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CHAPTER 22 ELECTRIC FIELDS

])ﬂ!(cl‘n of electric fje :
LILL!I’]L l”vld I”]CS aro | il b ¢ .
¥ cre we rL‘SIrict 0
ur attent;

electric field at an arbitr i
% : i ary point P on the ce ;
ter of the disk, a5 indicated ip Fig.22 :'lslht central axis, a¢ distance 5 f
We could proceed gs i e Bt

. : N the preced; :
tegral to include aj] of the fj preceding module bug Selup a two

- teld contributj
:;(:n of cha.rge on the Lop surface Howl?:l::(ms i
1 )r:;ul USINg our earlier work with the fiel
o € Superimpose 4 ring
S 7 =< R. The ring ; i
: ng is so . .
ment dqg. To find 15 . Hi th::_n o freatithe charge on i 2
rewrite Eq.22.1¢ s small contribution dE 1o the electric fi t il
-22-16 ing’ “
In terms of the ring’s charge dg and radius r: i -

dg z
e ———
4me(2? + L) (2229

The ring’s field points in the positive direction of the z axis
To find the total field at P, we are going to integrate E 2.2

tf:r of the disk at r = 0 out to the rim at 7 = R so that we SUIC':]. al]-th poid

tions (by sweeping our arbitrary ring over the entire disk surface) E[:-{‘1'5 Contripy,.

means we wan-t to integrate with respect to a variable radius r of th-e n'o“'ever‘ thay

' Wc? getdr into the expression by substituting for dqin Eq.22.22 Becang ]

15 50 thin, call its thickness dr. Then its surface area dA is the producrar itsusé the rip

ence 277 and thickness dr. So,in terms of the surface charge density o, we ha:: Cumfer.

dE =

he cen.

dq = odA = oc(2mr dr). (22-23)

After substituting this into Eq. 22-22 and simplifying slightl
dE contributions with LRSS S e

E f il
= — =312
E i J; (22 + P)=32(2r) dr, (2224

wl?ere we have pulled the constants (including z) out of the integral. To solye
this integral, we cast it in the form J X™dX by setting X = (Z+r),m= 3
and dX = (2r) dr. For the recast integral we have 4
5 el

m+1’

f X"dX =
and so Eq. 22-24 becomes

oz [ (24P ]
E = . 22-
4e, { P 0 (228
Taking the limits in Eq. 22-25 and rearranging, we find
E——f—(l ——5—) (charged disk (22-26)
280 m charged disk)

as the magnitude of the electric field produced by a flat, circular, charged disk at
points on its central axis. (In carrying out the integration, we assumed that z = q.)

If we let R — = while keeping z finite, the second term in the parentheses in
Eq.22-26 approaches zero, and this equation reduces to

(22-27)

a
———_ ‘(infinite shest).
230
This is the electric field produced by an infinite sheet of uniform c}}argefloca]iig
on one side of a nonconductor such as plastic. The electric field lines for s

ituation are shown in Fig. 22-4. _ . 2 i
: Slt%elglso get Eq. 22-27 if we let z — 0 in Eq. 22-26'whvlle keepmgbR f;]mtgllht:
shows that at points very close to the disk, the electric field set up by the
the same as if the disk were infinite in extent.
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cles are attached tg 4 X axis:

 at position x = 6,00 ¢y ang
 at position x = 21,0 ¢y Mid
ir net electric field in ypj

Particle 1 of
particle 2 of
way between
! -Vector notation?
icle produces an electric field with a mag-

point that is 50 cm away from the parti
- of the particle’s charge? o

de of a point charge that would create an
/C at points 1.00
iy : )1

- In Fig. 22-35, the ‘{#?l Qe

ZES «‘square of edge
have charges
q ?2().0 nCs q3 N .
‘= —10.0 nC. In unit-
0 4

vhat net electric field
»duce at the square’s

I?z .

- a

5 the four parti-  Figure 22-35 Problem 7.
Jace and have charges
Jae; and © g, =

= 5.0 pm. What is the )
net electric field at Q{] /9;5

cles?
37 shows two \P%

Y nx aXiSZ =y = d\ g2
= —3.00 m and Q
x = +3.00m. Figure 22-36 Problem 8.
agnitude and
o the positive

f the net electric field produced at point

s 7

-

2237 Problem

__o 1
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‘ Z
@ Figure 22-40 shows a proton +p
p) on the central axis through a disk

with a uniform charge density due to

excess electrons. The disk is seen from e, e, e,
an edge-on view. Three of those elec- == vt
trons are shown: electron e, at the == R an R———|

disk center and electrons e, at oppo-
site sides of the disk, at radius R from Figure 22-40 Problem 13.

the center. The proton is initially at
distance z = R = 2.00 cm from the disk. At that location, what are

the magnitudes of (a) the electric field E} due to electron e.and (b)
the net electric field E, ., due to electrons e,? The proton is then
moved to z = R/10.0. What then are the magnitudes of
(c) E.and (d) E, .. at the proton’s location? (¢) From (a) and (c)
we see that as the proton gets nearer to the disk, the magnitude of
E.increases, as expected. Why does the
magnitude of E;,nct from the two side
electrons decrease, as we see from

(b) and (d)? ¢ @
«14 In Fig. 22-41, particle 1 of charge . I - 72

g, = —5.00g and particle 2 of charge ¢,
= +2.00q are fixed to an x axis. (a) As a

multiple of distance L, at what coordi-
nate on the axis is the net electric field of the particles zero? (b)

Sketch the net electric field lines between and around the particles.

Figure 22-41 Problem 14.
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@ Figure 22-45 shows an electric dipole. What are the (
i)

(e and (b) direction (relative to the positive direction of th Magn:.
of the dipole’s electric field at point P, located at distance , : X xi)
d?

+q ? y
d/2 l—x
i ’ v

d/2

o

e

Figure 22-45 Problem 19.
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Rt L VL "Yurg dz_q

L Problep, 24
-_,-_ three cirey,.

| Y
ontr e Origin of g . +90Q IR
\ *}r B@ arc, the uni- -40 :
-'_“',"" g€ IS given ip 4 i
=20 #C The raqj; > R
ms of R=100cm, L eayy
nagn _tude and (b) dj- 3
he positive x dire.

» -.;.. '-ﬁeld T e Figure 22-4 Problem 25

Y
i ...“

ZZ-SO a thin glass rog

m{ radius r = 5y cm.

 distributed along the rod,

IT the ‘upper half and —

e lo P ha]f.What are the (3.)
nu ection (relative to the

< e axis) of the electric  _
-ente gfthe semicircle? Figure 22-50
Problem 26

.q,; Sl two curved plastic
+q and the other of "
ircle of radius R =
:Qa lane. The x axis passes
fhe connecting points,

'J!

i g g

= - r
T

e is distributed uniformly on |
l 15.0 pC, what are the \\ Y4
. (b) direction (relative %}‘*ﬁﬂ:‘f/
e jirection of the x axis) of
Id E produced at P, the Figure 22-51
R . Problem 27
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30 \® Figure

Noanui 22-53 shows two
' rc rings,

s of radii R and
plan; 31.)()(.1R, thz}t lic on the same
ey a‘l d(.n‘nl P lies on the central Z
Ccnl‘e fmlan(:f.: D = 2.00R from the
i I:qr the rings. The smaller ring
40 ]:lt ormly distributed charge
P -] e_rm; of Q, what is the uni-
Mmly distributed charge on the

]arger ring i
? g if the net electric fj
Pis tig ctric field at

31 ssm uw WWWw In Fig. 22-54,
a onconducting rod of length L =
8.1.5 ¢m has a charge =9 ==4.231C
uniformly distributed along its length.
(2) What is the linear charge density
of the rod? What are the (b) magni-
tude aqd (¢) direction (relative to
the positive direction of the x axis)
of the electric field produced at

LR

S et B e TV 0D DdJ

Figure 22-53 Problem 30.

o D
| 18 1 a——l

Figure 22-54 Problem 31.

EO:EI Pt ‘distance @ = 12.0 cm from the rod? What is the electric
¢ e magl_utude produced at distance a =50 m by (d) the rod and
€) a particle of charge —g = —4.23 fC that we use to replace the

1:0(1? (At that distance, the rod
“looks™ like a particle.)

32 In Fig. 22-55, positive
charge g =7.81 pC is spread uni-
formly along a thin nonconducting
rod of length L = 14.5 cm. What are
the (a) magnitude and (b) direction
(relative to the positive direction of
the x axis) of the electric field pro-
duced at point P, at distance R =
6.00 cm from the rod along its per-
pendicular bisector?

33 @ In Fig. 22-56, a “semi-
infinite” nonconducting rod (that is,
infinite in one direction only) has
uniform linear charge density A.
Show that the electric field E, at point
P makes an angle of 45° with the rod
and that this result is independent of
the distance R. (Hint: Separately find
the component of Ep parallel to the

y

Figure 22-56 Problem 33,

rod and the component perpendicular to the rod.)

odule 22-5 The Electric Field Due to a Charged Disk
*34 ) A disk of radius 2.5 cm has a surface charge density of
5.3 uC/m? on its upper face. What is the magnitude of the electric
field produced by the disk at a point on its central axis at distance z =

12 ¢cm from the disk?

«35 ssM Www At what distance along the central perpendicu-
lar axis of a uniformly charged plastic disk of radius 0.600 m is the
magnitude of the electric field equal to one-half the magnitude of
the field at the center of the surface of the disk?
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*46 An electron is accelerated eastward at 1.8() x 107
ic fi i : g A m/g?
an electric field. Determine the field (a) magnitude 4,4 (b") y
di.

rection.
«47 ssm Beams of high-speed protons can be prody
Ced i
n

“guns” using electric fields to accelerate the protong (:
acceleration would a proton experience if the gun’s cl(‘:(:td)' “’fha[
were 2.00 X 10* N/C? (b) What speed Fic fie)q
would the proton attain if the field ac-
celerated the proton through a distance +
e

of 1.00 cm?

«48 In Fig. 22-59, an electron (¢) is to
be released from rest on the central axis T
of a uniformly charged disk of radius R. ° v

The surface charge density on the disk is
Figure 22-59

+4.00 ©C/m? What is the magnitude of
the electron’s initial acceleration if it is Problem 4g

released at a distance (a) R, (b) R/100,
and (c) R/1000 from the center of the disk? (d) Why does (. 2
. ;.

celeration magnitude increase only slightly as the release point i
‘ IS

moved closer to the disk?

«49 A 10.0 g block with a charge of +8.00 X 1075 C is placed‘ m
an electric field £ = (30001 — 600j) N/C. What are the (a) Magnj.
tude and (b) direction (relative to the positive direction of the x
axis) of the electrostatic force on the block? If the block is releageqd
from rest at the origin at time 7 = 0, what are its (c) x and (d) y ¢,

ordinates at t = 3.00 s?
@At some instant the velocity components of an electrop
oving between two charged parallel plates are v, = 1.5 X 10° mys

and v, = 3.0 X 10° m/s. Suppose the electric field between the
plates is uniform and given by £ = (120 N/C)j. In unit-vector nota-
tion, what are (a) the electron’s acceleration in that field and (b) the
electron’s velocity when its x coordinate has changed by 2.0 cm?
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L1vOL alvLLs MUST De SO charged?

75 In Fig. 22-66, particle 1 (of 3 )
charge +1.00 uC), particle 2 (of |—x
charge +1.00 uC), and particle 3 !

value of Q (both sign and magni-

\

a
(of charge Q) form an equilateral
triangle of edge length a. For what 1 2
© a
——a—

tude) does the net electric field pro-

duced by the particles at the center Figure 22-66 Problems 75

of the triangle vanish?

76 In Fig. 22-67, an electric dipole swings
from an initial orientation i (6, = 20.0°) to a
final orientation f (Gfi 20.0°) in a uniform
external electric field E. The electric dipole
moment is 1.60 X 107 C-m; the field magni-
tude is 3.00 X 10° N/C. What is the change in
the dipole’s potential energy?

77 A particle of charge —g; is at the origin of
an x axis. (a) At what location on the axis should

a particle of charge —4q, be placed so that the
net electric field is zero at x = 2.0 mm on the

axis? (b) If, instead, a particle of charge +4q; is

and 86.

Figure 22-67
Problem 76.

placed at that location, what is the direction (relative to the positive
direction of the x axis) of the net electric field at x = 2.0 mm?
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80 Calculate the electric dipole moment of an electron and;',
proton 4.30 nm apart.

81 An electric field F with an average magnitude of about 15 Nic
points downward in the atmosphere near Earth’s surface, We wish
to “float” a sulfur sphere weighing 4.4 N in this field by chargip
the sphere. (a) What charge (both sign and magnitude) mys; bg
used? (b) Why is the experiment impractical?

82 A circular rod has a radius of curvature R = 9.00 cm anq ,
uniformly distributed positive charge Q = 6.25 pC and subtengs
an angle 0 = 2 40 rad. What is the magnitude of the electric field
that Q produces at the center of curvature?

83 ssm An electric dipole with dipole moment
7 = (3.00i + 4.00)(1.24 X 107 C-m)

s in an electric field E = (4000 N/C)i. (a) What is the potentig]
energy of the electric dipole? (b) What is the torque acting on jt?
(c) If an external agent turns the dipole until its electric dipole
moment is

5 = (—4.00i + 3.00))(1.24 X 107 C-m),

how much work is done by the

agent?

In Fig. 22-68, a uniform, upward
electric field E of magnitude 2.00 X
10° N/C has been set up between two %
horizontal plates by charging the | " ""l
lower plate positively and the upper ~ L —
plate negatively. The plates have  Figure 22-68 Problem 84.
length L = 10.0 cm and separation d
= 2.00 cm. An electron is then shot
between the plates from the left edge of the lower plate. The initial
velocity ¥, of the electron makes an angle 6 = 45.0° with the lower
plate and has a magnitude of 6.00 X 10°m/s. (a) Will the electron
strike one of the plates? (b) If so, which plate and how far horizon-
tally from the left edge will the electron strike?

-
&
-—-——a_'____l
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s
The y component _ daW
is a constant, g The element area vector
E y dA (for a patch element) is
- 4+ perpendicular to the surface
% . - and outward.
1E A f i =
: dA "’ ' ,f.vl""-l") =i & T
x | —— A '
. Ex / y h'!'. s -
The x component ¥— AL TR
b depends on the dA KA
o value of x, z v
®) _ 8 7
B tad LAk B N
- The y component of the i 854>
ccube with one edge on the x y ~ field skims the surface a_ ‘
m electric field that de- ~ and gives no flux. The
(b) Each patch element has an dot product is just zero.
: lOlhcarea,(c) 1 e ..r_ N
ent of the field pierces the
(outward) flux. The y com-
mﬂmdthmdoesm
es on following page)
z
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Z A
o7l
-

The x componen; ¢

field skims the s

‘and gives no fluy Ty,

dot puct is just Zer,
T

B el BNl
X A :
" t

: The y component of the

~_ field skims the surface
. and gives no flux. The
Flot product is just zero.

¥

&y

B , 1_'he X component of the
- field pierces the surface

(d)  and gives inward flux. The
- dot product is negative.

e S Ps
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CHAPTER 23 GAUsg

| B V] LN L L L

Figure 23-1g (a

: ) A thi
Ing plate wit il

y large conduct-

charge. (¢) Th

they are paralle] and close

Two Conducting Plates gy Ll ;
Figure 23-18a shows a cross section of a thin, infinite conducting plate ,, ith g
positive charge. From Module 23-3 W.’e kl’?OW that (hlSl‘eJ(CCSS Chargc lieg . ey
surface of the plate, Since the plate is thin and very large, we can Asume ¢
essentially all the excess charge is on the two large faces of the platg. heg
If there is no external electric field to force the positive ‘chargu N0 some
ticular distribution, it will spread out on the two faces with a ‘}””Urm _\urpjar.
charge density of magnitude o3. From Eq. 23-11 we know that just OUtsj ?;f
plate this charge sets up an electric field of magnitude E = o /g, Hcmu\t the
excess charge is positive, the field is directed away from the plate. ¢
Figure 23-18b shows an identical plate_ with excess negative charg, had
the same magnitude of surface charge density oy. The only difference i that nmE
the electric field is directed toward the plate. Ow
Suppose we arrange for the plates of Figs. 23-18a and b to be ¢|o. to

other and parallel (Fig. 23-18¢). Since the plates are conductors, whe, . I:;;h
them into this arrangement, the excess charge on one plate attracts (. c\(cesg
charge on the other plate, and all the excess charge moves onto the inner f,, 0;
the plates as in Fig. 23-18¢. With twice as much charge now on each inncr fyc,
new surface charge density (call it ) on each inner face is twice o;. Thus 1, elec.
tric field at any point between the plates has the magnitude
i .
E= = T (23-14)

This field is directed away from the positively charged plate and toward (e Nepg.
tively charged plate. Since no excess charge is left on the outer faces, the
field to the left and right of the plates is zero.

Because the charges moved when we brought the plates close to each other,
the charge distribution of the two-plate system is not merely the sum of (g
charge distributions of the individual plates.

One reason why we discuss seemingly unrealistic situations, such as the fieldsy
up by an infinite sheet of charge, is that analyses for “infinite” situations yield good
approximations to many real-world problems. Thus, Eq. 23-13 holds well for a finite
nonconducting sheet as long as we are dealing with points close to the sheet and not
too near its edges. Equation 23-14 holds well for a pair of finite conducting platesas
long as we consider points that are not too close to their edges. The trouble with the
edges is that near an edge we can no longer use planar symmetry to find expressions
for the fields. In fact, the field lines there are curved (said to be an edge effect or fring-
ing),and the fields can be very difficult to express algebraically.

electrig
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u W .1 Electric Flux
1 square surface shown
measures 3.2 mm on
t is immersed in a uni-
otric field with magnitude
N/C and with field lines at
‘fé_g = 35° with a normal to
» as shown. Take that
be directed “outward,” as
surface were one face of
culate the electric flux

;s'g_l_'fgce.

lectric field given by
&0()?2 +2.0)] pierces a
be of edge length 2.0 m
d as shown in Fig. 23-7.
é. E is in newtons per
_ ition x is in me-
€ electric flux through
(b) bottom face, (c) left

;s onented as shown

. 2 e .. field. Find Figure ﬂgIanP;%blems 3
yrough thenghtfaoelf §
newtons per coulomb, is given by (a) 6. 001, (b)
)i + 4.00k. (d) What s the total flux through the

Figure 23-32 Problem 4.

51de d. What is the
? (Hint: Think of the
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LW Fig. 23-31 shows a Gaussian surface in the shape of a cube
with edge length 1.40 m. What are (a) the net flux & through the

glrface and (b) the net charge Genc enclosed by the surface if
E = (3.00yj) N/C, with y in meters? What
are (c) ® and (d) Gen If i [—4.00f +
(6.00 + 3.00y)]] N/C?
«10 Figure 23-34 shows a closed Gaussian
surface in the shape of a cube of edge length
2.00 m. It lies in a region where the nonuni-
form electric field is given by E = (3.00x +

Figure 23-34

4.00)i + 6.00] + 7.00k N/C, with x Inmeters
What is the net charge contained by the cube? Problem 10.

o1 Figure 23-35 shows a closed Gaussian surface in the shape of
ctbe of edge length 2.00 m, with one corner atx; = 5.00m,y; = 4.00

m.The cube lies in a region where the electric field vector is given by
E— _3.00i — 4.00y7 + 3.00k N/C, with y in mefers. What is the net

charge contained by the cube?

Figure 23-33 Problem 11.
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W Figure 23.45 |
“l; qpting rod of ry.
() mm H.Ild length [ =
(e E- Coax-
ing "__,ud_rical shell of

LOR; and the (same)

ﬁeld at radial Figure 23-4 Problem 29
»? What are (c) £ 4 |

| d rect
,u charge on the (&) in (d) the direction at , =

terior and (f) exterior syr.

_ ort sections of y

fixed in place, Line1

Line 2

k and -2.0 '
ere along the x

't electric field VB2 VLS
ro? Figure 23-43 Problem 30,

long, charged,

entric cylindrical shells have radii of 3.0 and
per unit length is 5.0 X 107® C/m on the inner
)% C/m on the outer shell. What are the (a)
) direction (radially inward or outward) of the
ial distance r = 4.0 cm? What are (c) E

| :J' -'.1 t 8-0 cm? ,
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682 CHAPTER 23 GAUSS' LAW

~New3s @ In Fig 23-48a, an electron is shot directly away from a uni-

\ -~ formly charged plastic sheet, at speed v, = 2.0 X 10° m/s. The sheet is

nonconducting, flat, and very large. Figure 23-48b gives the electron’s

vertical velocity component v versus time until the return to the
launch point. What is the sheet’s surface charge density?

~~
o
g
-
=
i
I (=]
—
- o3

(a)
Figure 23-48 Problem 38.

@ ssm In Fig. 23-49, a small, nonconducting  +

9 of mass m = 1.0mg and charge g = 2.0 X
10-# C (distributed uniformly through its vol- |
ume) hangs from an insulating thread that makes |
an angle 6=30° with a vertical, uniformly
charged nonconducting sheet (shown in cross sec-
tion). Considering the gravitational force on the
ball and assuming the sheet extends far vertically
and into and out of the page, calculate the surface
charge density o of the sheet.

+ m, q

40 Figure 23-50 shows a very large nonconduct-
ing sheet that has a uniform surface charge density Figure 23-43
of o= —2.00 uC/m? it also shows a particle of  Problem 39.
charge Q = 6.00 uC, at distance d from the sheet.

Both are fixed in place. If d = 0.200 m,
at what (a) positive and (b) negative =
coordinate on the x axis (other than in-
finity) is the net electric field E,,et of
the sheet and particle zero? (c) If d = Q
0.800 m, at what coordinate on the x 7 Rpveees
axis is e = 0?

w41 @ An electron is shot directly ~ Figure 23-50 Problem 40.
toward the center of a large metal

plate that has surface charge density —2.0 X 107° C/m® If the initial
kinetic energy of the electron is 1.60 x 1077 J and if the electron is to
stop (due to electrostatic repulsion from the plate) just as it reaches
the plate, how far from the plate must the launch point be?
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V Figure 23-53 Problem 48.

@ In Fig. 23-54, a solid sphere of
radius a = 2.00 cm is concentric with a
spherical conducting shell of inner ra-
dius b = 2.00a and outer radius c =
2.40a. The sphere has a net uniform
charge g, = +5.00 fC; the shell has a
net charge g, = —g,;. What is the mag-
nitude of the electric field at radial
distances (a) r = 0, (b) r = a/2.00, (c)
r=a,(d)r = 1.50a,(e) r = 2.30a, and
(f) » = 3.50a? What is the net charge

on the (g) inner and (h) outer surface
of the shell?

Figure 23-54 Problem 49. |
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ce from the cepe,
: 'n,a Sma_[l ball of
ls__located at that

.5’

should A4 haye i

-37 shows a spher;.
OIm volume charge
M, inner radiyg
uter radius p —
1agnitude of the
 distances (a) r =
r=a, (d) r=
r = 3.00b?

e charge i Figure 23-57 Problem 52,
lucting sphere

1 varies with radial distance , as given by p =

_ ?Jhat is the sphere’s tota] charge? What is the
J(b) r=0,(c) r = RI2.00, and (d) r = R (e)

- .i' 10WS, in cross
es with uni-
charge through-
.ach has radius
connecting  Figyre 23-58 Problem 54.

es, at radial
e center of sphere 1. If the net electric field

s the ratio g,/q; of the total charges?

O M reora -

Scanned with CamScanner



68 The net electric flux through each face of a die (singular of
dice) has a magnitude in units of 103 N - m%C that is exactly equal
to the number of spots N on the face (1 through 6). The flux is in-

ward for N odd and outward for N even. What is the net charge in-
side the die?

@ Figure 23-59 shows, in Fe ar /9

0ss section, three infinitely - !
large nonconducting sheets on
which charge is uniformly L
spread. The surface charge X
densities are oy = +2.00
pCim?, oy = +4.00 uC/m?,
and o3 = —5.00 uC/m?, and !
distance L = 1.50 cm. In unit- f
vector notation, what isthe net 0} ==———— s

2L

electric field at point P? Figure 23-59 Problem 69.

70 Charge of uniform vol-

ume density p = 3.2 4C/m’ fills a nonconducting solid sphere of
radius 5.0 cm. What is the magnitude of the electric field (a) 3.5
¢cm and (b) 8.0 cm from the sphere’s center?

71 A Gaussian surface in the form of a hemisphere of radius R =
5.68 cm lies in a uniform electric field of magnitude E = 2.50 N/C.
The surface encloses no net charge. At the (flat) base of the sur-
face, the field is perpendicular to the surface and directed into the

surface. What is the flux through (a) the base and (b) the curved
portion of the surface?
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