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1. [25 pts]  A speaker at rest on the ground emits a tone with frequency fs.

 A. [8 pts]  Observer A moves directly toward the speaker
with steadily decreasing speed.  At time t1, observer A
has a speed of vo, as shown in the figure at right.

i. [4pts]  Is the frequency measured by observer A at
time t1 greater than, less than, or equal to fs?
Explain.

As the observer approaches the speaker, the observer
passes over more wavefronts in a given amount of time than
the speaker is emitting (or than the observer would receive if at rest relative to the speaker), so the
measured frequency is greater than fs.  (This is the Doppler shift:  f’ = f [(vsound + vobs) / vsound]. )

ii. [4 pts]  Is the frequency measured by observer A at time t1 greater than, less than, or equal to
the frequency measured by observer A a short time later, at time t2?  Explain.

The measured frequency depends on the speed of the observer; the higher the speed of the approaching
observer, the higher the measured frequency.  Since observer A has a greater speed at time t1,  the
frequency at time t1 is greater than that at time t2 .

B. [12 pts]  In addition to observer A,
observers B, C, and D each move with a
constant speed directly toward the
speaker, as shown in the figure at right.

i. [4 pts]  At time t1, is the frequency
measured by observer A greater than,
less than, or equal to the frequency
measured by observer C?  Explain.

At time t1 , observers A and C have the same
speed, so the frequencies they measure are
equal to one another.  (Note:  the fact that observer A’s speed is changing does not affect the result.)

ii. [4 pts]  At time t1, is the frequency measured by observer B greater than, less than, or equal
to the frequency measured by observer C?  Explain.

At time t1 , observer B is moving with a greater speed than observer C, so B measures a frequency greater
than what C measures.  (Note:  the fact that observers B and C have the same position relative to the
speaker does not affect the result.)

iii. [4 pts]  At time t1, is the frequency measured by observer B greater than, less than, or equal
to the frequency measured by observer D?  Explain.

At time t1 , observers B and D have the same speed, so the frequencies they measure are equal to one
another.  (Note:  the fact that observers B and D have different positions relative to the speaker does not
affect the result.)

C. [5 pts]  Observer C is traveling with a speed of 25 m/s.  She measures the frequency from the
speaker to be 440 Hz, a perfect concert A. .  (The speed of sound in air is 343 m/s.)

Find fs.  Show your work and explain your reasoning.

f’ = f [(vsound + vobs) / vsound], where f is the frequency in the rest frame of the source and f’ is the frequency in
the rest frame of (i.e., measured by) the observer.  We want to solve for f.  Rearranging terms to solve for
f gives

f = f’ [(vsound / (vsound + vobs)] f’ = 440 Hz,  vsound = 343 m/s, vobs = 25 m/s
fs = 440 Hz [(343 m/s)/(368 m/s)]
fs = 410 Hz
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2. [25 points total]  Parts A and B of this problem are independent.

A. In two different experiments, a very small bulb is held next to a spherical frosted bulb, as shown
below.  (A frosted bulb is uniformly lit over its entire surface.)  In each case, a mask with an F-
shaped hole in it is placed between the bulbs and the screen.  In the second experiment, the top
half of the frosted bulb is covered with an opaque covering.

[16 pts]  On each diagram below, sketch what you would see on the screen in that case when the
bulbs are turned on.  No explanation is required.

In the experiment on the left, the small bulb makes an F on the screen.  The frosted bulb can be
modeled as many small bulbs arranged in a circular shape; the shape on the screen can be thought
of as a large number of F's arranged in the shape of a circle, for an overall shape that is round and
slightly irregular.  Similar reasoning gives the shape in the second experiment.

B. An EM plane wave travels in the +z direction.  Three identical bulbs (A–C), each connected to
identical, long conducting rods, are positioned so that the rods all lie in the x–y plane.  (The EM
plane wave is not shown.)  It is observed that bulbs B and C glow, but not bulb A.

[9 pts]  Is bulb B brighter than, dimmer than, or
the same brightness as bulb C?  Explain your
reasoning.

The greater the component of the electric field
along the direction of the device, the greater the
brightness of the bulb.  If bulb A does not glow, the
electric field must be oriented perpendicular to the
device containing bulb A, that is, in one of the two
directions shown.  The device containing bulb B
makes a 45° angle with the electric field, and the
device containing bulb C is parallel to the electric
field, so bulb B is dimmer than bulb C.
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