Electromagnetism and Optics: Class Exam I

24 February 2022

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=161x10""C Gelectron — —€ Qproton = +€
Melectron = 9.11 X 10_31 kg Mproton = 1.67 x 10_27 kg

kE=9.0x10°Nm?/C?* ¢ =8.85x 10712 C?/Nm?

Question 1

Two identical metal spheres, A and B, initially hold the +5.0x107°C

indicated charges. The spheres are brought into contact
and charge flows from one to the other. Determine the
charge on each sphere after this. Determine the number
of electrons that flowed from one sphere to the other and
describe the direction in which the electrons flowed.
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Question 2
Two charged particles held fixed as illustrated. The y P
grid units are 0.10m. A third particle with charge
3.0 x 1074 C is placed at point P. Determine the net
force exerted by the other two charges on the charge

at P. —|—3.0lnC
T
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Question 3

Two arrangements of fixed charges are as illustrated.
One arrangement produces field E, at point A. The —2C
other produces field Ep at point B. Which of the fol- o
lowing (choose one) best ranks the magnitude of the
total electric field at the indicated points?
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) -2C B +2C -2C
i) Ex = Ep © . @ ©
ii) Ex < Ep
iii) Fg < Ep
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Question 4

A positively charged particle, Zog, is held fixed. An- Zog X

other charged particle, X, is given a brief kick and @ -—<--O<---
moves toward Zog. Consider the motion of X over an

interval as it approches Zog.

a) Which of the following (choose one) is true regarding the change in electric potential
experienced by X over the interval?

i) AV > 0 if X is positive, AV < 0 if X is negative,
i) AV <0 if X is positive, AV > 0 if X is negative,
iii) AV > 0 regardless of X’s charge.

iv) AV < 0 regardless of X’s charge.

b) Which of the following (choose one) is true regarding the change in electric potential
energy over the interval?

1) AUgec > 0 if X is positive, AUge. < 0 if X is negative,

il) AUgec < 0 if X is positive, AUge. > 0 if X is negative,

)
iii) AUgec > 0 regardless of X’s charge.
)

iv) AUglec < 0 regardless of X’s charge.
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Question 5 +n -
Two parallel infinite plates are separated 0.0040 m. Each plate is uni-
formly charged and the charge density on the left plate is exactly the
opposite of that on the right plate. A proton is released from rest at the
left (positively charged plate). The speed of the proton when it reaches
the plate on the right is 5.0 x 10* m/s.

a) Determine the acceleration of the particle.

b) Determine the electric field produced by the plates.

¢) Determine the charge density 7.
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Question 6

Two point charges, separated by 0.040m, are held —6.0nC +4.f0\nC
fixed. Another particle with charge +3.0 uC and mass <O ® >
0.0010kg is released from rest a distance of 0.010 m : 0040 m ’

to the right of the +4.0nC particle. Determine the
speed of the +3.0 uC particle when it is 0.030m to
the right of the +4.0nC particle.
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Question 7

Three arrangements of infinitely large
parallel conducting plates are as illus- Y 50V
trated. Each plate is uniformly charge
and held at a fixed electrostatic poten-
tial. Rank the electric fields in order of
increasing magnitude. Briefly explain
your answer.

Case A

1.0m

Question 8
Hidden source charges produce the illustrated equipo-

at point A and Ep be the magnitude of the field at
point B. Which of the following is true?

tentials. Let E4 be the magnitude of the electric field 1v oy 3V
!
|

i) B4 < Ep
ii) BEq=Ep
i) B4 > Ep

Briefly explain your answer.

Case B
180V 200V

1.0m

Case C

ov

2.0m
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