’s 1952 
paper (“A quantitative description of membrane current and its 
application to conduction and excitation in nerve,” J. Physiol., 117:500–
544.). 

a) The caption contains the description “time course of membrane 
current during ________ ________ .”  Fill in the missing words. 
Describe the experimental method used to obtain this data in detail. 

b) Redraw curve f on your paper. Now, suppose you apply 
tetrodotoxin (TTX).  Draw as a dotted curve (superimposed on f so 
I can easily compare the two) what the membrane current would 
now look like in this case. 

c) Which trace (e, f, g, h, i, or j) corresponds to a voltage equal to the 
sodium Nernst potential? 

d) What animal was used for these experiments? Why? 
e) What is the difference between the left and right sides of this 

figure? 
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Fig. 11. Left-hand column: time course of membrane current during voltage clamp, calculated
for temperature of 40 C from eqn. (26) and subsidiaries and plotted on the same scale as the
experimental curves in the right-hand column. Right-hand column: observed time course of
membrane currents during voltage clamp. Axon 31 at 40 C; compensated feedback. The
time scale changes between d, D and e, E. The current scale changes after b, B; c, C; d, D
andf, F.
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