
Section 3.1: Work



• Work = force · distance

• Work is a process

• Force and distance are parallel

• If force and distance are perpendicular, no 
work is done

A Measure of the 
Change a Force 







• Same direction: F (+) and d(+), then W = +

• Positive work speeds you up

• Opposite directions: F (+) and d (–), then W 
= –

• Negative work slows you down

Positive and Negative





• P = W/t

• Watt = (Joule)/(second)

• kilowatt = 1000 Watts

Power





• Historical artifact!

• James Watt made the comparison, by 
literally making the comparison

• He estimated that an average pony could lift 
220 lb through 100 ft per minute, working a 
4 hour shift

• Poor pony!

Horsepower



Section 3.2: Motion, 
Position, and Energy



• Energy is a property

• An object's energy enables it to do work

• Doing work on an object changes its energy

What is Energy?



• Several types of PE: gravitational, electrical, 
magnetic, spring

• All depend on where, not how fast

• An object at rest can still have PE

Potential Energy: The 
Energy of Position



• PE is still energy, so it should look like work

• Units of PE are same as KE are same as 
work: Joule = N·m

• PE = mgh

Gravitational PE



• There is no location you can point to and 
say, "PE = 0 here all the time."

• Think of h as the change in position, not the 
absolute position

• You may want the floor to be h=0, or you 
may want the tabletop to be h=0

• The situation should determine where it 
makes sense to have h=0

PE is Relative





• KE = (1/2)mv2

• No motion, no KE: object at rest has KE = 0

• KE can only be (+), cannot be (–)

Kinetic Energy: The 
Energy of Motion







• Can two objects with different mass have 
same KE? Of course they can. 

• Can two objects with different speed have 
same KE? Of course they can.

• More mass, less velocity; or, less mass, more 
velocity

Same KE?



Section 3.3: Energy Flow



• Doing work on an object changes its energy: 
W = ∆E

• You can re-write Newton #2 to say this: 
½m(vi)2 + W = ½m(vf)2

• Now separate PE from the rest of the work 
being done: (PEi + KEi) + Wnc = (PEf + KEf)

Work and Energy





• Different forms ≠ different kinds

• Different forms means energy arises for 
different reasons

• All forms are interchangeable

Energy Forms





• Kinetic energy, gravitational PE, spring PE 

• Mechanical has to do with the overall bulk 
motion or position of an object

Mechanical Energy



• Form of potential energy: stored by atoms/
molecules

• Chemical potential can be released in a 
chemical reaction

• Logs in the fireplace: the flames you see and 
the heat you feel are the energy being 
released as the wood burns (which is a 
chemical reaction between the wood and 

Chemical Energy



• Light, but actually all of the electromagnetic 
spectrum

• Infrared, visible, UV are actually all the same 
thing

• Ultimate source of this energy is electron 
vibrations

Radiant 
(Electromagnetic) 



• Where mechanical and radiant energy 
intersect

• Many obvious examples of converting 
electrical to mechanical energy

Electrical Energy



• It's the nucleus, not the electrons here

• If a nucleus is unstable, it will try to get 
stable

• It will release energy and/or particles to 
reconfigure itself

Nuclear Energy





• All forms are interchangeable

• Turn on the light: electrical energy 
converted to light (radiant energy)*

• Eat breakfast, walk across campus: chemical 
energy converted to mechanical energy*

• Drive across town: chemical energy 
converted to mechanical energy*

Energy Conversion



• Move it, don't lose it

• Energy cannot be created or destroyed, but 
it can change form and/or be transferred 
form one object to another

• If you think you are seeing a violation of this 
law, look harder. The energy you think you 
lost might not be where you thought it 
should be, but it will be somewhere.

Energy Conservation





• How do you get energy from Object A to 
Object B?

• It depends; what kind of energy are you 
transferring, and what are these objects A 
and B?

Energy Transfer



Section 3.4: Energy 
Sources Today









• Not the same as conservation of energy!

• Do more with less: increase efficiency 

• Just use less: why is this so difficult to 
understand?

Conserving Energy



Section 3.5: Energy 
Sources Tomorrow



• What coal has lost, natural 
gas has gained

• About the same 
proportions in renewables

Not Much Changes


