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QL.

Figure 1 shows four situations in which a central proton (P) is surrounded by protons

or electrons fixed in place along a half-circle.

The angles 6 = ¢ = 30°. What is the

direction of the net force on the central proton P due to the other particles?

E, )
Figure 1
_——H e F
B) a -\ g
C)b /607X | b
D) f AV N\
| x
E) c EYAES a 7 —>d
L ) ,‘ r:_;_
; f e
P Fp
& ——r e
F,
Ans:
Fpet = [2|Fplcos30 — 2|F,|cos60]7
|Fel = |Fpl
Fror = [2|Fp|(cos30 — cos60)]7
Fror = [2|Fp| X 0.37]7 = E,p along d
Q2.
Figure 2 shows three identical conducting spheres that are well separated from one
another. Sphere W (with an initial charge of zero) is touched to sphere A and then
they are separated. Next, sphere W is touched to sphere B (with an initial charge of
—14e) and then they are separated. The final charge on sphere W is +14e.What was
the initial charge on sphere A? .
Figure 2
A) +84e - 2
B) —84e G 3@
C) +64e
E) +16e o
Ans:
+0
Qu charge on W after touching sphere A = C 5 = %

Qv charge on W after touching sphere B =

Qw+0Qp %_146_ Q4 — 28e

Qa4 — 28

but Qy, = +14e = 2

Then Q4 = 56e + 28e = +84 ¢

22 4
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Qs.
Figure 3 shows an arrangement of three charged particles, with angle 6 =30.0° and
distance d = 2.00 cm. Particle 1 has charge q,= +12.0 x 10° C while particles 2 and 3
have charges g, = gs = —2.00 x 10° C. What is distance D between the origin and
particle 1 if the net electrical field at point P due to the three particles is zero?
A) 2.30cm Figure 3
B) 1.30cm y
C) 7.20cm '
D) 4.45cm L g
E) 5.23cm Sl
Ans: P -T0 oo
d 2 o= “ X
S = = =231cm Ul 1Ay
cosf  cos30 : p D—o
Since 2|E,|, = E;x . T80, :
5, Hlazlcos30 - Kl
52 ~ (d + D)2
d+p=s|— 18l
21q,| X cos30
g
b= S\/Zlqzl X c0s30
=0.0231 - 0.02 = 0.0230 m = 2.30
e 2X2xcos30 = R
Q4.
A particle (mass = 5.0 g, charge = 40 mC) moves in a region of space where the
electric field is uniform and is given by Ex = 2.5 N/C. If the velocity of the particle at t
= 0 is given by v, = 50 m/s, what is the speed of the particle at t = 2.0 s?
A) 90 m/s
B) 72m/s
C) 81 m/s
D) 42 m/s
E) 25m/s
Ans:

Ve =Vt ayt; Gy = — =

gE 40 X 107 x 2.5

m

5><10/—3'

vy =504+20%x2=90m/s

=20m/s
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Q5.
An electric dipole with dipole moment p = (3.72i + 4.96j)><10'3°C.m is in an electric
field: E= (4000 N/C)f. If an external agent turns the dipole until its electric dipole
moment is: p = (-4.961 + 3.72j )x10® C.m, how much work is done by the
external agent?
A) 3.47x10%)
B) 4.73x1072° ]
C) 1.47x10%°)
D) 2.47x10%° ]
E) 7.47x107%" )
Ans:
Ur = —ﬁfoE; u; = —ﬁioE
Wexe = Au = Ur —U; = ﬁi'E _ﬁf'ﬁ
= [(3BT+ 4))+40007 — (—47 + 37)+40007] X 1.24 x 10730
= (12000 + 16000) x 1.24 x 1073% ] = 3.47 x 10726 |
Q6.
A 5.14 uC point charge is at the center of a cube with sides of length 0.25 m. What is
the electric flux through one of the faces of the cube?
A) 9.68 x 10* N.m?/C
B) 1.81 x 10° N.m%/C
C) 3.68 x 10° N.m?/C
D) 4.68 x 10° N.m%/C
E) 5.35 x 10° N.m%C
Ans:

o _ Genct 1 _ _514% 1076
one=force = o " "6~ 885x%x 1012 X 6

=9.68 x 10* N.m?/C
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Q7.
Two thin nonconducting sheets of charges A and B, as shown in Figure 4, are parallel
and vertical. The sheets have surface charge densities of ca= 3.8x10”° C/m? and
os = —1.9 x 10® C/m? respectively. Find the ratio (E2/E;) of the magnitude of the
electric field in region 2 to that in region 1.
Figure 4
A) 3.0
c
B) 2.0 OA 8
C) 4.0
D) 1.0
E) 5.0 Eq E, E,
EA E EA EB
Ans: <> >
Ep :|EA|+|EB| _ loal + logl 1 ) 3
E; |Eal — |Egl loal — |og]
~38+19 s
- 38-19
Qs.
Short sections of two very long parallel lines of charge, separated by L= 8.0 cm, as
shown in Figure 5, are fixed in place. The uniform linear charge densities of the wires
are 5.0 uC/m for line 1 and —1.0 uC/m for line 2, respectively. Where along the x
axis, is the net electric field due to the two lines zero?
Figure 5
A) +6.0 cm TS o —1uc,
B) —6.0cm
C) +7.0cm Line 1 Line 2
D) —-5.0cm
Ans: d
Ep = 0 then
L2112
s
L+d d
A A
L+dl |d

d|/11| = (L + d)|32|
d(|41] = 122]) = L|4,|

A
14| =8X——=2cm

d=1L ——>—
1211 = 12,1 5-1

L
Distance from origin = > +d=4+2=+4+6.0cm
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Qo.

A non-conducting sphere of radius R = 7.0 cm carries a charge Q = 4.0 x 10° C
distributed uniformly throughout its volume. At what distance, measured from the
center of the sphere does the electric field reach a value equal to half its maximum
value?

A) 3.5cmand 9.9cm
B) 25cmand 7.9 cm
C) 49cmand 8.8cm
D) 3.5cmand 8.1cm
E) 5.5cmand 9.0 cm

Ans:
kQ
Enax = ﬁ
i) E field outside the sphere —%/ > Rgiz R =+V2R=7%xvV2=99cm
K o, 1 1 R 7
ii)E field inside the sphere =— ZR'Z WR r' = >SS R=37-3° 3.5cm
Q10.
Two points A and B are located in a region of uniform electric field, as shown in
Figure 6. If potential difference between points A and B, Va — Vg = 90 V, calculate
the magnitude of electric field in the region.
Figure 6
ECRE e : B : L
SR S :
B) 5.0 V/m S e
C) 45 V/m SR : LR 1 RaRRReRl B O 1 1) e :
D) 7.7 Vim = : /;// e e
E) 22 V A : 3
) m AEE gl E
Ans: : -
AV = —E AX
IE I_AV_ 90—30V
ATAx T3 /m
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Q11.

Two charges Qa = +q and Qg = —5q are located on the x-axis at x = 0 and x = d,
respectively. Where on the positive x-axis is the electric potential equal to zero?

A) x =d/6 y ;
B) x =3d/4
C) x=4d/3 <X—> I -
D) x = 2d/3 oIQA P Q X
E) x=d/2 (d-X)
Ans:
K1Qal _ KIQ4l
X d-—X
d_ S
X d-X
d—X=5X >26X=d =>X=d/6
Q12
Two identical particles, each with a mass of 4.5 x 10°® kg and a charge of 30 nC, are
moving toward each other along a straight line. The speed of each particle is 4.0 m/s
at an instant when the distance between them is 25 cm. Find the closet distance they
can get to each other?
A) 7.8cm
B) 12 cm
C) 9.8cm
D) 15 cm
E) 5.5 cm
Ans:
kq? 1 kq? kq?
Uf= Ki+Ui(Kf=0)$ T=2x§mv2+7=mv2+ T
1_1+mv2_ 1 N 45x107% x (4)? _ 1289
x r kq® 025 9x10°x(30)2x10-18 <7
X = m: 0.078m =7.8cm
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Q13.
An isolated system consists of two conducting spheres A and B. Sphere A has five
times the radius of sphere B. Initially, the spheres are given equal amounts of positive
charge and are isolated from each other. The two spheres are then connected by a thin
conducting wire. Determine the ratio of the charge on sphere A to that on sphere B,
ga/gs, after the spheres are connected by the wire. (Note: The potential is zero at

infinity.)
A) 5
B) 1/5
)1
D) 25
E) 1/25
Ans:
After the spheres are connected by the wire:
¥aa _Kas _ aa _
5R R dB
Q14.
A parallel plate capacitor, with a capacitance of 2.0 x 10° F, is connected across a 25
V battery. If, with the battery still connected, you pull the plates apart until their
separation is now twice of what it originally was, then the magnitude of the charge
on each plate is:
A) 25 uC
B) 33uC
C) 19uC
D) 45 uC
E) 11 uC
Ans:
oA oA
qi = CiV = TV} qf = CfV = gv
q_f_Cf_V_l _ﬁ_2><10‘6><25_
g v 2 U727 2 =
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Q15.
Four capacitors with capacitances C;=15 uF, C,= C3=20 uF and C,= 10 uF are
connected to a 2.0x10? V battery as shown in Figure 7. How much potential energy is
stored in capacitor C4?

Figure7

CZ
A) 0.10 J } I
B) 1.2 J c
C) 14 . = I
D) 0.030J Ve
E) 21 J '

— G

Ans:

G
1 J_ Jis Q== l - G-

T j = G =
qs
Uy _2_64; qs = Cia34 XV
c _ Ci23 X Cy
1234 = ¢ 0
C C, + Cals [15 + (20 a 20)] 1076 F = 25uF
= X =
123 =M T e, 20 + 20 K
25 x 10

C1234 = m = 7.14HC

qs = C1234_ XV =143 X 10_3C

g} (143 x107%)?

V4_zc4_2><10><1o-6

=0.10J
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Q16.

The plates of a parallel plate capacitor each has an area of 0.400 m? and are separated
by a distance of 0.0200 m. They are charged until the potential difference between
the plates is 3000 V. The capacitor is then disconnected from the battery. Suppose
that a dielectric slab is inserted to completely fill the space between the plates and the
potential difference between the plates drops to 1000 V. What is the capacitance of
the system after the slab is inserted?

A) 531x10°F
B) 277 x 107" F
C) 1.84x 10 F
D) 6.25x 107" F
E) 6.85x107° F

Ans:
Q= CoVo = (Vi = KCoVy
Vo 3000
%V():KfOVK > K= 7,(: m=
Co = KC. = 3% A 3><8.85><10‘12><0.4_531X10_10F
k=R = %y = 0.02 -
Q17.
When a parallel-plate capacitor of capacitance C is connected to a power supply of
voltage V, the energy density in the capacitor is u. If the voltage of the power supply
is doubled, which of the following changes would keep the energy density equal to its
previous value u?
A) doubling the spacing between the plates.
B) doubling the area of the plates.
C) reducing the area of the plates by half.
D) reducing the spacing between the plates by half.
E) The energy density is unaffected by a change in the voltage.
Ans:
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Q1s.
A small bulb is rated at 7.50 W when operated at 125 V. The filament of the bulb has
a temperature coefficient of resistivity & = 4.50 x 10~ / °C. When the filament is hot
and glowing, its temperature is 140 °C. What is the resistance of the filament (in
ohms) at 20 °C? (Ignore change in physical dimension of the filament)

A) 1.35 x 10°

B) 1.86 x 10°

C) 2.73 x 10°

D) 1.99 x 10°

E) 1.67 x 10*
Ans:

vz  (125)2

R140 = ? = 75 = 2083 Q)

B R140 B 2083
14+ a(140-20) 1+45x1073x120

Rzo = 1353 Q0

Q19.
A wire carries a 6.0 mA current. How many electrons pass through a given point in
the wire in a minute?

A) 2.3x10°
B) 6.3 x 10"
C) 3.3x10"°
D) 6.3 x 10°°
E) 5.4 x 10"
Ans:
g=ixt=6x10"3x60=036C

C 0.36

= = . X 18
16x10-1  16x10-10 ¢~ 23x107e

Number of electron =
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Q20.

Ans:

Two cylindrical resistors R; and R, are made from the same material and have the
same length but different radii r; and r,, respectively. When connected across the
same battery, R; dissipates twice as much power as R,. Determine ratio of their radii
r1/r2.

A) 1.41
B) 2.42
C) 1.92
D) 1.00
E) 3.20
P1:2P2
P v P v
VR TR
P R l I R, r
S=2=ZsR=p Z—p—z,—z LR
) 1 nre " Ry 7
T
2 =2 =141
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