
Unit 2
Simple Machines



Machines 
A machine is a mechanical structure 
that uses power to apply forces and 
control movement to perform an 
intended action.

Machines make tasks easier by using a 
Mechanical Advantage .



Machines
Machines were originally created to 
transport water. Without water crops 
could not be grown, livestock could 
not be taken care of and people could 
not survive. 

The machine built to transport water 
was the Roman Aqueduct.



Mechanical Advantage
Mechanical advantage is the ratio of 
the force produced by a machine to 
the force applied to it. Mechanical 
advantage calculations are used in 
assessing the performance of a 
machine.



To pull a weed out of a garden, you can apply a force of 50 N to t   
The shovel applies a force of 600 N to the weed. What is the mec  
advantage of the shovel?



Imagine that you are lifting a patio stone using a pry bar as a leve    
input force applied is measured as 25 N and the output force is m   
250 N, what is the mechanical advantage?



Mechanical Advantage
Ideal mechanical advantage is what the 
mechanical advantage would be if all of the input 
force could be converted into an output force. 
However, this is never possible in real -world 
applications.

Actual mechanical advantage is the mechanical 
advantage that actually occurs. It is the ideal 
mechanical advantage minus any force lost to 
factors such as internal friction, slippage, and 
distortion.



Mechanical Advantage
It is possible to have a mechanical 
advantage less than 1. This happens 
when the input force is greater than the 
output force. Though it seems bad, a 
mechanical advantage less than 1 does 
have its’ advantages. 

A hockey stick for example, requires an 
input force much greater than the output 
force. The benefit of the hockey stick is 
that it increases the distance and speed 
of the output. 

http://www.youtube.com/watch?v=8kBJuxAO6o8
http://www.youtube.com/watch?v=8kBJuxAO6o8


Trial and Error
Of course things do not always work 
on the first try, and so many people 
failed throughout time. However, 
through trial and error correct 
methods have been reached. 

Trial and error is a fundamental 
method of problem solving.

http://www.youtube.com/watch?v=7svRNsChZ3Q
http://www.youtube.com/watch?v=7svRNsChZ3Q


Examples of trial and error
While watching the Road Runner 
clip, identify at least two examples 
of trial and error by the Coyote.

http://www.youtube.com/watch?v=GdKkI1vGsmE
http://www.youtube.com/watch?v=GdKkI1vGsmE


Review
a) What is trial and error?

a) What is mechanical advantage?

a) When is it advantageous to have 
a mechanical advantage less than 
1?



Simple Machines 
Simple machines are tools that make 
work easier. They have few or no moving 
parts and use energy to work. There are 
six simple machines, they are the;

1) Lever
2) Inclined Plane
3) Wedge
4) Wheel and Axle
5) Pulley
6) Screw



The Lever
The Lever is a ridged plank that 
rotates around a fixed point called a 
fulcrum . 

A lever can move a heavy load, but as 
the load increases so must the length 
of the lever in order to keep input 
force the same.

There are three classes of levers. 



Mechanical advantage of the lever
To find the Mechanical Advantage for 
the lever we use distance instead of 
force. 



The distance from the fulcrum to the effort force applied is 120cm   
distance from the fulcrum to the load applied to the lever is 30cm    
the mechanical advantage of the lever?



The distance from the fulcrum to the effort force applied is 40cm.  
distance from the fulcrum to the load applied to the lever is 80cm    
the mechanical advantage of the lever?



Advantages and disadvantage of the lever
Advantage

Levers can lift larger and larger loads with 
the same amount of input force as long as 
the length of the lever increases. 

Disadvantage

The longer the lever is, the more distance 
you must travel even though the load 
distance stays the same

http://www.youtube.com/watch?v=95f4kb5XR3U
http://www.youtube.com/watch?v=95f4kb5XR3U


First class lever
A first class lever has the fulcrum between 
the load and the effort force. 

First-class levers have a considerable practical 
advantage over the other types of levers. They 
convert a downward moving force into a 
lifting force. This means that you can always 
augment your ability to lift a load across a 
teeter-totter style lever simply by using the 
force of gravity.

Some examples of first class levers are; 
scissors, teeter totters and pistons.  



Second Class Lever
A second class lever has load between the 
effort force and the fulcrum. 

In a second class lever the effort moves over 
a large distance to raise the load a small 
distance. As the ratio of effort force arm 
length to load arm length increases, the 
mechanical advantage of a second class 
lever increases.

An example of a second class lever is  a 
wheelbarrow.



Third Class Lever
A third class lever has the effort 
between the load and the fulcrum.

In a third class lever the load moves 
further than the effort force and the 
mechanical advantage is low, which 
is why it's difficult to apply great 
force to the load. 

Examples of third class levers 
barbeque tongs, and hockey sticks.



What kind of lever?



First Class Lever



What kind of lever?



Second Class Lever



What kind of lever?



First Class Lever



What kind of lever?



Third Class Lever





First Class Lever



What if your airplane door opened during fli

http://www.youtube.com/watch?v=eEDZuFw34YM
http://www.youtube.com/watch?v=eEDZuFw34YM


Review
a) What are the three kinds of levers?

a) What is a disadvantage of levers? 

a) How do we measure the 
mechanical advantage of the lever?



The Inclined Plane
The Inclined Plane is a plane surface 
set at an angle, against a horizontal 
surface. an inclined plane has both a 
horizontal component and vertical 
component.

When lifting an objecting upwards the 
downward force of gravity resists this. 
The inclined plane helps to alleviate 
this problem by pushing an object 
over a distance. 



Mechanical advantage of the inclined plane
The Mechanical Advantage formula 
for the inclined plane is measured by 
taking the length of the hypotenuse 
and dividing by the height of the 
inclined plane.



What is the mechanical advantage of an inc  
plane that is 6 meters long and 3 meters hig



What is the mechanical advantage of an inc  
plane that is 10 meters long and 7 meters h



What is the mechanical advantage of an inc  
plane that has a base of 4 metres and a hei    
metres?



Advantages and disadvantages of the inclined 
Advantage

Inclined planes allow you to exert a 
smaller force to lift an object as 
opposed to lifting it straight up

Disadvantage

You have to exert the smaller lifting 
force over a greater distance 
compared to lifting it straight up  

http://www.youtube.com/watch?v=A1fVvGRlFoE
http://www.youtube.com/watch?v=A1fVvGRlFoE


Review
a) How do you calculate the 

mechanical advantage of an 
inclined plane?

a) What is the difference between 
mass and weight?

a) What is a disadvantage to the 
inclined plane?



The Wedge
Wedges are a kind of inclined plane, 
but because of their usefulness are 
their own category of simple machine.

Wedges work by concentrating a force 
applied to the wide end of the wedge, 
to a small area at the narrow end of 
the wedge. After applying the force 
the wedge redirects the downward 
force to an outward force. 



Mechanical advantage of the wedge
Calculating the mechanical advantage 
of a wedge is the same as calculating 
the mechanical advantage for an 
inclined plane.  The ideal mechanical 
advantage of a wedge is determined 
by dividing the length of the wedge by 
its width



If the head of an axe has a length of 30cm a   
width of 10cm what is it’s mechanical advan



Advantages and disadvantages of the wedg
Advantage

The wedge increase the force you apply 
from a large surface area to a narrow 
surface area

Disadvantage

The wedge will travel a greater distance 
into the object you apply the force to 
and it can only be used in one direction 



Wedge or not?



Wedge or not?



Wedge or not?



Wedge or not?



Wedge or not?



What is Groot made of?

http://www.youtube.com/watch?v=9E-YxuuFcnQ
http://www.youtube.com/watch?v=9E-YxuuFcnQ


Review
a) How do you calculate the 

mechanical advantage of a wedge?

a) What is an example of a wedge?

a) What is a disadvantage of the 
wedge?



The Wheel and Axle
The wheel and axle are a combination 
of two different diameter wheels that 
turn together

A longer motion on the wheel produces 
a shorter but more powerful motion at 
the axle.



Mechanical advantage of the wheel
The mechanical advantage of the 
wheel and axle is the ratio of the 
radius of the wheel over the radius of 
the axle.



If a wheel's radius is 60cm and its axle is 30  
what is the mechanical advantage of the wh   
axle?



If the wheel radius is 5m and axle radius is  
What is the mechanical advantage of the w  
and axle?



If the wheel area is 50m² and axle radius is  
What is the mechanical advantage of the w  
and axle?



Advantages & disadvantages of the wheel a  
Advantage

A longer motion on the wheel produces a 
shorter but more powerful force on the axle

A wheel and axle can be used to  increase 
speed when the force is applied to the axle 
instead

Disadvantage

You need to turn the wheel a greater 
distance to apply force. 



Review
a) How do you calculate the 

mechanical advantage of the wheel 
and axle?

a) What is an example of the wheel 
and axle?

a) What is a disadvantage of the 
wheel and axle?



The Pulley
A pulley consists of a rope or cable 
moving on a grooved wheel which can 
be fixed in place or movable.

Pulleys help reduce the force needed 
to lift an object, by changing the 
direction of the force applied. 



Fixed Pulley
A fixed pulley changes the direction of 
the force on a rope or belt that moves 
along its circumference.

A good example of a fixed pulley is a 
flag pole: When you pull down on the 
rope, the direction of force is 
redirected by the pulley, and you raise 
the flag.



Moveable Pulley
A movable pulley has an axle in a 
movable block. A moveable pulley 
supports an object with two ropes, 
placing the pulley in the middle. Since 
the pulley is being supported by two 
ropes, the amount of force you need 
to move an object is cut in half.

An elevator is an example of a 
moveable pulley. 



Compound Pulley
A compound pulley is a combination 
of a fixed and movable pulley that 
forms a block and tackle, which can 
have several pulleys mounted on the 
fixed and moving axles, thereby 
increasing the amount of force. 

The block and tackle has been a key 
tool for raising boat sails  and cargo 
for centuries.



Mechanical advantage of the pulley
To calculate the mechanical 
advantage of a pulley you simply have 
to count the number of rope sections 
that support whatever object you are 
lifting.

For example the fixed pulley has a 
mechanical advantage of 1. 



What is the mechanical advantage?



What is the mechanical advantage?



What is the mechanical advantage?



What is the mechanical advantage?



What is the mechanical advantage?



Advantages and disadvantages of the pulley

Advantage

Pulleys reduce the force needed to lift an object as 
long as it is attached to the load you are moving.

Disadvantage

The more you use pulleys to reduce the force needed, 
the greater the distance you will have to pull on the 
other end of the rope (twice as much input distance 
for each pulley reducing the input force by half)

http://www.youtube.com/watch?v=uKq6GKBF4gM
http://www.youtube.com/watch?v=uKq6GKBF4gM


What if you only drank energy drinks?

http://www.youtube.com/watch?v=O6epKIw7W5M
http://www.youtube.com/watch?v=O6epKIw7W5M


Review
a) How do you calculate the 

mechanical advantage of the 
pulley?

a) What are the three types of 
pulleys?

a) What is a block and tackle?



The Screw
The screw is an inclined plane 
wrapped around a cylinder with a 
groove cut in a spiral on the outside. It 
can be used to penetrate materials or 
can be used to convert rotational 
motion into the linear motion of a 
fluid.

The screw is covered in edges called 
threads .



Archimedes Screw
An Archimedes' screw , is  a machine 
used for transferring water from a 
low-lying body of water into irrigation 
ditches. Water is  pumped by turning a 
screw-shaped surface inside a pipe.

Archimedes screws are used in 
sewage treatment plants because 
they cope well with varying rates of 
flow and with suspended solids.



Mechanical Advantage of the Screw
To calculate the mechanical 
advantage of a screw you d ivide the 
circumference of the screw by the 
pitch of the screw. Pitch is the vertical 
distance between two adjacent threads.



What is the mechanical advantage of a scre   
a pitch of 5 inches, and a circumference of  
inches?



What is the mechanical advantage of a scre   
a pitch of ⅛, and a circumference of 0.79 inch



If a screw has a diameter of 0.25 inches, an   
pitch of 0.3 inches, what is the mechanical 
advantage of the screw?



Advantages and disadvantages of the screw
Advantage

The screw will move most objects in 
linear motion which can be used to 
raise fluids.

Disadvantage

A large force must be applied to the 
axle of the screw in order to move an 
object very slowly.

http://www.youtube.com/watch?v=gaf8zHp-iaY
http://www.youtube.com/watch?v=gaf8zHp-iaY


What if there was a black hole in your pocke

http://www.youtube.com/watch?v=8nHBGFKLHZQ
http://www.youtube.com/watch?v=8nHBGFKLHZQ


Review
a) What is the pitch of a screw?

a) What is the disadvantage of the 
screw?

a) What are the six simple 
machines?



Systems and subsystems
A system is  a group of parts that work 
together to perform a single function 
within a machine. The motor on a backhoe 
would be a system designed for converting 
chemical energy to mechanical energy

A subsystem is a single simple machine 
within the system that performs one task. 
The lever of a can opener is an example of 
a subsystem



Complex Machines 
Complex machines are machines 
made up of two or more simple 
machines. 

A complex machine is a series of 
systems in which several simple 
machines work together. 



Example!
The bicycle is a good example of a 
complex machine because it is a 
system for moving a person from one 
place to another. 

Within the bicycle are groups of parts 
that perform specific functions, such 
as braking or steering. These groups 
of parts are subsystems. 



Identify the subsystems, systems and complex machines in S  

http://www.youtube.com/watch?v=c8deRYotdng
http://www.youtube.com/watch?v=c8deRYotdng


Review!
What are the six simple machines?



Find the simple machines
In the cartoons we are about to watch 
you are to find 10 example of simple 
machines. 

You must also include what cartoon 
the simple machine was found in and 
what it was used for. Good luck!



Pinky and the Brain

http://drive.google.com/file/d/1AfP56lrOuASL2WpWF2fTqFd-X6AuTEKG/view
http://drive.google.com/file/d/1AfP56lrOuASL2WpWF2fTqFd-X6AuTEKG/view


Recess

http://drive.google.com/file/d/1ylQdSdqcBFxNw7cLW4QALifKtXyOHJ2r/view
http://drive.google.com/file/d/1ylQdSdqcBFxNw7cLW4QALifKtXyOHJ2r/view


Road Runner Show

http://drive.google.com/file/d/1T6m1BkVyjwB0-S8ko7ZWQ-JA4gOgy4IY/view
http://drive.google.com/file/d/1T6m1BkVyjwB0-S8ko7ZWQ-JA4gOgy4IY/view


Review!
a) What is subsystem?

a) What is an example of a complex 
machine?

a) What 6 simple machines may be 
in a complex machine?



Linkages
Because complex machines have more 
than one simple machine working at a 
time, they require a way to transfer 
energy from one subsystem to the next.

This requires linkages between 
s ubs ys tems . Linkages  can come in many 
forms  and can als o create a mechanical 
advantage when us ed properly.



Linkages
There are several different types of 
linkages that transfer force from one 
machine to another. They are;

Belt and chain drives, drive shafts and 
gears.



Belt and Chain Drives
Chain drives and belt drives are 
often used in many vehicles (like 
bicycles, motorcycles, and 
automobiles) as well as other 
mechanical applications, including 
garage doors. 

Both chain drives and belt drives are 
designed as continuous and endless 
loops that move when the engine is 
running or in use.



Drive Shafts
A drive shaft is a mechanical 
component for transmitting 
torque and rotation. It is usually 
used to connect other 
components of a drive train. 

Drive train parts cannot be 
connected directly because of 
distance and parts require relative 
movement between them.



Gears
Gears are a set of wheels that have 
teeth that interlink. 

When they rotate together, one 
gearwheel transfers turning motion 
and force to the other.

The sizes of gears can be manipulated 
to change the input and output force 
as well.



The Driving and Driven Gears
The driving gear is  the first gear in 
the system and is the gear that has 
the energy source attached to it. The 
driving gear is  responsible for moving 
the gear system. 

The driven gear is  the s econd gear in 
the s ys tem and is  the gear that receives  
the energy from the driving gear. The 
driven gear is  moved in the s ys tem.



Review!
a) What are the three types of 

linkages?

a) What is the difference between a 
driving and a driven gear?



Multiplying and Reducing Gears
We need to know which is the driven 
gear and which is the driving gear if 
we are to figure out if the force or 
speed is being reduced or multiplied.

The terms multiplying or reducing
gear systems are based on the output 
speed of the driven gear. 



Multiplying Gear Systems
In a multiplying gear system the 
driving gear is bigger than the driven 
gear. 

This causes the turning speed of the 
driven gear to be multiplied. 

However, the force of the driven gear 
is reduced in a multiplying gear 
system. 



Reducing Gear System
In a reducing gear system the driving 
gear is smaller than the driven gear. 

This causes the turning speed of the 
driven gear to be reduced. 

However, the force of the driven gear 
is increased in a reducing gear 
system. 



Gear Ratios
The gear ratio of a gear train is 
found by dividing the number of 
teeth on the driven gear by the 
number of teeth on the driving 
gear.

The lower the gear ratio the slower 
the output speed will be for that 
gear system.



Calculate the Gear Ratio



Calculate the Gear Ratio



Calculate the Gear Ratio



Review!
a) What are the three types of 

linkages?

a) What is the difference between a 
driving and a driven gear?

a) What is the trade off in 
multiplying and reducing gear 
systems?



Work
In science, work is  defined as using a 
force to move an object a distance. 
The term work is  used when both the 
force and the motion of the object are 
in the same direction. 

Work is  measured in Joules or Newton 
Metres and is calculated as;

Work = Force x Distance



If a man pushes a concrete block 10 meters   
force of 20 N, how much work has he done?



How much work is done in pushing an objec   
across a floor with a force of 50 N and then 
pushing it back to its original position? 



Logan uses an inclined plane measuring 14 meters to move a 1000 kg jar of hair 
wax (gel doesn’t allow a nice flow) into his dope fresh apartment. If he does 798 
Joules of work moving the hair wax into his apartment how much force must he 
exert on the jar?



Efficiency
Efficiency is a comparison of the 
useful work provided by a machine or 
a system with the work supplied to 
the machine or system.

The formula for calculating efficiency 
is;

An ideal machine would have 100% 
efficiency, which is not possible.



You cut the lawn with a hand lawn mower. You do 250,000 J of w   
move the mower. If the work done by the mower in cutting the law   
200,000 J, what is the efficiency of the lawnmower?



To pull a nail out of a wood board a carpent   
1000 J of work. The hammer he uses does    
work. What is the efficiency of the hammer?



Is fat free better for you?

http://www.youtube.com/watch?v=oLtQLDptI1g
http://www.youtube.com/watch?v=oLtQLDptI1g


Review!
a) How do we calculate work?

a) What is the ideal efficiency of a 
machine?

a) What is special about 
compressing a fluid?



Remember!
Pascal’s Law states that when 
pressure is applied to a liquid in a 
container, the pressure and force is 
transmitted equally and undiminished 
throughout the liquid or an enclosed 
liquid will transmit pressure equally in 
all directions.



Remember!
To compress a fluid pressure must be 
applied. Pressure is  the measure of 
the amount of force applied to a given 
area.

Pressure is  measured in Pascals or 
Newtons per metre squared.



Calculating Pascal’s Law
We use Pascal’s Law to find the proportion needed to work hydraulics. The 
force and area of both pistons are proportionate to each other. 



If the force applied to a small piston is 20N   
area of 4cm². How much force would be ap   
a liquid in a proportionately large piston with  
area of 100cm²? 



In a hydraulic-brake system, a force of 25N ca   
applied to a surface area of 5cm². What forc   
then be exerted on each brake cylinder hav   
area of 100 cm²?
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