Q1.
In FIGURE 1, the three charges are: g; = +5.00 puC, g, = +4.00 pC, and gz = — 6.00 pC. What
is the net electrostatic force on g, due to g, and qz?
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A) —2007 +675 j (N)
B) —5407 +1350 J (N)
C) —1207 +380 j (N)
D) —2227 +750 j (N)
E) —1337 +300 j (N)
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Q2.
Consider three distant spheres with charges Qi = 1C, Q= 2C, and Q3= 3C. We allow these
three charges to touch each other for a short time and then we separate them. The new charges
of these spheres become Q:s= @, Q2= 0.5q, and Q3= 1.5¢. Find the value of g.

A) 2C
B) 1C
C) 3C
D) 6 C
E) 4C
Ans:
Qi = Qi + Q2 + Q3 = 6C

Qf = Qur + Qzr + Q3¢ = 3q
Qi=Qf:3q=6C =q=2C

Q3.

Particle 1 of charge Q, = 4Q and particle 2 of charge Q,=9Q are fixed as shown in FIGURE

2. At what distance from Q, along the y-axis will the net electric field due to the two particles
be zero?

Fig#2

A) 2L/5 )
B) 4L/9
C) 2L/3
D) 3L/2
E) 3L/5

Ans:

Since both particles are positive, E will be zero ata point between them.
Let E be zero ata point that is a distance d from Q:
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Q4.
An electron is shot (ejected) at an initial speed of 3.0x10* m/s at an angle of 45° relative to the
positive x-axis, as shown in FIGURE 3. At time t = 0, the electron enters a region of uniform

electric field E =2.0 xlOij (N/C). Find the velocity of the electron along y-axisatt = 1.0 s.
Ignore gravity.

Fig# 3

=]

A) -3.2x10° j m/s
B) +3.2x10°
C) -2.5x10°
D) +2.5x10° j m/s

E) +3.2x10° j m/s
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m/s
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Ans:

qE
m
_ 1.6x1071 x 2.0 x 107°
ta= 9.11 x 1031

= 3= —3.5%10% j (m/s?)

Fo.=ma > qE=ma =>a=

= 3.5 X 10°> m/s?

V, =V, —at

= (3.0 x 10*) — (3.5 x 10° x 1.0) = —3.2 x 10° m/s

>V, = —32x10° j m/s



Q5.
Consider three different electric dipoles placed in the same uniform electric field E, as shown

in FIGURE 4, where 0 = 60°. Which of these dipoles has (or have) the LOWEST electric
potential energy?

Fig # 4

> E

A) 2
B) 1
C) 3
D) 1and 3
E) 2and 3
Ans:
U= —pB.E
qd 1 qdE
U= ——.E-= ——
! 27772 4
U. = dEl— qdE
2 q " 2_ 2
d 1 qdE
Us=—a3.E5= -7~



Q6.

A cube of 2.0 m edge is placed in a uniform field given by E= 2.0i +1.0j(N/C). The flux of
the electric field through the face (F) perpendicular to the y- axis (see FIGURE 5) is

Fig# 5

N

A) 4.0N.m?%C
B) 8.0 N.m’/C
C) 12 N.m%*C
D) 48 N.m’/C
E) zero
Ans:
b= EA= (2.0 i + 1.0 ]).(4.0 D
= 4.0N.m?/C

Q7.

In FIGURE 6, a charge q is placed at the common center of two hemispheres A and B. The
flux of the electric field through hemisphere B is

Fig# 6

A) equal to the flux through hemisphere A
B) double the flux through hemisphere A
C) four times the flux through hemisphere A
D) zero

E) half the flux through hemisphere A

Ans:
In both surfaces: qepe = q



Q8.

Consider three infinite non-conducting sheets with uniform charge densities (-, +2c, +30),
as shown in cross section in FIGURE 7. The electric field between plates A and B is given by
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Two infinite wires are charged with uniform and opposite linear charge densities +A and -,
where A =1.00 nC/m, as shown in FIGURE 8. The flux of the electric field through the
Gaussian cylindrical surface (S) is

Fig# 8

0.500¢cm 0.500 cm

h=200cm

A) +2.26 N.m?*/C
B) -2.26 N.m’C
C) +113 N.m%C
D) -113 N.m%C
E) zero
Ans:
Only + A contributes to the flux

Qenc = Ah =1.00 x 1077 x 2.00 X 1072 = 2.00 x 107!1C

Qenc _ 2.00 x 107
€  8.85x 10712

¢ = = +2.26 N.m?/C



Q10.
A point charge q = -1.0x10™°C is placed at the center of a spherical conducting shell that has
a total charge Q = 5.0x10°C, as shown in FIGURE 9. The outer surface has radius R, = 10
cm. The charge density on the external surface is equal to:

Fig# 10

A) +3.2 nC/m’
B) -3.2 nC/m?
C) +4.0 nC/m?
D) +0.80 nC/m*
E) -0.80 nC/m?

Ans:
Qin = —q= +1.0x10710C
Q = Clin + Clout
“ Qout — Q — Qin = 5.0%x 10710 — 1.0 x 10_10
=+4.0x1071°C

dour +4.0 x 10710
4mR,% 4w x0.01

out —

= +3.2x107°C/m? = +3.2nC/m?

Q11.
A uniform electric field of magnitude 325 V/m is directed in the negative y direction. The
coordinates of point A are (-0.200, —0.300) m, and those of point B are (0.400, 0.500) m.
Calculate the electric potential difference Vg — Va.

A) +260 V

B) -260V

C) -195V

D) +195V

E) +325V
Ans:

AV = —E. AP
Vg —Vy = —E. (fg —Ta)
= 325].(0.6i + 0.8)) = +260V



Q12.

An electron is released from rest at the origin in a uniform electric field that points in the
positive x direction and has a magnitude of 850 N/C. What is the change in the electric
potential energy of the electron-field system when the electron moves a distance of 2.5 m?

A) -3.4x10")
B) +3.4x 10"
C) -1.4x10"J
D) +1.4x 10"
E) -5.4x10")

Ans:
The electron will move opposite to the field
= At = —2.57(m)
Au = q.AV = q(—E.AF) = —qE. A7
= —(—1.6 x 10719).(8507).(—2.57)
= —3.4x 1071
Q13.
Two point charges (+g and — q) are placed as shown in FIGURE 10. Consider the points
1, 2, 3, and 4 that are shown on the figure. At which point is the net electric potential
HIGHEST? Take V = 0 at infinity.
Fig#10
® d ®
d f?
\” - \‘r'\
Gb d2 ©) a2 :';
A) 4
B) 3
C) 2
D) 1
E) All points have the same potential
Ans:

Vl = VZ = 0
Point 4 is closer to the positive charge.

:>V4_>V3



Q14

Four point charges are placed at the corners of a square, as shown in FIGURE 11. The
magnitudes of the charges are equal. What is the electric potential energy of the system?

Fig#ll
4 Q “i' Q
@ ® 3
d r
A) zero ) 1@’ o2
B) +5.4 kQd Q -Q
C) +2.6 kQ%d
D) -2.6 kQ*d
E) +0.71 kQ/d
Ans:
[ e Qe QF QF @ Q?
U=ka*vta a7 a
= Zero
Q15.
In a certain region of space, the electric potential is given by: V = 2.0 xyz®, where V is in volts,
and x, y, and z are in meters. What is the magnitude of the electric field at the point with
position vector (2.0i —2.0j + 4.0k )?
A) 111 V/m
B) 90.8 V/m
C) 16.1 VIm
D) 743 V/m
E) 571 V/m
Ans:
av Vv
Ex = —o—= —2yz% > E, = (-2)(-2)(16) = +64—
0x m
av 5
E, = _a_y = —2xz° - Eyp, = (-2)(2)(16) = —64V/m
av
E, = 3 —4xyz - E,;, = (-4)(2)(2)(4) = —64V/m

E = (Ex? +Ey? + Ez?)/2 =111V/m

10



Q16.

The electric potential immediately outside a charged conducting sphere is 200 V, and 10 cm
farther from the surface of the sphere the potential is 150 V. What is the charge on the sphere?

A) 6.7 nC
B) 0.95nC
C) 1.3 nC
D) 89 nC
E) 54 nC
Ans:
kQ vV, kQ R R
i=x Vi R+01'kQ R+0.1
kQ (150 R 3 R
Vz = = el —
R+0.1/200 R+01 4 R+0.1
3R+03=4R->R=03m
Vi..R  200x0.3 67 1
= = = = 0.
U= = Txi00 "
Q17.
FIGURE 12 shows a combination of four capacitors C; =C3=8.0 uFand C, =C4 =
6.0 UF connected to a 12-V battery. Calculate the charge on capacitor C;.
Fig# 12
A) 36 uC o
B) 18 uC
C) 12pC 12V (8 Cy
D) 24 uC
E) 30 uC ]
Ans: 5
C24_ = Cz + C4_ = 12|.1F
1 1 N 1 1 1 N 1 N 1
Ceq C C3 Cpy 8 8 12

3 3 2 8

=24 24 24 2a
= Ceq = 3.0 uF

Qeg = CeqV=30%12=36V
= Q1= Q3 =0Q

11



Q1s.

A 20-V battery is connected to a series of N capacitors, each of capacitance 4.0 pF. If
the total energy stored in the capacitors is 50 puJ, what is N?

A) 16
B) 12
C) 4
D) 10
E) 8
Ans:
Series identical itance: = ! —1+1+1+ —E
eries identical capacl = o = C C C L = C
C
= Ceq = N
g Lo e OV _CVP_ 40x107°x400
277 T 2N 20 2x50x10°6
Q19.
A 2-pF and a 1-uF capacitor are connected in series and charged by a battery. They
store charges P and Q, respectively. When disconnected and charged separately using
the same battery, they have charges R and S, respectively. Then:
A) R>S>P=Q
B) P>Q>R=S
C) R>P>S=Q
D) R>Q>S=P
E) S>SR>P=Q
Ans:
Series:P =Q

Charge on R is more because Cg > Cg

12



Q20.
A 2.0-nF parallel plate capacitor is charged using a 12-V battery. The battery is
removed and a dielectric of dielectric constant x = 3.5 is inserted, filling completely
the space between the plates of the capacitor. What is the energy stored in the
capacitor after inserting the dielectric?

A) 41x10%)
B) 5.0 x 10°J
C) 1.4x107)
D) 24 x10%)
E) 1.0x10°J
Ans:
Q= C.Vi=Q
Q1 o, o, 1 GV
=0T 2% g T
_2.0x1077 x 144
B 2% 3.5

=41x10"% )
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