Phys 132
Spring 2022

Electromagnetism and Optics: Final Exam
18 May 2022

Name: Total: / 150

Instructions

e There are 18 questions on 12 pages.
e Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

e=1.61x10""C Qelectron = —€ Jproton = +€ area sphere = 4712
Melectron = 9-11 X 1073 kg mppoton = 1.67 x 107% kg ¢ =3.0 x 10°m/s
k=9.0x10"Nm?/C? ¢ =885x10"12C%/Nm? o =4r x 107" Tm/A

Question 1

In several situations charged particles (labeled A, B, ...) are placed at the same location
near to a collection of fixed source charges whose arrangement is always the same. Suppose
that in the first situation particle A has charge 3.0nC and the net force on it has magnitude
0.0050N. In the second situation A is replaced at the same location with B, whose charge
is 12.0nC. Is it possible to determine the magnitude of the force on charge B or not? If so,
explain how. If not, explain why not.
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Question 2

Two charged particles are held fixed as illustrated. The grid v +0.60nC

units are each 1.00 cm. 2
—0.20nC
a) Determine the net electric field produced by the charge T ©)
arrangement at the point P.
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b) Suppose that the +0.60nC charge were replaced by a —0.60nC charge at the same
location. Which of the following (choose one) best describes the effect of this change on
the magnitude of the net electric field at P?

i) The magnitude does not change.
ii) The magnitude increases.
iii) The magnitude decreases.
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Question 3
Two charged particles, labeled A and B and each with A A B
charge +5.00nC are held fixed at the illustrated loca- ©) 2T <)
tions. The grid units are each 1.00cm. A third parti-
cle, C, whose charge is +3.00mC and whose mass is
10.0 g is released from rest at the origin.

A
P
Y

a) Explain why it would be extremely difficult or Ao 1 5
even impossible in practice to use Newton’s sec-
ond law to determine the velocity of particle C
at any time after it has been released.

b) Determine the velocity of this particle when it is infinitely far from both A and B.
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Question 4

Various hidden sources produce an electric po-
tential, V', whose plot versus horizontal loca-
tion is illustrated. Consider the electric field at
each of the indicated locations: A, B, C, and
D. Rank the electric fields in order of increas-
ing magnitude (indicate which are largest and
smallest).

50 A
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Question 5
Three identical bulbs are connected in the illustrated
circuit. Which (choose one) of the following best rep-
resents the rank of the currents through the bulbs? B

D) In > I > Ic g ®a

i) Ia=In > Io
)
)

iii) Ig = Ic > Ia

v

Ix > Ig = 1I¢

Assuming that the bulbs are each resistors and obey Ohm’s law, which of the following
(choose one) best represents the relationship between the power produced by the bulbs?

i) Power produced by A is same as power produced by each of B and C.

ii) Power produced by A is same as total power produced by B and C together.

iii) Power produced by A is half of the total power produced by B and C together.

1v

~— ~— ~— ~—

Power produced by A is twice the total power produced by B and C together.
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Question 6 409

Several resistors are connected in the illustrated cir- M
cuit.

a) Determine the current through the 20 resistor.

- 10V GOﬂg 1202
<
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b) Determine the current through the 60 resistor.
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Question 7

Two capacitors, one with capacitance 2C and the other 6C' (here C' is a constant with units
of capacitance) are connected in series to a battery that provides potential difference AV.
Determine an expression for the magnitude of the charge supplied by the battery in terms of

AV and C.
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Question 8

An infinitely long wire is placed in the illustrated uniform
magnetic field, Bogher (created by something else). The
wire carries a current into the page. Consider the net
magnetic field produced at each illustrated point. Which
of the following (choose one) ranks the magnitudes of the
net magnetic fields at each point?

—_— — = —>
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i) B4 = Bp = B¢
ii) Ba = Bc > Bp .
iii) By = B¢ < Bp Bother
iv) B4 > B > B¢
v)

BA<BB<BC /5



Question 9

Two infinitely long wires point perpendicular to the page.

Determine the net magnetic field at point A. A
T A
[
|
12.0A 3.0 A¢
©, X
<————————— >
8.0cm
/12



Question 10

Three very long wires, each perpendicular to the page,
carry currents of identical magnitudes. The distances be-
tween adjacent wires are equal. The directions of the
currents are as indicated. Rank the wires in order of in-
creasing magnitudes of the net force exerted on the

O
®
R

wire. Explain your answer.

Question 11

A loop with radius 0.20 m and resistance 5.0€2 is placed so that
half of it overlaps a region in which there is a uniform magnetic
field pointing out of the page. The magnetic field decreases from
0.40T to 0.00T at a steady rate over 4.0s. Determine the mag-
nitude and direction of the current in the loop.
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Question 12

A rectangular loop is placed in a magnetic field as
illustrated. The loop has height A, length w and car-
ries current I. The magnetic field is uniform, points
into the page and has magnitude B.

a) Determine expressions for the forces on each
section of the loop.

b) Suppose that the loop was held at rest in this position. Explain how it would begin to
move just after it is released.

¢) Suppose the following single change was made to the situation: the magnetic field di-
rection is up the page (7). The loop is again released from rest. Explain how it would
begin to move just after it is released.
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Question 13

A laser produces light with wavelength 532 nm. Suppose that this was the result of a standing
wave between two mirrors.

a) Determine the distance between the mirrors such that this produces a standing wave
with one antinode (n = 1).

b) Suppose that the distance between the mirrors is actually 8.0cm. Determine the ap-
proximate number of antinodes in the standing wave between the mirrors.
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Question 14

Light with wavelength 590 x 10™? m is incident upon a Barrier Screen
double slit and produces bright fringes on a screen as
indicated. st
a) Which of the following (choose one) would occur if Leeett .
the separation between the slits were increased to
double of what it originally was? ,.7'_._ __________

i) Nothing would change.

ii) The bright fringes would be in the same places

but would become dimmer.
iii) The bright fringes would be further apart.

iv) The bright fringes would be closer together.

b) The dotted lines indicate the paths taken by light to travel from each of the slits to a
particular bright fringe. The light from the lower slit has traveled a further distance
than that from the upper slit. By how much further has it traveled?
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Question 15 Stick

A stick with length 1.0m is held parallel to a flat mirror
as illustrated. A small observer is initially located at the Mirror
point O.

a) What length or fraction of the image will the observer
at O be able to see? Explain your answer.

e() eP

b) The observer moves from point O to point P. As the observer moves does the fraction
of the image visible change or not? Explain your answer.
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Question 16

Light, initially in air (index of refraction 1.00), en-
ters a rectangular block of glass (index of refraction
1.50) from the left as illustrated. The glass block is
surrounded by air.

a) Determine 6 and 03.

b) Will any light pass through the surface of the glass at the bottom of the diagram?
Explain your answer.
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Question 17

A convex lens has focal length f. An arrow is placed a distance g f left of the lens.

-8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 7

a) Determine an expression for the location of the image in terms of f.

b) Determine the (approximate) location and height of the image produced by the lens
using accurate ray tracing for the case where the focal length of the lens is +2cm.
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Question 18

An object is placed a distance s to the left of a concave (diverging) lens. Which of the
following (choose one) is true regarding the magnification produced by the lens?

i) The magnification is always positive and is unaffected by s.

ii) The magnification is always positive and its magnitude increases as s decreases.

111

)
)
)
iv)
)
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The magnification is always positive and its magnitude decreases as s decreases.

The magnification is always negative and is unaffected by s.

—

v

v) The magnification is always negative and its magnitude increases as s decreases.

vi) The magnification is always negative and its magnitude decreases as s decreases.
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