28

Direct-Current Circuits

CHAPTER OUTLINE

28.1 Electromotive Force

28.2 Resistors in Series and Parallel

28.3 Kirchhoff ’s Rules

28.4 RC Circuits

28.5 Household Wiring and Electrical Safety

* An asterisk indicates a question or problem new to this edition|

ANSWERS TO OBJECTIVE QUESTIONS

00Q28.1 Answer (a). When the breaker trips to off, current does not go
through the device.

00Q28.2 (i) Answer (d). The terminal potential difference is AV =€ —1Ir,
where current I within the battery is considered positive when it
flows from the negative to the positive terminal. When I =0, AV =€

(ii) Answer (b). When the battery is absorbing electrical energy, the
current within the battery flows from the positive to the negative
terminal; in this case, I is considered negative, making
AV=€-Ir=E+|l|r>E.

0028.3 Answer (c). In a series connection, the same current exists in each
element. The potential difference across a resistor in this series
connection is directly proportional to the resistance of that resistor,
AV =R, and independent of its location within the series
connection.

0Q28.4  Answer (b). because the appliances are connected in parallel, the
total power used is proportion to the total current:

SP=YIAV=AVS] 3l =20

240
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or
P..+P +P
I- — heater toaster oven
X1 AV
1.30x10° +1.00x10° +1.54x 10°) W
= ( 150V ) =(32.0 A

Answer (b). When the two identical resistors are in series, the current
supplied by the battery is [ = AV /2R, and the total power delivered

is P.=(AV)I=(AV)*/2R. With the resistors connected in parallel, the
potential difference across each resistor is AV and the power
delivered to each resistor is P, =(AV)’/R. Thus, the total power
delivered in this case is

2 2
R 2R

Answer (a), (d). According to the relationship for resistors in series,
Ryg=R;+R, +-

the sum R, is always larger than any of the resistances R,, R,, etc.

Answer (d). The equivalent resistance for the series combination of
five identical resistors is R, = 5R, and the equivalent capacitance of

five identical capacitors in parallel is C,, = 5C. The time constant for
the circuit is therefore 7=R_C,. =(5R)(5C)=25RC.

eqTeq

Answers (b) and (d). The current is the same in each series resistor, as
described by Kirchhoff’s junction rule. The potential difference in
each resistor is different because AV =IR and each R is different.

Answer (a). The potential is the same across each parallel resistor,
but the current and power in each resistor is different because
I=AV/R and P=IAV and each R is different.

Answer (b) and (c). The same potential difference exists across all
elements connected in parallel with each other, while the current
through each element is inversely proportional to the resistance of
that element (I = AV/R).

Answer (b). Each headlight’s terminals are connected to the positive
and negative terminals of the battery so that each headlight can
operate if the other is burned out.

(i) The ranking of potentials are: 2 > d > b = ¢ > e. For both batteries to
be delivering electric energy, currents are in the direction 4 to b, and d
to ¢, and so current flows downward through e. Point e is at zero
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242 Direct-Current Circuits

potential. Points b and c are at the same higher potential, d (equal to 9
V) is still higher, and a (equal to 12 V) is highest of all.

(ii) The ranking of magnitudes of current are:e >a=b>c=d. The
current through e must be the sum of the other two currents. The
change in potential from a to b is greater than the change in potential
from d to ¢, so the current from a to b must be greater.

0Q28.13 Answer (b). According to the relationship for resistors in parallel,

1 1 1
!
R, R, R,

€q

the larger the sum on the right-hand side of the equation,
1/R, +1/R, +---, the smaller the equivalent resistance R, ; therefore,

Req is always smaller than any of the resistances R,, R,, etc.

0Q28.14 Answers: (i) (b) (ii) (a) (iii) (a) (iv) (b) (v) (a) (vi) (a). Closing the
switch lights lamp C. The action increases the battery current so it
decreases the terminal voltage of the battery. Lamps A and B are in
series, so they carry the same current, but when the terminal voltage
of the battery drops, the total voltage drops across lamps A and B
combined, thus reducing the potential difference across each. Total
power delivered to the lamps increases because the current through
the battery increases.

0Q28.15 Answers: (i) (a) (ii) (d) (iii) (a) (iv) (a) (v) d (vi) (a). Closing the switch
removes lamp C from the circuit, decreasing the resistance seen by
the battery, and so increasing the current in the battery. Lamps A and
B are in series, so the potential difference across each is proportional
to the current. Total power delivered to the lamps increases because
the current through the battery increases.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ28.1 (@) No. As is the case with the bird in CQ28.3, the resistance of a
small length of wire is small, so the potential change along that
length is small.

(b) No! When she eventually touches the ground, she will act as a
connection to ground, resulting in perhaps several thousand
volts across her.

CQ28.2  Answer their question with a challenge. If the student is just looking
at a diagram, provide the materials to build the circuit. If you are
looking at a circuit where the second bulb really is fainter, get the
student to unscrew them both and interchange them. But check that
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the student’s understanding of potential has not been impaired: if
you add wires to bypass and short out the first bulb, the second gets
brighter.

CQ28.3  Because the resistance of a short length of wire is small, the change in
potential along that length is small; therefore, there is essentially zero
difference in potential between the bird’s feet. Then negligible current
goes through the bird. The resistance through the bird’s body
between its feet is much larger than the resistance through the wire
between the same two points.

CQ28.4

CQ28.5 Two runs in series: -\W—W\- = one run down one slope followed
by a second run down a second slope.

_NW_

Three runs in parallel: AW = parallel runs down the same hill

_W_

so that the change in elevation is the same for each.

Junction of one lift and two runs: — | | :::: .

Gustav Robert Kirchhoff, Professor of Physics at Heidelberg and
Berlin, was master of the obvious. A junction rule: The number of
skiers coming into any junction must be equal to the number of
skiers leaving. A loop rule: the total change in altitude must be zero
for any skier completing a closed path.

CQ28.6  The bulb will light up for a while immediately after the switch is
closed. As the capacitor charges, the bulb gets progressively dimmer.
When the capacitor is fully charged the current in the circuit is zero
and the bulb does not glow at all. If the value of RC is small, this
whole process might occupy a very short time interval.

CQ28.7 (a) The hospital maintenance worker is right. A hospital room is
full of electrical grounds, including the bed frame. If your
grandmother touched the faulty knob and the bed frame at the
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244 Direct-Current Circuits

same time, she could receive quite a jolt, as there would be a
potential difference of 120 V across her. If the 120 V is DC, the
shock could send her into ventricular fibrillation, and the
hospital staff could use the defibrillator you read about in
Chapter 26. If the 120 V is AC, which is most likely, the current
could produce external and internal burns along the path of
conduction.

(b) Likely no one got a shock from the radio back at home because
her bedroom contained no electrical grounds—no conductors
connected to zero volts. Just like the bird in CQ28.3, granny
could touch the “hot” knob without getting a shock so long as
there was no path to ground to supply a potential difference
across her. A new appliance in the bedroom or a flood could
make the radio lethal. Repair it or discard it. Enjoy the news
from Lake Wobegon on the new plastic radio.

CQ28.8 (@) Both 120-V and 240-V lines can deliver injurious or lethal
shocks, but there is a somewhat better safety factor with the
lower voltage. To say it a different way, the insulation on a 120-
V line can be thinner.

(b) On the other hand, a 240-V device carries less current to operate
a device with the same power, so the conductor itself can be
thinner. Finally, the last step-down transformer can also be
somewhat smaller if it has to go down only to 240 volts from the
high voltage of the main power line.

CQ28.9  No. If there is one battery in a circuit, the current inside it will be
from its negative terminal to its positive terminal. Whenever a
battery is delivering energy to a circuit, it will carry current in this
direction. On the other hand, when another source of emf is charging
the battery in question, it will have a current pushed through it from
its positive terminal to its negative terminal.

CQ28.10 In Figure 20.13, temperature is similar to electric potential, and
temperature difference AT =T, —T, is similar to voltage AV. Energy

transfer is similar to electric current. The upper picture is similar to a
series circuit, where the resistors (rods) carry the same current
(energy transfer by conduction), and the sum of the voltages
(temperature differences) across the rods equals the total voltage
(total temperature difference) across both resistors (rods). The lower
picture is similar to a parallel circuit, where the resistors (rods) have
the same voltage (temperature difference) but carry different currents
(energy transfer by conduction).

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 28 245

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 28.1 Electromotive Force
P28.1 (@) Combining Joule’s law, P=I1AV, and 50V
the definition of resistance, AV = IR, gives — W

_(AV)Y (116 V) _ TR ¢
R=—=F=="%00w ~1673€

(b) The electromotive force of the battery must
equal the voltage drops across the
resistances: € = IR + Ir, where [ = AV /R.

__(e-IR) _(e-AV)R
~T T T AV

_ (15.0V—ﬁ.§2}/)(6.73 Q) oo

3.00 V
0.600 A

ANS. FIG. P28.1

P28.2 The total resistance is R = =5.00 Q.

0.255 Q 0.153 Q

_| '_‘l'l‘v"_—{ ._‘I"W__'
150V TR0V

W
=

o
ANS. FIG. P28.2

@@ Ry, =R—r .. =500Q-0408Q=[459Q

lamp

P, (0.408 Q) I

b batteries _ =0.081 6 = -8_160/0 !
®) p (5.00 Q)7 —

total

P28.3 (@) Here € =I(R +7), ; %
o
o

SO

VWV
5.00 Q

__E _ 126 V
R+r (5.00 Q+0.080 0 Q)
=248 A.

Then, ANS. FIG. P28.3(a)
AV = IR =(2.48 A)(5.00 Q)

=[124V]
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246 Direct-Current Circuits

(b) LetI, and I, be the currents

flowing through the battery
and the headlights, respectively

Then, %

L =1,+350A
and €E-I,R-I,R=0
SO ANS. FIG. P28.3(b)

0.0800 Q
‘_
S
5.00 Q
AV
4—
35.0

126 V
|
1

€=(I,+35.0 A)(0.0800 Q)
+1,(5.00 Q)=12.6 V

giving I, =1.93 A.
Thus,
AV, =(1.93 A)(5.00 Q)=|9.65V

P28.4 (@) Atmaximum power transfer, r = R. Equal powers are delivered to
r and R. The efficiency is [50.0%|.

(b) For maximum fractional energy transfer to R, we want zero
energy absorbed by r, so we want r =

(c) High efficiency| The electric company’s economic interest is to
minimize internal energy production in its power lines, so that it
can sell a large fraction of the energy output of its generators to
the customers.

(d) High power transfer|Energy by electric transmission is so cheap
compared to the sound system that she does not spend extra
money to buy an efficient amplifier.

Section 28.2 Resistors in Series and Parallel

P28.5 (a) Since all the current in the circuit must pass 100 ©
. _ . a 100 Q Yvy ),
through the series 100-Q resistor, 00—
P _ 12 MWW
ANS. FIG. P28.5

\/7 JZSO =0.500 A.
100 Q

R, —1OOQ+(—+—) Q=150 Q
100 100
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A‘/I'IlaX = Rqumax =

(b) From a to b in the circuit, the power delivered is

P_..=|25.0W | for the first resistor, and

series

P

parallel

=I*R =(0.250 A)*(100 Q)= 6.25 W

for each of the two parallel resistors.

() P=IAV=(0.500 A)(75.0 V)=[375 W

P28.6 (@) |The 120-V potential difference is applied across the series
combination of the two conductors in the extension cord and
the lightbulb. The potential difference across the lightbulb is
less than 120 V, and its power is less than 75 W.

(b) See the circuit diagram in ANS. FIG. P28.6;

AN
YVYY

the 192-Q resistor is the lightbulb (see 0.800 Q
below). 120V 1920
(c) First, find the operating resistance of the 0.800 €
lightbulb: o
p_(AV) ANS. FIG. P28.6
R
2 2
or R= (av) = (120 V) =192 Q
P 75.0 W
From the circuit, the total resistance is 193.6 Q. The current is
I= 120 vV =0.620 A
193.6 Q

so the power delivered to the lightbulb is
P=1°AR=(0.620 A)* (192 Q)=[73.8 W
P28.7 The equivalent resistance of the parallel combination of three identical
resistors is
1 1 1 1 3 R
—=—+—+—=—7 or R =—
R, R, R, R, R P 3

The total resistance of the series combination between points a and b is
then

Rﬂb:R+RP+R:2R+§: gR
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248 Direct-Current Circuits

P28.8 (@) By Ohm’s law, the current in A is . The equivalent
resistance of the series combination of bulbs B and C is 2R. Thus,

the current in each of these bulbs is ‘I s =1-=E/2R |

(b) |Band C have the same brightness because they carry the same

current.

(c) |A is brighter than B or C because it carries twice as much current.

P28.9 If we turn the given diagram on its side and change the lengths of the
wires, we find that it is the same as ANS. FIG. P28.9(a). The 20.0-Q2 and
5.00-Q resistors are in series, so the first reduction is 00

25V
shown in ANS. FIG. P28.9(b). In addition, since the ]0' 'Q“ 'H
10.0-Q, 5.00-Q, and 25.0-Q resistors are then in AW 4
parallel, we can solve 250 f;gf 0=
for their equivalent resistance as: T °7
1 1 1 1 b
i + + - R, =294 Q
R, 1000750002500 " ul i
v T
This is shown in ANS. FIG. P28.9(c), which in turn 1= 1o = 0%
reduces to the circuit shown in ANS. FIG. P28.9(d), ¢ 7 ©7 ;2 T
from which we see that the total resistance of the @
circuit is 12.94 Q. b
Next, we work backwards through the diagrams Z\fl W=
AV
applying I = = and AV =IR alternately to every |} % o=
resistor, real and equivalent. The total 12.94-Q ®) :
resistor is connected across 25.0 V, so the current
through the battery in every diagram is 25J_ 25l
\% VT
I= AV = 250V =193 A 102292 12942
R 1294 Q ez ey e
In ANS. FIG. P28.9(c), this 1.93 A goes through © @

the 2.94-Q equivalent resistor to give a potential ANS. FIG. P28.9
difference of:

AV = IR =(1.93 A)(2.94 Q)=5.68 V

From ANS. FIG. P28.9(b), we see that this potential difference is the
same as the potential difference AV, across the 10-Q resistor and the

5.00-Q resistor.
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Thus we have first found the answer to part (b), which is

AV, =568V

Since the current through the 20.0-Q resistor is also the current through
the 25.0-Q line ab,

AV, 568V
R, 25.0Q

=0.227 A =| 227 mA

P28.10 (a) |Connecttwo 50-Q resistors in parallel to get 25 Q. Then
connect that parallel combination in series with a 20-Q 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 2. Then, connect these two

combinations in series with each other to obtain 35 Q.

P28.11 When S is open, R,, R,, and R, are in series with the battery. Thus,

6V
10° A

When S is closed in position a4, the parallel combination of the two R,’s

R, +R,+R; = =6 kQ [1]

is in series with R, R,, and the battery. Thus,

6V
T 12x10° A

When S is closed in position b, R, and R, are in series with the battery
and R, is shorted. Thus,

6V
27 2%x10° A

Subtracting [3] from [1] gives R, =3 kQ.

R, +%R2 +R, =5 kQ [2]

R,+R =3kQ [3]

Subtracting [2] from [1] gives R, =2 kQ.
Then, from [3], R, =1kQ.

Answwers: @ ® @

P28.12  When S is open, R,, R,, and R, are in series with the battery. Thus,

R1+R2+R3:1£ [1]

0
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When S is closed in position 4, the parallel combination of the two R,’s

is in series with R, R,, and the battery. Thus,
1 £

R1+ER2+R3:I— [2]

a

When S is closed in position b, R, and R, are in series with the battery.
R, is shorted. Thus:

R, +R, :IE 3]

b
Subtracting [3] from [1] gives

E €
(R1+R2+R3)—(R1+R2):I——I—

o b
1 1
R3 ) 8(___j
Iy 1,

Subtracting [2] from [1] gives

1 £ €
(R1+R2+R3)—(R1+§R2+R3):I——I—

0 a
lp _gf2 1
2 I, I

a

Romaef 11
IO Ia

Then, from [3],
E
Rl +R2 :E
E
Rl :E_R2
R=% e[l L
Ib IO Ia
R, =€ —£+£+l
IO Ia Ib

Answers: (a) |R, = [—£+£+lj (b) Rzzzg(l_lj

I, I
(c) R3=8(l—lj
IO Ib

a
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*P28.13 (a) The equivalent resistance of the two

parallel resistors is 400 Q 9.00 Q
1
R = —412Q
P~ (1/7.00 Q)+ (1/10.0 Q) s
a
Thus,

R, =R, +R,+R, =4.00+4.12+9.00 ANS. FIG. P28.13
-
(b) AV =IR

340 V=1(17.1Q)
I= for the 4.00-Q and 9.00-Q resistors.

Applying AV =R,
(199 A)(412 Q)=8.18V
8.18 V=1(7.00 Q)

so [=|1.17 A | for the 7.00-Q resistor. Finally,

8.18 V=1(10.0 Q)

so I=|0.818 A | for the 10.0-Q resistor.
P28.14 (a) The resistance between a and b The original resistance

1S

1
R+ 1 1 =R+50Q

+
90+10 10+90

Closing the switch changes the resistance to

1 1

R+1 1+1 1:R+18§2

9% 10 10 90
(b) Werequire R + 18 Q =0.50(R + 50 Q), so R = .
P28.15  Denoting the two resistors as x and y, and suppressing units,
1 1 1
x+y=690,and —=—+—
150 x y
i_l_,_ 1 (690—-x)+x
150 x 690—-x  x(690—x)
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% —690x+103 500 = 0
L6902 /(690 — 414 000

2
«-[#70a] y-[2200

P28.16 (a) The resistors 2,3, and 4 can be combined to a single 2R resistor.
This is in series with resistor 1, with resistance R, so the
equivalent resistance of the whole circuit is 3R. In series, potential
difference is shared in proportion to the resistance, so resistor 1

gets % of the battery voltage and the 2-3-4 parallel combination
gets % of the battery voltage. This is the potential difference
across resistor 4, but resistors 2 and 3 must share this voltage. %
goes to 2 and % to 3. The ranking by potential difference is

AV, > AV, > AV, > AV,

Based on the reasoning above the potential differences are

av =& Ay, =28 Ay 2 Ly o2
3 9 9 3

(b) All the current goes through resistor 1, so it gets the most. The
current then splits at the parallel combination. Resistor 4 gets
more than half, because the resistance in that branch is less than
in the other branch. Resistors 2 and 3 have equal currents because
they are in series. The ranking by current is

L >I,>1,=1,

Resistor 1 has a current of I. Because the resistance of 2 and 3 in
series is twice that of resistor 4, twice as much current goes
through 4 as through 2 and 3. The current through the resistors
are

L=11L=I=

(c) Increasing resistor 3 increases the equivalent resistance of the
entire circuit. The current in the circuit, which is the current
through resistor 1, decreases. This decreases the potential
difference across resistor 1, increasing the potential difference
across the parallel combination. With a larger potential difference
the current through resistor 4 is increased. With more current
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through 4, and less in the circuit to start with, the current through
resistors 2 and 3 must decrease. To summarize,

I, increases and I, I,, and I, decrease

(d) Ifresistor 3 has an infinite resistance it blocks any current from
passing through that branch, and the circuit effectively is just
resistor 1 and resistor 4 in series with the battery. The circuit now
has an equivalent resistance of 4R. The current in the circuit drops

to % of the original current because the resistance has increased

by % All this current passes through resistors 1 and 4, and none

passes through 2 or 3. Therefore,

31 31
Il:z’ 1221320, 1421

P28.17 (a) The parallel combination of the 6.0 Q and 12 Q resistors has an
equivalent resistance of

1_ 1 1 241
R, 60Q 12Q 120
or Rm:%:AL.OQ

Similarly, the equivalent resistance of the 4.0 Q and 8.0 Q parallel
combination is

1 _ 1 1 241
R, 40Q 80Q 80Q

8Q

or sz = T

The total resistance of the series combination between points a
and b is then

Rw:Rm+5OQ+Rﬁ:409+5OQ+%gQ

:% Q=117 Q
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(b) If AV, =35V, the total current fromatobis I, =AV, /R, =
35 V/(35€/3)=3.0 A and the potential differences across the two

parallel combinations are

AV, =I,R =(3.0A)(40Q)=12V
8.0
and AV,=1I,R,=(3.0A) > Q[=80V

so the individual currents through the various resistors are:
I,=AV, /12Q=
I,=AV, /60 Q=20 A
Ii=1,=
I;=AV,,/80Q=
and I,=AV,/40Q=[2.0 A

P28.18  We assume that the metal wand makes low-resistance contact with the
person’s hand and that the resistance through the person’s body is
negligible compared to the resistance R ., of the shoe soles. The

shoes

equivalent resistance seen by the power supply is 1.00 MQ + R, ... The
current through both resistors is 00V . The voltmeter
1.00 MQ + Ry ..
displays
AV =1(1.00 MQ)
= 00V =1.00 MQ
1.00 MQ +R

shoes

(a) We solve to obtain
50.0 V(1.00 MQ) = AV (1.00 MQ) + AV (R, )

_ (1.00 MQ)(50.0— AV)

R. =
shoes AV

or

_50.0-AV
shoes AV

where resistance is measured in MQ.

R
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(b) With R, — 0, the current through the person’s body is
D00V 50.0 uA | The current will never exceed 50 pA.
1.00 MQ

P28.19  To find the current in each resistor, we find the resistance seen by the
battery. The given circuit reduces as shown in ANS. FIG. P28.19(a),

since
1 = (0.750 Q
1/1.00Q) + (1/3.00Q) WA
In ANS. FIG. P28.19(b J: 20082
n ANS. FIG. P28.19(b), F18.0V 0.750Q
I=180V/6.75Q=2.67 A T 4.00Q
This is also the current in ANS. FIG. P28.19(a), so W
the 2.00-Q and 4.00-Q resistors convert powers (a)

P,=IAV =1R=(2.67 AY(2.00 Q)=[142 W _Jils A —

YyYY

and P,=I’R=(2.67 AY(4.00 Q)=[284 W

b)
The voltage across the 0.750-Q resistor in (

ANS. FIG. P28.19(a), and across both the 3.00-Q ANS. FIG. P28.19
and the 1.00-Q resistors in Figure P28.19, is

AV =IR=(2.67 A)(0.750 Q)={2.00 V
Then for the 3.00-Q resistor,

I_g_z.oov
R 3.00Q

and the power is

P,=IAV = [%ja.oo V)=

For the 1.00-Q resistor,

200V
~1.00 Q

and P = (Mj(z.oo V) =[4.00 W

I 1.00 Q

P28.20 The resistance of the combination of extra resistors must be
%R -R= %R. The possible combinations are: one resistor: R; two

resistors: 2R, %R ; three resistors: 3R, %R, %R, %R. None of these is

%R, so the desired resistance cannot be achieved.
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P28.21 (a) The equivalent resistance of this first parallel combination is

11 1
R. 100Q 5.00Q

pl

or R,=333Q

10.0 O

1.00

2.00 Q)

.00V

t
ANS. FIG. P28.21
For this series combination,

Rypper =R,; +4.00 Q=7.33 Q

upper

For the second parallel combination,

1—1+1—1+1 R,=213Q
R, Ry. 300Q 733Q 300Q ° "2~
For the second series combination (and hence the entire resistor
network)
Ry =200 Q+R,=2.00Q+213Q=413Q

The total current supplied by the battery is
I AV_8.00V:1'94A

el TR T 413 0

total
The potential drop across the 2.00 Q resistor is
AV, =R,I ., =(2.00 Q)(1.94 A)=3.88V

total —

The potential drop across the second parallel combination must
be

AV, =AV-AV,=8.00V-388V=[412 V

(b) So the current through the 3.00 Q resistor is
AV

I p 412V _ 138 A

TR, 3.00Q
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Section 28.3 Kirchhoff ’s Rules

*P28.22 We need one voltmeter across each resistor
and each battery. These are shown with@ in
ANS. FIG. P28.22. From Kirchhoff’s junction
rule, we need one ammeter in each segment
of the circuit. Ammeters are shown with@ in
ANS. FIG. P28.22. ANS. FIG. P28.22 is the
complete answer to this problem.

ANS. FIG. P28.22

3.00 Q
P28.23  We name currents I,, I,, and I, as shown in S IR 7 A
ANS. FIG. P28.23. From Kirchhoff’s current | " OEn
rule, [ =1 + L. 2800 100
zQ 12,0
Applying Kirchhoff’s voltage rule to the T 500 v T
loop containing I, and I,, v
12.0 V - (4.00 Q)1, ANS. FIG. P28.23

—(6.00 Q)I, - 4.00 V=0
8.00 = (4.00)I, +(6.00)1,

Applying Kirchhoff’s voltage rule to the loop containing I, and I,
—(6.00 Q)I, —4.00 V+(8.00 Q)I, =0
or (8.00 Q)I, =4.00+(6.00 Q)1,

Solving the above linear system (by substituting I, + I, for I,), we
proceed to the pair of simultaneous equations:

{8 = 41, + 41, +6], 8= 4i1 " 1212
or
8, =4 +61, L=3-3

and to the single equation

8:411+10(é11—3)—52 _0
313

37 3
which gives

I, = —(8+?) =0.846 A

Then L, =1I,= §(0.846) - % = 0.462
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and IL=1,+1,=131A

give [,=846 mA, I, =462 mA,[,=131A

(a) The results are: |0.846 A down in the 8.00-Q resistor; 0.462 A downl
lin the middle branch; 1.31 A up in the right-hand branch|

(b) For 4.00-V battery:
AU = PAt =(AV)IAt =(4.00 V)(-0.462 A)(120 s)=-2227]
For 12.0-V battery:
AU =(12.0 V)(1.31 A)(120 s)=1.88 k]

The results are: -222 J by the 4.00-V battery and 1.88 k] by the]
12.0-V battery!.

(c) To the 8.00-Q resistor:

AU = I’RAt = (0.846 A) (8.00 Q)(120 s) =] 687 ]

To the 5.00-Q resistor:

AU =(0.462 A)*(5.00 Q)(120 s)=| 128 ]

To the 1.00-Q resistor in the center branch:

(0.462 A)*(1.00 Q)(120 ) =[25.6 ]

To the 3.00-Q resistor:

(1.31 A)*(3.00 Q)(120 s)=| 616 ]

To the 1.00-Q resistor in the right-hand branch:

(1.31 A)*(1.00 Q)(120 s) =| 205 ]

(d) |Chemical energy in the 12.0-V battery is transformed
into internal energy in the resistors. The 4.00-V battery
is being charged, so its chemical potential energy is
increasing at the expense of some of the chemical
potential energy in the 12.0-V battery.

(e) Either sum the results in part (b): —222] + 1.88 k] =1.66 k],
orin part (c): 687 ] +128]+25.6] +616] +205] =1.66 kJ
The total amount of energy transformed is [1.66 kJ|.
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P28.24 We name the currents I, I,, and I, and arbitrarily choose current
directions as labeled in ANS. FIG. P28.24.

114_

—| —AWW—
h 120V 4.00Q
= b
Bl 2000
a Yyyy
8.00V 6.00Q
L 3 I—IVM_
ANS FIG. P28.24
(@) From the point rule for the junction below point b,

L+L+1=0 [1]
Traversing the top loop counterclockwise gives the voltage loop
equation

+12.0V-(2.00)1,-(4.00) ;=0 [2]

Traversing the bottom loop CCW,
+8.00 V- (6.00 ) I,+ (2.00 )I,= 0 [3]
Solving for I; from equation [2],
120V —-(2.00 Q)I,
4.00 Q
Solving for I from equation [3],

_8.00 V+(2.00 Q)I,
6.00 Q

11

12

Substituting both of these values into equation [1], we find

—(3.00 V-0.5001,)+1.33 V+0.333[, + I, =0
so -1.67 V+1.833L,=0

and the current in the 2.00-Q resistor is | I; =909 mA

(b) Through the center wire,
VvV —(0.909 A)(2.00 Q)=V,
Therefore,

V,-V =[-1.82 V], with V, >V,
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P28.25 (a) Let I, represent the current in the ammeter and the top 6-Q

resistor. The bottom 6-Q resistor has the same potential difference
across it, so it carries an equal current.

We assume both I, in the upper branch and I, in the lower branch
flow to the right. We assume current I,, flows to the left through
the 10-Q resistor. For the top loop we have

6.00-10.0I,,-6.00[, =0 — I,,=0.6-0.61; [1]
We assume current I. flows to the left through the 5-Q resistor.
For the bottom loop,

450-5.00,-6.00[, =0 — [ =09-121, [2]

For the junctions on the left side, taken together,
+L,+L-1,-1,=0 [3]
Substituting I,; and I into [3], we have

06-061)+(09-121)-21 =01 =15/3.8=[0.395 Al

(b) The loop theorem for the little loop containing the voltmeter gives

+6.00V-AV-450V=0 - AV=|150V

P28.26 (a) The first equation represents
Kirchhoff’s loop theorem. We '
choose to think of it as Ty
describing a clockwise trip - S8V
around the left-hand loop in a
circuit; see ANS. FIG. P28.26(a). ANS. FIG. P28.26(a)

For the right-hand loop see N -/ ' 10V

ANS. FIG. P28.26(b). The MW MW ! -

junctions must be between the o Iau Ll

5.80-V emf and the 370-Q r.esistor ANS. FIG. P28.26(b)

and between the 370-Q resistor

and the 150-Q resistor. Then we 5.8\ i AN

have ANS. FIG. P28.26(c). y | J A

This is consistent with the LS 2200 v ST WOV

third equation,
L+1,-1,=0 ANS. FIG. P28.26(c)

I=1+1,

AA A
U\ \r
VN

— | ‘ } ;—:) /
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(b) Suppressing units, we substitute:

~2201, +5.80 — 3701, — 370, = 0
+3701, + 3701, + 1501, —3.10 =0

5.80— 5901,
370

3701, + 22 (5.80 - 5901,) ~3.1= 0
370

Next, I, =

3701, +8.15— 8291, —3.10=0

~5.05V | 11.0 mA in the 220-€ resistor and out of
' 459 Q | the positive pole of the 5.80-V battery

L 5.80-590(0.0110)
i 370

=-1.87 mA

261

negative pole of the 3.10-V battery.

The current is 1.87 mA in the 150-Q resistor and out of the

I, =11.0-1.87 =| 9.13 mA in the 370-€ resistor

P28.27  Label the currents in the branches as shown in
ANS. FIG. P28.27(a). Reduce the circuit by
combining the two parallel resistors as shown in
ANS. FIG. P28.27(b).

Apply Kirchhoff’s loop rule to both loops in ANS.
FIG. P28.27(b) to obtain:

(2.71R)1, +(1.71R)I, = 250 V b R ¢ 2R 4

250
(1.71R)I, +(3.71R)I, =500 V vI I

‘Iﬁlz

ANS. FIG. P28.27(a)

500
Vv

) ) . [ 2171R [
With R =1 000 Q, simultaneous solution of these ¢ = t
equations yields: ' P i

[, =10.0 mA ANS. FIG. P28.27(b)
[,=130.0 mA

From ANS. FIG. P28.27(b), V.-V, =(I,+1,)(1.71R) =240 V.

Thus, from ANS. FIG. P28.27(a), I, = V.=V, = 240 V =60.0 mA.
4R 4 000 Q
Finally, applying Kirchhoff’s point rule at point 2 in ANS. FIG.

P28.27(a) gives:
I=1,-1,=60.0 mA —-10.0 mA =+50.0 mA
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or [=|50.0 mA from point a to pointe |.

P28.28  Using Kirchhoff’s rules and suppressing units,

12.0-(0.01)1, - (0.06)I, =0 [1]

12.0+(1.00)I, — (0.06)1, = 0 [2]
and L=L+1, [3]
Substitute [3] into [1]:

12.0-(0.01)(1, + I,) - (0.06)1, = 0

12.0-(0.01)I, — (0. 07)1 =0 [4]

0.01 Q

r

i i

i : gu,m; Q
: + ) : Starter
: ‘|

e 12V B 12V
_________________ l
Live Dead
battery battery
> i
Ignition
switch
ANS. FIG. P28.28

Solving [4] and [2] simultaneously gives

(@ L=172A= |172 A downward| in the starter.

(b) I,=-1.70A =|1.70 A upward|in the dead battery.

(c) |No, the current in the dead battery is upward in Figure
P28.28, so it is not being charged. The dead battery is

providing a small amount of power to operate the starter,

so it is not really “dead.”

P28.29 a) For the upper loop: Lo tlech P
(a) pper loop [
+15.0 V—(7.00 Q)I, * e e
I
—(2.00 A)(5.00 Q)=0 20 2me &
5.00="7.00I, so |I,=0.714 A ANS. FIG. P28.29

(b) For the center-left junction:
L,=1,+1,=2.00 A
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where [, is the current through the ammeter (assumed to travel to
the right):

0714 +1,=2.00 so |I,=129 A

(c) For the lower loop:

+€-(2.00 Q)(1.29 A)—(5.00 Q)(2.00 A)=0—| =126 V
P28.30 Name the currents as shown in ANS. FIG. P28.30. Then

Yy=w+x+z

wf—z_ll/ z
V)
ANS. FIG. P28.30

The loop equations are (suppressing units):

—200w - 40.0+80.0x =0 x =2.50w +0.500
-80.0x +40.0+360-20.0y=0; — 20.0 = 4.00x + 1.00y
+360—-20.0y —70.0z+80.0=0 22.0=1.00y +3.50z

Use y = w + x + z to eliminate y by substitution:

x =2.50w + 0.500
20.0 =4.00x +1.00y — 20.0 = 4.00x + 1.00(w + x + z)
22.0=1.00y +3.50z — 22.0 =1.00(w + x + z) + 3.50z

x =2.50w + 0.500
—<120.0=5.00x+1.00w +1.00z
22.0=1.00w + 1.00x + 4.50z

Eliminate x:
20.0 =5.00(2.50w + 0.500) + 1.00w + 1.00z
22.0=1.00w + 1.00(2.50w + 0.500) + 4.50z
17.5=13.5w +1.00z
7 121.5=3.50w+ 4,50z
Eliminate z = 17.5 — 13.5w to obtain

21.5=3.50w +4.50(17.5 - 13.5w)
21.5=3.50w +4.50(17.5) — 4.50(13.5w)
— 57.25=57.25w — w = 1.00

(@) w=|1.00 A upward in the 200-Q resistor
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z=17.5-13.5w =17.5-13.5(1.00)
=1 4.00 A upward in the 70.0-Q resisor

x = 2.50w + 0.500 = 2.50(1.00) + 0.500
=| 3.00 A upward in the 80.0-Q2 resistor

w+x+2z=1.00+3.00+4.00
=| 8.00 A downward in the 20.0-Q resistor |

<
Il

(b) For the 200-Q resistor, AV = IR =(1.00 A)(200 Q) =200 V

*P28.31 (a) We name the currents I, I,, and I, as

shown in ANS. FIG. P28.31. b c 4W d
Applying Kirchhoff’s loop rule to 1] . bl R TI;;
loop abcfa gives 1= L% 3L
+e,-&-R,I,—RI, =0 700V |60.0V 80.0V
or, R, § 3.00 kQ
70.0 V-60.0 V
2.00 kQ
~(3.00 kQ)I, —(2.00 kQ)I, =0
R, T ¢
which gives
ANS. FIG. P28.31
31,+21,=10.0 mA
or [,=5.00mA-1.50I, [1]

Applying the loop rule to loop edcfe yields
+&,-R,,-€,-R,1,=0
which gives
80.0 V—(4.00 kQ)I,-60.0 V—-(3.00 kQ)I, =0
or 3I,+4I,=20.0 mA
and I,=5.00 mA -0.7501, [2]
Finally, applying Kirchhoff’s junction rule at junction c gives
I =1 +1, [3]
Substituting equations [1] and [2] into [3] yields
I, =5.00 mA -1.501I, +5.00 mA - 0.7501,
or 3.25],=10.0 mA
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This gives I, = % =[3.08 mA| Then, equation [1] yields

I, =5.00 mA -1.50I, =5.00 mA -1.50(3.08 mA)={0.385 mA

and from equation [2],
I, =5.00 mA - 0.750I, = 5.00 mA - 0.750(3.08 mA)

=[2.69 mA]

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

V, -V, =-€,-R,],
=—60.0 V-(3.00x10° Q)(3.08x10° A)=-69.2 V

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

P28.32  Following the path of I, from a to b, and recording changes in potential
gives

V, -V, =+24.0 V—(6.00 Q)(3.00 A)=+6.00 V

& 240V

= I+ g =g

/‘T R 3000 i’: 6.00 Q V

b

ANS. FIG. P28.32

Now, following the path of I, from a to b, and recording changes in
potential gives

V,-V,=—(3.00 Q),=+6.00V — [,=—2.00 A

which means the initial choice of the direction of I, in Figure P28.32
was incorrect. Applying Kirchhoff’s junction rule at point a gives

I,=1+1,=3.00 A+(-2.00 A)=1.00 A

The results are:

(a) |I2 is directed from b toward a and has a magnitude of 2.00 A.

(b) |, =1.00 A| and flows in the direction shown in Figure P28.32.
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(c) |No. Neither of the equations used to find I, and I,
contained € and R. The third equation that we could
generate from Kirchhoft’s rules contains both the

unknowns. Therefore, we have only one equation

with two unknowns.

P28.33 (a) Applying Kirchhoff’s junction rule at point a gives

L=1+1, [1]
Using the loop rule on the lower loop yields
+12.0-12.0I,-16.0,=0 or I,=1.00- 2001, [2]
3.00
2;“): 28.0 Q
Wy
—>
120V
L 1200
AN a
—>, ¢
8

Wy

16.0 ©
ANS. FIG. P28.33

Applying the loop rule to loop forming the outer perimeter of the
circuit gives

240-2801,—160L, =0 or I, =>20-160L -
28.0
Substituting equations [2] and [3] into [1] yields
_200-160L 0 400
28.0 3.00

and multiplying by 84 to eliminate fractions:

84.01, =72.0— 48.01, +84.0— 1121,
2441, =156

Then, equation [2] gives (I, =0.148 A| and equation [3] yields
[, =0.492 A|.

(b) The power delivered to each of the resistors in this circuit is:

Ppoo=1I’Ry,q =(0.492 A)(28.0 Q)=[6.77 W
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Pooo=1IRp,,,=(0.148 A (12.0 Q)=[0.261 W
PléOQ_IZRléoQ (0639A 16OQ:

P28.34 (a) Going counterclockwise around the upper loop and suppressing
units, Kirchhoff’s loop rule gives

-11.0I, +12.0-7.001, - 5.00I, +18.0-8.00I, =0

or |13.0[, +18.0L, =30.0| [1]

8.00 Q

5000 —P
2008 g 36.0'V

ANS. FIG. P28.34
(b) Going counterclockwise around the lower loop:
-5.00I, +36.0+7.00I, -12.0+11.0I, =0

or |18.0I,-5.00I, =-24.0|. [2]
(c) Applying the junction rule at the node in the left end of the circuit
gives I, -1, -1, = 0| [3]
(d) Solving equation [3] for I, yields |I, =1, -1, [4]

(e) Substituting equation [4] into [2] gives
5.00(1, - I,)—18.01, = 24.0

or |5.00I, —23.0I, =24.0| [5]

(f)  Solving equation [5] for I, yields I, =(24.0+23.01,)/5.
Substituting this into equation [1] gives

13.01, +18.01, = 30.0
24.0+23.01,)

13.0( +18.01, =30.0

13.0(24.0+23.01, )+ 5.00(18.01, ) = 5.00(30.0)

389, =-162 — 1,=-162/389 — |I,=-0416 A
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Then, from equation [2], I, =(30-181,)/13 which yields

(g) Equation [4] gives
I,=1,-1,=2.88 A—(-0416 A) — [[,=330A

(h)  |The negative sign in the answer for I, means that this

current flows in the opposite direction to that shown in
the circuit diagram and assumed during the solution.
That is, the actual current in the middle branch of the
circuit flows from right to left and has a magnitude of
0.416 A.

*P28.35 Refer to ANS. FIG. P28.35. a
Applying Kirchhoff’s junction 12.0 v 00 V% 1 8.0V

rule at junction a gives
4.00Q

3.00

[1] SOOQ ZOOQ

L=1+1I,

Using Kirchhoff’s loop rule on
the leftmost loop yields

-3.00 V-(4.00 Q)I,-(5.00 Q)I, +12.0 V=0

ANS. FIG. P28.35

S0 I, = 900 A—4.00L, _ ;g5 o 0.8001, [2]
5.00
For the rightmost loop,
—3.00 V—(4.00 Q)I,—(3.00 Q+2.00 Q)[, +18.0 V=0
and I,= 150 ‘65‘551'0013 =3.00 A—0.8001, [3]

Substituting equations [2] and [3] into [1] and simplifying gives
2.601,=4.80 A and I, =1.846 A. Then equations [2] and [3] yield
[,=0.323 Aand I, =1.523 A.

Therefore, the potential differences across the resistors are

AV, =1,(2.00 Q)=(1.523 A)(2.00 Q)=[3.05 V
AV, =1,(3.00 Q)=(1.523 A)(3.00 Q)=[4.57 V
AV, =1,(4.00 Q)=(1.846 A)(4.00 Q)=[7.38 V

AV, =1,(5.00 Q)=(0.323 A)(5.00 Q)=[1.62 V
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P28.36  (a) Some simplification could be made by recognizing that the
2.0 Q and 4.0 Q resistors are in series, adding to give a total of 6.0
Q; and the 5.0 Q and 1.0 Q resistors form a series combination
with a total resistance of 6.0 Q.

The circuit cannot be simplified any further, and Kirchhoff’s

rules must be used to analyze it.

2.00 Q)

3.00 Q
120V 1.00 Q
5.00 O

M
ANS. FIG. P28.36

(b) Applying Kirchhoff’s junction rule at junction a gives
L=1+1, [1]
Using Kirchhoff’s loop rule on the upper loop yields
+24.0 V—(2.00+4.0)I, - (3.00)], =0
or 1,=8.00A-2.00] [2]
and for the lower loop,
+12.0 V+(3.00)I, - (1.00+5.00)I, =0
Using equation [2], this reduces to

[ _120V+ 3.00(8.00 A -2.001,)

’ 6.00
giving
I,=6.00 A-1.00[, [3]

Substituting equations [2] and [3] into [1] gives |I, =3.50 A
(c) Then, equation [3] gives |[, =2.50 A|, and
(d) Equation [2] yields |I, =1.00 A
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Section 28.4 RC Circuits

P28.37 (a) The time constant of the circuit is

7=RC=(100Q)(20.0x10° F)=2.00x10" s =

(b) The maximum charge on the capacitor is given by Equation 28.13:

Quax = CE=(20.0x10"° F)(9.00 V)=|1.80x10™* C

() Weuse q(t)=0Q,.(1-¢ "), when t = RC. Then,

4(£) = Quar (1- €)= Q... (1-¢") = (1.80x10* C)(1-¢)
={1.14x10" C

P28.38 (a) The time constant is
RC=(1.00x10° Q)(5.00x10° F)=[5.00 s

(b) After along time interval, the capacitor is “charged to thirty volts,”
separating charges of

Q=Ce=(5.00x10" C)(30.0 V)= 150 uC

@ 1()=re =

- [406 A

P28.39 (a) From I(t)=-I,e"",

( 30.0 V

1.00x 10° Q)eXp (1.00x10° Q)(5.00x10° F)

~100 s ]

-6
IO=£= 5.10x 10 C, —1.96 A
RC (1300%)(2.00x10” F)

I(t)=—(1.96 A)exp —-61.6 mA

—9.00x10° s _
(1300 ©)(2.00x 10 F)

(b) q(t)=Qe-f/RC=<5.10uC>exp{ 500107 s ]

(1300 ©)(2.00x 10 F)

=[0.235 uC

(c) The magnitude of the maximum currentis [, =| 1.96 A |.

P28.40  The potential difference across the capacitor is

AV(£)=AV,, (1-e)

max
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Using 1 farad =1s/Q,

400V = (10.0 V)l:l _ 67(3.00 s)/[R(lo.on*" s/Q):I:|

Therefore,

0.400 = 1.00 — ¢ 1"k
or e—(3.00><105(2)/R — 0.600.
Taking the natural logarithm of both sides,

5
_300x10" Qo (0.600)
R
5

and R:—%:%B%GOS Q=[587 k],

P28.41 (a) Before the switch is closed, the two resistors are in series. The
time constant is

7=(R,+R,)C=(150x10° Q)(10.0x10° F)= 1.50 s

(b) After the switch is closed, the capacitor discharges through
resistor R,. The time constant is

7=(1.00x10° Q)(10.0x10° F)=[ 1.00 s

(c) Before the switch is closed, there is no current in the circuit
because the capacitor is fully charged, and the voltage across the
capacitor is €. After the switch is closed, current flows clockwise
from the battery to resistor R, and down through the switch, and

current from the capacitor flows counterclockwise and down
through the switch to resistor R,; the result is that the total current

through the switch is I, + L.

Going clockwise around the left loop,

8—IlR1:O+I]:R£

1

_ 100V
T 50.0x10° Q

Going counterclockwise around the right loop,

so the battery carries current [, =200 pA.

9 _[R=0-1,=-1 =% jura
c 7 > R,C R,
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so the 100-kQ resistor carries current of magnitude

I = ﬁeft/Rc :( 10.0V )et/l.oo ;
? R, 100x 10° Q

and the switch carries downward current

I, + 1, =| 200 uA +(100 pA)e s

P28.42 (a) Before the switch is closed, the two resistors are in series. The
time constant is

7=|(R,+R,)C

(b) After the switch is closed, the capacitor discharges through
resistor R,. The time constant is

(c) Before the switch is closed, there is no current in the circuit
because the capacitor is fully charged, and the voltage across the
capacitor is €. After the switch is closed, current flows clockwise
from the battery to resistor R, and down through the switch, and
current from the capacitor flows counterclockwise and down
through the switch to resistor R,; the result is that the total current

through the switch is I, + I,. Going clockwise around the left loop,

E-IR =01 = R£ is the current in the battery.
1

Going counterclockwise around the right loop,

9 _LR,=0-1,=-1 =& ;i
c 7 > R,C R,

is the magnitude of the current in R,. The total current through
the switch is

L+1,= £, & i) 8£i+ie‘t/(ch)j
Rl 2 Rl R2

P28.43 (a) Call the potential at the left junction V, and at

the right V.. After a “long” time, the capacitor ;| Eigﬁji b
is fully charged. v 240 320
10.0 V =
L= 00V _ 2.00 A -
5.00 ANS. FIG. P28.43(a)

V, =10.0 V—(2.00 A)(1.00 Q)=8.00 V
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100V
R7100Q

V, =(10.0 V)—(8.00 Q)(1.00 A)=2.00 V

=1.00 A

Therefore, AV=V, -V, =8.00-2.00=|6.00 V

(b) INe suppose the b.atte?y is pulled out 100 é %: 800
eaving an open circuit. We are left = I =

with ANS. FIG. P28.43(b), which canbe 40QZ {4 IuF 2200
reduced to the equivalent circuits — [

shown in ANS. FIG. P28.43(c) and ANS. FIG. P28.43(b)
ANS. FIG. P28.43(d). From ANS. FIG. T
P28.43(d), we can see that the capacitor discharges through a

3.60-Q equivalent resistance.
[

According to q=Qe", 1.0I I,uF
_ —t/RC
we calculate that gC = QCe 9.00
and AV =AVe "%, 6.0 Q
L
We proceed to solve for ¢: ANS. FIG. P28.43(c)
AV _pime op AVi_ e |
AV, AV 1.0 uF
Take natural logarithms of both sides: : 1 -=3.60Q
e W
h’l(A—‘/l) = t / RC 2 ° VAVA!A'A
AV
ANS. FIG. P28.43(d)
so t=RC ln( AV, )
AV
6 AV, —6
=(3.60 2)(1.00x 10 F)In| ——— |=(3.60x 10" s)In10
0.100AV;,

=[829 us

P28.44  We are to calculate

oo

Ie—Zt/RC di = _R_CTEZt/RC (_ 2dtj

) 2 RC
:_R_Ce—Zt/RC“"‘ :—E[e”"—eoj
2 0 2
:_R_C[O_l]: +R_C
2 2
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P28.45 (a) The charge remaining on the capacitor after time t is g=Qe "*.

Thus, if g = 0.750Q, then

0.750Q = Qe /"

e"" =0.750

t =—7In(0.750) = —(1.50 s)In(0.750) =
(b) 7=RC,so

EZLOSS:aooXm*6 F =[6.00 uF
R 250x10° Q

Section 28.5  Household Wiring and Electrical Safety

P 1500 W
P28.46 (a) P=IAV: So for the heater, [ = = =|125A |.

AV 120V
For the toaster, [= 7152%‘3] =1 625 A |

1
And for the grill, I = 10205)\\]/\] ={833A |

(b) The total current drawn is 12.5 A + 6.25 A + 8.33 A =27.1 A.

The current draw is greater than 25.0 amps, so this circuit will

trip the circuit breaker.

*P28.47 From P=(AV)*/R, the resistance of the element is
(AV)? (240 V)
P 3 000 W

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

@ 1=2V_120V o5 A

R 192Q
(b) P=IAV =(6.25 A)(120 V)=[750 W

P28.48 (a) Suppose that the insulation between either of your fingers and the

conductor adjacent is a chunk of rubber with contact area 4 mm®
and thickness 1 mm. Its resistance is

R Pl (10" ©-m)(10”° m)
A 4x10° m?

R= =19.2 Q

=~2x10" Q
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The current will be driven by 120 V through total resistance

(series)
2x10° Q+10* Q+2x10° Q=5x10" Q
Itis: [= AV 1201\5/ ~10™ A
R 5x10° Q

(b) The resistors form a voltage divider, with the center of your hand
at potential % , Where V, is the potential of the “hot” wire. The
potential difference between your finger and thumb is

AV =IR~(10™ A)(10* Q)~10™ V

So the points where the rubber meets your fingers are at
potentials of

~%+10‘1OV and ~%—10‘1OV

Additional Problems
P28.49  (a) With the lightbulbs in series, the equivalent resistance is R, = 3R,

and the current is given by I = 3% Then,

2
Pseries = 81 = 8—
3R

(b) With the lightbulbs in parallel, the equivalent resistance is
1 R

R = R+ (UR)+(UR) ~ 3

the current is given by I= % Then,

2
P El= 3¢

parallel = R

(c) Nine times more power is converted in the | parallel | connection.
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P28.50  The resistive network between a an b reduces, in the stages shown in
ANS. FIG. P28.50, to an equivalent resistance of R, =|7. 49 Q.

2.4 Q) 5.1 0 2.4 0Q 2.4 Q)

IIO—Wyf a O—
mn§ 860 wp 150 },JQ
b o—AA—

3.60Q 3()(2 3.6 Q

ANS. FIG. P28.50

P28.51  The set of four batteries boosts the electric potential of each bit of
charge that goes through them by 4 x 1.50 V = 6.00 V. The chemical
energy they store is

AU =gAV =(240 C)(6.00]/C)=1440]
The radio draws current

AV 6.00 V
R 200Q

So, its power is
P=IAV =(0.030 0 A)(6.00 V)=0.180]/s

=0.0300 A.

E
Then for the time the energy lasts, we have P = A :

At:E:ﬂz&oomm s
P 0.180 J/s

We could also compute this from I = % :

At:Q:&=8.OOX103 s=[222h
I 0.0300A

P28.52  The battery current is
(150 +45.0+14.0+ 4.00) mA =213 mA

ST

150 mA 45mA 14 mA
ANS. FIG. P28.52

(@) The resistor with highest resistance is that carrying 4.00 mA.
Doubling its resistance will reduce the current it carries to
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2.00 mA. Then the total current is (150 + 45 + 14 + 2) mA =
211
211 mA, nearly the same as before. The ratio is 513 - 0.991 |.

(b) The resistor with least resistance carries 150 mA. Doubling its
resistance changes this current to 75 mA and changes the total to

(75 + 45 + 14 + 4) mA = 138 mA. The ratio is % =1 0.648 |.

(c) |The energy flows are precisely analogous to the currents

in parts (a) and (b). The ceiling has the smallest R value

of the thermal resistors in parallel, so increasing its thermal
resistance will produce the biggest reduction in the total

energy flow.

P28.53  Several seconds is many time constants, so the capacitor is fully
charged and (d) the current in its branch is

For the center loop, Kirchhoff’s loop rule gives
+8+BQL-GQI =0
or I,=1.6+0.6l, [1]
For the right-hand loop, Kirchhoft’s loop rule gives
+4V-BQ)L-6Q)1,=0

or I,=0.8-0.6l, [2]
For the top junction, Kirchhoff’s junction rule gives
+1L,+1,-1,=0 [3]

Now we eliminate I, and I, by substituting [1] and [2] into [3].
Suppressing units,
1.6+0.6l,+1,-0.8+0.6],=0 — [,=-0.8/2.2=-0.3636

(b) |The currentin 3 Q is 0.364 A down.|
(a) Now, from [2], we find I, = 0.8 — 0.6(— 0.364) = [1.02 A down in 4 V]|

(c) From [1] we have I, = 1.6 + 0.6(— 0.364) = [1.38 A up in the 8 V]|

battery}
(e) For the leftloop +3V-(Q/6uF)+8V =0, so Q= (6uF)(11V)

=le6.04C
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15V
P28.54  The current in the battery is 5 =1.15 A.

1
10 Q + % o % .
The voltage across 5 Qis 15V - (10 Q) (1.15 A) =3.53 V.
(a) The currentinitis3.53V/5Q =
(b) P=(3.53V)(0.706 A) =

(c)  |Only the circuit in Figure P28.54(c) requires the use of Kirchhoff’s
rules for solution. In the other circuits the 5-Q and 8-Q resistors

are still in parallel with each other.

(d) |The power is lowest in Figure P28.54(c). The circuits in
Figures P28.54(b) and P28.54(d) have in effect 30-V
batteries driving the current. The power is lowest in
Figure P28.54(c) because the current in the 10-W resistor
is lowest because the battery voltage driving the current
is lowest.

AV 6.00 V
- =2.00x10° Q =[2.00 kQ]
I  3.00x107° A

(b) The resistance in the circuit consists of a series combination with
an equivalent resistance of R,, = 5.00 Q. The emf of the battery is
then

P28.55 (a) R=

€=IR,,=(3.00x10" A)(5.00x10° Q)=

v

MA—L—( A

R

| MA

& 3.0 kO
ANS. FIG. P28.55

(©) AV,=IR,=(3.00x10" A)(3.00x10" Q)=
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P28.56  The equivalent resistance is R,, = R + R, where R, is the total resistance
of the three parallel branches;

( 1 1 1 )‘1
R = + +
P 120 Q2 40.0Q R+5.00 Q

T
300Q R+5.00Q
(30.0 Q)(R+5.00 Q)
R+35.0 Q

Thus,

50 0o g BO0QR+500Q) R?+(65.0 Q)R +150 Q?
' R+35.0 Q R+35.0 Q

which reduces to
R*—(10.0 Q)R-2475Q* =0
or (R-55Q)(R+45Q)=0

Only the positive solution is physically acceptable, so R =|55.0 Q|.

P28.57 (a) Using Kirchhoff’s loop rule for the closed loop,
+12.0 —2.00I —4.00I =0
so [=200A
Then,
V, -V, =+4.00 V—(2.00 A)(4.00 Q)—(0)(10.0 Q)=-4.00 V

Thus,

AV,|=]4.00 V

by V,-V,=—400V — V,=V,+4.00V; thus,
a is at the higher potential |.

P28.58  Find an expression for the power delivered to the load resistance R:

2 2
P=12R=( € jR - (r+R)2=8—R:aR
r+ R P
2
where a=8—
P

Carry out the squaring process:
r* + 2rR + R* = aR
R*+(2r-a)R+r*=0
R*+bR+71*=0
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2

where b=2r—-a=2r - —.
P

Solve the quadratic equation:

btV -4

R =
2

Evaluate b:

(9.20 V)?
212 W

Substitute numerical values into the expression for R:

b=2(1.20 Q) - =159 Q

(-1.59 Q) + 4/(-1.59 Q) — 4(1.20 QY
2

. 159Q++-322Q7

2

There is no real solution to this expression for R. Therefore, no load
resistor can extract 21.2 W from this battery.

P28.59  The charging circuit is shown in the left-hand panel of ANS. FIG. P28.59.
Kirchhoff’s loop rule gives

+147V-132V-1(0.850 Q) =0

so the charging current is
I =15V/0.850 Q =1.76 A.

The charge passing through the battery as it charges is
g=IAt=(1.76 A)(1.80 h)=3.18 A-h =114 kC

|
: 0.850 Q g 0.850 Q
T § R
+ }

— 132V = 132V

R=—

ANS. FIG. P28.59

We can think of this charge as indexing a certain number of
chemical reactions, producing a certain quantity of high-energy
molecules in the battery. When the battery returns to its original state
in discharging, we assume that the same number of reverse reactions
uses up all of the high-energy chemical. In our model, the same charge
passes through the battery in discharging, in the opposite direction.
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The discharge current is then

-1 _ 318 A-h =0.435 A
At 730h

In the discharge circuit , shown in the right-hand panel of ANS. FIG.
P28.59, the loop rule gives

13.2 V- (0.435 A)(0.850 Q) — (0.435 A)R = 0

so the load resistance R is 12.8 V/0.435 A = 29.5 Q. Now we can get
around to thinking about energy. The energy output of the 14.7-V
power supply is

gAV =(3.18 A-h)(14.7 V)=46.7 W-h =168 KJ
The energy delivered to the load during discharge is
gAV =gIR =(3.18 A-h)(0.435 A)(29.5 Q)=40.8 W-h =147 k]

The storage efficiency is % =0.873=|87.3%|.

P28.60 (a) The resistors combine to an equivalent resistance of R, =[15.0 Q
as shown in ANS. FIGs P28.60(a-e).

L,

—_—

6.0 Q
15V I
b W\/

6.00 4 9.0

ANS. FIG. P28.60(a)

ag—AN——e—MA\——-

6.0 Q 2.4 ()

4+ /_,1 /;l
I5V o= §l‘».0£! § 3.6 Q

b VW—o .

6.0 O d

ANS. FIG. P28.60(b)

600 A
ANS. FIG. P28.60(c)
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15V .—— 3,()!2§

d

ANS. FIG. P28.60(d)

I8

15V == 15 Q §
/1.
ANS. FIG. P28.60(e)
From ANS. FIG. P28.60(e),
=& 10V 604

'R 15.0 Q

e
Then, from ANS. FIG. P28.60(d),

AV _=AV, =1,(6.00 Q)=6.00 V
and AV, =1,(3.00Q)=3.00V

From ANS. FIG. P28.60(c),

AV, 300V
27 600Q 6.00Q

From ANS. FIG. P28.60(b),
AV, =1,(3.60 Q)=1.80 V

Then, from ANS. FIG. P28.60(a),

. AV, 180V
Y 6.00Q 6.00Q

Avfd AV, 1.80V

and [, = = e —
9.00Q 9.00Q 9.00Q

From ANS. FIG. P28.60(b),

AV, =1,(240Q)=120V.

=0.500 A

=0.300 A

=0.200 A

The collected results are:

(b) [AV,=AV,=600V,AV,=120V,AV,=AV, =180V,
AV, =3.00V
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(© [=1.00A,1,=0500A,1,=0500A,I,=0300A, I =0.200 A

(d) The power dissipated in each resistor is found from P =(AV)*/R
with the following results:

(AV).. (6.00V)

2
Fe = " 00 =[6.00 W]

ac

(AV). (1.20V)’

2
i Sy Yo LA

ce

(AV), (1.80 VY’

b= =600 =050 W]

(AV), (180 V)

Pi= "R, ~oo0n T30V

fl
(AV),, (3.00VY

P, = _ =[150 W
R,  600Q

(AV), (6.00VY

Fun= R,  600Q =[6.00 W]

db

P28.61  Let the two resistances be x and y.

ANS. FIG. P28.61
Then,
R, :x+y:£§:ﬂ:9.00 Q—->y=900Q-x
> (500A)
P
and R =Y -2 00W 550
x+y I* (500A)
< x(9.00Q-x) _ 00O
x+(9.00 Q—x)

x> —9.00x+18.0=0

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



284 Direct-Current Circuits

Factoring the second equation,
(x—6.00)(x—3.00)=0
SO x=600Q or x=3.00Q
Then, y =9.00 Q — x gives
y=3.00Q or y=6.00Q

There is only one physical answer: The two resistances are | 6.00 Q

and | 3.00 Q |.

P28.62  Refer to ANS. FIG. P28.61 above. Let the two resistances be x and y.

P P
Then, R,=x+y=— and R, = . =-L.
I x+y 1

) i P
From the first equation, y = I—; —x, and the second

x(P,/I?-x) P P PP
x+(P/IP-x) 1 I I
P +,/P>-4PP
Using the quadratic formula, x = — 2512 7.
P, ¥,/P?-4PP
Then,y:%s—x gives y = — L.
I 2]
2 2
The two resistances are F+ \/PS — 4Lk, and P, - \/Ps —4P.P, .
2r° 21’

P28.63 (a) The equivalent capacitance of this parallel combination is
C, =C, +C, =3.00 uF+2.00 uF=5.00 uF

When fully charged by a 12.0-V battery, the total stored charge
before the switch is closed is

Q, =C,, (AV)=(5.00 uF)(12.0 V) = 60.0 uC

Once the switch is closed, the time constant of the resulting RC
circuit is

7=RC,, =(5.00x10* Q)(5.00 uF)=2.50x 10" s =2.50 ms

Thus, at t = 1.00 ms after closing the switch, the remaining total
stored charge is

g=Q,e”"" =(60.0 uC)e " ™>¥™ = (60.0 uC)e*** =40.2 uC
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The potential difference across the parallel combination of
capacitors is then

q _402uC
C, 5.00uF

eq

AV = =8.04V

and the charge remaining on the 3.00 uF capacitor will be

g, =C,(AV)=(3.00 uF)(8.04 V)=

(b) The charge remaining on the 2.00 yF at this time is

4, =9—q, =402 uC-24.1 uC=16.1 uC

or, alternately,

g, = C,(AV)=(2.00 uF)(8.04 V)=

(c) Since the resistor is in parallel with the capacitors, it has the same
potential difference across it as do the capacitors at all times.
Thus, Ohm’s law gives

I:AV 8'O4VQ:1.61><102A:

R 5.00x10?
P28.64 (a) Around the circuit,

e-I1(ZR)-(g+¢&,)=0

Substituting numerical values,

40.0 V—(4.00 A)[(2.00+0.300+0.300 + R)Q]
~(6.00+6.00) V=0

so R=|440Q

(b) Inside the supply,
P =1R =(4.00 A)*(2.00 Q)=[320 W

(c) Inside both batteries together,
P =1°R=(4.00 A)*(0.600 Q)=[9.60 W

(d) For the limiting resistor,

P =(4.00 A)*(4.40 Q)=[70.4 W

(e) P=I(g +¢&,)=(4.00 A)[(6.00+6.00) V]=| 48.0 W
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P28.65 The total resistance in the circuit is

4 -1
K= (R%JFR%] B [2.03 k" 3.031@] =120k
and the total capacitance is
C=C,+C,=2.00 uF+3.00 uF =5.00 uF
Thus, Quax =CE =(5.0 uF)(120 V) =600 uC

and  7=RC=(12x10° Q)(5.0x10° F)=6.0x107 s = 16'(())0;
The total stored charge at any time ¢ is then
7=+, = Qs (1-¢7")
or g, +4, = (600 uC)(1—e'*07%) [1]

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

Therefore,
ql qz C2
AV) =L 12 e s 2
( )c Cc, G - 4, (Cqul 7 2]
(a) Substituting equation [2] into [1] gives
2.5611 = (600 ,LlC)(l _ p1000t/60 s)

_ (600 ucC (1 _ (60 s/lOOO))
! 2.5

g, =240 uC(1-e"°™)

or |g= 240(1 —e 6) , Where g is in microcoulombs and ¢ is in|

milliseconds|.

(b) and from equation [2],

4, = 1.5q, =1.5[ 240 uC(1-¢*™) | =360 uC(1-e"*")

or, g= 360(1 —e " 6) , Where g is in microcoulombs and ¢ is in|

milliseconds|.
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P28.66 (a) Inthe diagram we could show the two

resistors connected top end to top end l/
and bottom end to bottom end with L “Niesi
wires; we represent this connection \ \

instead by showing the bottom ends of
both resistors connected to ground. The
ground represents a conductor that is
always at zero volts, and also can carry = =
any current. Think of I, R,, and R, as

known quantities. We represent the
current in R, as the unknown I,. Then

ANS. FIG. P28.66

the current in the second resistor must by I —I,. The total potential

difference clockwise around the little loop containing both resistors
must be zero:

—-(I-L)R,+IR,+0

We can already solve for I, in terms of the total current:

~-IR,+LR,+I[R,=0 — I,=|IR,/(R,+R,)

Then the current in the second resistor is
L=I-1,=1I-IR, /(R,+R)=IR, +R,-R))/(R,+R,)

I,=|IR, /(R,+R,)

(b) Continue to think of I, R, and R, as known quantities and I, as an
unknown. The power being converted by both resistors together
is P = I°R, + (I - I,)’R,. Because the current is squared, the power

would be extra large if all of the current went through either one
of the resistors with zero current in the other. The minimum
power condition must be with a more equitable division of
current, and we find it by taking the derivative of P with respect
to I, and setting the derivative equal to zero:

ar/dl, =2 LR, +2(I-1,)(0-1)R,=0
Again we can solve directly for the real value of I, in
IR, -IR,+IR,=0 as I, =IR,/(R,+R))
So then again
L=1-1,=IR,/(R, +R)

This power-minimizing division of current is the same as the
voltage-equalizing division of current that we found in part (a), so
the proof is complete.
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P28.67 (a) The charge on the capacitor at this instant is
q= CAV(l _ eft/RC)
q= (1.00 x 107 F)(lo,o V)[l _ o o/[(200x10° @)(1.00x10° F)]}

=[9.93 uC

(b) The current in the resistor is given by

I= dq ( AV jet/RC
dt R

~ ( 100V
- 12.00%10° Q

j S0 -337%x10° A=|33.7nA

(c) Since the energy stored in the capacitor is U = 4°/2C, the rate of
storing energy is

au_d(1q (‘i)ﬂ_(ijf
dt  dtl2C c)dt \cC

du _( 9.93x10° C
dt (1.00x10° C/V

=3.34x107 W =| 334 nW

=1€=(3.37x10" A)(10.0 V)=3.37x107 W =[ 337 nW

](3.37>< 10° A)

(d) PR

battery

The battery power could also be computed as the sum of the
instantaneous powers delivered to the resistor and to the
capacitor:

au

IPR+——=(33.7x10" A)(2.00x10° Q)+334 nW =337 nW

P28.68  The battery supplies energy at a changing rate

E_p_gr- S(Ee”RC)
dt R
Then the total energy put out by the battery is

JdE= j.—exp(—é)d

jdE_8—2 RC)Jexp( th)(—lf—é)

=-E°C[0-1]=€C

0

t
=-&°C -
exp( =
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The power delivered to the resistor is

2
d—E: P=AV,I= IZRzRg—zexp(—ﬁj
dt R RC

So the total internal energy appearing in the resistor is

2
jdEz!%exp(—;—é)dt

for- S5 el )

o 2 2
__ECry - EC
. 2 2

The energy finally stored in the capacitor is U = %C(AV)2 = %CE 2,

Thus, energy of the circuit is conserved, £°C = %8 ’C+ %8 ’C, and

resistor and capacitor share equally in the energy from the battery.

P28.69 (a) We find the resistance intrinsic to the vacuum cleaner:

2

P=IAV = M
R
2 2
R (AV) _ (120 V) 2690
p 535 W
with the inexpensive cord, the equivalent resistance is

Riy =R+2r

=269 Q+2(0.9 Q)=287 Q

so the current throughout the circuit is
- AV 120V
Ry 28.7Q

=418 A

and the cleaner power is

Py = 1(AV)

cleaner

=I’R=(418 A)*(26.9 Q)= 470 W

cleaner

In symbols,

2
and IJcleaner = IZR = M

R+2r (R+2r)

R, =R+2r, I=
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0 & < 694§
AN ]
ryy
ANS. FIG. P28.69
2
(b) Using P, =I’R= (AV—)RZ , we find that
(R+2r)

5 N\12
R+2r= (7(AV) R]

cleaner

solving for r gives

12 12
_g{ R j _5_120V(26.9Q) 1 269Q

T\ ) 27 2 (5w 2
—01280=P'_P%
A nd
then,
L _(4p0)"_(4(17x10° @-m)15m) )"
\xr) 7(0.128 Q)

:| 1.60 mm or more |

(c) Tomove from 525 W to 532 W will require a lot more copper:

1/2 12
r—ﬂ( R j _5_120\/(26.99) - 269Q

2 (Pe) 2 2 \BR2W 2
=0.0379 Q

L (4pr)"_(4(17x10° @-m)15m) )"
Nwr) 7(0.0379 Q)

:| 2.93 mm or more |

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Chapter 28 291

P28.70 (a) When the capacitor is fully charged, no current exists in its
branch. The current in the left resistors is I, = 5.00 V/83.0Q. The

current in the right resistors is I = 5.00 V/(2.00 Q + R).

Relative to the positive side of the battery, the left capacitor plate
is at voltage

V, =5.00 V-(3.00 Q)( 5.00 v j =(5.00 V)(l— @)
83.0 Q 83.0
and the right plate is at voltage

V. =500V (2.00 ©)(5.00 V) (500 V)(l_ 2.00 )
2.00 Q+R 2.00+R

where R is in ohms. The voltage across the capacitor is

AV =V, -V, =(5.00 V)(l—@)

83.0
—(5.00 V)(l— 200 )
2.00+R
AV =(5.00 V)( 200 3.00)
2.00+R 83.0
The charge on the capacitor is
2.00  3.00
=CAV =(3.00 uC)(5.00 V -
7 S )(2.00+R 83.0)
2.00  3.00
=(15.0 uC -
7=01504 )(2.00+R 83.0)
30.0 .
q= —0.542, where g is in microcoulombs

2.00+R

and R is in ohms.

(b) WithR=10.09,

30.0 30.0
_ ~0542= 10542 =[1.96 uC]|
17200+ R 2.00+10.0 a

Setting g = 0, and solving for R,

2.00 _3.00}_
2.00+R  83.0

7=(15.0 uc)[

- 200 200-[533
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(d) By inspection, the maximum charge occurs for R = 0. It is
2.00 3.00
=(15.0 uC - =|14.5 uC
1=(15040) 700050 |

(e) |Yes. Taking R = e corresponds to disconnecting the wire| to

remove the branch containing R:

200 3.00| 3.00
—(15.0 uC _399 (15,0 ue) 2 _ (0542 1C
gl = (1504 )‘2.oo+oo 83.0| (150 uC) 2

P28.71 (a) With the switch closed, current exists in a simple series circuit as
shown. The capacitors carry no current. For R, we have

P=PR, and I= | L = [Z3OV-A o5 ma
R, \7000 V/A
I

Ry=4 kQ

ANA

3uF=C;

oL

[ Ry=7kQ

e
—

A

-
=

6uF=C,

-
ANS. FIG. P28.71(a)

The potential difference across R, and C, is

AV =1IR, =(1.85x107 A)(4000 V/A)=741V

The charge on C, is

Q=C,AV =(3.00x10° C/V)(74.1V)=[222 uC

The potential difference across R, and C, is
AV =1IR, =(1.85x107 A)(7 000 Q) =130 V
The charge on C,
Q=C,AV =(6.00x 10" C/V)(130 V) =778 uC
The battery emf is
IR, =I(R,+R,)=(1.85%10" A})(4 000 Q+7 000 Q) =204 V

(b) In equilibrium after the switch has been opened, no current exists.
The potential difference across each resistor is zero. The full 204 V
appears across both capacitors. The new charge on C, is

Q=C,AV =(6.00x10™ C/V)(204 V)=1222 uC
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for a change of 1222 uC-778 uC=| 444 uC |.

% T 6uF=C

ANS. FIG. P28.71(b)

2
P28.72  (a) First determine the resistance of each light bulb. From P = (AX) ,

we have

(AV)* (120 V)’
P 60.0W

We obtain the equivalent resistance R, of the network of light
bulbs by identifying series and parallel equivalent resistances:

R. =R, + L =240 Q+120 Q=360 Q

« (1/R,)+(1/R,)
The total power dissipated in the 360 Q is

2 2
p=WY) _(0V) 55w
R 360

eq

=240 Q

(b) The current through the network is given by AV =1IR:
- 120V 1

T360Q 3

The potential difference across R, is

1
AV, =1IR, = (5 A)(240 Q)=|80.0V

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

1 1
AV = IR = (5 A)((1/24O Q)+ (1/240 Q)] =200V

P28.73 (a) Firstlet us flatten the circuit on a 2-D plane as shown in ANS.
FIG. P28.73; then reorganize it to a format easier to read. Notice
that the two resistors shown in the top horizontal branch carry
the same current as the resistors in the horizontal branch second
from the top. The center junctions in these two branches are at the
same potential. The vertical resistor between these two junctions
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has no potential difference across it and carries no current. This
middle resistor can be removed without affecting the circuit. The
remaining resistors over the three parallel branches have
equivalent resistance

-1
R, :(i+i+i) =] 5.00 Q
4120 20 10

/

ANS. FIG. P28.73
(b) So the current through the battery is
ﬂz 120V =|240 A
R 5.00 Q

eq
P28.74 (a) The emf of the battery is [9.30 V].
(b) Its internal resistance is given by
AV=930V-(370 A)r=0 — r=
(c) The batteries are in series: Total emf =2(9.30 V) = .

(d) The batteries are in series, so their total internal resistance is
2r = 5.03 Q. The maximum current is given by

AV 18.6V
[=—= =3.70 A]
R 5.03Q

(e) For the circuit the total series resistance is

R, =2r+120Q=17.0Q
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and

AV 18,6 V
[=—= =[1.09 A|
R 17.0Q

(f) P=I"R=(1.09 A)*(12.0 Q)=

(g) The two 12.0-Q resistors in parallel are equivalent to one 6.00-€2,
Resistor, and this is in series with the internal resistances of the
batteries: Req =6.00 Q + 2r =11.0 Q. Therefore, the current in the
batteries is

I- AV 186V
TR 11.0Q
and the terminal voltage across both batteries is
AV=E—-1(2r)=18.6 V-(1.69 A)(5.03 Q)=10.1V
The power delivered to each resistor is

(AV)Y (101 V)
R 12.0 Q

=1.69 A

P= =854 W

(h) |Because of the internal resistance of the batteries, the terminal
voltage of the pair of batteries is not the same in both cases.

P28.75 (a) After steady-state conditions have been reached, there is no DC
current through the capacitor.

Thus, forR, : | Iz =0 (steady-state)

For the other two resistors, the steady-state current is simply
determined by the 9.00-V emf across the 12-kQ and 15-kQ
resistors in series:

For R, and R;:

E 9.00 V
I(R +R,) =
") R +R, (12.0kQ+15.0 kQ)

=| 333 uA (steady-state)

(b) After the transient currents have ceased, the potential difference
across C is the same as the potential difference across R,(= IR,)

because there is no voltage drop across R,. Therefore, the charge
QonCis

Q=C(AV), =C(IR,)=(10.0 uF)(333 uA)(15.0 kQ)
=150.0 uC
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oW
s 'R C 11&0

kQ

15.0= 3.00
8[9.00V 91§R2 R4

ANS. FIG. P28.75(b)

(c)  When the switch is opened, the branch containing R, is no longer
part of the circuit. The capacitor discharges through (R, + R;) with
a time constant of

(R, + R,)C = (15.0 kQ + 3.00 kQ)(10.0 4F) = 0.180 s

The initial current I, in this discharge circuit is determined by the
initial potential difference across the capacitor applied to (R, + R,)

in series:
AV :
- (AV). _ IR, _ (333 uA)(15.0 kQ) _ 278 A
(R,+R;) (R,+R;) (15.0 kQ+3.00 kQ)

I (mA) Switch

0.333 opened

0278  — —
|
|

t=0 t

ANS. FIG. P28.75(c)

Thus, when the switch is opened, the current through R, changes

instantaneously from 333 A (downward) to 278 4A (downward)
as shown in the graph. Thereafter, it decays according to

I, =Le "0 =1 (278 uA)e ™) (for t > 0)

(d) The charge q on the capacitor decays from Q, to % according to

q= Q'e—t/(R2+R3)C
Qz’ Q (~t/0.180 s)
5 1

5 — ol/0180s
t

5=
180 ms
t=(0.180 s)(In5)=| 290 ms
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P28.76  From the hint, the equivalent resistance of

1
Thatis, R;+————=R,
/R, +1/R,, a
R;R
Ry +——9 = R
R, + Req

R:R, +R;R +R R, =RR, +R
R ~R;R,—R;R, =0

_ R; i\/R% - 4(1)(_RTRL)
T 2(1)

Only the + sign is physical:

R, = %(JALRTRL TR+ RT)

For example, if R;=1Qand R, =20Q, then R, =5 Q.

P28.77 (a) For the first measurement, the equivalent circuit is as shown in

the top panel of ANS. FIG. P28.77.

-

R,=R, =R, +R,=2R,

so R =%R1. [1] ?

Y

ae

For the second measurement, the
equivalent circuit is shown in the
bottom panel of ANS. FIG. P28.77.
Thus,

1

vE F

=

R,=R,= ERy +R, [21  ANS. FIG. P28.77

Substitute [1] into [2] to obtain:

1
R, = 1(11{1)+Rx, or |R,=R,-—=R,
2(2 4

(b) IfR,=13.0Qand R,=6.00Q, then | R, =2.75Q |.

limit of 2.00 Q.

The antenna is inadequately grounded | since this exceeds the
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P28.78 AV =€e¢"%¢ 5o m(i)z(i)t.
AV RC

A plot of ln(%) versus t should be a straight line with slope equal to

R_1C' as shown in ANS. FIG. P28.78.

1.4 1
1.2 1 .
1.0

0.8 1
In(E/AV) 06 | .

0.4 -
0.2 4
0

0 20 40 60 80 100 120

t(s)
ANS. FIG. P28.78
Using the given data values:

(@) A least-square fit to this data yields the graph shown in ANS.
FIG. P28.78.

>Yx;=282, Yxr=186x10%
Yxy, =244, Yy,=4.03, N=8

N(Z%%)-(Z%)(Z%)

Slope = N(fo)— (in)z =0.0118

t (s) AV (V) In(E/AV)

0 6.19 0

4.87 5.55 0.109

11.1 493 0.228

19.4 4.34 0.355

30.8 3.72 0.509

46.6 3.09 0.695

67.3 2.47 0.919

102.2 1.83 1.219
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(fo)(zyi)— (Z%)(in%)

> =0.088 2
N(Zx?)—(in)

Intercept =

The equation of the best fit line is: ln(%) =(0.0118)#+0.0882

(b) Thus, the time constant is
1 1

T=RC= = =84.7s
slope 0.0118
and the capacitance is
R 10.0x10° Q

P28.79 A certain quantity of energy AE,, = PAt is required to raise the
temperature of the water to 100°C in time interval At. For the power

A 2
delivered to the heaters we have P=]AV = % where AV isa

constant. Thus, comparing coils 1 and 2, we have for the energy
_(AV)’At (AV)*2At

AE, . . Therefore, R, = 2R,.
Rl RZ
(@) When connected in parallel, the coils present equivalent
resistance
RS WS N IR S T Y
R, R, R, R, 2R, 2R 3
Now,
2 AV)* At
AE;, = (AV) A = AV AL - At = zAif
R, 2R, "3

(b) For the series connection, R, =R, + R, =R, + 2R, =3R, and

2 2
AE,. = (AVY At _(AVPAL At =
R, 3R,

P28.80  When connected in series, the equivalent resistance is
Ry =R+ R, +---+R, =nR. Thus, the current is I, =(AV)/R

power consumed by the series configuration is
(AV) _ (AV)’
R nR

€q

«q » and the

P=IAV=
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For the parallel connection, the power consumed by each individual

AV)?

resistor is P, = (T , and the total power consumption is

2
P, = nP, = n(AV)
R
P (AV)Y R 1 1
Therefore, —Sz( ) - 7=— or |[P=—=P
P, nR  n(AV) n n

P28.81  We model the person’s body and street shoes as shown in ANS. FIG.
P28.81. For the discharge to reach 100 V,

q(t) = Qe " = CAV (t) = CAV,e "€

ANS. FIG. P28.81
The equivalent capacitance for parallel capacitors is
150 pF + 80.0 pF = 230 pF.
(@) For R =5.00 MQ, a change from 3 000 V to 100 V requires that

t= Rcm(%) =(5000x10° Q)(230%x 10" F)ln(?’ 000 V)
AV 100 V
=
(b) For R =1.00 MQ, the same change requires that
t= Rcm(AVO j =(1.00x10° Q)(230x 107 F)ln(S 000 Vj
AV 100 V

=7.82x10" s=| 782 us
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Challenge Problems
P28.82  Start at the point when the

2
voltage has just reached 3 AV ' 9
and the switch has just closed. > = \
The voltage is EAV and is srramnt® "

decaying towards 0 V with a L T Y%
time constant R,C.

AV (t)= [%AV},’”RZC

We want to know when AV_(t) AV /\/\/\

will reach %AV.

1 5 ANS. FIG. P28.82
Therefore, EAV =13 AV} o H/RC

o HIRC _ 1
2
t, =R,CIn2

After the switch opens, the voltage is %AV, increasing toward AV

with time constant (R, + R,)C:

AV (t)= AV - EAV}‘V(R”RZ)C

When  AV(t)= %AV,

2AV = AV = 2 AV BRI op e L
3 3 2

50 t,=(R,+R,)CIn2 and T=t +t,=| (R, +2R,)CIn2

P28.83  Assume a set of currents as shown in the circuit diagram in ANS. FIG.
P28.83. Applying Kirchhoff’s loop rule to the leftmost loop and
suppressing units gives

+75.0~(5.00)1 - (30.0)(I-1,)=0
75.0-35.01+30.0I, =0
or 71-61,=15 [1]
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It 5000 yi-1, h =4000
750V <= 1
300 Q== R
ANS. FIG. P28.83

For the rightmost loop, the loop rule gives, suppressing units,
—(40.0+R)I, +(30.0)(I-1,)=0
—(70.0+R)I, +30.0I=0

7 R
or I=|=-+—|I 2
(3 30) ' 2
Substituting equation [2] into [1] and simplifying gives
(310 + 7 R) I, =450 [3]
Also, it is known that P, = [’'R =20.0 W,
200 W
SO R= 012 [4]
1

Substituting equation [4] into [3] yields
3101, + 1?—0 =450

1
or 31017 — 4501, +140=0

Using the quadratic formula,

| _ ~(-450) £ (450" - 4(310)(140) _ 450170

2(310) 620

20.0 W
yielding I, = 1.00 A and I, = 0.452 A. Then, from R = 7 we find

1

two possible values for the resistance R. These are:

R=200Q or R=981Q
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P28.2
P28.4
P28.6

P28.8

P28.10

P28.12

P28.14

P28.16

P28.18

P28.20

P28.22
P28.24

P28.26

(a) 4.59 Q; (b) 8.16%
(@) 50%; (b) O; (c) High efficiency; (d) High power transfer

(a) The 120-V potential difference is applied across the series
combination of the two conductors in the extension cord and the
lightbulb. The potential difference across the lightbulb is less than 120
V, and its power is less than 75 W; (b) See ANS. FIG. P28.6; (c) 73.8 W

(@) I,=E/R, I;=1.=E/2R; (b) B and C have the same brightness
because they carry the same current; (c) A is brighter than B or C
because it carries twice as much current.

(a) Connect two 50-Q resistors in parallel to get 25 Q. Then connect that
parallel combination in series with a 20 Q for a total resistance of 45 Q;
(b) Connect two 50-Q resistors in parallel to get 2 Q. Also, connect two
20 Q resistors in parallel to get 10 Q. Then connect these two
combinations in a series with each other to obtain 35 Q.

@R =€ -2+2: 1) R =2e| 11| R =g 1L
IO Iﬂ Ib IO Ia IO Ib
(a) decreases; (b) 14 Q
E 2E 4€ 2E
(a) A‘/lzg, AV2 :?, AV3:?, AV4=?;

b)I,=I,L=L=—,1,= %; (c) I+ increases and I, I, and I decrease;

I
3/

31 31
(d) 11:Z/ 12213201 I4ZZ

(a) See P28.18(a) for the full solution; (b) The current never exceeds
50 pA.

. 4 . ) .
None of these is ER' so the desired resistance cannot be achieved.

(a) See ANS. FIG. P28.22
(a) I, =909 mA; (b) -1.82 V

(a) See ANS. FIG. P28.26; (b) 11.0 mA in the 220-Q resistor and out of
the positive pole of the 5.80-V battery; The current is 1.87 mA in the

150-Q resistor and out of the negative pole of the 3.10-V battery;
9.13 mA in the 370-Q resistor

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



304 Direct-Current Circuits

P28.28

P28.30

P28.32

P28.34

P28.36

P28.38
P28.40

P28.42

P28.44

P28.46

P28.48

P28.50
P28.52

(a) 172 A downward; (b) 1.70 A downward; (c) No, the current in the
dead battery is upward in Figure P28.28, so it is not being charged. The
dead battery is providing a small amount of power to operate the
starter, so it is not really "dead."

(@) w =1.00 A upward in 200 Q; z = 4.00 A upward in 70.0 Q; x =3.00 A
upward in 80.0 Q; y = 8.00 A downward in 20.0 €; (b) 200 V

(a) 1, is directed from b toward a and has a magnitude of 2.00 A;
(b) I, = 1.00 A; (c) No. Neither of the equations used to find I, and I,

contained € and R. The third equation that we could generate from
Kirchhoff’s rules contains both the unknowns. Therefore, we have only
one equation with two unknowns.

(a) 13.01, +18.0I, = 30.0; (b) 18.01, —5.00I, = —24.0; (c) I, - I, I, =0;
(d) I,=1,-1,; (e) 5.00I,-23.0I,=24.0; (f) [, =-0.416 A and
I, =288 A; (g) I, =3.30 A; (h) The negative sign in the answer for I,

means that this current flows in the opposite direction to that shown in
the circuit diagram and assumed during the solution. That is, the
actual current in the middle branch of the circuit flows from right to
left and has a magnitude of 0.416 A.

(@) No. The circuit cannot be simplified further, and Kirchhoft’s rules
must be used to analyze it; (b) I, =3.50 A; (c) , =2.50 A; (d) I, =1.00 A

(a) 5.00 s; (b) 150 uC; (c) 4.06 uA

587 kQ
. . ]. ]_ —t/(R C)
(a) (R, + R)C; (b) R,C; (¢) €| —+—e /1"
Rl RZ
RC
2

(a) For the heater, 12.5 A; For the toaster, 6.25 A; For the grill, 8.33 A;
(b) The current draw is greater than 25.0 amps, so this circuit will trip
the circuit breaker.

(a) ~10™; (b) ~ %+ 10" Vand ~ %— 10V

7.49 Q

(@) 0.991; (b) 0.648; (c) The energy flows are precisely analogous to the
currents in parts (a) and (b). The ceiling has the smallest R value of the
thermal resistors in parallel, so increasing its thermal resistance will
produce the biggest reduction in the total energy flow.
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P28.54 (a)0.706 A; (b) 2.49 W; (c) Only the circuit in Figure P28.54(c) requires
the use of Kirchhoff’s rules for solution. In the other circuits, the 5-Q
and 8-Q resistors are still in parallel with each other; (c) The power is
lowest in Figure P28.54(c). The circuits in Figures P28.54(b) and
P28.54(d) have in effect 30-V batteries driving the current.

P28.56  55.0 Q

P28.58  See P28.58 for full explanation.

P28.60 (a) 15.0Q; (b) AV, =AV,, =600V, AV,=120V, AV,=AV,,=1.80V,
AV,=3.00V; (c)I,=1.00A,1,=0.500 A, I,=0.500 A, I, =0.300 A,
I;=0.200 A; (d) P,,=6.00W, P,=0.600 W, P,,=0.540 W, P;, = 0.360 W,
P,=150W,P, =6.00W

2 2
pose2 LDtyP —4PB, 4 P.—P’—4PF,

2I° 217
P28.64  (a)4.40 Q; (b) 32.0 W; () 9.60 W; (d) 70.4 W; () 48.0 W
IR IR
P28.66 (a) I, = 2 d — =1,; (b) See P28.66(b) for full proof.

an
R, +R, R, +R,
P28.68  See P28.68 for full explanation.

P28.70 (a) g= 5 3(()).01{ —0.542, where g is in microcoulombs and R is in ohms;
00+
(b) 1.96 uC; (c) Yes; 53.3 Q; (d) 14.5 uC; (e) Yes. Taking R = o
corresponds to disconnecting the wire; 0.542 uC

P28.72  (a)40.0 W; (b) 80.0 V and 40.0 V

P28.74  (a)9.30V; (b)2.51 Q; (c) 18.6 V; (d) 3.70 A; (e) 1.09 A; (f) 14.3 W;
(g) 8.54 W; (h) Because of the internal resistance of the batteries, the
terminal voltage of the pair of batteries is not the same in both cases.

P28.76  See P28.76 for full explanation.

P28.78 (a) ln(%j = (0.011 8)t +0.088 2; (b) The time constant is 84.7 s and the
capacitance is 8.47 uF.
1
P28.80 P = FPP

P28.82 (R, +2R,)CIn2
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