Electromagnetism and Optics: Class Exam I

20 February 2026

Name: Total:

Instructions

e There are 8 questions on 6 pages.
e Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

e =1.60 x 10_19 C Gelectron = —€ Qproton = t+€
Melectron = 9-11 x 1073 kg mproton = 1.67 x 107* kg

k=899 x 10°Nm?/C? ¢ = 8.85 x 1072 C?/Nm?

Question 1
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A minute sphere with radius 2.34 x 10~8 m contains exactly 3.80 x 10'7 protons and 3.95 x 1017
electrons. Both are uniformly distributed in fixed positions on the sphere. A single proton
is to the right of the sphere 7.0 x 1075 m from the center of the sphere. Determine the force

exerted by the sphere on the proton.
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Question 2
Two point particles are held fixed at the illustrated locations. A
third particle with charge 3.50 x 107 C is placed at location P. The —4.00 X 1072 C
axis units are 1.00 x 1073 m. T

A

~) T

a) Determine the net force on the particle at location P. [ —6.00 x 1079 C
1

>
>

b) Suppose that the —4.00 x 1072 C particle was replaced with a +4.00 x 1072 C particle.
Which of the following (choose one) is true regarding, F', the magnitude of the force
exerted on the particle at P?

i) F would stay the same as before.
ii) F would be larger than what it was before.
iii) F would be smaller than what it was before. / 16



Question 3

An infinite parallel plate capacitor hold charges that are equal in magni- + a
tude but opposite in sign on its plates. A positive point charge is placed + -
between the plates, closer to the negatively charged plate. Consider the + B
electric field at the three illustrated locations, which are all the same + A°*
distance from the point charge. Which of the following (choose one) is + °® o—
true regarding the magnitudes of the total electric field (produced by + -
all the charges) at the illustrated locations? + -
_l’_ —
i) Eo = Eg = Ec¢ n B
ii) Eao < Ep < Ec
iii) FA > Ep > Ec
iV) Ern = Ec > Ep
V) Epr = FEc < Ep
/5
Question 4
Various hidden sources produce an electric potential that v\
depends on horizontal location as illustrated. The hor- 89V [
. . . . . . /
izontal axis units are meters and the vertical axis units
are Volts. Determine the electric field at points A,B,C 60V T
and D.
. . . A0V IS
a) Determine the electric field at location A. <l
. /
20V + ~
A B
ov o % +
Om 0.020m 0.040m

b) Explain whether the magnitude of the electric field at location B is the same as, larger
than or smaller than that at location A.
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Question 5
A uniformly charged infinite plane carries charge with charge
density +8.00 x 1078 C/m?. A particle with charge —1.20 x
1072 C is fixed as illustrated. The grid units are 1.00 x
1073 m.
a) Determine the electric field, produced by all illustrated

charges at location P. P
®

—1.20 x 10712 C

©

o+ |+ |+ o+

b) Determine the acceleration of a proton at location P.
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Question 6
Two identical point charges (each with charge 4.0 x 1071 C) are held
fixed at the illustrated locations (grid units are 1.00 x 1072m). An
electron is released from rest along the horizontal axis at a distance
approaching infinity from the origin. Determine the speed of the electron
when it reaches the origin.

+

4.0x 10711 C

+

4.0x 1071 C
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Question 7

Various hidden sources produce a potential with the illustrated ! ’

equipotential lines. A particle with charge —8.0nC passes through hnitial )/ ,/
the initial location at speed 60m/s. ! / )/
I
a) Determine the change in electric potential energy as the particle ! // ’//ﬁ 1
I na

moves from the initial to final point.

b) Does the particle speed up or slow down as it moves from initial to final location?
Explain your answer.
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Question 8
Two point particles with opposite charges are on either side of
a cube of perfectly conducting metal. Which of the following Metal

(choose one) is true regarding the electric potential at the illus-
trated points inside the cube?

i) Va=Vg =V
Va < Ve < Vo
Va > Ve > Vo

> e
o 0
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