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Gauss’s Law

CHAPTER OUTLINE ANSWERS TO QUESTIONS

24.1  Electric Flux

242 Gausss Law , Q24.1 The net flux through any gaussian surface is zero. We
24.3  Application of Gauss’s Law to . R
Various Charge Distributions can argue it two ways. Any surface contains zero charge,
24.4  Conductors in Electrostatic so Gauss’s law says the total flux is zero. The field is
Equilibrium

Q24.3

Q24.4

*Q24.5

Q24.6

Q247

*Q24.8

uniform, so the field lines entering one side of the closed
surface come out the other side and the net flux is zero.

*Q24.2 (i) Equal amounts of flux pass through each of the six
faces of the cube. Answer (e).
(i1) Move the charge to very close below the center of one
face, through which the flux is then g/2e . Answer (c).
(iii)) Move the charge onto one of the cube faces. Then the
field has no component perpendicular to this face and
the flux is zero. Answer (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, d A , is greater than zero. The cosine of this
angle is reduced. The decreased flux results, on the average, in colder weather.

The surface must enclose a positive total charge.

(i) Both spheres create equal fields at exterior points, like particles at the centers of the spheres.
Answer (c).

(ii) The field within the conductor is zero. The field within the insulator is 4/5 of its surface value.
Answer (f).

Gauss’s law cannot tell the different values of the electric field at different points on the surface.
When E is an unknown number, then we can say J'Ecos 0dA = EJ.COS 6dA. When E(x, y, z)

is an unknown function, then there is no such simplification.

The electric flux through a sphere around a point charge is independent of the size of the sphere.
A sphere of larger radius has a larger area, but a smaller field at its surface, so that the product
of field strength and area is independent of radius. If the surface is not spherical, some parts are
closer to the charge than others. In this case as well, smaller projected areas go with stronger
fields, so that the net flux is unaffected.

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

27
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*Q24.9 (a) Let g represent the charge of the insulating sphere. The field at A is (4/5)q/[47(4 cm)’€ ].
The field at B is g/[47(8 cm)*€ ]. The field at C is zero. The field at D is g/[47(16 cm)*€ ].
The ranking is A>B >D > C.

(b)  The flux through the 4-cm sphere is (4/5)’g/,. The flux through the 8-cm sphere and
through the 16-cm sphere is g/e . The flux through the 12-cm sphere is 0. The ranking is
B=D>A>C.

Q24.10 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.

Q24.11 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. If the person carries a (small)
charge g, the electric field inside the sphere is no longer zero. Charge —q 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.

*Q24.12 (i) The shell becomes polarized. Answer (e).
(ii) The net charge on the shell’s inner and outer surfaces is zero. Answer (a).
(iii) Answer (c).
(iv) Answer (c).
(v) Answer (a).

SOLUTIONS TO PROBLEMS

Section 24.1  Electric Flux

P241  (a) <I>E=E-A=(a§+bj)-Ai=
b @, =(ai+bj)-Aj =[A]
©) <I>E=(ai+bj)-AlE=@

P242 @, =EAcosf=(2.00x10*N/C)(18.0 m*)cos10.0° = 355 kN-m*/C

P24.3 O, =FAcosf A=rxr = 7'L'(0.200)2 =0.126 m’
520%10° = E(0.126)cos0°  E=4.14x10°N/C=[4.14 MN/C
P244 (a) A’=(10.0cm)(30.0 cm) 30.0 cm/.'

A’=300 cm® =0.030 0 m*
@, , =FEA’cos6

@, =(7.80x10*)(0.030 0)cos180° 100

®,, =234 kN-m’/C| A

FIG. P24.4

continued on next page
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(b)

(©)
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@, = EAcosf =(7.80x10*)(4)cos60.0°

10.0 cm
c0s60.0°

@, , =(7.80x10*)(0.060 0)cos 60.0° = +2.34 kN-m’/C |

A=(30.0 cm)(w)=(30.0 cm)( ): 600 cm” = 0.060 0 m*

The bottom and the two triangular sides all lie parallel to E, so @, =0 foreach of these.
Thus,

D,y =—2.34 KN-m*/C+2.34 kN-m?/C+0+0+0=[0]

P24.5 @, = EAcos@ through the base
— o — _ . 2
@, =(52.0)(36.0)cos180 1.87 kN-m*/C 6.00<m >6.00m
Note that the same number of electric field lines go through the base as go
through the pyramid’s surface (not counting the base). FIG. P24.5
For the slanting surfaces,| ®, =+1.87 kN-m’/C | .
Section 24.2  Gauss’s Law
P24.6 (a) One-half of the total flux created by the charge g goes through the plane. Thus,
1 1| g q
P pane =5 Prow = E(gj = 2e,
(b) The square looks like an infinite plane to a charge very close to the surface. Hence,
_|_ 4
q)E,square = (I)E,plane - g
© | The plane and the square look the same to the charge. |
: +5.00 uC—-9.00 uC+27.0 uC—-84.0 uC
P27 (@) @, dn (500K i ) - 6.89%10°N-m?/C?
=5 8.85x10™ C?/N-m
@, =| —6.89 MN-m’/C |
(b) Since the net electric flux is negative, more lines enter than leave the surface.
k,Q , (8:99x10%)0
P248 (a) E=-—"%; 890x10° =————
r (0.750)
But Q is negative since E points inward. Q0=-557%x10" C=|-55.7nC
(b) The charge has a | spherically symmetric | charge distribution, concentric with

the spherical shell.
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P49 @, =1

Through S, (O -

Through §, D, = -0 @

Through §; P, =—=|——

Through S, D, = @

-6
P24.10 (a) &, ., =qi—M=l.36x106N-m2/C= 1.36MN-m’/C

€, 8.85x10™
1
(b) @y = 5(1.36 x10°N-m’/C)=6.78x10° N-m’/C=| 678kN-m’/C

© , the same number of field lines will pass through each surface, no matter how the
radius changes.

P24.11 The total charge is Q —6]g| . The total outward flux from the cube is Q—_6|q|’ of which

So
one-sixth goes through each face:
( ) _ 0- 6|‘1|
E one face
: 6¢,
_ _ -6 . .m?2
_Q 6lq| _(5.00-6.00)x10™ C-N-m* _ 88 kN m/C |

( E )one face 660 6 X 885 X 10712 C2

P24.12 The total charge is Q —6]g| . The total outward flux from the cube is Q—_6|q| of which

one-sixth goes through each face: So
Q-6lq|
o = —
( E )one face 660

P24.13 (a) With J very small, all points on the hemisphere are !
nearly at a distance R from the charge, so the field

k0

everywhere on the curved surface is radially
RZ

outward (normal to the surface). Therefore, the flux
is this field strength times the area of half a sphere:

(Dcurved = _[F: : d& = ElocalAhemisphere
(., 21 AN _| @
D@ipea = [ke =)\ F4R )= ame, 0(27)= 2, FIG. P24.13

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

-0
_q)curvcd = QE
0

D +®, =0 or ()

curved flat flat =
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P24.14 Consider as a gaussian surface a box with horizontal area A, lying between 500 and 600 m elevation.

EﬁE'dA =L. (+120N/C)A+(~100N/C)A = PA(100 m)

S S

20N/C)(8.85x107"* C*/N-m?
P:( / )( / m)=|1.77><10712C/m3|
100 m

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

P24.15 If R <d, the sphere encloses no charge and ®, = In _ @ .
€

0

If R > d, the length of line falling within the sphere is 2+ R* —d”

2R - d*

So

o 99%10° N-m?/C?)(10.0x10°
P2416 <DE,hule=E'Ahole=(keQ)(ﬂr2)=((899X 0° N-m?/C?)(10.0x10™ C)

_ 2
e 0100 m)’ ]n’(l.OOxlO *m)

@,,..=|282N-m’/C

G 170x10° C
P27 = = 8510 C/Nom
0 .

-=1.92x10" N-m*/C

1 1.92x10" N-m?*/C
(a) (q)E )onc facc= géE = 6

(¢E )oneface:| 3‘20 MN.m2/C |

(b) ®,=]192 MN-m*/C |

(c) | The answer to (a) would change because the flux through each face of the cube would
not be equal with an asymmetric charge distribution. The sides of the cube nearer the
charge would have more flux and the ones further away would have less. The answer

to (b) would remain the same, since the overall flux would remain the same.

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

k Or
P24.18 E=-¢= —
(a) a3 @

_kor  (8.99x10°)(26.0x107)(0.100)
S d (0.400)
kO (8.99x10%)(26.0x10°)

(© E==5 (04007 =[1.46 MN/C

ko (8.99x10°)(26.0x10°)

@ E="%= (0.600)’ =[ 649 kN/C]

7

(by E =| 365 kN/C

The direction for each electric field is | radially outward |
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P24.19 The charge distributed through the nucleus creates a field at the surface equal to that of a point Q
charge at its center: E = kqu

(8.99x10° Nm?/C*)(82x1.60x10™ C)
[(208)°1.20x107 m ]

E=|233%x10*N/C | away from the nucleus

P24.20 Note that the electric field in each case is directed radially inward, toward the filament.

2k 2(8.99x10°N-m’/C*)(90.0x10° C/m)

r 0.100 m =[1e2MN/C]

2k A 2(8.99%x10°N-m?/C?)(90.0x10° C/m)

®) E=—= 0.200 m -

g 2kA _ 2(8.99%10° N-m?/C?)(90.0x 107 C/m)

r 1.00 m =[1.2MN/C]

o 9.00x10°C/m’
2¢, 2(8.85x10™C’/N-m’)
*P24.22 (a) A long cylindrical plastic rod 2.00 cm in radius carries charge uniformly distributed
throughout its volume, with density 5.00 uC/m?. Find the magnitude of the electric field
it creates at a point P, 3.00 cm from its axis. As a gaussian surface choose a concentric
cylinder with its curved surface passing through the point P and with length 8.00 cm.

(b) We solve for
(0.02 m)*0.08 m (5x107° C/m?) Q
E= =[3.77 kN/C
(8.85x10™2C?/N-m?)2(0.03 m) 0.08 m

P24.23 If pis 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 7z7°L and it encloses
charge prrr’ L. Because the 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 = EdA cos 0°, and E must be the same

@ E

(©)

P24.21 E-=

=| 508kN/C, upward |

strength everywhere over the curved surface. FIG. P24.23
5ox_ 4 prr’L
Gauss’s law, E’.)E -dA=-—=, becomes E j dA = .
e() Curved eO

Surface

Now the lateral surface area of the cylinder is 27zrL:

2
L = . . .
=P Thus, E= pr radially away from the cylinder axis |.

EQ2mr)L
=N 2¢g,

100 cm

2
#P24.24 a=(8.60xlo*c/cm2)( j =8.60x107 C/m?

o _ 8.60x107

B e T 2sssx107)

= | 4.86 x10° N/C away from the wall

distance does not affect the field.

So long as the distance from the wall is small compared to the width and height of the wall, the O
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Gauss’s Law

P24.25 The volume of the spherical shell is
%n’[(O.ES m)’ —(0.20 m)’ |=3.19x10" m’
Its charge is
pV =(-1.33x10° C/m*)(3.19%10” m’)=-4.25x10"* C
The net charge inside a sphere containing the proton’s path as its equator is

—60x107° C-4.25%x10"° C=-1.02x107 C

The electric field is radially inward with magnitude

klad  lal  899x10°Nm’(1.02x107C)
2 =

P e, 4mr C*(0.25m)’

=1.47x10*N/C

For the proton

mo
ZF—ma eE = .

2

(eEr)‘“ [1.60>< 107 C(1.47x10*N/C

)0.25m )" i
- =|5.94%x10° m/s
1.67x10 7 kg

m

charge at its center, and each feels a force as if all its charge were a point at its center.

(46)(1.60x10™ C)’

k4,4, 0 22 3
F=—">~==(899%x10" N- C =3.50%x10" N=| 3.50 kN
r? ( X m/ ) (2X5.90X10715 m)2 X

P24.27 (a) E:@

kO (8.99%10°)(32.0x10°)

33

The distance between centers is 2 X 5.90 x 10 m. Each produces a field as if it were a point

(by E=

=7.19 MN/C  E=[7.19 MN/C radially outward |

P (0.200)°

P24.28 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. F<—®

(@) F =Tcosl0°—mg=0=T=—2 1m‘
Z ' 8 cos10° &
ZszTsinlO"—Fe=0=>Fe=Tsin10°, o FIG. P24.28

F, =( mgoojsinm" = mgtan10° = (0.001 kg)(9.8 m/s*)tan10°
COS

F,=2x10" N[~10" Nor I mN |

continued on next page
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(b) F =

(8.99x10°N-m?/C?)q’
(0.25 m)’
q=12x107 C[~107 Cor 100 nC |

2x107° N =

8.99x10°N-m*/C*)(1.2x107 C
() E:kzqz( / ) )

~1.7x10* N/C| ~10kN/C

-7
@ &, =L= 1'2:10 2C - =14x10*N-m?/C[ ~10kN-m*/C
€, 885x10™ C*/N-m

2k A 2(8:99x10°N-m?/C?)[(2.00x10°° C)/7.00 m ]
o 0.100 m

P2429 (a) E

E=|51.4 kN/C, radially outward |

(b) @, =FEAcosO=E(2rrl)cos0°

@, =(5.14x10° N/C)27(0.100 m)(0.020 0 m)(1.00) =[ 646 N-m?*/C

Section 24.4  Conductors in Electrostatic Equilibrium

. O conduc . .
P24.30 The fields are equal. The equation E = —< qyo0ested in the chapter for the field outside the
e0

aluminum looks different from the equation E = % for the field around glass. But its charge
€o
0

will spread out to cover both sides of the aluminum plate, so the density is O, yc0r = A

The glass carries charge only on area A, with 0, ..0r = % . The two fields are e the same
e0
in magnitude, and both are perpendicular to the plates, vertically upward if Q is positive.
: - A
P24.31  EdA=E(2mr)=10 petll A
=N 2me,r  2meyr
(a) r=3.00cm E:@
- 0x10~°
(b)  r=10.0 cm E= 300 X_l(z) = 5400 N/C, outward |
27(8.85x1077)(0.100)
-9
© r=100cm fo_ o00x10 —[540 N/C, outward |

27(8.85%1077)(1.00)
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*P24.32 (a) All of the charge sits on the surface of the copper sphere at radius 15 cm. The field inside

P24.33

*P24.34

P24.35

*P24.36

(b) The charged sphere creates field at exterior points as if it were a point charge at the center:

_ kg (8.99x10° N-m”)(40x10” C) .
E=-—5 away = > 5 outward=| 1.24x10" N/C outward
r C*(0.17 m)
. (8.99x10° N-m*)(40x10” C)
¢ E= 5 3 0utward=| 639 N/C outward |
C*(0.75m)

(d) All three answers would be the same. The solid copper sphere carries charge only on its
outer surface.

The charge divides equally between the identical spheres, with charge Q on each. Then they
repel like point charges at their centers: 2

o k(02)(02) | k0 _899x10" N-m’(60.0x10 c)

=/2.00N
(L+R+R)  4(L+2R) 4C*(2.01 m)’

Let the flat box have face area A perpendicular to its thickness dx. The flux at x = 0.3 m is into the
box —FA =—(6 000 N/C - m?)(0.3 m)*> A = —(540 N/C) A.

The flux out of the box at x =0.3 m + dx

+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. Gauss’s law is

—~(540N/C) A + (540 N/C) A + 3600 N/C - m) dx A = pA dxle
Then p = (3600 N/C - m)e = (3600 N/C - m)(8.85 x 10> C*N - m*) =|31.9 nC/m’

(a) Inside surface: consider a cylindrical surface within the metal. Since E inside the
conducting shell is zero, the total charge inside the gaussian surface must be zero, so the
inside charge/length =—A.

q.
0=Al+q, o) S
% =LA
Outside surface: The total charge on the metal cylinder is M0 =q,, +q,,

Qo =2AL+ AL so the outside charge/length is

2k, (31) _ 6k A

r r 2reyr

(b) E=

radially outward

The surface area is A = 47m>. The field is then

k0.0 _0 _o

a*  4med®  Ae, €,

It is not equal to o/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.
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P24.37 (a) The charge density on each of the surfaces (upper and lower) of the plate is:

1(¢) 1(400x10™ C) e ;
o=—|—-|=——5%-=8.00x10"C =|80.0nC
(3)-3 Gsoomr m

-8 2
b E=|Z |k=| 200x10 E/m _ |k =] (9.04 kN/C)k
= 8.85x10™ C*/N-m
c) E=|[(-9.04 kN/C)k

Additional Problems
P24.38 In general, E= ayi + bzAi +cxk z

In the xy plane, z=0 and E= ayf +cxk ’ ’

O, = J‘I:}d;&: J(ayi+cxlA()~lA(dA

w 2 2
h
®E=chjxdx=chx— =&
o 2l L2 FIG. P24.38
P24.39 (a) Uniform E, pointing radially outward, so ® » = EA. The arc length
is ds = Rd@, and the circumference is 27r =27 Rsin 6. R ,ﬂ{: RdZ
6 [’ E
A=[2mrds= [ (27 Rsin0) RdO=27 R® [ sin 06
0 0 FIG. P24.39

=27R? (~cos0)|, =27 R*(1-cos8)

= % 2n R? (1 - cos@) = 0 (l - cos@) [independent of R!]
4re, R 2¢,
— 00 ne . ) _ 0 a_| QO
(b) For 6=90.0° (hemisphere): ®, =——(1-co0s90 )—
2¢, 2¢,
— o : . = & — o) = 2 s
(¢) For 6=180° (entire sphere): @, = e (1 cos180 )— B [Gauss’s Law].
0 0

P24.40 The sphere with large charge creates a strong field to polarize the other sphere. That means it
pushes the excess 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.
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The field is zero within the metal of the shell. The exterior electric field lines end at equally
spaced points on the outer surface. The charge on the outer surface is distributed uniformly.
Its amount is given by

EA = Qle,

0 =—(890 N/C) 47 (0.75 m)* 8.85 x 102 C¥N - m? = -55.7 nC

(b) and (c)  For the net charge of the shell to be zero, the shell must carry +55.7 nC on its inner

¥P24.42 (a)

(b)

()
(d)

O (e)
(f)

(@
(h)
@)

@

(k)

)

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. 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.

The charge distribution is spherically symmetric and g,, > 0. Thus, the field is directed

| radially outward | or to the right at point D.

kg, 8.99x10° 2.00x10° N/C
E=—+"= =| 702 kN/C
2 (0.16)2 -

Since all points within this region are located inside conducting material, .

®,=[E-dA=0 = g,= @, =[0]

%nz

9 -
=K 899X 1((()) 038')020 X190 _ 421 MNIC 10 the right | (radially outward).
r .

+3uC (4
qinszZ(zt,r‘l; j(§ﬂ43j= +1.54 uC
3

o kg, _899x10 154x10°
r (0.04’

=| 8.63 MN/C to the right | (radially outward)

Asinpart (d), E=0 for 10 cm<r<15cm.
Thus, for a spherical gaussian surface with E
10cm<r<15cm, ¢, =+3 uC+gq,,, =0
where ¢, .. is the charge on the inner surface

of the conducting shell. This yields

1
}
:
}
}
G =| =3.00 uC |. ! ’\
a

b ¢ r

Since the total charge on the conducting
shell IS ¢, = Gouer T Ginner = —1 HC, We have FIG. P24.42(l)

qouler = _1 ‘uc_qinner = _1 ,LLC_(_3 ‘UC) =

This is shown in the figure to the right.
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P24.43 (a E-dA = E(47r?) = Insulator
W § (4mr°)= 2 O
For r<a (4 Tr )
or , - =p| = .
qm p 3 '4 ‘
SO E= P . Conductor
3g,
FIG. P24.4
For a<r<b and c<r, q, =0 G 3
So E= QZ
drr'e,

For b<r<c, E=0, since inside a conductor.

(b) Let g, = induced charge on the inner surface of the hollow sphere. Since £ =0 inside the
conductor, the total charge enclosed by a spherical surface of radius b <r < ¢ must be zero.

Therefore, q,+0=0 and o, = e qlbz = 4_32
T T

Let g, = induced charge on the outside surface of the hollow sphere. Since the hollow
sphere is uncharged, we require

- 4 Q
¢,+q9,=0 and o, =—t1—=
b Y %o drc’
P24.44 First, consider the field at distance r < R from the center of a uniform sphere of positive charge Q

(Q =+e) with radius R.

) + Y T
(47rr2 )E = _ ﬂ = ¢ 3 XAl SO E= ;3 r directed outward
S S TR ) & 4me, R

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

2
F=qgE=-e ;3 r=-— 8—3 r=|-Kr
dre, R drey R

(b)

2 2
(C) F; =m,a, =_(k;i Jr’ SO a, = _[ keeR% jr = _(DZV
m, K"
1 [ke

Thus, the motion is simple harmonic with frequency £ = L _| |k
2 | 2x\m,R’

(8.9 10°N-m*/C?)(1.60x10°C)’
(911107 kg)R®

which yields R*=1.05x107" m’, or R=1.02x10"" m=|{102 pm

(d f=247x10" Hz:i\/
2
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P24.46

P24.47
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The vertical velocity component of the moving charge y
increases according to €
.y 0 - ,\v4 0,

d’UV dvv dx === " " Oy x
m—==F, m—=—=gqE q \d

dt ’ dx dt L _‘_ _______

0
Now ? =0, has the nearly constant value v. So
t
. FIG. P24.45
_4q4 (gp =94

do,=—LEdrc = _([dvy g _J;Eydx

The radially outward component of the electric field varies along the x axis, but is described by

| E,da= | E,(2rd)dx= e
e e €o
So J. E dx= Q and v, = & The angle of deflection is described by
R 2nd €, T mulnde,
v, _
taln@z—yzL2 9=tanlL2
v 2me, dmv 2re, dmv
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 S
o]
|E+| = |E*| = 26
0
(a) To the left of the positive sheet, E, is directed toward the o
left and E_ toward the right and the net field over this

\
Y

region is E = @ . |

+ -
(b) In the region between the sheets, E, and E_ are both directed | ||
toward the right and the net field is + -
+ -—
— o + -
E =| — to the right E=0[*|E=Z [-|E=0
€ + EO -
+
(¢) To the right of the negatljle sheet, E, and E_ are again FIG. P24.46
oppositely directed and E = @ .
The magnitude of the field due to each sheet given by + +
. . < e —_—
Equation 24.8 is -— I -— 1 —
o + +
E =—— directed perpendicular to the sheet + +
& =< |HE=oft|E=2
(a) In the region to the left of the pair of sheets, both fields are N i I N
directed toward the left and the net field is
FIG. P24.47

E= g to the left
EO

continued on next page
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In the region between the sheets, the fields due to the individual sheets are oppositely

(b)
directed and the net field is

=[]

In the region to the right of the pair of sheets, both fields are directed toward the right and

(©
the net field is

E= 9 to the right
EO

E
=

P24.48 The electric field throughout the region is directed along x; therefore,

E will be perpendicular to dA over the four faces of the surface which are y b7
Iy

q

v

perpendicular to the yz plane, and E will be parallel to dA over the two faces
<(] >l C >

which are parallel to the yz plane. Therefore,
JA+(E]|_,. )A=—(3+2a")ab+(3+2(a+c) )ab
FIG. P24.48

x=a+c

@, =—(E,
=2abc(2a+c)
Substituting the given values for a, b, and ¢, we find @, :| 0.269 N-m?*/C | .

Q=€e,®,=238x10" C=|2.38 pC

@E'dAZE(MrrZ):qﬁ

x=a

P24.49
eO
R 5
AR
(a) Forr>R,  q,=[Ar(4xr)dr=4n
0
5
and E= AR >
S, r
f 4 Ar’
(b) For r<R, G = J.Arz (477:r2)dr =
0
Ar?

and E=
5S¢,




P24.50

P24.51

P24.52

Gauss’s Law M1

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.

, ) .
i(”r_p):M”ZE so E, = pr g PT
3\ € *

0

A 3g, 3e,
(_ ) FIG. P24.50
Since F=a+r,, E = pir-a
3e,
E=E, +E :pf_pf'+pﬁ:pﬁ_ol+paj
" 3¢, 3¢, 3¢, 3e, 3e,
Thus, E =0
pa . - .
and E = e at all points within the cavity
] So

Consider the charge distribution to be an unbroken charged spherical shell with uniform charge
density o and a circular disk with charge per area —0. The total field is that due to the whole

47R’
sphere, 0 == il 62 -2 outward plus the field of the disk — °o _© radially
dre, R 4me,R° g 2e¢, 2g,
inward. The total field isg— 9 |2 outward |.
€ 2, 2¢,

In this case the charge density is not uniform, and Gauss’s law is written asq‘)E dA =— J. pdv.
We use a gaussian surface which is a cylinder of radius r, length ¢, and is coaxial Wlth the charge

distribution.

P j(a - i) dV. The element of volume is a

€%

cylindrical shell of radius r, length /¢, and thickness dr so that dV =2zr/ldr.

2
E(2nrt)= (Mj[g - L) so inside the cylinder, E = M(a - zj

(a) When r< R, this becomes E(27r()=

€ 3b 2¢, 3b

(b) When r> R, Gauss’s law becomes

R 2
R 2R
E(27rt)= 2o j(a - —)(27tr€dr) or outside the cylinder, E = po—(a - —)
S b 2¢g,r 3b
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P24.53

P24.54

P24.55

continued on next page

Chapter 24

gSE-dA = =Lj.%47rr2dr

S S0
4ra | 4dra r
Ednr’ = jrdr = —
€ 1 € 2
a .
E= = constant magnitude
2e,

(The direction is radially outward from center for positive a; radially inward for negative a.)

The total flux through a surface enclosing the charge Q is Q .
The flux through the disk is o

@, = [E-dA

where the integration covers the area of the disk. We must evaluate this
1

integral and set it equal to iQ to find how b and R are related. In the figure,
eO

take d A to be the area of an annular ring of radius s and width ds. The flux

FIG. P24.54
through d A is E-dA = EdAcos = E(Zﬂsds)cose.

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

1 0 1 0 b b

= == and cosf=—=—"——-.
dre, r’ 4dme, s°+b’ r (SZ +b2)l/2

Integrate from s=0 to s= R to get the flux through the entire disk.

R: 0 . b
o 2&| (RP+p)”

The flux through the disk equals 4Q provided that b = 1

S (R*+b° )l/2 2
This is satisfied if .

(a) Consider a cylindrical shaped gaussian surface y
perpendicular to the yz plane with one end in the yz plane
and the other end containing the point x:

o :@T sds gl:_(SZ_’_bz)l/z:I

E, disk 32
2, 0(52+b2) 2¢,

Use Gauss’s law: g[)E-df& = In

= gaussian
surface
By symmetry, the electric field is zero in the yz plane
and is perpendicular to d A over the wall of the gaussian ~

cylinder. Therefore, the only contribution to the integral
is over the end cap containing the point x:

z
- . A
g-)E-d =In o pA= A( x)
S €
so that at distance x from the mid-line of the slab, | E = px
€ 0

FIG. P24.55



Gauss’s Law

(b) a:miz(_e)E:_[ pe jx

me e()

pe
m, €,

The acceleration of the electron is of the form a=-0"xwithg =

L L 1
Thus, the motion is simple harmonic with frequency f = @O | | Pe
2 | 2r\m, g,

P24.56 Consider the gaussian surface described in the solution to problem 59.

(a) Forx> g , dg = pdV = pAdx = CAx’dx

o1
[E-d&=—[dq
0
dj2 3
ea=CAT e 1(@)(1]
S € J\ 8
3 3 3
= cd or E= cd iforx>—; E=-— iforx<—£
24¢, 24¢, 24¢, 2
d d L £
(b) For ——<x<— IE-dA:ijdq=% xzdx—CAx
2 2 g, S 3¢,
3 3
E:CX i for x> 0; E=- iforx<O
3e, <,

. o . Gm
P24.57 (a) A point mass m creates a gravitational acceleration ——r at a distance r

g=
The flux of this field through a sphere is 4}

U’Ql

Since the r has divided out, we can visualize the field as unbroken field lines. The same

:_— 47rr ) —4n Gm

43

flux would go through any other closed surface around the mass. If there are several or no

masses inside a closed surface, each creates field to make its own contribution to the net

flux according to

pg-dA=-4rnGm,

(b) Take a spherical gaussian surface of radius r. The field is inward so

pg-dA = g4nr’ cos180° = - g4rr’

and —4rGm,, = —47rG%7rr3p
2 4 4
Then, —ga4rnr :—47rG§7rr‘p and g=§7'CrpG
. . M . M .
Or, since p:ﬁy g=E—?r or| g=—=% ? " inward
4R, R, R,
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30

dra’

P24.58 The charge density is determined by Q = %n ap p

(a) The flux is that created by the enclosed charge within radius 7:

Gin _ 47rr3p_ 47rr33Q _ Qr3
e, 3¢, 3gdma’ |ea

(O

(b)) D,.= g . Note that the answers to parts (a) and (b) agree at r=a.

m
o

0 } r
0 a

FIG. P24.58(c)

P24.59 g-)E-dA:E(4ﬂr2)=qi

S

a) (-3.60x10° N/C)47(0.100 m)’ = Y b
@ (-3:60x10° N/C)4m(0.100 m)" = e Nz @<r<?)

0=-4.00x10" C=[-4.00 nC |

(b) We take Q’ to be the net charge on the hollow sphere. Outside c,

2.00%10% N/C)47(0.500 m)’ = 0+0’ >
(+2.00x f€)4x( m) 8.85x10™" C*/N-m’ (r>c)

0+0'=+556x10" C,s0 Q’=+9.56x10" C=| +9.56 nC
(c) Forb<r<c: E=0 and g, =0 +Q, =0 where Q, is the total charge on the inner

surface of the hollow sphere. Thus, O, =—0 =| +4.00 nC |.

Then, if @, is the total charge on the outer surface of the hollow sphere,

0,=0"-0,=956 nC—4.0 nC=| +5.56 nC |.
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P24.60

Gauss’s Law 45

The field direction is radially outward perpendicular to the axis. The field strength depends on
r but not on the other cylindrical coordinates @or z. Choose a gaussian cylinder of radius r and
length L. If r<a,

®,=%  and  E(2mrr)=L
€o So
E= 2 or E= 2 'y (r<a)
2nre, 2rre,

If a<r<b, E(2mrL)=

If r>b, E(2nrL)=

'y (r>0)

ANSWERS TO EVEN PROBLEMS

P24.2

P24.4

P24.6

P24.8

P24.10

P24.12

P24.14

P24.16

P24.18

P24.20

P24.22

355 kN-m?/C
(a) —2.34 kN-m*/C (b) +2.34 kN-m*/C (c)0

(a) 2L (b) 2L (c) Plane and square both subtend a solid angle of a hemisphere at the
e0 e0
charge.

(a) =55.7 nC (b) The negative charge has a spherically symmetric distribution concentric with
the shell.

(a) 1.36 MN-m*/C  (b) 678 kN-m?/C  (c) No; see the solution.

0-6|ql
6€,

1.77 pC/m’ positive
28.2 N-m?/C
()0 (b)365 kKN/C (c) 1.46 MN/C (d) 649 kN/C

(a) 16.2 MN/C toward the filament (b) 8.09 MN/C toward the filament (c) 1.62 MN/C
toward the filament

(a) A long cylindrical plastic rod 2.00 cm in radius carries charge uniformly distributed through-
out its volume, with density 5.00 4 C/m?. Find the magnitude of the electric field it creates at a
point P, 3.00 cm from its axis. As a gaussian surface choose a concentric cylinder with its curved
surface passing through the point P and with length 8.00 cm. (b) 3.77 kN/C
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P24.24

P24.26

P24.28

P24.30

P24.32

P24.34

P24.36

P24.38

P24.40

P24.42

P24.44

P24.46

P24.48

P24.50

P24.52

P24.54

P24.56

P24.58

P24.60

Chapter 24

4.86 GN/C away from the wall. It is constant close to the wall.
3.50 kN

(@)~ mN (b)~100nC (c) ~10kN/C (d) ~10kN - m%C
E =0/ oA vertically upward in each case if 0 >0

(@0 (b) 12.4 kN/C radially outward (c) 639 N/Cradially outward (d) No answer changes.
The solid copper sphere carries charge only on its outer surface.

31.9 nC/m?

The electric field just outside the surface is given by o /e . At this point the uniformly charged
surface of the sphere looks just like a uniform flat sheet of charge.

chw?
2

See the solution.

(a) 2.00 uC (b)totheright (c)702kN/C (d)0 (e)0 (f)3.00uC (g)4.21 MN/C
radially outward (h) 1.54 £ C (i) 8.63 MN/C radially outward (j) —3.00 £ C
(k) 2.00 £C (1) See the solution.

2
(a, b) See the solution. (¢) 1 ke (d) 102 pm
2r R

3
me

@0 () < totheright ()0
(S

0

0.269 N-m*/C; 2.38 pC

See the solution.

2
(@) ﬂ(a—gj () LR (a—z—R)
2¢e, 3b 2¢, r 3b

See the solution.

. Cd’ . d - d® d . X,
E= i forx>—; E=— iforx<—— (b) E= i .
(a) 2ie, i forx 5 2ae, i forx 5 ®d) E c. i forx>0;
3
B forx<0
e0
3
(a) or - (b 9 (c) See the solution
€ a €

Forr<a, E=ARre o/ radially outward.
Fora<r<b, E=[A+ pa(r’—a’))2 e rradially outward.

For r> b, E = [A+ pa(b*~a®))/2 7€ r radially outward.



