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For this problem, also solve for the total energy dissipated per minute of 
operation

R 10

R 1

R 2

R 3

R 4 R 5

R 6

R 7

R 11

V I R P E (60s)

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

T

25
15
45
5
7

10
20
30
30
8

15
180



V I R P
R1
R2
R3
R4
R5
R6
R7
R8
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R12
R13
R14
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 8
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5
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E
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1
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1
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5
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R 1 R 2
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R 6
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5
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1.0

2
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And, from your text;
Chapter 18; 1, 5, 7, 12, 13, 21, 26, 29, 31, 33

✤ 1. (I) A current of 1.30 A flows in a wire. How many electrons are flowing past any 
point in the wire per second?

✤ 5. (I) What voltage will produce 0.25 A of current through a 3800 Ω resistor?

✤ 7. (II) An electric clothes dryer has a heating element with a resistance of 9.6 Ω. 

• (a) What is the current in the element when it is connected to 240 V? 

• (b) How much charge passes through the element in 50 min?

✤ 12. (I) What is the diameter of a 1.00-m length of tungsten wire whose resistance is 
0.32 Ω?

✤ 13. (I) What is the resistance of a 3.5-m length of copper wire1.5 mm in diameter?

✤ 21. (II) A rectangular solid made of carbon has sides 
of lengths 1.0 cm, 2.0 cm, and 4.0 cm, lying along the 
x, y, and z axes, respectively (Fig. 18-35). Assume the 
resistivity is ρ = 3.0 X 10 -5 Ω • m. Determine the 
resistance for current that passes through the solid in; 

• (a) the x direction, 

• (b) the y direction, and 

• (c) the z direction. 

✤ 26. (I) The heating element of an electric oven is designed to produce 3.3 kW of heat 
when connected to a 240V source. What must be the resistance of the element?

✤ 29. (I) (a) Determine the resistance of, and current through, a 75-W lightbulb 
connected to its proper source voltage of 120 V 

• (b) Repeat for a 440-W bulb.

✤ 31. (II) A 120-V hair dryer has two settings: 850 W and 1250 W

• (a) At which setting do you expect the resistance to be higher? 

• After making a guess, determine the resistance at (b) the lower setting; 

• and (c) the higher setting.

✤ 33. (II) How many kWh of energy does a 550-W toaster use in the morning if it is in 
operation for a total of 15 min?

• At a cost of 9.0 cents/kWh, estimate how much this would add to your monthly 
electric energy bill if you made toast four mornings per week.

(II) A bird stands on a dc electric transmission line
carrying 2800 A (Fig. 18-34). The line has 2.5 X 10"5H
resistance per meter, and the bird's feet are 4.0 cm apart.
What is the potential difference between the bird's feet?

FIGURE 18-34 Problem 9.

10. (II) An electric device draws 6.50 A at 240 V. (a) If the
voltage drops by 15%, what will be the current, assuming
nothing else changes? (b) If the resistance of the device
were reduced by 15%, what current would be drawn
at 240 V?

11. (II) A 12-V battery causes a current of 0.60 A through a
resistor, (a) What is its resistance, and (b) how many
joules of energy does the battery lose in a minute?

18-4 Resistivity
12. (I) What is the diameter of a 1.00-m length of tungsten

wire whose resistance is 0.3211?
13. (I) What is the resistance of a 3.5-m length of copper wire

1.5 mm in diameter?
14. (II) Calculate the ratio of the resistance of 10.0 m of

aluminum wire 2.0 mm in diameter, to 20.0 m of copper
wire 2.5 mm in diameter.

15. (II) Can a 2.5-mm-diameter copper wire have the same
resistance as a tungsten wire of the same length? Give
numerical details.

16. (II) A certain copper wire has a resistance of 10.011. At
what point along its length must the wire be cut so that
the resistance of one piece is 4.0 times the resistance of
the other? What is the resistance of each piece?

* 17. (II) How much would you have to raise the temperature
of a copper wire (originally at 20°C) to increase its resis
tance by 15%?

* 18. (II) Estimate at what temperature copper will have the
same resistivity as tungsten does at 20°C.

*19. (II) A 100-W lightbulb has a resistance of about 1211
when cold (20°C) and 140 O when on (hot). Estimate the
temperature of the filament when hot assuming
an average temperature coefficient of resistivity a =
0.0060 (C0)""1.

20. (II) Compute the voltage drop along a 26-m length of
household no. 14 copper wire (used in 15-A circuits). The
wire has diameter 1.628 mm and carries a 12-A current.

21. (II) A rectangular solid made of carbon has sides of
lengths 1.0 cm, 2.0 cm, and 4.0 cm, lying along the x, y, and z
axes, respectively (Fig. 18-35). Determine the resistance
for current that passes through the solid in (a) the x direc
tion, (b) the y direction, and (c) the z direction. Assume
the resistivity is p = 3.0 X 10~5 O • m.

FIGURE 18-35
Problem 21.

22,

23,

(II) Two aluminum wires have the same resistance. If one
has twice the length of the other, what is the ratio of the
diameter of the longer wire to the diameter of the shorter
wire?
(II) A length of aluminum wire is connected to a preci
sion 10.00-V power supply, and a current of 0.4212 A is
precisely measured at 20.0GC. The wire is placed in a new
environment of unknown temperature where the
measured current is 0.3618 A. What is the unknown
temperature?

24. (Ill) A 10.0-m length of wire consists of 5.0 m of copper
followed by 5.0 m of aluminum, both of diameter 1.0 mm.
A voltage difference of 85 mV is placed across the
composite wire, (a) What is the total resistance (sum) of the
two wires? (£>) What is the current through the wire? (c) What
are the voltages across the aluminum part and across the
copper part?: 25. (Ill) For some applications, it is important that the value
of a resistance not change with temperature. For example,
suppose you made a 4.70-kH resistor from a carbon
resistor and a Nichrome wire-wound resistor connected
together so the total resistance is the sum of their sepa
rate resistances. What value should each of these resistors
have (at 0°C) so that the combination is temperature
independent?

18-5 and 18-6 Electric Power
26. (I) The heating element of an electric oven is designed to

produce 3.3 kW of heat when connected to a 240-V source.
What must be the resistance of the element?

27. (I) What is the maximum power consumption of a
3.0-V portable CD player that draws a maximum of
320 mA of current?

28. (I) What is the maximum voltage that can be applied across a
2.7-kO resistor rated at \ watt?

29. (I) (a) Determine the resistance of, and current through,
a 75-W lightbulb connected to its proper source voltage
of 120 V (b) Repeat for a 440-W bulb.

30. (II) A 115-V fish-tank heater is rated at 110 W Calculate
(a) the current through the heater when it is operating,
and (b) its resistance?
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Chapter 19;  5, 7, 11, 19, 25, 29

✤ 5. (I) Four 240 Ω lightbulbs are connected in series. What is the total resistance of the 
circuit? What is their resistance if they are connected in parallel?

✤ 7. (I) A 650-Ω and a 2200-Ω resistor are connected in series with a 12-V battery. What 
is the voltage across the 2200-Ω resistor?

✤ 11. (II) Three 240-Ω resistors can be connected together in four different ways, 
making combinations of series and/or parallel circuits. What are these four ways, and 
what is the net resistance in each case?

✤ 19. (III) Consider the network of resistors shown in Fig. 19-40. Answer qualitatively: 

• (a) What happens to the voltage 
across each resistor when the 
switch S is closed

• (b) What happens to the current 
through each when the switch is 
closed? 

• (c) What happens to the power 
output of the battery when the 
switch is closed?

• (d) Let R1 = R2 = R3 = R4 =125 Ω and V = 22.0 V. Determine the current through 
each resistor before and after closing the switch. Are your qualitative predictions 
confirmed?

: 23. A voltmeter connected across a resistor always reads less
than the actual voltage across the resistor when the meter
is not present. Explain.

: 24. A small battery-operated flashlight requires a single
1.5-V battery. The bulb is barely glowing, but when you
take the battery out and check it with a voltmeter, it
registers 1.5 V How would you explain this?

Problems
19-1 Emf and Terminal Voltage

1. (I) Calculate the terminal voltage for a battery with an
internal resistance of 0.90012 and an emf of 8.50 V when
the battery is connected in series with (a) an 81.0-12 resistor,
and (b) an 810-12 resistor.

2. (I) Four 1.5-V cells are connected in series to a 12-12 light
bulb. If the resulting current is 0.45 A, what is the internal
resistance of each cell, assuming they are identical and
neglecting the wires?

3. (II) What is the internal resistance of a 12.0-V car battery
whose terminal voltage drops to 8.4 V when the starter
draws 75 A? What is the resistance of the starter?

4. (II) A 1.5-V dry cell can be tested by connecting it to a
low-resistance ammeter. It should be able to supply at
least 22 A. What is the internal resistance of the cell in
this case, assuming it is much greater than that of the
ammeter?

19-2 Resistors in Series and Parallel
In these Problems neglect the internal resistance of a battery
unless the Problem refers to it.
5. (I) Four 240-12 lightbulbs are connected in series. What is

the total resistance of the circuit? What is their resistance
if they are connected in parallel?

6. (I) Three 45-12 lightbulbs and three 75-12 lightbulbs are
connected in series, (a) What is the total resistance of the
circuit? (b) What is their resistance if all six are wired in
parallel?

7. (I) A 650-12 and a 2200-12 resistor are connected in
series with a 12-V battery. What is the voltage across
the 2200-12 resistor?

8. (I) Given only one 25-12 and one 35-12 resistor, list all
possible values of resistance that can be obtained.

9. (I) Suppose that you have a 680-12, a 940-12, and a
1.20-kl2 resistor. What is (a) the maximum, and (b) the
minimum resistance you can obtain by combining these?

10. (II) Suppose that you have a 6.0-V battery and you wish
to apply a voltage of only 4.0 V Given an unlimited supply
of 1.0-12 resistors, how could you connect them so as to
make a "voltage divider" that produces a 4.0-V output for
a 6.0-V input?

11. (II) Three 240-12 resistors can be connected together in
four different ways, making combinations of series and/or
parallel circuits. What are these four ways, and what is the
net resistance in each case?

12. (II) A battery with an emf of 12.0 V shows a terminal
voltage of 11.8V when operating in a circuit with two
lightbulbs rated at 3.0 W (at 12.0 V) which are connected
in parallel. What is the battery's internal resistance?

13. (II) Eight identical lights are connected in series across a
110-V line, (a) What is the voltage across each bulb? (b) If
the current is 0.50 A, what is the resistance of each bulb,
and what is the power dissipated in each?

14. (II) Eight lights are connected in parallel to a 110-V source
by two long leads of total resistance 1.612. If 240 mA flows
through each bulb, what is the resistance of each, and what
fraction of the total power is wasted in the leads?

15. (II) Eight 7.0-W Christmas tree lights are connected in
series to each other and to a 110-V source. What is the
resistance of each bulb?

16. (II) A close inspection of an electric circuit reveals that a
480-12 resistor was inadvertently soldered in the place
where a 320-12 resistor is needed. How can this be fixed
without removing anything from the existing circuit?

17. (II) Determine (a) the equivalent resistance of the circuit
shown in Fig. 19-39, and (b) the voltage across each
resistor.

18.

19.

820 £2. 68012" ▶ 470 Q.

12.0 V
FIGURE 19-39
Problem 17.

(II) A 75-W, 110-V bulb is connected in parallel with a
40-W, 110-V bulb. What is the net resistance?
(III) Consider the network of resistors shown in
Fig. 19-40. Answer qualitatively: (a) What happens to
the voltage across each resistor when the switch S is
closed? (b) What happens to the current through each
when the switch is closed? (c) What happens to the
power output of the battery when the switch is closed?
(d) Let Rx = R2 = R3 = R4 = 12512 and V = 22.0 V.
Determine the current through each resistor before and
after closing the switch. Are your qualitative predictions
confirmed?

FIGURE 19-40 Problem 19.
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✤ 25. (II) (a) What is the potential difference between points a and d in Fig. 19-45 (same 
circuit as Fig. 19-13, Example 19-8)

• (b) what is the terminal voltage of 
each battery? (from b-d, or g-e)

✤ 29. (II) Determine the magnitudes and directions of the currents in each resistor 
shown in Fig. 19-48. The batteries have emfs; E1 = 9.0 V and E2 = 12.0 V and the 
resistors have values; R1 = 25Ω, R2 = 18Ω, and R3 = 35Ω.

20. (Ill) What is the net resistance of the circuit connected to
the battery in Fig. 19-41? Each resistance has
R = 2.8 kO.

21.

22.

12 V
FIGURE 19-41
Problem 20.

(Ill) Three equal resistors (R) are connected to a battery
as shown in Fig. 19-42. Qualitatively, what happens
to (a) the voltage drop across each of these resistors,
(b) the current flow through each, and (c) the
terminal voltage of the battery, when the switch S is
opened, after having been closed for a long time? (d) If
the emf of the battery is 15.0 V, what is its terminal
voltage when the switch is closed if the internal resistance
is 0.5012 and R = 5.5011? (e) What is the terminal
voltage when the switch is open?

FIGURE 19-42 Problem 21.

(Ill) A 2.8-kl2 and a 2.1-kl2 resistor are connected in
parallel; this combination is connected in series with a
1.8-kl2 resistor. If each resistor is rated at \ W (maximum
without overheating), what is the maximum voltage that
can be applied across the whole network?

24. (II) Determine the terminal voltage of each battery in
Fig. 19-44.

r=1.0£2,
-^-WVH|-

■ R = 6.6Q.
<S = 18V

r = 2.012
—*—*t*tf~~ll *

£ = 12V

FIGURE 19-44 Problem 24.

25. (II) (a) What is the potential difference between points a
and d in Fig. 19-45 (same circuit as Fig. 19-13, Example 19-8),
and (b) what is the terminal voltage of each battery?

rF
/,

3012
■ w v -

4012 / &2 =

a—'WW
112 45 V

^/Wv-Hi-

t
(§1 = r =
80 V 1£2

- i h -WMr

'2012

' f

FIGURE 19-45 Problem 25.

26. (II) For the circuit shown in Fig. 19-46, find the potential
difference between points a and b. Each resistor has
R = 75 12 and each battery is 1.5 V

I—M/V

FIGURE 19-46 Problem 26.

27. (II) Determine the magnitudes and directions of the
currents through Rx and R2 in Fig. 19-47.

19-3 Kirchhoff's Rules
23. (I) Calculate the current in the circuit of Fig. 19-43 and

show that the sum of all the voltage changes around the
circuit is zero.

r = 2.012
—M/V—

9.0 V
8.0 12 '

-ww
12.012

FIGURE 19-43 Problem 23.

V,=9.0V 7f1=2212
JWA~

fl,= 15Q
-A/WV

V3 = 6.0 V

FIGURE 19-47 Problems 27 and 28.

28. (II) Repeat Problem 27, now assuming that each battery
has an internal resistance r = 1.212.
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29. (II) Determine the magnitudes and directions of the currents
in each resistor shown in Fig. 19-48. The batteries have emfs
of %x = 9.0 V and %2 = 12.0 V and the resistors have
values of Rx = 2512, R2 = 1812, and R3 = 3512.

FIGURE 19-48
Problems 29 and 30.

30. (II) Repeat Problem 29, assuming each battery has
internal resistance r = 1.012.

31. (II) Calculate the currents in each resistor of Fig. 19-49.

6.0 V 2 D
-AA/W-

1212- :6i2
■3.0 V

1012
—A/\M

812

FIGURE 19-49 Problem 31.

32. (Ill) (a) Determine the currents /,, I2, and I3 in
Fig. 19-50. Assume the internal resistance of each battery
is r - 1.0 O. (b) What is the terminal voltage of the
6.0-V battery?

-W~|l
12.0 V

8.012:

1512:

1012
—11 Wv~ty\Mr~
12.0 V

-Jf-MV

12Q

1812

6.0 V FIGURE 19-50
Problems 32 and 33.

33. (Ill) What would the current /, be in Fig. 19-50 if the
12-12 resistor is shorted out? Let r = 1.012.

* 19-4 Emfs Combined, Battery Charging
* 34. (II) Suppose two batteries, with unequal emfs of 2.00 V

and 3.00 V, are connected as shown in Fig. 19-51. If each
internal resistance is r = 0.10012, and R = 4.0012, what
is the voltage across the resistor R?

R = 4.00 12
WW

g = 2.00 V
HpvVv—|

<g = 3.00V
-If-AM FIGURE 19-51

Problem 34.

19-5 Capacitors in Series and in Parallel
35. (I) (a) Six 4.7-yuF capacitors are connected in parallel.

What is the equivalent capacitance? (b) What is their
equivalent capacitance if connected in series?

36. (I) You have three capacitors, of capacitance 3200 pF,
7500 pF, and 0.0100 ^F. What maximum and minimum
capacitance can you form from these? How do you make
the connection in each case?

37. (I) A 3.00-juF and a 4.00-yuF capacitor are connected in
series, and this combination is connected in parallel
with a 2.00-pF capacitor (see Fig. 19-52). What is the
net capacitance?

-26.0 V
FIGURE 19-52
Problems 37 and 38.

38. (II) If 26.0 V is applied across the whole network of
Fig. 19-52, calculate the voltage across each capacitor.

39. (II) The capacitance of a portion of a circuit is to be
reduced from 4800 pF to 2900 pF. What capacitance can
be added to the circuit to produce this effect without
removing existing circuit elements? Must any existing
connections be broken in the process?
(II) An electric circuit was accidentally constructed using
a 5.0-pF capacitor instead of the required 16-,uF value.
Without removing the 5.Q-pF capacitor, what can a
technician add to correct this circuit?
(II) Determine the equivalent capacitance of the circuit
shown in Fig. 19-53.

C,

40.

41.

C7 C3

■v-
FIGURE 19-53
Problems 41, 42,43, and 44.

*42

;
(II) In Fig. 19-53, if Cx= C2 = 2C3 = 22.6 pF, how much
charge is stored on each capacitor when V = 45.0 V?
(II) In Fig. 19-53, suppose Cx = C2 = C3 = 16.0 pF. If
the charge on C2 is Q2 = 24.0 pC, determine the
charge on each of the other capacitors, the voltage
across each capacitor, and the voltage V across the
entire combination.

44.(11) In Fig. 19-53, let K = 78V and C, = C2 =
C3 = 7.2 pF. How much energy is stored in the capacitor
network?
(II) A 0.40-yuF and a 0.60-,uF capacitor are connected in
series to a 9.0-V battery. Calculate (a) the potential differ
ence across each capacitor, and (b) the charge on each,
(c) Repeat parts (a) and (b) assuming the two capacitors
are in parallel.

*45
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And, from your text;
Chapter 18; 1, 5, 7, 12, 13, 21, 26, 29, 31, 33

✤ 1. (I) A current of 1.30 A flows in a wire. How many electrons are flowing past any 
point in the wire per second?     8.13e18 electrons/s

✤ 5. (I) What voltage will produce 0.25 A of current through a 3800 Ω resistor?  950 V

✤ 7. (II) An electric clothes dryer has a heating element with a resistance of 9.6 Ω. 

• (a) What is the current in the element when it is connected to 240 V?   25 A

• (b) How much charge passes through the element in 50 min?  7.5e4C

✤ 12. (I) What is the diameter of a 1.00-m length of tungsten wire whose resistance is 
0.32 Ω?  4.7e-4 m

✤ 13. (I) What is the resistance of a 3.5-m length of copper wire1.5 mm in diameter?  
3.3e-2 Ω

✤ 21. (II) A rectangular solid made of carbon has sides 
of lengths 1.0 cm, 2.0 cm, and 4.0 cm, lying along the 
x, y, and z axes, respectively (Fig. 18-35). Assume the 
resistivity is ρ = 3.0 X 10 -5 Ω • m. Determine the 
resistance for current that passes through the solid in; 

• (a) the x direction, 3.8e-4 Ω

• (b) the y direction, 1.5e-3 Ω

• (c) the z direction 6.0e-3 Ω

✤ 26. (I) The heating element of an electric oven is designed to produce 3.3 kW of heat 
when connected to a 240V source. What must be the resistance of the element? 17 Ω

✤ 29. (I) (a) Determine the resistance of, and current through, a 75-W lightbulb 
connected to its proper source voltage of 120 V  190Ω   0.63A

• (b) Repeat for a 440-W bulb.  33 Ω  3.7A

✤ 31. (II) A 120-V hair dryer has two settings: 850 W and 1250 W

• (a) At which setting do you expect the resistance to be higher? 

• After making a guess, determine the resistance at (b) the lower setting; 

• and (c) the higher setting.  850 W - 17 Ω         1250 W - 12 Ω

✤ 33. (II) How many kWh of energy does a 550-W toaster use in the morning if it is in 
operation for a total of 15 min?  0.14 kWh

• At a cost of 9.0 cents/kWh, estimate how much this would add to your monthly 
electric energy bill if you made toast four mornings per week.

(II) A bird stands on a dc electric transmission line
carrying 2800 A (Fig. 18-34). The line has 2.5 X 10"5H
resistance per meter, and the bird's feet are 4.0 cm apart.
What is the potential difference between the bird's feet?

FIGURE 18-34 Problem 9.

10. (II) An electric device draws 6.50 A at 240 V. (a) If the
voltage drops by 15%, what will be the current, assuming
nothing else changes? (b) If the resistance of the device
were reduced by 15%, what current would be drawn
at 240 V?

11. (II) A 12-V battery causes a current of 0.60 A through a
resistor, (a) What is its resistance, and (b) how many
joules of energy does the battery lose in a minute?

18-4 Resistivity
12. (I) What is the diameter of a 1.00-m length of tungsten

wire whose resistance is 0.3211?
13. (I) What is the resistance of a 3.5-m length of copper wire

1.5 mm in diameter?
14. (II) Calculate the ratio of the resistance of 10.0 m of

aluminum wire 2.0 mm in diameter, to 20.0 m of copper
wire 2.5 mm in diameter.

15. (II) Can a 2.5-mm-diameter copper wire have the same
resistance as a tungsten wire of the same length? Give
numerical details.

16. (II) A certain copper wire has a resistance of 10.011. At
what point along its length must the wire be cut so that
the resistance of one piece is 4.0 times the resistance of
the other? What is the resistance of each piece?

* 17. (II) How much would you have to raise the temperature
of a copper wire (originally at 20°C) to increase its resis
tance by 15%?

* 18. (II) Estimate at what temperature copper will have the
same resistivity as tungsten does at 20°C.

*19. (II) A 100-W lightbulb has a resistance of about 1211
when cold (20°C) and 140 O when on (hot). Estimate the
temperature of the filament when hot assuming
an average temperature coefficient of resistivity a =
0.0060 (C0)""1.

20. (II) Compute the voltage drop along a 26-m length of
household no. 14 copper wire (used in 15-A circuits). The
wire has diameter 1.628 mm and carries a 12-A current.

21. (II) A rectangular solid made of carbon has sides of
lengths 1.0 cm, 2.0 cm, and 4.0 cm, lying along the x, y, and z
axes, respectively (Fig. 18-35). Determine the resistance
for current that passes through the solid in (a) the x direc
tion, (b) the y direction, and (c) the z direction. Assume
the resistivity is p = 3.0 X 10~5 O • m.

FIGURE 18-35
Problem 21.

22,

23,

(II) Two aluminum wires have the same resistance. If one
has twice the length of the other, what is the ratio of the
diameter of the longer wire to the diameter of the shorter
wire?
(II) A length of aluminum wire is connected to a preci
sion 10.00-V power supply, and a current of 0.4212 A is
precisely measured at 20.0GC. The wire is placed in a new
environment of unknown temperature where the
measured current is 0.3618 A. What is the unknown
temperature?

24. (Ill) A 10.0-m length of wire consists of 5.0 m of copper
followed by 5.0 m of aluminum, both of diameter 1.0 mm.
A voltage difference of 85 mV is placed across the
composite wire, (a) What is the total resistance (sum) of the
two wires? (£>) What is the current through the wire? (c) What
are the voltages across the aluminum part and across the
copper part?: 25. (Ill) For some applications, it is important that the value
of a resistance not change with temperature. For example,
suppose you made a 4.70-kH resistor from a carbon
resistor and a Nichrome wire-wound resistor connected
together so the total resistance is the sum of their sepa
rate resistances. What value should each of these resistors
have (at 0°C) so that the combination is temperature
independent?

18-5 and 18-6 Electric Power
26. (I) The heating element of an electric oven is designed to

produce 3.3 kW of heat when connected to a 240-V source.
What must be the resistance of the element?

27. (I) What is the maximum power consumption of a
3.0-V portable CD player that draws a maximum of
320 mA of current?

28. (I) What is the maximum voltage that can be applied across a
2.7-kO resistor rated at \ watt?

29. (I) (a) Determine the resistance of, and current through,
a 75-W lightbulb connected to its proper source voltage
of 120 V (b) Repeat for a 440-W bulb.

30. (II) A 115-V fish-tank heater is rated at 110 W Calculate
(a) the current through the heater when it is operating,
and (b) its resistance?

516 CHAPTER 18 Electric Currents
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✤ 5. (I) Four 240 Ω lightbulbs are connected in series. What is the total resistance of the 
circuit? What is their resistance if they are connected in parallel? 960 Ω   60 Ω

✤ 7. (I) A 650-Ω and a 2200-Ω resistor are connected in series with a 12-V battery. What 
is the voltage across the 2200-Ω resistor?  9.3V

✤ 11. (II) Three 240-Ω resistors can be connected together in four different ways, 
making combinations of series and/or parallel circuits. What are these four ways, and 
what is the net resistance in each case?

✤ 19. (III) Consider the network of resistors shown in Fig. 19-40. Answer qualitatively: 

• (a) What happens to the voltage 
across each resistor when the 
switch S is closed

• (b) What happens to the current 
through each when the switch is 
closed? 

• (c) What happens to the power 
output of the battery when the 
switch is closed?

• (d) Let R1 = R2 = R3 = R4 =125 Ω and V = 22.0 V. Determine the current through 
each resistor before and after closing the switch. Are your qualitative predictions 
confirmed?

: 23. A voltmeter connected across a resistor always reads less
than the actual voltage across the resistor when the meter
is not present. Explain.

: 24. A small battery-operated flashlight requires a single
1.5-V battery. The bulb is barely glowing, but when you
take the battery out and check it with a voltmeter, it
registers 1.5 V How would you explain this?

Problems
19-1 Emf and Terminal Voltage

1. (I) Calculate the terminal voltage for a battery with an
internal resistance of 0.90012 and an emf of 8.50 V when
the battery is connected in series with (a) an 81.0-12 resistor,
and (b) an 810-12 resistor.

2. (I) Four 1.5-V cells are connected in series to a 12-12 light
bulb. If the resulting current is 0.45 A, what is the internal
resistance of each cell, assuming they are identical and
neglecting the wires?

3. (II) What is the internal resistance of a 12.0-V car battery
whose terminal voltage drops to 8.4 V when the starter
draws 75 A? What is the resistance of the starter?

4. (II) A 1.5-V dry cell can be tested by connecting it to a
low-resistance ammeter. It should be able to supply at
least 22 A. What is the internal resistance of the cell in
this case, assuming it is much greater than that of the
ammeter?

19-2 Resistors in Series and Parallel
In these Problems neglect the internal resistance of a battery
unless the Problem refers to it.
5. (I) Four 240-12 lightbulbs are connected in series. What is

the total resistance of the circuit? What is their resistance
if they are connected in parallel?

6. (I) Three 45-12 lightbulbs and three 75-12 lightbulbs are
connected in series, (a) What is the total resistance of the
circuit? (b) What is their resistance if all six are wired in
parallel?

7. (I) A 650-12 and a 2200-12 resistor are connected in
series with a 12-V battery. What is the voltage across
the 2200-12 resistor?

8. (I) Given only one 25-12 and one 35-12 resistor, list all
possible values of resistance that can be obtained.

9. (I) Suppose that you have a 680-12, a 940-12, and a
1.20-kl2 resistor. What is (a) the maximum, and (b) the
minimum resistance you can obtain by combining these?

10. (II) Suppose that you have a 6.0-V battery and you wish
to apply a voltage of only 4.0 V Given an unlimited supply
of 1.0-12 resistors, how could you connect them so as to
make a "voltage divider" that produces a 4.0-V output for
a 6.0-V input?

11. (II) Three 240-12 resistors can be connected together in
four different ways, making combinations of series and/or
parallel circuits. What are these four ways, and what is the
net resistance in each case?

12. (II) A battery with an emf of 12.0 V shows a terminal
voltage of 11.8V when operating in a circuit with two
lightbulbs rated at 3.0 W (at 12.0 V) which are connected
in parallel. What is the battery's internal resistance?

13. (II) Eight identical lights are connected in series across a
110-V line, (a) What is the voltage across each bulb? (b) If
the current is 0.50 A, what is the resistance of each bulb,
and what is the power dissipated in each?

14. (II) Eight lights are connected in parallel to a 110-V source
by two long leads of total resistance 1.612. If 240 mA flows
through each bulb, what is the resistance of each, and what
fraction of the total power is wasted in the leads?

15. (II) Eight 7.0-W Christmas tree lights are connected in
series to each other and to a 110-V source. What is the
resistance of each bulb?

16. (II) A close inspection of an electric circuit reveals that a
480-12 resistor was inadvertently soldered in the place
where a 320-12 resistor is needed. How can this be fixed
without removing anything from the existing circuit?

17. (II) Determine (a) the equivalent resistance of the circuit
shown in Fig. 19-39, and (b) the voltage across each
resistor.

18.

19.

820 £2. 68012" ▶ 470 Q.

12.0 V
FIGURE 19-39
Problem 17.

(II) A 75-W, 110-V bulb is connected in parallel with a
40-W, 110-V bulb. What is the net resistance?
(III) Consider the network of resistors shown in
Fig. 19-40. Answer qualitatively: (a) What happens to
the voltage across each resistor when the switch S is
closed? (b) What happens to the current through each
when the switch is closed? (c) What happens to the
power output of the battery when the switch is closed?
(d) Let Rx = R2 = R3 = R4 = 12512 and V = 22.0 V.
Determine the current through each resistor before and
after closing the switch. Are your qualitative predictions
confirmed?

FIGURE 19-40 Problem 19.
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✤ 25. (II) (a) What is the potential difference between points a and d in Fig. 19-45 (same 
circuit as Fig. 19-13, Example 19-8)

• (b) what is the terminal voltage of 
each battery? (from b-d, or g-e)

✤ 29. (II) Determine the magnitudes and directions of the currents in each resistor 
shown in Fig. 19-48. The batteries have emfs; E1 = 9.0 V and E2 = 12.0 V and the 
resistors have values; R1 = 25Ω, R2 = 18Ω, and R3 = 35Ω.

20. (Ill) What is the net resistance of the circuit connected to
the battery in Fig. 19-41? Each resistance has
R = 2.8 kO.

21.

22.

12 V
FIGURE 19-41
Problem 20.

(Ill) Three equal resistors (R) are connected to a battery
as shown in Fig. 19-42. Qualitatively, what happens
to (a) the voltage drop across each of these resistors,
(b) the current flow through each, and (c) the
terminal voltage of the battery, when the switch S is
opened, after having been closed for a long time? (d) If
the emf of the battery is 15.0 V, what is its terminal
voltage when the switch is closed if the internal resistance
is 0.5012 and R = 5.5011? (e) What is the terminal
voltage when the switch is open?

FIGURE 19-42 Problem 21.

(Ill) A 2.8-kl2 and a 2.1-kl2 resistor are connected in
parallel; this combination is connected in series with a
1.8-kl2 resistor. If each resistor is rated at \ W (maximum
without overheating), what is the maximum voltage that
can be applied across the whole network?

24. (II) Determine the terminal voltage of each battery in
Fig. 19-44.

r=1.0£2,
-^-WVH|-

■ R = 6.6Q.
<S = 18V

r = 2.012
—*—*t*tf~~ll *

£ = 12V

FIGURE 19-44 Problem 24.

25. (II) (a) What is the potential difference between points a
and d in Fig. 19-45 (same circuit as Fig. 19-13, Example 19-8),
and (b) what is the terminal voltage of each battery?

rF
/,

3012
■ w v -

4012 / &2 =

a—'WW
112 45 V

^/Wv-Hi-

t
(§1 = r =
80 V 1£2

- i h -WMr

'2012

' f

FIGURE 19-45 Problem 25.

26. (II) For the circuit shown in Fig. 19-46, find the potential
difference between points a and b. Each resistor has
R = 75 12 and each battery is 1.5 V

I—M/V

FIGURE 19-46 Problem 26.

27. (II) Determine the magnitudes and directions of the
currents through Rx and R2 in Fig. 19-47.

19-3 Kirchhoff's Rules
23. (I) Calculate the current in the circuit of Fig. 19-43 and

show that the sum of all the voltage changes around the
circuit is zero.

r = 2.012
—M/V—

9.0 V
8.0 12 '

-ww
12.012

FIGURE 19-43 Problem 23.

V,=9.0V 7f1=2212
JWA~

fl,= 15Q
-A/WV

V3 = 6.0 V

FIGURE 19-47 Problems 27 and 28.

28. (II) Repeat Problem 27, now assuming that each battery
has an internal resistance r = 1.212.
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29. (II) Determine the magnitudes and directions of the currents
in each resistor shown in Fig. 19-48. The batteries have emfs
of %x = 9.0 V and %2 = 12.0 V and the resistors have
values of Rx = 2512, R2 = 1812, and R3 = 3512.

FIGURE 19-48
Problems 29 and 30.

30. (II) Repeat Problem 29, assuming each battery has
internal resistance r = 1.012.

31. (II) Calculate the currents in each resistor of Fig. 19-49.

6.0 V 2 D
-AA/W-

1212- :6i2
■3.0 V

1012
—A/\M

812

FIGURE 19-49 Problem 31.

32. (Ill) (a) Determine the currents /,, I2, and I3 in
Fig. 19-50. Assume the internal resistance of each battery
is r - 1.0 O. (b) What is the terminal voltage of the
6.0-V battery?

-W~|l
12.0 V

8.012:

1512:

1012
—11 Wv~ty\Mr~
12.0 V

-Jf-MV

12Q

1812

6.0 V FIGURE 19-50
Problems 32 and 33.

33. (Ill) What would the current /, be in Fig. 19-50 if the
12-12 resistor is shorted out? Let r = 1.012.

* 19-4 Emfs Combined, Battery Charging
* 34. (II) Suppose two batteries, with unequal emfs of 2.00 V

and 3.00 V, are connected as shown in Fig. 19-51. If each
internal resistance is r = 0.10012, and R = 4.0012, what
is the voltage across the resistor R?

R = 4.00 12
WW

g = 2.00 V
HpvVv—|

<g = 3.00V
-If-AM FIGURE 19-51

Problem 34.

19-5 Capacitors in Series and in Parallel
35. (I) (a) Six 4.7-yuF capacitors are connected in parallel.

What is the equivalent capacitance? (b) What is their
equivalent capacitance if connected in series?

36. (I) You have three capacitors, of capacitance 3200 pF,
7500 pF, and 0.0100 ^F. What maximum and minimum
capacitance can you form from these? How do you make
the connection in each case?

37. (I) A 3.00-juF and a 4.00-yuF capacitor are connected in
series, and this combination is connected in parallel
with a 2.00-pF capacitor (see Fig. 19-52). What is the
net capacitance?

-26.0 V
FIGURE 19-52
Problems 37 and 38.

38. (II) If 26.0 V is applied across the whole network of
Fig. 19-52, calculate the voltage across each capacitor.

39. (II) The capacitance of a portion of a circuit is to be
reduced from 4800 pF to 2900 pF. What capacitance can
be added to the circuit to produce this effect without
removing existing circuit elements? Must any existing
connections be broken in the process?
(II) An electric circuit was accidentally constructed using
a 5.0-pF capacitor instead of the required 16-,uF value.
Without removing the 5.Q-pF capacitor, what can a
technician add to correct this circuit?
(II) Determine the equivalent capacitance of the circuit
shown in Fig. 19-53.

C,

40.

41.

C7 C3

■v-
FIGURE 19-53
Problems 41, 42,43, and 44.

*42

;
(II) In Fig. 19-53, if Cx= C2 = 2C3 = 22.6 pF, how much
charge is stored on each capacitor when V = 45.0 V?
(II) In Fig. 19-53, suppose Cx = C2 = C3 = 16.0 pF. If
the charge on C2 is Q2 = 24.0 pC, determine the
charge on each of the other capacitors, the voltage
across each capacitor, and the voltage V across the
entire combination.

44.(11) In Fig. 19-53, let K = 78V and C, = C2 =
C3 = 7.2 pF. How much energy is stored in the capacitor
network?
(II) A 0.40-yuF and a 0.60-,uF capacitor are connected in
series to a 9.0-V battery. Calculate (a) the potential differ
ence across each capacitor, and (b) the charge on each,
(c) Repeat parts (a) and (b) assuming the two capacitors
are in parallel.

*45
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