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The First two questions pertain to the situation described Ay
below.

. - . y=b
Two point charges are fixed in place as shown at the fightl. . ., S EEsE *f(; ‘b‘) """"""""""""
The magnitude of each charge is equal to g =5 puC. Both i
charges lie on the x-axis: one at the origin, and one at
X =a (=5 cm). The signs of the charges are indicated in B
the drawing. The questions pertain to the electric field - T 3 X
that these two charges produce. (0.0) (32.0) (a.0)

1. (5 pts.) What is the magnitude of the electric field at point B, located at (x,y) = (£4,0)?

A. -1.21x108N/C =79 5 S ¢ S T
2.02x10° N/C E(TA/ é) :7.LL 7"(_7% X = _V__‘_Z ¢
C. 1.21x10° N/C /yﬁJ ) Y4

D. 4.05x10° N/C
E. 1.01x10° N/C

2. (3 pts) At what point on the line dashed line ¥ =b (=4 cm)is the y component of the electric
i ? i is E,=07?
field zero? That is, for what value of x is £, = 07 & = d o
@ 2.5cm
B. -2.5¢cm fd K?' CYfmme 7{'7"7’ / E}, =4 m;?(ﬁ/ﬂy
C. Nowhereonthey=»b I!ﬂe. { .
—y F = ¢tween ;Lf & '—[ /€€ O b 1,0 Can
P ==
s S
3. (5 pts) A conducting sphefical shell of inner radius ¢ and outer
radius b has a net charge Q = +6 uC. Which of the plots below best
describes the radial component of the electric field as a function

of distance from the center of symmetry for the above system?

E. =0 incliue C/vafcy (V‘( AL}

E,~0 (atise Conduetor (Aspcd)— %ﬂje b
Ep L OUTtepe (r”M) Leace  objeet /e %}”@r on lfurface

g y A'(‘é’(‘f'c
| s E /}\d
a b i Tl ., R a b % 2 B .
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The next two questions are related.

An insulating cylinder, concentric with the z axis, has a radius
a and a linear charge density A. Itis surrounded by a
concentric, cylindrical conducting shell with inner radius b,
outer radius ¢ and linear charge density —4. The cylinders will
be treated as infinitely long.

N
,

4. (5 pts) Find the surface charge density on the surface of
the conducting shell at r= b. E =0 (UEAE ol eee T
A. +1/(2mb) ﬁy Gaweer laly ; BEedl, E=. A
B. +2inb * 27re
[
o o, s #== ZCr‘cc/ E= 2,44,

C.
EO —A/(2mh) SWréfece & A A AP re, 0 —) 9\&: -_,)7

—2Anb 2e8t 17k = A¢=-A
= fs R
5. (3 pts) If you placed a positively charged particle on the x axis betweenr=bandr =g,
which way would it move?

A. +xdirection — - - e
B. —xdirection E—LO ratiLe coaluctor =) A Loece
@ It would not move

o, =+6 C/m? og=+3 C/m?
6. (5 pts) In the figure on the right, two infinitely long
charged planes have the indicated uniform charge 3
densities. An electron “gun” emits electrons at the ’{2 B S "1. """""""
trajectory shown. What is the best choice for the . [ i gfl
path an electron might take in this configuration % [
ignore gravity)? = - 4
Genere 8 pop E t vight skt Sl
-‘\,T‘\\\ If

& = Fore 0a €7 10 (ory

1

2
C. 3 e 5
D 4 ~> éfﬂ?“ ?L/‘IL._] @t ry (I)
E. You need to know the initial electron velocity
to choose

7. (5 pts) The point P is on the axis of a ring of charge, and all
vectors shown lie in the yz plane. The negatively charged
ring lies in the xz plane. The vector that correctly
repésents the direction of the electric field at point P is =

A. 1 X ¢ P COM/aM@anf Cuncé/

’/ Negatively charged ring

2 — “% 3
C. 3 Auwe o e o e
-3 14 Ymmeley OfF /’,nj sy
E. 5
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The next three questions pertain to the figures on the right.

A spherical Gaussian surface (dashed line) that passes through

__________

point A encloses the three point charges as shown.

8. (3 pts) What is the net flux through the Gaussian surface?

5 T :' '\-q /\+2q “"4
zero Gawrr " [0, JE S &g"{{ = _feac LT T !
B. 4g/& feac= O g0 o -
C. You cannot determine it from this geometry A 1 g ;

9. (3 pts) A new point charge +Q, of unknown magnitude, is added
as shown in the next figure. The magnitude of the flux through

the Gaussian surface

. + : T
A. increases Q wt  withia y | |

B. decreases Ca,utﬂ'an Sy Face

(€ remains the same

1
Q
+
by
T

10. (4 pts) How does the electric field at point A change after the

new charge +Q is added? It will ... a
P -q /

~
S

change in direction only

change in direction and magnitude M!T;O

A.
5
C) change in magnitude only 5
D. remain the same /:dﬂ( Fro’"‘ +Q

Langer  E,op b LWperpmetion,
ff('(lcf-’— /4 % "iQ ArE oA axity ofF J/Vo.m@f‘,}/

0F Iysfem, £ droetion Lol  apt- change
11. (4 pts) The ﬁgu{e shows the field lines for two charges. What is
the ratio of the top charge to the bottom charge?

A 1:2 } ) il
B. -1:2 ;pf‘oceu 0+ @/f&f'na,’fc"a,q/

€. 2:1

D -2:1 TO/J C[w_/'fg Ml fw aeg

Ee 29+ ‘

(Pl traee 1t fougermy g
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Physics‘lzz, Wiﬂter 20"3 Exam 1, p3963




Name Student ID Score
last first

II.  [10 pts total] Based on your experience in Lab.

Neutral Teflon (insulating) and neutral b « D) .
aluminum (conducting) rods are suspended

by two insulating strings. Two people hold Insulating
the strings as shown.

12. [3 pts.] The Teflon rod is then rubbed so

it is negatively charged. The rods are .
again held near each other, but the rods Teflon rod Aluminum rod

never touch and no sparks jump between
them.

strings

The two rods would

attract.

repel.

not interact.

There is not enough information to tell.

a0 o

The negative charge on the Teflon rod induces a separation of charge in the aluminum rod; the positive
charge is attracted to the negative Teflon rod and the negative charge is repelled from the negative Teflon
rod. Since the Teflon rod is closer to the positive than the negative charge in the aluminum rod, the
attractive interaction is stronger than the repulsive interaction. Thus there is a net attraction between the
two rods and the answer should be (a).

13. [4 pts] The rods are then made to briefly touch. They are then separated and held close to one
another, but far enough apart that they no longer touch.

The two rods would

attract.

repel.

not interact.

There is not enough information to tell.

o op

Negative charge is transferred from the contact point on the Teflon rod to the aluminum rod. The two
rods then each have a net negative charge. If enough charge is transferred, the rods repel. If only a
small amount of charge is transferred, the repulsive force that results may not be greater than the
attractive force due to polarization (see above). Thus there may be attraction, or repulsion, or no net
interaction and the answer should be (d).

14. [3 pts] The final net charge on the aluminum rod in question 12:

has the same sign and the same charge distribution as the aluminum rod in question 13.
has the same sign, but different charge distribution as the aluminum rod in question 13.
has no net charge, it is neutral.

There is not enough information to tell.

aoow

The net charge of the aluminum rod in part i. is zero because there was no spark and nothing touched the
aluminum rod, so there was no way for charge to be transferred to the initially neutral aluminum rod. In
part ii., there was a transfer of negative charge from the Teflon rod to the aluminum rod. Thus the sign of
the net charge on the aluminum is different in the two parts and the answer should be (c).
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IV. [20 points total] This question is composed of two independent parts, A and B.

A. A positive point charge and insulating sphere are fixed in place as

shown. The charges on the two halves of the insulating sphere are +E)

equal in magnitude, opposite in sign, and uniformly distributed

throughout their respective halves. Positive

i. [5pts] On the diagram, indicate the direction of the net electric point Insulating
charge sphere

force on the point charge. If the force is zero, state so explicitly.
Explain.

The positive point charge experiences a repulsive force (to the left) due to the left half of the
sphere and an attractive force (to the right) due to the right side of the sphere. Although the
magnitudes of the charges on both halves of the sphere are the same, the distances from these
charges to the point charge are different. By Coulomb’s law, the strength of the electric force
increases with smaller distance, so the repulsive force (to the left) is stronger than the attractive
force (to the right). Thus, the net electric force on the point charge is to the left.

ii. [5 pts] The right half of the sphere is removed, as shown. The charge
distribution on the remaining left half is unchanged. g

After the right half of the sphere is removed, does the magnitude of the
net electric force on the point charge increase, decrease, or remain the
same? Explain.

As in part i above, the left half of the sphere causes a repulsive force to the left. In this case,
there is not an attractive force that cancels part of this repulsive force. Thus, the magnitude of
the electric force on the point charge increases.

B. Incase A, two charges +Q, and —Q, are separated by a |Case A Case B Neutral
distance d. In case B, a neutral metal cube has been metal cube
inserted in between the two point charges.

. . +0, -0, 0, T <
i. [5 pts] On the diagram, draw the charge ° ° o I I o
distribution for the metal cube in case B. Explain. i
d— —d—

The +Q, charge attracts negative charges to the
left side of the cube and repels positive charges to the right. The —Q,, charge repels negative
charges to the left side and attracts positive charges to the right. Thus, both charges tend to
cause a collection of negative charges on the left and positive charges on the right, as shown.

ii. [5 pts] Is the net electric force on the positive charge +Q, in case A greater than, less than, or
equal to that in case B? Explain.

In case A, the +Q, charge experiences an attraction (to the right) due to the —Q, charge. In

case B, this attraction is still present, but there is also a force due to each side of the metal cube.
The effect of these two forces by each side of the cube is to cause a net attractive force on the +Q,
charge (since the negative charges are closer than and equal in magnitude to the positive
charges). This attractive force from the cube is in the same direction as the attractive force due
to the original —Q, charge, so the net electric force on the +Q, charge with the cube present is
stronger. Thus, the net electric force in case A is less than that in case B.

Physics 122A, Winter 2013 Exam 1 EM-UWA122A131T-E1(CHG)Sol.doc
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II. [25 pts]
A. [13 pts] Three point charges are fixed at the corners of a square of side
2d where g = 5uC and d = 15 cm. Find the x and y components of the 'qn +29
electric field at point A. Show your work. vl i
L . r. b’ T
llfg .rcperpo.r/ﬁan : L 1z 'v{‘f
o A )
£, = K ( — 2ug cos¥5° ¢ i
X 12 2 o
2) (Z/z.‘:() ”
. —>] d e
(= H)e =2 s
4" 44 o vz 44* y
/ X / / b /
b ¢
E=2:07x/0 7 Nic E,=2:07x/0 S N
B. Two infinite sheets with charge densities 0; = —2 pC/m* and """f’
0, = -5 pC/m” are located at x = +10 cm and x = -20 cm i s < Y —ye-
respectively. An infinite conducting slab of thickness 2 cm i
is centered at the origin. The net charge density on the 9, o, 9
conducting slab is oy = +4 pC/m>. The sheets and the slab
are parallel to the yz plane.
i. [6 pts] What is the magnitude of the electric field E at X
x=-10 cm? Show your work. W >»
e S pecpos 1hen .r' b/”"' ule z{n f‘dd eluve
76/hélhv7‘( JA£¢7‘ L
Elu=70) = =floy! /%! - /0 / _‘f /,,,
Z t o 2 éo Z 60 e_—)-!
- 20 cm EO cm

E(x=-10cm) =375 g/o'?q/c

ii. [6 pts] What is the surface charge density on the left surface of the conducting slab
(atx=—-1cm)? Show your work.

: é-" # feft Sucfou ==/ Chont &
Use 6au.rf.r Lo oA surfowshown P &2 ey ézé
é‘/m{ e f"O /hfl(‘& (m;/uzﬂlg lab faf /;J‘f _{w/tu e o
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m
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IV. [20 points total] This question is composed of two independent parts, A and B.

A. A positive point charge and insulating sphere are fixed in place as

shown. The charges on the two halves of the insulating sphere are equal g_,

in magnitude, opposite in sign, and uniformly distributed throughout

their respective halves. Positive

i. [5pts] On the diagram, indicate the direction of the net electric point Insulating
charge sphere

force on the point charge. If the force is zero, state so explicitly.
Explain.

The positive point charge experiences an attractive force (to the right) due to the left half of the
sphere and a repulsive force (to the left) due to the right side of the sphere. Although the
magnitudes of the charges on both halves of the sphere are the same, the distances from these
charges to the point charge are different. By Coulomb’s law, the strength of the electric force
increases with smaller distance, so the attractive force (to the right) is stronger than the repulsive
force (to the left). Thus, the net electric force on the point charge is to the right.

ii. [5 pts] The right half of the sphere is removed, as shown. The charge
distribution on the remaining left half is unchanged. g

After the right half of the sphere is removed, does the magnitude of the
net electric force on the point charge increase, decrease, or remain the
same? Explain.

As in part i above, the left half of the sphere causes an attractive force to the right. In this case,
there is not a repulsive force that cancels part of this repulsive force. Thus, the magnitude of
the electric force on the point charge increases.

B. Incase A, two charges +Q, and —Q, are separated by a |Case A Case B Neutral
distance d. In case B, a neutral metal cube has been metal cube
inserted in between the two point charges.

1 3 + Qn 7Q(1 + Qu : T 7Q0
i. [5 pts] On the diagram, draw the charge ° ° o I I o
distribution for the metal cube in case B. Explain. i
——d—— ——d—

The +Q, charge attracts negative charges to the
left side of the cube and repels positive charges to the right. The —Q,, charge repels negative
charges to the left side and attracts positive charges to the right. Thus, both charges tend to
cause a collection of negative charges on the left and positive charges on the right, as shown.

ii. [5 pts] Is the net electric force on the positive charge +Q, in case A greater than, less than, or
equal to that in case B? Explain.

In case A, the +Q, charge experiences an attraction (to the right) due to the —Q, charge. In

case B, this attraction is still present, but there is also a force due to each side of the metal cube.
The effect of these two forces by each side of the cube is to cause a net attractive force on the +Q,
charge (since the negative charges are closer than and equal in magnitude to the positive
charges). This attractive force from the cube is in the same direction as the attractive force due
to the original —Q, charge, so the net electric force on the +Q, charge with the cube present is
stronger. Thus, the net electric force in case A is less than that in case B.
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