CHAPTER 18

Quick Quizzes

1.  Bulb R; becomes brighter. Connecting a wire from b to ¢ provides a nearly zero resistance
path from b to ¢ and decreases the total resistance of the circuit from R + R» to just R.
Ignoring internal resistance, the potential difference maintained by the battery is
unchanged while the resistance of the circuit has decreased. The current passing through
bulb R; increases, causing this bulb to glow brighter. Bulb R» goes out because essentially
all of the current now passes through the wire connecting b and c and bypasses the
filament of Bulb Ro.

2. (b). When the switch is opened, resistors R1 and Rp are in series, so that the total circuit
resistance is larger than when the switch was closed. As a result, the current decreases.

3. (a). When the switch is closed, resistors R1 and R» are in parallel, so that the total circuit
resistance is smaller than when the switch was open. As a result, the total current
increases.

4.  (a) decrease; (b) decrease; (c) increase; (d) decrease; (e) decrease. As you add more

lightbulbs in parallel, the overall resistance of the circuit decreases. The current leaving the
battery increases with the addition of each bulb. This increase in current results in an
increase in power transferred from the battery. As a result, the battery lifetime decreases.
As the current rises, the terminal voltage across the battery drops further below the
battery emf. Because of the drop in terminal voltage, which is applied to each lightbulb,
the current in each lightbulb is reduced, leading to a reduction in brightness.
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CHAPTER 18

Problem Solutions

18.1 From AV = I(R + 1), the internal resistance is

AV 900V
r=—-R= -7200=492Q
rR-oamA

182 (a) Rqy=R;+R,+R,=+40Q+80Q+120=24Q]

(b) The same current exists in all resistors in a series combination.

AV 24V
I=——=—=[10A
(c) If the three resistors were connected in parallel,

(1 1 1\1[1 1 1]1
Ra=(®, "%, "®,) “\20a" 800 120 -[2180]

3

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

AV 24V 24V 24V
L=— 60A , L,=——= 30A ,and |12=E=

“"R, 400 ~800
18.3  For the bulb in use as intended, MW
0.800 Q
(AV)? (120V)?
Roup = = =192 Q L
bub o 750W —— 120V 192Q§
Now, presuming the bulb resistance is unchanged, 0)\7\7\7\/9
the current in the circuit shown is
Ry 0800Q+1920Q+0800Q

and the actual power dissipated in the bulb is

@ = PR, =(0620A)*(192 Q)= 738W

90



184 (a)

185 (a)

CHAPTER 18

The current through this series combination is a A b m
9.0Q 6.0 Q
AV
1= (V) _ 12V =20A
R, 60Q
Therefore, the terminal potential difference of the AV
power supply is I I

AV = IR, =(20A)(90Q+60Q )=|30V |

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

AV = LR, =(025A)(90Q )=[23V |

The equivalent resistance of the two parallel 7.00 Q
resistors is

1 1 \*
R, = + 4120
700Q 1000

Thus,

R =R, +R,+Ry=(400+412+900) Q=[1710Q]

: _(AvV), 340V
T R, 171Q

=199A 50| l,= L, =199A |

Also,  (AV), =R, =(199A)(4120)=818V

(AV), gasv
Then, = P = =117 A
e, b= =0

(AV), a8V
d = b= =|0818A
an ho R, 1000
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18.6

18.7

18.8

CHAPTER 18

The equivalent resistance of the parallel combination of three resistors is

-1
sz[ 1 + 1 + 1 ] =300
1802 90Q 600

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

Rg=Rp+R,=12Q+30Q=[15Q]

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 Ry, = .

5.0 Q 5.0 Q 5.0Q
15Q 50Q 15Q
(@) The rules for combining resistors in series and parallel are used to reduce the circuit
to an equivalent resistor in the stages shown below. The result is R, = .

5.0 Q

4.00 Q
2a 4.00Q
3.00 Q MW 3000
5.00 Q — A — .
Figure 1 Figure 2
23_2 {2 66
3.00Q 300Q 319 Req =5.13 Q

300Q [— MAMN—AW WW
WW

Figure 3 Figure 4 Figure 5

(b) From o =(AV)? / Ry, the emf of the power source is

AV = [p Ry =+/(400W )(5130Q) =| 453V
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CHAPTER 18

18.9  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 R b R
T [Pk wl | L
5.00
25/'0 Q 25/'0 5.00
10.0 5.00 c 10.0 Q 25.0
Q Q Q Q

10.0 20.0 10.0
Q Q Q
a a
Figure 1 Figure 2
b
| I~
25.0 25.0_L_
Vv vV T
§2.94 §12.9
Q Q
10.0
Q
a
Figure 3 Figure 4
From Figure 4,
|=ﬂ: 20V =193 A
R 1290

(b) From Figure 3,
(AV), = IRy
=(193A)(294Q)=|568V
(@) From Figures 1 and 2, the current through the 200Q resistor is

(AV), 5868V

- ~[0227 A
R 2500

Lo
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CHAPTER 18

18.10 First, consider the parallel case. The resistance of resistor B is

(AV), 60V
Rp = =——=/30Q
B 1 20A

In the series combination, the potential difference across B is given by

(AV)y =(AV) oy —(AV ), =60V-40V =20V

battery
The current through the series combination is then

,_(AV), 20V 2
* R, 300 3

4

. . . (AV), 40V
and th ta f torAis R, = A — =60Q
e resistance of resistor A is R, ) 23A

18.11 The equivalent resistance is R,; =R+ R, , where R, is the total resistance of the three

parallel branches;

—( t ., 1 )l_( 1 1 )l_(30Q)(R+5DQ)
P"l1200 400 R+500/ \30Q R+50Q/)  R+3Q
2 2
Thus, 750 =R+ PQ)R+50Q) R*+(65Q)R+150Q7
R+35Q R+35Q

which reduces to R —(10Q)R +24750Q% =0 or (R-55Q)(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 100 Q
current allowed in the 100 Q series resistor adjacent 4 100Q b
to point a. This current has a value of

lnaszSOmax = [22% o500
R V1000
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CHAPTER 18

The total resistance is

-1
L+¢] =100Q+500Q =150 Q
100Q 1000

Thus, (AV),,, = baRs=(0500A)(150 Q) =[ 750V |

(b) The power dissipated in the series resistor is ¢, = E_R = and the power
dissipated in each of the identical parallel resistors is

Reb=100(2+[

0= 03=(ha/2) R=(0250A)? (100 Q) =[ 625 W
The total power delivered is

P=P1+§,+0;=(250+625+625) 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.

6.0 Q
a 3.0Q a 3.0Q
Al
|
Figure 1 Figure 2
30 63
a 3.0Q I14 a 3Q 11 &2 d a 1 d
b d
loy
A IV\N\I | Al
50Q
|1 ||
I I
I | 18V 18V
18V
Figure 3 Figure 4 Figure 5

95



18.14

CHAPTER 18

(AV), 18V

= =314A.
Ra (6311 Q

From Figure 5, 1=

Then, from Figure 4, (AV),,= IR, =(314A)(30/11Q)=857V .

Now, look at Figure 2 and observe that

(AV),, 857V

= =171A,
30Q0+20Q 500

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

Finally, from Figure 1, I, =
y g 2 Ry, 120

The resistance of the parallel combination of the
300Q and 100Q resistors is

1 1 )7
R, = n -0750 Q
300Q 1000

The equivalent resistance of the circuit connected to

the battery is

Rg=200Q+R, +400Q=675Q,

and the current supplied by the battery is

[_ AV _180V

Rq 6750

=267A

The power dissipated in the 200 resistor is

.= PR, =(267A) (2000)=[142W |

and that dissipated in the 4002 resistor is

Pa=PR,=(267A) (400Q)=|284W |
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CHAPTER 18

The potential difference across the parallel combination of the 300Q and 1.00Q
resistors is

(AV), = IR, =(267A)(0750 ) =200V
Thus, the power dissipation in these resistors is given by

AV 2 2
oA ooV
R, 3000

AV): (200V)
and plz( )p:< ) = 400W
R, 100 Q

18.15 (a) Connect two 502 resistors in parallel to get 25 . Then connect that combination
in series with a 20-€) resistor for a total resistance of 45Q.

(b) Connect two 502 resistors in parallel to get 25Q, and connect two 202 resistors
in parallel to get 10Q. Then connect these two combinations in series to obtain

3HQ.
18.16 Going counterclockwise around the upper loop, 7.00 Q 15.0 W
applying Kirchhoff’s loop rule, gives i I
I1
+150V —(7.00) I, - (500)(200A) =0, ‘| swe N
| T o
2

or 1= 150;/D;t§mv _[O7HA] ZW Ie=

From Kirchhoff’s junction rule, L +1L-200A =0,

50 l2:200A—ll:200A—0.714A:m

Going around the lower loop in a clockwise direction gives
+&-(200)L,-(500)(200A)=0

or  £=(200Q)(129A)+(500Q)(200A)=[126V |
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18.17 We name the currents 1, L, ,and L, as shown. 3.00 Q
Using Kirchhoff’s loop rule on the rightmost | | § W T
. 1 2=5.00
loop gives l 5 1.00 § ;
Q
+120V-100+300) L,
1.00
—-(500+100)L,-400V =0 6.00 §Q
Q 1201
or (200) L, +(300) L, =400V 1) —__—(1/-00 VT
Applying the loop rule to the leftmost loop yields
+400V+(100+500) L, —(800) L, =0,
or (400)L-(300) L, =200V (2)
From Kirchhoff’s junction rule, L+L=L 3)

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

[ L,=0846A,1,=0462A ,and I, = 131A |

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

18.18 The solution figure is shown to the right. P

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

+200V —(2000) 1-300V —(2500) 1+250V —(500) 1=0,

or 1=300x102 A =W
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18.20

18.21

CHAPTER 18

(b) Start at the grounded point and move up the left side, recording changes in
potential as you go, to obtain

V, =+200V —(2000Q)(300x 10 A) - 300V - (1000Q)(300x 10° A)

(©) (AV), =(15000Q)(300x10° A)=[ 450V

(The upper end is at the higher potential.)

Following the path of I, from a to b, and recording € . 2V
changes in potential gives ! I I ' I I
I3 I2 I1y
V,—V,=+24V —(600)(30A)=+60V R 300 300=
Now, following the path of I, from a to b, and :

recording changes in potential gives

V,-V,=-(30Q)L,=+60V, or L=[-20A |

Thus, L, is directed from |from b toward a|and has magnitude of 2.0 A.

Applying Kirchhoff’s junction rule at point a gives

L=1L+L=30A+(-20A)=[10A]

First simplify the circuit 3.00 0 4.00 Q
by combining the series I
resistors. Then, apply 1.00Q ) '
Kirchhoff’s junction rule — 6.00 Q
) . 1.00 Q e1 =

at point a to find €1 1200

' 8.00 V

8.00V |
L+L=200A < T 2
1=2.00A I=200A a

Next, we apply Kirchhoff’s loop rule to the rightmost loop to obtain
—-800V +(600),—(120) 1, =0,

or ~800V +(600) L, —(120)(200A — ,)=0  This yields L =178A .
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CHAPTER 18

Finally, apply Kirchhoff’s loop rule to the leftmost loop to obtain

or

1822 (a)

+£—(400)(200A)—(600) L, +800V =0,

&,=(400)(200A)+(600)(178A)-800V =107 V |

The resistors can be combined as shown below to yield an equivalent of 6.6 Q.

o
@)

3.6 Q 3.0 Q .6

[ | I
I I
12V 12V
Figure 1 Figure 2 Figure 3

(Aav),. 12V
SrTToR

ac

From Figure 3, L, =

Then, from Figure 2, (AV), = LR, =(182A)(36Q)=66V

From Figure 1,

_(Av) 68V (Aav),
b=600 ~epn |ttAand b=grn=[073A]

Using Figure 1 above, apply Kirchhoff’s junction rule at point a to obtain

L=k+1 1)

Next, apply Kirchhoff’s loop rule to the small loop containing the 60-0 and 900
resistors to find

~(60) k+(90) =0, 0r L =(2/3)k o)
Finally, apply Kirchhoff’s loop rule to the outside perimeter of Figure 1 to obtain
—(60) k—(30) L, +12V =0, 0r (20)l,+ L =40V ©)

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

[L=1BA,L,=11A,L=073A|
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18.23 (a) We name the currents L ,L ,and L, as shown. b o A00ka
1] l2) ,VQQM fi
Applying Kirchhoff’s loop rule to loop abck, Hler 2_ &2 3 €3] s
gives +& —&-R,L,-R,, =0, T700v Teoov so0V[
or 3L+2L =100m A 1) Re =300 kQ
Applying the loop rule to loop edck yields 2 00 kQ
a SUf e
+&-R3b-6,-R,L =0, Ra

or 3L+4L,=200mA (2)

Finally, applying Kirchhoff’s junction rule at junction c gives
L=01L+1 )

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

\ L=0385mA,L=308mA ,and L =269mA \

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

Vi-V,=-£,-R,L,=—-600V -(300x10° Q)(308x10° A)=-692V,

or |AV|Cf=‘ 692V and pointc isatiheh'gherpoiential‘

18.24 (a) Applying Kirchhoff’s loop rule to the circuit gives 1.50 vV 1.50 v
¥ 1 F
+300V —(0255Q+0153Q+R)(0600A)=0 0.255 Q 0153 Q
or R==0V (02550 +01530Q)=[4590 /\/\F/Q\/\/ 120600 A
0600 A
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CHAPTER 18
(b) The total power input to the circuit is
Pope=(&1+&)1=(150V +150V)(0600A )=180W ,

= F(6+1)=(0800A)*(0255Q + 0153 Q) = 0147 W

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

Pes 0147 W _ o516 ore 6%

phput 1'80W

18.25 Applying Kirchhoff’s junction rule at junction a gives

L=L+L 1) +
24V
Using Kirchhoff’s loop rule on the upper loop yields

+24V —(20+40)1 —(30)L.=0 1l
( JL-(30)% 12V~ 100

or 2L+ L=80A, (2)
and for the lower loop,

+12V +(30) L —(10+50)L,=0
or 2L - L=40A )

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

|L=35A,L,=25A,and ,=10A |
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18.26

18.27
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Using Kirchhoff’s loop rule on the outer — I I3
perimeter of the circuit gives l l
0.01Q 1.00 Q 0.06 Q
+12V -(001) I, —(006) L, =0, §
Starter
—|_ 120V —|_ 100V
or L+6L=12x10°A, 1) Live Soad
battery battery
For the rightmost loop, the loop rule gives
+10V +(100) L, -(006) L =0,
or L-006L=-10A, (2)

Applying Kirchhoff’s junction rule at either junction gives
L=L+L. 3)

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

L=028A (indead battery) and L, =17x 10> A (n starter)

Assume currents I, L ,and L in the directions shown. 20.0V 30.0Q
Then, using Kirchhoff’s junction rule at junction a gives ’ I W,
500Q |, M
L=01+1 (1) | I 2 a
100V 2000 '
Applying Kirchhoff’s loop rule on the upper loop, MW

+200V —(300) I +(500) L, ~100V =0,
or 6L-L=200A (2)
and for the lower loop, +100V —(500) ,-(200) L, =0,
or L+4L=200A ©)

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

[1,=0353A,1,=0118A ,and I, = 0471A
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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 Iy zero current 300
rule to the outer perimeter gives i 50Q
+18V +36V -[(10+40+30+80+20) Q]1=0 1y %0% 12v
1.0Q 40Q
or 1=2Y _3p4 36V
180

Now, start at point b and go around the lower loop to point 4, recording changes in
potential to obtain

V,-V,=-36V +(40Q+100Q)(30A)+(60Q+500Q)(0)+12V =-90V,

or |AV|,=|90V w ith pointb ata higherpotential than a

Assume currents as shown in the modified 18V 13Q
circuit. Applying Kirchhoft’s loop rule to the e I = MW,
upper loop gives 1) 1
| - 7.0Q
~(12) 1+12V —(70) 1-(13) I, + 18 V=0 AW AW
-1y 1@ 12v Ali—1
1 1
or 181+13L =30A 1) — |+
S |

For the lower loop, the loop rule yields
~-(50)(L-1)+36V +(70)1-12V +(11) k=0,
or 231-5L =-24A . )
Solving equations (1) and (2) simultaneously gives L, =29A , and

I=-042A

Thus, the current in the 70 resistor is| 042 A flbw ng firom b a |
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18.30

18.31

CHAPTER 18

—AMA—

Applying Kirchhoff’s junction rule at 11 a Iz
junction a gives 12.0VJ_ 3.00 Vv 3
L=L+1L. 1) 5.00Q 4.00 Q
' 3.00 Q
Using Kirchhoff’s loop rule on the leftmost W
loop yields
-300V —-(400)L,-(500) L, +120V =0
or 5L+4L=900A, )
and for the rightmost loop,
~300V —(400)L,-(300+200)L,+180V =0
or 5L+4L=150A, 3)

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

L, =0323A,L,=1523A ,and L=1846 A

Therefore, the potential differences across the resistors are

AV, =1,(200Q) =305V | AV, = L(300Q)=[457V |
AV, = L(400Q)=[738V | and AV, = L,(500Q)=[ 162V |

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

RC — (0 hm s)(Farads) =

( Volls \[Coubm bsj_(Coubm bs)
AmperesJ Volts _LAmperes

:( Coubmbs ) _ nd
LCou bm bs/Seoond)

or 7=RC has units of time.

(@) r=RC=(20x10° Q)(60x10° F)=|125]

(b)) Qua=C&=(60x10°F)(20V)=|12x10“C
105

18.0 V

2.00 Q



CHAPTER 18

1832 (a) 7=RC=(100Q)(200x10° F)=200x10° s=[200m s]

(b) Que=C&=(200x10° F)(900V)=180x10"* C =[180 4C
© Q=Quu(1-%) Q-6 -0, 1-2) [ToC]

18.33 Q,, =C&=(50x10°F)(30V)=15x10°C, and
r=RC=(10x10° Q)(50x10° F)=50s

Thus, at t=10s=27

Q =Q,q(1-€%)=(15x10* C)(1-€?)=[13x10" C

18.34 The charge on the capacitor at time tis Q =Q (1— e“”) , where
Q=C(AV) and Q,, =C&. Thus, AV = £(1-e*) or ¥ =1-(AV)/&

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

lDS/T:l_gzlz_lozi or e+l.0$/‘r=6-o
12 12 60

Therefore, e

Taking the natural logarithm of each side of the equation gives

10
105: h(60) or T= S

=056s
T h(6.0)

Since the time constant is 7=RC, we have

T 056 s
C=—=—"7—=47x10° F=| 47 u4F
R 12x10°Q
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18.35 From Q =Q max(l— e“”), we have at t=0900 s,

Q1 om0 _gg0
Qmax
Thus, €°%°9" = 0400, or — 220 S _ I (0400)
T
0900s
iving the ti tantas r=—————=| 0982
giving the time constant as = (0400) -
1836 (a) 1, = g, so the resistance is
_ £ BOV___9p0x10" 0.

I 0500x10°A

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

T 0960 s
C=—=——"="_-100x10° F=|100 4F
R 960x10*Q 8

(b) Q,x=C&=(100 uF)(480V)=480 4C, so the charge stored in the capacitor at
t=192sis

192s

Qi) -0 - )[4
18.37 (a) The current drawn by each appliance is

Heawr:  1-£ 2757 [108A]

Toaster: 1= P87 [833A]

. © 1500W
Grill: === =|125A
ri V" 1oy ~L25A |

b) If the three appliances are operated simultaneously, they will draw a total current of
pp P y Yy
low = (108+ 833+12 5) A =317 A . Therefore, a 30 ampere circuit breaker is

\ insufficient hand E the bad \.
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18.38 (a) The equivalent resistance of the parallel combination is

" _(i+i+i\_l_[ S
=~|R,"R, R,) (1500 250 500

1
j =15Q,

so the total current supplied to the circuit is

AV 120V
=—="—"_-=|80A
Lo Req 150 -

(b) Since the appliances are connected in parallel,

the voltage across each one is AV = .

AV 120V
L =——="——=080A
(C) Enp Rlsmp 150 O -

2 2
(d) gohw:(AV) _OV) g
Rr 250

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

(AV)® (240V)?
@  3000W

R = =192Q

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

AV 120V
@ 1= 5= loaq [ 0ZAjand

(b) ©=(AV)I=(120V)(625A)=[750W

18.40 The maximum power available from this line is
Pnac=(AV) b5 =(120V)(15A) = 1800 W

Thus, the combined power requirements (2400 W) exceeds the available power, and you
cannotoperate the tw o app liences ogether ‘
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18.41 (a) The area of each surface of this axon membrane is
A=1(271)=(010m )[ 27(10x10° m ) | =27x10° m ?,
and the capacitance is

(27%x10° m 2)

C=KGO%:3.O(885><10_12 CZ/N-mZ)L 102 10° J=1.67><10"8F
X

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

Q;=C(AV),=(167x10° F|(70x10° V) =117x10° C —»|12x10° C

The number of potassium ions required to produce this charge is

9
N = Qi 147xA0C ot K bons

K" e 16x10°C

and the charge per unit area on this surface is

&_117><10_9C( le )(10-2°m2\_ le | 1le
A 27x10°m2\16x10° )\ 1A? )T 8Bx10° A7 (zgoA)z

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 2,
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b) In the resting state, the net charge on the inner surface of the membrane is
8 &
-Q;=-117x10"° C, and the net positive charge on this surface in the excited state

is
Q¢=C(AV),=(167x10° F)(+30x10° V) =+50x 10" C

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

AQ =Q f_Qi

—+50x10%° C —(—1_17x10—9 c) —167x10°C —|17x10°C

corresponding to

N -AQ 167x10°C

s S = ~——=|10x10° Na" bns
N e 16x10™ C/Na’ bn

(c) If the sodium ions enter the axon in a time of At=20m s, the average current is

AQ 167x10°C ,7
l=—="""_"-83x10" A =|083 A
At 20x10°s * n

(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

W =%C(AV)Zf:1

E(1f57x 10° F)(30x10° V)" =[ 75x 1072 J

18.42 The capacitance of the 10 cm length of axon was found to be C =167 x 10°® F in the
solution of Problem 18.41.

(@) 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

W =5c(Av)2 =1(157x 10° F)(70x 10°° v)2 =|41x10™" 7],
2 2
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(b) As found in the solution of Problem 18.41, the charge on the inner surface of the
membrane in the resting state is —117 x 10° C and the charge on this surface in the
excited state is +50x 10" 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+117x10°C=167x10°C,

and the average current during the 3.0 ms required to return to the resting state is

AQ 167x10°C 2
I=—="_"" _~"_56x10" A =|056 1A
At 30x10°% s n

18.43 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, =75x 10" J.
The energy input required during the return to the resting state is found in problem
18.42 to be W, =41x 10" J. Therefore, the average power input required during an
action potential pulse is

W W, +W, 75x10% F41x10™J " -
P77 At At 45%x10°%s

18.44 From Q =Qmax(1— e"”), the ratio Q /Q,, at t=27 is found to be

1
QLzl_e—ZT/Tzl—g: orQisof Q. at t=27

max

18.45 The resistive network between a an b reduces, in the stages shown below, to an

equivalent resistance of R, = .

24 Q 51Q 2.4 Q 24 Q
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18.46 (a) The circuit reduces as shown below to an equivalent resistance of Ry, = .

FM/V VWY FM/V VW
50Q | 30Q | 300 50Q | 300

28V 1OQ§ 1OQ§ 4.0 Q 28V 1OQ§ 1OQ§ 1OQ§
4.0 Q W 3.0 Q 4.0 Q ,2\/3\/(\/2

Figure 1 Figure 2

500 300 fswoN!z 500 '
28 28 28
v v

1OQ§ 5.0Q

10 Q § 10 Q § Vv 5.0Q 28 1 14
V T Q
4.0 Q 20Q 4.0 Q 4.0 Q

Figure 3 Figure 4 Figure 5 Figure 6

. . o AV)? (28V)?
b) Th d ted in th t =( = =|56W
(b) e power dissipated in the circuit is ¢ ; 70

«

(c) The current in the original 50-Q resistor (in Figure 1) is the total current supplied

by the battery. From Figure 6, this is

AV 28V
I=——=——=|20A
R "0 1204

«
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18.47 (a) The resistors combine to an equivalent resistance of Rg, = as shown.

a 6.0 Q c ’2\/\/\/“\/2 e a 6.0Q c 2.4Q e
TR A E g Y1 l1 Iy I3
+ +
15V —_— 6.0Q§ 15V —_— 6.0Q§ 3.6Q
- 6.0 Q -
6.0 Q 9.0Q 6.0Q
b d f b d
Figure 1 Figure 2
a A c a c a
I1 | 13 Ih W I1
6.0 Q 2y 6.0Q
+ 6.0 + +
15V —_— 6.0Q§ Q§ 15V —_— S.OQ§ 15V —_— 1SQ§
6.0 Q 6.0Q
b W\/\/ d b 'WV\’ d b
Figure 3 Figure 4 Figure 5

AV 15V
b) From Figure5, L =—2="—=|10A |
(b) g4 1 Rq 150

Then, from Figure 4,

AV, =AVy =1(60Q)=60V and AV, =1(30Q)=30V

From Figure3, L=1L= ESA.E)/E = 2:8—;/2 =

From Figure2, AVg=L(36Q)=18V

AV 18V
Then, from Figure 1, I, =~ =2V _[930A
en, irom 1gure 4 600 600 -

AVg AV, 18V
L= = _ -[020A
900 900 900 -

(c) From Figure2, AV, = L(24Q)= . All the other needed potential differences
were calculated above in part (b). The results were

AV =AVy, =60V | AV, =[3DV [and AV =AV,,=[18V |

and
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(d) The power dissipated in each resistor is found from ¢ =(AV )2 / R with the following

results:

_(av)y _(80V)° _ . _(AV), _(12v)" .
P = R. 600 _ P = R, 240 _

2
(AV)2, (18V)? (AV)a (18V)?
O AT Ll B S LT

R, 600

(AV)%, (30V)? (AV)y _ (60V)°
= - =[15W | = ® = 60W
Pa Ry 600 ’ P Ry, 600

1848 (a) From p=(AV)’/R, the resistance of each of the ﬂ

three bulbs is given by

7
Ry
2 2
r_(AV)" _(I0V) 04 120|V (@:%3 @%@
@ 600w R2 Rs
[
As connected, the parallel combination of
R, and R, is in series with R;. Thus, the
equivalent resistance of the circuit is
-1 1
REq=R1+(i+i\ :24OQ+( 1 + 1 ) =360 Q2
L R, R, J 2400 240 Q
The total power delivered to the circuit is
(AV)* (120V)?
= = =|400W
(b) The current supplied by the source is I= AV _Iov _1 A . Thus, the potential
Ry 360Q 3

difference across R, is

(AV), = |R1=(% A)(24OQ)=

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

(AV),=(AV), =(AV )¢, —(AV) =120V — 800DV =| 400V |
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From &= I(r+Ryy), the current supplied when the headlights are the entire load is

-—& ___ 125V A,
r+Ry, (0080+500)Q

The potential difference across the headlights is then

AV = IRpy =(248A)(500Q) =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
1=1,+350A.

The terminal potential difference of the battery is AV = &— Ir, so the total current is
I=(&-AV)/r while the current to the headlights is k,=AV /500 Q. Thus,
I=1,+350A becomes

E-AV AV

= +350A,
r 5000

which yields

_€-(350A)r 126V —(350A)(0080Q)
T 1+r/(500Q)  1+(0080Q)/(500Q) =[9%5V.

After steady-state conditions have been 120 Q
reached, there is no current in the branch —° °_VVVV_—_| 10.0
. . C :
containing the capacitor. Ri uF
€ 15.0 § R2 3.00
€—_—9.00V
Thus, for R,: L =0 (steady-state) kQ R3 =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,:

& 900V _
bei,) R,+R, @20KQ+150KkQ)

333 uA (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),,

=C(IR,)=(100 4F)(333x 10° A )(150x 10° Q] =[ 500 4C |

18.51 Applying Kirchhoff’s junction rule at junction a

gives I1
50Q
L=L+1 1)

Applying Kirchhoff’s loop rule on the leftmost
loop yields

+90V -(50)L,-40V -(10),=0,
or L+2L=10A (2)
For the rightmost loop,

+(10)L,+40V +(10) L,-14V =0,
or L+L=10A 3)

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

|L=0,L=1=050A |
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18.52 With the switch open, the circuit may be reduced as follows:

10 Q M0 Q 100 Q
R R R 50 Q2
—> —>
90 Q 10Q 100 Q

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

10Q 90 Q
R R 9Q 9Q R+18Q
—> AARA AN AN —> AAR A
b a b a b
920 Q 10Q

R+50Q
—>
a b

Since the equivalent resistance with the switch closed is one-half that when the switch is

open, we have

1 o
R+18Q="(R+50Q), which yields R =14 Q]|

18.53 When a generator with emf £and internal resistance r supplies current I, its terminal

voltage is AV =&—Ir.
If AV =110V when 1=100A, then 110V =&-(100A)r
Given that AV =106V when 1=300A , yields 106V =&£-(300A)r

Solving equations (1) and (2) simultaneously gives

£=112V and r=0200§2‘

18.54 At time ¢, the charge on the capacitor will be Q =Q ., (1— e"”) where
r=RC =(20x10° 0)(30x10° F)=60s

When Q =090Q this gives 090=1—- e’

max/

or e¥ =010 Thus, _t h(010),
T

giving t=—(60s)h(010) =
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(a) For the first measurement, the equivalent circuit is
as shown in Figure 1. From this,

Ry=R;=R,+R,=2R,,
1
SO RV:ERI 1)

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

Rm:RZ:%RerRX )

Substitute (1) into (2) to obtain

1/1 1
R2 :E(ER 1] +RX,OI' RX:RZ_ZRl

(b) IfR,=13QandR,=60Q , then[R, =280

ae < Ry > ob
c
Ry R, Ry

Figure 1

R2

<>

Ry

Figure 2

C

Rx

Since this exceeds the limit of 20 Q , the antenna is ‘ nadequately 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-(50) 1-(30)(1- I)=0,
or 71-61 =15
For the rightmost loop, the loop rule gives

—(40+R) L +(30)(1- L)=0, or |=[g+%) L

Substituting equation (2) into (1) and simplifying gives
3101 +7( LR) = 450

Also, it is known that g, = FR=20W ,so LR _20W

L

118

2



18.57

CHAPTER 18

Substitution of equation (4) into (3) yields

1
31011+%0=450 or 3102 - 4501, + 140=0

Solving this quadratic equation gives two possible values for the current L . These are
20w
L=10A and L =0452A .Then, from R:T , we find two possible values for the

resistance R. These are

‘R=ZOQ or R=98Q‘

When connected in series, the equivalent resistance is R « Rl + R2 +---+R n="n R.

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

configuration is

s=ERg =

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

AV )?
[ % , and the total power consumption is
n(AV )?
S/‘)p = nsol - R
2
Therefore, s _ (av) R 5 :iz or| P =5,
9, NR n(AV)" n n
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Consider a battery of emf & connected between
points a and b as shown. Applying Kirchhoff’s
loop rule to loop advea gives
-(10)L-(10)(L - L)+ £=0,
or 2L-L=¢& 1)
Applying the loop rule to loop adbea gives
~-(30)L-(50)(L+ L)+&=0
or 8L+5L=¢ )
For loop adca, the loop rule yields
~(30)L+(10)L+(10)L,=0or L+ L=3L
Solving equations (1), (2) and (3) simultaneously gives

—13g,|2:ig,and |3:—ig

L=—
27 27 27

Then, applying Kirchhoff’s junction rule at junction a gives

13 4 17

=1+ IZ:—8+—8:§8. Therefore, R, =—

27 27

(a) and (b) - With R the value of the load resistor, the
current in a series circuit composed of a 12.0 V battery,
an internal resistance of 100 Q, and a load resistor is

120V
" R+1000Q°

and the power delivered to the load resistor is

(144 V)R

- PR=| ———— |
o (R+1000)

120

&
I

o1 b
1.0Q 1.0Q
I3
1.0
3.0Q Q 50Q
Io + 13
d
®)
& __|Zg
(17g/27) |17
r :’\/l\})\]\(/) Q
120V — § R
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Some typical data values for the graph are

R(Q) . (W) 3.60 W
1.00 1.19 A
5.00 3.20
10.0 3.60 oL
15.0 3.46
20.0 3.20
25.0 2.94 .
30.0 2.70 100Q R—

The curve peaks at o, =360W at aload resistance of R=100Q.

18.60 The total resistance in the circuit is

(1 1) (1 1 )"

"=r,*®,) “(20ka" 30k

=12kQ,

and the total capacitanceis C =C, +C, =20 yF+30 xF=50 uF.
Thus, Q. =C &=(50 xF)(120 V) =600 uC

60s

and r=RC =(12>< 10° Q)(S.Ox 10°° F) —60x10°2 s=
1000

The total stored charge at any time ¢ is then

Q =Q1+Q2=Qmax(1_e_'zf) or Q1+Q2=(6(Dluc)(l_e—100017605) (1)

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

O

Therefore, (AV), ==+ =%, or Q,= (%}Ql =15Q, @)

o]

Solving equations (1) and (2) simultaneously gives

Q = (240 ,uC)(l— @ 1000460 s)

and Q,=[(360 uC)(l— g 1o0vee S)
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Answers to Even Numbered Conceptual Questions

10.

12.

14.

16.

® R—R—® -
K K K 5
® ® ® ®
® o—leg [©
¥
K

| | | | |
[ [ ! [ !
The resistors should be connected in series. For example, connecting three resistors of
5Q, 7Q, and 2Q in series gives a resultant resistance of 14 Q).

The equivalent resistance is always smaller than the smallest in the combination when
resistors are connected in parallel. For example, connecting a 6 in parallel with a 12Q

1 1 1
resistor gives an equivalent resistance of —=—-+-——.Theresultis R, =4Q.
o 60 120

A short circuit can develop when the last bit of insulation frays away between the two
conductors in a lamp cord. Then the two conductors touch each other, opening a low
resistance branch in parallel with the lamp. The lamp will immediately go out, carrying no
current and presenting no danger. A very large current will be produced in the power
source, the house wiring, and the wire in the lamp cord up to and through the short. The
circuit breaker will interrupt the circuit quickly but not before considerable heating and
sparking is produced in the short-circuit path.

A wire or cable in a transmission line is thick and made of material with very low
resistivity. Only when its length is very large does its resistance become significant. To
transmit power over a long distance it is most efficient to use low current at high voltage,
minimizing the 'R power loss in the transmission line.

The bulbs of set A are wired in parallel. The bulbs of set B are wired in series, so removing
one bulb produces an open circuit with infinite resistance and zero current.

Car headlights are wired in parallel. If they were in series, both would go out when the
filament of one burned out. An important safety factor would be lost.

Compare two runs in series to two resistors connected in series. Compare three runs in
parallel to three resistors connected in parallel. Compare one chairlift followed by two
runs in parallel to a battery followed immediately by two resistors in parallel.

The junction rule for ski resorts says that the number of skiers coming into a junction must
be equal to the number of skiers leaving. The loop rule would be stated as the total change
in altitude must be zero for any skier completing a closed path.
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20.
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Because water is a good conductor, if you should become part of a short circuit while
fumbling with any electrical circuit while in a bathtub, the current would follow a
pathway through you, the water, and to ground. Electrocution would be the obvious
result.

Even if the fuse were to burn out or the circuit breaker to trip, there would still be a
current path through the device, and it would not be protected.

When connected in series, all bulbs carry the same current. Thus, the one with the lowest
resistance dissipates the least power [ o= IZR] and glows the dimmest. This is seen to be

the bulb that is labeled “200 W”. If they were connected in parallel, all bulbs would have
the same potential difference across them. Then, the one with the lowest resistance will

dissipate the most power [go =(Av)?/ RJ and glow the brightest.
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Answers to Even Numbered Problems

10.

12.

14.

16.

20.

22,

24.

26.

28.

32.

34.

36.

38.

40.

42,

44.

46.

48.

(@) 24Q (b) 1.0A (o) 218Q,1,=60A,L=30A,l,=20A
(@) 30V (b) 23V

150

(a) 513Q (b) 453V

R,=60Q,R;=30Q
(@ 750V (b) 25.0W,6.25W, 6.25W;375W
14.2W,284W,1.33 W, 4.00 W
0714 A,1.29A,12.6 V
L=-20A (fbwsfrom btoward @), L, =10A
(@and (b) L=18,Kk=11A,1,=073A
(@) 4590 (b) 0.0816 or 8.16%
0.283 A (dead battery), 171 A (starter)

(@) 9.0 V with b at a higher potential than a
(b) 0.42 A directed from b to a

(a) 2.00 ms (b) 180uC () 114.C
47 yF

(a) 100 uF (b) 415 4C

@) 80A (b) 120V (c) 0.80A (d) 58x10° W

No. Their combined power requirements exceed the 1800 W available.

(@) 41x10™J (b) 056 uA
0.865 or 86.5%
(a) 140 (b) 56 W © 20A

(a) 40.0W (b) 80.0V,40.0V,40.0V

124



50.

52.

54.

56.

60.

CHAPTER 138

(@) 0inthe 3KQ resistor and 333 #A in the others
(b) 500uC

140

14s

R=20Q0rR=98Q

Q.= (240 uC)(1-€"7%%%), Q, = (360 uC) (1~ & **°)
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