
Physics 2212 K Quiz #1 Solutions
Summer 2018

I. (16 points) Three point particles with charges +q = +1.6µC, +Q =
+2.2µC, and +2Q = +4.4µC lie on the vertexes of an equilateral
triangle with sides of length s = 2.5 cm, as shown. What is the electric
force on the particle with charge +q?
. . . . . . . . . . . . . . .

Use Coulomb’s Law. Let the force from the particle with charge +Q be

F⃗B and the force from the particle with charge +2Q be F⃗A. In terms
of magnitudes,

F = K
|q1| |q2|

r2
⇒ FB = K

|Q| |q|
s2

so

FB =
(
8.988× 109 N·m2/C2

) (2.2µC) (1.6µC)
(0.025m)

2 = 50.6N

The components of F⃗B are

FBx = FB cos 120◦ = (50.6N)

(
−1

2

)
= −25.3N and FBy = FB sin 120◦ = (50.6N)

(√
3

2

)
= 43.8N

Since FA = 2FB , and since the sketch shows that both components of F⃗A are positive,

Fx = FAx + FBx = −2FBx + FBx = −FBx = − (−25.3N) = 25.3N

Fy = FAy + FBy = 2FBx + FBx = 3FBx = 3 (43.8N) = 132N

So
F⃗ = (25ı̂+ 132ȷ̂) N

Or, if you prefer magnitude and direction

F =
√
F 2
x + F 2

y =

√
(25.3N)

2
+ (132N)

2
= 134N and θ = tan−1

(
Fy

Fx

)
= tan−1

(
132N

25.3N

)
= 79◦

So
F⃗ = 134N @ 79◦
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1. (6 points) A non-uniform thin rod of charge is bent into an arc of radius
R. It extends from θ = −π/4 to θ = +π/4, as shown. The linear charge
density λ of the rod depends on θ according to

λ =
λ0θ

2

cos θ

where λ0 is a positive constant. In what direction is the electric field at the
origin?

. . . . . . . . . . . . . . . .

An element of charge dq produces an element of field dE⃗ at the origin. As
the charge on the rod is positive, these elements of field point away from
the rod, as shown. The charge distribution is symmetric about the x axis,
so the y components of the elements of field will cancel (sum to zero). The
net field at the origin, then, must be

In the −x direction.

II. (16 points) In the problem above, what is the magnitude of the electric field at the origin? Express your
answer in terms of parameters defined in the problem, and physical or mathematical constants.
. . . . . . . . . . . . . . . . . . . . . . .

An element of charge dq makes an element of field dE⃗. Since the element of charge is point-like, the magnitude
of the element of field is

dE = K
dq

r2

As the rod is symmetrical about the x axis, the y components of the field cancel.

E =

∫
dEx =

∫
dE cos θ =

∫
K

dq

r2
cos θ

Since the arc is circular, r = R, a constant. The element of charge can be related to θ through an element
of arc length ds.

λ =
dq

ds
⇒ dq = λ ds =

λ0θ
2

cos θ
R dθ

So

E =

+π/4∫
−π/4

K
λ0θ

2

cos θ Rdθ

R2
cos θ =

Kλ0

R

+π/4∫
−π/4

θ2 dθ =
Kλ0

R

[
θ3

3

]+π/4

−π/4

=
Kλ0

3R

[(π
4

)3
−
(
−π

4

)3
]
=

Kλ0

3R

[
π3

32

]
=

Kλ0π
3

96R
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III. (16 points) An infinitely long hollow insulating cylinder has uniform volume charge density ρ. Its inner
radius is R, and its outer radius is 2R. What is the magnitude of the electric field at point P , a distance 3R
from the cylinder axis? Express your answer in terms of parameters defined in the problem, and physical or
mathematical constants.

. . . . . . . . . .

Use Gauss’ Law, ϵ0Φ = qin. Choose a Gaussian
Surface that passes through the point at which the
field is to be found, and that has the symmetry of
the charge distribution. In this case, the Gaussian
Surface will be a cylinder co-axial with the charge,
having a radius 3R, and an arbitrary length L.

The flux through the ends of this cylindrical Gaus-
sian Surface is zero, as the field and area vectors
are perpendicular. The flux through the curved
side of the cylindrical Gaussian Surface is EAside,
as the field has uniform magnitude on the curved
side, and the field and area vectors are parallel at
every point.

Φ =

∮
E⃗ · dA⃗ =

∫
ends

E⃗ · dA⃗+

∫
side

E⃗ · dA⃗ = 0 + EAside = E 2πrL = E 2π (3R)L = E 6πRL

The charge within the Gaussian Surface is

qin = ρV = ρ
[
π (2R)

2
L− πR2L

]
= ρ 3πR2L

Putting these together and solving for the field

ϵ0Φ = qin ⇒ ϵ0E 6πRL = ρ 3πR2L ⇒ E =
ρR

2ϵ0

2. (6 points) In the problem above, let the magnitude of the electric field at point P be E0. What is the
magnitude of the electric field at a distance R/3 from the cylinder axis?

. . . . . . . . . . . . . . . . . . . . . . .

A cylindrical Gaussian Surface co-axial with the charge, having a radius R/3 and an arbitrary length L,
contains no charge. There is no flux through this surface, so the electric field magnitude is

Zero
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3. (8 points) An electric dipole is near a positively-charged particle, as shown. If the particle is fixed in place
but the dipole is free to move, what will the motion of the dipole be?

. . . . . . . . . . . . . .

The negative end of the dipole will be attracted to the positively-
charged particle, while the positive end will be repelled, causing
the dipole to rotate counterclockwise. The negative end of the
dipole, now closer to the particle, will be in a region of greater field
strength than the positive end, so the attractive force will have a
greater magnitude then the repulsive force.

The dipole will rotate and move toward the particle.

4. (8 points) A rod is rubbed with fabric to give it a non-zero charge. When the rod is brought near a neutral
object, the neutral object will . . .

. . . . . . . . . . . . . . . . . . . . . . .

The charged rod will polarize the neutral object. The non-uniform field due to the rod will produce a greater
attractive force on the near edge of the sphere and a lesser repulsive force on the far side of the sphere. The
net effect is that the neutral object will . . .

be attracted to the rod.
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5. (8 points) Consider two charged particles, one with positive charge +4Q and one with negative charge −Q,
as shown. Is there any point along a line through the two particles, other than at infinite distance, at which
the electric field due to the two particles is zero?

. . . . . . . . . . . . . . . . . . . . . . .

If there is such a point, it cannot be between the particles. A probe charge placed between the particles will
be attracted to one particle and repelled by the other. The force on that probe charge will not be zero at
any point between the particles, so the electric field cannot be zero at any point between the particles.

On the line to the left or right of the particles, the forces of the particles on a probe charge will be in opposite
directions. At a location with zero field, there will be no net force on a probe charge, so the magnitudes of
the forces from the particles must be equal. Because Coulomb’s Law is an inverse-square law, the magnitudes
can only be equal at locations nearer the particle of lesser charge magnitude. So

Yes, somewhere to the right of the negatively charged particle (region iii).

6. (8 points) An electron is given an initial velocity v⃗0 inside an ideal parallel-plate capacitor, as shown. Describe
the path of the electron’s motion.

. . . . . . . . . . . . . . .

The ideal parallel-plate capacitor has a uniform electric field within
it. The electron, then, is subject to a constant force and acceleration
on one axis, and zero force and acceleration on the other axis. Like
an object launched in a uniform gravitational field near the Earth’s
surface,

The electron’s path will be a parabola.
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7. (8 points) A hollow conducting sphere has a solid conducting sphere at its center, as shown in cross-section.
The outer, hollow, sphere has a net positive charge +Q0, while the inner, solid, sphere has a net positive
charge +q0. The solid sphere is now moved until it touches the inner surface of the hollow sphere, then is
returned to the center. How, if at all, will charge have moved between the spheres?

. . . . . . . . . . . . . . . . . . . . . . .

Once the two spheres come into contact, they act as a single conductor. There is no electric field in a
conductor at equilibrium, so no electric flux through any Gaussian Surface inside the conductor, so no net
charge within any Gaussian Surface inside the conductor.

All the charge on the inner, solid, sphere moves to the outer, hollow, sphere.

Quiz #1 Solutions Page 6 of 6



P
H
Y
S
22
12

K
Q
u
iz

a
n
d
E
x
a
m

F
o
rm

u
læ

&
C
o
n
st
a
n
ts

S
u
m
m
er

20
18

K
=

1

4π
ϵ 0

∆
V

=
−
∫ E⃗

·d
s⃗

V
=

K
q r

∆
U

=
q
∆
V

I
=

d
q/
d
t

P
=

I
∆
V

R
=

∆
V I

S
er
ie
s
:

1

C
e
q
=
∑

1 C
i

R
e
q
=
∑ R

i

P
ar
al
le
l
:

1

R
e
q
=
∑

1 R
i

C
e
q
=
∑ C

i

E⃗
=

K
q r2
r̂

F⃗
=

K
q 1
q 2 r2

r̂

F⃗
=

qE⃗

p⃗
=

qd⃗

τ⃗
=

p⃗
×
E⃗

U
=

−
p⃗
·E⃗

|E⃗
|∝

|p⃗
|

r3

Φ
E
=

∫ E⃗
·d

A⃗

ϵ 0

∮ E⃗
·d

A⃗
=

q e
n
c
lo

s
e
d

∮ E⃗
·d

ℓ⃗
=

−
d
Φ

B

d
t

C
=

Q ∆
V

C
=

ϵ 0
A d

U
=

1 2
C
[∆

V
]2

R
=

ρ
ℓ A

τ C
=

R
C

u
E
=

1 2
ϵ 0
E

2

B⃗
=

µ
0
q

4π

v⃗
×

r̂

r2

d
B⃗

=
µ

0
I

4π

d
ℓ⃗
×
r̂

r2

F⃗
=

qv⃗
×
B⃗

F⃗
=

I
ℓ⃗
×
B⃗

µ⃗
=

N
I
A⃗

τ⃗
=

µ⃗
×
B⃗

U
=

−
µ⃗
·B⃗

Φ
B
=

∫ B⃗
·d

A⃗

∮ B⃗
·d

A⃗
=

0

∮ B⃗
·d

ℓ⃗
=

µ
0
(I

c
+
I d
)

L
=

Φ
B I

L
=

µ
0
N

2
A ℓ

U
=

1 2
L
I
2

B
=

µ
0
n
I

τ L
=

L
/R

u
B
=

1 2µ
0

B
2

q
=

q m
a
x

( 1
−
e−

t/
τ

C

)
q
=

q 0
e−

t/
τ

C

I
=

I m
a
x

( 1
−
e−

t/
τ

L

)
I
=

I 0
e−

t/
τ

L

I
=

∫ J⃗
·d

A⃗

J⃗
=

σ
E⃗

E
=

−
N

d
Φ

B

d
t

I d
=

ϵ 0
d
Φ

E

d
t

E
=

−
L
d
I d
t

c
=

f
λ
=

|E⃗
|

|B⃗
|

S⃗
=

1 µ
0

E⃗
×
B⃗

F
u
n
d
am

en
ta
l
C
h
ar
ge

e
=

1
.6
02

×
10

−
1
9
C

M
as
s
of

an
E
le
ct
ro
n

m
e
=

9
.1
0
9
×

1
0−

3
1
k
g

E
ar
th
’s
gr
av
it
at
io
n
al

fi
el
d

g
=

9.
81

N
/
k
g

M
as
s
of

a
P
ro
to
n

m
p
=

1
.6
73

×
10

−
2
7
k
g

C
ou

lo
m
b
co
n
st
an

t
K

=
8
.9
88

×
10

9
N
·m

2
/C

2
V
ac
u
u
m

P
er
m
it
ti
v
it
y

ϵ 0
=

8.
85

4
×
1
0−

1
2
C

2
/N

·m
2

S
p
ee
d
of

L
ig
h
t
c
=

2
.9
98

×
10

8
m
/s

V
ac
u
u
m

P
er
m
ea
b
il
it
y

µ
0
=

4
π
×
1
0−

7
T
·m

/A

U
n
le
ss

ot
h
er
w
is
e
d
ir
ec
te
d
,
fr
ic
ti
on

,
d
ra
g,

an
d
gr
av

it
y
sh
ou

ld
b
e
n
eg
le
ct
ed

,
a
n
d
a
ll
b
at
te
ri
es

a
n
d
w
ir
es

a
re

id
ea
l.

A
ll
d
er
iv
at
iv
es

an
d
in
te
g
ra
ls

in
fr
ee
-r
es
p
o
n
se

p
ro
b
le
m
s
m
u
st

b
e
ev
al
u
a
te
d
.


