Chapter 24 Solutions

P24.1 " e =EAcos! A =!r?=1(0.200)* =0.126 m?
5.20! 10° = E(0.126)cos0j
E=4.14! 10° N/C=[ 414 MN/C|
P43 (a) | o=E'A= (aP+ o) AP-
b) !ge= (af + bj)'Aj =
©  @p= (aP+ bP)AI@: [0]
P245 " _=EAcos! through the base 4>
I ¢ =(52.0)(36.0)cos180; =" 1.87 kN #m?/C 6.00 > 6.00m
Note that the same number of electric field lines go through the base as go EIG. P245
through the pyramid’s surface (not counting the base). '
For the slanting surfaces,| ! ¢ =+187 kN"m?/C |.
247 (@) N (+5.00 uC'! 9.00 ;|11(5+227.0 ucC 12 840 HC) | ¢ eou106 N m2 /2
% 8.85#10' 12 C2/N$m
| p =|"6.89 MN#m?/C
(b) Since the net electric flux is negative, more lines enter than leave the surface.
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P24.11 (a) With / very small, all points on the hemisphere are nearly
at a distance R from the charge, so the field everywhere on

kQ

the curved surface is 3 radially outward (normal to the

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

1 1
" curved — +E#dA = E|ocalAhemisphere
" ol 04 1 +
curved :?4%%:%4! RZ' OZ—Q(Z'I ): _Q

x4 2
o L FIG. P2411
(b) The closed surface encloses zero charge so Gauss’s law gives
" " 'Q
D curved +! la =0 or flat =!" curved = 2#,

P24.13The total charge isQ! 6|q| . The total outward flux from the cube is%ﬁ'q', of

which one-sixth goes through each face:

" Q! 6jg
( E)onefaoe =6T0||

¢ _QU6lg _(5.00! 6.00)" 10'® C#N#m?> _
( E)one face - 60/® - 6" 8.85" 10‘ 12 C2 -

118.8 kN#m?/C

P24 15IfR! d, the sphere encloses no charge and! ¢ :q‘—“ :@.

0

IfR >d, the length of line falling within the sphere is 2JR?! d?
2/ JR? " d?
$o

. n ]6
P2417#, =30 - 1010 € _;q0n 107 Nam2/c
% 8.85"10'? C?/Ndgm

SO #e=

1 1.92x10° N-m?/C
(a) ((DE)onefaoe :g E™ 6 /

(' &)yrerace =| 320 MN"m?/C

(b) | £ =192 MN"m?/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.




"6 2
po4o1p=! 9.00#10'® C/m

- =[508 kN/C, upward
2%, 2(8.85#10™ C?/N9n?) | /C,upw

P2423mg=qE= q$2;o ;((J#ﬁ q$2</g:§;
24, mg _2(885"10'2)(0.01)(9.8)
q 10.7" 10'° B

P2427 1If " is positive, the field must be radially outward. Choose as
the gaussian surface a cylinder of length L and radius 7, e

Q
A

12.48 uC/m?

contained inside the charged rod. Its volume is #r?L and it
encloses charge ! " r?L . Because the charge distribution is long,
no electric flux passes through the circular end
1 I
caps; E!'dA =EdA c0s90.0; =0 . The curved surface FIG. P2427

has E-dA = EdA cos0j , and £ must be the same strength
everywhere over the curved surface.

r r
Gauss’s law, #E!dA :"1, becomes
0
1L

E $ dA-

Curved #o

Surface
Now the lateral surface area of the cylinder is 2/ rL:

1L

E(2"r)L= Thus,

0

r !
E= 2_1’ radially away from the cylinder axis |.
0

2k 2(8.99%40° N &n?/C? J(2.00040'° C)/7.00 m3
ro 0.100 m

P2431 (a) E=

E=|514 kN/C, radially outward |

(b) @ =EAcos = E(27 1l )cos0j

" & = (524#10" N/C)2! (0.100 m)(0.0200 m)(1.00) =| 646 N §m?/C

P2435 (a) E=— ! =(8.00#10")(8.85#10"? )=7.08#10" C/m?
0

e~
1

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

b o =% Q=0A = (7.08x107 )(0.500)* C
Q=1.77"10"" C=[177 nC |, positive on one face and negative on the other.
P2439 (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=""/ .



P24.43

P24 45

G

=]

Outside surface: ~ The total charge on the metal cylinderis 2!/ ¢ =q, + 0y

0=Al +q, S0

Oout =2/ 1 +11 so the outside charge/length is
2k, (3! ! / .
(b) E= k.(3!) = bk = 3 radially outward
r r 2" #or

(a) Uniform IIE, pointing radially outward, so! ¢ = EA . The arc length isds=Rd6 ,

and the circumference is 2!/ r =2/ Rsin"” . R’ﬁ“E Rd6

1
A=gp" rds=g(2" Rsin! )Rd! =2" R®gin/ d/ =2 R? (#cos! )|, =2" R® (L#cos! )
0 0 FIG.
E= L22&! R? (1%cos” ) = i(l%:os" ) |[independent of R!] P2443
41 & R 28&,
(b) For ! =90.0j (hemisphere):! . :g(l" cos90j) = Q .
() For ! =180; (entire sphere): ! :%(1 " c0s180j)= #g [Gauss’s Law].
0 0

(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. The charge on the outer
surface is distributed uniformly. Its amount is given by

EA = Q/#,

O = %890 N/C) 4940.75 m)* 8.85! 10""? C*/N#n®> =" 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 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.

P2455gE"dA =E (4 r2)::l;_n
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(@  Forr>R, g, ="Ar?(4 r?)dr=4r “
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and E= >
56r
reo 5 4l Ar®
(b) Forr <R, G, ="Ar (4! r )dr =
0
3
and E= A_r
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