Lever
Jean Brainard, 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-source, collaborative, and
web-based compilation model, CK-12 pioneers and promotes the
creation and distribution of high-quality, adaptive online textbooks
that can be mixed, modified and printed (i.e., the FlexBook®
textbooks).
Copyright © 2016 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 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/about/
terms-of-use.
Printed: August 19, 2016

AUTHOR
Jean Brainard, Ph.D.

www.ck12.org

C HAPTER

Chapter 1. Lever

1

Lever

• Define lever.
• Describe the three classes of levers.
• Outline how each class of lever changes force.

A hammer can be used to pull a nail out of a board. You can see how it’s done in this picture. When you push down
on the handle of the hammer, the claw end of the hammer pulls up on the nail. A hammer is an example of a machine
called a lever.

What Is A Lever?

A lever is a simple machine consisting of a bar that rotates around a fixed point. The fixed point of a lever is called
the fulcrum. Like other machines, a lever makes work easier by changing the force applied to the machine or the
distance over which the force is applied.
How does a hammer make it easier to pull a nail out of a board? First, it changes the direction of the force applied to
the hammer—the hand pushes down on the handle while the claw end of the hammer head pulls up. Often, you can
push down with more force than you can push up because you can put your own weight behind it. The hammer also
increases the strength of the force that is applied to it. It easily pulls the nail out of the board, which you couldn’t do
with your hands alone. On the other hand, the hammer decreases the distance over which the force is applied. The
hand pushing down on the handle moves the handle over a distance of several inches, whereas the hammer pulls up
on the nail only an inch or two.
Q: Where is the fulcrum of the hammer when it is used to pull a nail out of a board? In other words, around what
point does the hammer rotate?
A: The fulcrum is the point where the head of the hammer rests on the surface of the board.
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Classes of Levers

Other levers change force or distance in different ways than a hammer removing a nail. How a lever changes force
or distance depends on the location of the input and output forces relative to the fulcrum. The input force is the force
applied by the user to the lever. The output force is the force applied by the lever to the object. Based on the location
of input and output forces, there are three basic types of levers, called first-class, second-class, and third-class levers.
The Table 1.1 describes the three classes.

TABLE 1.1: Classes of Levers
Class of Lever

Example of Lever in
This Class

First class

Location of Input
& Output Forces &
Fulcrum*

Ideal Mechanical
Advantage

Change in Direction
of Force?

Seesaw

1
<1
>1

yes
yes
yes

Second class

Wheelbarrow

>1

no

Third class

Hockey stick

<1

no

• ∆ = fulcrum I = input force O = output force
The Table 1.1 includes the ideal mechanical advantage of each class of lever. The mechanical advantage is the factor
by which a machine changes the input force. The ideal mechanical advantage is the increase or decrease in force that
would occur if there were no friction to overcome in the use of the machine. Because all machines must overcome
some friction, the ideal mechanical advantage is always somewhat greater than the actual mechanical advantage of
the machine as it is used in the real world.
Q: Which class of lever is a hammer when it is used to pry a nail out of a board? What is its mechanical advantage?
A: To pry a nail out of a board, the fulcrum is located between the input and output forces. Therefore, when a
hammer is used in this way it is a first class lever. The fulcrum is closer to the output force than the input force, so
the mechanical advantage is >1. In other words, the hammer increases the force applied to it, making it easier to pry
the nail out of the board.
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Comparing Classes of Levers

All three classes of levers make work easier, but they do so in different ways.
• When the input and output forces are on opposite sides of the fulcrum, the lever changes the direction of the
applied force. This occurs only with first-class levers.
• When both the input and output forces are on the same side of the fulcrum, the direction of the applied force
does not change. This occurs with both second-class and third-class levers.
• When the input force is applied farther from the fulcrum than the output force is, the output force is greater than
the input force, and the ideal mechanical advantage is greater than 1. This always occurs with second-class
levers and may occur with first-class levers.
• When the input force is applied closer to the fulcrum than the output force is, the output force is less than the
input force, and the ideal mechanical advantage is less than 1. This always occurs with third-class levers and
may occur with first-class levers.
• When the input and output forces are the same distance from the fulcrum, the output force equals the input
force, and the ideal mechanical advantage is 1. This occurs only with first some first-class levers.
Advantage of Third Class Levers

You may be wondering why you would use a third-class lever when it doesn’t change the direction or strength of the
applied force. The advantage of a third-class lever is that the output force is applied over a greater distance than the
input force. The output end of the lever must move faster than the input end in order to cover the greater distance.
Q: A broom is a third-class lever when it is used to sweep a floor (see the Figure 1.1), so the output end of the lever
moves faster than the input end. Why is this useful?
A: By moving more quickly over the floor, the broom does the work faster.

FIGURE 1.1

Summary

• A lever is a simple machine consisting of a bar that rotates around a fixed point called the fulcrum.
• Based on the location of the input and output forces relative to the fulcrum, there are three basic types of
levers: first-class, second-class, and third-class levers. The classes differ in their mechanical advantage and
whether they change the direction of the input force.
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Review

1. What is a lever?
2. In the broom pictured in the Figure 1.1, where is the fulcrum and where are the input and output forces
applied?
3. If you use a screwdriver to pry the lid off a paint can, which class of lever is the screwdriver? How does the
screwdriver change the force that is applied to it? What is its ideal mechanical advantage?
4. Give an example of a lever that isn’t mentioned in the article. What is its class?
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