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22.39   	Identify:   Apply Gauss’s law.




Set Up:   Use a Gaussian surface that is a cylinder of radius r and length l, and that is coaxial with the cylindrical charge distributions. The volume of the Gaussian cylinder is  and the area of its curved surface is  The charge on a length l of the charge distribution is  where 




Execute:   (a) For   and Gauss’s law gives  and  radially outward.




(b) For   and Gauss’s law gives  and  radially outward.


(c) At  the electric field for BOTH regions is  so they are consistent.
(d) The graph of E versus r is sketched in Figure 22.42.

Evaluate:   For  the field is the same as for a line of charge along the axis of the cylinder.

	[image: C:\Documents and Settings\Yvette\My Documents\youn.ism.ch.22\FIG22-040.tif]

	Figure 22.42
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E= . The enclosed charge is positive so the direction of E is radially outward.
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(b) IDENTIFY and SET UP:  Apply Gauss’s law to a Gaussian cylinder of length / and radius , where

r>c, as shown in Figure 22.39b.

! EXECUTE: @y = EQ27rl).
R f Oepel = A (the charge on the
1 .
| ¥ ‘. length / of the inner conductor
! that is inside the Gaussian surface;
1 1 .
the outer conductor carries no
N 4 net charge).

Figure 22.39b

(o)) =@ gives E(2xrl) =£,
0 0
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E= . The enclosed charge is positive so the direction of E is radially outward.
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(C) IDENTIFY and EXECUTE: E = 0 within a conductor. Thus £ =0 for r < a;

E= A fora<r<bE=0forb<r<c,
27eyr

F=

for r > c. The graph of E versus r is sketched in Figure 22.39¢.
2reyr

E

w%r

8
o>
all---




image6.jpeg
Figure 22.39¢

EVALUATE: Inside either conductor £ = 0. Between the conductors and outside both conductors the electric
field is the same as for a line of charge with linear charge density A lying along the axis of the inner conductor.
(d) IDENTIFY and SET UP: inner surface: Apply Gauss’s law to a Gaussian cylinder with radius », where
b <r<c. We know E on this surface; calculate Q..

EXECUTE: This surface lies within the conductor of the outer cylinder, where E =0, so @y =0. Thus by
Gauss’s law O, =0. The surface encloses charge A/ on the inner conductor, so it must enclose charge
—Al on the inner surface of the outer conductor. The charge per unit length on the inner surface of the
outer cylinder is —A.

outer surface: The outer cylinder carries no net charge. So if there is charge per unit length -4 on its
inner surface there must be charge per unit length +4 on the outer surface.

EVALUATE: The electric field lines between the conductors originate on the surface charge on the outer
surface of the inner conductor and terminate on the surface charges on the inner surface of the outer conductor.
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22.40.

These surface charges are equal in magnitude (per unit length) and opposite in sign. The electric field lines
outside the outer conductor originate from the surface charge on the outer surface of the outer conductor.
IDENTIFY: Apply Gauss’s law.
SET Up: Use a Gaussian surface that is a cylinder of radius 7, length / and that has the line of charge along
its axis. The charge on a length / of the line of charge or of the tube is ¢ = al.
. . s . O _al a

EXECUTE: (a) (i) For r <a, Gauss’s law gives EQzarl)=—2%=— and E = 4

% o 27e,r

(ii) The electric field is zero because these points are within the conducting material.

)
(iti) For > b, Gauss’s law gives E(2771) = Lana . and E=—%—
6‘0 6‘0 /Tgor

The graph of E versus  is sketched in Figure 22.40.

(b) (i) The Gaussian cylinder with radius r, for @ <7 <b, must enclose zero net charge, so the charge per
unit length on the inner surface is —«. (ii) Since the net charge per length for the tube is +« and there is
—a on the inner surface, the charge per unit length on the outer surface must be +2a.

EVALUATE: For > b the electric field is due to the charge on the outer surface of the tube.
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Figure 22.40
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22.34. IDENTIFY: Use @, =E - 4 to calculate the flux for cach surface. Use @, Q‘"“ to calculate the total
%
enclosed charge.

SETUp: E= (-5.64N/C- m)xi +(2.54 N/C »m)zl:'. The area of each face is 7%, where L =0.300 m.

EXECUTE: (a) 7y, ——jo®, = EﬁSIA =0.
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g, =+k= ®, = E -iig A =(2.54 N/C-m)(0350 m)*z = (0.31 (N/C)-m)z.

@, = (0.31(N/C)-m)(0350 m) =0.109 (N/C)-m>.

ig =+j= 0y = E hig A=0.

g, =~k =®, = E itz A=—(0.31(N/C)-m)z =0 (since z=0).

g, =+ = D5 = E iig A=(-5.64 N/C-m)(0350 m)*x = —(0.69 (N/C)- m)x.

D5 =—(0.69 (N/C)-m)(0.350 m) = —(0.242 (N/C) - m?).

g, =i = D¢ = E fig A=+(0.69 (N/C)-m)x =0 (since x = 0).

(b) Total flux: ® =d, + D5 =(0.109 - 0.242)(N/C)-m? = -0.133 N-m?*/C. Therefore,
g=¢5,D=-1.18x10""2 C.

EVALUATE: Flux is positive when E is directed out of the volume and negative when it is directed into
the volume.
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22.39. (a) IDENTIFY: Apply Gauss’s law to a Gaussian cylinder of length / and radius 7, where a <7 <b, and

calculate E on the surface of the cylinder.
SET Up: The Gaussian surface is sketched in Figure 22.3%9a.

frdintind intin) EXECUTE: @ = EQ27rl)
T T Oepet = A (the charge on the

length / of the inner conductor
! that is inside the Gaussian surface).

Figure 22.39a




