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Solution

Fundamental Constants

k =
1

4πε0
= 9× 109 N ·m2/C2 Coulomb’s constant

ε0 = 8.85× 10−12 C2/(N ·m2) Permitivity of free space

µ
0
= 4π × 10−7 T ·m/A Permeability of free space

e = 1.6× 10−19 C Elementary charge

me = 9.11× 10−31 kg Mass of an electron

mp = 1.67× 10−27 kg Mass of a proton

eV = 1.6× 10−19 J Conversion from eV to J

NA = 6.022× 1023/mol Avogadro’s number

Prefixes of units

m = 10−3 µ = 10−6 n = 10−9 p = 10−12 k = 103 M = 106

Instructions to the Students:

• All communication devices must be switched off and placed in your bag. Anyone found
using a communication device will be disqualified.

• Programmable calculators, which can store equations, are not allowed.

For use by instructors only

Problems #1 #2 #3 #4 #5 #6 #7 #8 Total
Max. Marks 4 5 4 3 4 4 4 5 33

Score
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1. Three point charges are on the x−axis as shown. The net electric field ~E = 0 at the point
P . If Q1 = +2 nC and Q2 = −6 nC, find Q3.

4 points

x

y

P
Q2 Q3

Q1

20 cm20 cm20 cm

Solution: There are no y−components. We see that, E1x < 0 and E2x > 0. Then

Ex = E1x + E2x + E3x

=⇒ 0 = −
k|Q1|

0.22
+

k|Q2|

0.42
+ E3x =⇒ 0 = −450.0 + 337.5 + E3x

=⇒ E3x = +112.5 N/C =⇒ Q3 < 0

Now
k|Q3

0.62
= 112.5 =⇒ |Q3| = 4.5× 10−9 C =⇒ Q3 = −4.5 × 10−9 C

2. Two point charges, Q1 = −4.0 nC and Q2 = +9.0 nC, are in the xy−-plane as shown.
Find the x−component and the y−component of the net electric field ~E at O.

5 points

O

Q1

Q2

x

y

50 cm

40 cm

30
 c

m
 

Solution: Since Q1 < 0 and Q2 > 0,
the directions of E1 and E2 are as
shown. The magnitudes and compo-
nents of E1 and E2 are

E1 =
k|Q1|

0.42
= 225.0 N/C =⇒











E1x = +225.0 N/C

E1y = 0 N/C

E2 =
k|Q2|

0.52
= 324.0 N/C;=⇒























E2x = −E2 ×
0.4

0.5
= −259.2 N/C

E2y = −E2 ×
0.3

0.5
= −194.4 N/C

Then

Ex = E1x + E2x = −34.2 N/C Ey = E1y + E2y = −194.4 N/C
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3. Two small metallic balls with equal positive charge q and equal mass m = 3.0× 10−6 kg
each hang from the ceiling by two insulating strings of equal length. When the balls are in
equilibrium, the strings make an angle θ = 20o with the vertical and the distance between
them is d = 4.0 cm. Find the charge q (Take g = 9.8 m/s2).

4 points

d

L L

m, q

θθ

m, q

Solution: The free-body diagrams for the balls are
shown. For any one ball, we find

FT cos θ = mg

FT sin θ = F



















=⇒ tan θ =
F

mg

=⇒ F = mg tan θ = 1.07× 10−5 N

Then

F =
kq2

d2
=⇒ q =

√

Fd2

k
= 1.38× 10−9 C

4. A uniform ring of radius a = 8 cm and charge Q = −4.0 µC is fixed in the yz−plane
with its centre at the origin O. A point charge q is on the x−axis at x = 12 cm. The net
electric potential V = 0 at O. Find the net electric field ~E at O.

3 points

12 cm

q

O

y

z

a

Q

x

Solution: The net electric potential at O is

kQ

a
+

kq

0.12
= 0

=⇒ q = −
Q× 0.12

a
= +6.0× 10−6 C

The electric field at O due to the ring is ERing = 0.

The electric field at O due to q is

Eq =
k|q|

(0.12)2
= 3.75× 106 N/C, to the left

So, the net electric field at O is

E = ERing + Eq = 3.75× 106 N/C, to the left
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5. Two charge particles of identical mass m = 5.0× 10−14 kg are travelling directly towards
each other. When the distance between them is 1.5 m, each particle is moving with speed
v = 3.0× 103 m/s. If q1 = −2.0 nC and the distance of closest approach between the
particles is 20 cm, find q2.

4 points

Solution: The speeds of the particles are zero at the distance of closest apparoach. The
work-energy principle is

KEi + PEi = KEf + PEf

=⇒ 2×
(

1

2
mv2

)

+
kq1q2
1.5

=
kq1q2
0.2

=⇒ mv2 = q2

(

kq1
0.2

−
kq1
1.5

)

=⇒ 4.5× 10−7 = q2 × (−78.0)

=⇒ q2 = −5.8× 10−9 C

6. Two point charges q1 = −4.0 µC and q2 = +6.0 µC are fixed on the x-axis as shown. A
third charged particle q3 = −2.0 µC is picked from rest at the origin O by an external
agent and moved to point A. The kinetic energy of q3 at A is KEA = 0.84 J. How much
work is done by the external agent?

4 points

1
q 2

q3
q

20 cm 20 cm
80 cm

A

O
x

y

Solution: The work-energy principle is

Wext + PEO +KEO = PEA +KEA

=⇒ Wext +

(

kq1q3
0.2

+
kq2q3
0.8

)

+ 0.0 =

(

kq1q3
0.8

+
kq2q3
0.2

)

+KEA

=⇒ Wext + (0.36− 0.135) + 0.0 = (0.09− 0.54) + 0.84

=⇒ Wext = +0.165 J
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7. A charged and isolated (disconnected from the battery) air-filled parallel-plate ca-
pacitor with thickness d = 2.0 mm has PE = 4.8 × 10−4 J of energy. If its thickness is
increased to d′ = 5.0 mm and a dielectric slab with K = 3.4 is inserted to fill the gap
between the plates, find the energy now stored in this capacitor.

4 points

Solution: The new and old capacitances are related by

C ′

C
=
(

K

1.0

)(

A

A

)

(

2.0× 10−3

5.0× 10−3

)

=⇒
C ′

C
= 1.36

In this case, the charge Q in the capacitor remains unchanged. So

PE =
Q2

2C

PE′ =
Q2

2C ′



























=⇒
PE

PE′
=

C ′

C
= 1.36

=⇒ PE′ =
PE

1.36
= 3.5× 10−4 J

8. Three capacitors are connected to a source of emf ε = 15.0 V as shown in the circuit. The
capacitance C1 is unknown, but C2 = 12.0 nF and C3 = 20.0 nF. If the plate-charge on
C3 is Q3 = 60 nC, find C1.

5 points

C1

C2

C3

ε
Solution: We have

V3 =
Q3

C3

= 3.0 V

Then

C2 and C3 are parallel =⇒ C23 = C2 + C3 = 32.0 nF

V23 = V3 = 3.0 V

Q23 = C23V23 = 96.0 nC

C1 and C23 are in series =⇒ Q1 = Q23 = 96.0 nC

V1 = ε− V23 = 12.0 V

=⇒ C1 =
Q1

V1

= 8.0 nF


