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WORK 



WORK 
 In Physics, work has a very specific 

definition. 
 

 This is not work in Physics  



Physics definition of work: 
 When a force acts on an object to cause 

a displacement of the object, it is said 
that work was done on the object. 



Work in physics: 
 There are three key ingredients to work - 

force, displacement, and cause. In order 
for a force to qualify as having done work 
on an object, there must be a 
displacement and the force must cause 
the displacement. 



Examples: 
  a horse pulling a plow through the field 
  a father pushing a grocery cart down the 

aisle of a grocery store  
 a student lifting a backpack full of books 

up to her shoulder  
 a weightlifter lifting a barbell above his 

head 



Work 
 There  must be a  
displacement! 
  If the object doesn’t 

move, there is no 
work done. (Even if 
you got really tired 
exerting that force!) 



Quick quiz! 
Which of these are 
examples of work? 
 A book falls off a table and free falls to 

the ground. 
 A rocket accelerates through space. 
 A boy pushes on a large boulder, but the 

boulder is too heavy for him to move. 



How about this one? 
 This waiter carries a tray of food 
across the room.  Is the waiter 
doing work on the tray? 



How about this one? 
 The force supplied by the waiter 

on the tray is an upward force 
and the displacement of the tray 
is a horizontal displacement. The 
force is not causing the 
displacement, so the work is 
ZERO. 



Remember! 
 A vertical force can never cause a 

horizontal displacement; thus, a vertical 
force does not do work on a horizontally 
displaced object!! 
 



Work - units 
 If you push a box with a force of one newton for 

a distance of one meter, you have done 
exactly one joule of work. 



Formula for Work: 

where F is the force, d is the displacement, and 
the angle (theta) is defined as the angle 
between the force and the displacement 
vector.  

 
 



Work (force at angle to distance) 

W = Fd cos (θ) 

Distance (m) 

Force (N) 

Work (joules) Angle 





Work done against gravity 

W = mgh 
Height object raised (m) 

Gravity (m/sec2) 

Work (joules) 

Mass (g) 



Calculate work 

 A crane lifts a steel beam 
with a mass of 1,500 kg.  

 Calculate how much work 
is done against gravity if 
the beam is lifted 50 
meters in the air.  

 



Check your understanding! 
  

 
 
 

500 J                           433 J                                  735 J 



One more… 
 Ben carries a 200-N suitcase up three 

flights of stairs (a height of 10.0 m) and 
then pushes it with a horizontal force of 
50.0 N at a constant speed of 0.5 m/s for 
a horizontal distance of 35.0 meters. How 
much work does Ben do on his suitcase 
during this entire motion? 
 

 (3750 J) 
 



Power 
 Power is the rate at which work is done. 

Power =  
Work 

time 
W 

P t 



Power 
 Units of power: 1 Joule/sec = 1 Watt 
 1000 Watts = 1 kilowatt 
 



A work about units…. 
 Think of something powerful. 





1Energy 
  Energy is the ability to do work. 
 Energy is measured in the same units as work 

because energy is transferred during the action of 
work. 



Kinetic Energy 
 If an object is moving, it has energy. (Be 

careful, the converse of this statement is 
not always true!) 

 This energy is called kinetic energy - the 
energy of motion. 
 



Kinetic Energy 

 Energy of motion is called kinetic energy.  

 The kinetic energy of a moving object depends on 
two things: mass and speed. 

 Kinetic energy is proportional to mass. 



Kinetic Energy 
 An object’s kinetic energy depends on: 
 the object’s mass. 

 Kinetic energy is directly proportional to 
mass. 

 the object’s speed. 
 Kinetic energy is directly proportional to the 

square of the object’s speed. 



10.3 Kinetic Energy 

Ek = 1 mv2 

 2 
Speed (m/sec) 

Mass (kg) 

Kinetic Energy  
(joules) 



Potential Energy 
 Potential energy is energy that an object 

has due to its position. 



Potential Energy 

Ep = mgh Height (m) 

Mass (kg) 

Potential Energy 
 (joules) 

Acceleration 
of gravity (m/sec2) 



 Potential Energy 
 A cart with a mass of 102 kg 

is pushed up a ramp.  
 The top of the ramp is 4 

meters higher than the 
bottom.  

 How much potential energy 
is gained by the cart?  
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