Phys 132
Spring 2022

Electromagnetism and Optics: Class Exam 1
24 February 2022
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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 Jelectron — —€ Qproton = 1€
Melectron = 9:11 X 1073 kg myoton = 1.67 x 10727 kg

k=9.0x10°Nm2/C? ¢ =8.85 x 10712 C?/Nm?

Question 1

Two identical metal spheres, A and B, initially hold the +50% 107%C =30 % 10~%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 a v A P
grid units are 0.10m. A third particle with charge VV—Z.OlnC
3.0 x 1074 C is placed at point P. Determine the net o :\_/? - ‘@43)2'@-151
force exerted by the other two charges on the charge -
at b. +3.0nC = 0.36
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Question 3 it
Two arrangements of fixed charges are as illustrated. /—\:,__\
One arrangement produces field E4 at point A. The —2C ff A -2C +2C
other produces field Eg at point B. Which of the fol- © SF I O @
lowing (choose one) best ranks the magnitude of the 5 E- 2 3
total electric field at the indicated points?
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i) E hia = EB © d—_‘—-- - % @ )
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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 ©) Sume oy s atens

moves toward Zog. Consider the motion of X over an
interval as it approches Zog.

\'= k'q/rd— deveaies = AN > O
a) Which of the following (choose one) is true regarding the change in electric potential
experienced by X over the interval? /
i) AV > 0if X is positive, AV < 0 if X is negative, o
ii) AV <0 if X is positive, AV > 0 1f X is negative, J
G) 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-mterval? e
d A Mtlec =49 AV
Yl

‘ i) AUge > 0 if X is positive, AU < 0 if X is ne@atlve\
_“——__.—

ii) AUge. < 01f X'is positive, AUgee > 0 if X is né_g;éﬂ;(e_ F— T

1)
ili) AUgee > 0 regardless of X’s charge.
)

AUglee < 0 regardless of X’s charge.
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Question 5

Two parallel infinite plates are separated 0.0040m. 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.
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b) Determine the electric field produced by the plates.
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c¢) Determine the charge density 7.

-4
Co
}_—"“\“_f:
Gn

21 £k
= 8555107 € fja7 % 33XCNE

= Q,CfxtO'?c/M?_

+n
U|'=0N/S
Ax=0.
—D &= 3.
— A
=> gqE-=ma
. L.

)
R
‘

g L)

Vi= 5, 0xloimls

O vd4Om,

Ix10M s~ C

/12



Question 6 A B

Two point charges, separated by 0.040m, are held —6.0nC +4}Q\HC
fixed. Another particle with charge +3.0 uC and mass <O © s = R
0.0010kg is released from rest a distance of 0.010m : L
0.040 :
to the right of the +4.0nC particle. Determine the o inchi hred
speed of the +3.0uC particle when it is 0.030m to Vi = Vp="
the right of the +4.0nC particle.
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Question 7

Three arrangements of infinitely large Case A

Case B Case C

parallel conducting plates are as illus- oV 50V 180V 200V oV 80V

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
YyOUr answer.
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Question 8
Hidden source charges produce the illustrated equipo-
tentials. Let E'4 be the magnitude of the electric field
at point A and Ep be the magnitude of the field at
point B. Which of the following is true?

i) Ea < Ep
i) Ba=Ep
v

iy Ea>FEp

\—-—___*—»—v-—f
Briefly explain your answer.
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