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

2.  Mathematical Methods  Tuesday, August 10, 1999

ANSWER 6 OF THE FOLLOWING 8 QUESTIONS.  IF YOU ANSWER MORE
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.

1. Explain the similarities and differences in excitation—contraction coupling in
skeletal muscle and smooth muscle.  Your explanation should include all
events at the molecular level.

2. a)  Define oncogene.

b) What role does p53 play in the promotion of cancer.
c) Distinguish and give an example on an excitatory and an inhibitory

neurotransmitter.

3. a) Describe the underlying physical principles of Positron Emission
Tomography (PET).
b) How is this technology applied to investigate physiological function?

Give at least one example.

4. Calculate the maximum size an animal living in air can reach before a
circulation system is necessary to deliver oxygen to the tissue.

a) Solve the steady state diffusion equation for the oxygen concentration,
C(r), (where r is the distance from the center of the animal) within a
spherical animal of radius R that metabolizes oxygen at a rate of Q
molecules/s/m3.  The diffusion constant for O2 in the tissue is D.  Assume
that the air surrounding this organism is “well mixed”, meaning that the
concentration of oxygen is uniform everywhere outside the organism and
is equal to C0.  The only way that oxygen can get to the inside of the
animal is to diffuse in from the surface.
Hint 1:  the Laplacian of C, ∇2C, in spherical coordinates is
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Hint 2:  there can be no discontinuity in C(r), so C(r=R)=C0.
Hint 3:  the solution to Laplace’s equation (∇2C=0) in spherical coordinates
is A or B/r, where A and B are constants.

b) The concentration C(r) MUST be positive everywhere within the animal.
This sets a limit on the maximum size of the animal.  Find an expression
for the maximum radius, Rmax, in terms of Q, C0, and D.

c) Evaluate your edxspression to find Rmax, assuming Q = 1.0×1025

molecues/s/m3, D = 2×10-9 m2/s, and C0 = 0.5×1025 molecues/m3.



2

d) Do you think that diffusion of oxygen is the factor that limits the size of
 E. coli bacteria?

Note:  The value of C0 in c) is approximately the concentration of oxygen in
air at atmospheric pressure and room temperature.  The value of Q is typical
for bacteria, which have an unusually high metabolic rate because they are
always dividing.

5. An ideal monotamic gas expands adiabatically from 800 K, 8 atm, to 1 atm
final presure.  Calculate ΔS, ΔU, and q for the process if it is

a) reversible  (Hint: for this process 
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),

b) irreversible, doing 300 J of work,

c) irreversible against zero pressure.

6. Explain the consequences of hypovolemic shock and the physiological
processes that counteract this deviation from normal.  Your answer must
include the role of the nervous, renal, respiratory, and circulatory systems.
Explain how each system acts to counteract hypovolemic shock.  What
processes can make shock become prgressive and irreversible?

7. a)  How do Magnetic Resonance Imaging (MRI) and Magnetic Resonance
Spectroscopy (MRS) differ from each other.

b) Provide and discuss biological applications of MRI and MRS.

8. A mercury atom moves in a cubical box whose edge is 1 m long. Its kinetic
energy is equal to the average kinetic energy of an atom of an edeal gas at
1000 K.  If the quantum numbers nx, ny, and nz are all equal to n, calculate n. 


