Chapter 23

3.Weuse ®=E-A, where A= Aj=(140m)’j.

(a) ®=(6.00 N/C)i-(1.40 m)"j=0.

(b) ®=(-2.00 N/C)j-(1.40 m)’j=-3.92 N-m?/C.
(c) ®=| (-3.00 N/C)i+(400N/C)k |-(1.40 m)’j=0.

(d) The total flux of a uniform field through a closed surface is always zero.

4. The flux through the flat surface encircled by the rim is given by ® = za’E. Thus, the
flux through the netting is

@' =—0=—7a’E =—7(0.11m)*(3.0x10°% N/C) =-1.1x10"* N-m?/C.

7. We use Gauss’ law: ¢,®@ =, where @ is the total flux through the cube surface and q
is the net charge inside the cube. Thus,

q_  18x10°C
g 8.85x10™ C*/N-m

~=2.0x10° N-m?/C.

17. THINK The system has spherical symmetry, so our Gaussian surface is a sphere of
radius R with a surface area A=47R?,

EXPRESS The charge on the surface of the sphere is the product of the surface charge
density o and the surface area of the sphere: q=ocA=c(47R*). We calculate the total
electric flux leaving the surface of the sphere using Gauss’ law: = g,®.

ANALYZE (a) With R=(1.20m)/2=0.60 m and ¢ =8.1x10"° C/m?, the charge on
the surface is

q=4nR%c = 471(0.60 m)’ (8.1x10° C/m?) =3.7x10™° C.
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(b) We choose a Gaussian surface in the form of a sphere, concentric with the conducting
sphere and with a slightly larger radius. By Gauss’s law, the flux is

-5
p=9__ 309d0°C __,1.00° N-mi/C
& 885x1072 CZ/N-m

LEARN Since there is no charge inside the conducting sphere, the total electric flux
through the surface of the sphere only depends on the charge residing on the surface of
the sphere.

18. Using Eq. 23-11, the surface charge density is
o =Eg, =(2.3x10° N/C)(8.85x10%*C*/N-m*)=2.0x10"° C/m?,

22. We combine Newton’s second law (F = ma) with the definition of electric field
(F=qE) and with Eq. 23-12 (for the field due to a line of charge). In terms of

magnitudes, we have (if r = 0.080 m and A =6.0x10°C/m)

e A L a= e
2meo I T 2meorm

ma = eE = =2.1x 10" m/s? .

25. THINK Our system is an infinitely long line of charge. Since the system possesses
cylindrical symmetry, we may apply Gauss’ law and take the Gaussian surface to be in
the form of a closed cylinder.

EXPRESS We imagine a cylindrical Gaussian surface A of radius r and length h
concentric with the metal tube. Then by symmetry,

$, E-dA=2xrhE -4
A 80

where q is the amount of charge enclosed by the Gaussian cylinder. Thus, the magnitude
of the electric field produced by a uniformly charged infinite line is

_q/h A
2ng,l 27yl

where A is the linear charge density and r is the distance from the line to the point where
the field is measured.

ANALYZE Substituting the values given, we have
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A =276,Er = 27(8.85x10* C*/N-m?)(4.5x10* N/C)(2.0 m)
=5.0x10" C/m.

LEARN Since A>0, the direction of E is radially outward from the line of charge.

Note that the field varies with r as E ~1/r, in contrast to the 1/r? dependence due to a
point charge.

45. (@) Sincer; =10.0cm< r=120cm<r, =15.0 cm,

1 g (899x10° N-m?/C?)(4.00x10° C)
E()=-—""1= > = 2.50x10* N/C.
Are, ¥ (0.120 m)

(b) Since r; <r, <r=20.0 cm,

8.99x10° N-m?/C?)(4.00+2.00)(1x10°8 C
E(r)=41 . (3o I 2 JBI07 ) ag10 nic.
mE, T (0.200 m?)

47. THINK The unknown charge is distributed uniformly over the surface of the
conducting solid sphere.

EXPRESS The electric field produced by the unknown charge at points outside the
sphere is like the field of a point particle with charge equal to the net charge on the sphere.
That is, the magnitude of the field is given by E = |q/4neor?, where |q| is the magnitude of
the charge on the sphere and r is the distance from the center of the sphere to the point
where the field is measured.

ANALYZE Thus, we have

, (0.15m)*(3.0x10° N/C)
|q|=4negr'E = ———————=17.5x10"° C.
8.99x10° N-m?/C

The field points inward, toward the sphere center, so the charge is negative, i.e.,
q=-7.5x10"°C.
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E

A

klq|/R? +

LEARN The electric field strength as a
function of r is shown to the right. Inside 12
the metal sphere, E = 0; outside the sphere,

E=k|q|/r?, where k =1/4zs,.

R
52. The field is zero for 0 <r <a as a result of Eq. 23-16. Thus,
@E=0atr=0,
(b) E=0atr=2a/2.00, and
(ccE=0atr=a.

For a <r <b the enclosed charge Qe (for a <r <b) is related to the volume by

Q. = 4Tcr3_4rca3
enc p 3 3 .

Therefore, the electric field is

E. L Gu_ P 4ur® 4ma’)_ p r’-a’
4ne, r° A4me,r?( 3 3 3g, r°

fora<r<h.

(d) For r = 1.50a, we have

c_p (150a)°-a° pa (2.375]_ (1.84x10™° C/m®)(0.100 m) (2.375

Y i’ =7.32 N/C.
3¢, (L50a)>  3g,\ 2.25 3(8.85x107"* C*/N-m?) 2.25}

(e) For r =b = 2.00a, the electric field is

E_ P (2.00a)°-a’ _ pa ( 7)_ (1.84x10”° C/m®)(0.100 m) (Z

3, (200a) 3g\4) 3(8.85x102CYN-m?) (4

j=12.1 N/C.
4

f) Forr > b we have E = | 47z r? or
( ) qtotal 0

p b*-a
—.

E=—
3g, I
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Thus, for r = 3.00b = 6.00a, the electric field is

E_P (2.00a)°-a° pa( 7 j_ (1.84x107° C/m*)(0.100 m) ( 7

_p ea) —a _paf [ =1.35 N/C.
3, (6.00a)?° 3 3(8.85x10 C?/N-m?) 36)
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