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8" Ed [CH23) Finding the Electric Field II
0" Ed [CH23) Gauss’s Law

8" Ed : Homework of Chapter 23 :
1,3,5,7,15,19, 21, 23,29, 33,35,37,41, 45,49, 51



8™ Ed [ Sample Problem 23-1]

Figure 23-4 shows a Gaussian surface in the form of a cylinder of radius R immersed in a uniform

electric field E, with the cylinder axis parallel to the field. What is the flux @ of the electric field

through this closed surface?

23-4 For—(EPEE RWEEFZ & » BB OEF TS EEE - @it

HPARERESEE O a1 7

<> O = (J‘;.Edjj

=jf-d2+jz?-d2+jéd2 ZLEA+0+EA =0
a b c

[ F(cos180°)d4 = —Ej d4d =-EA

| E(cos0°)dA = EA

[ £(c0s90”)d4 =0

=

Bl
K
S

=y Canssing
Ef;"l e ;
8 E sipface

B
4
dA

(&l 23-4)



8" Ed [Problem 23-1]: 9" Ed [ Problem 23-1]

The square surface shown in Fig. 23-26 measures 3.2 mm on each side. It i1s immersed 1n a uniform
electric field with magnitude £ =1800N/C and with field lines at an angle of #=35" with a
normal to the surface, as shown. Take that normal to be directed “outward,” as though the surface

were one face of a box. Calculate the electric flux through the surface.

23-26 1> —328K 3.2 mm BYIE A E #IE Y—5E B E =1800N/ C Rtg5 &5
FHEIAE AR ESE SRR A 0 =35" - HEETEE (EE TR — (@ - EREr A
femst - eTESEEIEF EPERE -

57

( [&] 2326 )

35

ot

<f#> 1 The vectorarea 4 and the electrio field 'E are shown on the diagram below. The angle @

between them 1s 180° — 35° = 145°, so the electric flux through the area 1s

—

O =E-4=Edcosf=(1800/N/C)(3.2x10° mfc,o.c;1450=-1.5><'10-2 N-m’/C.



8" Ed [Problem 23-3) : 9™ Ed [Problem 23-3)
The cube 1n Fig. 23-27 has edge length 1.40 m and 1s oriented as shown 1n a region of uniform

electric field. Find the electric flux through the right face if the electric field, in newtons per
coulomb, is given by (a) 6i , (b) —2}', and (c) _3i+4Fk . (d) What 1s x the total flux through the

cube for each field?

B Fig. 23-27 1 » —32F 1.40 m §9IETT /788 - RO AE— 19 B0 - AL SATEIPT T -
SR A EEENEER  EEESHE . @G6IN/C:  (b) 27N/ CilA(¢) -3i+4kN
/Ce (DEFmARHE Bl = E A ERVES R T - @i, FeifEEE ?

]

T

<ff>: Weuse ®=FE- A4, where A= 4’]\ = (1.40111)2 j

(a) ®=(6.00'N/C)i-(1.40 m)’ j=0. 2
i ,

(b) ®=(=2.00 N/C)j-(1.40 m)’ j=-3.92 N-m*/C, a2

(¢) ®%[(~3.00 N/C)i+(400N/C)k]-(140 m)" j=0 (I8 23-27)

(d) The total flux of a uniform field through a closed surface 1s always zero.



8" Ed [Problem 23-5] : 9" Ed [ Problem 23-7]
A point charge of 1.8 C 1s at the center of a cubical Gaussian surface 55 cm on edge. What 1s the

net electric flux through the surface?

—HEEE1.8uCBIBLER (A —IEL AEERyE L EFIIEST A EBAERE S 5SS oem -
shhEm eSS TS EEE B Y

<f#>: We use Gauss’ law: 5,@ = ¢, where @ is the total flux through the cube surface and ¢ is the

net charge inside the cube. Thus,

. 1 6
o=2- 18I0 C ;0108 Nom?/cC.
e, 8.85x107% C?/N-m’




8" Ed [Problem 23-7) : 9" Ed [Problem 23-5)

In Fig. 23-29, a proton is a distance — directly above the center of a square of side 4. What is

the magnitude of the electric flux through the square? (Hint: Think of the square as one face of a

cube with edge d.)

23-29th - F—# KB dIELT = EETBIRIEHFIH UELE Bz © ameamaa 77

rEEE /N 7 (Pr  RIEARRIEER TN Z*ﬁﬁﬁﬂ’]ﬁtﬁ {EmE - )

72
| -
-

P — p—
(I8l 23-29)
<fifg= + To exploit the symmetry of the situation, we imagine a closed Gaussian surface in the shape

of a cube, of edge length d, with a proton of charge ¢=+1.6x10"" C situated at the inside
center of the cube. The cube has six faces, and we expect an equal amount of flux through

each face. The total amount of flux 1s @t = g/, and we conclude that the flux through the

square 1s one-sixth of that. Thus,
q 1.6x1077 C

—=3.01x10”° N-m?/C.
65, 6(8.85x107% C?/N-m?) /

D =

0



8" Ed [Problem 23-15) : 9™ Ed [Problem 23-11)

Figure 23-33 shows a closed Gaussian surface in the shape of a cube of edge length 2m, with one

corner at x, =5m, y, =4m . The cube lies in a region where the electric field vector is given by

E=-3i—4y’j+3k N/C withy in meters. What is the net charge contained by the cube?

2|

23-33 1> H—HFAEHE > HIINEERZE 2m 2B 588 - Hh—({#ERHY

Ha

ar(H) FHIETZ 7 e AT ELEIRY 1 8T 5 2

=5

x,=5m ~ y,=4m - SHIMNENESRERE = —3);—4}"2}'—#3}:' N/C > BEmEZ 2% -

<fi#> ! None of the constant terms will result in a nonzero contribution to the flux (see Eq. 23-4 and
Eq. 23-7), so we focus on the ¥ dependent term only:

Enon-constant = (—40012 ) 1 (il'l SI lll’litS) .

The face of the cube located at y = 4.00 has area 4 = 4.00 m” (and it “faces” the +j\
direction) and has a.‘‘contribution” to the flux equal to x/

b

ﬂ_)'

Enon-constant A = (—=4)(4%)(4) = 256 N-m/C>. (%5

The face of the cube located at y = 2.00 m has the same area 4 (however, this one “faces”
the —_] direction) and a contribution to the flux:

~Epon-constant 4 = — (=4)(27)(4) = 64 N-m/C>.
Thus, the net flux is @ = (=256 + 64) N-m/C* = =192 N'-m/C>. According to Gauss’s law,

we therefore have

g = &,D =(8.85x1077 C*/N-m*)(-192 N-m*/C) =-1.70x107°C.



8" Ed [Problem 23-19] : 9" Ed [ Problem 23-17]
A uniformly charged conducting sphere of 1.2 m diameter has a surface charge density of

8.1uC/m” . (a) Find the net charge on the sphere. (b) What is the total electric flux leaving the

surface of the sphere?

—EE 1.2mAEER - BEHESEEREE 8.1uC/m’ - (a)iaHEkE AT IFE R A 2(b)
BEFAEGR P REEER ?

<fi#> ! (a) The charge on the surface of the sphere is the product of the surface charge density o and

the surface area of the sphere (which is 4mr?, where r is the radius). Thus,

" m )
1"21“} (8.1x10 C/m?*) =3.7x10"° C

g =4nric = 471(

(b) We choose a Gaussian surface in the form of a sphere, concentric with the conducting
sphere and with a slightly larger radius. The flux 1s given by Gauss’s law:
3.66x107 C

o=1_ _ - =4.1x10°. N-m?¥C .
g, 8.85x10™ C?/N-m’




8" Ed [Problem 23-21] : 9" Ed [ Problein 23-21]
An isolated conductor of arbitrary shape has a net charge of +10x107°C . Inside the conductor is a
cavity within which is a point charge «g=+3x10"°C . What is the charge (a) on the cavity wall and

(b) on the outer surface of the conductor?

— 0L R AR FERAL0X10°C » HIZIREE - SBREE—%/ 0 ZRHF—E8
q =+3x107"C HYBhEE ] » saf (i B #87E /1 BE FRYER S ? (b) S B/ RmE LHIE

<fi> ! (a) Consider a Gaussian surface that is completely within the conductor and surrounds the
cavity. Since the electric field 1s zero everywhere on the surface, the net charge it
encloses 1s zero. The net charge 1s the sum of the charge ¢ in the cavity and the charge ¢,
on the cavity wall, so ¢ + ¢, = 0 and ¢,, = —g = 3.0 x 10°°C.
(b) The net charge O of the conductor 1s the sum of the charge on the cavity wall and the

charge ¢; on the outer surface of the conductor, so O = ¢, + ¢, and

=0-q,=(10x10" C)-(-3.0x10"° C)=+1.3x10" C.



8" Ed [Problem 23-23): 9" Ed [ Problem 23-25]

An 1infinite line of charge produces a field of magnitude 4.5x10°N/C 4t a distance of 2m.

Calculate the linear charge density.

— R - SRR (ERERER 2m PR THOREES VB 4SX10'NTC Sy
YR ERAA) -

<f{#> ! The magnitude of the electric field produced by a uniformly charged infiite line is £ =

L2meor, where A is the linear charge density and 7 is the distance from the line to the point

where the field 1s measured. See Eq. 23-12. Thus,

). =2mg,Er =2m(8.85x107% C*/N-m”* )(4.5x10" N/C)(2.0.m)=5.0x10" C/m.



8™ Ed [Problem 23-29) : 9™ Ed [Problem 23-31]
Two long, charged, thin-walled, concentric cylindrical shells have radii of 3.0 and 6.0 cm. The

charge per unit length is 5x10°C/m on the inner shell and —7x10°C/m on the outer shell.
What are the (a) magnitude E and (b) direction (radially inward or outward) of the electric field at

radial distance r =4cm ? What are (¢) E and (d) the direction at 7 =8cm ?

FIEE ~ &~ FEVEOEMEESE PR ESRIE 3.0cm ~ 6.0 cm - NEEH EREFEEE
T E B 5x107°C/my ANGHIE -7x10°C/m - FFRHVEMEERE - = 4om 7 FE 15 (a)5EE
(b)771E (RraEmEAEgEsh.) - Ek & EfERE r = 8cm 2 B2 55 (a)5@ EL (b) 7 E] (R [E)AIAYEL ]
g ) -

<fi#> : We denote the inner and outer cylinders with subscripts 7 and o, respectively.
(a)Since 7, <r=4.0 cm < 1y,
A, 5.0x107° C/m
2ne,r " on (8.85x107% C*/N-m*)(4.0x10~* m)
(b) The electric field E(r) points radially outward.

EG) = =2.3x10° N/C.

(¢) Since > 1y,
oy 5.0x10"° C/m—7.0x10"° C/ -
E(r=80cm)="1" - s M _45x10° N/C.
27150; T 2m(8.85x1072 C?/N-m?)(8.0x107 m)

or |E(r=8.0cm)|=4.5x10" N/C.

(d) The minus sign indicates that E (r) points radially inward.



8" Ed [Problem 23-33]: 9" Ed [Problem 23-35]
Figure 23-40a shows three plastic sheets that are large, parallel, and uniformly charged. Figure
23-40b gives the component of the net electric field along an x axis through the sheets. The scale of

the vertical axis is set by E, =6x10° N/C .What is the ratio of the charge density on sheet 3 to that

on sheet 2?

23-40a B={EX ~ 1T ~ BRI ERVERER - 23-40b BEFEEI X H2F
& - EEMHIZIE E, =6x10°N/C - FHERHENR 3 i 2 FER TR EES.2

I 2 3
. I
o " f i
- » - > -
R
o : ! T 22— 2—> 2—>
;;: : : 33— F—> R 3§ €—
I ]
Az A : »X
0 x
&

([& 23-40)



<ﬁ§,§> :

/ p; 3
- > - » > e
- —> i— —»
T — 2 — 2— ?—»
3—> i F—> Fe—
»X
In the region between sheets 1 and 2, the net field s £, — E, + E; = 2.0 x 10° N/C .

In the region between sheets 2 and 3, the net field 1s at its greatest value:
E,+E+E = 60x10° N/C.

The net field vanishes in the region to the right of sheet 3, where E, +E,=E;.

We note
the implication that 63 1s negative (and 1s the largest surface-density, m magnitude).

three conditions are sufficient for finding the fields:

E;= 1.0x10° N/C, E,= 20x10° N/C, E,= 3.0x10° N/C.

These

From Eq. 23-13, we infer (from these values of £) (Eq.23-13 ¢ E = 2 )

2¢&,
0| 3.0x10°N/C s
o, 20x10°N/C
. . o
Recalling our observation, above, about 63, we conclude —-=-1.5
o

2



8" Ed [Problem 23-35] : 9" Ed [Problem 23-37]

A square metal plate of edge length 8.0 em and negligible thickness has a total charge of 6x107°C .
(a) Estimate the magnitude E of the electric field just off the center of the plate (at, say, a distance of
0.50 mm from the center) by assuming that the charge 1s spread uniformly over the two faces of the
plate. (b) Estimate E at a distance of 30 m (large relative to the plate size) by assuming that the plate

1s a point charge.

—2RE8.0em - HEER6x10°C ~ HE &R ZHSHIE HIP & J8EiR - () [REZATE B
FEII o A AR T BRI (B - EF il EtiR-oh ~ BEAR T IER O ST ER R R S )N (A B AR
THIPEBER 0.5mm 2 ) - (b)EEte mER S — B R - GUEETIEAER - 30m R © EISHY
AN CHEEFRT-HI ARV > 30m BYFERER ) 7

<f#> ' (a) To calculate the electric field at a point very close to the center of 4 large, uniformly (b) At a point faraway from the plate, the electric field s nearly that of a point particle with

charged conducting plate, we may replace the finite plate with an infinite plate with the charge equal to the total charge on the plate. The magnitude of the field is

same area charge density and take the magnitude of the field to be £ = a'ey, where o'1s

2 2 T o 1 1 ] ) &l W "y
the area charge density for the surface just under the point. The charge is distributed E=q/drey” =l ", whete ris the distance from the plate. Thus,

uniformly over both sides of the origimal plate; with half being on the side near the field

point. Thus, (8.99X109 1\T-ml/(‘l)(6.0><10_6 C)
¢ 60x10°0 E= =60 NIC.

)

=t = 24.69%10™ C/m”. (30 m)
24 2(0.080 my

The magmtude of the field 1s

4 2
g4 4‘69“120 ZC/m _=53x107 NIC.
e 885x10" C*/Nm

0

The field 1s normal to the plate and since the charge on the plate 1s positive, it points

away from.the plate.



8" Ed [Problem 23-37): 9™ Ed [ Problem 23-33]
In Fig. 23-43, two large, thin metal plates are parallel and close to each other. On their imnner faces,

the plates have excess surface charge densities of opposite signs and magnitude 7x107C/m?*. In
unit-vector notation, what 1s the electric field at points (a) to the left of the plates, (b) to the right of

them, and (c) between them?

[l 23-43 H1 > FEEEREA - IR IS ET 1TE R mER T HEH - m A S
[~ RANB Tx107C/m* BIBERMEE - SmHEAMAERSE - S N YICERES | ()RIE
R @ - (b) FfERHIEE > (o) FIERTrHR -

<f#> 1 We use Eq. 23-13.
(a) To the left of the plates:

= (0'/280)(—1) (from the right plate) + (0'/280)i (from the lett one) = 0.

|

+F F F[F F F F +

(b) To the right of the plates:
(&l 23-43 )

E=(c/2¢, ) (from the right plate)+(o/2¢,) (- ) (from the left one) =

(c) Between the plates:

: ' 1n-22 2
E=[G](—i)+{a}(—i)={gj(—f) _| OO Cm i=(~791x10" NIC)i
26, 2, & 8.85x10™ C*N-m’




8™ Ed [Problem 23-41): 9" Ed [ Problem 23-39]

In Fig. 23-45, a small, nonconducting ball of mass m=1mg and charge ¢=2x10"°C
(distributed uniformly through its volume) hangs from an insulating thread that makes an angle
0 =30" with a vertical, uniformly charged nonconducting sheet (shown in cross section).
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 & of the sheet.

@& 23-45 thE—EEBRYNER  HEEm=1mg - FHFE R ¢=2x10"C (B IFESH1E
RE(EBRES ) > BREME— @Il b o Wl — ImlE e —EE ~ ERIHEMGR N EEE
R —ERAEO=30" - (ERLHEIRAVEERE X - HEE 7D R0 G E R AT E
BRIEE o -

9

S

- + 4+ + 4+ 4 + + 4 4+ + 4+ +

™4

(& 23-45)



<fi#> ! The forces acting on the ball.are shown in the diagram on the right. The gravitational force
has magnitude mg, where m 1s the mass of the ball; the electrical force has magnitude g£,
where ¢ 1s the charge onthe ball and F 1s the magnitude of the electric field at the position
of the ball; and, the tension in the thread i1s denoted by 7. The electric field produced by the
plate 1s normal to the plate and points to the right. Since the ball 1s positively charged, the
electric force on it also points to the right. The tension in the thread makes the angle 6(=
30°) with the vertical.
Since the ball 1s in equilibrium the net force on 1t vanishes. The sum of the horizontal
components yields
gE —Tsinf=0
and the sum of the vertical components yields
Tcos@—mg=0

The expression 7 = q 7 from the first equation, 1s substituted into the second to obtain
sin

gF = mgtan @ . The electric field produced by a large uniform plane of charge is given by

o} . . .
E =——, where ois the surface charge density. Thus,

2,

o
99 _ mg tan @

2g,

2¢g,mg tand
q

And o=

2(8.85x10™ C*/N.m*)(1.0x10™ kg)(9.8 m/s* ) tan30°
2.0x10° C

=5.0x10" C/m*.



8" Ed [Problem 23-45): 9" Ed [ Problem 23-47]
An unknown charge sits on a conducting solid sphere of radius 10-em: If the electric field 15 cm
from the center of the sphere has the magnitude 3x10°N/C andis directed radially inward, what

1s the net charge on the sphere?

—PEE 10 emFHEETAZ B .(EREER - EIEHERD. 15 em FRRYESHE B 3x10°N/C
SR EAERFPY > GafREER ERYFERAR ?

<f#> ! Charge is distributed uniformly over the surface of the sphere and the electric field it
produces at points outside the sphere 1s like the field of a point particle with charge equal to
the net charge on the sphere:/That is, the magnitude of the field is given by E = |g|/4neor,
where |g| 1s the magnitude of'the charge on the sphere and r 1s the distance from the center

of the sphere to the point where the field is measured. Thus,

(0.15 m)"(3.0x10° N/C)

- ———>=7.5x10" C.
8.99x10° N-m*/C

g (=4ne,°E =

The field points inward, toward the sphere center, so the charge 1s negative, 1.e.,
g-==7.5x107C.



8" Ed [Problem 23-49) : 9™ Ed [ Problem 23-51

In Fig. 23-50, a nonconducting spherical shell of inner radius a=2cm and outer radius
3

b=2.4cm has (within its thickness) a positive volume charge density p=—, where A 1s a
-

constant and r 1s the distance from the center of the shell. In addition, a small ball of charge

g =45fC 1s located at that center. What value should A have if the electric field in_the- shell

(a<r<bh)is to be uniform?

& 23-50 tfh » —IEEEBEIRFL 0 HI&a=2cm ~ /MEb=2.4cm - BFIFHIEREE p= 4
r
A RFE - r BERGEEROAVEREE - It7) > BROEE —TWER ¢ =45/0 B/ R - FHERFA

(a<r<b) HIESGEHETH] > K ARIR/N?

(& 23-50)



<fi#>: To tind an expression for.the electric field inside the shell in terms of 4 and the distance from
the center of the shell; select 4 so the field does not depend on the distance. We use a
Gaussian surface in the form of a sphere with radius 7., concentric with the spherical shell
and within it (a <7 < b). Gauss’ law will be used to find the magnitude of the electric field
a distance 7, from the shell center. The charge that is both in the shell and within the
Gaussian sphere 1s given by the integral g, = J pdV over the portion of the shell within the
Gaussian surface. Since the charge distribution has spherical symmetry, we may take dJ to

be the volume of a spherical shell with radius  and infinitesimal thickness dr-
dV =4nr* dr. Thus,

q, = 47&'_[(:g przdr =4r J:g idr=4r A J‘; rdr=2r A (fj — 92).

&S

4
p
The total charge inside the Gaussian surface is

q+q,=q+2n A (ff —az) .
The electric field is radial, so the flux through the Gaussian surface is @ =4 E , where E

1s the magnitude of the field. Gauss’ law yields

2

Ang Erl =q+2mn 4(;; —az).

We solve for E:

1 2nda’
E-= 1 iom g0
dne, |1, T,

For the field to be uniform, the first and last terms in the brackets must cancel. They do 1f
g —2nda”=0or 4 =qg/2na’. Witha = 2.00 x 10 *m and g = 45.0 x 107>C, we have
A=1.79x107"C/m".



8" Ed [Problem 23-51) : 9™ Ed [Problem 23-49]
In Fig. 23-52, a solid sphere of radius a =2cm 1s concentric with a spherical conducting shell of
inner radius b =2a and outer radius ¢ =2.4a . The sphere has a net uniform charge ¢, =+5fC ;

the shell has a net charge ¢, =—¢, . What 1s the magnitude of the electric field at radial distances (a)
r=0, (M) r =%, (¢) r=a,(d) r=15a,(e) r=23a, and (f) r=3.5a? What is the net,charge

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

B 23-52 » H—Ea=2em ZB L #—REb=2a * $}Ec =240 BEIRFLE - BREL
FRALEL AR - BOBREE I DFER ¢, = +5/C - BREE A PER ¢,= <~ AP IR

SR =0, (b) r=3,(c) r=a,(d) r=1.5a,(e) r=23a, (f)y r=3.5qa0% FEEHEATK

/N7 EER (PR E (W ERG I NE S E A TR 7

(& 23-52)
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. At all points where there is an electric field, it 1s radially outward. For each part of the

problem, use a Gaussian surface in the form of a sphere that is concentric with the sphere of

charge and passes through the point where the electric field 1s to be found. The field 1s

. ~ — - ) B . ~ - . ~
uniform onthesurface, so <J‘ E-d4=4mr FE , where r 1s the radius of the Gaussian surface.

™ M - M f 3 ™ -
For' i< a, the charge enclosed by the Gaussian surface 1s g,(r/a)”. Gauss’ law yields

N
A E | & [_) = F-_9"_
g J\a dre,a
(a) For r = 0, the above equation implies £ = 0.

(b) For r = a/2, we have

_q(al2) (8.99x10°N-m*/C*)(5.00x107°C)

E - — =5.62x107 N/C.
dre,ar 2(2.00x107m)~
(¢c) For r = a, we have
10° 2 2 10-15
o9 _ (8.99x10°N-m~/C~)(5.00x107°C) _0112 N/C.

drs,a” (2.00x107"m)"
In the case where a <r < b, the charge enclosed by the Gaussian surface 1s ¢;, so Gauss’

law leads to

amPE=L = p=_1
&, dre,r



(d) For 7= 1.50a, we have
o @ _(899x10°N-m*/C*)(5.00x10C)

> — =0.0499 N/C.
dre,r (1.50x2.00x107"m)"

(e) In the region b < r < ¢, since the shell 1s conducting, the electric field'is zero. Thus, for r
= 2.30a, we have £ = 0.
(f) For r > ¢, the charge enclosed by the Gaussian surface 1s zero.Gauss’ law yields
Am’E =0= E =0. Thus, £ =0 at r=3.50a.

(g) Consider a Gaussian surface that lies completely within'the conducting shell. Since the

electric field is everywhere zero on the surface, ﬁSE -d4=0 and, according to Gauss’

law, the net charge enclosed by the surface is zero. If (; 1s the charge on the inner surface
of the shell, then ¢, + O; =0 and O; = —¢; ==35.00 {C.
(h) Let O, be the charge on the outer surface of the shell. Since the net charge on the shell
1s —q, O; + O, = —q;. This means
Qo =—q1=0i=—q1—~(—q1)=0.



