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36.0 x 10 ¥ C/m? kN

a
The positive plate by itself creates a field EF=5r = =2.03—
. 25y C

2(8.85%x 107" C*/N-m?

away from the + plate. The negative plate by itself creates the same size field and between the
plates it is in the same direction. Together the plates create a uniform field 4.07 kN/C in the

space between.

Take V =0 at the negative plate. The potential at the positive plate is then

o Yoe
Vo= (407 KN/ C)ax

The potential difference between the platesis V= (4.07 x 103 N/C)(0.120 m) = [488 V

(%‘mvz +q \1) = L%I]J\’z +q "J

i f

s - 1 2
gV =(1.60% 10 " C)(488 V) = 7 mvf

C=4reyR

=|781x10'7]

C
R=tres - ke C = (8.99 x 109 N - m?/C¥(1.00 x 10712 F) =

 47(8.85x 1072 CH(2.00 x 10° m)

C=4negR

Q=CV=(222x108F)100V)=]2.22x10"C

N - m?

=[0.222 pF




Keg A

26.8 C= =60.0x10°° F

kepA (1)(8.85x1077)(21.0x107")
- Cc 60.0x107%°

d=310x10" m=

d

26.10 With @ =x, the plates are out of mesh and the overlap area is zero.
With 6=0, the overlap area is that of a semi-circle, R’RZ/Z. By
proportion, the effective area of a single sheet of charge is
(-8R f2.

+ 1]+
+ + +
+ + |+
+ + |+

When there are two plates in each comb, the number of adjoining
sheets of positive and negative charge is 3, as shown in the sketch.
When there are N plates on each comb, the number of parallel
capacitors is 2N —1 and the total capacitance is

C= (ZN— l)eﬂAef[ective — (2N7 ]‘)eﬂ (ﬂf G)RZ/Z - (2N7 1) €p (?rf B)Rz

distance d‘/z d
26.22 The circuit reduces first according to the rule for C C
capacitors in series, as shown in the ﬁgure‘ then - H - I—
according to the rule for capacitors in parallel, |L | C/2
shown below. L i ] = l I
vooe 0 c/a
A+ o

1 1 11



Q 5 _Q
26.23 C-=7 s0 6.00 x 10°° = 55> and Q=[120 uC

Q;=120pC-Q; and AV:%
1200 Qo 120 Qs I _I_ . l
¢ "¢ ™ 6.00 ~3.00 '[AV c, C;

(3.00)(120 - Q,) = (6.00)Q; C o

1 Y2
360
Q= 500 = 40.0 pC
Q; =120 uC - 40.0 pC = [80.0 uC
N . Q  48.0uC
*26.45 (a) With air between the plates, we find Cy= E =170V = 4.00 pF

(b) When Teflon is inserted, the charge remains the same (48.0 uC) because the plates are isolated.
However, the capacitance, and hence the voltage, changes. The new capacitance is

C'=kCoy=2.10(4.00 uF) =

() The voltage on the capacitor now is  AV'= CQ = %}% =
and the charge is
26.47 1_ 1 + L _kib-a) kic=b
C ( xyab ] [ K, be ] Kyab K,be
k. (b—a) k.(c—b)
C- | B KKk abe B A Ky ic; abeeg
ke (b-a) + ko(c=b) Kk, x,(bc— ac) + k, x,(ac— ab) | x,bc — x,ab + (1, — K,) ac

K ab Ky be



1 I 1 17! 3.00 uF 6.00 uF
%50 @ C-|35+505 *|zoo 7o) -] i
(©  Qac= Cac (AVag) = (2.00 pF)(90.0 V) = 180 pC 2.00 uF 4.00 uF
d—A—
Therefore, Q5= Q= I
9.0V
Qur = Car AV ) = (1.33 uF)(90.0 V) =
Q3 80
O AVs= T =300 1 -
Qs 180 uC
AVe= Ty “Boopr - L1300V
Q, 120 uC
AVy = C—2 =500 uF 1F =(60.0V
Qs 120 puC
AVy = a :4.00pF =300V
_ L 2_ L 6 2 _
(d Ur=73 CeqAV)"= 7(3.33x107°)(90.0 V) = [13.4 m]
26.61 Note that the potential difference between the plates is held constant at AV, by the battery.

Ci= % and Cf:i:—qu-‘-q
AV AV, AV,

i

But C;=xC;, so 2FX9_ %
AV, AV,

qlU—+q0r k=|1+

Thus, x= 9
o o




27.9

27.14

27.24

(a)

Homewor k #5 Solutions

I 5.00 A

a) J=—= =199.5 kKA/m?2
@ A 7(4.00x107% m)®

1 1 11

J = — . _— =

© =3 A, 4 A
1 32 _ 12
AlzzAz 50 77:(400><].0 ) :ZEIZ

r, =2(4.00x107%) =8.00x10~ m =

Applying its definition, we find the resistance of the rod,

AV 15.0V
R=—=——"--=3750Q = |3.75kQ
YT [p151a]

The length of the rod is determined from Equation 27.11: R=pf/A. Solving for £ and

substituting numerical values for R, A, and the values of p given for carbon in Table 27.1, we
obtain

_RA_ (3.75x10° ©)(5.00x 10"° m?)

=[536
. P (3.50%107° Q-m)
Pl prly 2
R=—+"="= (p;1,+p,1,)/d
A, A, (P11 +pyly)

R (4.00x 1073 Q- m)(0.250 m) + (6.00 x 10~ Q - m)(0.400 m)
(3.00x 1073 m)?

= 378 Q




27.49

*27.52

(@)

(b)

At operating temperature,

P = I(AV) = (1.53 A)(120 V) =

Use the change in resistance to find the final operating temperature of the toaster.

R=Ro(l + ¢ AT

120 120 .
5T = TR0 [1+(0.400x10 JAT]
AT = 441°C

T=20.0°C + 441°C =

(AV)?
R

AV
I=T so P =AVI=

(AVY (120 V)?
R="20 = oW = (5762

P 250W 0O 1.00C
I= 3v=Toov =028A=T ==

1.00C
(= 508Kk =[480s

AU 1.00]

P=25.UW=T=T

1.00]

t=5z0wW = 0.0400 s

AU=Pt=(25.0]/5)(86400 s/d)(30.0 d) = 64.8 x 10°]

The energy company sells .

(AVY? (120 V)?

The charge has |]ower potential energyl .

The energy |changes from electrical to heat and ]ightl .

Cost=648><10“J($0'0700)[ < ](WSJ(
: kWh )\1000){ "7 )\36

kWh
3.60 % 108

C . $0.0700
ost per joule = <7

) =|$1.26

J =1$1.94x10%/]



2766 (a) R=PL- %
A ;fr(rb -r )

a

(3.50x 10° ©-m)(0.0400 m)
:'r[(U.OlZO m)? —(0.00500 m)?

b R= ]=3.74><107Q=

(c) dR:Ld'P:—pdr =( £ ]d—] so R=-F_ rbﬁ: P |
A (2ar)L \2xL) r 2mlir. r 2nL \r

a

~ (3.50x10° Q-m) [ 1.20

d R= J:l.zzxm“gz: 1.22 MQ
27(0.0400 m) ~ 0.500

3.0V —AW— —W—
28.3 The total resistance is R = TE00A = 5.00Q
(a) Rlamp = R - Matteries = 5.00 2 - 0.408 Q = [4.59 Q s

LAdAd

p. . (0408 Q)I?
(b) batteries _ =0.0816 = -816%
Pmml (500 Q)Ig

284 (a) Here E=I(R+r), so I= 2 = 12.6V =2.48 A
R+r (5000 + 0.0800Q) % %

Then, AV=IR=(2.48 A)(5.00 Q)=

(b) Let I} and I, be the currents flowing through the battery and the headlights, respectively.

Then, I =I,+350A and E-Iir-LR=0
S0 €= (I, +35.0 A)(0.0800 Q)+ I,(5.00 Q) =12.6 V
giving I, =193 A

Thus, AV, = (193 A)(5.00 Q) = [0.65 V



28.15

1 1! 2.00 Q
R,= [—+—] =0.750 Q AW
3.00 100 ,
L 180 300 1.00
- - TV QT @
R;=(2.00+0.750 + 4.00) Q =6.75 Q 400 ©
'nvo\'av.l
AV _18.0V
Ibm.tery = E = 6.75 O =2.67T A 2.00 €
18.0 <0.750
p=I’R:  Pp,=(2.67 A)*(2.00 Q) v T 20
Py = [14.2 W] in 2.00 Q 400Q
2
P4=(2.67 A)°(4.00 Q)= [28.4 W] in 4.00 Q 18.0
1= (267 AY(4.00 9) in "II
AV, =(2.67 A)(2.00 2)=5.33V, AV, =(2.67 A)(4.00 Q)=10.67 V PRLAP

AV, =180 V-AV, -AV; =2.00V (=AV;=AV))

(Av;)° (2.0 V)’

Py= = = in 3.00 Q
Ry 3.00Q

(AV)F (2.00 V)’

D= - = [400 W] in 100 @
R, 100 Q




2817 (1) AV=IR: 33.0V=1L(11.0Q) 33.0V=1(22.0Q)

[=300A L =150A

p=I’R: P1=(3.00 A)*(1L0Q)  Py=(150 A)*(22.0 Q)

P1=99.0 W P;=49.5W

|The 11.0-Q resistor uses more power.l

(b) Pi+ Py=[148W P =I(AV)=(4.50)(33.0)= [148 W

© R=R+R,=11.0Q+22.0Q=33.0Q

AV=IR: 33.0V=1(33.0Q), so I=100A :

p =I’R: P1=(L00AY(1L0Q)  P2=(100 A)*(22.0 Q)

P =1L0W P,=22.0 W

|The 22.0-Q resistor uses more power.l

() pr+ Py=T%(R +R,)=(1.00 A)*(33.0 Q)= [33.0W

p = [(AV)=(1.00 A)(33.0 V)=

(e) |The parallel configuration uses more power.l




