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Q1. Two point charges, with charges g1 and q_, are placed a distance r apart. Which of the
following statements is TRUE if the electric field due to the two point charges is zero

at a point P between the charges?

A) g1 and g2 must have the same sign but may have different magnitudes.

B) g: and g2 must have the same sign and magnitude.
C) P must be exactly midway between particles.

D) q: and g2 must have opposite signs and may have different magnitudes.
E) q: and g2 must have equal magnitudes but opposite signs.

Ans:

A

Q2. Two identical conducting spheres A and B carry charge Qa = +2Q and Qg = —3Q.
They are separated by a distance much larger than their diameters. The magnitude of
the initial electrostatic force between spheres A and B is F. A third, identical
uncharged conducting sphere C is first touched to A, then to B, and finally removed.
As a result, the magnitude of the electrostatic force between A and B after touching

IS:

A) Fi6
B) F/4
C) FI3
D) 3F
E) 2F

AnNs:

P _ 2Q(30) _ —6kQ?

0 d>2 d2
2040

qu = 2 =
-3Q0+Q

Gy = —— = -Q

1/ —6kQ?) kQ?
w=g\"ae )T T

 kqart sy kQ(—Q)

kQ> F

Ff - d> - d>

=-—F=

6
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Q3.  Two charges Qa and Qg are placed in the x-y plane, as shown in FIGURE 1. The
resultant electric field at the origin O due to the two charges is E = 6.3x10” N/C i .
Determine the magnitude and sign of the charge Qs.

A) 52 uC y FIGURE 1

B) -16 uC

C) +72 uC

D) —66 uC

E) +26 uC

Ans:
Enet = EA + EB
X
Enet = E, = Egcosf = P cos30
k
Eper = 6.3 %107 = %- cos30
10,] = 6.3 x 107 x (0.08)? — souC
Ul = 5 109 xcos30 ~ 22H
Qp = —52uC
Q4. An electron enters a region of uniform electric field with its velocity opposite to the

field. The electron’s speed increases from 2.0x107 m/s to 4.0x10” m/s over a distance
of 1.2 cm. What is the magnitude of electric field?

A) 2.9 x10° N/C

B) 1.4 x10° N/C

C) 2.0 x10” N/C

D) 4.0 x10" N/C

E) 1.0 x10° N/C

Ans:
vZ—v? (16 —4) x 104
2 _ .2 _ 0 _ — 16 2
v:=v5+2ad > a= >d _2x1.2x10‘2_5X10 m/s

ma _ 9.11 X 10731

E: E: -_——_—
ek =ma = 1.6 x 10-19

e

X 5% 101 =29 x 10° N/C
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Q5. Anelectric dipole of dipole moment |p| = 2.0x10® C.m is initially placed in an

electric field of magnitude1.0x10? N/C in a direction perpendicular to the field. If the
dipole is rotated to align it in the same direction as the field, find the work done by the
field to rotate the dipole.

A) +2.0 uJ
B) 2.0
C) +4.0
D) 4.0
E) +1.0J

Ans:

W = —Uf=pE=2><10_8><1.O><102=2><10_6J= +2 pl

Q6.  Rank the electric fluxes through each of four Gaussian surfaces shown in FIGURE 2
from largest to smallest.

FIGURE 2
A) c,aand b tie, d ——
B) aandctie, d, b 2 Qe B °
C) b,candatie, d 1
D) d, b, cand atie — g —p— —m g — — g —

E) aanddtie, c, b
Ans:

b X Gencts Qenci—a = @5 denci-b = @ enci-c = 3¢5 denci-a = 0

C,aand b tie,d
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Q7.  Along thin walled metal tube with radius R=1.00 cm has a charge per unit length
A=—4.20 nC/m. A long thin wire carrying 5.60 nC/m charge passes through the center
of the tube as shown in the FIGURE 3. Find the magnitude of the electric field at a
distance of 1.50 cm from the wire center in the direction perpendicular to the wire axis.

, FIGURE 3
A) 1.68 x 103 N/C

B) 1.01 x 10° N/C Vi

C) 2.33x 10° N/C T

D) 3.51 x 10° N/C W

E) 1.05x 10° N/C
Ans:
Anet = Awire - Atube = (56 - 4‘2) X 10_9 = 14‘ TlC/‘m

_ 2kApee 2% 9%x10° x1.4%x107°

Er r 1.5 x 102 = 1680 N/C

Q8. A conducting uniform thin spherical shell of radius 14.0 cm carries a uniform surface
charge density ¢ = 2.60 x 10 C/m?. Find the magnitude of the electric field at a
point at a distance of 20.0 cm from the center of the shell.

A) 1.44 x 107 V/m
B) 3.15x 10" V/m
C) 5.22 x 10" VIm
D) 1.01 x 10" V/m
E) 1.05x 107 V/m

Ans:
kq k ko 5
E:T_2: T—ZO'A: FAI-TL'R

99X 10° x 2.6 X 107*

X 41 X (0.14)2 = 1.44 X 107 V
02)2 m % (0.14) /m
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Q9. Two horizontal infinite non-conducting sheets carry uniform surface charge densities
o+ =+3.0 x10°® C/m? and - = 5.0 x10°® C/m? on their surfaces, as shown in
FIGURE 4. A point charge particle g with 1.6 x10® C charge is released from rest
between the plates. Determine the magnitude of the electrostatic force on the particle
g. Ignore the force of gravity on the particle. FIGURE 4
)
A) 0.72N T ———
B) 1.5 N |
C) 0.11 N 7 3.0 cmn
D) 24 N I —
E) 0.33N 50)
Ans:
o]l +|o
g ol tloal o o
2¢g,
F=qE=1.6%x107°x (3+5) x 107 =0.72N
-aEEs 2x885x10-12 =
Q10. A uniform electric field of magnitude 322 VV/m is directed in a region as shown
in FIGURE 5. Calculate the electric potential difference Vg — Va if the coordinates of
point A are (-0.200, - 0.300) m, and those of point B are (0.400, 0.500) m. Assume V =0 at
infinity.
FIGURE 5
A) 258 V
B) 112V y
C) 361V el @
D) 322V !
E) 105V H
‘I X
Ans: i * * +
AV = —E, - AF, = — E AT ® !

Ey, = —322v/m
Ary = rgy —rpy = 0.5—(-0.3) = 0.8 m

AV = —(—=322) X 0.8 = 257.6 V ~ 258V
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Q11. The two charges Q and 2Q in the FIGURE 6 are separated by a distance d = 15.0 cm.
If the electric potential difference between B and A (Vz — V) = +572 V, find the
value of Q. Assume V =0 at infinity.

FIGURE 6
B) 22.7nC
C) 11.1nC
D) 45.3nC
E) 55.5nC 2d
Ans: d d
2k k k 1 k
Vg = Q ¢ _ Q(2+—)_2707—Q 2d
\/‘ 2d  d V2 d
Q 2kQ  kQ kQ
1 = 2414 —
Vy = — +— 7 ( +v2) = - 0 d 20
kQ kQ kQ
Vg =V, =2.707 7 —2.414 7 = 0.293 7 =572
572 x d 572 x 0.15 )
= =325%x107°C

T 0293 xk 0293 x9 x10°

Q12.  Two protons, initially at rest and separated by 50.0 mm are released simultaneously
from rest. What is speed of either proton at the instant when they are infinitely apart?
Assume V = 0 at infinity.

A) 1.66 m/s
B) 1.01 m/s
C) 1.15 m/s
D) 3.42 m/s
E) 2.22 m/s

Ans:

,  kq? k
Kf=2><§mv =T$U= EXCI
= 9 x10° x 1.6 X 1071% = 1.66
V= 1167 x10-27 x 0.05 = 1.66m/s
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Q13. An isolated charged spherical conductor has a radius R. At a distance r from the center

of the sphere (r>R), the magnitude of the electric field is 500 VV/m and the electric
potential is 23.0 kV. What is the value of the charge on the conductor? Assume V =0
at infinity.

A) 118 nuC
B) 50.8 uC
C) 221 uC
D) 88.7 uC
E) 355 uC
Ans:
p_Ke , _Ke E_Ko r 1V
o2t 'V 2 ko r "TE
_v_23x10*
"TET Ts500 M
= Vr_ 23X103X46— 117.6 X 107°C = 118 uC
Q= k 9 x 10° - ' B K
Q14. The initial energy density of an air-filled parallel-plate capacitor, connected to a
battery of potential difference V, is u;. If the capacitor plates separation is doubled,
while the battery is still connected, the ratio of the initial energy density u; to the final
energy density urof the capacitor (ui/ us) is:
A) 4
B) 3
C) 2
D) 1
E) None of the given values
AnNs:
u = @EZ = 80 (K>2 = SOVZ i
2 2 \d 2 dz
V2% 1 s5V: 1
u. -_ —_; u D —
T2 a2 2 a2
w_ 4 but d, = 2d =>4di2—4
u  d? W T d?
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Q15. Two capacitors C1=5.00 x101° F and C,=3.00 x107*° F are connected to a battery
V=1.20 x10? V, as shown in FIGURE 7. The switch is first connected to A, and the
capacitor Cy is fully charged. Then, the switch is connected to B and the circuit is
allowed to reach equilibrium. Find the charge stored in capacitor C, after the
equilibrium is reached.

A) 225nC
B) 375nC
C) 125nC
D) 455nC
E) 112nC

Ans:

FIGURE 7
A B

Y]
V=1200 V_ﬂ_cz

Qu=CV=5%x10"1°"%x12x103=6x10"77C

Coqg= C1+C,=(5+3)x10710=8x10"10F

Q; 6x1077

Vf:_:

Ceq 8x10710

=0.75%x 103 =750V

Qyf =3 X 10710 % 0.75 x 103 = 2.25 x 1077 = 225 nC

Q16. FIGURE 8 shows three capacitors C1 = 6.00 pF, C2 =4.00 pF and C3=2.00 pF
connected to a 9.00 V battery. What is the total energy stored in the three capacitors?

A) 122 p
B) 80.8 ]
C) 50.5 p
D) 221 ]
E) 331 uJ

Ans:

FIGURE 8

1
U= _CquZ; 623 = Cz‘l‘ C3 = (4+2)‘UF:6,U.F

2

_ C1 X C23

_6X6

4 C 4 Cys

1

F = 3uF
6+6" K

1
U= 5CeqV?=5%x3x107x (9)? = 12154 ~ 1224

2
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Q17. How much total charge is stored in the two parallel-plate capacitors C1 and C> of the
circuit shown in FIGURE 9? Cq is filled with material of dielectric constant k= 3.00
while C; is filled with air. Each capacitor has a plate area of 5.00 x10° m? and a plate
separation of 2.00 mm.
FIGURE 9
A) 22.1nC
B) 12.7nC
C) 5.55nC ] ] 1
D) 32.5nC '=2501V= < B Qe
E) 52.9nC T
Ans:
Qnet = (C1 + GV
_ kepA 3x885x1071?x5x107° 6.637 % 10-11 F
1T g 2x 1073 o
- gA  885x107"2x5x107% 29125 x 10-11 F
27 a4 2x 1073 -
Qnet = (6.637 +2.213) x 10711 x 250
Qnet = 22125 x 10711C =22.1 x 107°C
Q18. A copper wire with diameter d carries a current I. If we double the diameter of the
wire, and also double the current in the wire, what is ratio of new drift speed vq> to the
old drift speed va1 (Va2/ Va1) Of the charge carriers?
A) 1/2
B) 1/4
C) 2
D) 4
E) 1/3
Ans:

dZ
N I/A_I/”(T)_ 4l
Va = ne mne = mne  mned?

41,
Va, nned; _ L,d? 2L d? 1

= = = — X —— = —
va, _4L_ Ldj L~ 4di 2
ned?
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Q19. Copper has resistivity po at room temperature. Find the temperature at which copper
has resistivity 2po. Assume room temperature is 20.0 °C and temperature coefficient
of resistivity oy = 4.30 x10° K2,

A) 253 °C
B) 171°C
C) 111°C
D) 355 °C
E) 422°C

Ans:
p = po(1+ aAT) but p = 2p,

2p0 = po(1+alAT) =2 =1+ aAT = 1 = aAT

1 1
AT = - W—ZSZb C

Tr =T, + AT = 20 + 232.6 = 252.3°C = 253°C

Q20. A water heater operate at 120 V and carries a current 2.00 A. Assuming the water
absorbs all the energy delivered by the heater, how long does it take to raise the
temperature of 0.500 kg of liquid water from 23.0 °C to 100 °C?

A) 6725
B) 433s
C) 272s
D) 755s
E) 981s

Ans:
Heat required = AQ = mcAT = 0.5 X 4190 X 77 = 161315 J

Power AvailableP = [V =2 x 120 =240 W

hen A — P xt o ¢~ AQ _ 161315
= X = = — =
enAQ P 240

=672s
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