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C ONCEPT

Concept 1. Newton’s First Law

1

Newton’s First Law

Learning Objectives

• Use skateboarding to explain Newton’s first law of motion.

There’s no doubt from Corey’s face that he loves skateboarding! Corey and his friends visit Newton’s Skate Park
every chance they get. They may not know it, but while they’re having fun on their skateboards, they’re actually
applying science concepts such as forces and motion.
Starting and Stopping

Did you ever ride a skateboard? Even if you didn’t, you probably know that to start a skateboard rolling over a level
surface, you need to push off with one foot against the ground. That’s what Corey’s friend Nina is doing in this
picture 1.1.
Do you know how to stop a skateboard once it starts rolling? Look how Nina’s friend Laura does it in the Figure
1.2. She steps down on the back of the skateboard so it scrapes on the pavement. This creates friction, which stops
the skateboard.
Even if Laura didn’t try to stop the skateboard, it would stop sooner or later. That’s because there’s also friction
between the wheels and the pavement. Friction is a force that counters all kinds of motion. It occurs whenever two
surfaces come into contact.

1
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FIGURE 1.1

FIGURE 1.2

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/177558

Laws of the Park: Newton’s First Law

If you understand how a skateboard starts and stops, then you already know something about Newton’s first law of
motion. This law was developed by English scientist Isaac Newton around 1700. Newton was one of the greatest
scientists of all time. He developed three laws of motion and the law of gravity, among many other contributions.
Newton’s first law of motion states that an object at rest will remain at rest and an object in motion will stay in
motion unless it is acted on by an unbalanced force. Without an unbalanced force, a moving object will not only
keep moving, but its speed and direction will also remain the same. Newton’s first law of motion is often called the
law of inertia because inertia is the tendency of an object to resist a change in its motion. If an object is already at
2
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rest, inertia will keep it at rest. If an object is already in motion, inertia will keep it moving.

Do You Get It?

Q: How does Nina use Newton’s first law to start her skateboard rolling?
A: The skateboard won’t move unless Nina pushes off from the pavement with one foot. The force she applies when
she pushes off is stronger than the force of friction that opposes the skateboard’s motion. As a result, the force on
the skateboard is unbalanced, and the skateboard moves forward.
Q: How does Nina use Newton’s first law to stop her skateboard?
A: Once the skateboard starts moving, it would keep moving at the same speed and in the same direction if not for
another unbalanced force. That force is friction between the skateboard and the pavement. The force of friction
is unbalanced because Nina is no longer pushing with her foot to keep the skateboard moving. That’s why the
skateboard stops.

Changing Direction

FIGURE 1.3

Corey’s friend Jerod likes to skate on the flat banks at Newton’s Skate Park. That’s Jerod in the Figure 1.3. As he
reaches the top of a bank, he turns his skateboard to go back down. To change direction, he presses down with his
heels on one edge of the skateboard. This causes the skateboard to turn in the opposite direction.

Do You Get It?

Q: How does Jerod use Newton’s first law of motion to change the direction of his skateboard?
A: Pressing down on just one side of a skateboard creates an unbalanced force. The unbalanced force causes the
skateboard to turn toward the other side. In the picture, Jerod is pressing down with his heels, so the skateboard
turns toward his toes.
3
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Summary

• Newton’s first law of motion states that an object at rest will remain at rest and an object in motion will remain
in motion unless it is acted on by an unbalanced force.
• Using unbalanced forces to control the motion of a skateboard demonstrates Newton’s first law of motion.

Review

1. State Newton’s first law of motion.
2. You don’t need to push off with a foot against the ground to start a skateboard rolling down a bank. Does this
violate Newton’s first law of motion? Why or why not?

FIGURE 1.4

3. Nina ran into a rough patch of pavement, but she thought she could ride right over it. Instead, the skateboard
stopped suddenly and Nina ended up on the ground (see Figure 1.4). Explain what happened.
4. Now that you know about Newton’s first law of motion, how might you use it to ride a skateboard more safely?

References
1. Image copyright Nikola Bilic, 2013;Image copyright DenisNata, 2013. http://www.shutterstock.com . Used
under license from Shutterstock.com
2. Image copyright DenisNata, 2013;Christopher Auyeung. http://www.shutterstock.com;CK-12 Foundation .
Used under license from Shutterstock.com;CC BY-NC 3.0
3. Image copyright DenisNata, 2013;Christopher Auyeung. http://www.shutterstock.com;CK-12 Foundation .
Used under license from Shutterstock.com;CC BY-NC 3.0
4. Image copyright Nikola Bilic, 2013;Christopher Auyeung. http://www.shutterstock.com;CK-12 Foundation .
Used under license from Shutterstock.com;CC BY-NC 3.0
5. Image copyright DenisNata, 2013;Image copyright Nikola Bilic, 2013;Christopher Auyeung. http://www.s
hutterstock.com;CK-12 Foundation . Used under license from Shutterstock.com;CC BY-NC 3.0
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Concept 2. Newton’s Second Law

C ONCEPT

2

Newton’s Second Law

Learning Objectives

• State Newton’s second law of motion.
• Compare and contrast the effects of force and mass on acceleration.

These boys are racing around the track at Newton’s Skate Park. The boy who can increase his speed the most will
win the race. Tony, who is closest to the camera in this picture, is bigger and stronger than the other two boys, so he
can apply greater force to his skates.
Q: Does this mean that Tony will win the race?
A: Not necessarily, because force isn’t the only factor that affects acceleration.
Force, Mass, and Acceleration

Whenever an object speeds up, slows down, or changes direction, it accelerates. Acceleration occurs whenever an
unbalanced force acts on an object. Two factors affect the acceleration of an object: the net force acting on the object
and the object’s mass. Newton’s second law of motion describes how force and mass affect acceleration. The law
states that the acceleration of an object equals the net force acting on the object divided by the object’s mass. This
can be represented by the equation:
Acceleration =
or a =

Net force
Mass

F
m

5
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Q: While Tony races along on his rollerblades, what net force is acting on the skates?
A: Tony exerts a backward force against the ground, as you can see in the Figure 2.1, first with one skate and then
with the other. This force pushes him forward. Although friction partly counters the forward motion of the skates, it
is weaker than the force Tony exerts. Therefore, there is a net forward force on the skates.

FIGURE 2.1

Watch the video below to learn more about Newton’s second law and the relationship between force, mass, and
acceleration:

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/161710

Direct and Inverse Relationships

Newton’s second law shows that there is a direct relationship between force and acceleration. The greater the force
that is applied to an object of a given mass, the more the object will accelerate. For example, doubling the force on
the object doubles its acceleration.
The relationship between mass and acceleration is different. It is an inverse relationship. In an inverse relationship,
when one variable increases, the other variable decreases. The greater the mass of an object, the less it will accelerate
when a given force is applied. For example, doubling the mass of an object results in only half as much acceleration
for the same amount of force.
Q: Tony has greater mass than the other two boys he is racing (pictured in the opening image). How will this affect
his acceleration around the track?
A: Tony’s greater mass will result in less acceleration for the same amount of force.
Summary

• Newton’s second law of motion states that the acceleration of an object equals the net force acting on the
object divided by the object’s mass.
• According to the second law, there is a direct relationship between force and acceleration and an inverse
relationship between mass and acceleration.
Review

1. State Newton’s second law of motion.
6
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2. How can Newton’s second law of motion be represented with an equation?
3. If the net force acting on an object doubles, how will the object’s acceleration be affected?
4. Tony has a mass of 50 kg, and his friend Sam has a mass of 45 kg. Assume that both friends push off on their
rollerblades with the same force. Explain which boy will have greater acceleration.
Explore More

Use this resource to answer the questions that follow:

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/177561

1. How is force proportional to acceleration?
2. How is force proportional to mass?

References
1. Uploaded by User:Shizhao/Wikimedia Commons;Image copyright DenisNata, 2013. http://commons.wikim
edia.org/wiki/File:Inline_Speedskating.jpg;http://www.shutterstock.com . CC BY 2.5;Used under license
from Shutterstock.com
2. Uploaded by User:Shizhao/Wikimedia Commons;Image copyright DenisNata, 2013. http://commons.wikim
edia.org/wiki/File:Inline_Speedskating.jpg;http://www.shutterstock.com . CC BY 2.5;Used under license
from Shutterstock.com
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C ONCEPT

3

Types of Forces

Learning Objectives

• List and describe types of common forces.

Key Equations



Fg = mg



F
N
Common Forces

F
T



F = −k∆x
sp

Gravity
Normal force: acts perpendicular to surfaces
Force of tension in strings and wires
Force of spring stretched a distance ∆x from equilibrium

Normal Force

Often, objects experience a force that pushes them into another object, but once the objects are in contact they do not
move any closer together. For instance, when you stand on the surface of the earth you are obviously not accelerating
toward its center. According to Newton’s Laws, there must be a force opposing the earth’s gravity acting on you, so
that the net force on you is zero. The same also applies for your gravity acting on the earth. We call such a force the
Normal Force. The normal force acts between any two surfaces in contact, balancing what ever force is pushing the
objects together. It is actually electromagnetic in nature (like other contact forces), and arises due to the repulsion of
atoms in the two objects. Here is an illustration of the Normal force on a block sitting on earth:

8
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Tension

Another force that often opposes gravity is known as tension. This force is provided by wires and strings when
they hold objects above the earth. Like the Normal Force, it is electromagnetic in nature and arises due to the
intermolecular bonds in the wire or string:

If the object is in equilibrium, tension must be equal in magnitude and opposite in direction to gravity. This force
transfers the gravity acting on the object to whatever the wire or string is attached to; in the end it is usually a Normal
Force — between the earth and whatever the wire is attached to — that ends up balancing out the force of gravity on
the object.
Friction

Friction is a force that opposes motion. Any two objects in contact have what is called a mutual coefficient of
friction. To find the force of friction between them, we multiply the normal force by this coefficient. Like the forces
above, it arises due to electromagnetic interactions of atoms in two objects. There are actually two coefficients of
friction: static and kinetic. Static friction will oppose initial motion of two objects relative to each other. Once
the objects are moving, however, kinetic friction will oppose their continuing motion. Kinetic friction is lower than
static friction, so it is easier to keep an object in motion than to set it in motion.

There are some things about friction that are not very intuitive:
• The magnitude of the friction force does not depend on the surface areas in contact.
• The magnitude of kinetic friction does not depend on the relative velocity or acceleration of the two objects.
• Friction always points in the direction opposing motion. If the net force (not counting friction) on an object is
lower than the maximum possible value of static friction, friction will be equal to the net force in magnitude
and opposite in direction.
Spring Force

Any spring has some equilibrium length, and if stretched in either direction it will push or pull with a force equal to:

9
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Examples
Example 1

A woman of mass 70.0 kg weighs herself in an elevator.

a) If she wants to weigh less, should she weigh herself when accelerating upward or downward?
b) When the elevator is not accelerating, what does the scale read (i.e., what is the normal force that the scale exerts
on the woman)?
c) When the elevator is accelerating upward at 2.00 m/s2 , what does the scale read?
a) If she wants to weigh less, she has to decrease her force (her weight is the force) on the scale. We will use the
equation

to determine in which situation she exerts less force on the scale.
If the elevator is accelerating upward then the acceleration would be greater. She would be pushed toward the floor
of the elevator making her weight increase. Therefore, she should weigh herself when the elevator is going down.
b) When the elevator is not accelerating, the scale would read 70.0kg.
10
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c) If the elevator was accelerating upward at a speed of 2.00m/s2 , then the scale would read

which is 82.6kg.
Example 2

A spring with a spring constant of k = 400N/m has an uncompressed length of .23m and a fully compressed length
of .15m. What is the force required to fully compress the spring?
We will use the equationF = kx to solve this. We simply have to plug in the known value for the spring and the
distance to solve for the force.

Interactive Simulations

SIMULATION
Understand the relationship between normal force gravity
net force and acceleration in the context of a ride in an
elevator.
URL: http://www.ck12.org/physics/connecting-newtons-firstand-second-laws/simulationint/Elevator

SIMULATION
Learn about the elastic (spring) force, Hooke’s Law, and the
energy stored in an elastic device in the context of a bow
arrow.
URL:

http://www.ck12.org/physics/types-of-

forces/simulationint/Bow-And-Arrow

References
1. CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
2. CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
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3. AnneCN. http://www.flickr.com/photos/39551578@N00/4314172542/in/photolist-7zegcd-e5cNCr-7KtsNa-d
Bhegh-8CxG6U-au1Rvg-buDgLL-9Jgjp1-buDe5J-buDgjy-buDeA1-buDecu-bHxZGg-buDfoU-bHy1rt-buDfM
w-ab7HdE-aGkkUp-aGknQt-aGknaV-aGkjrk-aGkkaK-7BNGPx-dm2yR5-dm38Df-dm2y8Z-dm2EVn-dm2vD
f-dm2NGA-dm2KFR-dm2FE1-dm2sHb-dm31kk-dm3bMS-7XqAK3-dbrJue-dVVWV9 . CC BY-NC
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Concept 4. Graphical Methods of Vector Addition

4

Graphical Methods of
Vector Addition

Learning Objectives

• Differentiate between scalars and vectors.
• Graphically add vectors in one dimension by placing the vectors head to toe on a number line.
• Graphically add vectors in two dimensions by placing them head to toe on a two-dimensional coordinate
system.

Successfully shooting a basketball requires a subconscious understanding of the vectors involved in how the basketball moves through the air. The vertical and horizontal vectors must be perfectly organized if the ball is to pass
through the basket.
Graphical Methods Vector Addition

In physics, a quantity, such as mass, length, or speed that is completely specified by its magnitude and has no
direction is called a scalar. A vector, on the other hand, is a quantity possessing both magnitude and direction. A
vector quantity is typically represented by an arrow-tipped line segment. The length of the line, drawn to scale,
represents the magnitude of the quantity. The direction of the arrow indicates the direction of the vector. Not only
can vectors be represented graphically, but they can also be added graphically.
For one dimensional vector addition, the first vector is placed on a number line with the tail of the vector on the
origin. The second vector is placed with its tail exactly on the arrow head of the first vector. The sum of the two
vectors is the vector that begins at the origin and ends at the arrow head of the final added vector.
Consider the following two vectors.
13
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The red vector has a magnitude of 11 in the positive direction on the number line. The blue vector has a magnitude
of -3, indicating 3 units in the negative direction on the number line. In order to add these two vectors, we place one
of the vectors on a number line and then the second vector is placed on the same number line such that its origin is
on the arrow head of the first vector.

The sum of these two vectors is the vector that begins at the origin of the first vector (the red one) and ends at the
arrow head of the second (blue) vector. So the sum of these two vectors is the purple vector, as shown below.

The vector sum of the first two vectors is a vector that begins at the origin and has a magnitude of 8 units in the
positive direction. If we were adding three or four vectors all in one dimension, we would continue to place them
head to toe in sequence on the number line. The sum would be the vector that begins at the beginning of the first
vector and goes to the ending of the final vector.

Adding Vectors in Two Dimensions
In the following image, vectors A and B represent the two displacements of a person who walked 90. m east and
then 50. m north. We want to add these two vectors to get the vector sum of the two movements.

The graphical process for adding vectors in two dimensions is to place the tail of the second vector on the arrow
head of the first vector as shown above.
The sum of the two vectors is the vector that begins at the origin of the first vector and goes to the ending of the
second vector, as shown below.
14
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If we are using totally graphic means of adding these vectors, the magnitude of the sum would be determined by
measuring the length of the sum vector and comparing it to the original standard. We would also use a compass to
measure the angle of the summation vector.
If we are using calculation means, we can divide 50. m by 90. m and determine inverse tangent of the dividend.
The result of 29.05 indicates the angle of 29◦ north of east. The length of the sum vector can also be determined
mathematically by the Pythagorean theorem, a2 + b2 = c2 . In this case, the length of the hypotenuse would be the
square root of (8100 + 2500) or 103 m.
If three or four vectors are to be added by graphical means, we would continue to place each new vector head to toe
with the vectors to be added until all the vectors were in the coordinate system. The sum vector is the vector from
the origin of the first vector to the arrowhead of the last vector. The magnitude and direction of the sum vector can
be measured.

Have you ever used a phone app that provides directions or a navigation system in your car? These programs help
you get from Point A to Point B by breaking it down into a series of left and right turns that exemplify many of the
graphical methods of vector addition described above. The navigation systems in self-driving cars are even more
advanced. Continue to practice vector addition by helping a driverless car get to its destination in the following
simulation:

15
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SIMULATION
Learn about adding two vectors together by components in
the context of a GPS-style city map.
URL:

http://www.ck12.org/physics/vectors-in-

physics/simulationint/Driverless-Car

Summary

• Scalars are quantities, such as mass, length, or speed, that are completely specified by magnitude and have no
direction.
• Vectors are quantities possessing both magnitude and direction and can be represented by an arrow; the
direction of the arrow indicates the direction of the quantity and the length of the arrow is proportional to
the magnitude.
• Vectors that are in one dimension can be added arithmetically.
• Vectors that are in two dimensions are added geometrically.
• When vectors are added graphically, graphs must be done to scale and answers are only as accurate as the
graphing.
Review

1. On the following number line, add the vector 7.5 m/s and the vector -2.0 m/s.

2. On a sheet of graph paper, add a vector that is 4.0 km due east and a vector that is 3.0 km due north.
Explore More

Use this resource to answer the questions that follow.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/224474

1. What is a resultant?
2. What are the steps necessary to add vectors in two dimensions?
Vocabulary

• scalar: A quantity, such as mass, length, or speed, that is completely specified by its magnitude and has no
direction.
16
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• vector: A quantity possessing both magnitude and direction, represented by an arrow the direction of which
indicates the direction of the quantity and the length of which is proportional to the magnitude.
• vector addition: The process of finding one vector that is equivalent to the result of the successive application
of two or more given vectors.

References
1. Official White House photo by Pete Souza. http://commons.wikimedia.org/wiki/File:Barack_Obama_play
ing_basketball.jpg . Public Domain
2. Richard Parsons;CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
3. Richard Parsons;CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
4. Richard Parsons;CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
5. Richard Parsons;CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
6. Richard Parsons;CK-12 Foundation - CC-BY-NC-SA 3.0. CK-12 Foundation . CC-BY-NC-SA 3.0
7. Karl Baron. http://www.flickr.com/photos/82365211@N00/2768969770 . CC BY-NC 3.0
8. Richard Parsons;CK-12 Foundation - Richard Parsons. CK-12 Foundation . CC-BY-NC-SA 3.0
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5

Momentum and Impulse

Learning Objectives

•
•
•
•
•
•

Define momentum.
Define impulse.
Given mass and velocity of an object, calculate momentum.
Calculate the change in momentum of an object.
State the relationship that exists between the change in momentum and impulse.
Using the momentum-impulse theorem and given three of the four variables, calculate the fourth.

Momentum is another way of looking at how objects affect each others’ motion. Rather than looking at how forces
change over the time of the interaction, we can look at how objects are moving before they interact and then after
they interact.

Momentum and Impulse

If a bowling ball and a ping-pong ball are each moving with a velocity of 5 mph, you intuitively understand that it
will require more effort to stop the bowling ball than the ping pong ball because of the greater mass of the bowling
ball. Similarly, if you have two bowling balls, one moving at 5 mph and the other moving at 10 mph, you know
it will take more effort to stop the ball with the greater speed. It is clear that both the mass and the velocity of a
moving object contribute to what is necessary to change the motion of the moving object. The product of the mass
and velocity of an object is called its momentum. Momentum is a vector quantity that has the same direction as the
velocity of the object and is represented by a lowercase letter p.
p = mv
The momentum of a 0.500 kg ball moving with a velocity of 15.0 m/s will be

p = mv = (0.500 kg)(15.0 m/s) = 7.50 kg · m/s
You should note that the units for momentum are kg·m/s.

18
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/229715

According to Newton’s first law, the velocity of an object cannot change unless a force is applied. If we wish to
change the momentum of a body, we must apply a force. The longer the force is applied, the greater the change
in momentum. A common misconception is that when two objects collide, the smaller object is hit harder or
experiences more force than the larger object. Play around with the simulation below to dispel this misconception:

SIMULATION
Click image to the left or use the URL below.
URL: http://www.ck12.org/physics/momentum/simulationint/BumperCars

The impulse is the quantity defined as the force multiplied by the time it is applied. It is a vector quantity that
has the same direction as the force. The units for impulse are N·s but we know that Newtons are also kg·m/s2 and
so N·s = (kg·m/s2 )(s) = kg·m/s. Impulse and momentum have the same units; when an impulse is applied to an
object, the momentum of the object changes and the change of momentum is equal to the impulse.
Ft = ∆mv

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/229717

Example 1
A 0.15 kg ball is moving with a velocity of 35 m/s. Find the momentum of the ball.
p = mv = (0.15 kg)(35 m/s) = 5.25 kg · m/s

Example 2
If a ball with mass 5.00 kg has a momentum of 5.25 kg · m/s, what is its velocity?
5.25 kg·m/s
v = mp = 5.00 kg = 1.05 m/s
It should be clear from the equation relating impulse to change in momentum, Ft = ∆mv, that any amount of force
would (eventually) bring a moving object to rest. If the force is very small, it must be applied for a long time, but a
greater force can bring the object to rest in a shorter period of time.
19
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If you jump off a porch and land on your feet with your knees locked in the straight position, your motion would be
brought to rest in a very short period of time and thus the force would need to be very large - large enough, perhaps,
to damage your joints or bones.
Suppose that when you hit the ground, your velocity was 7.0 m/s and that velocity was brought to rest in 0.05 seconds.
If your mass is 100. kg, what force was required to bring you to rest?
(100. kg)(7.0 m/s)
F = ∆mv
= 14, 000 N
t =
0.050 s
If, on the other hand, when your feet first touched the ground, you allowed your knees to flex so that the period of
time over which your body was brought to rest is increased, then the force on your body would be smaller and it
would be less likely that you would damage your legs.
Suppose that when you first touch the ground, you allow your knees to bend and extend the stopping time to 0.50
seconds. What force would be required to bring you to rest this time?
(100. kg)(7.0 m/s)
F = ∆mv
= 1400 N
t =
0.50 s
With the longer period of time for the force to act, the necessary force is reduced to one-tenth of what was needed
before.
Extending the period of time over which a force acts in order to lessen the force is a common practice in design.
Padding in shoes and seats allows the time to increase. The front of automobiles are designed to crumple in an
accident; this increases the time the car takes to stop. Similarly, barrels of water or sand in front of abutments on the
highway and airbags serve to slow down the stoppage time. These changes all serve to decrease the amount of force
it takes to stop the momentum in a car crash, which consequently saves lives. Use the Crash Dummy simulation
below to learn more:

SIMULATION
Click image to the left or use the URL below.
URL: http://www.ck12.org/physics/momentum/simulationint/CrashTest-Dummy

Example 3
An 0.15 kg baseball is thrown horizontally at 40. m/s and after it is struck by a bat, it is traveling at -40. m/s.
(a) What impulse did the bat deliver to the ball?
(b) If the contact time of the bat and bat was 0.00080 seconds, what was the average force the bat exerted on the
ball?
(c) Calculate the average acceleration of the ball during the time it was in contact with the bat.
We can calculate the change in momentum and give the answer as impulse because we know that the impulse is
equal to the change in momentum.
(a)

p = m∆v = (0.15 kg)(−40. m/s − 40. m/s)
= (0.15 kg)(−80. m/s) = −12 kg · m/s
The minus sign indicates that the impulse was in the opposite direction of the original throw.
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(b) F =

∆mv
t

=

Concept 5. Momentum and Impulse
−12 kg·m/s
0.00080 s

= −15000 N

Again, the negative sign indicates the force was in the opposite direction of the original throw.
F
N = −100, 000 m/s2
(c) a = m
= −15000
0.15 kg

Further Reading
• Momentum
• Impulse

Summary
•
•
•
•
•
•

The product of the mass and velocity of an object is called momentum, given by the equation ρ = mv.
Momentum is a vector quantity that has the same direction as the velocity of the object.
The quantity of force multiplied by the time it is applied is called impulse.
Impulse is a vector quantity that has the same direction as the force.
Momentum and impulse have the same units: kg·m/s.
The change of momentum of an object is equal to the impulse. Ft = ∆mv

Review

1. A small car with a mass of 800. kg is moving with a velocity of 27.8 m/s.
a. What is the momentum of the car?
b. What velocity is needed for a 2400. kg car in order to have the same momentum?
2. A scooter has a mass of 250. kg. A constant force is exerted on it for 60.0 s. During the time the force is
exerted, the scooter increases its speed from 6.00 m/s to 28.0 m/s.
a. What is the change in momentum?
b. What is the magnitude of the force exerted on the scooter?
3. The brakes on a 15,680 N car exert a stopping force of 640. N. The car’s velocity changes from 20.0 m/s to
0 m/s.
a.
b.
c.
d.

What is the car’s mass?
What was its initial momentum?
What was the change in momentum for the car?
How long does it take the braking force to bring the car to rest?

Explore More

Use this resource to answer the question that follows.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/112422
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1. Why don’t the glasses of water spill when the tablecloth is pulled out from under them?
2. How does the video get from momentum to impulse?
• momentum: A measure of the motion of a body equal to the product of its mass and velocity. Also called
linear momentum.
• impulse: The product obtained by multiplying the average value of a force by the time during which it acts.
The impulse equals the change in momentum produced by the force in this time interval.

References
1. Tinou Bao. https://www.flickr.com/photos/tinou/243678728/ . CC-BY
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Concept 6. Conservation of Momentum

6 Conservation of Momentum

Learning Objectives

• State the law of conservation of momentum.
• Describe an example of momentum being transferred and conserved.

These skaters are racing each other at Newton’s Skate Park. The first skater in line, the one on the left, is distracted
by something he sees. He starts to slow down without realizing it. The skater behind him isn’t paying attention and
keeps skating at the same speed.
Q: Can you guess what happens next?
A: Skater 2 runs into skater 1.

Conserving Momentum

When skater 2 runs into skater 1, he’s going faster than skater 1 so he has more momentum. Momentum is a
property of a moving object that makes it hard to stop. It’s a product of the object’s mass and velocity. At the
moment of the collision, skater 2 transfers some of his momentum to skater 1, who shoots forward when skater 2
runs into him. Whenever an action and reaction such as this occur, momentum is transferred from one object to the
other. However, the combined momentum of the objects remains the same. In other words, momentum is conserved.
This is the law of conservation of momentum.
Watch the video below to learn more:
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/187308

Modeling Momentum

The Figure 6.1 shows how momentum is conserved in the two colliding skaters. The total momentum is the same
after the collision as it was before. However, after the collision, skater 1 has more momentum and skater 2 has less
momentum than before.

FIGURE 6.1

Q: What if two skaters have a head-on collision? Do you think momentum is conserved then?
A: As in all actions and reactions, momentum is also conserved in a head-on collision.
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Summary

• Whenever an action and reaction occur, momentum is transferred from one object to the other. However, total
momentum is conserved. This is the law of conservation of momentum.
Review

1. State the law of conservation of momentum.
2. Fill in the missing velocity (x) in the diagram of a vehicle collision seen in the Figure 6.2 so that momentum
is conserved.

FIGURE 6.2
Solve for x.

References
1. User:Paolakorn/It.Wikipedia;Christopher Auyeung. http://it.wikipedia.org/wiki/File:Skateboard_1613.jpg;CK
-12 Foundation . CC BY 2.0;CC BY-NC 3.0
2. Laura Guerin;User:Paolakorn/It.Wikipedia;Christopher Auyeung. CK-12 Foundation;http://it.wikipedia.org
/wiki/File:Skateboard_1613.jpg . CC BY-NC 3.0;CC BY 2.0
3. Laura Guerin;User:Paolakorn/It.Wikipedia. CK-12 Foundation;http://it.wikipedia.org/wiki/File:Skateboard_1613.jpg . CC BY-NC 3.0;CC BY 2.0
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7

Momentum

Learning Objectives

• Define momentum.
• Relate momentum to mass and velocity.
• Calculate momentum from mass and velocity.

Cody seems a little reluctant to launch himself down this ramp at Newton’s Skate Park. It will be his first time down
the ramp, and he knows from watching his older brother Jerod that he’ll be moving fast by the time he gets to the
bottom. The faster he goes, the harder it will be to stop. That’s because of momentum.
What Is Momentum?

Momentum is a property of a moving object that makes it hard to stop. The more mass it has or the faster it’s
moving, the greater its momentum. Momentum equals mass times velocity and is represented by the equation:
Momentum = Mass × Velocity
Q: What is Cody’s momentum as he stands at the top of the ramp?
A: Cody has no momentum as he stands there because he isn’t moving. In other words, his velocity is zero. However,
Cody will gain momentum as he starts moving down the ramp and picks up speed.
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Q: Cody’s older brother Jerod is pictured in the Figure 7.1. If Jerod were to travel down the ramp at the same
velocity as Cody, who would have greater momentum? Who would be harder to stop?
A: Jerod obviously has greater mass than Cody, so he would have greater momentum. He would also be harder to
stop.

FIGURE 7.1

Calculating Momentum

To calculate momentum with the equation above, mass is measured in (kg), and velocity is measured in meters per
second (m/s). For example, Cody and his skateboard have a combined mass of 40 kg. If Cody is traveling at a
velocity of 1.1 m/s by the time he reaches the bottom of the ramp, then his momentum is:
Momentum = 40 kg × 1.1 m/s = 44 kg • m/s
Note that the SI unit for momentum is kg • m/s.
Q: The combined mass of Jerod and his skateboard is 68 kg. If Jerod goes down the ramp at the same velocity as
Cody, what is his momentum at the bottom of the ramp?
A: His momentum is:
Momentum = 68 kg × 1.1 m/s = 75 kg • m/s
Watch the video below to learn more about calculating the momentum of a moving object:

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/187302

Summary

• Momentum is a property of a moving object that makes it hard to stop. It equals the object’s mass times its
velocity.
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• To calculate the momentum of a moving object, multiply its mass in kilograms (kg) by its velocity in meters
per second (m/s). The SI unit of momentum is kg • m/s.
Review

1.
2.
3.
4.

Define momentum.
Write the equation for calculating momentum from mass and velocity.
What is the SI unit for momentum?
Which skateboarder has greater momentum?
a. Skateboarder A: mass = 60 kg; velocity = 1.5 m/s
b. Skateboarder B: mass = 50 kg; velocity = 2.0 m/s

References
1. User:Paolakorn/It.Wikipedia;Christopher Auyeung. http://it.wikipedia.org/wiki/File:Skateboard_1613.jpg;CK
-12 Foundation . CC BY-NC 3.0
2. User:Paolakorn/It.Wikipedia;Christopher Auyeung. http://it.wikipedia.org/wiki/File:Skateboard_1613.jpg;CK
-12 Foundation . CC BY 2.0;CC BY-NC 3.0
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8

Newton’s Law of Gravity

Learning Objectives

• Describe Newton’s law of universal gravitation, and explain why it was so important.
• Identify factors that affect the strength of gravity between two objects.

You may have heard a story about Isaac Newton coming up with the idea of gravity when an apple fell out of a tree
and hit him in the head. The story isn’t true, but seeing how things like apples fall to Earth helped Newton form his
ideas about gravity, the force of attraction between things that have mass. Of course, people had known about the
effects of gravity for thousands of years before Newton came along. After all, they constantly experienced gravity
in their daily lives. They observed over and over again that things always fall toward the ground. However, it wasn’t
until Newton developed his law of gravity in the late 1600s that people knew gravity applies to everything in the
universe that has mass.
Newton’s Law of Universal Gravitation

Newton was the first one to suggest that gravity is universal and affects all objects in the universe. That’s why
Newton’s law of gravity is called the law of universal gravitation. Universal gravitation means that the force that
causes an apple to fall from a tree to the ground is the same force that causes the moon to keep moving around Earth.
Universal gravitation also means that while Earth exerts a pull on you, you exert a pull on Earth. In fact, there is
gravity between you and every mass around you—your desk, your book, your pen. Even tiny molecules of gas are
attracted to one another by the force of gravity.
Q: Newton’s law of universal gravitation had a huge impact on how people thought about the universe. Why do you
think it was so important?
A: Newton’s law was the first scientific law that applied to the entire universe. It explains the motion of objects not
only on Earth but in outer space as well.
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/153365

Factors That Influence the Strength of Gravity

Newton’s law also states that the strength of gravity between any two objects depends on two factors: the masses of
the objects and the distance between them.
• Objects with greater mass have a stronger force of gravity between them. For example, because Earth is so
massive, it attracts you and your desk more strongly that you and your desk attract each other. That’s why you
and the desk remain in place on the floor rather than moving toward one another.
• Objects that are closer together have a stronger force of gravity between them. For example, the moon is closer
to Earth than it is to the more massive sun, so the force of gravity is greater between the moon and Earth than
between the moon and the sun. That’s why the moon circles around Earth rather than the sun. You can see
this in the Figure 8.1.

FIGURE 8.1

Launch PLIX Interactive below to explore the pull of gravity between two massive objects:

PLIX
Click image to the left or use the URL below.
URL: http://www.ck12.org/physics/newtons-universal-law-ofgravity/plix/Size-and-Mass-54f8b5435aa4136c48213a03

Summary

• Newton’s law of universal gravitation states that the force of gravity affects everything with mass in the
universe.
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• Newton’s law also states that the strength of gravity between any two objects depends on the masses of the
objects and the distance between them.
Review

1. What is Newton’s law of universal gravitation?
2. Describe the relationship between the masses of two objects and the force of gravity between them.
3. If two objects each have a mass of 10 kg, then the force of gravity between them
a.
b.
c.
d.

is 100 kg.
is constant.
depends only on their masses.
is greater when they are closer together.

References
1. User:Tó campos/Wikipedia;Image copyright Dja65, 2013. http://commons.wikimedia.org/wiki/File:Sun_e
arth_moon.svg;http://www.shutterstock.com . Used under license from Shutterstock.com
2. User:Tó campos/Wikipedia;Image copyright Dja65, 2013. http://commons.wikimedia.org/wiki/File:Sun_e
arth_moon.svg;http://www.shutterstock.com . Public Domain;Used under license from Shutterstock.com
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9

Gravity in the Solar System

Learning Objectives

• Define gravity.
• Explain how mass and distance influence the gravitational attraction between two objects.

Did you ever hear the old adage, "What goes up must come down"?
Every moment of every day is a field trip to gravity. Gravity is everywhere! You have a gravitational attraction to
your dog. You have one to your pencil. You even have one to your school principal! These gravitational attractions
are very small compared with the most important one you have. This is your gravitational attraction to Earth. It’s
what keeps you from floating off into space. Gravity holds our planet together. Gravity keeps Earth orbiting the Sun.
We wouldn’t be here without gravity.
The Role of Gravity

All objects in the universe have an attraction to each other. This attraction is known as gravity (Figure 9.1). The
strength of the force of gravity depends on two things. One is the mass of the objects. The other is the distance
between the objects. As an object’s mass increases, the attraction increases. As the distance between the objects
increases, the attraction decreases.
Isaac Newton first described gravity as the force that causes objects to fall to the ground. Gravity is also the force
that keeps the Moon circling Earth. Gravity keeps Earth circling the Sun. Without gravity, these objects would fly
off into space (Figure 9.2).
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FIGURE 9.1
The strength of the force of gravity between objects A and B depends on the
mass of the objects and the distance (u)
between them.

FIGURE 9.2
The Moon orbits the Earth, and the EarthMoon system orbits the Sun.

Gravity pulls any object on or near Earth toward the planet’s center.
Summary

• All objects have a gravitational attraction to each other. This is called gravity.
• The attraction is proportional to the mass of the objects. The attraction is inversely proportional to the distance
between the objects.
• Gravity keeps the Moon orbiting Earth. Gravity keeps the planets orbiting the Sun.
Review

1. For which object is the force of gravity greatest: Earth, Moon, or Sun? Why?
2. Imagine that the Moon and the Sun are the same distance from Earth. Which one would Earth be gravitationally attracted to?
3. What is gravity?
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Explore More

Use the resource below to answer the questions that follow.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/58889

1. Who was Isaac Newton?
2. What did Newton discover?
3. How did Newton make his discovery?

References
1. . . CC BY-NC
2. User:Xzapro4/Wikimedia Commons. http://commons.wikimedia.org/wiki/File:Gravitation.png . Public Domain
3. Courtesy of NOAA, modified by CK-12 Foundation. http://solarsystem.nasa.gov/multimedia/display.cfm?I
M_ID=6763 . Public Domain
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10

Work

Learning Objectives

• Define work.
• Relate work to force and distance.

The teens in the picture on the left are having fun playing basketball. The teen in the picture on the right is working
hard studying for an exam. It’s obvious who is doing work—or is it? Would it surprise you to learn that the teens
who are working are the ones who are having fun playing basketball, while the teen who is studying isn’t doing any
work at all? The reason why has to do with how work is defined in physics.
Defining Work

Work is defined differently in physics than in everyday language. In physics, work means the use of force to move
an object. The teens who are playing basketball in the picture above are using force to move their bodies and the
basketball, so they are doing work. The teen who is studying isn’t moving anything, so she isn’t doing work. Not all
force that is used to move an object does work. For work to be done, the force must be applied in the same direction
that the object moves. If a force is applied in a different direction than the object moves, no work is done. The
Figure 10.1 illustrates this point.

FIGURE 10.1
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Q: If the box the man is carrying is very heavy, does he do any work as he walks across the room with it?
A: Regardless of the weight of the box, the man does no work on it as he holds it while walking across the room.
However, he does more work when he first lifts a heavier box to chest height.

Work, Force, and Distance

Work is directly related to both the force applied to an object and the distance the object moves. It can be represented
by the equation:
Work = Force × Distance
This equation shows that the greater the force that is used to move an object or the farther the object is moved, the
more work that is done.
To see the effects of force and distance on work, compare the weight lifters in the Figure 10.2. The two weight
lifters on the left are lifting the same amount of weight, but the one on the bottom is lifting the weight a greater
distance. Therefore, this weight lifter is doing more work. The two weight lifters on the bottom right are both lifting
the weight the same distance, but the weight lifter on the left is lifting a heavier weight, so she is doing more work.

FIGURE 10.2

Watch the video below to learn more about the relationship between work and energy:

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/187320

Summary

• In physics, work is defined as the use of force to move an object. For work to be done, the force must be
applied in the same direction that the object moves.
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• Work is directly related to both the force applied to an object and the distance the object moves. It can be
represented by the equation: Work = Force × Distance.
Review

1. How is work defined in physics?
2. Write the equation that relates work to force and distance.
3. Assume that a friend hands you a heavy book to hold as he turns the combination lock on his locker. Which
of you does more work?

References
1. Laura Guerin. CK-12 Foundation . CC BY-NC
2. Laura Guerin. CK-12 Foundation . CC BY-NC 3.0
3. Laura Guerin. CK-12 Foundation . CC BY-NC 3.0

37

www.ck12.org

C ONCEPT

11

Acceleration

Learning Objectives

• Define acceleration.
• Give examples of acceleration.
• Describe how it feels to accelerate.

Imagine the thrill of riding on a roller coaster like this one! The coaster slowly crawls to the top of the track and
then flies down the other side. It also zooms around twists and turns at breakneck speeds. These changes in speed
and direction are what make a roller coaster ride so exciting. Changes in speed or direction are called acceleration.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/237022

Defining Acceleration

Acceleration is a measure of the change in velocity of a moving object. It measures the rate at which velocity
changes. Velocity, in turn, is a measure of the speed and direction of motion, so a change in velocity may reflect
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a change in speed, a change in direction, or both. Both velocity and acceleration are vectors. A vector is any
measurement that has both size and direction. People commonly think of acceleration as in increase in speed, but
a decrease in speed is also acceleration. In this case, acceleration is negative and called deceleration. A change in
direction without a change in speed is acceleration as well.
Q: Can you think of an example of acceleration that doesn’t involve a change in speed?
A: Driving at a constant speed around a bend in a road is one example. Use your imagination to think of others.
Examples of Acceleration

You can see several examples of acceleration in the pictures from the Figure 11.1. In each example, velocity is
changing but in different ways. For example, direction may be changing but not speed, or vice versa. Figure out
what is moving and how it’s moving in each of the photos.

FIGURE 11.1

Q: Describe how velocity is changing in each of the motions you identified from the Figure 11.1.
A: You should describe how both direction and speed are changing. For example, the boy on the carousel is moving
up and down and around in a circle, so his direction is constantly changing, but his speed changes only at the
beginning and end of the ride. The skydiver is falling straight down toward the ground so her direction isn’t changing,
but her speed keeps increasing as she falls until she opens her parachute.
Feeling Acceleration

If you are accelerating, you may be able to feel the change in velocity. This is true whether the change is in speed,
direction, or both. You often feel acceleration when you ride in a car. As the car speeds up, you feel as though you
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are being pressed against the seat. When the car slows down, you feel like you are being pushed forward, especially
if the change in speed is sudden. If the car changes direction and turns right, you feel as though you are being pushed
to the left. With a left turn, you feel a push to the right. The next time you ride in a car, notice how it feels as the car
accelerates in each of these ways.
Use this simulation to further explore the acceleration of a model rocket due to gravity. Can you use the graphs to
determine when the rocket is speeding up or slowing down?

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/254305

Summary

• Acceleration is a measure of the change in velocity of a moving object. It measures the rate at which the change
is occurring. It may reflect a change in speed, a change in direction, or both. Like velocity, acceleration is a
vector.
• Examples of acceleration include a person riding a carousel and a skydiver in free fall.
• When you experience acceleration, you may be able to feel the changes in speed and/or direction.
Review

1. Define acceleration.
2. Describe an example of acceleration and explain how velocity is changing.
3. The skydiver pictured in the Figure 11.1 will soon open her parachute. How will her velocity change when
the parachute first opens?

References
1. Carousel: Jef Fisher; Skydiver: User:Degrer/Wikimedia Commons; Runner: Mike Spille; Basketball: Maurice
Dayao/U.S. Navy. Carousel: http://www.flickr.com/photos/jeffisher/4839746434/; Skydiver: http://commo
ns.wikimedia.org/wiki/File:SkydiveroverEslovSweden.jpg; Runner: http://commons.wikimedia.org/wiki/File:N
OLA_Marathon_2010_Crossing_Finish_Line.jpg; Basketball: http://commons.wikimedia.org/wiki/File:US_Navy_080616-N-3581D-208_Ensign_Ian_Hochstein,_assigned_to_the_frigate_USS_Ford_(FFG_54),_teaches_a_young_girl_to_spin_a_basketball_at_the_Ban_Kao_Chan_Primary_School_in_Sattahip.jpg . Carousel: CC
BY 2.0; Skydiver: Public Domain; Runner: CC BY 2.0; Basketball: Public Domain
2. Carousel: Jef Fisher; Skydiver: User:Degrer/Wikimedia Commons; Runner: Mike Spille; Basketball: Maurice
Dayao/U.S. Navy. Carousel: http://www.flickr.com/photos/jeffisher/4839746434/; Skydiver: http://commo
ns.wikimedia.org/wiki/File:SkydiveroverEslovSweden.jpg; Runner: http://commons.wikimedia.org/wiki/File:N
OLA_Marathon_2010_Crossing_Finish_Line.jpg; Basketball: http://commons.wikimedia.org/wiki/File:US_Navy_080616-N-3581D-208_Ensign_Ian_Hochstein,_assigned_to_the_frigate_USS_Ford_(FFG_54),_teaches_a_young_girl_to_spin_a_basketball_at_the_Ban_Kao_Chan_Primary_School_in_Sattahip.jpg . Carousel: CC
BY 2.0; Skydiver: Public Domain; Runner: CC BY 2.0; Basketball: Public Domain;CC-BY-NC-SA 3.0

40

www.ck12.org

C ONCEPT

Concept 12. Acceleration Due to Gravity

12Acceleration Due to Gravity

Learning Objectives

• Describe the acceleration of falling objects due to gravity.
• Explain why falling objects with different masses accelerate at the same rate.

It’s a good thing this mountain climber’s safety gear is working, because it’s a long way down to the ground! If he
were to fall, he’d be moving really fast by the time he got there. The higher any object starts falling from above
Earth’s surface, the faster it’s traveling by the time it reaches the ground. Do you know why? The reason is gravity.
Speeding up While Falling Down

Gravity is a force that pulls objects down toward the ground. When objects fall to the ground, gravity causes them
to accelerate. Acceleration is a change in velocity, and velocity, in turn, is a measure of the speed and direction of
motion. Gravity causes an object to fall toward the ground at a faster and faster velocity the longer the object falls.
In fact, its velocity increases by 9.8 m/s2, so by 1 second after an object starts falling, its velocity is 9.8 m/s. By 2
seconds after it starts falling, its velocity is 19.6 m/s (9.8 m/s + 9.8 m/s), and so on. The acceleration of a falling
object due to gravity is illustrated in the Figure 12.1.
Q: In this diagram, the boy drops the object at time t= 0 s. By t = 1 s, the object is falling at a velocity of 9.8 m/s.
What is its velocity by t = 5 s? What will its velocity be at t = 6 s if it keeps falling?
A: Its velocity at t = 5 s is 49.0 m/s, and at t = 6 s, it will be 58.8 m/s (49.0 m/s + 9.8 m/s).
Use the simulation below to further explore the acceleration of a cliff diver. Observe the relationship between
position, velocity, and acceleration as the diver falls under the influence of gravity.
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FIGURE 12.1

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/238978

Mass and Acceleration Due to Gravity

What if you were to drop a bowling ball and a basketball at the same time from the same distance above the ground?
The bowling ball has greater mass than the basketball, so the pull of gravity on it is greater. Would it fall to the
ground faster? No, the bowling ball and basketball would reach the ground at the same time. The reason? The more
massive bowling ball is also harder to move because of its greater mass, so it ends up moving at the same acceleration
as the basketball. This is true of all falling objects. They all accelerate at the same rate due to gravity, unless air
resistance affects one object more than another. For example, a falling leaf is slowed down by air resistance more
than a falling acorn because of the leaf’s greater surface area.
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Q: If a leaf and an acorn were to fall to the ground in the absence of air (that is, in a vacuum), how would this affect
their acceleration due to gravity?
A: They would both accelerate at the same rate and reach the ground at the same time.
Watch the video below to dispel some common misconceptions about falling objects:

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/254465

Summary

• When gravity pulls objects toward the ground, it always causes them to accelerate at a rate of 9.8 m/s2 .
• Regardless of differences in mass, all objects accelerate at the same rate due to gravity unless air resistance
affects one more than another.
Review

1. Why do objects fall faster the longer they fall toward Earth?
2. What is the rate of acceleration due to gravity?
3. How does mass affect acceleration due to gravity?
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C ONCEPT

13

Kinetic Energy

Learning Objectives

• Define kinetic energy.
• Show how to calculate the kinetic energy of a moving object.

What could these four photos possibly have in common? Can you guess what it is? All of them show things that
have kinetic energy.
Defining Kinetic Energy

Kinetic energy is the energy of moving matter. Anything that is moving has kinetic energy—from atoms in matter
to stars in outer space. Things with kinetic energy can do work. For example, the spinning saw blade in the photo
above is doing the work of cutting through a piece of metal.
Calculating Kinetic Energy

The amount of kinetic energy in a moving object depends directly on its mass and velocity. An object with greater
mass or greater velocity has more kinetic energy. You can calculate the kinetic energy of a moving object with this
equation:
Kinetic Energy (KE) = 12 mass × velocity2
This equation shows that an increase in velocity increases kinetic energy more than an increase in mass. If mass
doubles, kinetic energy doubles as well, but if velocity doubles, kinetic energy increases by a factor of four. That’s
because velocity is squared in the equation.
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Let’s consider an example. The Figure 13.1 shows Juan running on the beach with his dad. Juan has a mass of 40
kg and is running at a velocity of 1 m/s. How much kinetic energy does he have? Substitute these values for mass
and velocity into the equation for kinetic energy:
m2
2
KE = 12 × 40 kg × (1 m
s ) = 20 kg × s2 = 20 N · m, or 20 J
Notice that the answer is given in joules (J), or N • m, which is the SI unit for energy. One joule is the amount of
energy needed to apply a force of 1 Newton over a distance of 1 meter.

FIGURE 13.1

What about Juan’s dad? His mass is 80 kg, and he’s running at the same velocity as Juan (1 m/s). Because his mass
is twice as great as Juan’s, his kinetic energy is twice as great:
m2
2
KE = 12 × 80 kg × (1 m
s ) = 40 kg × s2 = 40 N · m, or 40 J
Q: What is Juan’s kinetic energy if he speeds up to 2 m/s from 1 m/s?
A: By doubling his velocity, Juan increases his kinetic energy by a factor of four:
m2
2
KE = 12 × 40 kg × (2 m
s ) = 80 kg × s2 = 80 N · m, or 80 J

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/187366

Summary

• Kinetic energy (KE) is the energy of moving matter. Anything that is moving has kinetic energy.
• The amount of kinetic energy in a moving object depends directly on its mass and velocity. It can be calculated
with the equation: KE = 12 mass × velocity2 .
Review

1. What is kinetic energy?
2. The kinetic energy of a moving object depends on its mass and its
a.
b.
c.
d.

volume.
velocity.
distance.
acceleration.

3. The bowling ball in the Figure 13.2 is whizzing down the bowling lane at 4.0 m/s. If the mass of the bowling
ball is 7.0 kg, what is its kinetic energy?
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FIGURE 13.2
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C ONCEPT

Concept 14. Potential Energy

14

Potential Energy

Learning Objectives

•
•
•
•

Define potential energy.
Show how to calculate gravitational potential energy.
Describe elastic potential energy.
Identify other forms of potential energy.

This diver has just jumped up from the end of the diving board. After she dives down and is falling toward the water,
she’ll have kinetic energy, or the energy of moving matter. But even as she is momentarily stopped high above the
water, she has energy. Do you know why?
Stored Energy

The diver has energy because of her position high above the pool. The type of energy she has is called potential
energy. Potential energy is energy that is stored in a person or object. Often, the person or object has potential
energy because of its position or shape.
Q: What is it about the diver’s position that gives her potential energy?
A: Because the diver is high above the water, she has the potential to fall toward Earth because of gravity. This gives
her potential energy.
Gravitational Potential Energy

Potential energy due to the position of an object above Earth’s surface is called gravitational potential energy. Like
the diver on the diving board, anything that is raised up above Earth’s surface has the potential to fall because of
gravity. You can see another example of people with gravitational potential energy in the Figure 14.1.
47

www.ck12.org

FIGURE 14.1

Gravitational potential energy depends on an object’s weight and its height above the ground. It can be calculated
with the equation:
Gravitational potential energy (GPE) = weight × height
Consider the little girl on the sled, pictured in the Figure 14.1. She weighs 140 Newtons, and the top of the hill is 4
meters higher than the bottom of the hill. As she sits at the top of the hill, the child’s gravitational potential energy
is:
GPE = 140 N × 4 m = 560 N • m
Notice that the answer is given in Newton • meters (N • m), which is the SI unit for energy. A Newton • meter is the
energy needed to move a weight of 1 Newton over a distance of 1 meter. A Newton • meter is also called a joule (J).
Q: The gymnast on the balance beam pictured in the Figure 14.1 weighs 360 Newtons. If the balance beam is 1.2
meters above the ground, what is the gymnast’s gravitational potential energy?
A: Her gravitational potential energy is:
GPE = 360 N × 1.2 m = 432 N • m, or 432 J

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/163459

Elastic Potential Energy

Potential energy due to an object’s shape is called elastic potential energy. This energy results when an elastic object
is stretched or compressed. The farther the object is stretched or compressed, the greater its potential energy is. A
point will be reached when the object can’t be stretched or compressed any more. Then it will forcefully return to
its original shape.
Look at the pogo stick in the Figure 14.2. Its spring has elastic potential energy when it is pressed down by the
boy’s weight. When it can’t be compressed any more, it will spring back to its original shape. The energy it releases
will push the pogo stick—and the boy—off the ground.
Q: The girl in the Figure 14.3 is giving the elastic band of her slingshot potential energy by stretching it. She’s
holding a small stone against the stretched band. What will happen when she releases the band?
A: The elastic band will spring back to its original shape. When that happens, watch out! Some of the band’s elastic
potential energy will be transferred to the stone, which will go flying through the air.
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FIGURE 14.2

FIGURE 14.3

Other Forms of Potential Energy

All of the examples of potential energy described above involve movement or the potential to move. The form of
energy that involves movement is called mechanical energy. Other forms of energy also involve potential energy,
including chemical energy and nuclear energy. Chemical energy is stored in the bonds between the atoms of
compounds. For example, food and batteries both contain chemical energy. Nuclear energy is stored in the nuclei of
atoms because of the strong forces that hold the nucleus together. Nuclei of radioactive elements such as uranium
are unstable, so they break apart and release the stored energy.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/187368
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Summary

• Potential energy is energy that is stored in a person or object.
• Gravitational potential energy is due to the position of an object above Earth’s surface. The object has the
potential to fall due to gravity. Gravitational potential energy depends on an object’s weight and its height
above the ground (GPE = weight x height).
• Elastic potential energy is due to an object’s shape. It results when an elastic object is stretched or compressed.
The more it is stretched or compressed, the greater its elastic potential energy is.
• Chemical energy and nuclear energy are other forms of potential energy.
Review

1. What is potential energy?
2. Compare and contrast gravitational and elastic potential energy, and give an example of each.
3. The diver on the diving board in the opening picture weighs 500 Newtons. The diving board is 5 meters above
the ground. What is the diver’s gravitational potential energy?
4. Why does food have potential energy?
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C ONCEPT

Concept 15. Types of Waves

15

Types of Waves

Learning Objectives

• Compare and contrast a longitudinal wave and a transverse wave.
• Describe general wave properties.

The period, T , is the amount of time for the harmonic motion to repeat itself, or for the object to go one full cycle.
In SHM, T is the time it takes the object to return to its exact starting point and starting direction. The period of a
wave depends on the period of oscillation of the object creating the wave.
The frequency, f , is the number of cycles an object or wave goes through in 1 second. Frequency is measured in
Hertz (Hz). 1 Hz = 1 cycle per sec.
The amplitude, A, is the distance from the equilibrium (or center) point of motion to either its lowest or highest point
(end points). The amplitude, therefore, is half of the total distance covered by the oscillating object. The amplitude
can vary in harmonic motion but is constant in SHM. The amplitude of a wave often determines its strength or
intensity; the exact meaning of "strength" depends on the type of wave. For example, a sound wave with a large
amplitude is a loud sound and a light wave with a large amplitude is very bright.
A medium is the substance through which the wave travels. For example, water acts as the medium for ocean
waves, while air molecules act as the medium for sound waves. When a wave passes through a medium, the medium
is only temporarily disturbed. When an ocean wave travels from one side of the Mediterranean Sea to the other, no
actual water molecules move this great distance. Only the disturbance propagates (moves) through the medium. An
object oscillating with frequency f will create waves which oscillate with the same frequency f . The speed v and
wavelength λ of a wave depend on the nature of the medium through which the wave travels.
There are two main types of waves we will consider: longitudinal and transverse waves.
In longitudinal waves, the vibrations of the medium are in the same direction as the wave motion. A classic example
is a wave traveling down a line of standing dominoes: each domino will fall in the same direction as the motion of
the wave. A more physical example is a sound wave. For sound waves, high and low pressure zones move both
forward and backward as the wave moves through them.
In transverse waves, the vibrations of the medium are perpendicular to the direction of motion. A classic example
is a wave created in a long rope: the wave travels from one end of the rope to the other, but the actual rope moves
up and down, and not from left to right as the wave does. Water waves act as a mix of longitudinal and transverse
waves. A typical water molecule pretty much moves in a circle when a wave passes through it.
Most wave media act like a series of connected oscillators. For instance, a rope can be thought of as a large number of
masses (molecules) connected by springs (intermolecular forces). The speed of a wave through connected harmonic
oscillators depends on the distance between them, the spring constant, and the mass. In this way, we can model wave
media using the principles of simple harmonic motion. The speed of a wave on a string depends on the material the
string is made of, as well as the tension in the string. This fact is why tightening a string on your violin or guitar will
increase the frequency, or pitch, of the sound it produces.

Interactive Simulation
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SIMULATION
Use a classic sports stadium
URL:

http://www.ck12.org/physics/wave-

speed/simulationint/Stadium-Wave

Review

1. Reread the difference between transverse and longitudinal waves. For each of the following types of waves,
tell what type it is and why. (Include a sketch for each.)
a.
b.
c.
d.
e.
f.
g.

sound waves
water waves in the wake of a boat
a vibrating string on a guitar
a swinging jump rope
the vibrating surface of a drum
the “wave” done by spectators at a sports event
slowly moving traffic jams

2. A mass is oscillating up and down on a spring. Below is a graph of its vertical position as a function of time.

a. Determine the
i. amplitude,
ii. period and
iii. frequency.
b. What is the amplitude at t = 32 seconds?
c. At what times is the mass momentarily at rest? How do you know?
d. Velocity is defined as change in position over time. Can you see that would be the slope of this graph?
(slope = rise over run and in this case the ‘rise’ is position and the ‘run’ is time). Find the instantaneous
speed at t = 20 sec.

Review (Answers)
1. a. longitudinal b. transverse c. transverse d. transverse e. transverse f. transverse g. longitudinal
2. a. i. 8 m ii. 20 s iii. 0.05 Hz b. - 4 m c. The mass is momentarily at rest at peaks (maximums) and valleys
(minimums) d. ∼ 2.3 m/s
52

www.ck12.org

Concept 15. Types of Waves

References
1. Bill Gold. https://en.wikipedia.org/wiki/File:Alien_movie_poster.jpg . CC BY-NC

53

www.ck12.org

C ONCEPT

16

Properties of
Electromagnetic Waves

Learning Objectives

•
•
•
•

State the speed of light.
Describe wavelengths and frequencies of electromagnetic waves.
Relate wave frequency to wave energy.
Show how to calculate wavelength or wave frequency if the other value is known.

What do these two photos have in common? They both represent electromagnetic waves. These are waves that
consist of vibrating electric and magnetic fields. They transmit energy through matter or across space. Some
electromagnetic waves are generally harmless. The light we use to see is a good example. Other electromagnetic
waves can be very harmful and care must be taken to avoid too much exposure to them. X rays are a familiar
example. Why do electromagnetic waves vary in these ways? It depends on their properties. Like other waves,
electromagnetic waves have properties of speed, wavelength, and frequency.
Speed of Electromagnetic Waves

All electromagnetic waves travel at the same speed through empty space. That speed, called the speed of light,
is about 300 million meters per second (3.0 x 108 m/s). Nothing else in the universe is known to travel this fast.
The sun is about 150 million kilometers (93 million miles) from Earth, but it takes electromagnetic radiation only 8
minutes to reach Earth from the sun. If you could move that fast, you would be able to travel around Earth 7.5 times
in just 1 second!
Wavelength and Frequency of Electromagnetic Waves

Although all electromagnetic waves travel at the same speed across space, they may differ in their wavelengths,
frequencies, and energy levels.
• Wavelength is the distance between corresponding points of adjacent waves (see the Figure 16.1). Wavelengths of electromagnetic waves range from longer than a soccer field to shorter than the diameter of an
atom.
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• Wave frequency is the number of waves that pass a fixed point in a given amount of time. Frequencies of
electromagnetic waves range from thousands of waves per second to trillions of waves per second.
• The energy of electromagnetic waves depends on their frequency. Low-frequency waves have little energy
and are normally harmless. High-frequency waves have a lot of energy and are potentially very harmful.

FIGURE 16.1

Q: Which electromagnetic waves do you think have higher frequencies: visible light or X rays?
A: X rays are harmful but visible light is harmless, so you can infer that X rays have higher frequencies than visible
light.
Speed, Wavelength, and Frequency

The speed of a wave is a product of its wavelength and frequency. Because all electromagnetic waves travel at the
same speed through space, a wave with a shorter wavelength must have a higher frequency, and vice versa. This
relationship is represented by the equation:
Speed = Wavelength × Frequency
The equation for wave speed can be rewritten as:
Speed
Speed
Frequency = Wavelength or Wavelength = Frequency
Therefore, if either wavelength or frequency is known, the missing value can be calculated. Consider an electromagnetic wave that has a wavelength of 3 meters. Its speed, like the speed of all electromagnetic waves, is 3.0 × 108
meters per second. Its frequency can be found by substituting these values into the frequency equation:
Frequency =

3.0×108 m/s
3.0 m

= 1.0 × 108 waves/s, or 1.0 × 108 Hz

Q: What is the wavelength of an electromagnetic wave that has a frequency of 3.0 × 108 hertz?
A: Use the wavelength equation:
Wavelength =

3.0×108 m/s
3.0×108 waves/s

= 1.0 m

Summary

• All electromagnetic waves travel across space at the speed of light, which is about 300 million meters per
second (3.0 x 108 m/s).
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• Electromagnetic waves vary in wavelength and frequency. Longer wavelength electromagnetic waves have
lower frequencies, and shorter wavelength waves have higher frequencies. Higher frequency waves have more
energy.
• The speed of a wave is a product of its wavelength and frequency. Because the speed of electromagnetic waves
through space is constant, the wavelength or frequency of an electromagnetic wave can be calculated if the
other value is known.
Review

1.
2.
3.
4.

What is the speed of light across space?
Describe the range of wavelengths and frequencies of electromagnetic waves.
How is the energy of an electromagnetic wave related to its frequency?
If the frequency of an electromagnetic wave is 6.0 × 108 Hz, what is its wavelength?
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Concept 17. Wavelength and Frequency Calculations

17Wavelength and Frequency
Calculations

Learning Objectives

•
•
•
•

Define wavelength.
Define frequency.
Describe the characteristics of a wave.
Perform calculations involving wavelength and frequency.

Do you enjoy going to the beach?
During the summer, almost everyone enjoys going to the beach. They can swim, have picnics, and work on their
tans. But if you get too much sun, you can burn. A particular set of solar wavelengths are especially harmful to
the skin. This portion of the soar spectrum is known as UV B, with wavelengths of 280-320 nm. Sunscreens are
effective in protecting the skin against both the immediate skin damage and the long-term possibility of skin cancer.
Waves

Waves are characterized by their repetitive motion. Imagine a toy boat riding the waves in a wave pool. As the
water wave passes under the boat, it moves up and down in a regular and repeated fashion. While the wave travels
horizontally, the boat only travels vertically up and down. The Figure 17.1 shows two examples of waves.
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FIGURE 17.1
(A) A wave consists of alternation crests
and troughs. The wavelength (λ) is defined as the distance between any two
consecutive identical points on the waveform. The amplitude is the height of the
wave.

(B) A wave with a short wave-

length (top) has a high frequency because more waves pass a given point in
a certain amount of time. A wave with
a longer wavelength (bottom) has a lower
frequency.

A wave cycle consists of one complete wave - starting at the zero point, going up to a wave crest, going back down
to a wave trough, and back to the zero point again. The wavelength of a wave is the distance between any two
corresponding points on adjacent waves. It is easiest to visualize the wavelength of a wave as the distance from one
wave crest to the next. In an equation, wavelength is represented by the Greek letter lambda (λ). Depending on the
type of wave, wavelength can be measured in meters, centimeters, or nanometers (1 m = 109 nm). The frequency,
represented by the Greek letter nu (ν), is the number of waves that pass a certain point in a specified amount of time.
Typically, frequency is measured in units of cycles per second or waves per second. One wave per second is also
called a Hertz (Hz) and in SI units is a reciprocal second (s−1 ).
Figure B above shows an important relationship between the wavelength and frequency of a wave. The top wave
clearly has a shorter wavelength than the second wave. However, if you picture yourself at a stationary point
watching these waves pass by, more waves of the first kind would pass by in a given amount of time. Thus the
frequency of the first waves is greater than that of the second waves. Wavelength and frequency are therefore
inversely related. As the wavelength of a wave increases, its frequency decreases. The equation that relates the two
is:

c = λν
The variable c is the speed of light. For the relationship to hold mathematically, if the speed of light is used in m/s,
the wavelength must be in meters and the frequency in Hertz.
Sample Problem: Wavelength and Frequency

The color orange within the visible light spectrum has a wavelength of about 620 nm. What is the frequency of
orange light?
Step 1: List the known quantities and plan the problem.
Known
• wavelength (λ) = 620 nm
• speed of light (c) = 3.00 × 108 m/s
• conversion factor 1 m = 109 nm
Unknown
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• Frequency
Convert the wavelength to m, then apply the equation c = λν and solve for frequency. Dividing both sides of the
equation by λ yields:

ν=

c
λ

Step 2: Calculate.




1m
= 6.20 × 10−7 m
620 nm ×
109 nm
c
3.0 × 108 m/s
ν= =
= 4.8 × 1014 Hz
λ 6.20 × 10−7 m
Step 3: Think about your result.
The value for the frequency falls within the range for visible light.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184324

Summary

• All waves can be defined in terms of their frequency and intensity.
• c = λν expresses the relationship between wavelength and frequency.
Review

1. Define wavelength.
2. Define frequency.
3. What is the relationship between wavelength and frequency?
Vocabulary

•
•
•
•
•

amplitude: The height of the wave, the distance between the crest and the trough
crest: The peak of the wave
frequency: Is the number of waves that pass a certain point in a specified amount of time.
trough: The low point of the wave cycle.
wavelength: The distance between two successive peaks.
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