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Biomedical Sciences—Medical Physics
Qualifying Examination in Biological Sciences

September 24, 2003

Answer 6 of the following 9 questions.   If you answer more than 6, please
indicate which you want graded.

#1 Define and discuss the blood brain barrier (BBB).  What is the biological
purpose of the BBB?  Under what conditions is the BBB disrupted?  Describe
ways to measure the integrity of the BBB.  Include a non invasive measurement
which can be employed in humans as well as quantitative methodology for ex
vivo measurements.

#2  Magnetoencephalography (MEG) can detect the magnetic “evoked field”
arising from a compact bundle of cortical neurons firing together in response to
an external stimulus.  Assuming the head is a sphere with uniform isotropic
conductivity, estimate the number of neurons in a compact bundle that would
give rise to a magnetic field of 1 pico-Tesla (1pT=10-12 T) at the surface of the
head.  Carefully explain all the assumptions that you make.

#3 Define a stem cell. 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 with type 2
diabetes? How do these findings potentially impact on patients of Parkinson’s
disease or a person who had an ischemic attack involving the heart or brain?  Try
to make sure your answer includes specific factual information and is not merely
an overview.

#4 Explain the consequences of hypovolemic shock and the physiological
processes that counteract this deviation from normal.  Include the role of the
nervous, renal, respiratory and circulatory systems in counteracting hypovolemic
shock.  What processes make shock progressive and irreversible?

#5  Discuss in words, pictures, and equations, the Hodgkin-Huxley model of the
squid giant nerve axon membrane.  Your discussion should describe 1) the
important ion channels and gates; 2) the events underlying an action potential;
3) what are  voltage clamp experiments; 4) the concept of refractoriness; and     5)
what is “all-or-nothing excitation”.  Be as quantitative as possible.

#6  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 functions of time
after stimulus.  Note the channels and specific ions involved.  What accounts for
the long refractor period in cardiac muscle?  Explain the action of digitalis on the
hear at the level of specific ion channels.  What is the overall effect of digitalis?
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#7 The transmembrane potential in a space-clamped membrane is governed by
the equation

€ 

C dV
dt

+
V
R

= I(t)  ,

where C is the membrane capacitance (F/m2), R is the membrane resistance
(ohm·m2), and I(t) is the stimulus current (A/m2).  Assume that resting potential
corresponds to V=0 , and the membrane is at rest before the stimulus.
Furthermore, assume the stimulus is a square pulse of amplitude Io and duration
d.  Finally, assume that if V gets larger than Vo, an action potential will fire.

a) Derive an expression for the strength-duration curve (Io as a function of d
for a threshold strength stimulus).

b) Plot Io versus d.
c) Determine the rheobase (current strength for a long duration stimulus)

and chronaxie (duration for a threshold stimulus with a strength twice
rheobase).

d) An empirical version of the strength-duration curve is written as

€ 

Io = A +
B
d

Find A and B in terms of Vo, C,  and R, so that the this expression and
yours from part a have the same rheobase and chronaxie.

e) Using the expression in part d, determine the duration that corresponds to
the lowest energy pulse (energy=Io

2 d).

#8 a) Outline the physics underlying Positron Emission Tomography (PET), and
explain how a PET device functions.

     b) Assume that the resolution of a diagnostic device is 0.8 mm.  A certain
cancer has a 12 hour cell cycle time, with each cell having a diameter of 20
µm.  If a single such cell is transported (metastasizes) to certain region of
the body, estimate how many days later the resulting lesion may become
detectable in that region.

#9 The brain has a unique blood distribution system.  What is it?  Describe ways
to measure cerebral blood flow.  Include MR methodology as well as an
ultrasound approach.


