
Work and Energy

Fun With Fiziks



Work

● Work is the action done on an object that 
displaces the object

● Joules = N (force) * m (distance)
● W  = F * d
● W = F • d = F * d * cosθ if force is at an angle

○ Dot product definition: A • B = ||A|| * ||B|| * 
cosθ

○ Dot product of displacement and force 
vector



Work cont. 

● Work done by a varying force:

○ Force is a function of distance F(x)
■ For each step dx, dW = F(x)dx
■ Add up works using integral

○ Work is area under force vs. distance curve
● Example: spring

○ F = -kx → W = 1/2kx^2



Energy

● Energy is the capacity to do work
● Energy is conserved in a closed system: Ei = Ef

○ No external forces (ex: friction, air resistance)
○ If there are external forces: Ei + ΔE = Ef or ΔE = Ef - Ei

● Kinetic energy (KE): energy of moving objects
○ KE = 1/2mv^2

● Potential energy (PE): stored energy
○ Gravitational PE: energy stored in an object by height

■ PE = mgh
○ Elastic PE: energy stored in a compressed spring/rubber band/elastic object

■ PE = 1/2kx^2
■ k = spring constant, x = compression distance



Conservation Of Energy

http://www.youtube.com/watch?v=HR5iEX3Sy1k


Same velocity for all 3 balls 
because initial energies are all 
the same 
Ei = 1/2mvi^2 + mgh = Ef



Work-Energy Theorem

http://www.youtube.com/watch?v=g7u6pIfUVy4


Work-Energy Theorem cont.

● W = ΔK = Kf - Ki
● W = -ΔU = Ui - Uf for conservative forces

○ Ex: gravity, spring force
○ Conservative force: work done between 2 points is independent from path the 

object takes
○ Non-conservative force (ex: friction): work done between 2 points depends on 

path the object takes
● W = ΔE in general
● When there is friction:

○ ΔE = -fd



Power

● Measures the rate at which someone/something does work
● Measured in watts (W)

○ Joules/second
○ Also measured in horsepower (hp)

■ 1 hp = 746 W
● P = W/t
● P = F • v





Practice Problems

No, since gravity is a conservative 
force, moving something between 
2 points requires the same work 
regardless of path.

ΔK = 0 (assuming that the person pushes 
with constant velocity)
Wnet = Wg + Wapp= ΔK
-Wg = Wapp
Wapp = mgh
Since height is the same, L doesn’t matter 
in this case









Basically work has to remove 
all of the energy from skier to 
stop





(since there is friction, energy 
isn’t conserved)


