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Summary

 Forces cause changes in motion.

3.1 Aristotle on Motion
Aristotle, the foremost Greek scientist, studied motion and divided it 
into two types: natural motion and violent motion.

• During Aristotle’s time, natural motion on Earth was thought to be either
straight up or straight down: It was “natural” for heavy things to fall and
for very light things to rise.

• Violent motion was imposed motion and it was the result of forces that
pushed or pulled.

• The proper state of objects was thought to be one of rest, unless they
were being pushed or pulled or were moving toward their natural
resting place.

3.2 Copernicus and the Moving Earth
Copernicus reasoned that the simplest way to interpret astronomical 
observations was to assume that Earth and the other planets move 
around the sun.

• Copernicus’ idea of motion in space was extremely controversial at the
time, because most people believed that Earth was at the center of the
universe.

• Copernicus worked on his ideas in secret to escape persecution. At the
urging of his close friends, he published his ideas.

3.3 Galileo on Motion
Galileo argued that only when friction is present—as it usually is—is a 
force needed to keep an object moving.

• One of Galileo’s greatest contributions to physics was demolishing the
notion that a force is necessary to keep an object moving. A force is any
push or pull.

• Friction is the force that acts between materials that touch as they move
past each other.

• Galileo found that a ball rolling on a smooth horizontal plane has almost
constant velocity, and if friction were entirely absent, the ball would
move forever. Galileo also stated that the tendency of a moving body to
keep moving is natural and that every object resists change to its state of
motion.

• The property of a body to resist changes to its state of motion is called
inertia.
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3.4 Newton’s Law of Inertia
Newton’s first law states that every object continues in a state of rest, 
or of uniform speed in a straight line, unless acted on by a nonzero net 
force.

• Isaac Newton’s laws of motion replaced the Aristotelian ideas that had
dominated thinking for about 2000 years.

• Newton’s first law is usually called the law of inertia.
• Forces are needed to overcome any friction that may be present. Forces

are also needed to set objects in motion initially.
• Once an object is moving in a force-free environment, it will move in a

straight line indefinitely.

3.5 Mass—A Measure of Inertia
The more mass an object has, the greater its inertia and the more force 
it takes to change its state of motion.

• Mass is the quantity of matter in an object. Mass is a measure of the
inertia of an object. Mass is measured in the fundamental unit of
kilograms.

• Weight is the force of gravity on an object. Weight depends on an
object’s location. The mass of an object is the same whether the object is
located on Earth, on the moon, or in outer space.

• Mass and weight are proportional to each other in a given place. Objects
with great mass have great weight; objects with little mass have little
weight.

• In most parts of the world, the measure of matter is commonly
expressed in units of mass. The SI unit of mass is the kilogram and its
symbol is kg.

• The SI unit of is the newton. The SI sym e newton is N and
is written with a capital letter because it is named after a person.

3.6 The Moving Earth Again
The law of inertia states that objects in motion remain in motion if no 
unbalanced forces act on them.

• Copernicus announced the idea of a moving Earth in the sixteenth
century. This controversial idea stimulated much argument and debate.

• Newton’s work showed that objects on Earth move with Earth as Earth
moves around the sun. The law of inertia also shows that objects within
moving vehicles move with the vehicles.

• Notions of motion today are very different from those of our distant
ancestors.
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Exercises

3.1 Aristotle on Motion (pages 29–30)

Fill in the blanks with the correct terms.

1.  Aristotle divided motion into two types: and
.

2.  Natural motion on Earth was once thought to be either
or .

3.  Aristotle thought that it was natural for heavy things to
and for light things to .

4.  Aristotle also thought that motion was natural for
objects beyond Earth and that the planets and stars moved in perfect
circles around .

5.  What force was thought to have caused a horse and cart to experience
violent motion?

6.  Before the 1500s, the proper state of objects was thought to be one of
, unless they were being pushed or pulled or were

moving toward their natural resting place.
7.  Is the following statement true or false? Early thinkers thought that

violent motion was imposed motion.
8.  Is the following statement true or false? It was commonly thought by

many ancient thinkers that if an object moved “against its nature,” then
a force of some kind was responsible.

3.2 Copernicus and the Moving Earth (page 30)

Determine if each of the following statements is true or false.

9.  Copernicus thought that Earth and other planets move
around the sun.

10.  Copernicus thought that Earth was at the center of the
universe.

11.  Copernicus did not publish his ideas until he was near
death.

12.  Copernicus lived a long and happy life after his works
were published.

13.  Why did Copernicus do most of his work in secret?
  

3.3 Galileo on Motion (pages 30–32)

14.  What was one of Galileo’s great contributions to physics?

  
15. A force is any or .
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16.  Explain what friction is and how it acts.
   
  

  
17.  In the drawings below, describe each type of slope on the top line. On

the bottom line, describe the slope’s affect on speed.

a. b. c.

18.  Based on his experiments with rolling balls, Galileo was able to conclude
that when friction is present, a is needed to keep
an object moving.

19.  Describe the property of inertia in your own words.
  
  
  

3.4 Newton’s Law of Inertia (pages 33–35)

20.  What is another name for Newton’s first law of motion?
   
21.  State Newton’s first law of motion.
  
  
22.  Use Newton’s first law of motion to explain what happens to dishes on a

table when the tablecloth is quickly pulled from beneath them.
  
  
  
23.  Objects in a state of rest tend to remain at rest; only a

will change that state.
24.  Use Newton’s first law of motion to explain why an air hockey puck

slides on the game table with no apparent loss in speed. Name two
things that can cause the puck to change its state of motion.

  
  
  
25.  Once an object is moving in a force-free environment, for how long will

it move in a straight line?



Name ___________________________ Class __________________ Date  ____________

Chapter 3 Newton’s First Law of Motion—Inertia
©

 Pe
ars

on
 Ed

uc
ati

on
, I

nc
., 

or 
its

 af
fili

ate
(s)

. A
ll r

igh
ts 

res
erv

ed
.

 Conceptual Physics Reading and Study Workbook Chapter 3 17

3.5 Mass—A Measure of Inertia (pages 36–38)

26. Circle the letter of each sentence that is true about the mass of an object.
a. The amount of inertia an object has depends on its mass.
b. The more mass an object has, the greater its inertia.
c. Volume and mass are the same quantity.
d. Mass is usually measured in kilograms.

27.  Which item below has more mass? Which has more volume? Which has
the greater inertia?

   

  
28.  Is the following sentence true or false? Mass is a measure of the

gravitational force acting on an object.
29.  is a measure of the amount of material in an object

and depends on the number of and kind of atoms that compose it.
30.  Is the following sentence true or false? A stone has the same mass

on Earth and on the moon, but its weight is less on the moon.

31.  is the quantity of matter in an object.

32.  is the force of gravity on an object.

Match each phrase with the correct word.
Phrase Word

33.  traditional unit of weight
  in the United States

34.  measure of matter in most
  parts of the world

35. SI unit of mass

36. SI unit of force

3.6 The Moving Earth Again (pages 38–39)

37.  If Earth is rotating at 30 km/s, explain how a bird sitting on a tree can
drop down vertically and grab a worm that is crawling on the ground.

   
   

   

a. kilogram
b. mass
c. pound
d. newton
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38.  A girl is sitting on a bus that is traveling at 30 km/h. She is throwing her
tennis ball gently into the air and catching it. Circle the letter of each true
statement.
a. The tennis ball is moving faster than the girl riding on the bus.
b. The tennis ball is behaving as if the bus were at rest.
c. The inertia of the tennis ball changes when it is thrown.
d. Gravity affects only the vertical motion of the tennis ball.

Match the ideas on motion with the correct scientist.
Idea Scientist

39.  did not recognize inertia
40.  developed the law of inertia
41.   believed that horizontal motion

  was “unnatural”
42.  was one of the first to recognize

that no force was needed to keep
an object in motion

a. Aristotle
b. Newton
c. Galileo
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Mass and Weight

Learning physics is learning the connections among concepts in nature, and 
also learning to distinguish between closely related concepts. Velocity and 
acceleration, which are treated in the next chapter, are often confused. Similarly 
in this chapter, we fi nd that mass and weight are often confused. They aren’t the 
same! Please review the distinction between mass and weight in your textbook. To 
reinforce your understanding of this distinction, circle the correct answers below.

Comparing the concepts of mass and weight, one is basic—fundamental—

depending only on the internal makeup of an object and the number and kind of atoms that compose 

it. The concept that is fundamental is (mass) (weight).

The concept that additionally depends on location in a gravitational fi eld is (mass) (weight).

(Mass) (Weight) is a measure of the amount of matter in an object and only depends on 

the number and kind of atoms that compose it.

It can correctly be said that (mass) (weight) is a measure of “laziness” of an object.

(Mass) (Weight) is related to the gravitational force acting on the object.

(Mass) (Weight) depends on an object’s location, whereas (mass) (weight) does not.

In other words, a stone would have the same (mass) (weight) whether it is on the surface of Earth or on 

the surface of the moon. However, its (mass) (weight) depends on its location.

On the moon’s surface, where gravity is only about one sixth of Earth gravity (mass) (weight) 
(both the mass and the weight) of the stone would be the same as on Earth.

While mass and weight are not the same, they are (directly proportional) (inversely proportional) 

to each other. In the same location, twice the mass has (twice) (half) the weight.

The International System of Units (SI) unit of mass is the (kilogram) (newton), and the SI unit of 

force is the (kilogram) (newton).

In the United States, it is common to measure the mass of something by measuring its gravitational pull 

to Earth, its weight. The common unit of weight in the U.S. is the (pound) (kilogram) (newton).
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Converting Mass to Weight

Objects with mass also have weight (although they can be weightless under special conditions). If you 
know the mass of something in kilograms and want its weight in newtons, at Earth’s surface, you can 
take advantage of the formula that relates weight and mass.

 Weight = mass × acceleration due to gravity 
 W = mg

This is in accord with Newton’s second law, written as F = ma. When the force of gravity is the only 
force, the acceleration of any object of mass m will be g, the acceleration of free fall. Importantly, g acts 
as a proportionality constant, 10 N/kg, which is equivalent to 10 m/s2.

Sample Question:
How much does a 1-kg bag of nails weigh on Earth?

W = mg = (1 kg)(10 m/s2) = 10 m/s2 = 10 N,
or simply, W = mg = (1 kg)(10 N/kg) = 10 N.

Answer the following questions.
Felicia the ballet dancer has a mass of 45.0 kg.

1. What is Felicia’s weight in newtons at Earth’s surface?  

2. Given that 1 kilogram of mass corresponds to 2.2 pounds at 
Earth’s surface, what is Felicia’s weight in pounds on Earth?  

3. What would be Felicia’s mass on the surface of Jupiter?

4. What would be Felicia’s weight on Jupiter’s surface,
where the acceleration due to gravity is 25.0 m/s2?

 Different masses are hung on a spring scale calibrated in newtons. 
The force exerted by gravity on 1 kg = 10 N.

5. The force exerted by gravity on 5 kg = N.

6. The force exerted by gravity on  kg = 100 N.

 Make up your own mass and show the corresponding weight:

The force exerted by gravity on  kg = N.

By whatever means (spring scales, 
measuring balances, etc.), fi nd the 
mass of your physics book. Then 
complete the table.
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Inertia

Circle the correct answers.

1. An astronaut in outer space away from gravitational or frictional forces throws a rock. The rock will

 (gradually slow to a stop)

 (continue moving in a straight line at constant speed).

 The rock’s tendency to do this is called

 (inertia)  (weight) (acceleration).

2. The sketch shows a top view of a rock being whirled at 
the end of a string (clockwise). If the string breaks, the 
path of the rock is

(A)  (B)  (C)  (D).

3. Suppose you are standing in the aisle of a bus that travels 
along a straight road at 100 km/h, and you hold a pencil still 
above your head. Then relative to the bus, the velocity of the 
pencil is 0 km/h, and relative to the road, the pencil has a 
horizontal velocity of

 (less than 100 km/h)  (100 km/h)  (more than 100 km/h).

 Suppose you release the pencil. While it is dropping, and rela-
tive to the road, the pencil still has a horizontal velocity of

 (less than 100 km/h)  (100 km/h)  (more than 100 km/h).

 This means that the pencil will strike the fl oor at a place directly

 (behind you)  (at your feet below your hand) (in front of you).

 Relative to you, the way the pencil drops

 (is the same as if the bus were at rest)

 (depends on the velocity of the bus).

 How does this example illustrate the law of inertia?
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