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Qualifying Examination for the Ph.D. in Biomedical Sci-
ences—Medical Physics

Theoretical Physics                 August __, 2004

ANSWER 6 OF THE FOLLOWING 9 QUESTIONS.  IF YOU ANSWER MORE
THAN 6, ONLY THE FIRST 6 WILL BE GRADED.

1. 1. a)  A body of mass m is moving in a spiral orbit given by r = r0e
kθ . Show

that the force causing such an orbit is an inverse cube force.

b) Find the variation of the angle θ  with time.  Assume θ  = 0 at t = 0.

2. Consider the potential energy function

V (x) = 0 for x < 0
V (x) =V0 for x > 0

a) Solve the 1-dimensional, time-independent Schrödinger’s equation for the
wave-function for the cases E <V0 and E >V0 .  Assume particles are inci-
dent from the left.

b) Calculate the reflection coefficient as a function of E, and plot it for
0 < E < 2v0 .

3. Given the (dimensionless) spin angular momentum operator

 
r
I = Ixî + Iy ĵ + Izk̂ and I 2 = Ix

2 + Iy
2 + Iz

2 , the raising operator I+ = Ix + iIy  and

the lowering operator I− = Ix − iIy , show I 2 = Iz2 +
1
2
(I+I− + I−I+ ) .  Show all in-

termediate steps.

4. a)  Write down Maxwell’s Equations in SI units.

b)  Show that these are consistent with the existence of scalar and vector po-
tentials, φ  and   

r 
A .  How are these potentials related to the electric and mag-

netic field vectors   
r 
E and

r 
B  ?

c) Given the Lorentz condition
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A = 0

show that separate wave equations can be derived for φ  and   
r 
A .
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5. Five grams of carbon, recently sampled from a live oak tree, gives an average
of 117 radioactive decays per minute.  Seven grams of carbon taken from oak
knife handle at an archeological siste gives an average of 72 radioactive de-
cays per minute. The half-life of Carbon-14 is 5730 years.  How old is the
knife?

6. A collection of molecular dipoles (for example, water molecules),    each of
moment p, is in thermal equilibrium at temperature T. If the dipoles experi-
ence an electric field of strength E, derive an expression for the average value
of cosθ, whereθ is the angle between the dipole and the electric field.  Deter-
mine the limits of your expression if pE<<kBT and pE>>kBT.  Interpret your
results physically.

7. Draw an energy level diagram of the hydrogen atom for principal
      quantum numbers 1, 2, 3, (neglecting relativistic effects) and assuming the
      proton to to be a point charge.  Draw a similar energy-level diagram for

thoselevels of the helium atom which correspond to the excitation of one
electro n only out of the ground state.  Point out and explain the similarities
and differences between the two diagrams.

8.   A series RLC circuit with R = 510 Ω, L = 25 mH, and C = 240 nF has an AC
source with Vmax = 17 volts, and f = 1 kHz.
a) Find the capacitive and inductive reactances and the total impedance of

this circuit.
b) Find the phase difference between the voltage and current.
c) Find the resonant frequency of this circuit, and the average power dissi-

pated in R at resonance.
d) How does the ratio of inductive reactance to resistance affect the sharp-

ness of the tuning?  Express this quantitatively.

9. What is the minimum power that a cricket must generate to jump 1 meter?
Assume the cricket has a mass of 1 gram and that it takes 0.1 seconds for the
cricket to achieve its’ maximum velocity.


