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Problem Solutions

181 From AV =I(R+r), the internal resistance is

AV .00V
=—-R= -720Q=[4920Q
I 0.117 A

182 (a) R, =R +R+R;=+40Q+800Q+120Q={240

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

_AV AUV
"R, 24Q

eq

(c)‘ If the three resistors were connected in parallel,

-1

1 1 1 1 i 1 !
Re=lzt= "% | = + + =[218Q
E" (Rl R, RJ (4.052 8.0Q 129]

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

24V

AV 24V 24V
=502 L _T60A], I,=——~=[30A],and I, =2~ =[30 A
‘"R, 100 604 h=g0g" e TT)

18.3  For the bulb in use as intended, MW
0.800 &

(AV)* (120 VY’

= 1920 1
$  7B0W T 120V

Ry =

0.800 &2

Now, presumning the bulb resistance is unchanged,

the current in the circuit shown is

_AV 120V
TR, 0.800Q+192 Q+0.800 Q

eq

=0.620 A

and the actual power dissipated in the bulb is

P=I"R,,, =(0.620 A)’ (192 Q)=




'? (a) The current through this series combination is a

i
i

(b)

{a)
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b c
AMW—— W
200 600
AV
I=( e = 12V =20A
R, 6.0Q
Therefore, the terminal potential difference of the AV
power supply is |+

AV =IR, =(2.0 A)(9.0Q+600)=[30V]

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

AV =1,R, =(0.25 A)(9.0 @ )=[23 V]

The equivalent resistance of the two parallel 7.00Q
resistors is
-1
R :[ ! + L J =412 Q
Fl7.00Q 100Q

Thus,

R, =R, +R,+R, =(400+412+9,00) =[171Q

AV .
[, o V)e 340V 309 50 [T,51, =199 4]
R, 171Q

Also,  (AV),=L,R,=(199 A)(412Q)=818V

(aV), 818V
Then, L= P == =11.17 A
?n 7 R7 7000 -

(aV}, Basv
d IL.= L= =|0.818 A
an 10 RID 10.0Q -
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The equivalent resistance of the parallel combination of three resistors is

1 1 1\
R, = + + =300
18Q 90Q 60Q

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

R,=R,+R =120Q+3.0Q=[15Q]

If a potential difference is applied between points @ and b, the vertical resistor with a free
end is not part of any closed current path, Hence, it has no effect on the circuit and can
be ignored. The remaining four resistors between 4 and b reduce to a single equivalent

resistor, R, = , as shown below:

R
R R MW R R R/2 25R
M R W — W
—Ah—

(a) 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 resultis R =|5.13 Q.

10.0 O
400 ©
Ta 4,000
3.00 WW 3.00 Q AW
5.00 O

3.00 02 VY 3.00Q
v
Figurel Figure 2

22
3 02

66
. 3.00Q 3000 < R, =5130

00— —AW—AW— AWV
MWW

Figure 3 Figure 4 Figure 5

Loh

(b) From #={AV)’ /Req , the emf of the power source is

AV=[PR, = (400 W)(5.13 Q) =[453 V|
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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. 1

i
b . b X ]
_|_ o 5.00 _L o 1
25.0 3 25.0 500
v Vv
10.0 5.00 10.0 Q =225.0
Y] a |¢ Q Q
10.0 200 100
Q Q Q
p a
Figure 1 Figure 2

Figure 3 Figure 4

From Figure 4,

_AV _BIV _yg54

R 129Q

(b} From Figure 3,

(AV),, =IR,

|
|
 =(1.93A)(2.94 Q) =[5.68 V] \

(a) Prom Figures 1 and 2, the current through the 20.0 © resistor is

(AV), 568V
I, = = ={0.227 A
0 R,. 25.0 Q
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18.10

18.11
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First, consider the parallel case. The resistance of resistor B is

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

(AV)B = (Av)hﬁuery _(AV)A = 6‘0 V'40 V =20 V

The current through the series combination is then

N
<

Ll
(SN %

0

0

I - (AV)H
§ RB

A

o)

, , _ (AV), 40V
and the resist f resistor Ais R, = 4 = =(6.0Q
n istance of resis is R, ; 3 A

8

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

parallel branches;
_[ LI S J"l_( 1,1 )'1_(309)(R+5.052)
P l120Q 40Q R+508 302 R+50Q R+35Q

Thus, 75 0= R 4 (30 R(R+50Q) R*+(65 Q)R +150 ©°
T R+35Q "%

which reduces to R* - (10 Q)R ~2475 Q* =0 or (R -55 Q)(R+45 Q)=0.

Only the positive solution is physically acceptable, so R =




b (2
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The total current from a to b is equal to the maximum 100 @
current allowed in the 100 Q series resistor adjacent 2 1000 b
to point a. This current has a value of

Lo =\/h = \FS‘O W 0500 A
R 100 Q

The total resistance is

-1
R, =100 .Q+(—1r~+—1—~—] =100 Q+50.0 Q=150 Q
00Q 100 Q |

Thus, (AV),,, = LRy =(0500 A)(150 Q) =[75.0 V|

The power dissipated in the series resistor is $=I1* R=|25.0W]|, and the power

dissipated in each of the identical parallel resistors is
P,=P,= (I /2)' R=(0.250 A)’ (100 Q) =[625 W

The total power delivered is

P =P+ P+ P,=(250+6.25+6.25) W=
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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

3.0 300

Figure 1

6.00

IZ‘ Iy
WW I Al

H 500

| 1
II
| 18V 18V

Figure 3 Figure 4 Figure 5

AV
From Figure 5,1 = (&V)., - 1BV 314 A
R, (6311)Q

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

(AV),, __857V

.= =171 A
30Q+20Q 50Q

so  (AV), =LR, =(171A)(3.0Q)=5.14 V

AV
Finally, from Figure 1, I,= ( R ) = 5i124gv =043 A
12
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14 The resistance of the parallel combination of the 2000 3
3.00  and 1.00 Q resistors is

-1 3.00 1.00
R =( LI ) ~0.750 @ 180 O Q
»“\3.000  1.00Q

The equivalent resistance of the circuit connected to :
the battery is
l

R, =2.00 Q+R, +400 2=675Q

and the current supplied by the battery is 18‘8 ?1‘750 )

_AV 180V _, 0 s 1:
R, 6758

4.00 Q2
The power dissipated in the 2.00-Q resistor is
P,=IR, =(2.67 A)' (2.00 Q)=[142 W

and that dissipated in the 4.00-Q resistor is

The potential difference across the parallel combination of the 3.00 Q and 1.00 Q
resistors is

|

I

|

!

P,=1?R, =(2.67 A)'(4.00 Q)=
"

(AV), = IR, =(2.67 A)(0.750 ©)=2.00 V 5{

Thus, the power dissipation in these resistors is given by

: AV): (2.00V)
,fPa=( ke )\ _1mw
R, 30Q
(AV), (2.00 V)
and P= £ = = 400 W

R, 100Q
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18.15 (a) Connect |two 50-Q resistors in parallel | to get 25 Q. Then connect that parallel

combination | in series with a 20- resistor I for a total resistance of 45 Q.

(b) Connect | two 50-Q resistors in parallel | to get 25 Q.
Also,

connect two 20-Q resistors in parallel | to get 10 Q.

Then, | connect these two parallel combinations in series |to obtain 35 Q.

18.16 Going counterclockwise around the upper loop, 7000 15.0V
applying Kirchhoff’s loop rule, gives MW |t
I
+15.0 V= (7.00)1, - (5.00)(2.00 A) =0 | swo A
IzT
i 15.0 V100V 2.000 £
or I = ={0.714 A
! 7.00 Q WW l

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

S0 LL,=200 A-1,=200A-0714 A=|129 A

Going around the lower loop in a clockwise direction gives

+€-(2.00)1, -(5.00)(2.00 A)=0

or £=(2.00 Q)(1.29 A}+(5.00 Q)(2.00 A)=



k7 We name the currents I, 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)1, -4.00 V=0

or  (2.00)I,+(3.00), =400 V (1)

Applying the loop rule to the leftmost loop yields
+4.00 V+({1.00+5.00)1, - (8.00)1, =0
or

(4.00)1, -(3.00)1,=2.00 V

From Kirchhoff's junction rule, I, +1,=1,

113
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3.000

=

L L==500 4
| (=e 1L0= g,
Q

1.00
L))

8.00

Q 12.0
00

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

[7,=0.846 A, 1,=0.462 A, and [, =1.31 Al

(2)
3)

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

Observe that the center branch of this circuit, that is the branch containing points a and
b, is not a continuous conducting path, so no current can flow in this branch. The only
current in the circuit flows counterclockwise around the perimeter of this circuit. Going,
counterclockwise around the this outer loop and applying Kirchhoff’s loop rule gives

8.0 V-(2.0Q)I-(30Q)1+12V (10 Q)1 -(5.0 ) =0

12V-80V
or [=————
' 20Q

=020 A

Now, we start at point b and go around the upper panel of the circuit to point 4, keeping
track of changes in potential as they occur. This gives

AV, =V, =V, =—40 V+(6.0 Q)(0) - (3.0 Q)(0.20 A) +12 V- (10 Q)(0.20 A)=+54 V

Since AV,, >0, [point a is 5.4 V higher in potential than point bl
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1819 (a) Applying Kirchhoff’s loop rule, as you go clockwise around the loop, gives

+20.0 V~(2000)1 -30.0 V—(2500)1+25.0 V - (500} =0,

or 1=3.00x10" A=|3.00 mA

(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—-(20002){3.00x10™ A}-30.0 V- (1000 2){3.00x107 A)

(<) (AV);_WO =(1500Q)(3.00x10™ A)=[450 V]

(The upper end is at the higher potential.)

18.20 Following the path of I, froma to b, and recording £ . M4
changes in potential gives ! l { ' i
I L
V,-V,=+24 V(6.0 Q){(3.0 A)=+6.0V R 30Q
Now, following the path of I, from a to b, and |
b

recording changes in potential gives
V,-V,==-(30Q),=+60V,or I,=

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

Applying Kirchhoff’s junction rule at point a gives

L=l+1,=30A+(-20A)=[10A]
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bt simplify the circuit 300 Q 4000

Itombining the series ;
} . 1 :
Kistors. Then, apply 1.00Q Q :

frchhoff’s junction rule —> 6.00 Q

fpoint 4 to find £ Hoa &1 § 1200 !
[ '[ 120Q 8.00V ]

3.00V : Ok

I i

[ +I,=2.00 A < :

1=200A I=200A a

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

for 800V +(6.00)1, ~(12.0)(2.00 A-1,)=0 Thisyields =178 A ]

ﬁ' Finally, apply Kirchhoff's loop rule to the leftmost loop to obtain

+£,-(4.00)(2.00 A) - (6.00)1, +8.00 V=0 ]

oor  £,=(4.00)(2.00 A)+(6.00)(1.78 A)-8.00 V =[10.7 V] :

.. From Kirchhoff’s point rule, note that I, =1 I, in the 300 500 I
¢ circuit shown at the right. Going counterclockwise around —'VW\(—’VW\I—
the upper pane of the circuit, Kirchhoff’s loop rule gives AL, !
90 O

—(50 @)1, - (30 Q) +(90 Q)(I-1,)=0 VVVY f‘l i

A |

170 Q -, |
IZ(—]% m W 1= ‘

90 Q 200 12V 2

Now, going counterclockwise around the outer perimeter i
of the circuit, Kirchhoff’s loop rule gives |

+12 V(50 Q)I, - (30 Q}1, —(20 Q}/ = 0 or, using Equation (1) i

‘:50 Q+30Q+(20 Q)[%g—ﬂfz =12V which gives I, =010 A i

The power delivered to the 50-Q resistor is P = I2 (50 Q)= (0.10 A)*(50 Q)=[0.50 W
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18.23 (a) We name the currents I, I,, and I, as shown.

Applying Kirchhoff's loop rule to loop abcfa,

T MW~
e, IZUEZ Bs gl

18.24 (a)

gives +& - & - R, ], -R 1, =0 N

or 31, +21, =10.0 mA
Applying the loop rule to loop edcfe yields
+& -R,1,-&-RI, =0

or 31, +4l, =200 mA

ey

@

a

70,0V

R;

2,00 kO

60.0V

80.0 V[

3.00 kQ

Ry

Finally, applying Kirchhoff’s junction rule at junction ¢ gives

L =1 +I,

3)

f

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

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

Start at point ¢ and go to point f, recording changes in potential to obtain

V, -V, ==£,~R,J, =—60.0 V - (3.00x10° Q)(3.08x10™ A)=-69.2V

or |AV],,=[69.2V and point ¢ is at the higher potential |

Applying Kirchhoff’s loop rule to the circuit gives 150V 150V

0.153 Q2

IV\M <
R

T1=0600A

s
+3.00 V- (0.255 Q+0.153 Q + R}(0.600 A)=0 0.255 Q2

3.00V

oog (0255040153 Q)=

or R=
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¥ The total power input to the circuit is

N
‘i

?,

nput =

(&, +&)] =(1.50 V+150 V)(0.600 A)=180 W

P,.=I2(r,+1,)=(0.600 AY (0.255 Q+0.153 Q) =0.147 W

15

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

P 0147 W
0 = =|0.081 2.16%
> [ 6 or o

ot 1LBOW

! Applying Kirchhoff's junction rule at junction 4 gives
L=L+I, M

Using Kirchhoff’s loop rule on the upper loop yields

+24V (2.0 +40)], —(3.0)1, =0

or 2L+, =8.0A (2)
and for the lower loop,

+12V+(3.0)I,-(1.0+5.0)I,=0

or 2I,-1,=40 A (3)

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

[1,=35A,1,=25A,and ;=10 A

+
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18.26 Using Kirchhoff's loop rule on the outer — L I I
perimeter of the circuit gives l l
+12 V= (0.01)1, ~(0.06), =0 co1e Z1008  =0060
120V 100V Startet
or I,+61,=12x10" A (1) [z I
Live Dead
battery battery
For the rightmost loop, the loop rule gives
+10 V+(1.00)1, - (0.06)1, =0
or  1,-006I,=-10A @)

Applying Kirchhoff's junction rule at either junction gives
I =L+, (3)

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

I, =0.28 A (in dead battery) and I, =1.7 %10? A (in starter)

18.27 Assume currents I, I,, and I, in the directions shown. 200V 30.0Q
Then, using Kirchhoff's junction rule at junction a gives ——
5000
L=1+I, (1) i }- 2
100V 2000
Applying Kirchhoff’s loop rule on the upper loop,
+20.0 V—(30.0)1, +(5.00}], ~10.0 V=0
or 6l —-1,=200A (2)
and for the lower loop, +10.0V —(5.00)1, —(20.0)[; =0
or L+4,=2.00A @)

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

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




18 28 (a)

(b)
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Since there is not a continuous path in the 18V 200 80Q
center branch, no current exists in that part =
of the circuit. Then, applying Kirchhoff’s loop It

; 5 ( zero current 300
rule to the outer perimeter gives 500
+18 V+36 V-[(1.0+40+30+80+20) Q[I=0 1y 600 12v 7 |
100 40Q
54V
or I= =3.0A
BQ 36V

Now, start at point b and go around the lJower 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)+12V=—-90V

or |AV], -—-[ 9.0 V with point b at a higher potential than ‘LI

Assurne currents as shown in the modified 18V
circuit. Applying Kirchhoff’s loop rule to the — b——’WV\,-—
upper loop gives Ly I¥a
(1)1 +12 V-(7.0)I-(13)I, +18 V=0 _»_ww—q_w\,-
I -Iy 110 12V AL-1
or 181+13], =30 A (1) |-——
For the lower loop, the loop rule yields 36V
—(5.0)(I, - I)+36 V+(7.0)I -12 V+(11)I=0
or 23I-51,=-24 A (2)

Solving equations (1) and (2) simultaneously gives I; =2.9 A, and

I'=-042 A

Thus, the current in the 7.0-€) resistor is | 0.42 A flowing from b toa
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18.29 Applying Kirchhoff’s junction rule at I a I
junction a gives 2 —e -
j g 20V 1 s00v 3
L=0L+I 1
=L+l (1) 5000 4000
3.0002

Using Kirchhoff’s loop rule on the leftmost
loop yields

~3.00 V = (4.00)1, - (5.00)1, +12.0 V=0

(2)

or 5I,+41,=9.00 A

and for the rightmost loop,

~3.00 V - (4.00), - (3.00+2.00)1, +18.0 V =0

5I,+41, =150 A 3)

or
Solving equations (1), (2), and (3) simultaneously gives
[, =0323 A,1,=1523 A, and I, =1.846 A

Therefore, the potential differences across the resistors are

AV, =1,(2.00 Q) =[305 V], AV, = 1,(3.00 @) =[457 V]
AV, =1,(4.00 Q)=[738 V], and AV; =1,(5.00 Q) =[1.62V]

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

RC — (Ohms)(Farads) = Volts (Coulombs)z Coulombs
Amperes Volts Amperes

.

~ Coulombs = Second
Coulombs/Second

or 7 =RC has units of time.

1831 (a) r=RC=(20x10°Q)(6.0x10 F)={125]

1.2x10™* C

(®) Q. =CE=(60x10" F)(20 V)=
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1832 (a) 7=RC=(100Q)(20.0x10° F)=2.00x10" 5=[2.00 ms]|

) Quu =C&=(20.0x10" F)(9.00 V) =1.80x10™ C =
- L L L —rl =
© Q= Qe (1-67) = Qe (1=} = Qu1-2)

1833 Q,, =Ce=(5.0x10°F)(30V)=15x10"* C, and
7=RC=(10x10° Q){5.0x10™ F)=5.0s

Thus, at t=10s=27

Q= Qe (1= ) =(15x107 C)(1-€) =[1.3x107 C

| 1834 The charge on the capacitor at time tis Q=0 ., (1 —e ") , where

Q=C(AV) and Q,,, =C&.Thus, AV =£(1-¢™") or e™" =1-(AV)/E

max

We are given that, £=12V,andat t=1.0s, AV=10V

Therefore, g0Yr =1 lo_12-10_ 1
12 12 6.0

or e+l.0 s/r = 6+0

Taking the natural logarithm of each side of the equation gives

‘ E)~§=ln(6.0) or r=oaS

=0.56 s
T In(6.0)

Since the time constant is 7=RC, we have

T 0.56s -5
Cm—m=— = 47%107° F=[47 uF
R 12x10° Q
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1835 From Q=Q,,.(1-¢"), wehaveat t=0900s,

—QH=1—e"’-"’"" #* =0.600

TIEX

Thus, ¢ **® 9" =0.400, or — 09005 _
T

In(0.400)

o . 0.900 s
giving the time constantas 7= —M =(0982s

max

18.36 (a) I, = % , s0 the resistance is

£ 480V

= —=9.60x10* ©
I 0500x10% A

R=

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

T 0960 s -5
Cz—=r——=100x10" F=|10.0 4F
R~ 550x10' @

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

192 s

Q=0 (1-¢"")=(480 yC){l—e_m]= (480 uC)(1~€) =

18.37 (a) The current drawn by each appliance is

. P 1300 W
ter: =—= =(10.8 A

P 1000 W
Toaster: [=—= =[8.33 A
oaster AV 120V

P 1500 W
il 1= = -[25A
Gri NAREEL

(b) If the three appliances are operated simultaneously, they will draw a total current of
Lo =(10.8+833+12 5) A=317 A Therefore, a 30 ampere circuit breaker is

tatal —

l_insuffic:ient to handle the load] i
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838 (a) The equivalent resistance of the parallel combination is

-1 1
qu=l+i+—1— =( L + ! + ! ) =15Q
R, R, K, (1500 250 50Q
s0 the total current supplied to'the circuit is

AV 120V
I[,=—t =Y -[80A
toral R 15 Q -

K

(b) Since the appliances are connected in parallel,

the voltage across each one is AV = :

AV 120V

) Loy TR, 100 =[080A]
lamy

(AVY (120 V)’ -:I2
d P = = =1D. W

heater

From $P=(AV) /R, the resistance of the element is

(AVY' (240 VY

R= =
¥ 3000W

=19.2 Q

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

AV _120V

R _1929="‘de

(b) P={AV)I=(120V)(6.25 A)=

(a)

The maximum power available from this line is

P =(AV)I,,, =(120 V)(15A)=1800 W

123

Thus, the combined power requirements (2 400 W) exceeds the available power, and you

cannot operate the two appliances together l .

i
b
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1841 (a)

(b)

The area of each surface of this axon membrane is
= £(27r) =(0.10 m)[ 27(10x 10 m) | = 27x10" m’
and the capacitance is

27%107° m?

C =ke, £=3.0(8.85><10'“ CZ/N-mz) 3 =1.67x10° T
d 1.0x10° m

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

Q, =C(AV), =(1.67x107" F)(70x10” V)=117x10" C—|1.2x10° C

The number of potassium ions required to produce this charge is

-
=S % 7.3x10° K* ions|
e

and the charge per unit area on this surface is

Qi 117><10‘9C[ le J10‘2°m2 __le _|_1e
A 2mx10° 1.6x10" C ) 1A? 8.6x10" A (290 A)z

This corresponds to a low charge density of one electronic charge per square of sidf
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
—(. =-1.17x107° C, and the net positive charge on this surface in the excited state
is

Q, =C(AV), =(1.67x10™ F)(+30x107 V)=+5.0x10"" C

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

AQfo _Q.‘

= +5.0x10™ C-(-1.17x10" C) =1.67x10” C—[17x10” C|

corresponding to

-9
. _AQ . L 67::( 10°C =|1.0x10" Na* ions
N e 16%10™ C/Na® ion
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| () If the sodium jons enter the axon in a time of Af=2.0 ms, the average current is

AQ 1.67x107° C -
=2 Z=83x107 A= 0.83 uA
Af  2.0x107 s

~ (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:EC(AV)zf =E(1.67x10 " F)(30x10° V)

2

7.5%107" ]

The capacitance of the 10 cm length of axon was found to be C=1.67x10" 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 jons and charge the now neutral capacitor to the
resting action potential requires an energy input of

1 1 Y =
w:zc:(mx)2 = (1.67x107 F)(70x10° V) =[4.1x10™ J|.

(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 %10~ C and the charge on this surface in the

excited state is +5.0x10 ™ C . Thus, the positive charge which must flow out of the
axon as it goes from the excited state t0 the resting state is

AQ =50x107" C+1.17x107 C =1.67x107° C,

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

AQ 167x10°C .
1=AQ 16729 % 5 6x107 A=[056 uA |
Af 3.0x107 s

From Figure 18.28, 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, =7.5%107* J.
The energy input required during the return to the resting state is found in Problem
18.42 to be W, =4.1x10™ J. Therefore, the average power input required during an
action potential pulse is 1

W W+W, 75x10™ [+4.1x10™ ] 1
g): total, _. )3 2 — =11X10-8 W= 11 I\W ‘
At AL 25x10° s 11 W] ]
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1844 From Q=0 (1-8"’ '), the ratio Q/Q,.., at t=27 is found to be

2yt 21 L[], o Qi [BEF] of Qo at 12

eZ

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

equivalent resistance of R, = :

240 510 240 240
74 Yvy [r Yy a
1802 a5 1.5Q§ 7502
, 360 , 360 b
o—

‘ 500 3.0Q 3.0Q

l 500 30Q ]
28V 109§ 1on§ 400
400 200 3.0Q
L’VW\:-—W—

28V 109§ 1on§ 1UQ§
Lwn“"’“ Wik

Figure 1 Figure 2

5.0 Q2 500 5.0 !
28 28 28 '
Vv JUEY) v 10Q 100 g v 5080 23 };1

4.00 400 4080

' Figure 3 Figure 4 Figure 5 Figure 6
L. o (AV) (28V)
(b) The power dissipated in the circuitis = T
eq

(c) The current in the original 5.0-Q resistor (in Figure 1} is the total current supplie i
by the battery. From Figure 6, this is

AV _28V

I"Tz"“lxm_

eq
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b7 (a) The resistors combine to an equivalent resistance of R, =15Q as shown.

a_, |
[II
+

15VT 150
b

Figure 3 Figure 5

(b) From Figure5, I, = A;“"

(2]

Then, from Figure 4,

AV, = AV, =1,(60 Q)=60V and AV, =1,(308)=30V

From Figure3, [,=I, =£6% = 28; =10.50 A

From Figure2, AV, =1,(36Q)=18V

’ AV, 18V
Then, from Fi 1, [ =2ted =7 " 21030 A
en, Irom lgure 4 6.0 Q 6.0 )

AV
and I- fd_Ang _1.8‘!=

57900 900 90Q

(c) From Figure2, AV, =1, (240Q)= . All the other needed potential differences

were calculated above in part (b). The results were

AV, =AV, =[60V]; AV, =[30V];and AV, =AY, =[18V]
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(d) The power dissipated in each resistor is found from P = (avy /R with the
following results:

(AV)., (6.0V)

P,= = =[60 W] ?—(Av)i—(l'zv)z—oeow
“" R 608 ' “" R, 240 L=

a

(AV), (18 VY

e O fggi] 9O U8V
R, 6.0 Q : R 9.0 Q :

fd

(AV)Y, (30VY (AV), (6.0V)
= L =l15W P = & — = -60 w
" R, 6.0 Q2 [L5W] “ R, 6.0 Q2 [6ow]

8

1848 (a) From P=(AV)’ /R » the resistance of each of the j

three bulbs is given by

(AVY (120 VY? f -
R= = =240 0 120,V ;@ (1
P 600w R, PRV

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

equivalent resistance of the circuit is

1 1Y 1 1Y
Ry,=Ri+|—+— :24OQ+( +———] =360 Q
R, R, 240Q 240 Q

The total power delivered to the circuit is

(AV)* (120 VY’

= R,  360Q =[400 W]

"(b) The current supplied by the source is = %K = ;—ég—g :% A Thus, the potential

o
difference across R, is

(AV), =IR, =(% A)(240 Q)=[80.0 V]

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

(av), = (AV), =(AV)_ —(AV),=120V-80.0 V=




b

For the other two resistors, the steady-state
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From €=1I(t+R,,), the current supplied when the headlights are the entire load is

€ 126V _,uep
F+R_, (0.080+5.00) Q

The potential difference across the headlights is then
AV =IR,,, =(2.48 A}(5.00 Q)=

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
I=(£-AV)/r while the current to the headlights is I, = AV/5.00 Q. Thus,
I1=1,+35.0 A becomes

E~AV . AV
Y 5.00Q

+35.0 A

which yields

_£-(350A)r 126 V(350 A)(0.080 Q) _
T14r/(5.009Q) 1+(0.080 ©)/(5.00 Q) =[98 Y]

After steady-state conditions have been
reached, there is no current in the branch
containing the capacitor.

Thus, for R;: I, =0 (steady-state) £——900V

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

For R, and R;:

£ 9.00 V |
- _ ~[333 uA (steady-stat
(wei) TRAR, | (120 kQ+15.0 kQ) ph (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,}=(10.0 4F)(333x10™ A)(15.0x10° Q)

18.51 Applying Kirchhoff’s junction rule at junction 4

gives i
L=L+I (1) %40\]

Applying Kirchhoff's loop rule on the leftmost 100
loop yields

+9.0V=(5.0)1, 4.0 V-(10)], =0
or IL+2,=10A (2)
For the rightmost loop,

+(10)1, +4.0 V+(10)]; ~14 V=0
or L+L,=10A (3)

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

[[,=0,1,=1,=050 A|




18.54

Direct-Current Circuits 131

b With the switch open, the circuit may be reduced as follows:

0Q 90O 100 Q
R R R 500 _, R+500Q

A0 10 Q2 100 &

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

10 Q 90 O

R L R 9 90 ___R+18§'2
a b a o booa b

30 0 100

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

1 _—
R+18 Q:E(R+50 Q), which yields R=

When a generator with emf £and internal resistance r supplies current 1, its terminal
voltage is AV=&-1Ir.

If AV=110 V when I =10.0 A, then 110 V=£E£-(10.0 A)r (1
Given that AV =106 V when [=30.0 A, yields 106 V=E—(30.0 A)r (2)

Solving equations (1) and (2) simultaneously gives

|8=112V and r=0.200§2_‘

At time ¢, the charge on the capacitor willbe Q =0, (1 —e ) where
7=RC=(2.0x10° )(3.0x10° F)=60s

When Q=0.90Q,,, this gives 0.90=1-¢™"

or  ¢%=010 Thus, —%=1n(o.10)

giving t=-(6.05)In(0.10)=
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18.55

18.56

(a)

CHAPTER 18

For the first measurement, the equivalent circuit is
as shown in Figure 1. From this,

R, =R =R, +R, =2R,
1
so R, =-2;R1 1)

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

1

Re=R,=>R,+R, @)

;4

Substitute (1) into (2) to obtain

R, =l(lR1J+Rx,or R, =R, - 1R,
212 4

If R, =13 Qand R, =6.0 Q , then

Since this exceeds the limit of 2.0 Q , the antenna is I inadequately grounded l ]

Assume a set of currents as shown in the circuit
diagram at the right. Applying Kirchhoff’s loop

rule to the leftmost loop gives

Qr

+75~(5.0)I -(30)(I-1,)=0

7I1-61,=15

, For the rightmost loop, the loop rule gives

7 R
—(40+R)I, +(30)(I-1,)=0,0r I=[§+§6)II

Substituting equation (2) into (1) and simplifying gives

Also, it is known that P,=[[R=20 W ,so [R=

3101, +7(1,R) =450

20W

1

Figure 2
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Substitution of equation (4) into (3) yields

3101, +%9=450 or 3101% — 4501, +140 =0

1

Solving this quadratic equation gives two possible values for the current [, . These are

I,=10A and I,=0452 A. Then, from R=2%-2E, we find two possible values for the

1
resistance R. These are

[R=20Q or R=98Q]

When connected in series, the equivalent resistance is R, =R, + R, +---+R, =nR. Thus,
the current is I, = (AV)/R, =(AV)/nR, and the power consumed by the series

configuration is

et

fPszI:Req =

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

AV’
Fi= ( R ) , and the total power consumption is

n(AVYy
P=nP= (R)
2
Therefore,—“:mm R 3 lz or 3’s=—13-97’p
nR  n(AV) n n
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18.58

18.59

CHAPTER 18

F o

Consider a battery of emf £ connected between

points 2 and b as shown. Applying Kirchhoff's
loop rule to loop acbea gives |

~(LO), -(1.0)(I, L)+ £=0

or 2, -1,=€ (1)
Applying the loop rule to loop adbea gives d
~(3.0)1, - (5.0){[, + )+ £=0
or 81,+51,=¢& 2)
For loop adea , the loop rule yields
-(3.0)1, +(1.0),, +(1.0)[, =0 or I, +I, =3I, 3)
Solving equations (1), (2) and (3) simultaneously gives
13 4 1
[ ===&,,=—¢€, and I; ==&
1=yt Tyt e Ty
Then, applying Kirchhoff’s junction rule at junction a gives
13 4 17 £ £ 27
[=1+I, ==€+—E&=-~E . Therefore, R, =—=+——57=| 5 ©
1 HL =gty Oy & NS R T T 7 27) 17
(a) and (b) - With R the value of the load resistor, the r=100Q
current in a series circuit composed of a 12.0 V battery,
an internal resistance of 10.0 2, and a load resistor is i
' 120V
20V T
R+10.0 Q

and the power delivered to the load resistor is

P —PRe (144 V*)R
L= - 2
(R+10.0 Q)
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Some typical data values for the graph
are

R(Q) | 2.(W)
1.00 1.19
5.00 3.20
10.0 3.60
15.0 3.46
20.0 3.20
250 2.94
30.0 2.70

The curve peaks at $,=3.60 W ata load resistance of R=10.0£.
The total resistance in the circuit is

= | -1
R= -!—+i = ——1—-—+ L =1.2 kQ
R, R, 20kQ 3.0kQ

and the total capacitanceis C=C, + C, =2.0 #F+3.0 uF=5.0 HuF

Thus, Q. = C& = (5.0 4F)(120 V) =600 uC

and 7=RC=(12x10° @)(50x10° F)=60x107 s= 60s
1000

The total stored charge at any time £ is then
0=0,+Q = Quar (1~ ¢ or Q, +Q, =(600 #C)(1- g 1Ome0s) (1)

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

Therefore, (AV). = —Cl = Ez- ,orQ, = {%]Q, =150, (2)
) 1 2z 1

Solving equations (1) and (2) simultaneously gives

0, =[(240 uC)(1-71%")

and Qz 2\(160 Juc)(l_ 8-10001/6.05)
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1861 (a) Using the rules for combining resistors in series and parallel, the circuit reduces 2]

shown below:
1000 250V 1000 250V
A —=1 | AMA—= 1
x' h,f 100Q 250V
a b | — |+
10.0 Q2 1000
i —> ] b I
5.00 2 5000
500 20.0 Lo b
Q
2940
2500
Step 1 Step 2 Step 3

From the figure of Step 3, observe that

_ 250V
12.94 A

~193A and AV, =1(294Q)=(1.93 A)(294 Q)={5.68 V

AV, 568V
b) F the fi f Step 1, ob that I, = & = =[0.227 A
(b) From the figure of Step 1, observe that I, =7 fo=20 s

18.62 (a} When the power supply is connected to points A and B, the circuit reduces as
shown below to an equivalent resistance of R, = 0.0999 Q.

100 Ry+ Ry +10002 = 1110
Ryy = 00990
=0.100 Q2 —MWW—
—fl—’\?W\r 3
-
I e
_i| [ i!l = 500V
500V 500V

From the center figure above, observe that I = L= 500V _ 50.0 A

2

and Io = Ix, = Lo =§1%OQY =0.0450 A=[450 mA
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(b) When the power supply is connected to points A and C, the circuit reduces as

shown below to an equivalent resistance of R, =|1.09 Q|.

100 Q Ry +100 Q=110 0
MWW WV Ry=1090
Ri o R . Ry Ry+R,=1100 AW
AW~ D — A —
I
+I=—
+ Hi 5.00 V
5.00 V 500V

(c)

and

From the center figure above, observe that I, =1, =1, = ?(1)8 ;'; =1455A

Te, =To = 51'—30% =0.0455 A =[455 mA

When the power supply is connected to points A and D, the circuit reduces as
shown below to an equivalent resistance of R, =(9.99 Q.

100 &2 100 Q2
WW WW Ry =99902
Ry . R . R Ry+R,+Ry=11.1Q — MWW
AFWEW-SAMHD — A—— M —
I D e
I I
+I = + % = 500V
5.00V 500V
. 500V
From the center figure above, observe that I, =I; =1, =1, = TR 0.450 A
500V
d Lo =——=0.0500 A=|50.0 mA
an 100 Q
18.63 'In the circuit diagram at the right, note that all points 6.00 Q)
labeled a are at the same potential and equivalent a._.l.@ b A c

to each other. Also, all points labeled ¢ are equivalent.

To determine the voltmeter reading, go from point e
to point d along the path ecd, keeping track of all
changes in potential to find:

AV, =V, -V, =-450 V+6.00 V=[+150 V]
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Apply Kirchhoff's loop rule around loop abcfa to find
—(6.00 Q)I+(6.00Q)I, =0 or  I=I
Apply Kirchhoff's loop rule around loop abcda to find
-(6.00Q)I+6.00V-(100Q)[,=0 or  I,=0.600 A-0.600]
Apply Kirchhoff's loop rule around loop abcea to find
~(6.00 Q)[+450 V(500 Q) =0 or [, =0.900A-1.20I
Finally, apply Kirchhoff's junction rule at either point 4 or point ¢ to obtain

I+, =0L+1I,

Substitute equations (1), (2), and (3) into equation (4) to obtain the current through the §
ammeter. This gives ]

I-+1=0.900 A-1.201+0.600 A -0.600]

or 3.801=1.50 A and I=150A/3.80={0.395 A

18.64 In the figure given below, note that all bulbs have the same resistance, R.

A (ql;@ A {{p)

AV _—_ —— AV

B () B (p

\ Casel Case 2 i
(a) In the series situation, Case 1, the same current [, flows through both bulbs. Thus, §
the same power, #,=I’R, is supplied to each bulb. Since the brightness of abulb is ]
proportional to the power supplied to it, they will have the same brightness. We
conclude that the | bulbs have the same current, power supplied, and brightness|.

(b) In the parallel case, Case 2, the same potential difference AV is maintained across

each of the bulbs. Thus, the I, = AV/R will flow in each branchof
this parallel circuit. This means that, again, the ¥,=IIR is supplied ]

to each bulb, and the two bulbs will have [equal brightness |.
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(¢) The total resistance of the single branch of the series circuit {Case 1) is 2R, Thus, the
current in this case is I, = AV/2R . Note that this is one half of the current I, that

flows through each bulb in the parallel circuit (Case 2). Since the power supplied is
proportional to the square of the current, the power supplied to each bulb in Case 2

is four times that supplied to each bulb in Case 1. Thus, the bulbs in are
much brighter than those in Case 1.

(d) If either bulb goes out in Case 1, the only conducting path of the circuit is broken

and all current ceases. Thus, in the series case, ‘_Lhe other bulb must also go out |. If

one bulb goes out in Case 2, there is still a continuous conducting path through the i
other bulb, Neglecting any internal resistance of the battery, the battery continues to ]
maintain the same potential difference AV across this bulb as was present when |

I

both bulbs were lit. Thus, in the parallel case, rthe second bulb remains lit | with

[unchanged current and brightness | when one bulb fails.




