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May 13, 2005 Physics 202

FINAL EXAM

Print your name and section clearly on all nine pages. (If you do not know your
section number, write your TA’s name.) Show all work in the space immediately below
each problem. Your final answer must be placed in the box provided. Problems will
be graded on reasoning and intermediate steps as well as on the final answer. Be sure to
include units wherever necessary, and the direction of vectors. Each problem is worth 25
points. In doing the problems, try to be neat. Check your answers to see that they have
the correct dimensions (units) and are the right orders of magnitude. You are allowed one
8.5” x 117 sheet and no other references. The exam lasts exactly two hours.

(Do not write below)

SCORE:
Problem 1:
Problem 2:
Problem 3:
Problem 4:
Problem 5: Possibly useful information:
- £o = 8.85x10712C2N"m2
Problem6: k = 8.99x10°Nm?C 2
=11
Problem 7: o =4n x107" TA™'m
Problem &: electron mass m_ = 9.11 x 107" kg
elementary charge e = 1.60 x 10" C
TOTAL: speed of light ¢ = 3.00 x 10° m/s

1eV=1.602x10"]J
IT=1NA'"m"'=10"'G

I
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PROBLEM 1
A parallel plate capacitor of plate separation d is connected to an
ideal battery of constant emf €. When the space between the plates . +
is empty, the capacitance is C,. When a dielectric slab of thickness d ke e
d is inserted between the plates occupying 1/2 of the space between : =
the plates as shown, the capacitance increases to 3C,. Neglect dielectric
fringing effects.

a) What is the dielectric constant k of the slab? (5 pts)

b) What is the electric energy stored in the capacitor before insertion of the dielectric slab? (5 pts)

¢) What is the change, AU, in the electric energy stored in the capacitor due to the insertion of the
dielectric slab? (5 pts)

d) How much work, W does the battery do when the dielectric slab is inserted? (5 pts)

battery?®

e) When the capacitor with dielectric is fully charged, the battery is suddenly replaced with a
resistor R. How long does it take for the charge to reduce to 13.5% of its full charge? (5 pts)
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PROBLEM 2

A 25.0 W point source of sound waves of frequency 1200.0 Hz is moving right with a speed of

30.0 m/s relative to the air. Ahead of it is a reflecting surface moving left with a speed of 66.0 m/s

relative to the air. The speed of sound in air is 329 m/s.

a) How many decibels of unreflected sound are received by a listener traveling along with the
source a fixed distance of 5.00 m away? (5 pfts.)

b) What wavelength of sound is emitted towards the reflector by the source? (5 pts.)

¢) What is the frequency of sound received by the reflector? (5 pts.)

d) What is the wavelength of the reflected waves? (5 pts.)

e) What is the frequency of the reflected sound received back at the source? (5 pts.)
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PROBLEM 3

A converging thin lens made of glass (n=1.40) has a radius of curvature \

R=20.0 cm for both surfaces. An object of height 23.3 cm is placed

35.0 cm in front of the lens. It forms two images, one due to refraction

(rays passing though the lens) and one due to partial reflection from the |:| — ~—

first surface encountered by the rays (acting as a mirror).

a) What is the distance of the image from the reflection from the front
of the lens? (5 pts)

b) What is the distance of the refracted image from the lens? (6 pts)

¢) What is the size of the reflected image from the front surface of the lens? Is it real or virtual
(circle one)? Is it right side up or upside down (circle one)? (7 pts)

d) What is the size of the refracted image? Is it real or virtual (circle one)? Is it right side up or
upside down (circle one)? (7 pts)
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PROBLEM 4

Light of vacuum wavelength 597 nm is normally incident on a flat T

glass plate which has on its front surface a coating with refractive

index n,=1.30. The refractive index of the glass is n,=1.40. n=1

a) What is the thickness, T, of the thinnest coating layer that causes A |:> n|n B
destructive interference in the reflected beam, suppressing reflection
of the light from the glass plate at point A? (5 pts.)

b) What is the wavelength of the light from part a) in the glass (refractive index n,=1.40)? (5 pts.)

¢) What is the frequency of the light from part a) in the glass (refractive index n,=1.40)? (5 pts.)

d) Assume that the refractive index of the glass and the coating do not depend on the light
frequency. What is the next-shortest vacuum wavelength for which there is destructive
interference in reflection from the glass plate? (5 pts.)

e) What is the minimum coating thickness T so that observer B on the right
sees maximum constructive interference between the two paths shown for red
light with a wavelength in vacuum of A, = 751 nm? (5 pts.)
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PROBLEM 5
Three identical point charges +Q = 1.57x10° C are placed at the +Q @— A A
corners of a square with sides of length L = 2.23 m, as shown.
There is no charge at one of the corners (marked A on the figure). L2
a. What is the magnitude of the electric field at the point X in the X L
center of the square? (5 pts.) < L2 >
+Q @ @+QV

b. What is the electric potential difference, V = V-V, between the point A at the empty corner of
the square and the point X at the center of the square? (5 pts.)

c. What is the electric potential energy of this charge configuration? (5 pts.)

d. What is the capacitance of the charge configuration in parts (a-c)? (5 pts.)

e. How much work must be done (against the electric force) to  +Q @ A \
move the charge at the lower left corner to the center of the square
at point X, resulting in the configuration shown? (5 pts.) L2
+Q
[ ) L
<>
L2
@+QV
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PROBLEM 6
Three identical radio broadcast towers lie along the y-
axis at y=-10.0m, y=0, and y=+10.0m. All three towers

broadcast in phase at a frequency of 123 MHz with 'n

equal intensities. There is a road parallel to the y axis a y=+10m e
distance L = 10.0 km from the radio towers, as shown. * .....................................

An observer walking along the road with a radio tuned y=0 {;} .................. o

to 123 MHz receives an intensity lo at y = 0 (i.e. I(6=0) o

= lo). (L >>d, so use the small angle approximation.) y=—10m'{:}

L=10km

a) What is the wavelength of the radio wave emitted by
one of the towers? (5 pts.)

b) What is the difference in the path lengths for the light from the middle tower (at y=0) and from
the tower at y=-10.0m when the observer is at y=333m up the road from y=07? (5 pts.)

c) If the observer starts at y = 0 and walks along the road in the positive y direction, at what
distance y (in km) will the intensity of the radio signal first be zero due to interference between the
three towers (i.e. what is the smallest distance y at which total destructive interference occurs)? (5

pts.)

d) If the observer starts at y = 0 and walks along the road in the positive y direction, what is the
smallest distance y (in km) at which all three sources interfere constructively (not counting y=0)?

(5 pts.)

e) What fraction of I is the intensity of the signal when the observer is on the road at y=+0.4067
km? (5 pts.)
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PROBLEM 7
A moveable bar of length L=0.25 m is pulled along two 4 °
frictionless conducting rails at constant speed v=5.0 m/s to
the right, as shown. The entire system is immersed in a ¢ ®
uniform constant magnetic field (out of the paper) with B -
®
L

magnitude B, = 2.0T. The resistor has resistance R=2.1 Q.
At time t=0 the bar is at x=0.

ey ]
=

a) What is the magnitude of €, the induced EMF in the
loop, while the bar is moving at constant speed? (5 pfs.) .

b) What is the magnitude of the current in the resistor? (5 pts.)

¢) What is the magnitude of the net magnetic force (in N) on the rod? (5 pts.)

d) If the resistor R is the filament of a 50.0 Watt light bulb, at what speed v (in m/s) must one pull
the rod in order to supply 50.0 W to the light? (5 pts.)

e) An electron (mass 9.11 x 107" kg, charge 1.60 x 10""° C) enters the 2.0 T magnetic field with a
velocity of 3600 m/s in the +x direction. What is the cyclotron radius of the electron’s subsequent
motion?
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PROBLEM 8 ttsa. b
A prism shaped like a right triangle with index of refraction parts a,
n,=3.0 is resting in a container of oil with refractive index n,=1.5. ﬁp& n=1
Light is incident from the air at an angle ¢ above the horizontal.
n=1.5

a) What is the angle ¢ at which the light reflected at the oil surface
back into the air is completely polarized? (5 pts.)

parts ¢, d

b) If the angle of the prism is N=30.0°, what is the value of the angle ¢ at which the path of a light
ray reflected from the top surface of the prism retraces the same path it took on the way in towards

the prism? (5 pts.)

¢) When light is incident horizontally on the prism from the right, what is the largest angle n for
which no light is transmitted through the top surface of the prism? (5 pts.)

d) When light is incident horizontally on the prism from the right, what is the angle n for which the

light reflected from the top of the prism goes down vertically? (5 pts.)

e) The top of the prism is a depth 0.227 m below the oil’s surface. What is the apparent depth of

the top of the prism, as viewed from directly overhead in the air?




