Phys 132
Spring 2026

Electromagnetism and Optics: Class Exam III
15 April 2026

Name: O0L UTioN Total: /80

Instructions

e There are 9 questions on 6 pages.
e Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

e = 1.60 x igHe (electron — —€ Gproton = +€
Melectron = 9.11 X 163 kg Mproton = 1.67 X 16 kg c=3.0x 108 m/s

k=899 x 109Nm?/C? ¢ = 8.85x 1072 C?*/Nm?

/ Question 1

The Earth’s magnetic field at a particular location is horizontal, pointing north with magni-
tude 3.36 x 107 °T. A circular loop of wire with radius 0.150m carries a current so that at
this location the net magnetic field at the center of the loop is zero. Aside from the loop and
the Earth there are no other significant sources of magnetic field at this location.
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a) Determine the current in the loop. R =B " B 1, op = O = R loop = - R .
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b) Describe how the loop should be oriented so that the net magnetic field at its center is

zero at this particular location.
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\/ Question 2 o b *

Three infinitely long wires pointing perpendicular to the page 10A p I0A 7 20A
carry currents as illustrated. Let Bp be the magnitude of the ® ? © ?

\/Question 3

net magnetic field at location P, and Bg be the magnitude of the
net magnetic field at location Q. Which of the following (choose
one) is true regarding the net magnetic fields?
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i) Bp=Bg =0
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ii) Bp = Bg #0 B, LJ]%;&, B, - 3B
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A bar magnet is placed next to a loop that carries a cur- Lin
rent. The axis of the loop lies along the axis of the bar N S
magnet. A side view is illustrated. Which of the following L ! —
(choose one) represents the direction of the force exerted
by the magnet on the loop? I out
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vii) Zero force

Briefly explain your choice.
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/ Question 5

A charged particle orbits in a circle perpendicular to a uniform magnetic field. Suppose that
the magnetic field strength is B, the charge of the particle is g, its mass is m and the radius
of orbit is . Starting with and using Newton’s Second Law, determine an expression
for the time taken to complete on orbit, 1, in terms of B, ¢ and m.
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/ Question 6

A square loop is placed in a uniform magnetl( field as illustrated. The RO 8
magnetic field decreases over time. : of@ ® @ ®
a) Which of the following (choose one) is true while the magnetic field : MR ¥ RXE :
decreases? : Mo @ @ ® :
i) There is no current in the loop. l ;
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he current in the loop is clockwise (as viewed in the dia- gl @ ® ®'
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exshs i) The current in the loop is counterclockwise (as viewed in the B
r,ﬁ\,ﬂ Sl&z diagram).
N 1800 b) Does the field exert a force on the loop while it is decreasing? Explain your answer.
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Question 4

Two infinitely long wires point perpendicular to the page —F :
and carry the indicated currents. The grid blocks have units ‘

1.00 cm. e i =t
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a) Determine the net magnetic field at the point A. o ‘ 1 \ :
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b) A proton moves past location A with velocity 4.00 x 10°m/s to the left. Determine the
net force exerted by the magnetic field as the proton passes A.
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/ Question 7

A square loop carries current [ and is placed in a non-uniform
magnetic field with magnitude B. Viewed from the left side
the current in the upper end of the loop is out of the page
and in the lower end of the loop it is into the page. Viewed
from the left side the magnetic field lies in the plane of the
page and is angled as illustrated; the field does not varying
horizontally across the face of the loop.

Front View Left View

Need o a) Is the force exerted by the magnetic field on the loop (at the illustrated moment) zero
or not? Explain your answer. Negn - 380
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b) Is the torque exerted by the magnetic field on the loop (at the illustrated moment) zero
or not? Explain your answer.
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Question 8
At one instant a snapshot of a wave is as il-
lustrated. The wave travels right with speed Y S —

240m/s. T
a) Determine the wavelength and frequency of , | | .
I 1 I I
the wave. O 1.0m Q.Wrﬂ 50m  6.0m
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Question 8 continued ...



b) Determine how many crests pass the x = 5m mark every minute. 2.

Te Fosuony s e nwvbe of  crsts in one secend = 60 [
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J Question 9

Linearly polarized light, whose direction of polariza-
tion is horizontal, is incident on a succession of three
polarizing filters. The transmission axis of the first
filter is 45° above the horizontal. The transmission
axis of the second filter is 75° above the horizontal
(and 30° from the first) and the transmission axis of
the third filter is vertical. Let Iy be the intensity of
the light before the first filter. Determine an expres-
sion for the intensity of the light transmitted by the
third filter, expressing your answer in terms of Iy.

Il,: Ia @52450

T, 1, 5 (7505 = T ces 30

1.= 7, c051(\5°>

2 T, = T, 052 30" ) cddls )
= To «105145%033006052 IS¢

-I} s 0‘3 60 IQ

/6

/10



