CHAPTER 18

Problem Solutions

181 From AV =I(R+r}, the internal resistance is
AV 9.00V
p=BY g3V ong-[amn
T R=tira

182 (a) R =R +R,+R,=+40Q+8.00+12 n=
(b} The same current exists in all resistors in a series combination.
AV 24V
— =10 A
(c) If the three resistors were connected in paratlel,

-1

1 1 1 1Y
Ry= L§"+E "R: (4.on+s.on+1zg) ~[2139]

Resistors in parallel have the same potential difference across them, so

LAV 28V ooa, =2V _30A,md1,=2V-[204
R, 40Q 8.00Q 12Q
18.3  For the bulb in use as intended, A
0.800 Q
(AV) _f20vy
Ry = oW - 128 — 120V 1920
Now, presuming the buib resistance is unchanged, 0.800 o

the current in the circuit shown is ¥

=4V 120Y 0620 A,

R, 0.800£+192 Q+0.800

and the actual power dissipated in the bulb is

©=1"R,, =(0.620 A)* (192 Q)=



184 (a)
(b}
185 (a)
(b)
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The current through this series combination is a_ g b ‘c_
3.0Q 6.0Q
I=(Av) 12V =20A
R, 600
Therefore, the terminal potential difference of the AV
power supply is } }

AV=IR,=(20A){9002+60Q)=

When connected in parallel, the potential difference across either resistor is the
voltage setting of the power supply. Thus,

AV =1,R,={025 A)(9.0 2 ) =[23 V]

The equivalent resistance of the two parallel 7.00
resistors is

1 1 ]"
{2 1| zara
& [7.oon+1o.on

Thus,

R, =R, +R, +R,=(4.00+412+9.00) Q=|17.1Q

AV
1= 34°V_199A so[T, =1, =199 4]
R, 1710

Also,  (AV),=I.R,=(199 A)(412 Q)=8.18V

(A

818V
Then, L= F= 7000 _

(AV), 8a8Vv
d =2F 818 A
an Lo Ri “l00a -
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18.6  The equivalent resistance of the parallel combination of three resistors is

1 1 1 !
RP‘(m o'o0n sy 09

Hence, the equivalent resistance of the circuit connected to the 30 V source is

R,=R,+R,=12Q+3.00Q=(150]

18.7  The rules for combining resistors in series and parallel are used to reduce the circuit to
an equivalent resistance in the stages shown below. The result is R, =

EEME T RN

188 (a) The rules for combining resistors in series and parallel are used to reduce the circui
to an equivalent resistor in the stages shown below. The resultis R, =|5.13 Q

“’lc

1000
o 4000
3.00 82
Figure 2
Za
3000 Ry=5130
3.00Q ——WJ\/——’WW—— —W—
Figure 3 Figure 4 Figure 5

(b) From g={AV) R,, , the emf of the power source is

AV=Jp-R, =f(400 W)(5130) =[453 V |
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189 Turn the circuit given in Figure P18.9 90° counterclockwise to observe that it is
equivalent to that shown in Figure 1 below. This reduces, in stages, as shown in the

following figures,
b b
1 8 >
5.
=0 D B0 5.00
10.0% 5.00 c 10.0 Q=250
Q= Q Q ? 0
10.0 200 10.0
Q 0 Q
a P
Figure 1 Figure 2
b
I | I
2% 0 2‘\5].0
2.94 §12 9
Q
10.0
Q
a
Figure 3 : Figure 4

From Figure 4,

S8V _BOV_193a
R 129Q

(b} From Figure 3,

(AV), =IR,

=(1.93 A)(2.94 Q) =[5:68 V|

(@) From Figures 1 and 2, the current through the 20.0 Q resistor is

Iy= (aV)y 568V o7
R, 250Q
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18.10 First, consider the parallel case. The resistance of resistor B is

In the series combination, the potential difference across B is given by
(AV) =(AV )y ~(AV), =60 V-40 V=20V

The cuttent through the series combination is then

AV), 40V
d th istan f istor Ais R =( Aa =
ant € I'CS1S Ce Of resISior /A 15 1N, Is 2/3A

18,11 The equivalent resistance is R, = R+R, ,where K, is the total resistance of the three
parallel branches;

_[ 1,1, 1 )“‘_( 1,1 )"_(309)(R+5.on)’w
R, 1200 400 R+500Q 300 R+500Q/ R+35Q

(30 Q)(R+509) _R*+(65 QJR+150 0’

Thus, 75Q=R+ ’
R+35Q R+35Q

which reduces to R2— (10 Q)R +2475 ©* =0 or (R—55 Q)(R+45Q)=0.

Only the positive solution is physically acceptable, so R =

18,12 (a) The total current from a to b is equal to the maximum 1000

current allowed in the 100 £ series resistor adjacent . 1000
to point 4. This current has a value of m

- [Frec (BOW _ 500 A
R 100 @
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The total resistance is
R —1oon+[ t 1 )'l—loon+5oon—1son
"= 00Q 1009/ LR

Thus, (AV),,., = [Ra =(0.500 A)(150 @) =[750 V]

(b) The power dissipated in the series resistor is g, = IR =]25.0 W | and the power
dissipated in each of the identical paralle] resistors is

2, = 0, = (L. /2) R=(0.250 AY (100 Q) =[625 W
The total power delivered is

=@, + 0, +p,=(250+625+6.25) W=W

18.13 The resistors in the circuit can be combined in the stages shown below to yield an
equivalent resistance of R, =(63/11) Q.

600

300 30Q

J 1. 18V 18V

Figure 3 Figure 4 Figure 5
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(av), 18V

Rﬂd —m=3-14A.

From Figure 5,1 =

Then, from Figure 4, (AV)H =IR,=(3.14 A)(30/11 Q) =857V.
Now, look at Figure 2 and observe that

_{(av), 857V
273004200 50Q

=1714A,

so  (AV),=LR,=(171A)(30Q)=514V

Finally, from Figure 1, I, =

The resistance of the parallel combination of the
3.00 & and 1.00 © resistors is

R—( 1,1 )4—07509
PTR3000 1000 )

The equivalent resistance of the eireuit connected to
the battery is

2000
R,=200Q+R,+400Q=6750Q,
and the current supplied by the battery is 18'3 T ?1750
_AV_180V _, o
R, 675Q 4.00Q

The power dissipated in the 2.00-Q resistor is

P, =R, =(2.67 A)’(2.00 Q) =[122 W],

and that dissipated in the 4.00-Q resistor is

#,=I"R,=(2.67 A)’ (.00 Q) =



18.15

18.16
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The potential difference across the parallel combination of the 3.00 £ and 1.00 Q2
resistors is

(AV), =IR, =(2.67 A}(0.750 @) =2.00 V
Thus, the power dissipation in these resistors is given by

(aV), (200V)

= Pt —* =|133W
£s R, 30002 -

2 2
_v), _@0OV) rmew
R 1000

and g,

(a) Connect two 50-0 resistors in parallel to get 25 ). Then connect that combination
in series with a 20-Q resistor for a tofal resistance of 45Q.

(b) Connect two 50-£2 resistors in parallel to get 2512, and connect two 20- resistors
in parallel to get 10 £2 . Then connect these two combinations in series to obtain
B0,

Going counterclockwise around the upper loop, 7.00 2 150 W
applying Kirchhoff’s loop rule, gives ——WW——-{ —
. Il )
+15.0 V- (7.00)1, - (5.00)(2.00 A) =0, ¢ 5008 ®
IZT 2000
150V-100V . £
_150V-109V _r57iga L —— 1 —
L 7.008

From Kirchhoff’s junction rule, I, +1,-2.00 A=0,

so  L,=200A-1,=200A-0714A=[129A

Going around the lower loop in a clockwise direction gives

+&—(2.00)1, - (5.00)(2.00 A)=0

or  £={2.000Q)(129 A)+(5.00 Q)(2.00 A)=
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18.17 We name the currents [}, I,, and I, as shown.
Using Kirchhoff’s loop rule on the rightmost
loop gives

+12.0 V-(1.00+3.00) I,
~(5.00+1.00)I, - 400 V=0

or (2.00)1, +(3.00)I, =4.00 V (n

Applying the loop rule to the leftmest loop yields
+4.00 V+(1.00+5.00), ~(8.00)1, =0,

or (4.00)f; —(3.00)[,=2.00 V

From Kirchhoff's junction rule, I, +I,=I,

3';3‘.&0
h  h=s500 ' T
| |Ze 1.(;3:, I
1.00
L Q
§gioo 120
%DO VT
_l_

@
3

Solving equations (1), (2) and (3) simultaneously gives

[1,=0.846 A, 1,=0462 A, and I, =131 A ]

All currents are in the directions indicated by the arrows in the circuit diagram.

18.18 The sclution figure is shown to the right.

=

—®

>

e

=5
2

ot &
®)
S |
®
®

18.19 (a) Applying Kirchhoff's loop rule, as you go clockwise around the locp, gives

+20.0 V - (2000} - 30.0 V—(2500)I +25.0 V- (500)I =0,

or 1=3.00%x10° A=|3.00 mA
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{b) Start at the grounded point and move up the left side, recording changes in
potential as you go, to obtain

V, =+20.0 V(2000 Q)(3.00x 10" A)-30.0 V- {1000 2){3.00x 10~ A)
© (AV)g=(15009Q)(3.00x10° A)=[450 V]

(The upper end is at the higher potential.)

18.20 Following the path of I, from a to b, and recording 3 24V

a
changes in potential gives
I3 Iz fl
V,-V,=+24 V-{6.0Q)(3.0 A)=+60V R 300 EXiFe]

Now, following the path of I, froma to b, and )
recording changes in potential gives b

V,~V,=—(3.0Q),=+6.0V,or I, =
Thus, I, is directed from and has magnitude of 2.0 A.

Applying Kirchhoff’s junction rule at point 2 gives

L=5+L,=30 A+(-20 A)=[10A] L

18.21 First simplify the circuit

4.00Q
by combining the series
resistors. Then, apply h
Kirchhoff's junction rule 6.00Q
at point a to find 1200
8.00V
IL+I,=200A L
I=200A I=200A a

Next, we apply Kirchhoff’s loop rule to the rightmost loop to obtain
—8.00 V+(6.00)1, - (12.0), =0,

or -8.00 V+({6.00)1, -(12.0)(2.00 A-L)=0  Thisyields [, =1.78 A.
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Finally, apply Kirchhoff's loop rule to the leftmost loop to obtain
+£,-(4.00){2.00 A)—(6.00)], +8.00 V=0,

or  £=(4.00)(2.00 A)+(6.00)(1.78 A)~8.00 V=[107 V

-

18.22 (a) The resistors can be combined as shown below to yield an equivalent of 6.6 Q2.

600

Ig

Figure 1

ac

Then, from Figure 2, (AV), =L, R, ={1.82 A)(3.6 Q)=66V

From Figure 1,

__,(AV) _6-6V__ _(AV) B
e 6-03"6.0:1'arld 5= 9.05“

{b) Using Figure 1 above, apply Kirchhoff's junction rule at point 4 to obtain

I=I,+I, (Y
Next, apply Kirchhoff’s loop rule to the small loop containing the 6.0-2 and 9.0-£2
resistors to find

—(6.0)1, +(9.0)1, =0, or I, ={2/3)1, 2

Finally, apply Kirchhoff's loop rule to the outside perimeter of Figure 1 to obtain
-(6.0)1,—(3.0)]; +12 V=0, ar (2.0}, +,=40V 3

Solving equations (1), (2}, and {3} simultaneously yields

lI3 =18A,1,=11A,I,=073 AJ




1823 (a) We name the currents I, I, and I, as shown.
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Applying Kirchhoff's loop rule to loop abefa,
gives +& - & - R, -R ], =0,

or 3L, +2], =10.0 mA O
Applying the loop rule to loop edcfe yields

+&—Ryly - & -R1; =0,

or 3, +4I, =200 mA )
Finally, applying Kirchhoff's junction rule at junction c gives
L=L+I (3)

Solving equations (1), (2), and (3} simultaneously yields

[1,=0.385 mA, I, =3.08 mA, and I, =2.69 mA |

(b} Start at point c and go to point f, recording changes in potential to obtain

1824 (a)

V, -V, =&, RyI, =—60.0 V—(3.00x10° 0)(3.08x 10" A)=—692V,

or |AV],,=[692 V and point ¢ is at the higher potential |

Applying Kirchhoff's loop rule to the circuit gives 150V 150V
- -
+3.00 V—{0.255 2+0.153 ©+ R)(0.600 A)=0 0.255 2 01530

_ \ .
300V W Toe00A
==Y (0255Q+0.1530)= :
or R=c"0 {0.255 +0.153 ©) R
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(b) The total power input to the circuit is
Dipue = (8 +&)1=(1.50 V+1.50 V)(D.600 A)=1.80 W,

Po, = (1, +1,)=(0.600 A)?(0.255 2 +0.153 Q) =0.147 W

Thaus, the fraction of the power input that is dissipated internally is

Sow OWW et or8.16%
Ouns | 1BOW

18.25 Applying Kirchhoff’s junction rule at junction a gives
Ii=L+I, m

Using Kirchhoff’s loop rule on the upper loop yields

+24 V—(2.0+4.0)I, —(3.0)I, =0 vy
T 1.0¢
or 2L +1,=80A, (2)
and for the lower loop,

+12 V+(3.0)I, - (LO+5.0)[, =0
or  2L,-I,=40A )

Solving equations (1), (2), and (3) simuitarneously gives

[I;=35A,1,=25 Aand,=10A]




18.26

18.27
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Using Kirchhoff's loop rule on the outer — 5 I In
perimeter of the circuit gives ,l, l

+12 V—(0.01)I, ~(0.06) I, =0, ote X108 =006

Starter
3 T120Vv T1wov
or L+6,=12x10" A, (n L
Live Dead
battery battery

For the rightmost lpop, the loop rule gives

+10 V+(L00)I, ~(0.06)L, =0,
or I,-0.06I,=-10 A, 2
Applying Kirchhoff's junction rule at either junction gives

L=L+I,. 3)
Solving equations (1), (2), and (3) simultaneously yields

|1, =028 A (in dead battery) and I, = 1.7 x10” A (in starter) |
Assume currents I, I,, and I, in the directions shown. 200V 30.0
Then, using Kirchhoff's junction rule at junction 4 gives —

s0Q g, o
L=hL+1, B —Il-—'WV\(—P—'a
100V 2000 by

Applying Kirchhoff’s loop rule on the upper loop,

+20.0 V—(30.0)1, +(5.00}I,-10.0 V=0,
or  6I,-I,=2.00A ©

and for the lower loop, +10.0 V—(5.00}1, —(20.0}; =0,
or L+4I,=200A

Solving equations (1), (2), and (3) simultaneously yields

[1,=0353 A, 1,=0.118 A, and I, =0471 A

(&)



1828 (a)

(b)
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Since there is not a continuous path in the 18V 200 800
center branch, no current exists in that part *=
of the circuit. Then, applying Kirchhoff’s loop I
rule to the outer perimeter gives

600 12v*
100 400

—y

+18 V+36 V-[{10+40+3.0+8.0+2.0) Q]1=0

or 1=2Y _30A 36V
1802

\Now, start at point & and go around the lower loop to point 4, recording changes in

potential to obtain

V, -V, =-36 V+(4.0 Q+1.0 Q)(3.0 A)}+(6.0 Q+5.0 Q)(0)+12 V=90V,

or |AV],, ={9.0 V with point  at a higher potential than 4 |

Assume currents as shown in the modified 18V 130
circuit. Applying Kirchhoff's loop rule to the =
upper loop gives L

—(11)I+12 V—(7.0)1— (13}, +18 V=0
h-1
or 187+131,=30 A : (L)
For the lower loop, the loop rule yields 500 BV
—(5.0{I, - 1)+ 36 V+(7.0) I -12 V +{11}I=0,
or 231-5I,=-24 A. @
Solving equations (1) and (2) siﬁlulfaneously gives I, =29 A, and

I=-042 A

Thus, the current in the 7.0-Q ram'storis‘&ﬂAﬂowingﬁumbtoa I.
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18.29 Applying Kirchhoff's junction rule at
junction a gives

L=hL+I,. 6))

Using Kirchhoff's loop rule on the leftmost
loop yields

-3.00 V- (4.00), ~(5.00) [, +120 V=0
or 5L +4,=900A, | @
and for the rightmost loop,
~3.00 V—{4.00)1, —(3.00+2.00)1, +180 V=0
or 5L +4I,=1504A, 3
Solving equations (1), (2), and (3) simultaneously gives
L=0323 A, 1,=1523 A, and ], =1.846 A

Therefore, the potential differences across the resistors are

AV, =1,(2.00 ©) =[305 V} AV, =1,(3.00 Q) =[457V}
AV, =1,(4.00 ) =[738 V} and AV; = ,{5.00 0)=[162V]

1830 The time constant is 7=RC. Considering units, we find

Volts \[Coulombs] { Coulombs

R Ohms)(Farads)
¢ ){Farads) kAmperes Volts Amperes
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1832 (a) 7=RC=(1000)(20.0x10° F)=2.00x10™ 5=[2.00 ms]

() Que =C&=(200x10 F)(9.00 V) =1.80x10™ C=[180 4C]

—try __ -5y _ l _
© 0= Qun{1%)~ Qo1 =0 1-1) -(THC]

1833 Q. =Ce=(5.0x10" F){30V)=15x10"C, and

T=RC=(10x10° Q){5.0x10™ F)=5.0s

Thus, at t=10s5=27
Q= Qe (1-67)=(15x10* C)(1-¢?)=[13x107 C]

18.34 The charge on the capacitor at time {is Q=0 (I—e""') , where

Q ;C(AV) and Q,,, =CE. Thus, AV =£(1-¢¥) or e " =1-(AV)/E

We are given that, £=12V,and at =105, AV=10V

o109 10_312-10_ 1

=1-—=

Therefore,
fore 12 12 60

or e =60

Taking the natural logarithm of each side of the equation gives

10s 10s
= =In(6 =
- (6.0 or = 69)

=056s

Since the time constant is 7=RC, we have

0.56 s

T
=" —47x107 F=-47 HF
R 12x10°Q 0 -
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18.35 From Q= Qm(lﬂ e"”), wehave at t=0.900s,

B o000
Qe

-

Thus, e =0.400, or — =1n(0.400)

0.900 s
T
giving the time constant as f=——0& =

In(0.400)

1836 {(a) I, = %, s0 the resistance is

[ 480V
R=—"— =0 ———=960x10' 0.
1., 0500x10° A 9.60x10°

The time constant is 7= RC, so the capacitance is found to be

T 0960 s
Coe=—" " =100x10° F=|10.0
R 960%10°Q

(B) Q. =CE=(10.0 uF)}{48.0 V) =480 uC, so the charge stored in the capacitor at
t=192s is

1.92-‘1

Q=0 (177} =(480 ;ﬁ){l—emj = (480 C)(1-¢?) =[415 4C]

18.37 (a) The current drawn by each appliance is
£ _1300W
Heater: I=—=——=(108 A
e AV 120V

o 1000W
Toaster: f=—"-= =833 A
oas V= Ty T 5B A]

. P 1500w
rill: - = = -12.5 A
G I AV 120V -

{b) If the three appliances are operated simultaneously, they will draw a total current of
T =(10.8+833+ 12.5) A=317 A. Therefore, a 30 ampere circuit breaker is

| insufficient to handle the load !
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18.38 (a) The equivalent resistance of the parallel combination is

1i][111

-i
LN =150,
Ry = LRi 150Q 250 509]

so the total current supplied to the cirenit is
_AV _120V
I = ={8.0 A
towd = Req 150
{b) Since the appliances are connected in parallel,
the voltage across each one is AV =|120V

AV 120 vV_
I =—= .80 A
(© Iy RW 1 50 o
AV) (1?.0 V) TW
d = ( 5 8x10
PR

18.39 From g =(AV)*/R, the resistance of the element is

R BV ' _(240 V)
P 3000W

=1920
When the element is connected to a 120-V source, we find that

AV 120V
@ I==iorq (65 A]and

) p={AV)I=(120 V){6.25 A}=

1840 The maximum power available from this line is
B e = (AV) Ly = (120 V}{15 A) = 1800 W

Thus, the combined power requirements (2400 W) exceeds the available power, and you
cannot operate the two appliances together ].




1841 (a)

(b)
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The area of each surface of this axon membrane is
A=2(22r)=(0.10 m)[ 27(10x10°¢ m) ] =27 %10 m?,

and the capacitance is

~6& 2
27x10° m J=1.67x10'“ F

A 1
C=xe, E=3..0(8.35><10 2 Cz/N-mz)[m

In the resting state, the charge on the outer surface of the membrane is

0, = C(AV), =(167x10° F)(70x10°® V) =1.17x10” C—[12x10° C]

The number of potassium ions required to produce this charge is

5
N, =%=%= 7.3%10° K’ ions

and the charge per unit area on this surface is

2 117x107C( e )(10‘2“ mz]_ 1te | 1e
TA T 22x10° m \16x107 /U 142 ) 86x10° A2 | (200 A)'

This corresponds to a low charge density of one electronic charge per square of side
290 A, compared to a normal atomic spacing of one atom per several A,

In the resting state, the net charge on the inner surface of the membrane is
-Q,=—1.17 x10” C, and the net positive charge on this surface in the excited state
is

Q, =C(AV), ={1.67x10™® F)(+30x10° V)=+50x107" C

The total positive charge which must pass through the membrane to produce the
excited state is therefore

AQ=0,-Q, | | |
=+50x10™ C—(-1.17x 10 C)=167x10" C~[17x10° C}
corresponding to
49 167x10° C

=|1.0x10" Na" ions]

M T, T 16x10” C/Na' ion
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18.43
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{c) If the sodium ions enter the axon in a time of A¢= 2.0 ms, the average current is

AQ 167x107° C g
[=—=—u—0—=83x107 A={0.83
a = 20x10%s ~83X107 A=[083 4]

{(d) When the membrane becomes permeable to sodium ions, the initial influx of
sodium ions neutralizes the capacitor with no required energy input. The energy
input required to charge the now neutral capacitor to the potential difference of the
excited state is

1 1 -
W= C(aV)] = {167 x10° F)(30x10° V) =[75x107 7]

The capacitance of the 10 cm lerigth of axon was found to be C=1.67 x10° F in the
solution of Problem 18.41.

(a) When the membrane becomes permeable to potassium ions, these ions flow out of
the axon with no energy input required until the capacitor is neutralized. To
maintain this outflow of potassium ions and charge the now neutral capacitor to the
resting action potential requires an energy input of

1 1 -
W= C(AV)' =2{167x10* F)(70x107 V' =[41x107 ]]

{(b) As found in the solution of Problem 18.41, the charge on the inner surface of the
membrane in the resting state is —1.17 x 10~ C and the charge on this surface in the
excited state is +5.0 X107 C. Thus, the positive charge which must flow out of the
axon as it goes from the excited state to the resting state is

AQ=50x10"° C+1.17 %107 C=1.67x107 C,

and the average current during the 3.0 ms required to return to the resting state is
AQ 1.67x107° C 7
I=—=—"—_——=56x107 A=(0.56 A
A 30x10° s *x10

From Figure 18.27, the duration of an action potential pulse is 4.5 ms. From the solution
problem 18.41, the energy input required to reach the excited state is W, =7.5x107 J.
The energy input required during the return to the resting state is found in problem
18.42 tobe W, =4.1x10™" J. Therefore, the average power input required during an
action potential pulse is

=12 ~11
)
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1844 From Q=0 (1—8""’) , the ratio Q/Q,... at =27 is found tobe

-ag—.—-l—e‘z'":l—-gi-.—-lﬁ%ﬂ. or Qis[86.5% |of Q, at t=27

1845 The resistive network between 4 an b reduces, in the stages shown below, to an

equivalent resistance of R, =

240 51Q 24Q 240

3.00 30Q
100 4080

200Q 300

500 500
100 B s00E = 14
v Q

400 100

Figure 4 Figure 5 Figure 6

o o (AV) (B8 e
(b) The power dissipated in the circuitis = R, =“1a —

(¢) The current in the criginal 5.0-€ resistor (in Figure 1} is the total current supplied
by the battery. From Figure 6, this is

AV 28V
J=—="—T=|20A
TR ALY
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1847 (a) The resistors combine to an equivalent resistance of R,= as shown,

a 6.0Q c 240 e g 600 240

6.0 Q

A
W+
Figure 3
AV, 15V
F F 5 1, == _= " _[10A
(b) From Figure R, 15Q
Then, from Figure 4,

AV, =AV, =1,(6.0Q)=60V and AV, =1, (3.02)=3.0V

From Figure3, I,=I,= 5:%:2"3—:;: 0.50 A

From Figure2, AV, =L(3.60Q)=18V

AV, 18V

—= 030A]
600 600 -

Then, from Figure 1, I,=

AV, 18V
and I __.=__ad=.__-0,ng
900 900 9.00Q -

(¢) FromFigure2, AV, =1,(24Q)= All the other needed potential differences
were calculated above in part (b). The results were

AV, =AV, =60V} AV,=[30V]and AV, =AV, =[18 V]
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{(d) The power dissipated in each resistor is found from @ = (AVY /R with the following

results:
(w)1 _(60 V) (avy, _(2vy
P = 600 _- P = R, 240Q =.
2 2 AV): 2
pd=(AV)m=(l'8 V) =054 WL pﬁi:( )’ﬁ =(1.LV)_= 036 W
R, 60Q Ry 9.0Q

_(AVY, (30V)
“" Ry 600

e 2 2
_[5W} _paz(av),,,=(s.OV) _[E0W

1848 (a) From p=(AV) /R, the resistance of each of the
three bulbs is given by

2 2z
R= (AV) - (120 V) =240 0 12007

As connected, the parallel combination of
R, and R, is in series with R,. Thus, the
equivalent resistance of the circuit is

R,= Rl+{i+i] '240‘“(24(1;9 ﬁ]_ =360 Q

The total power delivered to the circuit is

= = =|40.0W
o [0 W]
{b) Thecurrentsupp]iedbythesourceis1=%£=1§§g% %A Thus, the potential

k]

difference across R, is

(AV), =IR, =[§ AJ(240 Q)=[80.0V]

The potential difference across the parallel combination of R, and R, is then

(AV), =(AV), =(AV),,., —(AV),=120 V-800 V={40.0 V
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From £=1I(r +R,,,), the current supplied when the headlights are the entire load is

_ & 126V
r+R,, (0.080+5.00) Q

=248 A.

The potential difference across the headlights is then

AV =1IRy,, =(248 A)(5.00 Q) =[124V

The starter motor connects in parallel with the headlights. If I, is the current

supplied to the headlights, the total current delivered by the battery is
I=1,+350A.

The terminal potential difference of the battery is AV = £—Ir, so the total current is
={E- AV)/r while the current to the headlights is I, = AV/5.00 (2. Thus,
I I,+35.0 A becomes

E-AV AV
——=———+350A,
r 5.00 Q
which yields
E-(350 A)r 12.6 V-(35.0 A)(0.080 52
= = = 965 V
1+7/(500Q)  1+(0.080 Q)/(5.00 Q)
After steady-state conditions have been 12.0 52
reached, there is no current in the branch 10.0
i . C -
containing the capacitor. R WF
15.0 Rz 3.00
Thus, for R,: [I 2, =0 (steady-state) 1 € ‘[ 0V ia R=kQ
For the other two resistors, the steady-state

current is simply determined by the 9.00-V emf
across the 12.0-kQ and 15.0-kQ resistors in series:

For R, and R,:

L& 9.00 V
Pk TR +R, (120 kQ+15.0 k)

=[333 HA (steady-state) |
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(b) When the steady-state has been reached, the potential difference across C is the

same as the potential difference across R, because there is no change in potential
across R,. Therefore, the charge on the capacitor is

Q= C(AV)R2

=C(IR,)=(10.0 #F)(333x10°* A)(15.0x10° £} =[50.0 #C

Applying Kirchhoff’s junction rule at junction e a

gives R I
500 Iz 100
Li=I+], D %4_0\,

Applying Kirchhoff’s loop rule on the leftmost 2.0V
loop yields

+9.0 V-(50),-40 V—(10)I, =0,
or I1,+2I,=10A @ -
For the rightmost loop,

+(10)1, + 4.0 V+(10)[,~14 V=0,
or L+I,=10A | 3)

Solving equations (1), (2) and {3) simultaneously gives

[1,=0,1,=1,=0504A]
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18,52 With the switch open, the circuit may be reduced as follows:
100 900 1000
R . R _, R 500 _ R450Q
a boa b o VI T
W0Q 100 100 Q

With the switch closed, the circuit reduces as shown below:

100 %00
R _, R 80 80 __ R+18Q
200 100

Since the equivalent resistance with the switch closed is one-half that when the switch is
open, we have

1 iy
R+18 n=5(R+50 ), which yields R =
18.53 When a generator with emf £and internal resistance r supplies current , its terminal
voltageis AV=E~1Ir.
If AV=110 V when I=10.0 A, then 110 V=£-(100 A)r (1)
Given that AV =106 V when [=30.0 A, yields 106 V=£-(30.0 A)r 2)

Solving equations (1) and (2) simultaneously gives

£=112V and r=0.200£1|

18.54 Attime ¢, the charge on the capacitor willbe Q=0 (1—3"‘") where
r=RC=(2.0x10° Q){3.0x10™° F)=6.0s
When Q=0.90Q,,.,, this gives 0.90=1—¢"%*,

or ¥ =010 Thus, —%=ln(0.10),

giving ¢=—(6.0 s}In(0.10)=[14 5]
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{a) For the first measurement, the equivalent circuit is
as shown in Figure 1. From this,

Ry =R=R,+R,=2K,,
1 .
SOR!!:ERl (1)

For the second measurement, the equivalent circuit
is shown in Figure 2. This gives

Re=R, =R, +R, e

Substitute (1) into (2) to obtain

111 1
R=2(2R,) R, o | R =R, - 1R,

(b) ¥R ,=13QandR,=604 , then[R, =28 Q|

Since this exceeds the limit of 2.0 £ , the antenna is | inadequately grounded |

Assume a set of currents as shown in the circuit

diagram at the right. Applying Kirchhoff's loop

rule to the leftmost loop gives
+75-(5.0)[ - (30)(I-I,) =0,

or 71-61,=15

For the rightmost loop, the loop rule gives

(40 +R), +(30)(I-1,)=0, or 1=@+%]11

Substituting equation (2) into (1) and simplifying gives
3101, +7(I,R) =450

Also, it is known that g, =I;R=20W 50 IJ{:%W-
1

1)

@

&)

@
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Substitution of equation (4) into (3) yields

3101, +$=450 or 31017 — 4501, +140=0
) _

Solving this quadratic equation gives two possible values for the current I, . These are
20w

C
1

I,=10A and I,=0.452 A.Then, from R=

we find two possible values for the

resistance R. These are

R=200 or R=989]

When connected in series, the equivalent resistance is Req =R +Ry+-+R, =nR.

Thus, the current is I, = (AV)/R, =(AV)/nR, and the power consumed by the series
configuration is

(avy*
(mR)’

(avy?
nR

{nR)=

o,=IR =

For the parallel connection, the power consumed by each individual resistor is

_@v)?
R

o, = , and the total power consumption is

n{AVy
R

P, =np=

Therefore,

1
=— or ps =?‘Op
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18,58 Consider a battery of emf £connected between
points 2 and b as shown. Applying Kirchhoff's
loop rule to loop acbea gives

-(1.0), - (1.0)(L, - L) +£=0,

or 2L-L=€ (1)

Applying the loop rule to loop adbea gives:

—(3.0)1, ~(5.0{I, +I,}+ =10
or 8I,+5L, =€ (2)
For loop adca , the loop rule yields

~{3.0)L, +(1.0)I, + (1.0}, =0 or L, +1, =3I, 3)
Solving equations (1), (2) and (3) simultaneously gives

=8 =2¢ andl, =€
27 27 7

Then, applying Kirchhoff's junction rule at junction 4 gives

13 4 17 £ E 27
I=L+1,= > 8+§£— 276‘.'I'herefore, R, = = (178/27)_ = Q
18.59 (a) and (b} - With R the value of the load resistor, the r=1000
current in a series circuit composed of a 12.0 V battery, ‘
an internal resistance of 10.0 2, and a load resistor is
120V R
_ 120V
“R+1000’ !

and the power delivered to the load resistor is

(144 V)R

=PR=|——|
e (R+100 Q)
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Some typical data values for the graph are

R(Q) | o, W) B60W pomemmnes _
1.00 1.19 4 ;
5.00 3.20 :
100 3.60 pL j
15.0 346 5
20.0 3.20 ;
25.0 294 L :
30.0 2.70 1000 R —

The curve peaks at g7, =3.60 W at a load resistance of R=10.0 Q.

18.60 The total resistance in the circuit is

R0 L (O S Al
=& "% " Zom 30k

=1.2kQ,

and the total capacitance is C=C, +C, =2.0 gF+3.0 4F=5.0 4F.
Thus, Q.. =C&=(5.0 4F)(120 V) = 600 pC

and  7=RC=(12x10° Q)(5.0x10° F)=60x10° s =202
1000

The total stored charge at any time { is then
Q=0,+02,=0,... (1 —g'fa'f) or Q,+Q, =(600 Juc)(l_e—wmn,f&.u s) o)

Since the capacitors are in parallel with each other, the same potential difference exists
across both at any time.

Therefore, {AV)_ = 18 =&, or Q= r&\ 2, =150, @
<=¢,"C, S,/

Solving equations (1) and (2) simultaneously gives

Q =| (240 ﬂc)(l_e—mm,'ws) L

and  Q,=[(360 uC)(1-e7™") |






