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

Biophysical Sciences  August __, 2002

ANSWER 7 OF THE FOLLOWING 9 QUESTIONS.  IF YOU ANSWER MORE
THAN 7, ONLY THE FIRST 6 WILL BE GRADED.

1. Define a stem cell.  How were stem cells discovered?  What is required to
grow stem cells?  What is the impact of the discovery of stem cells on organ
physiology, cell longevity, and intervention in various diseases?  How might
this discovery benefit a patient with type 1 diabetes and another person with
type 2 diabetes?  How do these findings potentially impact on a patient with
Parkinson’s disease or a person who had an ischemic attack involving the
heart or brain?  Make sure your answers include specific factual information
and is not merely a general overview.

2.   Explain the ionic basis for the difference in the action potential of
the heart and that of the nerve. Include the changes in permeabilities as
a function of time after stimulus, channels and ions involved.  What
accounts for the long refractor period in cardiac muscle. Explain the
action of digitalis on the heart at the level of specific ion channels and
the contractile apparatus.

3. a) What does the term Basal Metabolic Rate mean?
b) Make a realistic estimate of the average number of kcalories (1 kcal = 1
dietary Calorie) you consume each day.  Using this estimate, calculate your
power expenditure, in Watts.

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

b) 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.
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c) 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.

d) Evaluate your expression to find Rmax, assuming Q = 1.0×1025

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

e) 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. If the Gibbs free Energy varies with temperature according to
G + aT + b/t + c/T2

How will the enthalpy and the entropy vary with temperature?  Show that
the equations for G, H, and S are consistent.

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 progressive and irreversible?

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

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

8. a) What is the approximate potential difference across the cell membrane?
b) What is meant by the Nernst Potential?
c) Explain the role of ion channels and pumps in maintaining charge

distributions inside the cell.  Is ATP utilized in this connection?
d) How many amino acids are found in mammalian protein?
e) Explain why codons are triplets and not doublets or quadruplets.

9. A spin-echo sequence is repeated five times to measure T2 of water (the
known T2 =400 ms).
a) Choose the time delays so that five data points have an equal amplitude

difference between any neighboring points (choose the shortest delay
equal to zero and the longest delay that gives a signal at 20% of the
equilibrium value).

b) Present the pulse sequence with timings.
c) Make a rough plot so that the relaxation time can be calculated from the

slope of a straight line and estimate the T2 using the slope of the line.


