
Phy 310 (Mathematical Methods in Physics) Fall 2011, Quiz 1
This is an objective test. Please indicate only your choices (e.g., a, b, etc.) on your answer sheet. You

will not be graded on anything else except your choice.

1. Evaluate ∮
1

z(1 + z)
dz

for |z| < 1. Choices: (a) 0 (b) 1 (c) 2π i (d) - 2π i

2. Same as previous problem, for |z| > 1. Choices: (a) 0 (b) 1 (c) 2π i (d) - 2π i

Hint: First identify the poles in the problem. Then use the residue theorem, which states that the
contour integral equals 2π i times the sum of the residues (the a−1s). Remember, the residue a−1 is the
coefficient of the (z − z0) term, where z0 is the pole in question.

For |z| < 1, the answer is (c), and for |z| > 1 the answer is (a). The poles are at z = −1 and
z = 0. If |z| < 1, only the z = 0 pole is enclosed by the contour, a−1 for this pole is 1. The
answer is therefore 2π i. If |z| > 1, the z = −1 pole is also enclosed. The a−1 for the z = −1
pole is -1. Therefore the sum of the residues is -1 + 1 = 0.

3. In evaluating

P
∫ ∞
−∞

exp(−iz)
z

dz

, one would choose a contour that lies along the real axis, with a detour around the pole at z = 0 and
an infinite semicircle in the a) upper half plane b) lower half plane

b) lower half plane, for the integral will diverge over the great semi-circle in the upper
half plane.

4. Consider a function

f(z) =
N∑

k=1

ck z
k

, where N is a positive number > 1. What would be the value of a contour integral of f around some
point z > 0? (a) some positive, real number (b) some purely imaginary number (c) 0 (d) 1

Answer (c): 0, for the function is analytic everywhere, and has no residues. The contour
integral over any arbitrary contour will always be 0.

5. Consider a square pulse of width a that is subjected to three successive Fourier transform operations.
If the width of the square pulse is increased, the width of the signal at the output of the third Fourier
transform will (a) decrease (b) increase (c) stay constant.

Answer: (a). An even number of Fourier transform operations brings one back to the
original domain (e.g., time or space) while an odd number brings one to the frequency
domain. An increase in width in the original domain results in a decrease in width in the
frequency domain.

6. Consider a painting that is imaged through a convex lens; at the focal plane, you insert a small opaque
disk at the center of the focal plane. The rays are then passed through suitable optics to form an
image. Would you expect the final image to be a) blurred, b) sharpened, c) something else would have
happened to the image.

(b) The pattern at the focal plane is the Fourier transform of the image. The points near
the origin represent lower (spatial) frequencies while those relatively far away represent
higher (spatial) frequencies. So inserting a stop at the center removes the relatively lower
frequencies. This would have the effect of sharpening the image.
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