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Chapter  24 Solutions 
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P24.5 !" = cosE EA through the base 
 

( )( )! = ¡ = " # 252.0 36.0 cos180 1.87 kN m CE  
 

Note that the same number of electric field lines go through the base as go 
through the pyramid’s surface (not counting the base). 
 

For the slanting surfaces, ! = + " 21.87 kN m CE . 
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(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 

the curved surface is 2
ek Q

R
 radially outward (normal to the 

surface). Therefore, the flux is this field strength times the 
area of half a sphere: 
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FIG. P24.11 
 
(b) The closed surface encloses zero charge so Gauss’s law gives 
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P24.13 The total charge is ! 6Q q . The total outward flux from the cube is !

"
0

6Q q , of 

which one-sixth goes through each face: 
 

 ( )
!

" =
#one face

0

6

6E

Q q  
 

 ( ) ( ) !

!

! ! " # #
$ = = = ! #

% " "

6 2

2

one face 12 2
0

6 5.00 6.00 10  C N m
18.8 kN m C

6 6 8.85 10  C
E

Q q  
 

P24.15 If !R d , the sphere encloses no charge and ! = =
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 If >R d , the length of line falling within the sphere is !2 22 R d  
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(a) ( )
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 ( )! = " 2
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(b) ! = " 219.2 MN m CE  
 

(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.
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P24.27 If "  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 ! 2r L  and it 
encloses charge ! " 2r L . Because the charge distribution is long, 
no electric flux passes through the circular end 
caps; ! = ¡ =

r r
cos90.0 0d EdAE A . The curved surface 

has ! = ¡
r r

cos0d EdAE A , and E must be the same strength 
everywhere over the curved surface. 

 
 

FIG. P24.27 
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 = 51.4 kN C,  radially outwardE  
 
(b) ( )! "# = = ¡lcos 2 cos0E EA E r  
 

 ( ) ( )( )( )!" = # = $4 25.14 10  N C 2 0.100 m 0.020 0 m 1.00 646 N m CE  

 
P24.35 (a) !

=
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 ! = 2
708 nC m , positive on one face and negative on the other. 

 

(b) ! =
Q
A

 ( )( )! "= = #
277.08 10 0.500  CQ A  

 != " =7
1.77 10  C 177 nCQ , positive on one face and negative on the other. 

P24.39 (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 != " . 
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 Outside surface: The total charge on the metal cylinder is ! = +l in out2 q q  
 

 ! != +l lout 2q  so the outside charge/length is !3  
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P24.43 (a) Uniform 
r
E , pointing radially outward, so ! =E EA . The arc length is !=ds Rd , 

and the circumference is ! ! "=2 2 sinr R . 
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(b) For ! = ¡90.0  (hemisphere): ( )! = " ¡ =
# #0 0

1 cos90
2 2E
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(c) For ! = ¡180  (entire sphere): ( )! = " ¡ =
# #
0 0

1 cos180
2

E

Q Q [Gauss’s Law]. 

P24.45   (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/# 0 

  Q = $(890 N/C) 4% (0.75 m)2 8.85 !  10" 12 C2/N#m2 = "  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.  
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