
225

17-1 Magnetic Forces and Fields
Vocabulary Magnetic Field: An area of influence around a moving charge. The size of the

field is related to the amount of magnetic force experienced by the moving
charge when it is at a given location in the field.

magnetic field ! or B !

The SI unit for magnetic field is the tesla (T), which equals one netwon per
amp "meter (N/A"m).

When solving for the magnetic force, rewrite this equation as F ! qvB.

The magnitude of the magnetic force can also be written in terms of the
current, I, flowing through a length of wire, L.

force ! (current)(length of wire)(magnetic field) or F ! ILB

Unlike gravitational force or electric force, magnetic force is perpendicular to
the plane formed by the field and the moving charge, and is greatest when the
magnetic field and the current are perpendicular to each other.

The easiest way to detect a magnetic field is with a compass.

Solved Examples

Example 1: A proton speeding through a synchrotron at 3.0 # 107 m/s experiences a
magnetic field of 4.0 T that is produced by the steering magnets inside the
synchrotron. What is the magnetic force pulling on the proton?

Solution: Remember, the charge of a proton or an electron is 1.60 # 10$19 C.

Given: q ! 1.60 # 10$19 C Unknown: F ! ?
v ! 3.0 # 107 m/s Original equation: F ! qvB
B ! 4.0 T

Solve: F ! qvB ! (1.60 # 10$19 C)(3.0 # 107 m/s)(4.0 T) ! 1.9 " 10#11 N

F
qv

force
(charge)(speed)
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Example 2: A 10.0-m-long high-tension power line carries a current of 20.0 A
perpendicular to Earth’s magnetic field of 5.5 ! 10"5 T. What is the magnetic
force experienced by the power line?

Given: I # 20.0 A Unknown: F # ?
L # 10.0 m Original equation: F # ILB
B # 5.5 ! 10"5 T

Solve: F # ILB # (20.0 A)(10.0 m)(5.5 ! 10"5 T) # 0.011 N

Practice Exercises

Exercise 1: Dean is hunting in the Northwest Territories at a location where Earth’s
magnetic field is 7.0 ! 10"5 T. He shoots by mistake at a duck decoy, and the
rubber bullet he is using acquires a charge of 2.0 ! 10"12 C as it leaves his
gun at 300. m/s, perpendicular to Earth’s magnetic field. What is the
magnitude of the magnetic force acting on the bullet?

Answer:

Exercise 2: A wasp accumulates 1.0 ! 10"12 C of charge while flying perpendicular to
Earth’s magnetic field of 5.0 ! 10"5 T. How fast is the wasp flying if the
magnetic force acting on it is 6.0 ! 10"16 N?

Answer:

Exercise 3: Kron, the alien freedom fighter from the planet Krimbar, shoots his gun that
fires protons at a speed of 3.0 ! 106 m/s. a) What is Krimbar’s magnetic field
if it creates a force of 2.88 ! 10"15 N on the protons? b) How does this
compare to Earth’s magnetic field?

Answer: a.

Answer: b.
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Exercise 4: The magnetic field in Boston, Massachusetts has a horizontal component to
the north of 0.18 ! 10"4 T and a vertical component of 0.52 ! 10"4 T straight
downward. a) What is the magnitude and direction of Earth’s magnetic field
in Boston? b) If a 2.0-m-long household wire is carrying a current of 15 A in a
direction perpendicular to the field, what is the magnitude of the magnetic
force experienced by the wire?

Answer: a.

Answer: b.

17-2 Electromagnetic Induction

Magnetic Flux and Induced Voltage

Vocabulary Flux: The number of magnetic field lines passing through a given area.

flux ! (area)(perpendicular component of the magnetic field)

or ! # AB

The unit for flux is the weber (Wb), which equals one tesla"meter squared
(T "m2).

Therefore, if a loop of wire lies perpendicular to a magnetic field, the
maximum possible number of lines of flux will pass through the loop. If the
loop of wire lies parallel to the field, the flux through the loop will be zero.

Vocabulary Faraday’s Law: If the flux through a given area changes over time, a voltage
will be induced in the wire and a current will momentarily flow. If the
number of turns of wire is increased, the voltage will increase proportionally.

potential difference !

or V #

Note: This potential difference is also referred to as the induced voltage.

N¢!

¢t

(number of turns)(change in flux)
elapsed time
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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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