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16-1 Current and Resistance
Vocabulary Current: The amount of charge that passes through an area in a given amount

of time.

current ! or I !

The SI unit for current is the ampere (A), which equals one coulomb per
second (C/s).

In conductors, such as metal wires, electrons are relatively free to move, and
can carry energy throughout a circuit. This energy comes from a source such
as a battery that converts chemical energy into electrical energy for use in the
circuit. As energy is transformed in a battery, a potential difference, V,
develops across the battery’s terminals. This potential difference is called an
electromotive force, or EMF. In this book, voltage between the terminals of a
battery is simply referred to as potential difference.

Vocabulary Resistance: An opposition to the flow of charge.

For a given source voltage, the resistance of a circuit determines how much
charge will flow in the circuit. When charge passes through a resistance, some
electrical energy is changed to other forms. This is produced by a potential
difference across the resistance.

potential difference ! (current)(resistance) or V ! IR

The SI unit for resistance is the ohm ("), which equals one volt per amp (V/A).

Sometimes it is not desirable to use wires that have a high resistance, because
considerable energy losses occur when charge flows through a resistor.
However, in any device that produces heat, such as a toaster, high resistance is
needed or else the toaster would not get hot. Therefore, a heating element
made with superconducting wires would be useless.

The resistance of a wire depends upon the type of material that the wire is
made of, its length, and its cross-sectional area. The longer the wire, the more
resistant it is to the flow of charge. The larger the cross-sectional area of the
wire, the less resistant it is to charge flow. Temperature also affects the
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resistance of a wire. The hotter the wire, the more resistant it becomes to the
flow of charge. This means that more current will flow through a toaster when
it is first turned on than when the coils are glowing red hot.

Solved Examples

Example 1: Household current in a circuit cannot generally exceed 15 A for safety reasons.
What is the maximum amount of charge that could flow through this circuit
in a house during the course of a 24.0-h day?

Solution: Because the unit ampere means coulombs per second, 24.0 h must
be converted in 86 400 s.

Given: I ! 15 A Unknown: "q ! ?
"t ! 86 400 s Original equation: I !

Solve: "q ! I"t ! (15 A)(86 400 s) ! 1.3 ! 106 C

Example 2: What is the resistance of the heating element in a car lock de-icer that contains
a 1.5-V battery supplying a current of 0.5 A to the circuit?

Given: V ! 1.5 V Unknown: R ! ?
I ! 0.5 A Original equation: V ! IR

Solve: R ! ! ! 3 "

Practice Exercises

Exercise 1: Arthur is going trick-or-treating for Halloween so he puts new batteries in his
flashlight before leaving the house. Until the batteries die, it draws 0.500 A of
current, allowing a total of 5400. C of charge to flow through the circuit. How
long will Arthur be able to use the flashlight before the batteries’ energy is
depleted?

Answer:

1.5 V
0.5 A
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Exercise 2: Fabian’s car radio will run from the 12-V car battery that produces a current
of 0.20 A even when the car is turned off. The car battery will no longer
operate when it has lost 1.2 ! 106 J of energy. If Fabian gets out of the car and
leaves the radio on by mistake, how long will it take for the car battery to go
completely dead (that is, lose all energy)?

Answer:

Exercise 3: While cooking dinner, Dinah’s oven uses a 220.-V line and draws 8.00 A of
current when heated to its maximum temperature. What is the resistance of
the oven when it is fully heated?

Answer:

Exercise 4: Justine’s hair dryer has a resistance of 9.00 " when first turned on. a) How
much current does the hair dryer draw from the 110.-V line in Justine’s house?
b) What happens to the resistance of the hair dryer as it runs for a long time?

Answer: a.

Answer: b.

Exercise 5: Camille takes her pocket calculator out of her bookbag as she gets ready to do
her physics homework. In the calculator, a 0.160-C charge encounters 19.0 " of
resistance every 2.00 seconds. What is the potential difference of the battery?

Answer:
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A3. Silver: 10 500 kg/m3

Earth: 5540 kg/m3

A5. 1.5 ! 10"3 m
A7. b) 21 m
A9. a) 9.0 ! 103 N

b) 10. N
A11. a) 3.03 times bigger

Chapter 10
1. 122°F
3. a) "148°C

b) "234°F
5. 437°C
7. b) 3.96 ! 10"4 m3

9. 347 000 J
11. 31.8°C
13. 9630 J
15. 3.9 ! 106 J

A1. Hottest: 462°C
Coldest: "218°C

A3. 2.0 ! 10"3 m
A5. 3.1 ! 10"4 m2

A7. 1990 cm3

A9. 79.7°C
A11. 0.019 kg
A13. 1300 J

Chapter 11
1. 0.67 s
3. a) 200 N/m
5. a) 0.63 s
7. 2 s
9. a) 3.1 s

11. 0.65 m
A1. 0.0023 s
A3. 20 N/m
A5. a) 0.5441 s
A7. 6.28 s
A9. b) 0.0400 m

Chapter 12
1. 0.013 m
3. 0.4 m/s
5. 188 Hz
7. b) "5.26 m/s
9. 813 Hz

11. 0.300 m
13. 394.0 Hz

A1. 0.0085 m
A3. a) 0.688 m
A5. 40 m
A7. a) Toward: 501.5 Hz

Away: 498.5 Hz
b) 3.0 Hz

A9. 15.0 m/s
A11. 20.4 m/s
A15. 628 m/s

Chapter 13
1. 19 700 s
3. 3.80 ! 10"7 m
5. 40°
7. a) "36 cm
9. 28.9°

11. 1.39
A1. 260 s

A3. 20°
A5. c) "12.0 cm
A7. a) #
A9. b) alcohol: 2.21 ! 108 m/s

water: 2.26 ! 108 m/s
A11. 20.7°
A13. a) 42.5°

Chapter 14
1. 11.1 cm
3. a) 0.0508 m
5. a) 20 times

b) 30 cm
7. 8 times
9. b) 2.7 diopters

11. 0.40 m
13. a) 8.8 ! 10"4 m
15. 2.4 ! 10"6 m

A1. 12.0 cm
A3. 2.4 cm
A5. 24 cm
A7. 0.17 m
A9. a) "4.0 diopters

b) 0.29 m
A11. "0.17 diopters
A13. 7130 m

Chapter 15
1. 1.3 ! 10"3 N
3. 7.0 ! 10"13 C
5. 10. m
7. 1.9 ! 1013 N/C
9. 18 ! 105 N/C to the right

11. 8800 V
13. 4.0 ! 10"3 m

A1. 1.5 ! 10"11 N
A3. 4.2 ! 10"13 C
A5. a) 0.043 m
A7. 1.3 ! 107 N/C
A9. a) 0.14 m

A11. 450 000 J
A13. 600 000 V

Chapter 16
1. 10 800 s
3. 27.5 $
5. 1.52 V
7. 2.0 ! 104 V
9. 0.8 A

11. a) 240 V
c) 18 A

13. a) 1.5 A
b) 80 $

15. $8.10
17. a) 3 $

b) 4 A
19. Series: 10. V

Parallel: 120 V
21. a) 5 $

b) 85 $
A1. a) 15 600 s
A3. 100. $
A5. 5 ! 10 "9 A
A7. 14.17 A
A9. $1.2 ! 106

A11. 0.25 A
A13. a) 3.0 $

b) 12 A

Chapter 17
1. 4.2 ! 10"14 N
3. a) 6.0 ! 10"3 T
5. a) Zero

b) 1.4 ! 10"5 Wb
7. 8.4 ! 10"8 V
9. a) 12 V

A1. 1.1 ! 10"10 N
A3. 8.6 ! 10"14 N
A5. a) 1.3 ! 10"3 N

b) zero
A7. a) 1.1 ! 10"5 V
A9. a) 4800 V

Chapter 18
1. 2.15 eV
3. 1040 nm
5. 150 000 m/s
7. a) 1.96 eV

b) 5.22 ! 10"7 m
9. 823 nm

11. a) 657 nm Red
b) 488 nm Greenish Blue
c) 445 nm Violet

13. 1.85 ! 1016 atoms
15. 1.13 ! 1014 atoms

A1. 2.9 ! 1020 Hz
A3. 2.42 eV
A5. 1.7 ! 10"19 m
A7. Sodium: 1.68 eV Yes

Iron: 0.244 eV Yes
Gold: "0.676 eV No

A9. 7.72 eV
A11. 2.18 ! 104 atoms
A13. 8.18 ! 1024 atoms
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