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

Biophysical Sciences                     August __, 2004

ANSWER 6 OF THE FOLLOWING 8 QUESTIONS.  IF YOU ANSWER MORE
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.

1. What is proteomics?  How is the information acquired?  What new insight is
provided?  Why is information from both DNA sequencing and proteomics
needed?  Include a discussion of protein folding?

2. a)  Define oncogene.

b) What role does p53 play in the promotion of cancer.
c) Distinguish and give an example on an excitatory and an inhibitory

neurotransmitter.

a) Describe the underlying physical principles of Positron Emission
Tomography (PET).
b) How is this technology applied to investigate physiological function?

Give at least one example.

3. Suppose the cardiac restitution curve is given by

APDi+1 = 300(1− e
−DIi /100 ) , where DIi+1 = CL − APDi+1 .

a) Explain qualitatively what cardiac “restitution” is.  What do
     APD, DI , and CL stand for?

b)Let CL = 400ms , and DI1 = 200ms .  Calculate  APDi and DIi for ten
iterations.  Describe the results physically.

c) Let  CL = 300ms, and DI1 = 200ms.  Calculate  APDi and DIi for ten iterations.
Describe the results physically.

d)Let  CL = 200ms, and DI1 = 200ms.  Calculate  APDi and DIi for ten iterations.
Describe the results physically.

e)Let CL =100ms, and DI1 = 200ms.Calculate APDi and DIi for twenty iterations.
Describe the results physically.



2

4. An ideal monotamic gas expands adiabatically from 800 K, 8 atm, to 1 atm
final presure.  Calculate ΔS, ΔU, and q for the process if it is

a) reversible  (Hint: for this process 
  
CPl n

T2
T1
= Rl n P2

P1
),

b) irreversible, doing 300 J of work,

c) irreversible against zero pressure.

5. 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 can make shock become prgressive and
irreversible?

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

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

8.   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.

9.   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.


