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

Biophysical Sciences                     August 28, 2006

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

1) A sample has two proton components with the following spin characteristics:
Component A Component B

spin-lattice relaxation (s) 3.0 1.0
spin-spin relaxation (ms) 200.0 50.0
spin density 1.0 1.0

a) Design schematically a 2D imaging sequence, which has two pulse
segments: a leading inversion-recovery sequence and a subsequent 2D
imaging sequence.

b) What is the τ value (the timing between the leading 180˚ and the 90˚) in the
sequence if we want the final image to contain the signal only from
Component B?

c) What is the percentage of Component B that is left at the end of τ?
d) What is the final percentage of Component B that can contribute towards

the FID, if TE of the imaging segment is 25 ms?

2. Describe the underlying principles of these neuroimaging techniques (what
they measure and how) and include an example of their use:  positron emission
tomography (PET), magnetic resonance imaging (MRI), functional MRI (fMRI),
electroencephalography (EEG), magnetoencephalography (MEG), and optical
imaging (near infrared spectroscopy or NIRS), X-Ray or computed tomography
(CAT).

3. 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.
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4.  a) Sketch and label a normal electrocardiogram on the graph paper below
(each small box is 0.2 s horizontally, and 0.5 mV vertically).  The ECG should
have a rate of 75 bpm.

b) Explain the origin of the P wave, the QRS complex, and the T wave.
c)  Below, sketch an ECG with 3rd degree heart block

 
d) Below, sketch an ECG with ventricular fibrillation

e) Below, sketch an ECG with sinus bradycardia

 

5.  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.
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6.  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?

7.  Compare and contrast the following properties of air and water, and describe
their biological significance for aquatic versus terrestrial animals.

a)  Density
b)  Heat Capacity
c)  Attenuation of Light
d)  Diffusion constant of oxygen

8.  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.

9.  Describe the general principles, merits and pitfalls of MRI and two-photon
microscopy to measure blood brain barrier leakage and cerebral angiogenesis in
the brain in vivo.

10.  Describe in words, pictures, and equations the Hodgkin-Huxley model of a
nerve axon.


