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[ An asterisk indicates a question or problem new to this edition|

ANSWERS TO OBJECTIVE QUESTIONS

0024.1 (i) Answer (a). The field is cylindrically radial to the filament, and is
nowhere zero at any face of the gaussian surface.

(ii) Answer (b). The flux is zero through the two faces pierced by the
filament because the field is parallel to those surfaces.

0Q24.2  Answer (c). The outer wall of the conducting shell will become
polarized to cancel out the external field. The interior field is the
same as before.

0Q24.3  Answer (e). The symmetry of a charge distribution and of its field is
the same. Gauss’s law applies to these charge distributions because
(a) has cylindrical symmetry, (b) has translational symmetry, (c) has
spherical symmetry, and (d) has spherical symmetry.

0024.4 (i) Answer (c). Equal amounts of flux pass through each of the six
faces of the cube.

(ii) Answer (b). Move the charge to very close below the center of
one face, so that half the flux passes through that face and half the
flux passes through the other five faces.
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0Q24.5  Answer (b). The electric flux through a closed surface equals gq/¢,,
where g is the total charge contained within the surface:

q/€,=[(3.00-2.00-7.00+1.00)x 10 C]
/(8.85x107™* C*/N-m?)
=-5.65x107 N-m?/C
00Q24.6 (i) Answer (e). The shell becomes polarized.

(ii) Answer (a). The net charge on the shell’s inner and outer
surfaces is zero.

(iii) Answer (c). The charge has been transferred to the outer surface
of the conductor.

(iv) Answer (c). The charge has been transferred to the outer surface
of the conductor.

(v) Answer (a). The charge has been transferred to the outer surface
of the conductor.

0024.7 (i) Answer (c). Because the charge distributions are spherically
symmetric, both spheres create equal fields at exterior points,
like particles at the centers of the spheres.

(ii) Answer (e). The field within the conductor is zero. The field a
distance r from the center of the insulator is proportional to r, so
itis 4/5 of its value at the surface.

00Q24.8  Answer (c). The electric field inside a conductor is zero.
0Q24.9 (a) Therankingis A>B>D >C. Let g represent the charge of the
insulating sphere. The field at A is (4/5)°q/[47(4 cm)® €,]. The
field at Bis g/[47(8 cm)’ €,]. The field at C is zero. The field at
Dis q/[47(16 cm)’ &,] .
(b) The ranking is B=D > A > C. The flux through the 4-cm sphere
is (4/ 5)3q/ €,. The flux through the 8-cm sphere and through the

16-cm sphere is g/ €, because they enclose the same amount of

charge. The flux through the 12-cm sphere is 0 because the field
is zero inside the conductor.

0Q24.10 (i) Answer (a). The field is perpendicular to the sheet, and is
nowhere zero at any face of the gaussian surface.

(ii) Answer (c). The flux is nonzero through the top and bottom
faces because the field is perpendicular to them, and zero
through the other four faces because the field is parallel to them.

0Q24.11 The ranking is C > A = B > D. The total flux is proportional to the
enclosed charge: 30 > Q =Q > 0.
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ANSWERS TO CONCEPTUAL QUESTIONS

CQ24.1  (a) If the volume charge density is nonzero, the field cannot be
uniform in magnitude. Consider a gaussian surface in the shape
of a rectangular box with two faces perpendicular to the
direction of the field. It encloses some charge, so the net flux out
of the box is nonzero. The field must be stronger on one side
than on the other. The field cannot be uniform in magnitude.

(b) Now the volume contains no charge. The net flux out of the box
is zero. The flux entering is equal to the flux exiting. The field
must be uniform in magnitude along any line in the direction of
the field. It can vary between points in a plane perpendicular to
the field lines.

ANS. FIG. CQ24.1

CQ24.2  The electric flux through a closed surface is proportional to the total
charge contained within the surface: (a) the flux is doubled because
the charge is doubled, (b) the flux remains the same because the
charge is the same, (c) the flux remains the same because the charge
is the same, (d) the flux remains the same because the charge is the
same, (e) the flux becomes zero because the charge inside the surface
is zero.

CQ24.3  The net flux through any gaussian surface is zero. We can argue it
two ways. Any surface contains zero charge, so Gauss’s law says the
total flux is zero. The field is uniform, so the field lines entering one
side of the closed surface come out the other side and the net flux is
zero.

CQ244 Gauss’s law cannot be used to find the electric field at different
points on a surface if the field is not constant over that surface. If the
symmetry of an electric field allows us to say that

jE CcosOdA = EJCOSQCIA, where E is an unknown constant on the

surface, then we can use Gauss’s law. When electric field is a general
unknown function E(x, y, z), there can be no such simplification.
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CQ24.5  The electric flux is independent of the size and shape of the closed
surface that contains the charge because all the field lines from the
enclosed charge pass through the surface.

CQ24.6  The surface must enclose a positive total charge. Field lines emerge
from positive charge and disappear into negative charge.

CQ24.7 (a) No. If the person is uncharged, the electric field inside the
sphere is zero. The interior wall of the shell carries no charge.
The person is not harmed by touching this wall.

(b) If the person carries a (small) charge g, the electric field inside
the sphere is no longer zero. Charge —g is induced on the inner
wall of the sphere. The person will get a (small) shock when
touching the sphere, as all the charge on his body jumps to the
metal.

CQ24.8  The sphere with large charge creates a strong field to polarize the
other sphere. That means it pushes the excess like charge over to the
far side, leaving charge of the opposite sign on the near side. This
patch of opposite charge is smaller in amount but located in a
stronger external field, so it can feel a force of attraction that is larger
than the repelling force felt by the larger charge in the weaker field
on the other side.

CQ24.9  There is zero force. The huge charged sheet creates a uniform field.
The field can polarize the neutral sheet, creating in effect a film of
opposite charge on the near face and a film with an equal amount of
like charge on the far face of the neutral sheet. Since the field is
uniform, the films of charge feel equal-magnitude forces of attraction
and repulsion to the charged sheet. The forces add to zero.

CQ24.10 Inject some charge at arbitrary places within a conducting object.
Every bit of the charge repels every other bit, so each bit runs away
as far as it can, stopping only when it reaches the outer surface of the
conductor.

CQ24.11 (a) The luminous flux on a given area is less when the sun is low in
the sky, because the angle between the rays of the sun and the

local area vector, dA, is greater than zero. The cosine of this
angle is reduced.

(b) The decreased flux results, on the average, in colder weather.
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SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 24.1 Electric Flux

P24.1 For a uniform electric field passing through a plane surface,
®, =E-A =EAcos6, where @is the angle between the electric field and
the normal to the surface.

(@) The electric field is perpendicular to the surface, so 6= 0°:

@, =(6.20x10° N/C)(3.20 m*)cos 0°

®, =[1.98x10° N-m?/C]|

(b) The electric field is parallel to the surface: 6 = 90°, so cos =0, and

the flux is

P24.2 The electric flux through the bottom of the car is given by
®, =EAcosf =(2.00x10* N/C)(3.00 m)(6.00 m)cos10.0°

=355 kN-m’*/C

P24.3 For a uniform field the flux is ® = E- A = EA cosé.

The maximum value of the flux occurs when 0 = 0, or when the field is
in the same direction as the area vector, which is defined as having the
direction of the perpendicular to the area. Therefore, we can calculate
the field strength at this point as

)

E — max — max
A rr?
5 N . 12
po 2200 Nm/C gy 00 N/C =[214 MNJC
7£(0.200 m)
P24.4 (a) For the vertical rectangular surface, the area (shown as A" in ANS

FIG. P24.4) is
A’=(10.0 cm)(30.0 cm)= 300 cm® = 0.030 0 m®

Since the electric field is perpendicular to the surface and is
directed inward, 6 =180° and

®, ,=EA’cos6
®, , =(7.80x10* N/C)(0.030 0 m*)cos180°

®, ,=|-234kN-m’/C
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30.0 cm /"'

ANS. FIG. P24.4

(b) To find the area A of the slanted surface, we note that the side for
which dimensions are not given has length (10.0 cm) =w cos 60.0°,
so that

10.0 cm

A=(30.0 cm)(w)=(30.0 Cm)(cos60.0°

j =600 cm?

=0.0600 m’
The flux through this surface is then
@, , =EAcosf=(7.80x10*)(A)cos60.0°
=(7.80x10* N/C)(0.060 0 m*)cos60.0°

=| 4234 kN-m* /C

(c) The bottom and the two triangular sides all lie parallel to E, so
@, =0 for each of these. Thus,

O

E, total =

234kN-m?/C+234 kN.m2/C+0+0+o:@

P24.5 For a uniform electric field passing through a plane surface,

D, = E-A=EAcos 8, where 6is the angle between the electric field and
the normal to the surface.

(@) The electric field is perpendicular to the surface, so 6= 0°:

@, =(3.50x 10" N/C)[(0.350 m)(0.700 m)]cos 0°

(858 N-m?/C]

(b) The electric field is parallel to the surface: 6 = 90°, so cos8 = 0, and

the flux is [zero] .

(c) For the specified plane,
D, = (3.50>< 10° N/C)[(O.BSO m)(0.700 m)]cos40.0°

=657 N-m?/C]
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70 Gauss’s Law

P24.6 We are given an electric field in the
general form =0

P 4

Ezayi+bz}+cxf< x=0 - =
In the xy plane, z = 0 so that the e - <
electric field reduces to dA = hdx

Y

ANS. FIG. P24.6

y=h
e

E= ayi + cxk

To obtain the flux, we integrate (see ANS. FIG. P24.6 for the definition
of dA):

O, = JE-dA: J(ayi+cxlA<)-lA<dA

w

chw?
2

w x2
®. =ch J xdx =ch—
x=0 2

x=0

Where the k term was eliminated since k- k= 0.

Section 24.2 Gauss’s Law

P24.7 The electric flux through the hole is given by Gauss’s Law (Equation
24.6) as

L k
q)E,hole = E.Ahole :( 1;9)(7[7"2)

((8:99%10” N-m*/C*)(10.0x10°° C)
- (0.100 m)’

x(1.00x 107 m)’

=| 282 N-m?/C

P24.8 The gaussian surface encloses the +1.00-nC and -3.00-nC charges, but
not the +2.00-nC charge. The electric flux is therefore

g, (1.00x10° C-3.00x10" C)
e,  885x10™ C?*/N-m?

@, = =|-226 N-m?/C]
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P24.9 The total charge within the closed surface is

(a)

(b)

P2410 (a)

(b)

5.00 4C — 9.00 uC + 27.0 uC — 84.0 uC = -61.0 uC

So, from Equation 24.6, the total electric flux is

-61.0x10° C
o, =1= -~ =[-689MN-m?/C
o (8.85x10™ C*/N-m’)

Since the net electric flux is negative, more lines enter than leave

the surface.

kQ

7
7’2

From E =

Er* (8.90x10°N/C)(0.750 m)’

= =557x10"° C
k (8.99x10° N-m* /C?)

Q=

e

But Q is negative since E points inward, so

Q=-557x10" C=[ -55.7 nC

The | negative | charge has a | spherically symmetric | charge

distribution, concentric with the spherical shell.

P24.11  The electric flux through each of the surfaces is given by ®, = i
o

Flux through S D, = —20+0Q = L

= =

+Q-Q
Flux th h S, D, = =
ux through S, . - IEI
Flux through S.: O, = 20+0-Q | _2Q
€, A

Flux through S,: D, = @

P24.12  The total flux through the surface of the cube is

(a)

6
q)E :q—m: 170,>1<2102 C 2 :192X107 NmZ/C
e, 885x10”C/N-m

By symmetry, the flux through each face of the cube is the same.

1y 1
6 €,

((DE )one face 6 E
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72 Gauss’s Law

P24.13

P24.14

(®,) 1 170x10° C
Flonetace = 6| 8.85%10™° C*/N-m’

=13.20x10° N-m? / C|

-6
b) @, =% 170x10°C ) _[{97%10’ N-m?/C
€ 8.85x107° C° /N -m

() |The answer to part (a) would change because the charge could
now be at different distances from each face of the cube. The
answer to part (b) would be unchanged because the flux through

the entire closed surface depends only on the total charge inside

the surface.

Consider as a gaussian surface a box with horizontal area A, lying
between 500 and 600 m elevation. From Gauss’s Law,

(ﬁﬁ-dzi 4.
€o
(+120 N/C) A +(~100 N/C) A = PA100 ™)
€o
(20.0 N/C)(8.85x10™* C* /N-m”) — ;
p= T = 1.77x10™ C/m

The charge is | positive |, to produce the net outward flux of electric
field.

(@) The total electric flux through the surface of the shell is

9, 12.0x10° . )
O, == —=136x10° N-m*/C
Foshell = g 8.85x 107
=136 MN-m?/C

(b) Through any hemispherical urface of the shell, by symmetry,

D it shen = %(1-36X 10°N-m*/ C) =6.78x10° N-m?* /C

=678 kN-m* /C

(c) No |, the same number of field lines will pass through each

surface, no matter how the radius changes.
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P24.15 (a) The gaussian surface encloses a charge of +3.00 nC.

o =T _ 3.00x10”° C
E— _ — 12 2 2
€, 8.85x1072C?*/N-m

=339 N-m?/C

(b) |No. The electric field is not uniform on this surface. Gauss’s law
is only practical to use when all portions of the surface satisfy
one or more of the conditions listed in Section 24.3.

P24.16 (a) One-half of the total flux created by the charge g goes through the
plane. Thus,

1 (g q
cI)E, plane = Eq)E, total — E(E_Oj = ) EO

(b) The square looks like an infinite plane to a charge very close to the
surface. Hence,

E, plane 2 c
0

O

E, square

(c) | The plane and the square look the same to the charge.

P24.17 (a) If R<d, the sphere encloses no charge and ®, = I — @
€o

(b) If R > d, the length of line falling within the sphere is 24/R* —d”

2AVR? -2

€

P24.18 (a) |The net flux is zero through the sphere because the number of
tield lines entering the sphere equals the number of lines leaving

the sphere.

(b) The electric field through the curved side of the cylinder is zero
because the field lines are parallel to that surface and do not pass
through it. The electric field lines pass outward through the ends
of the cylinder, so both have a positive flux. Because the field is

uniform, the flux is 7R’E for each end.
The net flux is 27R*E through the cylinder.

(c) The net flux is positive, so the charge in the cylinder is positive.
To be a uniform field, the field lines must originate from a plane
of charge. [The net charge inside the cylinder is positive and is|
distributed on a plane parallel to the ends of the cylinder|
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74 Gauss’s Law

P24.19  The total charge is Q—6|g|. The total outward flux from the cube is

-6
Q-¢ld , of which one-sixth goes through each face:
€o
Q-69
(q)E )oneface = 6 | |
€o
(@,) _Q-6lg] _(5.00-6.00)x10° C-N-m?
Floefice = 6, 6x885x10" C?
= -188kN-m* /C

P24.20  The total charge is Q—6|g|. The total outward flux from the cube is
Q-6lq

€

, of which one-sixth goes through each face:

| Q-4|q

d =
( E )one face 6e

0

P24.21 (a) With §very small, all points on the :
hemisphere are nearly at a distance R
from the charge, so the field
everywhere on the curved surface is
kQ radially outward (normal to the
RZ
surface). Therefore, the flux is this field

strength times the area of half a
sphere: ANS. FIG. P24.21

D\ = [E-dA=E, A

local” “hemisphere

Q )(1 2) 1 +Q
() =k = || =4nR" |= 27w) =
curved ( e R2 2 T 47(760 Q( 77'-) 2 EQ

(b) The closed surface encloses zero charge so Gauss’s law gives

—Q

2¢€,

(I)curved + q)ﬂat = O or q)ﬂat = —CD

curved

P24.22  For uniform electric field lines passing through a flat surface, the
electric flux is @, = EAcosf , where 0is the angle between the electric
field vector and the normal to the surface.

(a) ((I)E)facel =|EAcos6
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(b) The normal points to the right; the angle between the electric field
and the normal is 90° + 6:

(@, )faCez =EAcos(90°+6) =

(c) The normal points downward in the figure, the angle between the
electric field and the normal is 180° - 6:

(®;),.,=EAcos(180°- )=

(d) The normal points to the left; the angle between the electric field
and the normal is 90° — 6:

(®),.., =EAcos(90° - 6) =[EAsin6)]

(e) The normal points in or out of the page; the angle between the
electric field and the normal is 90°:

= EAcos(90°) =[0]

( (I)E )top or bottom

(f) @, =Y(P,), =EAcosd—EAsin6—EAcos6+EAsin6+0+0=|0]

(g) (I)E:Zi%%n:@

0

Section 24.3  Application of Gauss’s Law to
Various Charge Distributions

*P24.23 The distance between centers is 2x5.90x 10™° 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.

2 19 2
. keq;v/2 ~ (899%10° N-mz/Cz)(%) (1.60x 107" C)

r (2x5.90x 107 m)’

=3.50x10° N=[ 3.50 kN |

P24.24  Note that the electric field in each case is directed radially inward,

. 2k A ) )
toward the filament. We use E = —¢— and substitute numerical values.
r

(a) Atr=10.0 cm = 0.100 m,

2k 2(8.99x10° N-m*/C?)(90.0x10° C/m)
o 0.100 m

=| 16.2 MN/C |

E
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76 Gauss’s Law

(b) Atr=20.0cm =0.200 m,

2k 2(8.99%10° N-m*/C?)(90.0x10° C/m)
o 0.200 m
=| 8.09 MN/C |

E

(c) Atr =100 cm = 1.00 m,

2k 2(8.99%10° N-m*/C?)(90.0x10° C/m)
o 1.00 m
=| 1.62 MN/C |

E

P24.25  The charge per unit area of the plastic sheet must be sufficiently large
to result in an upward electric force on the Styrofoam that cancels the
downward gravitational force:

A
e 22)

Solving for the charge per unit area gives

9 _2¢,mg

A9
~2(8.85%10™ C*/N-m*)(10.0x 10~ kg)(9.80 m/s”)
- [-0.700x 10 C|
=12.48 uC/m?*

P24.26  The charge distributed through the nucleus creates a field at the

e
7"2

surface equal to that of a point charge at its center: E =

(8.99x10° N-m* /C*)(82x1.60x10™ C)
[(208)*(1.20x10™ m)]

E=| 2.33x10” N/C | away from the nucleus

P24.27  For a large uniformly charged sheet, E will be perpendicular to the
sheet, and will have a magnitude of

—-_O0 _
E=3 - 2nk,0
= (27)(8.99%x10° N-m*/C?)(9.00x 10" C/m’)

50 E=5.08x10° N/Cj
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P24.28 Consider two balloons of diameter 0.200 m, each
with mass 1.00 g, hanging apart with a 0.050 0 m
separation on the ends of strings making angles
of 10.0° with the vertical.

(@) YF :Tc0510°—mg:0:>T:&
Y cos10°
S F =Tsin10°~F,=0=F, =Tsin10°
so F= (Ljsm 10.0° = mg tan 10, 0°
c0s10.0°
=(0.001 00 kg)(9.80 m/s”)tan10.0°

F.=2x10° N| ~10° N or 1 mN|

Chapter 24 77

I

100 —

105/
FE~—®

l mg

ANS. FIG. P24.28

2

k.q

(b) The charge on each balloon can be found from F, = ——:
r

k 8.99x10° N-m* /C?

e

g- B \/(2><10‘3 N)(0.25 m)’

~1.2x107 C| ~107 C or 100 nC

kg (899x10°N-m*/C*)(1.2x107 C)
(C) E= —H = 2
r (0.25 m)

(d) The electric flux created by each balloon is

o -1 _ 12x107 C
g, 885x10™ C?*/N-m
~10kN-m?/C

~1.7x10* N/C

~10kN/C

-=14x10" N-m?/C

P24.29 (a) Consider the spherical symmetry of the situation. A gaussian
sphere concentric wth the shell, with radius 10.0 cm, encloses 0
charge. Then at the surface of this sphere, inside the charged

shell, we have E= @

(b) For a gaussian sphere of radius 20.0 cm, we apply (JSE “dA =

qin

€

The field is radially outward, and 47r’E = g/e,:

E:h#:

(8.99x10° N-m*/C?)(32.0x10° C)

r (0.200 m)
=7.19x10° N/C
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so E=|7.19 MN/C radially outward

P24.30 (a) The charge per unit area of the wall is

100 cm
m

2
o =(8.60x10" C/cmz)( j =8.60x10" C/m’

The electric field at a distance of 2.00 cm is then

F_ O __ 860x10°C/m’
2e, 2(8.85x107* C*/N-m?)

=| 4.86x10°N/C away from the wall

(b) |So long as the distance from the wall is small compared to the
width and height of the wall, the distance does not affect the field.

P24.31 The approximation in this case is that the filament length is so large
when compared to the cylinder length that the “infinite line” of charge
can be assumed.

(a) Wehave
_ 2k, A
oy

E

where the linear charge density is
-6
2=200x107C_586x107 C/m
7.00 m
so
(2)(8.99%x10° N-m” /C)(2.86x 107 C/m)
0.100 m
=|51.4 kN/C radially outward

E=

(b) We can find the flux by multiplying the field and the lateral
surface area of the cylinder:

2k A

r

@, =2nrLE = 27rrL( ): 4k, AL

SO
@, =47(8.99x10° N-m?*/C?)(2.86x 107 C/m)(0.020 0 m)
=16.46x10*N-m?*/C

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 24 79

P24.32 (a) The area of each faceis A = 1.00 m”.

For the left face, the angle between the electric field and the
normal is 0°:

(@), e = EACOSO =(20.0 N/C)(l.OO mZ)cosOO
=20.0 N-m?/C

For the right face, the angle between the electric field and the
normal is 180°:

(Pe) 1 1oce = EACOS6 =(35.0 N/C)(1.00 m* ) cos 180°
=-35.0N-m?/C

For the top face, the angle between the electric field and the
normal is 180°:

(@:),, e = EAC0s6=(25.0 N/C)(1.00 m? )cos 180°

=-25.0N-m?*/C

For the bottom face, the angle between the electric field and the
normal is 0°:

(2,0 o = EA 080 =(15.0 N/C)(1.00 m* ) cos 0°
=15.0 N-m?*/C

For the front face, the angle between the electric field and the
normal is 0°:

(®;),.. ... = EAcos® =(20.0 N/C)(1.00 m*)cos0°
=20.0 N-m*/C

For the back face, the angle between the electric field and the
normal is 0°:

(®;),. 1o = EAcos® =(20.0 N/C)(1.00 m* )cos 0°
=20.0 N-m*/C
The total flux is then
®, =(20.0-35.0-25.0+15.0+ 20.0+ 20.0) N-m?/C

=[150N-m?/C
(b) =Ty, = @, =(885%10" C*/N-m’)(15.0 N-m*/C)
0
=[1.33x10™ C]|

(c) |No ; fields on the faces would not be uniform.|
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P24.33  If pis positive, the field must be radially
outward. Choose as the gaussian surface a
cylinder of length L and radius , contained é

inside the charged rod. Its volume is 77°L

and it encloses charge prr°L. Because the ANS. FIG. P24.33
charge distribution is long, no electric flux
passes through the circular end caps; E-dA = EdA c0s90.0° = 0. The

curved surface has E-dA = EdAcos0°, and E must be the same
strength everywhere over the curved surface.

2
Gauss’s law, (ﬁE-dA:i, becomes E '[ dA = prr L.
60 Curved E0
Surface

Now the lateral surface area of the cylinder is 2zrL:

2
E(2nr)L=PEIL
€o
Thus, o Lk radially away from the cylinder axis |,
€o

P24.34 (a) The electric field is given by

£ 2k _2k(Q/1)
B r B r

Solving for the charge Q gives

Er¢ (3.60x10* N/C)(0.190 m)(2.40 m) _
2k, 2(8.99x10° N-m’/C) -

e

Q=

Q=49.13x107 C=| 4913 nC

(b) Since the charge is uniformly distributed on the surface of the
cylindrical shell, a gaussian surface in the shape of a cylinder of

4.00 cm in radius encloses no charge, and E = @

P24.35 (a) At the center of the sphere, the total charge is zero, so

Ee k;?r _ @
(b) At a distance of 10.0 cm = 0.100 m from the center,
£ kQr_ (8.99x10° N-m*/C)(26.0x10°* C)(0.100 m)
a’ (0.400 m)’
=| 365 kN/C
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(c) Ata distance of 40.0 cm = 0.400 m from the center, all of the
charge is enclosed, so

_kQ (899%10°N-m*/C)(26.0x10° C)
o (0.400 m)
=| 1.46 MN/C |

E

(d) At a distance of 60.0 cm = 0.600 m from the center,
_kQ_ (8.99x10° N-m*/C)(26.0x10™° C)
e (0.600 m)’
=| 649 kN/C

The direction for each electric field is | radially outward |.

P24.36  The volume of the spherical shell is
%[(0.25 m)’ (020 m)’ |=3.19x10™ m’

Its charge is
pV =(-133x10° C/m’)(3.19x10”° m*)=-4.25x 10" C

The net charge inside a sphere containing the proton’s path as its
equator is

—60x10” C-4.25x10° C=-1.02x107 C
The electric field is radially inward with magnitude

p_kld__ o _ (8.99x10° N-m*/C?)(1.02x107 C)
P g 4nrt (0.250 m)’

=1.47x10* N/C

For the proton, Newton’s second law gives

mo*

> F = ma: eE
r

solving for the proton’s speed then gives

12

(egr)l/z {(1.60><10‘19 C)(1.47x10* N/C )(0.250 m)
v=| — =
m

1.67x107 kg

=| 5.94%x10° m/s
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Section 24.4  Conductors in Electrostatic Equilibrium

P24.37 gSEdA:E(zmz):‘h Ezzqm/l -~ A
o Te,r 2meyr

for the field outside the
metal rod.

(@) Atr=300cm, E= @

(b) Atr=10.0cm,

30.0x107° C
27(8.85x10™* C* /N -m?)(0.100 m)

=| 5400 N/C, outward

E=

(c) Atr=100cm,

30.0x107° C
27(8.85x10™* C* /N-m”)(1.00 m)

=1 540 N/C, outward

E=

P24.38  Let’s calculate the electric field just outside the surface:

40.0 x 10™ C
(0.15 m)

E=k-L=(899x10° N-m*/C?)
r

= 1.60 x 10* N=16.0kN/C

This should be the value of the electric field at the peak of the curve in
Figure P24.38. We see, however, that the peak in the figure occurs at
about 6.5 kIN/C. Therefore, it is not possible that this figure represents
the electric field for the given situation.

P24.39 The surface area is A = 4/m°. The field is then
;kQ_ 0 _ 0 [o

2 2= =
a dre,a” Ae, |€g,

It is not equal to 6/2 €,. At a point just outside, the uniformly

charged surface looks just like a uniform flat sheet of charge. The
distance to the field point is negligible compared to the radius of
curvature of the surface.

P24.40  An approximate sketch is given at the right.
Note that the electric field lines should be
perpendicular to the conductor both inside and
outside.

ANS. FIG. P24.40
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P24.41  The fields are equal. The equation E = Dconductor suggested in the
o

chapter for the field outside the aluminum looks different from the

equation E = % for the field around glass. But its charge will
€o

spread out to cover both sides of the aluminum plate, so the density is

O conductor = A The glass carries charge only on area A, with

O ipulator = Q . The two fields are Q
A 2A €,

both are perpendicular to the plates, vertically upward if Q is positive.

, the same in magnitude, and

P24.42 (a) Leta flatbox have face area A perpendicular to its thickness dx.
The flux at x = 0.3 m is into the box is
®,=-EA=-(6 000 N/C - m*)(0.3m)> A =—(540 N/C) A
The flux at x = 0.3 m + dx is out of the box is
®, =+EA=+(6 000 N/C-m?)(0.3 m+dx)* A
=+(540 N/C) A+(3 600 N/C-m) dx A

(The term in (dx)’ is negligible.) The charge in the box is pA dx

where p is the unknown. Applying Gauss’s law, ®, = Zi, we
obtain O
—(540 N/C) A+(540N/C) A
+(3600 N/C - m)dx A= pAdx/ e,
Solving for p gives
p=(B600N/C - m)eg,
=(3600 N/C - m)(8.85x107"* C*/N - m?)

=[31.9 nC/m’]

(b) |No ; then the field would have to be Zero.|

P24.43  The charge divides equally between the identical spheres, with charge
Q/2 on each. Then, they repel like point charges at their centers:
k(022 ke
(L+R+R)  4(L+2R)

(8.99x10° N-m?/C?)(60.0x10° C)’

B 4(2.01 mY B
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P244ds (@) E=2, so
€

o =(8.00x10* N/C)(8.85%10™ C* /N -m?)
=7.08x107 C/m’

o=|708 nC/m? |, positive on one face and negative on the other.

(b) ng,so

Q=0A=(7.08x107 C/m*})(0.500 m)’

=1.77x107 C=| 177 nC

positive on one face and negative on the other.

P24.45 (a) Inside surface: consider a cylindrical gaussian surface of arbitrary
length ¢ within the metal. Since E inside the conducting shell is
zero, the total charge inside the gaussian surface must be zero:

fE-dA=Tn 0= A A )¢
€o €o
so A =|-4].

(b) Outside surface: consider a cylindrical gaussian surface of
arbitrary length ¢ outside the metal. The total charge within the
gaussian surface is

qwire + qcylinder = qwire + (qimer surface + qouter surface)
MA2M =M+ (-M+Ayl) = A =

(c) Gauss's law:

fE-dA =n
o
E2xrt = it — E=2 3t _ 6k, &, radially outward
€ dre,r r
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P24.46 (a)

(b)

Chapter 24 85

We ignore “edge” effects and assume that the total charge
distributes itself uniformly over each side of the plate, with one
half the total charge on each side. The charge density on each of
the surfaces (upper and lower) of the plate is:

4.00x10° C
o=1(1)=1( : )_g00x10° C/m’
2VA) 2 (0.500 m)

=| 80.0 nC/m?

Just above the plate,

= _[ 9 ¢ 8.00x10° C/m’ . .
( 0) (8.85><1012 CZ/N.mz] (9.04 KN/C)k

(c) Justbelow the plate, E=| (-9.04 kN/C)k |.
*P24.47 (a) E=[0]
b) E- k;gg _(899x10’ 1\(101(;1; O/(()Zil()%.OOx 10° C) _ 799%107 N/C
E=|79.9 MN/C radially outward
(© E=[0]
@ E- k;gg _(899x10’ 1\(1631720/(():1(;.00x 10°C) _ 734%10° N/C
E=|7.34 MN/C radially outward
Additional Problems

P24.48  The electric field makes an angle of 70.0° to the normal. The square has
side d = 5.00 cm.

®, = EAcos8 = Ed* cosf
®  600N-m*/C

—E=— = 5
d cos@ (0.150 m)” cos70.0°

[FEIN/C
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P24.49  The electric field makes an angle of 60.0° with to the normal. The
square has side d = 5.00 cm.

®, = EAcos6 =(3.50 x 10 N/C)(5.00x 102 m)’ cos60.0°

=0.438 N-m?/C|

P24.50 (a) The field is zero within the metal of the shell. The exterior electric
field lines end at equally spaced points on the outer surface
because the surface of the conductor is an equipotential surface.
The charge on the outer surface is distributed uniformly. Its
amount is given by

EA=Q/ €,
Solving for the charge Q gives

Q=—(890 N/C) 4 (0.750 m)*(8.85x10™* C*/N-m*)
=-55.7 nC

The charge on the exterior surface is —55.7 nC distributed

uniformly.

(b) For the net charge of the shell to be zero, the shell must carry
+55.7 nC on its inner surface, induced there by -55.7 nC in the
cavity within the shell. The charge in the cavity could have any
distribution and give any corresponding distribution to the
charge on the inner surface of the shell. [The charge on the interior|
surface is +55.7 nC. It can have any distribution| For example, a
large positive charge might be within the cavity close to its
topmost point, and a slightly larger negative charge near its
easternmost point. The inner surface of the shell would then have
plenty of negative charge near the top and even more positive
charge centered on the eastern side.

(c) See the comments in (b). The charge within the shell is =55.7 nC |
It can have any distribution| For example, the charge could be
distributed on the surface of an insulator of arbitrary shape.

P24.51 The E field due to the point charge is uniform

and points radially outward, so ®, = EA. The
7

arc length of a small ring-shaped element of

U'
the sphere is ds = Rd6, and its circumference is R\ “
2rr =2 Rsinf. }

ANS. FIG. P24.51
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The area of the circular cap is

0 0
A=[2rrds=[(27Rsin0)RdO =27R* [sin6d6O
0

0

A=2xR’ (—C059)|z =27R*(1-cosb)
The flux is then

1
dr e,

:( Q }(1—c059)

2 €,

q)E:EA:[ j%-(ZnRz)(l—cose)

_ 50.0x107° C
E— 2(

1-0s45.0°
8.85x10 " CZ/N.mZ)}( cos43.0°)

=[8.27x10° N-m?/C|

87

P24.52  Refer to ANS. FIG. P24.51 above. The E field due to the point charge is
uniform and points radially outward, so @, = EA. The arc length of a

small ring-shaped element of the sphere is
ds = Rd@, and its circumference is 2wr =2mw Rsinf .

The area of the circular cap is

0 0
A=[2rrds=[(27Rsin0)RdO =27R* [sin6d6
0

0

A=2xR’ (—C059)|z =27R*(1-cosb)

The flux is then
1 10
cDE=EA=(MEOJF-(ZnRZ)(l—COSe))
=[ < ](1—c059)
2¢€,

*P24.53 DPlease review Example 23.9 in your textbook, emphazising the Finalize
section. There, it is shown that the electric field due to a nonconducting

plane sheet of charge has a constant magnitude given by E, = >
€o

where o

sheet

| Gsheet |

is the uniform charge per unit area on the sheet. This field

is everywhere perpendicular to the xy plane, is directed away from the

sheet if it has a positive charge density, and is directed toward the
sheet if it has a negative charge density.
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In this problem, we have two plane sheets of charge, both parallel to
the xy plane and separated by a distance of z,. The upper sheet has

+0.

Taking upward as the positive z-direction, the fields due to each of the
sheets in the three regions of interest are:

charge density o, =—20, while the lower sheet has o

sheet —

Lower sheet (at z=0) |Upper sheet (at z = z))
Region Electric Field Electric Field
2¢€, 2¢€, 2¢€, €
0<z<z EZ:+@:+i EZ:+|_2G|:+£
2¢€, 2¢€, 2¢€, €
z> 2z, EZ:+&:+L EZ:_|_2G|:_£
2¢€, 2¢€, 2¢€, €

When both plane sheets of charge are present, the resultant electric
field in each region is the vector sum of the fields due to the individual
sheets for that region.

(a) Forz<o,

EZ=EZ,10WH+EZ,HPPH=_%+€£= +i
0 0 0
(b) FOI‘0<Z<ZO,
Ez =Ez,lower+Ez,upper =+%+§= +23_Z'
0 0 0
() Forz>z,
0 0 0
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P24.54  Choose as each gaussian surface a concentric

sphere of radius r. The electric field will be fnsulater
perpendicular to its surface, and will be
uniform in strength over its surface. The #"
density of charge in the insulating sphere is « '
Conductor
p=Q/(3ma’)
(@) The sphere of radius r < a encloses ANS. FIG. P24.54
charge
4 Q (4 . rY
=rlsr | 1 57 elw)

(b) Applying Gauss’s law to this sphere reveals the magnitude of the
field at its surface.

@E-dA:qi
o
3
E(4m2):g(1) YT o
e \a A e, a a

(c) For a sphere of radius r with a <r < b, the whole insulating

sphere is enclosed, so the charge withinis Q: q,, =| Q |.

(d) Gauss’s law for this sphere becomes:

PE-dA =In

€

E(4nr2):gaE: L O k8

e 2
€ drre,r r

(e) For b<r<c, | E=0 | because there is no electric field inside a

conductor.

(f) For b<r<c, weknow E =0. Assume the inner surface of the
hollow sphere holds charge Q, ...- By Gauss’s law,

inner*

£ ax _ i
gSE-dA_EO
OZQ+€Q-mner —>Qimer=
0
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(g) The total charge on the hollow sphere is zero; therefore, charge on
the outer surface is opposite to that on the inner surface:

Qouter = _Qinner =

(h) A surface of area A holding charge Q has surface charge o= q/A.
The solid, insulating sphere has small surface charge because its
total charge Q is uniformly distributed throughout its volume.
The [inner surface of radius b/ has smaller surface area, and
therefore larger surface charge, than the outer surface of radius c.

P24.55  The electric field has these values (consult the solution to P24.54(a)—(e)
for details). Suppressing units,

-6
For 0 <r<a, E:keQ—::(8.99x109)Mr
a (0.050 0)
-6
Fora<r<b, E:keg:(8.99x109)w
r r
Forb<r<eg, E=0 (inside conductor)

For r > ¢, from Gauss’s law (suppressing units):

JE-dA =T p(amy?) =231

€o €o
—E= ! thzkthq
dre, r r

-6 -6
:(8.99><109)3'00X10 10010

r

-6

E:(8.99><109)M

;

where r is in meters and E in N/C. The field is radially outward.

The graph appears in ANS. FIG. P24.55 below, with a = 0.050 0 m,
b =0.100 m, and ¢ = 0.150 m.

E

—

a b ¢ r

ANS. FIG. P24.55
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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 the textbook equation
c
2 €,

[E.|=[E-|=

(@) 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 = @ a5

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

E=| 2 tothe right
o

(c) To the right of the negative sheet, E,
and E_are again oppositely directed and

£-[0]
(d) Now, both sheets are positively
charged. We find that

(1) To the left of both sheets,
both fields are directed
toward the left:

E= 2g to the left
€

Chapter 24 91

(o}
\/ -0
+ -
—> || «—

+ —

$ = - -
2= 0 E-Z | |E=0

+ & |_

+ -

+ -—

+ -

ANS. FIG. P24.56(a-c)

+ +
| =
|| — T —>

+ +

+ +

+ -

E=Z [*[E=0[*|E=Z
€ |+ +H o &

+ +

ANS. FIG. P24.56(d)

(2) Between the sheets, the fields cancel because they are

opposite to each other: E = @

(3) To the right of both sheets, both fields are directed

toward the right:

£=|2Z tothe right

€
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P24.57 We have

JE-dA=E(4nr’)="Tn
0

(@) Solving for the charge Q on the insulating sphere, we write, for
the regiona <r <b,

Q=e, E(4rnr*)
=(8.85x107*C* /N-m*)(-3.60x10° N/C)47(0.100 m)’
=-4.00x10" C=

(b) We take Q’ to be the net charge on the hollow sphere. For r > ¢,
Q+Q' =€, E(4nr?)
=(8.85x10™ C*/N-m*)(2.00x10* N/C)
x 477(0.500 m)’
=5.56x10" C

SO

Q' =49.56x10" C=| 49.56 nC

(c) Forb<r<c, E=Q0;therefore, 95]?-0&& =(q;n/€, =0 implies
I = Q+Q, =0, where Q, is the total charge on the inner surface
of the hollow sphere. Thus, Q, =-Q =| +4.00 nC |.

(d) LetQ,Dbe the total charge on the outer surface of the hollow
sphere; then,

Q=0+Q,—>Q,=Q-Q,=956 nC-4.00 n"C=| +5.56 nC
P24.58  The charge density is determined by Q = %n’a?’p . Solving gives
3Q

dra®

(@) The flux is that created by the enclosed charge within radius r:

o = Jn _ 4rcr’p _ 47 1°3Q _ Qr’
e, 3¢, 3¢ 4na’ | g
b) &= eg . Note that the answers to parts (a) and (b) agree at r = a.
0

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



P24.59

P24.60
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(c) ANS. FIG. P24.58(c) plots the flux vs. r.

Dy

0 } r
0 a

ANS. FIG. P24.58(c)
Consider the charge distribution to be an unbroken charged spherical

shell with uniform charge density o and a circular disk with charge per
area —o. The total field is that due to the whole sphere,

47R’c o©
sphere — Q 7= > = outward
dre, R° 4me, R €,

plus the field of the disk

E

(o) (o)
E. L =——= radially inward
W 2e, 2¢, Y
The total field is
Eohere + Eaisk = 2.2 ° radially outward

€ 2¢, |2¢,

The cylindrical symmetry of the charge distribution implies that the
field direction is radially outward perpendicular to the axis. The field
strength depends on r but not on the other cylindrical coordinates g or
z. Choose a gaussian cylinder of radius r and length L; the electric field

1
— —=4rk,, we
Te, €,

is normal to this surface. Recalling that k, =

have @, = Iin 4rk,q,..

0
(a) Ifr<a,wehave
O, = 4rnk,g;,

E(2mrL)=(4rk,)AL — E =|2k, 2 outward
r
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(b) Ifa<r<b,wehave

®, =4rnk,g,,
E(27rL)= (47rke)[),L+ pr(r? —aZ)L] -

_ Zke 22
E= » [}t+p7r(r a )],outward

(c) Ifr>b,wehave

®, =4rnkg,
E(2mrL)=(4nk,)| AL+ pr(b* —a*)L ]

_ 2ke 2 _ .2
E= p [l+p7r(b a )J,outward

Challenge Problems

P24.61 (a) Consider a cylindrical shaped gaussian
surface perpendicular to the yz plane
with its left end in the yz plane and its
right end at distance x, as shown in
ANS. FIG. P24.61.

gaussian
surface

Use Gauss's law: (ﬁfi dA = In

E |/
0 » :D =
: *\*{ v

By symmetry, the electric field is zero
in the yz plane and is perpendicular to

v

dA over the wall of the gaussian
cylinder. Therefore, the only
contribution to the integral is over the i)
end cap.

For x > g , ANS. FIG. P24.61

dq=pdV = pAdx = CAx*dx
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Then
3
Ee Cd
24 €,
3 R - 3 n
or E= Cd iforx>é, E=- Cd iforx<—é
24 ¢, 2 24 €,
(b) For——<x<é,
2
X 3
[E dA:ljdq=%j 2 gy = S
o 00 e
3,\ - 3A
E:CX iforx>0; E=———iforx<0
€, 3€,

P24.62  First, consider the field at distance r < R from the center of a uniform
sphere of positive charge (Q = +¢) with radius R. From Gauss’s law,

E 1x _ Yn
jE.dA_E—O

(47rr2)15:ql:ipv:l 4+e -
€ € S| *zR? |3

—(4nr*)E =( eOeR3 )r3

—E= ;3 r, directed outward
4w e, R

(@) The force exerted on a point charge q = —e located at distance r
from the center is then

e e’
F=gE=—¢| —— |r=—| —— |r=| -K
1 (47:60123] (471'60R3j

(b) From (a),

e ke
e, R | K
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2 2

m,R®

Thus, the motion is simple harmonic with frequency

o | 1 [ke
2 | 2\ m,R®

1 \/(8.99><109 N-m?/C?)(1.60x10™ C)

d) f=247x10" Hz=—
@ “Ton (9.11x 107" kg)R’

which yields R? =1.05x10% m?, or R=|1.02x10" m|
P24.63 (a) The electric field throughout the region is

directed along x; therefore, E will be y e
perpendicular to normal dA over the four bf/

faces of the surface which are perpendicular %

to the yz plane, and E will be parallel to /<l .

normal dA over the two faces which are
parallel to the yz plane. Therefore,

Ja+(El....)4
O, :—(3+2a2)ab+[3+2(a+c)z}ab
®, =2abc(2a+c)

ANS. FIG. P24.63

O, :—(Ex

x=a x

Substituting the given values for 4, b, and ¢, and noting that the
units of electric flux are N - m/C, we find

@, =/ 0269 N-m*/C

©) @, =Trq, =¢ @, =[238x107 C]
0
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 24,
and the other E_ due to a sphere of negative
charge of radius a centered within the cavity.

3
é(’” pj=4ﬂ?1’2E+
30 g

ANS. FIG. P24.64

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 24 97

SO E, = pr i PT
3e, 3¢,
3
—é(nrlp]—élnrfE
30 g,
T pr (- —P -
SO E = ——/I\—T. = T
B 360( ) 3¢,
Substituting ¥ =a+1, gives
g _op(i-d)
3¢,
Adding the fields gives
E=E, +E :pf_pf+p5:p5:0i+pai
7 3¢, 3¢, 3¢, 3¢, 3¢,
pa . s :
Thus, |E,=0|and | E, = 3 at all points within the cavity.
€o

P24.65 By symmetry, the electric field is radial and, therefore, uniform over
the gaussian surface:

$E-dA =1n

€o

N 1 ¢(a ) a

E(47rr ):—deV:—j — |4rmr dr:—J.47rrdr

€% € y\r1 €%
E(4r7r?) 2ma

€o
E=-2, radially outward | (if a is positive)

P24.66 (a) We call the constant A’, reserving the symbol A to denote area.
The whole charge of the ball is

R 5 R /5
, ’ 4 A’R
Q= |dO= | pdV= | AP 4nr’dr =4gA’ | =2EL8
b!]l b!]l r-—"O 51, 5

To find the electric field, consider as gaussian surface a concentric
sphere of radius r outside the ball of charge:

In this case, Cfﬁ dA = Q reads EA cos 0° = Q

o o
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98 (Gauss’s Law

'p5
Solving, E(4rr®) = 4”5&

0

’rp5
and the electric field is E = AR 5
Se¢,r

(b) Let the gaussian sphere lie inside the ball of charge:

e gl
Now the integrals become
" A (4nmr?)dr
E(cos 0)fdA = j”d—v or FA= J. (—)
60 0 60

Performing the integration,

w3

0

_ Aldnr
5S¢,

7.3
and the field is E = é—r
€p

P24.67  In this case the charge density is not uniform, and Gauss’s law is

- o~ 1
written as CJSE dA = E—J. pdV. We use a gaussian surface which is a
0

cylinder of radius r, length ¢, and is coaxial with the charge
distribution.

r

(a) Whenr <R, this becomes E(277/)= P J(a - %jdv. The element
€00

of volume is a cylindrical shell of radius r, length ¢, and thickness
dr so that dV =2rridr.

2
E(27rt)= (Mj(z - L) so inside the cylinder,
€, 2 3b

£ ﬂ(a_z)
2¢, 3b
R

(b) Whenr > R, Gauss’s law becomes E(27r()= &j(a - %)(27: redr)

€50

2
or outside the cylinder, E = &(a - ﬁ)
2¢,1 3b
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P24.68  The total flux through a surface enclosing the
charge Q is eg The flux through the disk is

0

@y, = [E-dA

where the integration covers the area of the disk.
We must evaluate this integral and set it equal

1 ANS. FIG. P24.68
to ZQ to find how b and R are related. In the

€o
figure, take dA to be the area of an annular ring of radius s and width
ds. The flux through dA is E-dA = EdAcos6 = E(27 sds)cos6 .

The magnitude of the electric field has the same value at all points
within the annular ring,

1 Q 1 Q b b
E= == d cosf=—=——
dre, 1’ Ame, s*+b n ro(s +bZ)1/2

Integrating from s = 0 to s = R to get the flux through the entire disk,

®, = Qb j‘ sds Qb [—(sz +b2)71/2}

2¢€, O(Sz+b2)3/2:2€0

= Q 1- b
260 (R2+bz)1/2

The flux through the disk equals 4Q

€

R

0

1
provided that m =5

This is satisfied if | R =+/3b |.

P24.69  (a) The slab has left-to-right symmetry, so its field must be equal in
strength at x and at —x. The field points everywhere away from
the central plane. Take as gaussian surface a rectangular box of
thickness 2x and height and width L, centered on the x = 0 plane.
The gaussian surface, shown shaded in the second panel of ANS.
FIG. P24.69, lies inside the slab. The charge the surface contains is

pV = p(2xL?). The total flux leaving it is EL* through the right face,

EL’? through the left face, and zero through each of the other four
sides.
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100 Gauss’s Law

Thus Gauss’s law, y

$B-dA = L

€

becomes

2
2F[? =P ZGXL O

0

so the field is E=|P* oo

€

(b) The electron experiences a force
opposite to E. When displaced to x > 0,
it experiences a restoring force to the
left. For the electron, Newton’s second L
law gives

YF = ma: T /%'

gE=ma or ~LY_y3 ANS. FIG. P24.69
0

Pt

1

Solving for the acceleration,

- e 2 - 2
a:—[ P JXI or a=-wxi

me eO

That is, its acceleration is proportional to its displacement and
oppositely directed, as is required for simple harmonic motion.

ep

Solving for the frequency, ©* = o and

eEO

fzﬂ_i ep
2 |2 \m, €,
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P242  355kN-m?’/C

P24.4 (@) 2.34 kN-m?*/C; (b) +2.34 kN-m* /C; (c) 0
P24.6 chw?/2

P248 226 N-m’/C

P24.10 (a)-55.7 nC; (b) negative, spherically symmetric

P24.12 (a) 3.20x10° N-m?/C; (b) 1.92x10” N-m? / C; (c) The answer to
part (a) would change because the charge could now be at different
distances from each face of the cube. The answer to part (b) would be
unchanged because the flux through the entire closed surface depends
only on the total charge inside the surface.

P24.14 (a) 1.36 MN-m? /C; (b) 678 kN -m* / C; (c) no

P24.16 (a) 2q€ ; (b) 2q€ ; (c) The plane and the square look the same to the
0 0

charge.

P24.18  (a) The net flux is zero through the sphere because the number of field
lines entering the sphere equals the number of lines leaving the sphere;

(b) The net flux is 27R°E through the cylinder; (c) The net charge inside
the cylinder is positive and is distributed on a plane parallel to the
ends of the cylinder.

P24.20 Q_—6|q‘
b€,

P24.22  (a) EAcos6; (b) -EAsin@; (c) -EAcos 6; (d) EAsin6; (e) 0; (f) 0; (g) O
P24.24 (a) 16.2 MN/C; (b) 8.09 MN/C; (c) 1.62 MN/C
P24.26 233 x10° N/C
P24.28 (a)~10° N or 1 mN; (b) ~107 C or 100 nC; (c) ~10 kN /C;
(d) ~10kN-m*/C

P24.30 (a)4.86 x 10’ N/C away from the wall; (b) So long as the distance from
the wall is small compared to the width and height of the wall, the
distance does not affect the field.

P24.32 (a) 150 N-m” /C; (b) 1.33 x 10"° C; (c) Noj; fields on the faces would
not be uniform.

P24.34 (a) +913nC; (b) O
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102 Gauss’s Law

P24.36 5.94 x10°m/s

P24.38  The electric field just outside the surface occurs at 16.0 kN/C. The peak
in the figure occurs at about 6.5 kN/C. Therefore, it is not possible that
this figure represents the electric field for the given situation.

P24.40 See ANS. FIG. P24 .40.

P24.42  (a) 31.9 nC/m’ (b) No; then the field would have to be zero.
P24.44 (a) 708 nC/m’; (b) 177 nC

P24.46  (a) 80.0nC/m> (b) (9.04 kKN/C)k ; (c) (-9.04 kKN/C)k

P2448 780N/C

P24.50 (a) The charge on the exterior surface is -55.7 nC distributed
uniformly; (b) The charge on the interior surface is +55.7 nC. It can
have any distribution; (c) The charge within the shell is -55.7 nC. It can
have any distribution.

Q

€

P24.52

(1—cosB)

P2454 () Q( ) 0 £ © 0 @ kS ©E=0;0)-0 @ +Q () inner

surface of radius b

P24.56  (a)0; (b) = to the right; (c) 0; (d) (1) 2-Z to the left; (2) 0; (3) 2= to
€

0 € €
the right
Qr’ Q
P24.58 (a) — (b) g (c) See ANS. FIG. P24.58(c).
0 0
P24.60 ‘ [l+prc(r —-a )], outward;
r
2k, [l+ n(bz —az)] outward
r P ’
ke* 10
P24.62 (a) S (@ 102x 107 m

e

P2464 E =0 and E, =22
o

P24.66 (a) AR’/5¢,7*; (b) AR’/5¢,

P24.68 R =+/3b
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