Vectors
James H Dann, Ph.D.

Say Thanks to the Authors
Click http://www.ck12.org/saythanks
(No sign in required)

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 © 2012 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/NonCommercial/Share Alike 3.0 Unported (CC BY-NC-SA) License
(http://creativecommons.org/licenses/by-nc-sa/3.0/), as amended
and updated by Creative Commons 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: July 11, 2012

AUTHORS
James H Dann, Ph.D.
CONTRIBUTORS
Antonio De Jesus López
Chris Addiego

www.ck12.org

C ONCEPT

1

1

Vectors

In order to solve two dimensional problems it is necessary to break all vectors into their x and y components.
Different dimensions do not ’talk’ to each other. Thus one must use the equations of Motion (from One-Dimensional
Motion chapter) once for the x-direction and once for the y-direction. For example, when working with the xdirection, one only includes the x-component values of the vectors in the calculations. Note that if an object is
’launched horizontally’, then the full value is in the x-direction and there is no component in the y-direction.
In order to solve two dimensional problems it is necessary to break all vectors into their x and y components.
Different dimensions do not ’talk’ to each other. Thus one must use the equations of Motion (from One-Dimensional
Motion chapter) once for the x-direction and once for the y-direction. For example, when working with the xdirection, one only includes the x-component values of the vectors in the calculations. Note that if an object is
’launched horizontally’, then the full value is in the x-direction and there is no component in the y-direction.
Key Equations

Vectors The first new concept introduced here is that of a vector: a scalar magnitude with a direction. In a sense,
we are almost as good at natural vector manipulation as we are at adding numbers. Consider, for instance, throwing
a ball to a friend standing some distance away. To perform an accurate throw, one has to figure out both where to
throw and how hard. We can represent this concept graphically with an arrow: it has an obvious direction, and its
length can represent the distance the ball will travel in a given time. Such a vector (an arrow between the original
and final location of an object) is called a displacement:

Vector Components From the above examples, it should be clear that two vectors add to make another vector.
Sometimes, the opposite operation is useful: we often want to represent a vector as the sum of two other vectors.
This is called breaking a vector into its components. When vectors point along the same line, they essentially add
as scalars. If we break vectors into components along the same lines, we can add them by adding their components.
The lines we pick to break our vectors into components along are often called a basis. Any basis will work in the
way described above, but we usually break vectors into perpendicular components, since it will frequently allow us
to use the Pythagorean theorem in time-saving ways. Specifically, we usually use the x and y axes as our basis, and
therefore break vectors into what we call their x and y components:
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A final reason for breaking vectors into perpendicular components is that they are in a sense independent: adding
vectors along a component perpendicular to an original component one will never change the original component,
just like changing the y-coordinate of a point can never change its x-coordinate.
Guidance

Break the Initial Velocity into its Components

Example 1 A tennis ball is launched 32◦ above the horizontal at a speed of 7.0 m/s. What are the horizontal and
vertical velocity components?
Question: vx and vy = ? [m/s]
Given: v = 7.0 m/s
θ = 32◦
Equation: vx = v cos θ

vy = v sin θ

Plug n’ Chug: vx = v cos θ = (7.0 m/s) cos(32◦ ) = 5.9 m/s
vy = v sin θ = (7.0 m/s) sin(32◦ ) = 3.7 m/s
Answer:
5.9 m/s, 3.7 m/s.

Watch this Explanation

MEDIA
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Time for Practice

1. Find the missing legs or angles of the triangles shown.

2. Draw in the x− and y−velocity components for each dot along the path of the cannonball. The first one is
done for you.
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