
Velocity

Jean Brainard, Ph.D.

Say Thanks to the Authors
Click http://www.ck12.org/saythanks

(No sign in required)

http://www.ck12.org/saythanks


To access a customizable version of this book, as well as other
interactive content, visit www.ck12.org

CK-12 Foundation is a non-profit organization with a mission to
reduce the cost of textbook materials for the K-12 market both
in the U.S. and worldwide. Using an open-content, web-based
collaborative model termed the FlexBook®, CK-12 intends to
pioneer the generation and distribution of high-quality educational
content that will serve both as core text as well as provide an
adaptive environment for learning, powered through the FlexBook
Platform®.

Copyright © 2014 CK-12 Foundation, www.ck12.org

The names “CK-12” and “CK12” and associated logos and the
terms “FlexBook®” and “FlexBook Platform®” (collectively
“CK-12 Marks”) are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and international
laws.

Any form of reproduction of this book in any format or medium,
in whole or in sections must include the referral attribution link
http://www.ck12.org/saythanks (placed in a visible location) in
addition to the following terms.

Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the Creative Commons Attribution-Non-Commercial 3.0
Unported (CC BY-NC 3.0) License (http://creativecommons.org/
licenses/by-nc/3.0/), as amended and updated by Creative Com-
mons from time to time (the “CC License”), which is incorporated
herein by this reference.

Complete terms can be found at http://www.ck12.org/terms.

Printed: February 7, 2014

AUTHOR
Jean Brainard, Ph.D.

http://www.ck12.org/
http://www.ck12.org/saythanks
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.ck12.org/terms


www.ck12.org Concept 1. Velocity

CONCEPT 1 Velocity
• Distinguish between velocity and speed.
• Represent velocity with vector arrows.
• Describe objects that have different velocities.
• Show how to calculate average velocity when direction is constant.

Ramey and her mom were driving down this highway at 45 miles per hour, which is the speed limit on this road. As
they approached this sign, Ramey’s mom put on the brakes and started to slow down so she could safely maneuver
the upcoming curves in the road. This speed limit sign actually represents two components of motion: speed and
direction.

Speed and Direction

Speed tells you only how fast or slow an object is moving. It doesn’t tell you the direction the object is moving. The
measure of both speed and direction is called velocity. Velocity is a vector. A vector is measurement that includes
both size and direction. Vectors are often represented by arrows. When using an arrow to represent velocity, the
length of the arrow stands for speed, and the way the arrow points indicates the direction. If you’re still not sure of
the difference between speed and velocity, watch the cartoon at this URL:

http://www.youtube.com/watch?v=mDcaeO0WxBI&feature=related

Using Vector Arrows to Represent Velocity

The arrows in the Figure 1.1 represent the velocity of three different objects. Arrows A and B are the same length
but point in different directions. They represent objects moving at the same speed but in different directions. Arrow
C is shorter than arrow A or B but points in the same direction as arrow A. It represents an object moving at a slower
speed than A or B but in the same direction as A.
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FIGURE 1.1

Differences in Velocity

Objects have the same velocity only if they are moving at the same speed and in the same direction. Objects moving
at different speeds, in different directions, or both have different velocities. Look again at arrows A and B from the
Figure 1.1. They represent objects that have different velocities only because they are moving in different directions.
A and C represent objects that have different velocities only because they are moving at different speeds. Objects
represented by B and C have different velocities because they are moving in different directions and at different
speeds.

Q: Jerod is riding his bike at a constant speed. As he rides down his street he is moving from east to west. At the
end of the block, he turns right and starts moving from south to north, but he’s still traveling at the same speed. Has
his velocity changed?

A: Although Jerod’s speed hasn’t changed, his velocity has changed because he is moving in a different direction.

Q: How could you use vector arrows to represent Jerod’s velocity and how it changes?

A: The arrows might look like this (See Figure 1.2):

FIGURE 1.2

Calculating Average Velocity

You can calculate the average velocity of a moving object that is not changing direction by dividing the distance the
object travels by the time it takes to travel that distance. You would use this formula:

velocity =
distance

time
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This is the same formula that is used for calculating average speed. It represents velocity only if the answer also
includes the direction that the object is traveling.

Let’s work through a sample problem. Toni’s dog is racing down the sidewalk toward the east. The dog travels 36
meters in 18 seconds before it stops running. The velocity of the dog is:

velocity =
distance

time

=
36m
18s

= 2m/seast

Note that the answer is given in the SI unit for velocity, which is m/s, and it includes the direction that the dog is
traveling.

Q: What would the dog’s velocity be if it ran the same distance in the opposite direction but covered the distance in
24 seconds?

A: In this case, the velocity would be:

velocity =
distance

time

=
36m
24s

= 1.5m/swest

Summary

• Velocity is a measure of both speed and direction of motion. Velocity is a vector, which is a measurement that
includes both size and direction.

• Velocity can be represented by an arrow, with the length of the arrow representing speed and the way the arrow
points representing direction.

• Objects have the same velocity only if they are moving at the same speed and in the same direction. Objects
moving at different speeds, in different directions, or both have different velocities.

• The average velocity of an object moving in a constant direction is calculated with the formula: velocity =
distance

time . The SI unit for velocity is m/s, plus the direction the object is traveling.

Vocabulary

• vector: Measure such as velocity that includes both size and direction; may be represented by an arrow.
• velocity: Measure of both speed and direction of motion.

Practice

At the following URL, review how to calculate speed and velocity, and work through the sample problems. Then
solve the 10 practice problems. http://www2.franciscan.edu/academic/mathsci/mathscienceintegation/MathScienc
eIntegation-827.htm
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Review

1. What is velocity?
2. How does velocity differ from speed? Why is velocity a vector?
3. Explain how an arrow can be used to represent velocity.
4. Use vector arrows to represent the velocity of a car that travels north at 50 mi/h and then travels east at 25

mi/h.
5. Another car travels northwest for 2 hours and covers a distance of 90 miles. What is the average velocity of

the car?

References

1. CK-12 Foundation - Christopher Auyeung; compass rose image copyright Rosery, 2011. . Used under license
from Shutterstock.com

2. . . CC-BY-NC-SA 3.0

4

http://www.ck12.org

