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

Mathematical Methods                     August 25, 2006

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

1. Consider a long pipe, as shown in cross
section on the right.  The thick black lines are
the walls of the pipe, and the thin gray lines
denote a grid of points for numerical
calculation.  The outer wall is grounded, and
the inner wall is held at a potential of 1 V.
Between the inner and outer walls, the
potential obeys Laplace's equation.  Use a
relaxation method and your calculator to solve
for the potential between the walls at the grid
points, correct to three significant figures.
Hint: use symmetry to reduce the number of
calculations.

   

2.  The function f(t) is periodic with period 2, and is given by

€ 

f (t) = t2 for  

€ 

−1< t <1 .

a) Plot f(t) over the range 

€ 

−3 < t < 3.
b) Calculate the Fourier series of f(t).
c) Plot the sum of the first two terms of the Fourier series.

3.  Solve the initial value problem

€ 

d2y
dt2

+ 4 dy
dt

+13y = 265cos(4t) ,        where 

€ 

y 0( ) = 2  and 

€ 

dy
dt
0( ) = 0 .

4.  Find the eigenvalues and eigenvectors of the matrix

€ 

−1 1 3
1 2 0
3 0 2
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5.  Consider a first-grade class of 25 students.  What is the probability that at least
two have the same birthday (for example, February 5 or October 10; don't worry
about the year).  Ignore any effect of leap years, and assume the birthdays are
distributed randomly.

6.  Consider the diffusion equation

€ 

∂V
∂t

= D ∂2V
∂x2

+
∂2V
∂y2
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(a) Write a computer program or algorithm to show how to solve for V, using a
simple explicit Euler algorithm.  Use whatever language you want for the
program (for example, FORTRAN), or just write out the algorithm in a clear way.
(b)  Explain how this algorithm would change if you used the Crank-Nicolson
method to solve for V.  Explain the advantages and disadvantages of the explicit
Euler algorithm and the Crank-Nicholson algorithm.

7.  The following data was obtained during a study of global warming:

t (months) T (°F)
    0 43.2
    2 39.1
    4 61.8
    6 60.0
    8 64.6
    10 55.4

Fit this data to the function

T(t) = A + B cosωt + C sinωt + Dt

where ω=π/6 (radians/month).  Use the method of least squares to calculate A,
B, C, and D.

8.  (a)  Compute the divergence and curl of the following vector fields
F=x2yi + y2xj + xyzk
F=x siny i + cosy j + xyk

(b)  Calculate the gradient and the Laplacian of the following scalar fields
V=xy(x2 + y2 - 5z2)
V=ln(x2 + y2)

9.  Large proteins consist of a number of smaller subunits that are stuck together.
Suppose that an error is made in inserting an amino acid once in every 105 tries.
If a chain has a length of 1000, what is the probability of having a chain with no
errors?  What is the chance of no errors if the chain has a length of 10000?


