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Qualifying Examination for the Ph.D. in Biomedical
SciencesMedical Physics

III.  BIOPHYSICAL SCIENCES  Thursday, August 28, 1997,  0900-
1230 hrs., 350 HH

Important Instructions:

1)  Answer 6 of the following 9 problems.  DO NOT TURN IN more than
six or you will be credited for the 6 lowest scores.

2)  Answer each problem on a separate page (or set of pages) so that your
exam can be separated and distributed to various graders.  PUT YOUR NAME
ON THE TOP OF EACH PAGE.  If you require more than one page per
problem, STAPLE all pages of a given problem (in order).  PAPER CLIP all 8
problems together at the end of the exam.

3)  You may use unannotated mathematical tables and a calculator.  The
proctor may inspect programmable calculators.

1.  a. Match the type of radiation and energy of particle with the linear energy transfer,
LET.  As a point of reference,  2.5 MeV neutrons  have an LET of 20 keV/µm.

250 keV x-ray 3.0 keV/µm

3 MeV x-ray 0.3 keV/µm

5 MeV a-particle 100 keV/µm

For parts B and C consider  a 10-10g cell nucleus (approximately 5µm  in diameter).  The
mean energy per ionization in tissue is 32 eV.  Show your work and state any necessary
assumptions.

b.  Calculate the approximate  number  of ionizations  that  result when five-hundred
 3 MeV  x-rays traverse a 5µm distance.  

c.  What  is the dose in Gy (J/kg) that results from six 5 MeV α-particles  absorbed  in
10-10g of tissue?  Use the relationship: 1 Gy = 0.6x101 9 eV/kg.

d.  Deoxyribose nucleic acid, DNA, is the critical target of ionizing radiation for
biological damage.  DNA has two complementary strands separated by 2 nm. What
particle causes more biological damage for the equivalent absorbed dose (The unit of
absorbed dose is Gy), 5 MeV α-particles or 3 MeV electrons?  Why?  Include in your
answer a statement of the linear  ionization density of  the more damaging  particle.

e. Ionizing particles with LET above 100 keV/µm have lower relative biological
effectiveness, RBE, than ionizing particles with LET equal to 100 keV/µm.  Why?
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2.  a.  The cell survival data below at left was used to produce the accompanying graph.
Use the single-hit  multi-target model of cell killing to calculate the Do, the x-ray dose
necessary to reduce the surviving fraction to 37% of its original value.

Dose
(GY)

Number of
Surviving Cells

   0   1,000,000
   1      606,531
   3      223,130
   7        30,197
 10         6,737

Do = _____________

in units of  _________ .

b. What part  of the above survival curve fit using the single-hit multi-target model
corresponds to the repair capacity of the cells to ionizing radiation?  Do you expect the
cells in part (a) to have a high capacity of repair?  Explain.  What  is the approximate
half-time of repair of most mammalian cells?   From the curve above, determine the
number of cells that would survive two doses of 5 Gy irradiations  separated in time by 1
hour?

c.  Similar cells to those shown in part (a) were deprived of oxygen such that the oxygen
enhancement  ratio, OER, was 2.5.  How many hypoxic cells would you expect to survive
a 5 Gy irradiation?  The answer to the question can be approached graphically  or by a
calculation.  Whichever  way  you choose, show your work.

d.  If the hypoxic cells were irradiated with 5 Gy of 5 MeV a-particles instead of x-rays,
what would the surviving fraction be?

3.  State and explain the first three laws of thermodynamics.  Give relationships and
physical or chemical examples  in your explanations.

4.  Give the relationship between the free energy (G), enthalpy (H), and entropy (S).
Explain how the driving forces represented  by the enthalpy and entropy affect the
direction of a chemical  reaction and further how temperature would affect the
equilibrium point of the reaction.  Use a reaction such as the dissociation of iodine:
I2 → 2I •   (endothermic)  in your discussion.

5.   One mole of an ideal gas is expanded isothermally and reversibly from 30 L to 100 L
at 300 K.

a.  What are the values of  ΔU ,ΔS ,w per mole and q per mole?
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b.  If the expansion is carried out irreversibly by allowing the gas to expand into an
evacuated container, what are the values of ΔU ,ΔS ,  w per mole and q per mole?

6.  Describe  the structure of an idealized vertebrate neuron.  Using the terms membrane,
resting potential, action potential, sodium pump, polarization and the Nernst Equation,
describe propagation of an impulse along the neuron.  Describe the structural, chemical
and electrical elements of transmission of information between nerve cells.

7   What  is metabolic rate?  Describe several ways it might be measured.  Referring to
the figures below, discuss the relationship between metabolic rate and body size for
different species, postulating the physiological basis for this relationship.

8.  Explain the consequences of hypovolemic shock and the physiological processes that
counteract this deviation form 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?

9.  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.
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