
ENERGY 
WORK 

- Work the change in energy of a system resulting from the application of a force acting over a distance. 
 Work can be done by forces outside the system (external forces). 
 Work can be done by forces within the system (internal forces). 
 The larger the displacement, the greater the work done. 
 The stronger the force, the greater the work done. 
 Unit: Joules (J) 
 1 J = 1 N·m 

 
- Note: Joules will be the unit for all forms of energy and work is energy being transferred. 
- The sign of W is determined by the angle between the force and displacement vectors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

- If several forces do work on a system, the total work, or net work, is the sum of the work done by each 
force.  

 Represents the total energy to the system (if Wtotal > 0) or from the system (if Wtotal < 0). 
- Forces acting perpendicular to the displacement do no work. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



POWER 
- Power the amount of work done over time. 

 The amount of energy transformed over time 
 Measured in Watts (W) 

  
 

 

 
- The English unit of Power is horsepower (hp). 

 1 hp = 746 W 
 Used in every car commercial ever 

 
 
 
 
 

  



KINETIC ENERGY 
- Kinetic Energy (K) the energy of motion. 

 The more mass an object has and the faster it moves, the more kinetic energy it has. 

 
- Units: Joules (J) 

 
 
 
 

- Kinetic energy is a relative quantity. 
 If you were in that jet sitting at “rest” next to your 20 kg suitcase, it would have no kinetic 

energy with respect to you. But to someone at “rest” on the ground watching, your bag would 
have an enormous amount of kinetic energy. 

 As a rule, we are not interested in the total energy of a system, but in the energy added to 
or taken from it. 

- Work-Energy Theorem the net work done on an object is equal to the change in the object’s kinetic 
energy. 

 
 
 
 
 
 
POTENTIAL ENERGY 

- Potential Energy (U) energy stored through the interaction of two or more material objects. 
 ex: pushing a box against a spring 
 This stored energy is called potential energy since it has the potential to be converted into 

other forms of energy, such as kinetic or thermal energy. 
- Gravitational Potential Energy (Ug) the potential energy of position. 

 The zero reference level for GPE is arbitrary. We get to define it. 
 Really measuring the change in GPE. Only the changes in GPE are significant. 
 The work done raising a mass equals the increase in its potential energy. 

 

Example: 
A Boeing 747 airliner, weighing 2.2 x 106 N at takeoff, is cruising at a ground speed of 268 m/s (600 mi/h). 
Compute its kinetic energy. If 1 kg of TNT yields 4.6 x106 J, how much TNT is the plane’s kinetic energy 
equivalent to? 

Example: 
According to the record books, Aleksandr Zass (known to his admirers as “Samson”) would, when he 
wasn’t bending iron bars, catch a 104-lb woman (463-N) fired from a cannon at around 45 mi/h. Assuming 
that Samson brought her to rest uniformly in a distance of 1.00 m, compute the average force he exerted on 
our heroine. As a guess, taker her “landing speed” to be 8.94 m/s (i.e., only 20 mi/h). Only a negligible 
amount of energy went into overcoming friction. 



- GPE depends only on the height of an object and not on the path the object took to get there. 
 
 
 
 
 
 
 
 
 
 

 
- Spring Potential Energy (Us) potential energy stored in a spring or other elastic material. 

 The Achilles tendon stores SPE 
 

  
 
  
 
 
 
 
 
 
 
 



 
 
 
 
CONSERVATION OF ENERGY 

- Conservation of Energy energy can neither be created nor destroyed, only transformed. 
 total amount of energy (total energy) is constant when isolated from the rest of the Universe, 

even though energy may be transformed from one kind to another within the system. 

 
 

- Usually we’re only dealing with kinetic energy and gravitational potential energy (total mechanical 
energy). 

- Energy that appears to be missing in real-world scenarios can often be traced to having been converted to 
thermal energy. 

 
 
 
 
CONSERVATIVE AND NONCONSERVATIVE FORCES 

- Conservative force has the property that the total work done by the conservative force is zero when the 
body moves around any closed path and returns to its initial position. 

 Ex: Someone climbing to the top of the diving board and jumping off. She does work against 
gravity on the way up. GPE is changed into kinetic energy as she falls, until the kinetic energy 
as she hits the water is the same as the amount of work it took for her to go up the ladder. 

 Potential energies are conservative. 
- Nonconservative forces a force is nonconservative if the work done by the force on a body moving 

between two points depends on the path taken. These forces dissipate energy (don’t conserve total 
mechanical energy). 

 Ex: friction. Frictional force takes away kinetic energy and dissipates it in the form of thermal 
energy (heat) 

 Ex: slamming on your brakes in your car. 



 

 
 
 
 
 
 


