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

Biophysical Sciences                     August 20, 2007

ANSWER 6 OF THE FOLLOWING 10 QUESTIONS.  IF YOU ANSWER MORE
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.

1.  a) Suppose an object given by 

€ 

f x, y( ) is examined by measuring its projection

€ 

F θ, x'( ) .  Define how to calculate 

€ 

F θ, x'( )  from 

€ 

f x, y( ).  In other words, define the
projection operator.  The figure and equations below may be helpful.

b) If 

€ 

f x, y( ) =
1

x − a( )2 + y2 + b2
, calculate 

€ 

F θ, x'( ) .

c) If you measure 

€ 

F θ, x'( ) , outline one of the two commonly used algorithms (you
choose which one) to determine 

€ 

f x, y( ).  Be as clear and complete as possible.

€ 

x'= x cosθ+ y sinθ

€ 

y'= −x sinθ+ y cosθ

2.  Radiotherapy can be an effective treatment modality for many types of solid
tumor. However, cells that are acutely and/or chronically hypoxic can be
refractory to radiation-induced cell killing. Explain how current radiotherapy
treatment protocols have evolved to overcome or reduce the effects of hypoxia-
mediated radiation resistance.
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3.  Describe the biological parameters that are commonly known as the four
“R’s” of radiobiology; how these factors impact the radiosensitivity or
radioresistance of solid tumors and normal tissues and how clinical radiotherapy
is delivered with respect to these parameters.

4.  Explain the molecular biology of memory storage.  Include the dialogue
between genes and synapses.  This is the Nobel Prize work of Eric R. Kandel.
Why did he work with Aplysia?  At the physiological and anatomical level,
explain what occurs with short-term and long-term memory.

5.  Explain the structure and function of the mammalian kidney.  Include all
processes that influence filtration, excretion, and reabsorption in the nephron.
Give the major transport mechanisms in the proximal and distal tubule,
including the thick ascending duct, as well as events that occur in the collecting
duct.  Explain the rennin-angiotensin-aldosterone system.  How do diuretics
work?  How does the aquaporin channel work?

6.  Describe the structure of a protein (use molecular drawings if possible).
Explain what a protein is made from.  How does one protein differ from another?
What is meant by primary, secondary, and tertiary structure?  List some
biological uses of proteins.

7.  Discuss in words, pictures, and equations the Hodgkin-Huxley model of the
squid giant nerve axon membrane.  Your discussion should describe:
a) important ion channels and gates
b) events underlying an action potential
c) voltage clamp experiments upon which the model is based
d) the concept of refractoriness
e) what is “all-or-nothing excitation”.
Be as quantitative as possible.
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8.  Assume the stopping power of a particle, 

€ 

S = −
dT
dx

, as a function of kinetic

energy, 

€ 

T , is 

€ 

S =
C
T

.
a) What are the units of 

€ 

C?
b) If the initial kinetic energy at 

€ 

x = 0  is 

€ 

To , find 

€ 

T x( ) .
c) Determine the range 

€ 

R of the particle as a function of 

€ 

C  and 

€ 

To .
d) Plot 

€ 

S x( ) versus 

€ 

x .  Does this plot contain a Bragg peak?
e) Discuss the implications of the shape of 

€ 

S x( ) for radiation treatment using this
particle.

9.  The following is an abstract from the paper "Neurogenesis, Angiogenesis, and
MRI Indices of Functional Recovery From Stroke" (Chopp, Zhang, and Jiang,
Stroke. 2007; 38:827)

This article analyzes the mechanisms underlying the potentiation of functional recovery
poststroke by cell-based and pharmacologic agents, which amplify endogenous
neurogenesis in the subventricular zone and angiogenesis in the border of the ischemic
lesion in the animal. Discussion of the interaction between angiogenesis and neurogenesis
is provided and data are described demonstrating a role for matrix metalloproteinases
expressed in periinfarct vasculature as chemotactic for neuroblasts migrating from the
subventricular zone. Monitoring angiogenesis and structural changes in the ischemic
brain associated with functional recovery by means of MRI is described. We demonstrate
that injured brain can be stimulated to promote angiogenesis and neurogenesis, which are
coupled restorative processes that contribute to functional recovery from stroke and that
MRI indices of these neurorestorative events are highly correlative with neurologic
function and may be used in real-time monitoring of recovery from stroke.

Define and discuss each underlined word.



4

10. a) Write out the x, y and z components of the equation 

€ 

dM
dt

= γ M × B( ) if a
static magnetic field of strength B is in the z direction and an RF magnetic field is
in the y direction.  Assume that the RF field has an amplitude B' and oscillates at
the Larmor angular frequency ω: 

€ 

B' sin ωt( ).
b) Transform the equations from part a) into the rotating coordinate system

€ 

Mx = Mx'cos ωt( ) + My' sin ωt( )
My = −Mx' sin ωt( ) + My'cos ωt( )
Mz = Mz'

c) Average the equations from part b) over time.
d) Solve the equations from part c) if M is initially of strength Mo and along the z
direction.
e) For how long should the RF field be applied in order to rotate M into the x-y
plane?


