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Chapter18 Fields and Forces

“Use the force, Luke” is a well-known quote from a 
very popular film series, which you have probably 
seen at least once. The force field in the movie is only 
imaginary but real force fields do exist and are very 
important in physics. Gravity, electricity, magnetism, 
and other important concepts in physics all depend on 
real force fields. All forces exist in what we call 
“fields.” In fact, you are sitting in a virtual sea of 
fields right now. You are surrounded by light fields, 
electrical fields, magnetic fields, sound fields, and, of 
course, a gravitational field.

A group of scientists, physicians, and engineers 
formed a group in 1978 called the Bioeletromagnetics 
Society. Bioeletromagnetics is the study of how 
electromagnetic fields affect biological systems. With 
at least one-third of the U.S. population using cell 
phones, some researchers are exploring how the 
radiofrequency fields that exist around cell phone 
antennas might affect cell phone users. Although 
some studies in Sweden have shown some possible 
links between cell phone usage and increased 
headaches and fatigue, no studies have been able to 
conclusively show any harmful affects of cell phone 
usage. 

Key Questions
How does the force of gravity 

get from the sun to Earth?

If all masses exert gravity on 

other masses, why don't you 

feel the gravitational pull 

between you and this textbook?

How can electrical appliances, 

lightning, and even static 

electricity interfere with the 

operation of sensitive 

electronics?
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Figure 18.1: The sound intensity field near 
a stereo.

Vocabulary

field, intensity, inverse square law

Objectives

Propose a general explanation for 

how forces act over a distance.

Describe why the strength of a 

field decreases with distance 

from the source.

Describe how fast a force moves 

between objects.

18.1 Fields and Forces
In many chapters, you have read about forces. Some forces come from electricity or magnetism.
Other forces come from pressure, motion, or gravity. What we have not discussed is how forces
actually act. What carries the influence of a force from one place to another? How does the force
of gravity get from the sun to Earth? How does the electrical force from a battery spread through a
wire to cause current to flow everywhere in the wire? This chapter will answer these and other
questions by discussing the concept of a field.

What is a field?
An example Think about listening to music from a portable stereo. You can hear the music

for a long distance away from the stereo. However, the farther away you go,
the softer the music gets. At some distance you can no longer hear the music
at all because the volume has become too low. How do you describe the
loudness of the music all around the stereo?

Definition of a
field

In physics, a field is a quantity that has a value everywhere in space. The
loudness has a value everywhere around the stereo. That means you can
describe the loudness with a field. Figure 18.1 shows what the sound intensity
field might look like near a stereo. The circular lines represent places where
the loudness is equal. The graph shows the loudness of the sound in decibels
(dB). At a distance of 120 meters the sound has a loudness of 10 decibels,
which is about the same loudness as hearing a whisper from one meter away.

You hear the
field, not the
stereo itself

A person standing far away does not hear the stereo directly. If you were to
switch the stereo off, the person would not know for several seconds. Instead,
the person hears the sound field created by the stereo. This may seem like an
unimportant detail, but it turns out to be fundamental to physics.

We experience
fields, not their

sources

All interactions between matter and energy proceed through fields. Sound is a
form of energy. The sound intensity field describes precisely how much
sound energy a listener hears in every place. Like sound from the stereo, we
only experience the fields created by things, not the things themselves.
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Fields and energy
Fields are

everywhere
All of space is filled with fields. In fact, many different fields can occupy the
same space. You are constantly immersed in fields, including radio and
television broadcasts, microwaves, light, electricity, and gravity. There are
fields everywhere (Figure 18.2)!

Fields contain
energy

Any field is a form of energy that is distributed through space. You can easily
show that a magnetic field has energy because it can exert force over distance
(doing work) on another magnet. The stronger the field, the more energy is
stored in the field. Where does the energy come from?

Energy must
come from

somewhere

The energy in the field of an electromagnet comes from the current in the
wires. But what about a permanent magnet? Permanent magnets are not
magnetic early in the manufacturing process because their atoms are randomly
oriented. Powerful electromagnets are used to magnetize permanent magnets.
The initial magnetization process is the source of the energy that creates the
magnetic field of a permanent magnet.

Fields and forces Fields create forces when they interact with matter. The force holding you to
your chair comes from the gravitational field of Earth interacting with the
matter in your body. You do not fall through the chair because electrons in the
atoms of the chair repel electrons in atoms on you through electric fields.

You can add
fields of the

same type

Fields of the same kind can be added or subtracted. You can use two magnets
to force a compass needle to point in any direction you wish. Figure 18.3
illustrates the effects of a permanent magnet and an electromagnet on a
compass. The compass responds to the total magnetic field at its position. The
total magnetic field is the sum of the magnetic fields from each magnet plus
the magnetic field of Earth itself.

Add forces from
fields of different

types

The total force acting on a body is the sum of all
forces from all fields that are present. The
photograph at left shows a small magnet that is
being held up by a magnetic field. The magnet
feels forces from several fields including
gravity, magnetism, and the electric fields
holding the atoms of the string together.

Figure 18.2: Some of the fields that pass 
through you all the time.

Figure 18.3: The field from an 
electromagnet can either cancel the field from 
a permanent magnet or add to it.
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Figure 18.4: The loudness of the sound you 
hear depends on the the number of watts per 
square centimeter that arrive at the opening 
of your ear. 

Figure 18.5: The force from a magnet 
decreases faster than an inverse square law. 
This is because all magnets have two opposite 
poles, not just one.

The inverse square law
Intensity Your hear only the sound energy that falls on the small area of the opening to

your ear. This area is about one square centimeter (1 cm2). Because the
conversion of electricity to sound is only 1% efficient, a 100-watt stereo puts
out a sound power of one watt. As the sound spreads out, that single watt is
spread over more and more area and loudness decreases. Close to the stereo,
0.01 watt is captured by the small opening of your ear. The intensity—the
number of watts per unit area—reaching your ear is 0.01 watts per square
centimeter. Because the power spreads out, far away from the stereo the
intensity drops so the same square centimeter of your ear captures less than
0.01 watt of power (Figure 18.4).

The inverse
square law

The strength of a field decreases the farther you get from the source. For
example, suppose a light bulb gives off 10 watts of light. The light intensity
around the bulb is described by the number of watts per square meter of area.
The area of a sphere is 4πr2, where r is the radius. If the radius is 1 meter, the
area is 12.6 m2. The light intensity is 0.8 W/m2 (10 W ÷ 12.6 m2). If the
radius is 2 meters (twice as far), the intensity is four times less because the
same amount of light is spread out over 50.3 m2 instead of 12.6 m2. The
intensity of light from a small source follows an inverse square law
because its intensity diminishes as the square of the distance increases. 

Fields and the
inverse square

law

Many fields follow an inverse square law, including electricity and gravity as
well as light. Magnetism is an exception because all magnets have two
opposite poles, not just one. The magnetic field decreases much faster than an
inverse square law (Figure 18.5) because the north and south poles cancel
each other out as you move far away from the magnet.
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Figure 18.6: The magnetic field  moves 
outward at 300,000,000 m/sec carrying the 
magnetic force.

Figure 18.7: Information carried by a field 
cannot travel faster than the speed of light.

The speed of a field
Some questions

for thought
When you bring a magnet close to another magnet, how fast does the first
magnet feel the other’s force? Does one magnet instantly feel the other one?
Does the force from one magnet reach the other instantly no matter what the
distance is between them? The answers come from thinking about the
interaction in two steps. First, the magnet creates a magnetic field. Second, the
magnetic field creates forces on other magnets.

The speed of
light

The magnetic field carries the force from one magnet to the other at the speed
of light (Figure 18.6). The speed of light is 300,000,000 m/sec so it takes only
a tiny fraction of a second for the force to get from one magnet to another
when the distance is a few meters. However, when the distance is large the
time delay is also large. If a giant magnet were to suddenly appear at the center
of the Milky Way galaxy we would not feel its force for thousands of years.

Nothing is
instantaneous

Nothing travels instantly from one place to another. Not force, not energy, and
not even information! This applies to light, electricity, gravity, sound, and any
other form of energy you can think of. All interactions are carried by fields and
the fastest that any field can spread is the speed of light.

Time delays due
to field speed

When you make a cell phone call, information like your number and the
number you are calling is coded in pulses of energy. The information spreads
out as an electromagnetic field expanding at the speed of light (Figure 18.7,
see chapter 24). Since light can circle Earth 7 1/2 times in one second, there is
not much time delay. However, talking to a space craft is another story! It
takes 35 minutes for light to travel from Earth to Jupiter when the planets are
at their closest. That is one reason why it is so difficult to control distant space
craft. It takes 35 minutes for the space craft’s signal to reach Earth and another
35 minutes for the response to get back. A lot can happen in 70 minutes!

18.1 Section Review

1. Name three quantities that are described by fields.

2. If you get 30 meters away from a light bulb, how does its intensity compare to when you are 10 meters away?

3. If the sun were to vanish instantly, would Earth immediately fly out of its orbit? Explain why or why not.
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Figure 18.8: The gravitational force 
between Earth and the moon acts in two 
steps: (1) Earth and the moon both create a 
gravitational field, and (2) the moon feels a 
force from the gravitational field that causes 
it to orbit Earth.

Vocabulary

gravitational field, force field

Objectives

Describe how gravity acts 

between objects through a field

Calculate the gravitational field 

on other planets

18.2 Gravity 
When Newton first proposed the law of universal gravitation he was quoted as saying, “Though I
have calculated its effect, exactly how gravity operates is still a mystery.” He realized that it did not
make sense that gravity should instantly transmit forces between planets regardless of their
distance. The idea of a field had not yet been thought of during Newton’s time. Therefore, his law
of gravitation described the strength and direction of the force of gravity, but not how the force got
from one body to the next. 

The gravitational field
Mass creates the

gravitational
field

Like the force from a magnet, the force of gravity comes from a field. The
gravitational field is created by mass. All mass creates a gravitational field,
even a single atom. However, gravity is a relatively weak force and it takes a
planet-sized mass to create a field strong enough to create a significant force.
The gravitational interaction between two masses proceeds in two steps.
Mass creates a gravitational field first. Then, the gravitational field exerts
forces on other masses (Figure 18.8).

The gravitational
field around

Earth

The gravitational field is a force
field because it creates a force on
a mass at all points in space. The
force on an imaginary test mass,
(m), is equal to the mass
multiplied by the gravitational
field (g). This is the familiar
formula for an object’s weight (F
= mg). The graph shows the
strength of Earth’s gravitational
field from Earth’s center to the
moon (note: scale is not linear).

Fields and
relativity

The idea of the gravitational field is useful even within Einstein’s theory of
relativity. In chapter 12 you learned that the gravitational field is caused by
distortions in space-time created by massive objects. That is why gravity can
bend light even though light has no mass.
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Figure 18.9: Field lines show the direction 
of the force an object would feel if placed in 
any location around Earth.

The gravitational field of planets and stars
Gravity is a

vector
The gravitational field is a vector field because the force has a direction at all
points in space. Like the magnetic field, you can draw field lines to show the
direction of the gravitational field. The field lines represent the force acting on
an imaginary test mass. The field lines point toward the center of a large mass,
such as Earth (Figure 18.9).

Calculating the
field

Newton’s law of gravitation, first
presented in chapter 6, can be
rearranged. The strength of the
gravitational field (g) is given by the
quantity, Gm2/r2. If we know the mass
and radius of a planet, we can use this
quantity to calculate the strength of
gravity on that planet. The example
problem illustrates how to find g for
single objects like a planet or ball.

Calculate the 
gravitational 
field of Mars

The planet Mars has a mass of 6.4 × 1023 kg and a radius of 3,400,000 meters. 
Calculate the value of g (gravitational field) on the surface of Mars.
1. Looking for: Value of g in N/kg
2. Given: Mass in kilograms and radius in meters
3. Relationships: g = Gm2/r2 where G = 6.67 × 10-11 N·m2/kg2

4. Solution: g = (6.67 × 10-11 N.m2/kg2)(6.4 × 1023 kg)/(3.4×106 m)2
   = 3.69 N/kg compared to Earth’s 9.8 N/kg

Your turn...
Calculate the gravitational field at the surface of a 1-kilogram ball with a
radius of 0.10 meters. Answer: 6.67 × 10-9 N/kg

18.2 Section Review

1. If the earth were to vanish instantly, would the moon immediately fly out of its orbit or would

there be a time delay? Explain.

2. Why don’t you feel gravity between ordinary objects such as yourself and a bowling ball?
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Figure 18.10: The electric field around 
two or more charges can be found by 
imagining the force on an imaginary positive 
test charge at various points in the region.

Vocabulary

electric field, source charge, 

shielding

Objectives

Describe how electric charges 

act in an electric field.

Calculate electric field strength. 

18.3 The Electric Field
In chapter 15 you learned that electric charges exert forces on each other. Unlike charges attract,
and like charges repel. You also learned about Coulomb’s law, which describes the strength of the
force between two charges. Coulomb’s law is one of the fundamental relationships in the universe
because atoms are held together by the electrical attraction between protons (positive) and
electrons (negative). Like gravity, the force between electric charges is carried by a field, called the
electric field.

Drawing the electric field
Direction of

an electric field
By convention, we draw the electric field to represent the force on an
imaginary positive test charge. Because it is imaginary, the test charge itself
does not change the electric field. The electric field therefore points toward
negative charges and away from positive charges (Figure 18.10). Because of
this convention, a positive charge placed in an electric field will feel a force
in the direction of the field, and a negative charge will feel a force opposite
the direction of the field. 

Field lines As we did with magnetic and gravitational fields, we use field lines to make a
diagram of the electric field around one or more charges. Electric field lines
follow the direction of the force on a positive test charge. The strength of the
electric field is shown by the spacing of the field lines. The field is strong
where the field lines are close together and is weak where the lines are far
apart.
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Calculating the electric field
Electric field

strength
The strength of the electric field determines the amount of force a charge feels
near another charge. The object that creates the field is called the source
charge. The charge you place to test the force is the test charge. The force (F)
on the test charge is equal to the amount of charge (q) multiplied by the
electric field (E), or F = qE. As we did with gravity, we can rewrite Coulomb’s
law so that the electric field is a separate quantity in the formula
(Figure 18.11).

Units of electric
field

With gravity, the strength of the field is in newtons per kilogram (N/kg)
because the field describes the amount of force per kilogram of mass. With the
electric field, the strength is in newtons per coulomb (N/C) for a similar
reason. The electric field describes the amount of force per coulomb of charge.
For example, a 10 C test charge feels 10 times as much force as a 1 C charge.

Volts per meter The electric field can also be written in more practical units. Remember, one
volt is one joule per coulomb. A joule is equal to a newton·meter. By
combining the relationships between units you can prove that one newton per
coulomb is the same as one volt per meter. This is a prescription for how to
make an electric field in the laboratory. A voltage difference of one volt over a
space of one meter makes an electric field of 1 V/m. That same field exerts a
force of one newton on a one-coulomb test charge (Figure 18.12). Note that in
both Figure 18.12 and the graphic below, the 1-volt battery is hypothetical.

Current in a wire We can now explain how the voltage from a battery causes current to flow in a
wire. Once the wire is connected, an electric field spreads very rapidly through
the wire. The field spreads much faster than the movement of the electrons.
Electrons throughout the wire begin moving and carrying current as soon as
they feel the electric field. The electrons move slowly, at their drift velocity.
The field however, moves at nearly the speed of light so it penetrates the entire
wire almost instantaneously.

Figure 18.11: Coulomb’s law can be 
written so that electric field and test charge 
(q) appear as separate quantities.

Figure 18.12: A voltage difference of 
1 volt across a distance of 1 meter makes an 
electric field of 1 volt per meter. This creates a 
force of 1 newton on a 1 coulomb test charge.
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Figure 18.13: The force on a charge in an 
electric field is equal to the charge in 
coulombs multiplied by the field strength in 
volts per meter.

Figure 18.14: An electric field between a 
plate and a screen makes an accelerator for 
charged particles like electrons.

The force on a charge in an electric field
The force on

electrons in a
wire

The force on a charge is equal to the charge in coulombs multiplied by the
electric field in volts per meter (Figure 18.13). Like any force, the force from
the electric field accelerates the charge on which it is acting. Inside a copper
wire carrying current, the free electrons feel a force from the electric field.
The force accelerates electrons in the direction of the field. Why don’t the
electrons get faster and faster and make the current go higher and higher? The
answer is that the copper atoms get in the way. An electron only accelerates
for a short distance before it collides with an atom. The electron bounces off
and is accelerated for another short distance before it bounces off another
atom. This is why the constant force from the electric field results in a
constant drift velocity for electrons. In a similar way, we also see constant
speed motion when the applied force equals the force of friction.

How to make an
electron beam

accelerator

An electric field is produced by any voltage difference across any insulating
space, such as air or a vacuum. Many electrical devices use electric fields
created in this way. For example, suppose voltage is created across a metal
plate and screen (Figure 18.14). The plate repels electrons and the screen
attracts electrons. Because the screen has holes, many of the electrons pass
right through. Because the electrons feel a force between the plate and screen,
this device is an accelerator for electrons. With such a device, electrons in the
beam can easily move at speeds exceeding 1 million m/sec.

Calculating the 
electric force 
on a raindrop

A 1-gram drop of water has a static charge of 0.0001 coulombs. In a large 
thunderstorm, the drop might experience an electric field of 1,000 volts per 
meter. In this situation, what would be the force on the drop?
1. Looking for: Force in newtons
2. Given: Mass in grams and charge in coulombs
3. Relationships: F = qE
4. Solution: F = (0.0001 C) × (1,000 V/m) = 0.1 N

Your turn...
What is the force on a 0.005-coulomb charge in an electric field of
300 volts per meter? Answer: 1.5 N
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Electric shielding 
Conductors can

block electric
fields

In a conductor, charges are free to move under the influence of any electric
field. When a conductor is placed in an electric field, a very interesting thing
happens. If the field is positive, negative charges move toward it until the field
is neutralized. If the field is negative, electrons move away leaving enough
positive charge behind to neutralize the field. On the inside of the conductor,
the field is zero!

Shielding out
electrical

interference

Electric fields are created all around us by electric appliances, lightning, and
even static electricity. These stray electric fields can interfere with the
operation of computers and other sensitive electronics. Many electrical
devices and wires that connect them are enclosed in conducting metal shells to
take advantage of the shielding effect. For example, if you unwrap a
computer network wire, you will find eight smaller wires wrapped by
aluminum foil. The aluminum foil is a conductor and shields the wires inside
from electrical interference (Figure 18.15).

18.3 Section Review

1. Draw the electric field around a negative charge. Do the field lines point toward or away from the charge?

2. What is the force on a 1-coulomb charge in an electric field of 1 volt per meter?

3. What is the electric field inside a good conductor which is not carrying current?

Figure 18.15: Computer network cables 
have a conducting foil shield to keep out 
unwanted electric fields that could cause 
interference.
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Space Weather is Magnetic
“Today’s high will be 75°F with clear skies and sunshine. And it 
looks like the magnetic storm that on its way will affect our local 
electric power grid! More on this after a station break.”
This fictional weather report includes information about space 
weather. The extent to which space weather affects Earth is actively 
investigated by scientists. Aiding this research is the Advanced 
Composition Explorer (ACE) satellite launched by NASA in 1997. 
The ACE orbits one of a few unique points in space at which the 
gravitational pull on the satellite by Earth and the sun exactly 
cancel each other. For ACE, the center of its orbit is a point that is 
148.5 million kilometers from the sun and 1.5 million kilometers 
from Earth. At this location, the ACE is far enough from Earth so 
that it is not affected by the planet’s magnetic field.

Storming Earth’s atmosphere

The sun emits more than heat and light. The solar wind travels at 
400 km/sec (about million miles per hour) and is composed of 
electrically charged particles. The solar wind comes from the sun’s 
outer suface and is so hot that the sun’s gravity cannot hold on to it. 
Evidence of solar wind comes from the tails of comets. A comet’s 
tail acts like a “wind sock” and shows that there is a continuous 
flow of particles from the sun.

The Advanced Composition Explorer collects data on solar wind 
particles and provides one-hour advanced warnings of magnetic 
storms—events when solar wind is particularly intense due to 
massive solar eruptions. Magnetic storms can damage 
communications satellites orbiting Earth and cause electrical 
currents to flow through and overwhelm electric power grids on the 
ground. Potential consequences are disrupted radio, television, and 
telephone signals, and possible loss of electricity for homes and 
businesses. For example, on March 13, 1989, a major magnetic 
storm caused a blackout in Quebec, Canada, that affected 6 million 
people. Magnetic storms also affect the flight of spacecraft and can 
be hazardous to astronauts. If an astronaut performed a space walk 
during a magnetic storm, he or she would be exposed to space 
radiation that is more than a million times greater than the dose of 
radiation we experience daily on Earth!

Gigantic magnetic spots

Solar wind and magnetic storms are associated with sunspots. 
Sunspots occur when magnetic fields—caused by the movement of 
gas within the sun—break the sun’s surface. The spots which are 
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cooler than surrounding areas appear dark because they give off 
less light than the than the gases around them. The magnetic field in 
a sunspot may be 5,000 times stronger than Earth’s magnetic field!
Sunspots were observed by many early 
astronomers such as Galileo. In fact, Galileo 
harmed his eyesight by looking at the sun using 
a telescope. Remember, you should NEVER 
look directly at the sun. A safe method for 
viewing the sun is to project its image onto a 
white surface using a telescope or binoculars. 
When the sun is observed in this way, you can 
see the sunspots as dark areas. Although the 
areas look small, they can be as large as Earth. 
Occasionally, large “loops” of gas can be seen 
jumping up from groups of sunspots and 
extending far out into space. These are most 
easily observed during eclipses. Sometimes 
loops from different sunspot regions connect 
and become solar flares. The flares release 
such large amounts of heat and light that solar 
wind intensifies and causes magnetic storms.

Sun activity in 11-year cycles

Not surprisingly, the occurrence of solar flares is related to the 
number of sunspots. The number of sunspots varies over an 11-year 
period known as the sunspot cycle. Many scientists speculate that 
there is a relationship between the sunspot cycle and variations in 
our global climate. Two decades of satellite research have shown 
that at times of high sunspot number, the amount of energy that 
reaches the edge of Earth’s atmosphere increases slightly. However, 
only through further research will scientists be able to say how the 
sunspot cycle affects the global climate.

After a peak in the sunspot cycle, the sun emits billions of tons of 
gas referred to as coronal mass ejections (CMEs). As the gas leaves 
the sun’s surface, its “magnetic skin” is shed as well. The result is 
that the sun’s magnetic field lines are re-oriented and the build up 
of magnetism at the sun’s surface begins again. Like solar flares, 
CMEs also cause magnetic storms on Earth.

Magnetism shields Earth

Earth’s magnetic field lines protect the planet from solar wind. The 
field lines, which exert force on moving charges, trap the electrical 
charges in solar wind and force them to move along the field lines 
particularly at the poles. When the charged particles encounter the 
upper atmosphere, they cause atmospheric atoms to emit light. The 
lights—called auroras—appear above the horizon in the night sky.
Auroras are a mild effect of solar wind. Magnetic storms are a 
dramatic form of space weather and scientists are very interested in 
predicting these storms since they can seriously disrupt our daily 
operations. For this reason, scientists pay close attention to space 
weather. You can too by getting a daily space weather report at the 
NASA-sponsored site www.spaceweather.com.

Questions: 
1.  Why is it important to have a satellite like the ACE in space? 

Research the ACE at http://www.srl.caltech.edu/ACE.
2. How can astronauts be protected from space radiation?
3. When are magnetic storms most likely to happen?
4. When will the next sunspot peak occur?
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Chapter 18 Review

Understanding Vocabulary

Select the correct term to complete the sentences.

Section 18.1

1. A quantity that has a value at every point in space is a _____.
2. _____ is a measure of power per area.
3. If two quantities are related by a(n) _____, as one increases the other

rapidly decreases.
Section 18.2

4. Any object with mass creates a _____.
5. A _____ creates a force on any object placed in it that is sensitive to

the force.
Section 18.3

6. The _____ points away from positive charges and toward negative
charges.

7. Conductors have a _____ effect that causes the electric field inside a
conductor to be zero.

8. A _____ creates an electric field.
9. It is helpful to imagine a positive _____ when drawing electric field

lines.

Reviewing Concepts

Section 18.1

1. Interactions between _____ and _____ occur through fields.
2. List three types of fields that are affecting you right now.
3. What is stored in a field?
4. Why does a sound get quieter as you move away from its source?
5. In what units is intensity measured?

6. What does it mean to say a field follows an inverse square law? 
7. Do all fields follow an inverse square law? 
Section 18.2

8. Anything with _____ creates a gravitational field.
9. Why don’t we notice the gravitational fields created by all of the

objects around us?
10. What happens to the strength of Earth’s gravitational field as you

move away from Earth’s surface?
11. Explain how you feel Earth’s gravity even when you jump off the

ground and are not directly touching the Earth.
12. In what units are gravitational fields measured?
13. In what direction do the gravitational field lines around the Earth

point? 
Section 18.3

14. A _____ charge in an electric field feels a force in the direction of the
field. A _____ charge feels a force in a direction opposite the field.

15. What determines the strength of a charge’s electric field at a certain
point?

16. What two pieces of information can you get by looking at field lines?
17. What does the spacing of electric field lines tell you about the field

strength?
18. In what units is electric field strength measured? List two possible

answers.
19. What makes free electrons move through a wire in a circuit? Use the

idea of electric fields in your answer.
20. Why are many electrical wires enclosed in a metal covering? 

Solving Problems

Section 18.1

1. The light intensity 1 meter away from a bulb is 2 W/m2. What is the
intensity 2 meters away?

shielding
force field
inverse square law

intensity
gravitational field
source charge

field
test charge
electric field
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2. You stand 4 meters away from a light and measure the intensity to be
1 W/m2. What will the intensity be if you move to a position 2 meters
away?

Section 18.2

3. Gravitational fields follow an inverse square law. Suppose you weigh
600 newtons when you are on Earth’s surface. How much would you
weigh if you were to move away from the Earth so you doubled your
distance from its center? 

4. Jupiter has a mass of 1.9x1027 kilograms and a radius of 7.15x107

meters. Calculate the strength of Jupiter’s gravitational field at its
surface.

5. Jupiter’s moon Io has a mass of 8.94x1022 kilograms and a radius of
1.82x106 meters. Calculate the strength of the gravitational field on
Io’s surface.

6. Use Newton’s law of gravitation to show that Earth’s gravitational
field has a strength of 9.8 N/kg.

Section 18.3

7. Draw the electric field for each of the following.
a. a single proton
b. a single electron
c. a proton a small distance away from an electron
d. the region between two oppositely charged plates

8. The electric field in a region is shown below. At which marked point
is the electric field the strongest? At which point is it the weakest? 

9. The electric field strength in a region is 2,000 N/C. What is the force
on an object with a charge of 0.004 C?

10. What is the strength and direction of the force on each charge shown
below? 

Applying Your Knowledge

Section 18.1

1. Are some types of fields vectors while others are scalars, or are all
fields the same type of quantity? Explain using examples.

2. Fields cannot travel faster than the speed of light. List some examples
of fields that travel slower than the speed of light and fields that travel
at the speed of light.

3. Use the idea of intensity to explain why it is not a good idea to put
your ear directly up to a loud stereo speaker.

4. If the Sun were to suddenly vanish, how long would it take for us to
notice?

Section 18.2

5. A planet’s gravitational field is represented with the letter g and is
measured in N/kg. When you studied free fall, you measured g in 
m/sec2. Show that the two units are equivalent.

6. Suppose you could double Earth’s mass without changing its size.
What would happen to the strength of the gravitational field? What if
you instead doubled the radius but kept the mass at its current value?

Section 18.3

7. Research particle accelerators. How are they designed, and what are
they used for?
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