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[I] This problem has five multiple choice questions. The best answers are marked with [X].

[I.1] L and R are two uncharged (neutral) metal spheres on an insulating wood table. The
spheres are in contact with each other. A positively charged rod R is brought close to L
as shown in the figure to the left below. Sphere R is now moved away from L, as in the
figure to the right below. What are the final charge states of L and R?

[A] Both L and R are neutral. [X] L is negative and R is positive.
[C] Both L and R are negative.
[D] Both L and R are positive. [E] L is positive and R is negative.

+ + L + +

left right

LR R

[I.2] The charge on the square plates of a parallel plate capacitor of area A and separation d
is Q. The potential across the plates is maintained with constant voltage by a battery as
they are pulled apart to twice their original separation.The amount of charge on the plates
is now equal to

[A] 4Q. [B] 2Q. [C] Q. [X] Q/2. [E] Q/4.

[I.3] One very small uniformly charged plastic ball is located directly above another such charge
in a test tube as shown in the figure to the left below. The balls of massm are in equilibrium
a distance d apart because of the weight mg of the balls, and the electrical forces. If the
charge on each ball is doubled, but the masses remain the same, the distance between the
balls in the test tube would become

[X] 2d. [B] d. [C] 4d. [D] 8d. [E]
√
2d.

d

θ

q

σ

mg

[I.4] A charge q hangs from a string that makes an angle θ with a large sheet with surface
charge density σ as shown in the figure to the right above. At equilibrium

[X] tan θ = σq
2ǫ0mg [B] tan θ = 2ǫ0mg

σq [C] tan θ = σq
ǫ0mg [D] tan θ = ǫ0mg

σq

[E] The length of the string is needed to give the answer

[I.5] A charge q is at x = 0 and a charge 4q is at x = L. Find where on the x axis the electric

field ~E = 0.

[A] At x = L
2 [B] At x = L

3 , and x = −L [C] At x = −L [X] At x = L
3 [E] At x = 4L

3
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[I.6] The figure to the below shows four charges, q1, q2, q3, and q4. S is a Gaussian surface
(closed surface) with q1 and q2 inside. The other charges are not inside S. Consider Gauss’
law and choose the true statement.
[A] Charges q3 and q4 outside the surface do not affect E on the surface.

[B]
∮

S
E · n dA = q1+q2−q3−q4

ǫ0
[X]

∮

S
E · n dA = q1+q2

ǫ0
[D]

∮

S
E · n dA = q1+q2+q3+q4

ǫ0

[E] none of the above because the figure is not symmetrical.

q1

q2

q3

S

q
4

[I.7] Two very large parallel plastic plates of area A and thickness t separated by a distance d
have uniformly distributed charge densities σ1, σ2, σ3 and σ4 as shown in the figures below
Treat the area A as very large (∞). The electric field components Ex in regions I and III
is

[A] EI
x =

(

σ1+σ2+σ3+σ4

2ǫ0

)

, and EIII
x = −

(

σ1+σ2+σ3+σ4

2ǫ0

)

[B] EI
x =

(

σ1+σ2+σ3+σ4

2ǫ0

)

, and EIII
x = −

(

σ1+σ2−σ3−σ4

2ǫ0

)

[C] EI
x =

(

σ1+σ2−σ3−σ4

2ǫ0

)

, and EIII
x = −

(

σ1+σ2−σ3−σ4

2ǫ0

)

[X] EI
x = −

(

σ1+σ2+σ3+σ4

2ǫ0

)

, and EIII
x =

(

σ1+σ2−σ3−σ4

2ǫ0

)

[E] EI
x = −

(

σ1

2ǫ0

)

, and EIII
x =

(

σ2−σ3

2ǫ0

)

t

d

σ σ σ σ1 2 3 4

I

II

III

x

IV

V

t

d

A

x

σ
1 σ

2
σ
3

σ
4

[I.8] A particle of charge q is fixed at the origin so it cannot move. A second particle of charge
q and mass m is initially at x = a and released from rest. Find the speed v of the second
particle, for v ≪ c, when it has moved to a very large (x → ∞) distance.

[X] v →
√

q2

2πǫ0am
[B] v →

√

q
2πǫ0am

[C] v → 0 [D] v → q2

4πǫ0a2m [E] v →
√

q2

2πǫ0a2m
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[I.9] Two large charged parallel metal plates are separated by a distance d as shown in the

figure to the left below. The electric field between the plates is ~E = Ex̂ with E > 0. An
electron of mass m and charge −e is released at plate 1 with speed v0 as shown in the
figure to the left below. When it reaches plate 2 its speed neglecting gravity will be

[X]
√

v20 −
2eEd
m [B]

√

v20 +
2eE
md [C]

√

v20 −
2eE
md [D]

√

v20 +
2eEd
m [E] v0

d

plate 1
plate 2

E

x

v0

-e
horizontal surface

R

E0

H

sloping side surface

[I.10] A cone has a circular horizontal base of radius R and height H as shown in the figure to
the right above. It is immersed in a uniform vertical electric filed of magnitude E0. The
electric filed flux through the sloping side surface is

[A] zero [X] E0(πR
2) [C] E0(πr

√
H2 +R2) [D] E0(πR

2 + πr
√
H2 +R2) [E] E0(RH)

[I.11] A uniform electric field is directed along the x-axis from right to left, so Ex = −500 V/m.
If the electric potential at x = 0 m is V (x = 0) = 0 V, what is the electric potential at
x = 2 m?
[A] 2000 V [X] 1000 V [C] 500 V [D] 0 V [E] -1000 V

[I.12] The electric potential is given as V (x, y, z) = x2y − z3. Find the electric field.

[X] ~E = −2xyı̂− x2̂+3z2k̂ [B] ~E = x3y
3 ı̂+ x2y2

2 ̂− z4

4 k̂ [C] ~E = −x3y
3 ı̂− x2y2

2 ̂+ z4

4 k̂

[D] ~E = −xyı̂− x2̂+ z2k̂ [E] ~E = 2xyı̂+ x2̂− 3z2k̂
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[I.13] An electric field in space is given by ~E = (E0+E1
x
a )x̂. Calculate the outward electric flux

ΦE through the surface of cube shown in the figure to the left below.

[A] ΦE = (E0 + E1)a
2 [B] ΦE = E0a

2 [C] ΦE = (2E0 + E1)a
2 [X] ΦE = E1a

2

[E] ΦE = 0

(0,0,0)

(0,a,0)

(0,0,a)

(a,0,0)

x

y

z

E

C

C

1 2

C

V

+

-

3
4

[I.14] In the circuit shown to the right the three capacitors are equal. The voltages V1 − V2 and
V3 − V4 are

[A] V1 − V2 = V
2 , and V3 − V4 = V

2 [B] V1 − V2 = V
2 , and V3 − V4 = −V

2

[X] V1 − V2 = V
3 , and V3 − V4 = 2V

3 [D] V1 − V2 = 2V
3 , and V3 − V4 = V

3

[E] V1 − V2 = V
3 , and V3 − V4 = −2V

3

[I.15] When two or more capacitors are connected in series across a potential difference

[A] the potential difference across the combination is the algebraic sum of the potential
differences across the individual capacitors.

[B] each capacitor carries the same amount of charge.

[C] the equivalent capacitance of the combination is less than the capacitance of any of the
capacitors.

[X] All of the above choices are correct.

[E] [A] and [B] are correct but [C] is false.
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[II] A ring of radius R has a uniformly distributed positive charge Q as shown in the figure.

[a] Find the electric potential V (0, 0, z) at a distance z along the axis of the ring.

[b] Find the z component Ez(0, 0, z) of the electric field at a distance z along the axis of the
ring.

[c] Show that an electron located at a distance z ≪ R performs simple harmonic motion and
find the frequency ω.

z

R

Q

ring of charge

x

y

ANSWERS:

[a] Divide the ring into small elements of charge dQ. Every element of charge is at the same
distance r =

√
z2 +R2 from the point (0, 0, z). An element of charge produces a potential

dV (0, 0, z), and the entire ring produces a potential V (0, 0, z) at that point given by

dV =
dQ

4πǫ0r
, and V =

∫

ring

dV =

∫

ring

dQ

4πǫ0r
=

∫

ring

dQ

4πǫ0
√
z2 +R2

but z and R are constant in the integral so

V (0, 0, z) =
1

4πǫ0
√
z2 +R2

∫

ring

dQ =
Q

4πǫ0
√
z2 +R2

[b] We have that

Ez(0, 0, z) = −
∂V (0, 0, z)

∂z
=

−Q

4πǫ0

∂

∂z

(

1
√
z2 +R2

)

=
−Q

4πǫ0

(

(−1/2)2z

(z2 +R2)3/2

)

=
Qz

4πǫ0

(

1

(z2 +R2)3/2

)

[c] The force on an electron of charge −e is Fx = −eEz. For z ≪ R we have that

Ez ≈
Qz

4πǫ0R3
, so Fz = −

Qe

4πǫ0R3
z = −Kz,

therefore the electron, of mass me performs simple harmonic motion with frequency

ω =

√

K

me
=

√

Qe

4πǫ0R3me
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[III] A conducting (metal) spherical shell of inner and outer radii a and b respectively is inside
another conducting concentric shell of inner and outer radii c and d as shown. There is
vacuum between the shells and in the cavity inside the small shell. The inner shell carries
no charge Q1 = 0 and the outer one a charge of Q2 = −2q. There is also a point charge q
at the center of the cavity inside the small shell.

[a] Find the electrostatic electric field for r < a, a < r < b, b < r < c, c < r < d, and d < r.

[b] Find the surface charge densities σ at the four surfaces r = a, r = b, r = c, and r = d..

[c] Integrate the electric field to find the potential difference V (r = b)− V (r = c).

a

b

c

d

r

m
e t a l

m
e t a l

Q1

Q2

q

Answers:
[a]

Er(r) =























































q
4πǫ0r2

if r ≤ a because qinside = q;

0 if a < r < b because ~E = 0 inside conductor;

(Q1+q)
4πǫ0r2

= q
4πǫ0r2

if b < r ≤ c because qinside = q;

0 if c < r ≤ c because ~E = 0 inside conductor;

(Q1+Q2+q)
4πǫ0r2

= −q
4πǫ0r2

if d < r because qinside = −q;

[b] At the surface of a metal σ = ǫ0En, where n̂ is the normal outward from the metal.

σ =







































−q
4πa2 at the surface r = a because En(a) = −Er(a) =

−q
4πǫ0a2 .

q
4πb2 at the surface r = b because En(b) = Er(b) =

q
4πǫ0b2

.

−q
4πc2 at the surface r = c because En = −Er(c) =

−q
4πǫ0c2

.

−q
4πd2 at the surface r = d because En = Er(d) =

−q
4πǫ0d2 .

[c]

V = V (b)− V (c) =

∫ c

b

~E · dℓ =
∫ c

b

Erdr =

∫ c

b

q

4πǫ0r2
dr =

q

4πǫ0

(

1

b
−

1

c

)
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FORMULAE SHEET TEST I

g = 10m/s2, e = 1.6× 10−19 C

me = 9.1× 10−31 kg, mp = 1.67× 10−27 kg, k = 1
4πǫ0

= 9× 109N ·m2

C2 .

Coulomb’s Law, Electric Fields (N/C)

∣

∣~F
∣

∣ =

∣

∣q1q2

∣

∣

4πǫ0 r2
~Fq = q ~E, ~EQ = kQ

r2 r̂,

Electric Field Flux Φ, and Gauss’ Law

Φclosed surface =

∮

S

~E · n̂ dA =
qinside
ǫ0

with qinside =

∫

V

ρ dV, or qinside =

∫

A

σ dA, or qinside =

∫

L

λ dl

Spherical symmetry : Er =
qinside
4πǫor2

, Cylindrical symmetry : Er =
λinside

2πǫ0r

Electric Field and sheets of surface charge density σ:
On each side of an infinite sheet En = σ

2ǫ0
. However, outside the surface of a conductor,

En = σ
ǫ0
.

Force, Potential Energy and Torque for an Electric Dipole
The Force, torque, and potential energy of an electric dipole ~p immersed in uniform electric
field ~E are ~Ftotal = 0, U = −~p · ~E, ~τ = ~p× ~E.

Harmonic Oscillator: Fx = −kx, d2x
dt2 + ω2x = 0, ω =

√

k/m

Electric Potential and Energy: W agent
i→f = (K + U)f − (K + U)i, W field

i→f = Ui − Uf

VQ(r) =
Q

4πǫ0r
, Uq(~r) = qV (~r), Vi − Vf =

∫ f

i
~E · d~s, when E field is uniform V = Ed

~E = −∂V
∂x ı̂−

∂V
∂y ̂−

∂V
∂z k̂, Er = −∂V

∂r when E field is uniform E = V
d

Capacitance Q = CV , Energy in capacitor U = CV 2

2

C =
κǫoA

d
, series

1

Ceq
=

1

C1
+

1

C2
, parallel Ceq = C1 + C2
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