
Exam 1 3/1/2021
29:28

Make sure your name is on your exam book. Show all of your work. Good luck!

1. Consider a system consisting of two identical uniformly charged spherical
shells with total charge q, inner radius, R1, and outer radius, R2. The
centers of the shells are separated by a distance 4R2 along the z axis.

1.a What is the force (magnitude and direction), due to one of these
shells, on a particle of charge Q at a point a distance r > R2 from
the center of that shell?

Since the particle is outside of the shell, for r > R2 it follows from
Gauss’ law and symmetry considerations that the force is the same
as the force due to a point charge q at the origin of the i-th shell.
This gives

F = kQq
r− ri
|r− ri|3

which is directed from the origin of the sphere to the charge.

1.b What is the force (magnitude and direction), due to one of these
shells, on a particle of charge Q at a point a distance r < R1 from
the center of that shell?

Since the particle is inside of the shell for r < R1 it follows from
Gauss’ law and symmetry considerations that there is no force on
the particle due to the charges in that shell.

1.c What is the net force (magnitude and direction) due to these two
shells on a particle of charge Q at a point along the line connecting
the centers of the spheres located at a distance 8R2 from the center
of the closest sphere?

Using Gauss’ law and the superposition principle (assuming that the
closest sphere is on the right)

F = kQq(
1

(12R2)2
+

1

(8R2)2
)ẑ =

kQq

R2
2

1

16

13

36
ẑ =

kQq

R2
2

13

576
ẑ

1.d What is the force (magnitude and direction) due to these two shells
on a particle of charge Q at the center of one of the two shells?

In this case the particle only feels the force from the other shell. If
Q is in the shell on the right

F = kqQ
ẑ

16R2
2

where the direction is away from the shell on the left.
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1.e Assume that one shell is centered at the origin and the center of the
other shell is at (x, y, z) = (0, 0, 4R2). What is the potential energy
of a particle of charge Q on the z axis with z > 5R2?

U = kqQ(
1

z
+

1

z − 4R2
)

1.f What velocity, in the positive z direction, does a particle of mass m
and charge −Q at z = 5R2 need to escape the electrostatic attraction
of these two shells?

Energy conservation gives

1

2
mv2 − kqQ(

1

z
+

1

z − 4R2
)

v =

√
2kqQ

m
(
1

z
+

1

z − 4R2
)

2. Consider a system consisting of three infinite parallel conducting planes in
the xy plane separated by a distance L. The plane at z = −L has charge
density σ > 0, the plane at z = 0 has charge density −2σ, and the plane
at z = L has charge density σ

2a. What is the magnitude and direction of the electric field in the region
z > L?

Use a symmetric Gaussian cylinder that has ends above L and below
−L. By symmetry the field must be normal to the planes. The
contribution to the flux from the top and bottom surfaces are the
same, while there is no contributions from the sides. Gauss’s law
gives

2AE =
A

ε0
(σ − 2σ + σ) = 0

which implies E = 0.

2b. What is the magnitude and direction of the electric field in the region
0 < z < L?.

Using the result of part a, use a Gaussian cylinder that just cuts the
top plane to get

A(E + 0) =
Aσ

ε0
→ E =

σ

ε0
(−ẑ)

where ẑ is the unit vector in the up direction.

2c. What is the magnitude and direction of the electric field in the region
−L < z < 0?
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Using the result of part a, use a Gaussian cylinder that just cuts the
bottom plane to get

A(E + 0) =
Aσ

ε0
→ E =

σ

ε0
(ẑ)

where ẑ is the unit vector in the up direction.

2d. What is the difference in electric potential between the outer two
plates?

Since the field between the plates have equal magnitude, opposite
direction and the plates have the same separation, no net work is
done in moving a charge from the lower plate to the upper plate.
This means that the electric potential of the upper and lower plates
are the same.

2e. What is the difference in electric potential between the plate at z = 0
and the plate at z = L? Which one is at a higher potential?

In this case the work is positive with

W = qEL = q
σ

ε0
L V =

W

q
=
σL

ε0
,

where the positive (top) plate is at the higher potential.

3. A particle with charge q > 0 is at the center of a cube with sides of length
L.

3.a What is the total electric flux through one face of the cube? Explain
your reasoning.

By symmetry each side has the same flux. The total flux is given by
Gauss’ law: Φ = q

ε0
. This means that the flux through one side is:

Φ1 side = q
6ε0

.

3.b A second cube of identical size is attached to one of the faces of the
first cube, making a box of size L×L×2L. What is the total electric
flux through this second cube? Explain your reasoning.

Since the second cube contains no charge the total flux through the
second cube is 0 by Gauss’ law: Φ2 = 0;

3.c What is the total electric flux through the five faces of the second
cube of 3.b) that are not in contact with the first cube? Explain your
reasoning.

By simple geometry the flux through the adjacent face is − q
6ε0

(note
that the normal is (−) the normal on adjacent face on the first cube.
That flux that enters through that face come out through the other
five faces (by part b,) - which gives Φ = − q

6ε0
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3.d A second charge q is placed at the center of the second cube. What
is the electric flux through the common face shared by both cubes?
Explain your reasoning.

By reflection symmetry the normal components of the electric field
on the common face must vanish, which means that there is no flux
through that surface.

4. Two infinite conducting parallel plates are maintained at a potential dif-
ference of 20 Volts. The plates are separated by a distance of 1 × 10−2

meters

4.a What is the magnitude of the electric field between the plates?

For parallel plates we know that the field is constant. This means the
V = EL or E = V/L with direction pointing form the high potential
to the low potential and magnitude

|E| = V

L
=

20V

10−2m
= 2000V/m

4b. What is the charge density σ on the plate at the higher potential
(both magnitude and sign)?

By Gauss’ law

σ = ε0E = 2× 103.85× 10−12 = 17.7× 10−9C/m2

4c. A dust particle of mass m = 1 × 10−5kg with an excess negative
charge of q = 1× 10−10C is a rest near the negatively charged plate.
Find its speed when it collides with the positively charged plate.

Use energy conservation

m

2
v2 = qV v =

√
2qV

m
=

√
2× 1× 10−10C × 20V

1× 10−5k
= 2×10−2m/s

k = 8.99×109(Nm2/C2) ε0 = 8.85×10−12(C2/Nm2) qe = 1.602×10−19C
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