A very long uniform line of charge has charge per unit length 4.80 uC/m and
lies along the x-axis. A second long uniform line of charge has charge per unit
length -2.4 uC/m and is parallel to the x-axisaty1 =0.40 m .

What is the magnitude of the net electric field at point y2 = 0.20 m on the y-
axis?

What is the direction of the net electric field at point y2 = 0.2 m on the y-
axis?

What is the magnitude of the net electric field at point y3 = 0.60 m on the y-
axis?

What is the direction of the net electric field at point y3 = 0.60 m on the y-

axis? IDENTIFY: Add the vector electric fields due to each line of charge. E(7) for a line of charge 1s given by

Example 22.6 and 15 directed toward a negative line of charge and away from a positive line.
SETUp: The two lines of charge are shown i Figure 22.19.
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gn.zmln Az = —2.40 ucfm
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A, = +4.80 pCfm

EXECUTE: (a) Atpomta, E; and E, are in the + _}u@ (toward negative charge away from
posttive charge).
E; = (1/27€()[(480%107° C/m)/(0.200 m}i 14x10° N/C

]

E, = (1/2&))[(2.40x107° C.-"mj.-"(l:}_z% 2157%10° N/C
E=E +E,=647x10° N/C, in the(y-dirdction.

(b) At point b, El 15 in the + =-®mﬂ and E‘z 15 in the —y-direction.
E = (1/27ey)[(480%1078 0.600 m)]=1438x10° N/C

E, = (U/27ey)[(2.40%10
E=E,-E; =7 I*EC in the —y-direction.
ET.’.LL'ATI@t pc-ipt a ﬂle two fields are m thg same direction and the magmtudes add. At point b the
two fields are™h opposite directions and the magnitudes subtract.

Tm)/(0.200 m)] = 2157x10° N/C



An infinitely long cylindrical conductor has radius R and uniform
surface charge density o.

In terms of o and R, what is the charge per unit length A for the
cylinder?

In terms of o, what is the magnitude of the electric field produced by
the charged cylinder at a distance r>R from its axis?

il Af nart R in tarmc nf
Express the resti s oy Apply Gauss’s law to a Gaussian surface and calculate E.

(a) SETUP: Consider the charge on a length [ of the cylinder. This can be expressed as g = Al. But since
the surface area 1s 27 R/ 1t can also be expressed as ¢ =o 2RI/, These two expressions must be equal, so
Al=02rRl and A=2nRo.

(b) Apply Gauss’s law to a Gaussian surface that 1s a cylinder of length /, radius 7, and whose axis
coincides with the axis of the charge distnbution, as shown 1n Figure 22 31.

— EXECUTE:
JT‘T“_I.II CIZJ(ERRET)
Iy r
2xrlE
) &
_____ [

_o(27RI)

&y = Ll gives 2771 = TR * .
E= J—R O$
eyl

(c) EVALUATE: Example 22. @t the electric field of an mnfinite line of charge 1s E = A/2reyr.

n:l'=i so E=—= = A , the same as for an infinite line of charge that 1s along the

2rR £l ] ) EJ'TEQ?'
axis of the cylinder. $ .



A very long conducting tube (hollow cylinder) has inner radius a and
outer radius b. It carries charge per unit length +a, where ais a
positive constant with units of C/m. A line of charge lies along the axis
of the tube. The line of charge has charge per unit length +a.

Calculate the electric field in terms of a and the distance r from the
axis of the tube for r<a.

Calculate the electric field in terms of a and the distance r from the
axis of the tube for a<r<b.

Calculate the electric field in terms of a and the distance r from the
axis of the tube for r>b.

What is the charge per unit length on the inner surface of the tube?

What is the charge per unit length on the outer surface of the tube?

IDENTIFY: Apply Gauss’s law.
SETUP: Use a Gaussian surface that 1s a cylinder of radius r, 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 1s g = al.

al a

EXECUTE: (a) (1) For r <a, Gauss’s law gives E(Emu’):ﬁ:— and E= .
€ € 2;?50?'

(11) The electric field 1s zero because these points are within the conflucfing material.

. 0, 2al g
(u1) For 7 > b, Gauss’s law gives E(Z.fm’):in’:]:— and ‘B= i
€ € Tegh

The graph of E versus r 1s sketched m Figure 22.40.
(b) (1) The Gaussian cylinder with radius r, for a < < b, must’enclose zero net charge, so the charge per

umit length on the inner surface is —ar. (11) Since the'net chiarge per length for the tube 1s +o and there is
—¢ on the mner surface, the charge per unit length on the outer surface must be +2a.
EVALUATE: For r>b the electric field iSidue'to the charge on the outer surface of the tube.

E

d b



A very long, solid cylinder with radius R has positive charge uniformly
distributed throughout it, with charge per unit volume p.

erive the expression for the electric field inside the volume at a
distance r from the axis of the cylinder in terms of the charge density

p.

What is the electric field at a point outside the volume in terms of the
charge per unit length A in the cylinder?

IDENTIFY: Apply Gauss’s law.
SET UP: Use a Gaussian surface that 1s a cylinder of radius 7 and length /, and that 1s coaxial with the

cylindrical charge distributions. The volume of the Gaussian cylinder 1s ar*l and the area of its curved
surface is 2777, The charge on a length / of the charge distribution is ¢ = Al, where A= paR’.

2
EXECUTE: (a)For r<R, Q.= p}:‘rzf and Gauss’s law gives E(27r) = Qend = M and E= f—r
EU Eﬂ, _'EU
radially outward.
2 . : TR
(b) For r>R. Q.yq=Al=paR ] and Gauss’s law gives E(27r]) = and

2
E= PR __A radially outward. C)

2egr  27eqr \* R
o~

O
N\

$ .
N

3



A small conducting spherical shell with inner radius a and outer radius b is
concentric with a larger conducting spherical shell with inner radius c and
outer radius d (see the Figure (Figure 1) ). The inner shell has total charge
+2q, and the outer shell has charge +4q.

calculate the magnitude of the electric field in terms of g and the distance r
from the common center of the two shells for r<a.

Calculate the magnitude of the electric field in terms of g and the distance r

from the common center of the two shells for a<r<b. IDENTIFY: Apply Gauss’s law to a spherical Gaussian surface with radius r. Calculate the electric field at
the surface of the Gaussian sphere.
. . . . P: (1) r<a: 551 ace 15 in Fi 22.
Calculate the magnitude of the electric field in terms of q and the distance r @ SETUP: (i) r<a: The Gaussian surface is sketched in Figure 22.47a

from the common center of the two shells for b<r<c. EXECUTE: g = Ed= E(4mr)

Calculate the magnitude of the electric field in terms of g and the distance r Qenct =0; 1o charge is enclosed

from the common center of the two shells for c<r<d. i — Qo says
€

Calculate the magnitude of the electric field in terms of g and the distance r

EMAm)=0and E =0.
from the common center of the two shells for r>d.

What is the total charge on the inner surface of the small shell?

What is the total charge on the outer surface of the small shell? (if) a<r <b: Points in this region are in the conductor of the small shell, so £=0.
(1) SETUP: b <r<c: The Gaussian surface 1s sketched i Figure 22 47b.
What is the total charge on the inner surface of the large shell? Apply Gauss’s law to a spherical Gaussian surface with radius b<r <c.

What is the total charge on the outer surface of the large shell?

EXECUTE: &g = E4A= E(4m%)
The Gaussian surface encloses all
of the small shell and none of the
large shell, so O, =+2¢.

2 2
i gives E(4nr?) = M op=—21 —-. Smce the enclosed charge 15 positive the electric field 1s
€5 € Amegr™

o =

radially outward.

(1¥) ¢ <r<d: Pomfs i tlis region are mn the conductor of the large shell, so E=0.

) SETUP: r>d: Apply Gauss’s law to a spherical Gaussian surface with radius 7 >d, as shown in
Figure 22 47c.

EXECUTE: & = Ed=E(4m’)
The Gaussian surface encloses all

of the small shell and all of the

large shell, so Q. = +2¢+4g=06q.




6
@ = %o gives E(4nry =32

€0 €

E= ” 5q 5 Since the enclosed charge 1s positive the electric field is radially outward.
Tepr™

The graph of E versus 7 1s sketched in Figure 22.47d.

E

6q,]|4‘aT€Lﬂ2 d
qfimeqp? + h I\
a b ¢ 4 "

(b) IDENTIFY and SET UP:  Apply Gauss’s law to a sphere that lies outside the surface of the shell for
which we want to find the surface charge.

EXECUTE: (1) charge on inner surface of the small shell: Apply Gauss’s law to a spherical Gaussian
surface with radius @ <7< b. This surface lies within the conductor of the small shell, where E=0, so

& =0. Thus by Gauss’s law O, =0, so there is zero charge on the inner surface of the small shell.

(11) charge on outer surface of the small shell: The total e on the small shell 1s +2g. We found 1 part

(1) that there is zero charge on the inner surface of she’ %0 all +24 must reside on the outer surface.
the

(111) charge on inner surface of large shell: A s's law to a spherical Gaussian surface with radius

c<r<d. The surface lies within the corig e shell, where E=0, so @y =0. Thus by

or

the mmner surface of the large shell to mak
(1v) charge on outer surface of la '% a]l-

(111) that the charge on thé&\n a rfdce 1S —2¢, so there must be +64 on the outer surface.
EVALUATE: The electricifielddines for b<r <c¢ orginate from the surface charge on the outer surface of

the inner shell and all te on the surface charge on the inner surface of the outer shell. These surface
charges have ma e and opposite sign. The electric field lines for r > d orgmnate from the
surface e outer surface of the outer sphere.

N\



An insulating hollow sphere has inner radius a and outer radius b.
Within the insulating material the volume charge density is given by
p(r)=a/r,where a is a positive constant.

What is the magnitude of the electric field at a distance r from the center of the shell, where a<r<b?
Express your answer in terms of the variables a, a, r, and electric constant €0.

A point charge q is placed at the center of the hollow space, at r=0. What value must g have (sign and magnitude) in order for the electric field
to be constant in the region a<r<b?

Express your answer in terms of the variables a, a, and appropriate constants.

What then is the value of the constant field in this region?

Express your answer in terms of the variable a and electric constant €0.

IDENTIFY: We apply Gauss’s law mn (a) and take a spherical Gaussian surface because of the spherical

symmetry of the charge distribution. In (b), the net field 1s the vector sum of the field due to g and the field
due to the sphere.

@) SETUP: p(") =2, av=am’dr. and o= ptyav.
s ia

: : ' r 1 2
EXECUTE: For a Gaussian sphere of radius 7, O = J‘! PrJdi = 4;&1.*‘[? rdr’ = 41:&5{:*2 —a”). Gauss’s
a a

2 EM(J'E—GE) : . "4 a’ |
law says that E(47r")=——— which gives E=+——| 1——|.
€ 2eg ; r
(b) The electric field of the pomt charge 15 E4 = 4 --. The total electric field
4.?2'&'0?'_
o 4 2 x :
15 By = - ﬂ1 +—4 —. BOrNEyef, to be constant, — T+ 9 —0and g= 2mra’. The
EED EED o 4}2’(5@1" EED 4.??&'0

. a
constant electric fisld 15 ——.
2!‘:‘ 0

EvArLUATE: The neteld 15 constant. but not zero.



Two very large, nonconducting plastic sheets, each 10.0 cm thick, carry
uniform charge densities 01,02,03 and o4 on their surfaces, as shown in the
following figure(Figure 1) . These surface charge densities have the values
01 =-6.00 uC/m2, 062=5.00uC/m2, 03 = 2.0 uC/m2, and o4 = 4.00uC/m?2.
Use Gauss's law to find the magnitude and direction of the electric field at
the following points, far from the edges of these sheets.

What is the magnitude of the electric field at point A, 5.00 cm from
the left face of the left-hand sheet?

What is the direction of the electric field atpoint B, 1.25 cm from the
inner surface of the right-hand sheet?

What is the magnitude of the electric field at point C, in the middle of
the right-hand sheet?

U 0> Uy Uy
\ /© N /

@ d ®

A B e

II(‘) cml 12 ¢m Il(') cm

IDENTIFY: The net electric field is the vector sum of the fields due to each of the four sheets of charge.
SETUP: The electric field of a large sheet of charge 1s E = og/2¢,. The field 15 directed away from a

postfive sheet and toward a negative sheet.
_ |73 + o3| N 4] _ ] _

EXECUTE: (a) At A E,
EEU EEE. EEE. ZEU

E = L{5 ,z:.r'{?.-"m2 +2 ,HC."'IHE +4 ,n_r[:;--"rrl2 -6 ;iC.-"mz} = 282107 /N/C to the left.

2&'0

(b) Ep = |:’1| _|f’3| +|f4|_|;72|
LE] Ly LE LE

1
e (|oy] + |o3] £ Ytz -

1 ) : ) ) £ _
Ep= (6 ,b_ﬂC.-'m2 +2 ;;CZ.-'ml +4 ,m:;.-'m1 —§ ;1{1-'1113) =395x10" N/C to the left.
En
(© Eq= loa , lon| Joo] - @:an4| +Joy| ||~y
2eyg  2ep  2ep 2ep N\ 26 - :
E-= % (4 ,uC.-"mj +6 ,uC.-"nl"‘ -5 ,uCZ.-"ml -2 ;ECZ_.-"ml) =1.69%10° N/C to the left.
£

EVALUATE: The field at'C is not zero. The pieces of plastic are not conductors.

1
e (o3| +|os| 0%~ |o]-



A conducting spherical shell with inner radius a and outer radius b has
a positive point charge Q located at its center. The total charge on the
shell is -3Q, and it is insulated from its surroundings.

Derive the expression for the electric field magnitude in terms of the
distance r from the center for the region r<a. a<r<b. r>b.

What is the surface charge density on the inner surface of the
conducting shell?

What is the surface charge density on the outer surface of the
conducting shell?

IDENTIFY: Apply Gauss’s law and conservation of charge.
SETUP: Use a Gaussian surface that is a sphere of radius 7 and that has the pomt charge at its center.

EXECUTE: (a)For r<a, E= 431' 2.;, radially outward, since the charge enclosed 1s O, the charge of
€

the point charge. For a <»<bh., E=0 since these points are within the conducting material. For » > b,

! E radially inward, since the total enclosed charge 15 —20.
4?7&'0 r2

E=

(b) Since a Gaussian surface with radius 7, for @ <7 <b, must enclose zero net charge, the total charge on

the mner surface 15 —Q and the surface charge density on the mner surface 1s 0 =— p Q 5-
Ta-
(c) Since the net charge on the shell 1s —30Q and there 15 —Q on the mner surface, there must be —20

the outer surface. The surface charge density on the outer surface is 0=— % : O
4mh
(d) The field lines and the locations of the charges are sketched in Figure 22 46a.
(e) The graph of E versus r 1s sketched in Figure 22 46b.
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