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Simple machines 

and the lever 

Objectives 

•  Define mechanical advantage. 

•  Calculate and demonstrate the mechanical 

advantage of a lever. 

•  Draw a free-body diagram of a simple machine. 

 

1.  What is mechanical advantage?  What is it a ratio of? 

2.  What are some examples of levers? 

3.  What are the differences between the three classes of levers? 

Assessment 

4.   Cho is building a lever with an input arm length of 6 m.  
She wants it to have a mechanical advantage of 3.  

What should be the total length of her lever (both input 
and output arm)?  

A.   2 m 

B.   5 m 

C.   8 m 

D.   18 m 

Assessment 

Assessment 

5.  Is this wheelbarrow a first, second, or third class lever? 

Physics terms 

•  machine 

•  simple machine 

•  mechanical advantage 

•  input force 

•  output force 

•  lever  

•  fulcrum 

•  input arm 

•  output arm 
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Equations 

The mechanical advantage of a 
machine is the ratio of its output 

force to its input force. 

The mechanical advantage of a 
lever is the ratio of the lengths of 

its input lever to its output lever. 

Machines 

Machines help us accomplish 
tasks by changing the direction 

or magnitude of a force that we 
apply. 

Each object on the right is a 

machine of some kind. 

Machines 

How many other machines    
can you think of?   

Make a list with the person 

sitting next to you. 

Remember:  a machine 

changes the direction and/or 

magnitude of a force that is 
applied to it. 

Simple machines 

When we think of the word 
‘machine’ we often think of 

compound machines, such 
as car motors.   

All compound machines 

consist of several simple 
machines working together. 

Simple machines 
There are six basic simple machines.  These six 
can be grouped into levers and inclined planes. 

 

 

 

 

 

 
Most other machines are made of some 

combination or variation of these. 

Mechanical advantage is the 
ratio of the output force to the 

input force. 

The “magnification” factor 

Machines that change the 
magnitude of the applied 

force provide a mechanical 
advantage.  

Mechanical advantage tells 

you how much a machine 
magnifies your input force. 
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Exploring the ideas 

Click this 
interactive 

calculator on 
page 333. 

Engaging with the concepts 

100 

50 

Mechanical advantage 

A pulley produces an 
output force of 100 N 

when given an input 
force of 50 N. 

What is this pulley’s 

mechanical advantage? 

Engaging with the concepts 

A pulley produces an 
output force of 100 N 

when given an input 
force of 50 N. 

What is this pulley’s 

mechanical advantage? 

100 

50 

Mechanical advantage 

2 

Engaging with the concepts 

Renee has a lever with a 
mechanical advantage of 7.  

She needs an output force 
of 910 N.  

What should her input 

force be? 

910 

Input force 

7 

Engaging with the concepts 

910 

Input force 

7 

130 

Renee has a lever with a 
mechanical advantage of 7.  

She needs an output force 
of 910 N.  

What should her input 

force be?  130 N 

Investigation 

Turn to page 334 to find 
this investigation on the 

mechanical advantage 
of levers.  
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Investigation 

1.  Use the spring scale to measure 
the weight of the mass provided.  

2.  Hang the mass 20 cm from the 

fulcrum on one side of the meter 
rule.  

3.  Using the spring scale, balance 

the “see-saw” by pulling the 
meter rule at various places 

(between 10 and 40 cm) on the 

side opposite the mass. 

Part 1:  Applying force to the opposite end of the lever 

Investigation 

4.   Measure the force F on the 
spring scale and the 

distance d between the 

spring scale and fulcrum.  
Tabulate your results.  

5.   Double the mass.  Repeat 

the previous step and 
tabulate your results. 

Part 1:  Applying force to the opposite end of the lever 

Investigation 

a.  What is the value of the gravitational 
force exerted by the hanging mass? 

b.  At what distances from the fulcrum 

is the force needed to balance the 
see-saw less than the force exerted 

by the hanging mass? 

c.  How did the force applied by the 

spring scale vary when you doubled 

the masses?  Why? 

Questions for Part 1 

Investigation 
Part 2:  Applying force to the same end of the lever 

1.   Repeat the experiment, but now 
use the spring scale to pull on the 

meter rule on the same side as 
the hanging mass.  

     Tabulate your results.  

Investigation 
Questions for Part 2 

a.  How are the forces applied 
different from the forces applied 

in the part 1?  (Hint: force is a 
vector!) 

 
b.  For parts 1 and 2, draw diagrams  

showing the three possible 

configurations for the fulcrum, 
applied force (“effort”), and 

resistance force (“load”).  

Levers 

The machine you used in 
the investigation is a lever. 

A lever is a simple machine 

that changes the magnitude 
of a force. 
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Levers 

This is a free-body diagram for a lever 
in static equilibrium.  

•  The fulcrum is the pivot point about 

which the system is in rotational 
equilibrium. 

•  The input arm is the distance 

between the fulcrum and input force. 

•  The output arm is the distance 

between the fulcrum and the output 

(or reaction) force. 

Levers 

Levers are balanced when the 
input and output torques are 

equal to one another. 

Torque is the product of the force 

and its distance from the fulcrum. 

If a lever is balanced, the net 
torque must equal zero. 

 

 

 

Levers Levers 

Do you recognize this 
last term of the equation? 

If a lever is balanced, the net 
torque must equal zero. 

 

 

 

Levers 

The mechanical advantage of a 
lever is determined by the lengths 

of the input and output arms.  

Test your knowledge 

For the largest mechanical advantage, 
should you place the fulcrum closer 

to the input or output force? 
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For the largest mechanical advantage, 
should you place the fulcrum closer 

to the input or output force? 

closer to the output force  

MA
lever

 will be greater if L
i
 is 

longer and L
o
 is shorter. 

Test your knowledge 

Click this 
interactive 

calculator on 
page 335. 

Exploring the ideas 

Engaging with the concepts 

4 

12 

Mechanical advantage 

A lever has an input 
arm of 12 m and an 

output arm of 4 m. 

What is the lever’s 

mechanical advantage? 

Engaging with the concepts 

4 

12 

Mechanical advantage 

A lever has an input 
arm of 12 m and an 

output arm of 4 m. 

What is the lever’s 

mechanical advantage? 
3 

Engaging with the concepts 

36 

Output arm length 

Darius wants to build a 
very large lever with a 

mechanical advantage 
of 4.   

The input arm length is 

36 m.  What is the 
output arm length? 

4 

Engaging with the concepts 

36 

Output arm length 

Darius wants to build a 
very large lever with a 

mechanical advantage 
of 4.   

The input arm length is 

36 m.  What is the 
output arm length?  9 m 

4 

9 
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Engaging with the concepts 

A man wants to lift a car 
engine weighing 1500 N, 

but he can only exert 
400 N of force.  What 

MA does he need? 

 

 

A man wants to lift a car 
engine weighing 1500 N, 

but he can only exert 
400 N of force.  What 

MA does he need? 

 

 

Engaging with the concepts 

He has a lever with an 
an output arm length of 

30 cm.  What input arm 
length does he need? 

 

Input arm length 

3.75 

0.30 

A man wants to lift a car 
engine weighing 1500 N, 

but he can only exert 
400 N of force.  What 

MA does he need? 

 

 

Engaging with the concepts 

He has a lever with an 
an output arm length of 

30 cm.  What input arm 
length does he need? 

 

Input arm length 

3.75 

0.30 

1.125 

Levers and energy 

Levers can multiply the force 
you exert.  But wait – doesn’t 

this violate conservation of 
energy? 

Levers can multiply the force 
you exert.  But wait – doesn’t 

this violate conservation of 
energy? 

No!  Energy is still conserved. 

The distance that a force needs 

to be applied is greater than it 
would be without the lever. 

Levers and energy Levers and energy 

If you double the length of the 
input arm, the input force can 

be reduced by half, but the 
input distance is doubled. 

Since W = Fd, the work you do 

remains the same. 
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Classes of levers 
There are three classes of levers.    

The class of a lever depends on which is in the center; 
the fulcrum, input force, or output force. 

Classes of levers 
There are three classes of levers.    

First class levers 
have the fulcrum 

in the center. 

Third class levers 
have the input 

force in the center. 

Second class levers 
have the output 

force in the center. 

Examples of levers 

scissors 

see-saw 

claw hammer 

pliers 

 

wheelbarrow 

nut cracker 

nail clippers 

bottle opener 

 

tongs 

fishing rod 

tweezers 

drawing compass 

There are three classes of levers.    
1.   What is mechanical advantage?  What is it a ratio of? 

Assessment 

Assessment 
1.  What is mechanical advantage?  What is it a ratio of? 

     Mechanical advantage is a measure of how much a 

machine magnifies an input force into an output force.  

It is the ratio of output force to input force. 

2.  What are some examples of levers? 

      

1.   What is mechanical advantage?  What is it a ratio of? 

     Mechanical advantage is a measure of how much a 

machine magnifies an input force into an output force.  

It is the ratio of output force to input force. 

2.   What are some examples of levers? 

     Scissors, wheelbarrow, salad tongs, “see-saw”, 

nutcracker, claw hammer 

Assessment 
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Assessment 
3.  What are the differences between the three classes of levers? 

      

Assessment 
3.   What are the differences between the three classes of levers? 

     Each class has the output force, input force, and fulcrum in a 

different order. 

•  First class levers have the fulcrum in the middle.  

•  Second class levers have the output force in the middle. 

•  Third class levers have the input force in the middle. 

4.  Cho is building a lever with an input arm length of 6 m.  
She wants it to have a mechanical advantage of 3.  

What should be the total length of her lever (both input 
and output arm)?  

A.   2 m 

B.   5 m 

C.   8 m 

D.   18 m 

Assessment Assessment 
4.   Cho is building a lever with an input arm length of 6 m.  

She wants it to have a mechanical advantage of 3.  

What should be the total length of her lever (both input 
and output arm)?  

A.   2 m 

B.   5 m 

C.   8 m 

D.   18 m 

Assessment 
5.  Is this wheelbarrow a first, second, or third class lever? 

Assessment 
5.   Is this wheelbarrow a first, second, or third class lever? 

The wheelbarrow is a second class lever.  
It has the output force in the middle.  

 


