
Phy 312 Fall 2014, Problem set 3

1. Derive Green’s theorem (Eq 3, § 8.3, B&W); you may consult § 1, Jackson if you wish.

2. In going from Eq 6 to Eq 7 (§ 8.3, B&W), they state that

• its okay to take the limit ε→ 0 on the RHS, and that

• the first and third terms give no contribution.

Justify.

3. Understand how the expression for ∂U (i)/∂n in Eq 16 (§ 8.3, B&W) comes about, and
why is it not okay to specify both U (i) and ∂U (i)/∂n on any boundary surface (B&W
do so anyway)

4. Carefully examine the argument leading to neglecting the contribution from C in going
from Eq 16 to Eq 17 (§ 8.3, B&W). How much is the allowed deviation from monochro-
maticity in order for this argument to be valid? Come up with a concrete condition on
the allowed fractional bandwidth δf/f0, where f0 is the central frequency, and see how
it depends upon parameters like slit dimension, central frequency, maximum distance
from the slit, etc.

5. In going from Eq 22 to 23 (§ 8.3, B&W), why is it okay to replace rs by r
′
s
′

in the
denominator, but not in exp[ik(r + s)]?

6. Eq 33 (Eq 3, § 8.3, B&W) gives the condition for the far-field (Fraunhoffer) condition
being satisfied. Evaluate this for a few concrete situations; e.g., how far must the
observer be from the slit for visible wavelengths for the Fraunhoffer condition to be
satisfied? How about an observer on the Earth, with an observing wavelength of 1 m?
Is the Sun in the near field, or far field?

7. Consider the Fraunhoffer diffraction pattern produced by a square slit; By what extent
does the fringe spacing increase (decrease) if the slit dimensions are increased (decreased)
by, say, 10 % ? Repeat the same exercise for a circular slit. Feel free to use whatever
assumptions you might need.

8. How/why is the image plane of a well corrected lens equivalent to the far-field?
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