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Problems set # 3 Physics 167 Solutions

1. A point charge q is located at the center of a uniform ring having linear charge density λ

and radius a, as shown in Fig. 1. Determine the total electric flux through a sphere centered at the

point charge and having radius R, where R < a.

Solution Only the charge inside radius R contributes to the total flux, hence ΦE = q/ε0.

2. An insulating solid sphere of radius a has a uniform volume charge density and carries a

total positive charge Q. A spherical gaussian surface of radius r, which shares a common center

with the insulating sphere, is inflated starting from r = 0. (i) Find an expression for the electric

flux passing through the surface of the gaussian sphere as a function of r for r < a. (ii) Find an

expression for the electric flux for r > a. (iii) Plot the flux versus r. [Part (iii) is optional. You

have to figure out how the flux behaves at small and large radii.]

Solution The charge density is determined by Q = 4
3πa

3 ⇒ ρ = 3Q
4πa3

. (i) The flux is that

created by the enclosed charge within radius r: ΦE = qin
ε0

= 4πr3ρ
3ε0

= Qr3

ε0a3
. (ii) ΦE = Q

ε0
. Note that

the answers to parts (i) and (ii) agree at r = a. (iii) This is shown in Fig. 2.

3. A solid insulating sphere of radius a carries a net positive charge 3Q, uniformly distributed

throughout its volume. Concentric with this sphere is a conducting spherical shell with inner radius

b and outer radius c, and having a net charge −Q, as shown in Fig. 3. (i) Construct a spherical

gaussian surface of radius r > c and find the net charge enclosed by this surface. (ii) What is the

direction of the electric field at r > c? (iii) Find the electric field at r ≥ c. (iv) Find the electric

field in the region with radius r where b < r < c (v) Construct a spherical gaussian surface of radius

r, where b < r < c, and find the net charge enclosed by this surface. (vi) Construct a spherical

gaussian surface of radius r, where a < r < b, and find the net charge enclosed by this surface.

(vii) Find the electric field in the region a < r < b. (viii) Construct a spherical gaussian surface of

radius r < a, and find an expression for the net charge enclosed by this surface, as a function of r.

Note that the charge inside this surface is less than 3Q. (ix) Find the electric field in the region

r < a. ( x) Determine the charge on the inner surface of the conducting shell. (xi) Determine

the charge on the outer surface of the conducting shell. (xii) Make a plot of the magnitude of the

electric field versus r.

Solution (i) qin = 3Q − Q = 2Q. (ii) The charge distribution is spherically symmetric and

qin > 0. Thus, the field is directed radially outward. (iii) For r ≥ c, E = 1
4πε0

qin
r2

= Q
2πε0r2

.

(iv) Since all points within this region are located inside conducting material, E = 0, for b < r < c.

(v) ΦE =
∑
E⊥ ∆A = 0⇒ qin = ε0ΦE = 0. (vi) qin = 3Q. (vii) For a ≤ r < b, E = 1

4πε0
qin
r2

= 3Q
4πε0r2

(radially outward). (viii) qin = ρV = 3Q
4
3
πa3

4
3πr

3 = 3Q r3

a3
. (ix) For 0 ≤ r ≤ a, E = qin

4πε0r2
= 3Qr

4πε0a3



(radially outward). (x) From part (iv), for b < r < c, E = 0.Thus, for a spherical gaussian sur-

face with b < r < c, qin = 3Q + qinner = 0 where qinner is the charge on the inner surface of the

conducting shell. This yields qinner = −3Q. (xi) Since the total charge on the conducting shell is

qnet = qouter + qinner = −Q, we have qouter = −Q− qinner = −Q− (−3Q) = 2Q. (xii) This is shown

in Fig. 3.

4. Consider an infinite cylindrical charge distribution of radius R with a uniform charge density

ρ. Find the electric field at distance r from the axis where r < R.

Solution If is positive, the field must be radially outward. Choose as the gaussian surface a cylin-

der of length L and radius r, contained inside the charged rod. Its volume is πr2L and it encloses

charge ρπr2L, see Fig. 4. Because the charge distribution is infinite (L is very large), no electric

flux passes through the circular end caps. Gauss’ law,
∑
E⊥ ∆A = q

ε0
. becomes

∑
E⊥ ∆A = ρπr2L

ε0
.

Now the lateral surface area of the cylinder is 2πrL, yielding E2πrL = ρπr2L/ε0. Thus, ~E = ρr
2ε0

radially away from the cylinder axis.

5. Two infinite, nonconducting sheets of charge are parallel to each other, as shown in Fig. 5.

The sheet on the left has a uniform surface charge density σ, and the one on the right has a uniform

charge density −σ. Calculate the electric field at points (i) to the left of, (ii) in between, and (iii)

to the right of the two sheets. (iv) Repeat the calculations when both sheets have positive uniform

surface charge densities of value σ.

Solution Consider the field due to a single sheet and let E+ and E− represent the fields due

to the positive and negative sheets, see Fig. 5. The field at any distance from each sheet has a

magnitude given by |E+| = |E−| = σ
2ε0

. (i) To the left of the positive sheet, E+ is directed toward

the left and E− toward the right and the net field over this region is ~E = 0. (ii) In the region

between the sheets, E+ and E− are both directed toward the right and the net field is ~E = σ/ε0
to the right. (iii) To the right of the negative sheet, E− and E+ are again oppositely directed and
~E = 0. (iv) If both charges are positive (see Fig. 5), in the region to the left of the pair of sheets,

both fields are directed toward the left and the net field is ~E = σ/ε0 to the left; in the region

between the sheets, the fields due to the individual sheets are oppositely directed and the net field

is ~E = 0; in the region to the right of the pair of sheets, both are fields are directed toward the

right and the net field is ~E = σ/ε0 to the right.
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9. On the basis of the repulsive nature of the force between
like charges and the freedom of motion of charge within a
conductor, explain why excess charge on an isolated con-
ductor must reside on its surface.

A person is placed in a large hollow metallic sphere that
is insulated from ground. If a large charge is placed on
the sphere, will the person be harmed upon touching the
inside of the sphere? Explain what will happen if the
person also has an initial charge whose sign is opposite
that of the charge on the sphere.

11. Two solid spheres, both of radius R , carry identical total
charges, Q. One sphere is a good conductor while the
other is an insulator. If the charge on the insulating sphere
is uniformly distributed throughout its interior volume,

10.

how do the electric fields outside these two spheres
compare? Are the fields identical inside the two spheres?

A common demonstration involves charging a rubber
balloon, which is an insulator, by rubbing it on your hair,
and touching the balloon to a ceiling or wall, which is also
an insulator. The electrical attraction between the charged
balloon and the neutral wall results in the balloon sticking
to the wall. Imagine now that we have two infinitely large
flat sheets of insulating material. One is charged and the
other is neutral. If these are brought into contact, will an
attractive force exist between them, as there was for the
balloon and the wall?

13. You may have heard that one of the safer places to be during
a lightning storm is inside a car. Why would this be the case?

12.

Section 24.1 Electric Flux
1. An electric field with a magnitude of 3.50 kN/C is applied

along the x axis. Calculate the electric flux through a rec-
tangular plane 0.350 m wide and 0.700 m long assuming
that (a) the plane is parallel to the yz plane; (b) the plane
is parallel to the xy plane; (c) the plane contains the y axis,
and its normal makes an angle of 40.0° with the x axis.

2. A vertical electric field of magnitude 2.00 ! 104 N/C exists
above the Earth’s surface on a day when a thunderstorm is
brewing. A car with a rectangular size of 6.00 m by 3.00 m
is traveling along a roadway sloping downward at 10.0°.
Determine the electric flux through the bottom of the car.

A 40.0-cm-diameter loop is rotated in a uniform electric field
until the position of maximum electric flux is found. The
flux in this position is measured to be 5.20 ! 105 N "m2/C.
What is the magnitude of the electric field?

4. Consider a closed triangular box resting within a horizon-
tal electric field of magnitude E # 7.80 ! 104 N/C as
shown in Figure P24.4. Calculate the electric flux through
(a) the vertical rectangular surface, (b) the slanted
surface, and (c) the entire surface of the box.

3.

5. A uniform electric field a î $ b ĵ intersects a surface of area
A. What is the flux through this area if the surface lies
(a) in the yz plane? (b) in the xz plane? (c) in the xy plane?

6. A point charge q is located at the center of a uniform ring
having linear charge density % and radius a, as shown in
Figure P24.6. Determine the total electric flux through a
sphere centered at the point charge and having radius R ,
where R & a.

7. A pyramid with horizontal square base, 6.00 m on each
side, and a height of 4.00 m is placed in a vertical electric
field of 52.0 N/C. Calculate the total electric flux through
the pyramid’s four slanted surfaces.

8. A cone with base radius R and height h is located on a
horizontal table. A horizontal uniform field E penetrates
the cone, as shown in Figure P24.8. Determine the electric
flux that enters the left-hand side of the cone.

Section 24.2 Gauss’s Law
The following charges are located inside a submarine:
5.00 'C, ( 9.00 'C, 27.0 'C, and ( 84.0 'C. (a) Calculate

9.

1, 2, 3 # straightforward, intermediate, challenging # full solution available in the Student Solutions Manual and Study Guide

# coached solution with hints available at http://www.pse6.com # computer useful in solving problem             

# paired numerical and symbolic problems
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Figure 1: Problem 1.
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P24.33 Consider two balloons of diameter 0.2 m, each with mass 1 g, hanging apart with a
0.05 m separation on the ends of strings making angles of 10° with the vertical.
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55. A solid insulating sphere of radius a carries a net positive
charge 3Q , uniformly distributed throughout its volume.
Concentric with this sphere is a conducting spherical shell
with inner radius b and outer radius c, and having a net
charge !Q , as shown in Figure P24.55. (a) Construct a
spherical gaussian surface of radius r " c and find the net
charge enclosed by this surface. (b) What is the direction
of the electric field at r " c? (c) Find the electric field at
r " c. (d) Find the electric field in the region with radius r
where c " r " b. (e) Construct a spherical gaussian surface
of radius r, where c " r " b, and find the net charge
enclosed by this surface. (f) Construct a spherical gaussian
surface of radius r, where b " r " a, and find the net
charge enclosed by this surface. (g) Find the electric field
in the region b " r " a. (h) Construct a spherical gaussian
surface of radius r # a, and find an expression for the net
charge enclosed by this surface, as a function of r. Note
that the charge inside this surface is less than 3Q. (i) Find
the electric field in the region r # a. ( j) Determine the
charge on the inner surface of the conducting shell.
(k) Determine the charge on the outer surface of the
conducting shell. (l) Make a plot of the magnitude of the
electric field versus r.

56. Consider two identical conducting spheres whose surfaces
are separated by a small distance. One sphere is given a
large net positive charge while the other is given a small
net positive charge. It is found that the force between
them is attractive even though both spheres have net
charges of the same sign. Explain how this is possible.

A solid, insulating sphere of radius a has a uniform
charge density $ and a total charge Q. Concentric with this
sphere is an uncharged, conducting hollow sphere whose
inner and outer radii are b and c, as shown in Figure
P24.57. (a) Find the magnitude of the electric field in the
regions r # a, a # r # b, b # r # c, and r " c. (b) Deter-
mine the induced charge per unit area on the inner and
outer surfaces of the hollow sphere.

57.

58. For the configuration shown in Figure P24.57, suppose
that a % 5.00 cm, b % 20.0 cm, and c % 25.0 cm. Further-
more, suppose that the electric field at a point 10.0 cm
from the center is measured to be 3.60 & 103 N/C radially
inward while the electric field at a point 50.0 cm from the
center is 2.00 & 102 N/C radially outward. From this infor-
mation, find (a) the charge on the insulating sphere,
(b) the net charge on the hollow conducting sphere, and
(c) the charges on the inner and outer surfaces of the
hollow conducting sphere.

59. A particle of mass m and charge q moves at high speed
along the x axis. It is initially near x % ! ', and it ends
up near x % ( '. A second charge Q is fixed at the point
x % 0, y % !d. As the moving charge passes the stationary
charge, its x component of velocity does not change appre-
ciably, but it acquires a small velocity in the y direction.
Determine the angle through which the moving charge is
deflected. Suggestion: The integral you encounter in deter-
mining vy can be evaluated by applying Gauss’s law to a
long cylinder of radius d, centered on the stationary
charge.

60. Review problem. An early (incorrect) model of the hydro-
gen atom, suggested by J. J. Thomson, proposed that a pos-
itive cloud of charge ( e was uniformly distributed
throughout the volume of a sphere of radius R, with the
electron an equal-magnitude negative point charge ! e at
the center. (a) Using Gauss’s law, show that the electron
would be in equilibrium at the center and, if displaced
from the center a distance r # R , would experience a
restoring force of the form F % !Kr, where K is a constant.
(b) Show that K % ke e 2/R 3. (c) Find an expression for the
frequency f of simple harmonic oscillations that an
electron of mass me would undergo if displaced a small
distance (#R) from the center and released. (d) Calculate
a numerical value for R that would result in a frequency of
2.47 & 1015 Hz, the frequency of the light radiated in the
most intense line in the hydrogen spectrum.

61. An infinitely long cylindrical insulating shell of inner
radius a and outer radius b has a uniform volume charge
density $. A line of uniform linear charge density ) is
placed along the axis of the shell. Determine the electric
field everywhere.

62. Two infinite, nonconducting sheets of charge are parallel
to each other, as shown in Figure P24.62. The sheet on the
left has a uniform surface charge density *, and the one
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Additional Problems
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The field is essentially uniform as long as the distance from the center of the wall to the field point is
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P24.29 If U is positive, the field must be radially outward. Choose as the
gaussian surface a cylinder of length L and radius r, contained inside
the charged rod. Its volume is S r L2  and it encloses charge US r L2 .
Because the charge distribution is long, no electric flux passes
through the circular end caps; E A�  q d EdA cos .90 0 0 . The curved
surface has E A�  qd EdA cos0 , and E must be the same strength
everywhere over the curved surface. FIG. P24.29
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P24.32 The distance between centers is 2 5 90 10 15u u �.  m . Each produces a field as if it were a point charge
at its center, and each feels a force as if all its charge were a point at its center.
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55. A solid insulating sphere of radius a carries a net positive
charge 3Q , uniformly distributed throughout its volume.
Concentric with this sphere is a conducting spherical shell
with inner radius b and outer radius c, and having a net
charge !Q , as shown in Figure P24.55. (a) Construct a
spherical gaussian surface of radius r " c and find the net
charge enclosed by this surface. (b) What is the direction
of the electric field at r " c? (c) Find the electric field at
r " c. (d) Find the electric field in the region with radius r
where c " r " b. (e) Construct a spherical gaussian surface
of radius r, where c " r " b, and find the net charge
enclosed by this surface. (f) Construct a spherical gaussian
surface of radius r, where b " r " a, and find the net
charge enclosed by this surface. (g) Find the electric field
in the region b " r " a. (h) Construct a spherical gaussian
surface of radius r # a, and find an expression for the net
charge enclosed by this surface, as a function of r. Note
that the charge inside this surface is less than 3Q. (i) Find
the electric field in the region r # a. ( j) Determine the
charge on the inner surface of the conducting shell.
(k) Determine the charge on the outer surface of the
conducting shell. (l) Make a plot of the magnitude of the
electric field versus r.

56. Consider two identical conducting spheres whose surfaces
are separated by a small distance. One sphere is given a
large net positive charge while the other is given a small
net positive charge. It is found that the force between
them is attractive even though both spheres have net
charges of the same sign. Explain how this is possible.

A solid, insulating sphere of radius a has a uniform
charge density $ and a total charge Q. Concentric with this
sphere is an uncharged, conducting hollow sphere whose
inner and outer radii are b and c, as shown in Figure
P24.57. (a) Find the magnitude of the electric field in the
regions r # a, a # r # b, b # r # c, and r " c. (b) Deter-
mine the induced charge per unit area on the inner and
outer surfaces of the hollow sphere.

57.

58. For the configuration shown in Figure P24.57, suppose
that a % 5.00 cm, b % 20.0 cm, and c % 25.0 cm. Further-
more, suppose that the electric field at a point 10.0 cm
from the center is measured to be 3.60 & 103 N/C radially
inward while the electric field at a point 50.0 cm from the
center is 2.00 & 102 N/C radially outward. From this infor-
mation, find (a) the charge on the insulating sphere,
(b) the net charge on the hollow conducting sphere, and
(c) the charges on the inner and outer surfaces of the
hollow conducting sphere.

59. A particle of mass m and charge q moves at high speed
along the x axis. It is initially near x % ! ', and it ends
up near x % ( '. A second charge Q is fixed at the point
x % 0, y % !d. As the moving charge passes the stationary
charge, its x component of velocity does not change appre-
ciably, but it acquires a small velocity in the y direction.
Determine the angle through which the moving charge is
deflected. Suggestion: The integral you encounter in deter-
mining vy can be evaluated by applying Gauss’s law to a
long cylinder of radius d, centered on the stationary
charge.

60. Review problem. An early (incorrect) model of the hydro-
gen atom, suggested by J. J. Thomson, proposed that a pos-
itive cloud of charge ( e was uniformly distributed
throughout the volume of a sphere of radius R, with the
electron an equal-magnitude negative point charge ! e at
the center. (a) Using Gauss’s law, show that the electron
would be in equilibrium at the center and, if displaced
from the center a distance r # R , would experience a
restoring force of the form F % !Kr, where K is a constant.
(b) Show that K % ke e 2/R 3. (c) Find an expression for the
frequency f of simple harmonic oscillations that an
electron of mass me would undergo if displaced a small
distance (#R) from the center and released. (d) Calculate
a numerical value for R that would result in a frequency of
2.47 & 1015 Hz, the frequency of the light radiated in the
most intense line in the hydrogen spectrum.

61. An infinitely long cylindrical insulating shell of inner
radius a and outer radius b has a uniform volume charge
density $. A line of uniform linear charge density ) is
placed along the axis of the shell. Determine the electric
field everywhere.

62. Two infinite, nonconducting sheets of charge are parallel
to each other, as shown in Figure P24.62. The sheet on the
left has a uniform surface charge density *, and the one
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P24.61 The field direction is radially outward perpendicular to the axis. The field strength depends on r but
not on the other cylindrical coordinates T or z. Choose a Gaussian cylinder of radius r and length L.
If r a� ,
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P24.62 Consider the field due to a single sheet and let E�  and E�
represent the fields due to the positive and negative sheets. The
field at any distance from each sheet has a magnitude given by
Equation 24.8:

E E� �  
�
V

2 0
.

(a) To the left of the positive sheet, E�  is directed toward the
left and E�  toward the right and the net field over this

region is E  0 .

(b) In the region between the sheets, E�  and E�  are both
directed toward the right and the net field is

E  
�
V

0
 to the right .

FIG. P24.62

(c) To the right of the negative sheet, E�  and E�  are again oppositely directed and E  0 .

46     Gauss’s Law

P24.63 The magnitude of the field due to the each sheet given by
Equation 24.8 is

E  
�
V

2 0
 directed perpendicular to the sheet.

(a) In the region to the left of the pair of sheets, both fields are
directed toward the left and the net field is

FIG. P24.63

E  
�
V

0
 to the left .

(b) In the region between the sheets, the fields due to the individual sheets are oppositely
directed and the net field is

E  0 .

(c) In the region to the right of the pair of sheets, both are fields are directed toward the right
and the net field is

E  
�
V

0
 to the right .

P24.64 The resultant field within the cavity is the superposition of two
fields, one E�  due to a uniform sphere of positive charge of radius
2a, and the other E�  due to a sphere of negative charge of radius a
centered within the cavity.
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Thus, Ex  0

and E
a

y  �
U

3 0
 at all points within the cavity.

*P24.65 Consider the charge distribution to be an unbroken charged spherical shell with uniform charge
density V and a circular disk with charge per area �V . The total field is that due to the whole sphere,

Q
R

R
R4

4
40

2

2

0
2

0S
S V
SH

V
�

  
�

 outward plus the field of the disk �
�

 
�

V V
2 20 0

 radially inward. The total

field is 
V V V
�

�
�

 
�0 0 02 2

 outward .

Figure 5: Problem 5.


