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Example, Electric Dipole and Atmospheric

. We can model the electric field due to the charges
Sprites: in the clouds and the ground

by assuming a vertical electric dipole that has
charge -¢g at cloud height 4 and charge +¢ at
below-ground depth / (Fig. 22-9¢). If ¢ =200 C
and & =6.0 km, what is the magnitude of

the dipole’s electric field at altitude z; =30 km
somewhat above the clouds and altitude z, =60
km somewhat above the stratosphere?

Fig. 22-9

(a)

1 qg(2h)

3

E =
s ®—q 2'3'8{] <

Cloud i
where 2/ is the separation between —q and +¢ in Fig. 22-9¢. For
the electric field at altitude z; = 30 km, we find

i 1 (200 C)(2)(6.0 X 10° m)
______ Ground 0 &t E= 3 3
(&) (c) q 27rey (30 X 10° m)

Sprites (Fig. 22-9a) are huge flashes that occur far = 1.6 X 10°N/C. (Answer)
above a large thunderstorm. They are still not well
understood but are believed to be produced when
especially powerful lightning occurs between the
ground and storm clouds, particularly when the
lightning transfers a huge amount of negative

charge -g from the ground to the base of the
clouds (Fig. 22-9b).

Charge
transfer

Similarly, for altitude z, = 60 km, we find
E=20X102N/C. (Answer)
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Fundamentals of Physics, 8" Ed
Principle of Physics, 9" Ed
Halliday & Resnic

8" Ed [CH22] Finding the Electric Field I
o Ed [ CH22) Electric Field

8" Ed : Homework of Chapter 22 :
1,5,9,13, 19,23, 27, 31, 39,49, 51, 57, 59



8" Ed [ Sample Problem 22-3 ]}
Figure 22-11a shows a plastic rod having a uniformly distributed charge —Q . The rod has been

- - 0 - ~ - - - ~
bent in a 120" circular arc of radius . We place coordinate axes such that the axis of symmetry

of the rod lies along the x axis and the origin i1s at the center of curvature P of the rod. In terms of

O and r, what 1s the electric field E due to the rod at point P?
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il A=—r= AN\ :
272.} I Y, R‘ o, -ﬂE : \\ P T N
3 _P'af;';" . )’x e r‘é‘d"x }}_’ P
© 1/ \\ // o i /
E 3 dE = - -0S " \\\ // 77777 v, ;
X 0 2 ! y Symmmc’
-[ J‘—GO 473.80 7 / " / syt m
A et 1732 "
= J‘ ,cos0d b = [sind]” , = ’ ([ 22-11)
A, r <60 Ars,r 6 47z,
_L73 (0.477Q} _ 0830
Ars,r r 473-80;,2
83Q A

E =
472'8 e



8™ Ed [ Sample Problem 22-4]

Figure 22-18 shows the deflecting plates of an ink-jet printer, with superimposed coordinate axes.
An ink drop with a mass m of 1.3x107"°kg and a negative charge of magnitude O =1.5x10""C
enters the region between the plates, initially moving along the x axis with speed v =18m/s . The
length L. of each plate 1s 1.6 em. The plates are charged and thus produce an electric field at all
points between them. Assume that field E is downward directed, is uniform, and has a magnitude
of 1.4x10°N/C. What is the vertical deflection of the drop at the far edge of the plates? (The
gravitational force on the drop 1s small relative to the electrostatic force acting on the drop'and-can

be neglected.)

B 22-18 BB TSR IR A (RN ELE Sl - —E& 8 m (= 1.3x107ke JEE &TE O
(= 1.5x107°C) 7 2 A R R - T2 E0 x 5 aEE 3 E v (= 18m/s) © &
FRATEE S L(= 1.6 cm) - HEHRANAS - SEHE N2 E SEE T —199M T 28
2 (KB L4AxI0°N/C) - REFE RERA G - BEAEE REEESMA ? (BETZ 2 E iE
/INIYEREE T 0 1] ZEENED)

<fi#> ! F=ma=Q0F

ANV )E
RE y HEE S - Eita, =< Plat |
m - ug_)/
L B e
At 2 A - 0 T
Plate
L=vt
1 OEL* - ;
_L& =0.64mm ([&] 22-18 )

2
2 mv;



8" Ed [Problem 22-1) : 9" Ed [Problem 22-2] %

In Fig. 22-30 the electric field lines on the left have twice the separation of those on the right. (a) If
the magnitude of the field at A is 40N/C, what 1s the magnitude of the force on a proton at A? (b)
What 1s the magnitude of the field at B?

fEE 22-30 of o a2 E T IE IR B A ERIMRE o (F A RIESFAER 40N/C > F1EE
Firs A B (EREE FOEAA/ NS 2 (0B (RSS2

Be

Fg

\
Co—_—
/

(&l 22-30)
<fi#> (a) We note that the electric field points leftward at both points. Using F = QOE , and orienting

our x axis rightward (so i points right in the figure), we find

F =(+1.6% 10‘19C)(—40§i]= (=6.4x 1075 N)i
which means the magnitude of the force on the proton is 6.4 x 107'° N and its direction
(—i) 1s leftward.

(b) As the discussion in §22-2 makes clear, the field strength 1s proportional to the

“crowdedness ” of the field Imes. It 1s seen that the lines are twice as crowded at .4 than at
B, so we conclude that £ =2F . Thus, E, =20N/C.



8" Ed [Problem 22-5} 59" Ed-[ Problem 22-3]

The nucleus of a plutonium-239 atom contain 94 protons. Assume that the nucleus is a sphere with
radius 6.64 fm and with the charge of the protons uniformly spread through the sphere. At the
nucleus surface, what are the (a) magnitude and (b) direction (radially inward or outward) of the

electric field produced by the protons?

#i-239 FYFE T4 94 [HE T - FRR T HE—IK 6.64 fm BUEREE » FTEHVE 19541

iR EERES - SR EERE L AETIELRES @QFEERZD? () AME ? (8
ET#W [ ERBCERET AN R IR ) 7

<fi#> : Since the charge is uniformly distributed throughout a sphere, the electric field at the surface

1s exactly the same as it would be if the charge were all at the center. That 1s, the magnitude

q
47e R

of the field 1s E =

where ¢ 1s the magnitude of the total charge and R 1s the sphere radius.

(a) The magnitude of the total charge 1s Ze, so
Ze (8.99x10°N-m*/C*)(94)(160x107°C)

_ = - =3.07x 10" N/C.
Ane,R (6.64x107"°m)

(b) The field 1s normal to the surface and since the charge is positive, 1t'poits outward

from the surface.



8" Ed [Problem 22-9] : 9" Ed [Problem 22-7]
In Fig. 22-32, the four particles form a square of edge length a=5cm and have charges
g, =+10nC, q,=-20nC, q,=+20nC, and ¢,=-10nC .~In unit-vector notation, what net

electric field do the particles produce at the square’s center?

22-32 th > BIUER FHH R — (B2 E o =5em BIEG T » TU{ER TRIZESBE45RE

g, =+10nC ~ ¢,=-20nC ~ ¢q,=+20nC > ¢,==10nC - sHERABEMI[AE FREFEZETT
EHVUER - IE G P L RATE £ i iFEE ?

y
T (l) q1 _—y
1
1] 094 G‘?S &
e a -

(& 22-32 )



<f#> : The x component of the electric field at the center of the square is given by

P A T AT AT I
| n&, (i)f (ﬂ)f (ﬂf (if
V2R 2 2 2
1 1
= . +lq,|-lg9.1—-1g9,])——==0
a’ (|Q1‘ ‘Q_‘ ‘1'3‘ ‘1’4‘)\/5
(4me; )(—)
2
Similarly, the y component of the electric field 1s
L A 19| ;| 19
E = - =+ ——t —— ~—— |cos 45°
" odze, | (@/N2) (/N2 (a/N2) (a/V2)
(=l 1+ g 1+ 1. -1, )
47z, a* /2 G192 171951714, "5
(8.99x10° N-m*/C*)(2.0x10°° C) |

= =1.02x10° N/C.
(0.050 m)* /2 J2

—

Thus, the electric field at the center of the square is F = EJ,} = (l 02x10° N/ C);r'



8" Ed [Problem 22-13) : 9" Ed [ Problem 22-157]
In Fig. 22-36, the three particles are fixed in.place and have charges g, =¢, =+e and ¢, =+2e.
Distance a = 6m . What are the (a) magnitude and (b) direction of the net electric field at point P

due to the particles?

TEE 22-36 1 H={Efr T BABRETE  EESHE ¢ =q, =+e ~ q, =+2e - JGBE
a=6um ° FEffL ?EP%EF"M%TTE’J FEE QRN Kb AR R ?

<f#> 1 By symmetry we see the contributions from the two charges ¢, = ¢, =+e cancel each other,

and we simply use Eq. 22-3 to compute magnitude of the field due to ¢, =+2e

(a) The magnitude of the net electric field is

~ 1 26’ 1 2e 1 de ¥
‘ net‘ T2
dre, 1’ 47?80 (a/\/z) 472'5 a’ 71
b
- 1n-19 Y
=(8.99x10° N-m*/C?) 4(1‘60“06 C? =160 N/C. R
(6.00x10™ m)~ a (\5{’
Fd
(b) This field points at 45°, counterclockwise from the x axis. - \\\
Y '-"‘l/ \-)2_;
o

([&l 22-36)



8" Ed [Problem 22-19) : 9™ Ed [ Problem 22-19]

Figure 22-41 shows an electric dipole. What are the (a) magnitude and (b) direction (relative to the

positive direction of the x axis) of the dipole’s electric field at point P, located at distance » >>d ?

22-41 FE— BB B r>>d -
EIHATE x BT 1) 2

e H) 2= ey M (E. P 2AFTE TZRTRIEES () A/ )N 7 (b) F71a) (4

<fi#> ' (a) Consider the figure below. The magnitude of the net electric field at point P is

1

net

|E

=2E, si119=2{

q d/?2 | gd
Az, (d/2) +r*

> = R 372
\/(d/2)‘+rz are, [(d/2)‘+r3}

For r > d, we write [(d/2)2 + f’2]3""'2 ~1° so the expression above reduces to

‘E B 1 ﬂ
net |~ @
dre, 1 T ’L
J” d/ﬂ X
+q 1] ¥ »8
| 2
dl2 P diﬂ
X
d/2 ~_ iy 43
g | = (B 22-41)
Enct

(b) From the figure, it 1s clear that the net electric field at point P points in the —; direction,

0 ~ .
or—90" from the +x axis.



8" Ed [Problem 22-23) : 9" Ed [Problem 22-23]

Figure 22-43 shows two parallel nonconducting rings with their central axes along a common line.

Ring 1 has uniform charge ¢, and radius’R; ring2has uniform charge ¢, and the same radius R.
The rings are separated by distance d = 3R The net electric field at point P on the common line, at
4

9,

distance R from ring 1, 1s zero. What.1isthe ratio

22-43 A 1THIIEE RS - A (EERRYEh (1A - 55— (#ER Ring 1| BEF 5 fiHVE
faf g, ~ £ R FH~M@EE Ring 2 BFHEE 3 HIER ¢, » FENE R - MI{EERAIIERE :

d =3R - P BETHAELL | o B Ring | FYFEEER R 25 P BLAREIEEZ [ %B’ﬂttfﬁﬁﬁﬁ ?

Ringl Ring2

9 9o

’
.

R R

R
cre ]

([&l 22-43)



<fi#2>  We use Eq. 22-3, assuming both charges are positive. At P, we have

1
Eq. 22-16 E£= > sz 372
dre, (z"+R7)
- - q,R q,(2R)
ElEﬂ ring - Eﬂght ring = L 2

47e,(R* +R* )3” A7e,[(2R)* + R*T"

we obtain 4 _ 2(
9,

|
%
i
<
hn
-
N



8" Ed [Problem 22-27) : 9" Ed [ Problem 22-31)

In Fig. 22-46, a noncom ducting rod of length L =8:15¢m has charge —g =-4.23 fC uniformly
distributed along its length. (a) What 1s the linear charge density of the rod? What are the (b)
magnitude and (c¢) direction (relative to the positive direction of the x axis) of the electric field
produced at point P, at distance a=12cm from the rod? What 1s the electric field magnitude

produced at distance a=50m by (d) the rod and (e) a particle of charge —g =-4.23fC that

replaces the rod?

{EEl 22-46 - H—IEEEAYE T RE L=8.15cm - BHHSER —¢=-423/C » (7K
HiE TR EE (] B 2

= P BREAEAUEERE G =12em » BIJET1E P BERTAETIHIES O/ ? (o) hH 2 (FHERIE
x B 1A

(d5 P EEEAEEREa = 50cm » HilE+1F P BERTE I HVERS /N ?

(B BEEMIF —q=—423C » BETUURENER > Blla=50cm I » BEEETRI(E P BEFTEIL
ISR ?

_q P
_|_ e — —I—.—x

I — L —b—l-l— 17 —1-'

(& 22-46 )



- (a) The linear charge density 1s the charge per unit length of rod. Since the charge 1s

uniformly distributed on the rod,
—qg _—4.23x107°C
L 0.0815m

(b) We position the x axis along the rod with the origin at the left end of the rod, as shown in

=-5.19x107"C/m

L

the diagram.

dx P
[ | .
] | | |
0 X L L+a

Let dx be an infinitesimal length of rod at x. The charge in this segment iSdg = A dx . The
charge dg may be considered to be a point charge. The electrietield it produces at point P

has only an x component and this component 1s given by
1 I dx

dE. = =
- dng, (L+a—-x)

The total electric field produced at P by the whole rod is the integral

o I dc L =1 UJE [l_ 1 ]
T dneg, 0([‘4.0_;;)2 dng L+a—x|o 4mne,\a L+a
A L 1 q

e}

=4TE80 a(L+a) _47130 a(L+a)

THR®



upon substituting —g = AL. With ¢ =4.23x10""C, L=0.0815m and a=0.12m, we

obtain E, =—1.57x107 N/C", or |E |=1.57x107 N/C.

(¢) The negative sisnin E_ indicates that the field points in the —x direction, or —180°

counterclockwise form the +x axis.
(d) If a is'much larger than L, the quantity L + a in the denominator can be approximated by a

and the expression for the electric field becomes

q
dnea’

E.\' =~
Since a=50m > L=0.0815m, the above approximation applies and we have
E_=-1.52x10"° N/C,or |E |=1.52x10" N/C.

(e) For a particle of charge —g=-4.23x10"" C, the electric field at a distance @ = 50 m

away has a magnitude |E_|=1.52x10" N/C.



8" Ed [Problem 22-31]: 9" Ed [ Problem 22-29]

Figure 22-50a shows a nonconducting rod with a uniformly distributed charge +Q. The rod forms
a half-circle with radius R and produces an electric field of magnitude E__ at its center of
curvature P. If the arc is collapsed to a point at distance R from P (Fig. 22-50b), by what factor 1s
the magnitude of the electric field at P multiplied?

22-50 By—IBEEIVET - BEHSHIER +0 - FE TR E R BVFE © BAE
B0 PRI R E | - S RhE R BRI — (ER: - S (ER5EE P ZEEUEREER R
(20 22-50b For ) > Bl P ESHYEE 558 E B R OB 285 2

(a) (5)

([&E 22-50")



<fi#> : First, we need a formula for the field due to'the arc. We use the notation A for the charge
: , 0O .- : : .
density, A =-=. Sample Problem 22-3 illustrates the simplest approach to circular arc field

problems. Following the steps leading to Eq. 22-21, we see that the general result (for arcs

. . 2 ’L S 1 H r"f 2
[sm(@ /2)—sin(—6/ 2)] _24sm(©/2) .
dre,r dre,r

A

that subtend angle 0) is" E,__ =

Now, the arc length is" L =78 if 6 1s expressed in radians. Thus, using R instead of 7, we

_ 200/ L)sin(@/2) _ 2(Q/ RB)sin(6/2) _ 20sin(6/2)

obtain E__ -
dre,r dre,r drxs,R°0
0 0 0
_ . . articl . . o
The problem asks for the ratio —“—= where E . 1 given by Eq. 22-3:
arc
Epar‘ricle _ Q) / 4'T‘90R i 9

E,  20sin(0/2)/47e,R*0  2sin(0/2)

E .
With @ =7, we have —22t =§:: 1.57.

arc



8" Ed [Problem 22-39) : 9™ Ed [Problem 22-43)
An electron is released from rest in a uniform electric field of magnitude 2x10°N/C . Calculate

the acceleration of the electron. (Ignore gravitation.)

—(HEFFEHE R 2x10°N/C HYESH - i bR St EE T
(N SEET])

<> : The magnitude of the force acting on the electron is F' = eE, where E is the magnitude of the
electric field at its location. The acceleration of the electron 1s given by Newton’s second
' 1019 1n4 {
FeE (1L60x107°C)(2.00x10*N/C)

law: a=—=—= o —~=351x10"m/s%,
mom 911x107" kg




8" Ed [Problem 22-49) : 9™ Ed [ Problem 22-55)

A uniform electric field exists in a region between two oppositely.charged plates. An electron is
released from rest at the surface of the negatively charged plate and strikes the surface of the
opposite plate, 2.0 cm away, in a time 1.5x107° s (a)'What is the speed of the electron as it strikes

the second plate? (b) What is the magnitude of the €léctric field E ?

M EEEH IR H - B e — 95 EES - —(EETFEREREFLAREE & BRI
T BRI R IEEARS - BT ATERIEESES 2.0 em EHﬂ.leO s o ()

SR E TSRS Fi TSI E B 2/ 2 (035 RHEEE Ef R/ 2

<> 1 (a) We use Ax = Vayel = vi/2:

. 2(20x107°m
Lo 22l : )=2.7><106m,/s.
t 1.5x10 s

(b) We use Ax = %arz and £ = F/e =male:

A 2(2.0x107m)(9.11x107k
poma_ 2 2 i zg) = 10x10° N/C.

e e’ (160x107°C)(1.5x107s)




8" Ed [Problem 22-51): 9" Ed [ Problem 22-53

Two large parallel copper plates are 5.0 cm apart and have a uniform electric field between them as
depicted in Fig.22-56. An electron 1s released from the negative plate at the same time that a proton
1s released from the positive plate. Neglect the force of the particles on each other and find their
distance from the positive plate when they pass each other. (Does it surprise you that you need not

know the electric field to solve this problem?)

AN 22-56 BT fE B AR (THIM - 1806 5.0 em - SANE S 1998 E > —~HEET

EEI_'_%S'?TEL%J%%W&X > [AIFRFfE] —'flﬁ’* FIEEER B R - 25 EEAL TR 7C
HAPH - &k ERITER T2 » f B EEREIIERER (T 20 (FEAR FIESFIBEN T
B[R] A RE %E%f‘r REE ‘% ? )

Positive L _ Negative
plate ' p plate

([B 22-56)



<fi#>: We take the positive direction te be to the right in the figure. The acceleration of the proton is

ek . . . ek . . .
a,=—and the acceleration of the electron 1s a, = ——, where £'1s the magnitude of the
m m
P e

electric field, m,1s the mass of the proton, and m, 1s the mass of the electron. We take the

origin to be at the 1nitial position of the proton. Then, the coordinate of the proton at time 7 1s

2

a,t* andthe coordinate of the electronis x=L+1qa,*. They pass each other when

1
x—2 p

2L
R . 2 2 . 2 2
their coordinates are the same, or 1a "= L+21a,". This means t =——— and

P a_ —d
r e

a eE/m m
e g Ty gy M
— "/ 7
a,—da, (eE /m, ) +(eE/m,) m,+m,

_( 9.11x107"kg

— , — (0.050111)
9.11x107" kg+1.67x10"" kg

=2.7x10"m.



8" Ed [Problem 22-57) : 9" Ed [ Problem 22-57)
An electric dipole consisting of charges of magnitude 1.50 nC separated by 6.2um 1s in an electric

field of strength 1100N/C . What are (a) the magnitude of the electric dipole moment and (b) the

difference between the potential energies E for dipole orientations parallel and antiparallel to E ?

—&E & A/NE 1.50 nC ~ IEEER 6.2 um HYE (B > #IE AL 1100N / CHYEIST - Fhfd@)EE
AR AN 2 (BB AL E ArafiRL R B EE G E A AR AIAaeE 2

<fi#> ! (a) The magnitude of the dipole moment is
p=gd =(150x107C)(6.20x10°m)=930x10"C-m.

(b) Following the solution to part (¢) of Sample Problem 22-5, we find

U (180°)=U(0) =2pE =2(9.30x107°C-m (1100 N/€) =2.05x107"T.



8" Ed [Problem 22-59] : 9" Ed [ Problem 22-61]
Find an expression for the oscillation frequency of an electric dipole of dipole moment p and

rotational inertia I for small amplitudes of oscillation about its equilibrium position in a uniform

electric field of magnitude F.

— (B - EEEEES)  BEEES  —RES E et - TR
158 - RIS A RIEE -

<fi#> 1 Eq. 22-35 (r=—pEsin 9) captures the sense as well as the magnitude of the effect. That 1s,

this 1s a restoring torque, trying to bring the tilted dipole back to its aligned equilibrium
position. If the amplitude of the motion is small, we may replace sin & with #1in radians.
Thus, 7=~-pE#. Since this exhibits a simple negative proportionality to the angle of
rotation, the dipole oscillates in simple harmonic motion, like a torsional pendulum with

torsion constant x = pE. The angular frequency @ 1s given by

» K E
="
I 1
where [ 1s the rotational inertia of the dipole. The frequency of oscillation 18
Q) 1 [pE
f ) f—t .
2n 2n N ]



