
Work, Power  
& Energy 

8.1 



What is Work? 

8.1 



 The ability to cause change. 

– You only do work when you change an objects 

location or speed.  To do this you must apply a 

__________ to that object. 

– Therefore work involves a _______and changing 

location by moving an object a __________. 

 

force 

force 

distance 

Work = Force x Distance 

w = f x d 

8.1 

Work 



W = Fdcos(θ) 

8.1 

Work and Angles 

 Remember work is a vector therefore there is a direction.  

In some instances you will need to find both the x and y 

values for work.   The following equations will yield the 

work in the horizontal plane given the angle between the 

horizon and the force as shown 



Work 

 Force is measured in the metric system in 

________ and distance is measured in 

_________. 

 Work is force x distance the units are N x m 

or Nm.  A Nm is called a ___________ 
 The joule is named for the British physicist James Prescott 

Joule (1818-1889), who demonstrated the equivalence of 

mechanical and thermal energy in a famous experiment in 1843. 

w = f x d 

Newtons 
Meters 

Joule (J) 

8.1 



Power 

 So we know work is force times 

distance, so what is power? 

8.2 



Power 

 Lets say that my brother and I 

each need to move identical 

boxes up a flight of stairs. If my 

brother moves his box in half 

the amount of time I take, does 

he do more work, less work or 

the same amount of work than I 

do? 

8.2 

The same 

because 

w = f x d 

He does  

however have 

 more Power. 



Power 

 Power is simply the rate of doing work over 

time.  

 

 

 It has the units of Joules per second also 

known as Watts. 

watts = 

 

  

8.2 

__Joules__ 

   second 

    w 

     t 
P = 

    w 

     t 
P = 



Mechanical Energy 

 What are the two types of Energy? 

– Kinetic 

– Potential  

 Total Energy- 

  

8.3 

-energy in motion. 

-Stored energy generally due to position. 

 The property of an object or system that enables 

it to do work is energy.   

-The sum of all of the KE & PE  

in an object.   



Potential Energy 

 Potential Energy can appear in many forms 

including:   

– Elastic – a spring being compressed 

– Chemical – In a carbon bond 

– Electrical – In a battery 

– Gravitational – A bolder high above a road 

8.4 



Gravitational Potential Energy (GPE) 

 The amount of GPE possessed by an elevated 

object is equal to the work done against gravity 

to lift it.  

8.4 

w = f x d  

so force in this instance is weight 

and weight is m x g  

The distance moved is the height of the 

object so: 

GPE = mgh 

Like many other items, height is relative to a 

reference level such as the floor or the ground.  



Kinetic Potential Energy (KE) 

 KE is the energy associated with its motion.  If an 

object is in motion that it is doing work.  

 

KE = ½ mv2 

The KE of an object is equal to the work that 

moved it to begin with or the work it takes to stop it. 

work(in or out) = ½ mv2  

So: 

f x d = ½ mv2 

8.5 



Kinetic Potential Energy (KE) 

 Notice what happens to the 

KE if the velocity is doubled? 

– If the velocity is doubled the 

amount of KE is quadrupled. 

– This means it takes four times 

as much work to double the 

speed. 

– It also means it takes four times 

as much distance to stop the 

object with the same amount of 

force. 

8.5 

f x d = ½ mv2 

KE = ½ mv2 



Potential Elastic Energy (Springs) 

8.5 

 Elastic Potential Energy comes from springs or elastic 

objects (like rubber) that push when compressed or pull 

when stretched. The stronger the spring constant (k), 

the harder it is to move the spring (more N per m). 

 

 
 

 

 

 

PEEl =(½) kx2 

Elastic 

Potential 

Energy 

Spring Constant (k) 

Distance stretched or compressed in meters (x) 



Conservation of Energy 

 Energy cannot be created or destroyed, it can 

only be transformed from one form into another. 

– The total amount of energy never changes. 

8.6 

Potential energy will 

become the kinetic 

energy of the arrow. 



Conservation of Energy 

8.6 

When looking at a toy car, part of the PE of the 

wound spring changes into KE. The remaining PE 

goes into heating the machinery and the 

surroundings due to friction. No energy is lost. 



Conservation of Energy 

8.6 

Looking at a pendulum, everywhere along the path of the 

pendulum bob, the sum of PE and KE is the same. 

Because of the work done against friction, this energy 

will eventually be transformed into heat. 



Machines 

8.7 

 A machine is a device used to multiply forces or 

simply to change the direction of forces.  

 



Machines 

8.7 

 A lever is a simple machine made of a bar that turns about a fixed 

point. If the heat from friction is small enough to neglect, the work 

input will be equal to the work output. 

work input  =  work output 

 

Since work equals force times distance, we can say 

(force × distance)input  =  (force × distance)output 

 

 

 



Machines 

8.7 

 The fulcrum is simply the pivot point of the lever.  By 

changing the location of the fulcrum, you can change 

the type of lever you have.  
 

 

 

(force × distance)input  =  (force × distance)output 

What is the weight of the rock? 

 fulcrum  

(    ?   ×     1/8 m  )input  =  (  10N ×      1m    )output 



Machines 

8.7 

 The ratio of output force to input force for a machine is 

called the mechanical advantage.   This is typically 

measured experimentally. 

 

 

 The mechanical advantage is (80 N)/(10 N), or 8. 

 

 

 

F out 

F in 

MA = 



Machines 

8.7 

 The ratio of input distance to output distance  for a 

machine is called the Ideal mechanical advantage.  It 

does not take in to account friction (what MA would be 

in the ideal world). 

 

 The Ideal mechanical advantage is (1/8 m)/(1 m), or 8. 

 

 

 

d in 

d out 

IMA = 



Machines 

8.7 

 There are three common ways to set up a lever: 

• A type 1 lever has the fulcrum between the force and the load, 

or between input and output.  

• A type 2 lever has the load between the fulcrum and the input 

force.  

• A type 3 lever has the fulcrum at one end and the load at the 

other. 

 

 

 



Machines 

8.7 

 A pulley is basically a kind of lever that can be used to 

change the direction of a force.  

 Properly used, a pulley or system of pulleys can 

multiply forces. 

 IMA = # of supporting strings. 

 

 

 



Efficiency 

8.8 

 The efficiency of a machine is the ratio of useful 

energy output to total energy input—the percentage of 

the work input that is converted to work output.  

 

 

 

 To convert efficiency to percent, you multiply by 100%. 

An ideal machine would have 100% efficiency.  No real 

machine can be 100% efficient. Wasted energy is 

dissipated as heat. 

 

 

 

 

 

useful work output 
total work input 

efficiency =  x 100% 


