241  (a)

(b)

(©

24.2

24.3

24.4

24.5 @)

(b)

©

Chapter 24 Solutions

®g = EA cos 6= (3.50 x 10%)(0.350 x 0.700) cos 0° = |858 N - m?/C
6= 90.0°
®g = (3.50 x 10%)(0.350 x 0.700) cos 40.0° = [657 N - m?/C

®g = EA cos 6= (2.00 x 10* N/C)(18.0 m?)cos 10.0° = |355 kN - m?/C

®e =EACcos 6
A = mr? = 11(0.200)? = 0.126 m?

5.20 x 10° = E(0.126) cos 0°

E=4.14x105N/C=[4.14 MN/C

The uniform field enters the shell on one side and exits on the other so the total flux is .

A’ =(10.0 cm)(30.0 cm)

A’ =300 cm? =0.0300 m?
®e A =EA’cosO

¢, o =(7.80x10*)(0.0300)cos 180°

®g A = |-2.34 kKN On?/C

®¢, o = EA cos = (7.80 x 10*)(A) cos 60.0°

1J10.0cm O

=600 cm? = 0.0600 m?
%os 60.0°H

A =(30.0 cm)(w) =(30.0 cm)

®¢, 5 = (7.80x10*)(0.0600)cos 60°= |+ 2.34 kN n?/C

The bottom and the two triangular sides all lie parallel to E, so @ =0 for each of these. Thus,
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®e. oa = — 2.34 KNI?/C+2.34 kKNI?/C+0+0+0=[0]
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246  (a)
(b)
(c)
24.7
24.8
24.9
*24.10 (a)
(b)
2411 (a)

(b)

®¢ = E[A = (ai +bj)[Ai =[aA]

¢ = (ai +bj) [Aj = [bA]

O = (ai +bj) DAk = @

Only the charge inside radius R contributes to the total flux.

@ =EA cos8 through the base “
= °= _ . m?2
g =(52.0)(36.0)cos 180°= —1.87 kN - m2/C . OO‘m 6.00 m

Note the same number of electric field lines go through the base
as go through the pyramid's surface (not counting the base).

For the slanting surfaces, | ®g =+1.87 KNn?/C

The flux entering the closed surface equals the flux exiting the surface. The flux entering the
left side of the cone is ®¢ = [E[HA = . This is the same as the flux that exits the right
side of the cone. Note that for a uniform field only the cross sectional area matters, not shape.

Ke
r

E=

2

(8.99 x 109Q
(0.750)>

Q=-556x10°C=[-55.6 nC]

The charge has a |spherical|y symmetric| charge distribution.

8.90 x 10° = But Q is negative since E points inward.

; +2. -9 +21. —o4.
(g = i - (500 HC=9.00 UC +27.0 C -840 UC) . g gq 106 N . m/C = [~6.89 MIN - m/C
e 8.85x10"2 C? /N [in

Since the net electric flux is negative, more lines enter than leave the surface.
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24.12 ®g = ‘272
Through §; O = _227“3: - eg
0 0
Through S, ®g =~ ?EO_Q =[0]
Through S, Op = _ZQ‘;& == ZeQ
0 0
Through S, g = @

24.13 (a) One-half of the total flux created by the charge q goes through the plane. Thus,

10q 0O q
CDE, plane = CDE total = ZE;E_ E

(b) The square looks like an infinite plane to a charge very close to the surface. Hence,

q

CDE, square = (DE, plane = 2e
0

(c) |The plane and the square look the same to the charge.

24.14 The flux through the curved surface is equal to the flux through the flat circle, | E, rir

2415 (@) |3z| Simply consider half of a closed sphere.

() E (from ®g total = PE, dome + PE flat = 0)
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Goal Solution

A point charge Q is located just above the center of the flat face of a hemisphere of radius R, as shown in

Figure P24.15. What is the electric flux (a) through the curved surface and (b) through the flat face?

G: From Gauss’s law, the flux through a sphere with a point charge in it should be Q/e; so we should
expect the electric flux through a hemisphere to be half this value: ®_,..q =Q/2€,. Since the flat
section appears like an infinite plane to a point just above its surface so that half of all the field lines
from the point charge are intercepted by the flat surface, the flux through this section should also
equal Q/2e.

O: We can apply the definition of electric flux directly for part (a) and then use Gauss’s law to find the
flux for part (b).

A: (a) With 0 very small, all points on the hemisphere are nearly at distance R from the charge, so the
field everywhere on the curved surface is keQ/R2 radially outward (normal to the surface).
Therefore, the flux is this field strength times the area of half a sphere:

_ _ _0 QQ: 2y_ 1 _Q
q)curved ‘IE (1A = EIocal'o‘hemis.phere - a(e ?%E)(“'RR ) = FGOQ(Z 77) = Teo
(b) The closed surface encloses zero charge so Gauss's law gives
®yrveg + Priag =0 B = ~Poyrveq = —2

curved flat — or flat = curved — 2
€

L: The direct calculations of the electric flux agree with our predictions, except for the negative sign in
part (b), which comes from the fact that the area unit vector is defined as pointing outward from an
enclosed surface, and in this case, the electric field has a component in the opposite direction (down).

) -6
2416 (2) D g = = % = 1.36x10° NOn®/C =[1.36 MN - m2/C |
' € 8.85x10
(®) P parshen = 2(1.36x10° NOn*/C)= 6.78x10° N*/C=[678 kN - m?/C |
(© the same number of field lines will pass through each surface, no matter how the
radius changes.
24.17 From Gauss's Law, ®g :fE A = qﬂ.

€o

-6
Thus, ®p==_ 00462x10 "C 5o, Nmm2/c

ey 8.85x10? C?/Nmn?




24.18

24.19

24.20

24.21

24.22
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If R < d, the sphere encloses no charge and @ =¢;, /¢y = @

If R > d, the length of line falling within the sphere is 2\/R2 - d?

so b= |2A VR? —dz/e0

The total charge is Q-6|q|. The total outward flux from the cube is (Q—6\q\)/eo, of which
one-sixth goes through each face:

_|Q-6]q
(q)E)oneface - 6e, ‘

-6 - -6 2
(@g), ., = Q=618 (.00-6.00)x107° CININ® _ e Gy
one face 6e, 6x8.85x10712 C?

The total charge is Q-6|q|. The total outward flux from the cube is (Q —G\q\)/eo, of which
one-sixth goes through each face:

_|Q-6]q
(¢E)oneface_ 6e,

When R < d, the cylinder contains no charge and ®g= El .

Gin AL

When R>d,  ®g=-1
€o €o

9 2/n2 6 ~\[J
e noe = E Pngi = g%?gmz) _ é(&gg x 10 N((?:Oécm))glo.o x107 C| @ r{100x10°

®e pole = | 28.2 NI?/C
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38 Chapter 24 Solutions



24.23

24.24

24.25

(@)

(b)
©

(b)

©

Chapter 24 Solutions 39

:qﬂ: 170)(10_6 C _ , ,
e €o 8.85 x 10712 CZ/N 2 1.92x10° N[On /C
1.92x10" Nm?/C
(qJE)oneface :%(DE = 5
(CDE)oneface = |3-20 MN I__]Tnz/c|
g = |19.2 MN |]n2/c|

The answer to (a) would change because the flux through each face of the cube would not be
equal with an unsymmetrical charge distribution. The sides of the cube nearer the charge
would have more flux and the ones farther away would have less. The answer to (b) would
remain the same, since the overall flux would remain the same.

_ Gin

P = Jin.

E eo
8.60x104=— Gin___

8.85 x 10712

Gin =7.61x1077 C =

Since the net flux is positive, |the net charge must be positive| . It can have any distribution.

|The net charge would have the same magnitude but be negative.|

No charge is inside the cube. The net flux through the cube is zero. Positive flux comes out
through the three faces meeting at g. These three faces together fill solid angle equal to one-

eighth of a sphere as seen from ¢, and together pass flux %(q/eo). Each face containing a
intercepts equal flux going into the cube:

0= qJE, net — 3cI)E, abcd + q/8€0

P, abea =

© 2000 by Harcourt, Inc. All rights reserved.
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24.26 The charge distributed through the nucleus creates a field at the surface equal to that of a point
charge at its center: E =k,q,/r?

_(8.99 x 10° Nm2/C?)(82 x 1.60 x 107 C)
- [(208)}3 1.20 x 107> m] 2

E= |2.33 x 10% N/C| away from the nucleus

_keQr _
2421 (@) E=—3 = 0]

_ ke Qr (899 x10%(26.0 x 10°)(0.100)

(b) E= a3 - (0400)3 =1365 kN/C
ke Q  (8.99 x10%(26.0 x107°%)

© E=77 = (0.400)? -
ke Q (8,99 x 10%(26.0 x 107°)

d E=-7 = (0.600)2 = (649 kN/C

The direction for each electric field is radially outward.

2ke A
2428 (a) E=——
2(8.99 x 10%)(Q/2.40)
4 _
3.60 x 10* = 0.190)
Q=+9.13x10"" C=[+913nC
b [E=0
i dv
24.29 f E.da=dn LoV Py
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E= ZLr away from the axis
€o

Goal Solution
Consider a long cylindrical charge distribution of radius R with a uniform charge density p. Find the
electric field at distance r from the axis where r <R.

G: According to Gauss’s law, only the charge enclosed within the gaussian surface of radius r needs to be
considered. The amount of charge within the gaussian surface will certainly increase as p and r
increase, but the area of this gaussian surface will also increase, so it is difficult to predict which of
these two competing factors will more strongly affect the electric field strength.

O: We can find the general equation for E from Gauss’s law.

A If p is positive, the field must be radially outward. Choose as the gaussian surface a cylinder of length
L and radius r, contained inside the charged rod. Its volume is nr’L and it encloses charge prrrZL.
The circular end caps have no electric flux through them; there ElA =EdAc0s90.0°=0. The curved
surface has E[dA = EdAcos0°, and E must be the same strength everywhere over the curved surface.

2
Gauss’s law, fE @A =1 becomes EJdA _prt
€ €
urved
Surface
. . prrrzL
Now the lateral surface area of the cylinder is 27rlL:  E(27r)L = S
0
Thus, E= 2’: radially away from the cylinder axis
0

L: As we expected, the electric field will increase as p increases, and we can now see that E is also
proportional to r. For the region outside the cylinder (r >R), we should expect the electric field to
decrease as r increases, just like for a line of charge.

(100 cm [ f

= -2 2
O m D—8.60><10 C/m

24.30 a:(8.60><10‘6 C/cmz)

-2
g= = BOOXI0° - Ty g5x107N/C
26, 2(8.85x1077)

The field is essentially uniform as long as the distance from the center of the wall to the field
point is much less than the dimensions of the wall.

2431 (a) [E=0
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k.Q _ (8.99x10°)(32.0x107%) _
®) 2 (0_200)2 _

r



24.32
*24.33
(@)
(b)
©
(d)
2434  (a)

(b)

Chapter 24 Solutions 43

The distance between centers is 2 x5.90 x 10™® m. Each produces a field as if it were a point
charge at its center, and each feels a force as if all its charge were a point at its center.

N - m?[(46)* (1.60 x 107*° C)?

= 899 x 10° =350 x 10° N = [3.50 kN]
0 C2 (2 x5.90 x 107%° m)2

KeQ102
r2

F=

Consider two balloons of diameter 0.2 m, each with mass 1g, hanging

apart with a 0.05 m separation on the ends of strings making angles of :~10 T
10° with the vertical. s e
e
_ N _ mg |
2F, =Tcos10°-mg=0 O T= 05 10° mg
>F,=Tsin10°-F, =0 O F,=Tsin10°, so
Fo = 0-M9_in 10° = mgtan 10°= (0.001 kg)(.8 m/s?)tan 10°
¢~ Hos10°0 ' '
Fo=2x10°N | ~10® N or 1mN
F = keq2
e r2
8.99x10° N[m?/C?)q?
2x10° N= ( / )q

(0.25 m)°

q=12x107" C [~107" C or 100 nC

C_ka_ (8.99x10° Nm?/c?)(12x107 C)
L

=17x10* N/C [~10 kN/C
r (0.25 m)2 /

-7
dp=d=  22X10 C _y 050f Nam?/c [ ~10 kNImZ/C
e 8.85x107? C2/Nn
-6
p=_Q - 570x10 - =213x107%2 C/m?®
7®  £(0.0400)

in = p(4 %) = (2.13x1072)(4 7)(0.0200)° = 7.13x 107 C =
mr?) = (2.13x1072) (4 7)(0.0400)° =

Wl

Qin :P(
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kA 2[8.99x10° N sz/cz)[(z.oo x10°® C) /7.00 m]
243 (@ E= ﬁ - 0.100 m

E=[51.4 kKN/C, radially outward|

(b) &g =EAcos@=E(2mre)cos0°

®¢ =(5.14x10* N/CJ27(0.100 m)(0.0200 m)(1.00) =

24.36 Note that the electric field in each case is directed radially inward, toward the filament.

2k 2[8.99x10° Nn? C?)(90.0x10° C)

=[16.2 MN/C
r 0.100 m

2k _ 2(8.99x10° N2 ¢2)(90.0x 107 C}

=18.09 MN/C
r 0.200 m

2k 2(8.99x10° N2 c?)(90.0x10 C}

=162 MN/C
r 100 m

(@ E

b) E

(0 E

-6 2
24.37 E=2 = 9.00x %(1)2 Cz:/m 5= |508 kN/C, upward
2e, 2(8.85x107* C?/N [m?)

24.38 From Gauss's Law, EA :eg

0

= % = gyE = (8.85 x 1071%)(130)= 1.15 x 10° C/m? = |1.15 nC/m?
i in/1 A
24.39 { EdA=EQmrl)= a0 g dnT
€ 2meyr 2meyr

(8 r=3.00cm inside the conductor

30.0 x 10°°
(b) r=100cm E= =D = 5400 N/C, outward|
2m(8.85 x 107*%)(0.100)

~ 30.0 x 107°
 271(8.85 x 1071%)(1.00)

() r=100cm E =540 N/C, outward|




*24.40

*24.41

24.42

(@)

(b)
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Just above the aluminum plate (a conductor), the electric field is E = o'/e;, where the charge Q
is divided equally between the upper and lower surfaces of the plate:

(QA/\Z):SA and E= Q

Thus g = =
2e0A

For the glass plate (an insulator), E=0/2e, where 0 =Q/A since the entire charge Q is on
the upper surface.

Therefore, E= Q
2epA

The electric field at a point just above the center of the upper surface is the same for each of
the plates.

E= %, vertically upward in each case (assuming Q > 0)
0

E=0/e o= (8.00 x 10%)(8.85 x 1071?) = 7.08 x 107" C/m?

0=708nC/m?|, positive on one face and negative on the other.

= Q= 0A =(7.08 x 107") (0.500)> C

>|0

Q=1.77x10" C = (177 nC|, positive on one face and negative on the other.

Use Gauss's Law to evaluate the electric field in each region, recalling that the electric field is
zero everywhere within conducting materials. The results are:

|E = 0 inside the sphere and inside the shell

E=k, % between sphere and shell, directed radially inward
r

E=k, g outside the shell, directed radially inward
r
Charge |-Q is on the outer surface of the sphere| .
Charge |+Q is on the inner surface of the shell|,

© 2000 by Harcourt, Inc. All rights reserved.
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and |+2Q is on the outer surface of the shell.




24.43

*24.44

24.45

(@)

(b)

(@)

(b)

Chapter 24 Solutions 47

The charge divides equally between the identical spheres, with charge Q/2 on each. Then they
repel like point charges at their centers:

ke(Q/2)(Q/2) ke Q? 8.99 x 109 N - m2(60.0 x 107 C)?
T (L+R+R)?> T 4L +2R)? T 4 C?(2.01 m)? -

The electric field on the surface of a conductor varies inversely with the radius of curvature of
the surface. Thus, the field is most intense where the radius of curvature is smallest and vise-
versa. The local charge density and the electric field intensity are related by

a
E=— or o=¢E
€o

Where the radius of curvature is the greatest,

0 =eqEmin = (8.85x 1072 C?/N n?)(2.80x10* N/C)= | 248 nC/m”

Where the radius of curvature is the smallest,

0 =€qEmax = (8.85x10™? C?/Nm?)(5.60x10* N/C)={496 nC/m?

Inside surface: consider a cylindrical surface within the metal. Since E inside the conducting
shell is zero, the total charge inside the gaussian surface must be zero, so the inside

charge/length = - A.

0= A0+ gy [ — =[A]

Outside surface: The total charge on the metal cylinder is 2Al =g, + Qgyt -

Uout = 271 + Al

so the outside charge/length =

e 2eBY) _6kA _[3)

r r 21meyr

© 2000 by Harcourt, Inc. All rights reserved.
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Q _ (8.99x10%)(6.40x10°)

2446 (@) E=-tr= = [2.56 MN/C, radially inward

r (0.150)

o
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2447 (a) The charge density on each of the surfaces (upper and lower) of the plate is:

-8
g:%ggg:%mzaoomo'%/mzz 80.0 nC/ m?
. m
_Oc0 _0O 8o00x10%C/m? O _
(b) E= OHK—EBSSXm_lZCZ/NszEk—|(9.04kN/C)k|

€ E= [(-9.04kN/C)k

24.48 (a) The charge +q at the center induces charge —q on the inner surface of the conductor, where its
surface density is:

—q

0' =
& | 4ma®

(b) The outer surface carries charge Q +q with density

Q+q
4mh®

Gb:

2449 (a) [E=0

- _kQ (8.9 x10°)(8.00x10°)

— — 7 —
(b) =5 = =7.99x10° N/C=|79.9 MN/C

r (0.0300)?

(0 |E=0

Q _ (8.99x10°)(4.00x107)

— — — 6 _
(d) E="tc= =7.34x10° N/C = [7.34 MN/C

r (0.0700)

24.50 An approximate sketch is given at the right. Note
that the electric field lines should be perpendicular
to the conductor both inside and outside.
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2451 (a) Uniform E, pointing radially outward, so &g = EA.  The arc length is =
ds = Rd 8, and the circumference is 2mr = 27R sin 6 ol 7

[’} [’}
A= [2mrds = [(27Rsin O)Rd6 = 2nR2Isin 6d6 = 27R?(-cos 6) \g =27nR?(1-cos )
0 0

1 Q 2 Q :
O =—— = 2mR“(1-cos@)=|—(1-cosB independent of R!
€ = 4 F 2R (1-00s0) = | 2= (1-c0s6) | [indiep ]

(b) For §=90.0° (hemisphere): ®g = -2 (1-cos90°)= |2
2eg 2ey

(c) For 8=180° (entire sphere). &g = %(1—003 180°) = Q [Gauss's Law]
0

*24.52 In general, E=ayi+bzj+cxk
V4
In the xy plane, z =0 and E=ayi+cxk },:o y=h
x=0 - y
O, = [E18A = [(ayi +cxk) koA @/
X=w- dA = hdx
2|W 2 X
CDE:chIW xdx=chX| = chw
x=0 2] 2
X=

*2453 (a) G =+3Q-Q=

(b) The charge distribution is spherically symmetric and ¢q;, >0. Thus, the field is directed
|radia||y outward| .

(c) E= —keqzi” S| 2R for e

r I’2

(d) Since all points within this region are located inside conducting material, for b<r<c.

() ®g=[EEA=0 O Uin =€®g = [0]

® o=

_ KeGin _ | 3kQ
@ ==

(radially outward) for a<r<b




24.54

24.55

(M

0

(k)

M

(@)

(b)
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Um0ty 4o rl
Gin =PV =z Q3 ) 7Tr3[|= +3Q
O3 1Ta a
I(eqin I(e O r3 0 r i
=N = £ +3Q0—r=|3k.Q—| (radially outward) for 0<r<a
r2 rnga@E eQa3 ( y )

From part (d), E=0 for b<r<c. Thus, for a spherical gaussian surface with b<r<c,
Oin = t3Q + Uinner =0 Where i, ner is the charge on the inner surface of the conducting shell.

This yields Gjnper =

Since the total charge on the conducting shell is E
Unet = Gouter + Ginner = —~Q, We have

Gouter = ~Q ~ Ginner = ~Q ~ (_SQ) = E

This is shown in the figure to the right. a b ¢ T

The sphere with large charge creates a strong field to polarize the other sphere. That means it
pushes the excess charge over to the far side, leaving charge of the opposite sign on the near
side. This patch of opposite charge is smaller in amount but located in a stronger external
field, so it can feel a force of attraction that is larger than the repelling force felt by the larger
charge in the weaker field on the other side.

fE@A = E(47r2) = gin e

E= P

— 4 3
Forr<a, qin—p(gnr)so _3e0

Conductor

Fora<r<bandc<r, (p=Q sothat|E= Q2
4mre,

Forb<sr<c, E=0,since inside a conductor.

Let q; = induced charge on the inner surface of the hollow sphere. Since E = 0 inside the
conductor, the total charge enclosed by a spherical surface of radius b < r < ¢ must be zero.

_ W -Q
471h? 47mh?

Therefore, Q1 +Q=0 and o1

Let g» = induced charge on the outside surface of the hollow sphere. Since the hollow sphere
is uncharged, we require q; + g2 =0

Q

47c?

and 0,=——=
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24.56
@)
(b)
©
24.57

fE@A =E(47r?) =T

€
-3.60x10° N/C}47(0.100 m)® = Q a<r<b
( / ) n ) 8.85x1072 C2/N n? ( )
Q=-4.00x10° c-
We take Q' to be the net charge on the hollow sphere. Outside c,
+2.00x10% N/C)47(0.500 m)? = Q+Q F>c
( / ) n ) 8.85x10712 C2/N m? (r>c)

Q+Q' =+556x10°C, so Q =+9.56x10° C=[+9.56 nC

For b<r<c: E=0 and g;, =Q +Q; =0 where Q is the total charge on the inner surface of the

hollow sphere. Thus, Q; =-Q ={+4.00 nC

Then, if Q, is the total charge on the outer surface of the hollow sphere,

Q,=Q' -Q, =9.56 NC—4.00 nC = [ +5.56 nC

The field direction is radially outward perpendicular to the axis. The field strength depends

on r but not on the other cylindrical coordinates 8 or z. Choose a Gaussian cylinder of radius r
and length L. If r<a,

_ Gin AL
qDE—eO and  E(27rL) e,
E= A or E= A (r<a)
27Ireg 27reg
AL 2-a%)L
If a<r<b, E(2mrL) = +pn£r a)
0
A 2_.2
E:M (a<r<b)
27re,
AL b? —a?)L
If r>b, E(27rL) = +pn( a)



27reg

E:A +pn(b2—a2)

(r>b)
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24.58 Consider the field due to a single sheet and let E.
and E_ represent the fields due to the positive and + -
negative sheets. The field at any distance from each ! | — || —
sheet has a magnitude given by Equation 24.8: : _
+ -_—
e+ =|e| =2 HE=2 |-|E=0
2eg + U
+ -_—

(@) To the left of the positive sheet, E. is directed
toward the left and E_ toward the right and the net

field over this region is .

(b) In the region between the sheets, E, and E_ are both directed toward the right and the net field
is

E :egtoward the right
0

(c) To the right of the negative sheet, E. and E_ are again oppositely directed and .

24.59 The magnitude of the field due to each sheet given by Equation 24.8 + +
is —|T|—[t| —
+ +
+ +
g . . + +
E =—— directed perpendicular to the sheet. E-9 |+|lg=0|*|E=<
2e == = ==
0 0 [+ + 0
+ +

(&) In the region to the left of the pair of sheets, both fields are directed
toward the left and the net field is

E= g to the left
€

(b) In the region between the sheets, the fields due to the individual sheets are oppositely directed
and the net field is

- [0

(¢) Inthe region to the right of the pair of sheets, both fields are directed toward the right and the
net field is

= | < to the right
€y
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Goal Solution

Repeat the calculations for Problem 58 when both sheets have positive uniform charge densities of value
o. Note: The new problem statement would be as follows: Two infinite, nonconducting sheets of charge
are parallel to each other, as shown in Figure P24.58. Both sheets have positive uniform charge densities

0. Calculate the value of the electric field at points (a) to the left of, (b) in between, and (c) to the right of
the two sheets.

G: When both sheets have the same charge density, a positive test charge at a point midway between
them will experience the same force in opposite directions from each sheet. Therefore, the electric
field here will be zero. (We should ask: can we also conclude that the electron will experience equal
and oppositely directed forces everywhere in the region between the plates?)

Outside the sheets the electric field will point away and should be twice the strength due to one sheet
of charge, so E=0/¢, in these regions.

O: The principle of superposition can be applied to add the electric field vectors due to each sheet of
charge.

A: For each sheet, the electric field at any point is \E\ = 0/(2ey) directed away from the sheet.

() At a point to the left of the two parallel sheets E =E (i) +E,(-1) =2E(H) = _egi
0
(b) At a point between the two sheets E=Eji +E,(-i) =0
() Ata point to the right of the two parallel sheets E =E;i +E,i =2Ei= egi
0

L: We essentially solved this problem in the Gather information step, so it is no surprise that these
results are what we expected. A better check is to confirm that the results are complementary to the
case where the plates are oppositely charged (Problem 58).

24.60 The resultant field within the cavity is the superposition of L]

two fields, one E, due to a uniform sphere of positive charge
of radius 2a, and the other E_ due to a sphere of negative
charge of radius a centered within the cavity.

3
ﬁnrp:4r[r2E+ SO E+:ﬂf:ﬂ
3 g 3eg  3eg

3 -
_ﬂmzmﬂfa so E_:m(_;l):irl
3 e 3eg 3eg
Since r=a+r,, _:M

3eg
E=p, +E =P _ P, PA_pa_, PR
3eg 3ep 3ey 3gg 3eg

Thus, [E,=0 and |(E, = % at all points within the cavity.
0
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24.61 First, consider the field at distance r <R from the center of a uniform sphere of positive
charge (Q = +¢) with radius R.

v O 4 D4 O ¢ O .
amr?)g=Gin - PV (——e[>—— SO E= directed outward
( ) & € 3R’ € Ha e R® H

(@) The force exerted on a point charge g = —e located at distance r from the center is then

a __|:| e |:|__|] g2 o —
FoaEs egzlneoRe’H_ EineoR3H_

e2 ke

2

by K=———=
®) 4me,R® | RS
() F,=mea :_EkBLeZD so a :_Dngeez . = —°r
r er R3 H’ r eR3H
o o w1 ke?
Thus, the motion is simple harmonic with frequency f=—=|— 3
2 | 2m\m,R
| 2
© 1 (8.99x10° Nin? C?)(L60x107° ]
(d)y f=2.47x10" Hz=—] 31 3
2| (9.11x10 kg)R
which yields R®=105x10" m3 or R=102x107% m=[102 pm
24.62 The electric field throughout the region is directed along x; E,
therefore, E will be perpendicular to dA over the four faces of y bA/ ]
the surface which are perpendicular to the yz plane, and E will A
be parallel to dA over the two faces which are parallel to the yz @1 X
plane. Therefore, ,/<am<c>

O, = —(EX\H)A " (EX\X=a+C)A = {3+ 2a2)ab + (3 + 2(a+ )2 Jab = 2ae(2a + ¢)

Substituting the given values for a, b, and ¢, we find ®g =[0.269 N - m2/C|

Q= Pe=238x10"?C=[238pC

24.63 fE @A = E(4nr?) = Gin
€
R 5 5
(@ Forr>R, g, =IAr2(4n'r2)dr 4™ and B2 | AR 5
3 5 5eqr
r 5 3
(b) Forr<R, g, :IAr2(4nr2)dr _ 4mAr and E= Art
5 5eq
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24.64 The total flux through a surface enclosing the charge Q is Q/ey. The flux through the disk is
(Ddisk :IE A

where the integration covers the area of the disk. We must evaluate this integral and set it
equal to % Q/ e, to find how b and R are related. In the figure, take dA to be the area of an
annular ring of radius s and width ds. The flux through dA is

E - dA =E dA cos 6 =E(2rrsds) cos 8

The magnitude of the electric field has the same value at all points within
the annular ring,

1 Q 1 Q b b
= and cosf=—=————
r (32+b2)1/2

41y 12 4Ty S° +Db2

Integrate from s =0 to s = R to get the flux through the entire disk.

_Qb R sds _ Qb [—(sz+b2)1’2] ‘R _Q
0

o R sk RN [ B
E, disk 260-[0 (52+b2)3/2 2e, 2ey (R2+b2)1/ZH

b 1

The flux through the disk equals Q/4e, provided that ——— = —.
g q Q o P (RZ + bz)l/z 2

This is satisfied if |[R =43 b].

r
24.65 fE MAzqﬂziIhmzdr
& €ogf
r 2

E4r[r2 :477-[‘%1 rdr 2477Tar7

€ 9 e 2
E= 2| = constant magnitude

2eq

(The direction is radially outward from center for positive a; radially inward for negative a.)
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24.66

24.67

Chapter 24 Solutions

(@)

(b)

(@)

(b)

. - . . . 1
In this case the charge density is not uniform, and Gauss's law is written as fE [dA :e—IpdV.
0

We use a gaussian surface which is a cylinder of radius r, length ¢, and is coaxial with the
charge distribution.

r
When r <R, this becomes E(2mrl ) = %I%\—%gdv. The element of volume is a cylindrical
079

shell of radius r, length | , and thickness dr so that dV = 27l dr.

ol po0a r O . . oof 0. 2rQ0
E(27rl ) = 0 —2___ - soinside the cylinder, E=|L0C 52
(27m) H e H2 3b0 y 2eo% 3b0

When r > R, Gauss's law becomes

2
. . _| PoR _ 2R
27TI’| Iga 32an dr or outside the cylinder, E 2eqr %1 e

Consider a cylindrical shaped gaussian surface perpendicular to

the yz plane with one end in the yz plane and the other end Y
containing the point x: V)
Use Gauss's law: ‘fE [dA = qeﬂ gaussian
0 surface
By symmetry, the electric field is zero in the yz plane and is ]
perpendicular to dA over the wall of the gaussian cylinder. / x
Therefore, the only contribution to the integral is over the end cap 2 *X'}
containing the point x : /
fEmA:qﬂ or EA:L(AX) NN N
€ €
so that at distance x from the mid-line of the slab, [E :%
0
F _(-eE )E O pe
a=—-= Hﬂ—
me eeOH(
The acceleration of the electron is of the form a=-w’x  with w= \ mpz
| M€
1 | pe

21 21

Thus, the motion is simple harmonic with frequency f= = —\/
M€




24.68

24.69

(@)

(b)

(@)

(b)
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Consider the gaussian surface described in the solution to problem 67.

For x>g, dg=pdV = pAdx =C Ax? dx
1

IEMA=—J’dq
€o

A2 1CATY3 0

_CA o 1
A= [ =30 Ha

3 3 3
E=Cd or E=Cd i for x>9; E=—ii for x< ——
24¢ 24¢, 2 24e
x 3
For —g<x<9 IEmA:iqu:% xzdx:CAX
2 2 € € 3eg
0
3 3
E:—Xi for x>0; E:—Cii for x<0
3eg 3eg
A point mass m creates a gravitational acceleration g= —G—;n r atadistancer.
r
. . _ Gm 2\ _
The flux of this field through a sphere is jig A = ——2(4711' ) =—-471Gm
r

Since the r has divided out, we can visualize the field as unbroken field lines. The same flux
would go through any other closed surface around the mass. If there are several or no masses
inside a closed surface, each creates field to make its own contribution to the net flux
according to

fg [HA = - 47‘[Gmin

Take a spherical gaussian surface of radius r. The field is inward so
fo A= g4’ cos 180° = — g 472
and - 4nGm;, = -4G$ m’p

Then, - g4m? =~ 4nG4m’p and g=4mpG

Or, since p:ME/%ﬂRES, g=
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