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1. [25pts] A spesker at rest on the ground emits a tone with frequency f..
A. [8 pts] Observer A moves directly toward the speaker

with steadily decreasing speed. At timet,, observer A Sppker T’”d OTSB“’ Adtimel | avefronts
has a speed of v,, as shown in the figure at right.
i. [4pts] Is the frequency measured by observer A at [ <o
time t, greater than, less than, or equal to f.? _
Explain. bservier A noves with
steadily|decrgasing|speed
As the observer approaches the speaker, the observer Spea{ o

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 fg. (This is the Doppler shift: f = f [(Voouna * Vobs) / Vsounal- )

ii. [4pts] Isthe frequency measured by observer A at time t, greater than, less than, or equal to
the frequency measured by observer A a short time later, at time t,? 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 t, the
frequency at time t, is greater than that at time t,.

B. [12 pts] In addition to observer A, Observer A moves with steadily decreasing speed;

observers B, C, and D each move with a All other observers move with constant speed wavefronts
constant speed directly toward the N
speaker, as shown in the figure at right. <[]
decfeasini

i. [4pts] Attimet,, isthe frequency . \ .

measured by observer A greater than, [ ——{ B ] <2 D[|

less than, or equal to the frequency

measured by observer C? Explain. Yo

. er congtant
At time t,, observers A and C have the same Speﬂ

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. [4pts] Attimet,, isthe frequency measured by observer B greater than, less than, or equal
to the frequency measured by observer C? Explain.

At time t,, 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. [4pts] Attimet,, isthe frequency measured by observer B greater than, less than, or equal
to the frequency measured by observer D? Explain.

At time t,, 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. [5pts] Observer Cistraveling 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 f,. Show your work and explain your reasoning.

' = [(Veoung T Vobs) / Vsounal, Where T 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
f, =440 Hz [(343 m/s)/(368 m/s)]
f. = 410 Hz
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[25 points total] Parts A and B of this problem are independent.

A. Intwo 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 opague 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.

PERSPECTIVE VIEW PERSPECTIVE VIEW

Screen Screen

Mask with

Mask with F-shaped hole

F-shaped hole

////

Spherical frosted bulb
and very small bulb

NP

7
Spherical frosted bulb
and very small bulb

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
dlightly irregular. Smilar 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 al lie in the x—y plane. (The EM
plane wave is not shown.) It isobserved that bulbs B and C glow, but not bulb A.

[9 pts] Isbulb B brighter than, dimmer than, or . .
the same brightness as bulb C? Explain your y All rods orientedxHy plane
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 Z)
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.

A

C 45°

SIDE VIEW DIAGRAM
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(10 pts] Two capacitors are made of * denotes a vector into the page.
parallel circular plates separated by the :
same distance. In case 1, the plates have
radius 2R; in case 2 the plates have radius R.
The voltage across each capacitor is given
by V=V, + oz (where V, and aare positive
quantities.)

Case 1

Case 2
Two points, A and B, lie in a plane parallel
to the capacitor plates that passes midway

A @ B
between them. Point A is 4R from the center

of capacitor 1; point B is 4R from the center of capacitor 2. The diagram above shows the direction
of the electric field between the plates for both cases. Ignore fringing fields (i.e., assume that the
electric field inside the capacitor is uniform and that it is zero outside). .

i. What mthe direction of the magnetic field at point A at the instant shown? Explain how you
detew your answer. V is in ¢creasmg » £ ;s merea fimg D 51414: *ﬁﬂﬂjh
@ Crrecdor A’@M‘aq /p Heart Passes #hotg b poirt A s _mereasmg

rn o D C_L_Q;— 7 Tve so £ j/'t(d— 15 Nnen -7ev ancl /s e(/rlcféfl _POW af A
M‘;m*"” ae . ( $Eas >0 .
Dea V({’b’ ii. Is the magnitude of the magnetic field at point less than or equal to the magnitude
h Ynding of the magnetic field at point B? Explain how yourdetermimed your answer. .
i/,uwl;ajt /n cach case 52’[4R) '/u;é. f{_gr é./ [A whet 1n YAS ((lt A ,g 'g_wa -’/ ;
. ( A eAdE S AAS ég;,»égg,»e;
o - AL ot ‘. *
B. An eléctroinagnetic plane wave of wavelength 15 cm is y * (The magnenc field
- propagating in the negative x-direction. The diagram at E is not shown.)
right is a representation of the electric field in a region near
point P, where the electric field is in the negative )\-direction \ ' ’
at the instant shown and the intensity is 450 W/mZ. S A *\ p
The magnetic field is not shown. 2 */ \* V’
\ X
i. [3 pts] What is the direction of the magnetic field A\ } \l\l}/
at point P at the instant shown? Explain how you N2
determined your answer. _ .
Paj”"";’j vechv § gwves gdarn o ?,opé:jaﬁw‘ -
) a - - 3 2 . —ve uelrn at P >
~Jx E=-g : Tl £y k Sismvexara € E is5n J
)

A~ B must be 4 ‘*uc 2?*'/’
ii. [3 pts] What is the magnitude of the magnetic field at point P at the instant shown?

“SLE,E, £ £, cB 3 I=cB: » K -/2 _-I | e
Z Zu" £ Em m D [% EM 74:0 OSK
or =/ §ur07¢ T

ii. [9 pts] Write a set of equations that describe the X-, y-, and z- components of the etic Tie
at point P as a function of time. Where possible, show values rather than variable names.
v =¢
B(1)= %
O ) 26\)'6 e W= ZLC = /'5)4/0/0,
77 5
B()= (O ‘

B s, ax10°T
Biy= B, coscwt whee B0 7 i’
wre [ Zx/0 s

-/
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4. [25 points] Refraction (Figs. 1a, 1b, 2a, and 2b all show cross-sectional top views.)
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Al / \ - Air \ Water
ir . Water
< < Fig 2b
Fig. 1a Fig 1b Fig. 2a

A. [4 pts] A pin is held vertically in the middle of a clear square container (for simplicity ignore the
container walls). Fig. 1a is an EXAMPLE that shows the path of light rays that pass from the pin to
near an observer’s eye, where the box and the observer are both in air. For Fig. 1b, where the inner box
is filled with water and the observer is in air, draw the path of the light rays inside and outside the box
and qualitatively show where one would expect to observe the image of the pin.

B. [8 pts] As shown in Figs. 2a and 2b, imagine that the observer lives in a water world, and that the
boxes are filled with air. For Fig. 2a draw the path of the light rays and qualitatively show where one
would expect to observe the image of the pin. In Fig 2b., if pins were placed at locations A, B, and C..
would the observer be able to see these pins? Explain your answer.
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C. 5 pts) The plot shows sin(B;,en) Of light rays in water (n,=1.33) vs Sin(0 4,..q) for the rays

refracted in a transparent material of unknown composition. What is the index of refraction of the
unknown material?
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D. 8 pts) For a light ray in water (n,=1.33), incident at 35 degrees towards the normal of the surface of
a flat diamond plate (ng=2.42), what will be the angle of the ray be when it enters the diamond? For a

rays originating in the diamond plate and entering the water, what is the critical angle of internal
reflection?
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