
Lecture 3-1C: 
Energy & Work 
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Kinematic Quantities  

Is there a quantity 
that measures the 
amount of motion? 



Energy 

scalar quantity of 
motion or potential for 
motion 
abstract quantity: not 
directly measured, but 
computed 
fundamental quantity: 
energy is a conserved 
quantity in nature 

image credit: Saperaud-commonswiki https://en.wikipedia.org/wiki/Work_(physics)#/media/File:Baseball_pitching_motion_2004.jpg   



Many forms of energy 

kinetic 
mechanical 
chemical 
gravitational 
nuclear 
radiative 
thermal 
wave 

seismic 
sound 
electrical 
magnetic 
vibrational 
elastic 
mass 

 etc... 

Image credits: hot iron by Fir0002/Flagstaffotos https://en.wikipedia.org/wiki/Forms_of_energy#/media/File:Hot_metalwork.jpg;  
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Sun with SDO by NASA http://www.nasa.gov/content/goddard/sdo/giant-filament-seen-on-the-sun-feb-10-2015  
solar panels by US Air Force: https://commons.wikimedia.org/wiki/File:Giant_photovoltaic_array.jpg;  
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Energy transfer and transformation 

Physical processes 
cause energy to 
transform between 
forms, and flow through 
and between systems 

electrical 
energy 

thermal 
energy 

radiative 
energy 

resistance 

blackbody emission 



Energy Conservation 
While energy can transform, the total energy of 
a closed system is constant 

image credit: Wikipedia  https://en.wikipedia.org/wiki/Rube_Goldberg_machine#/media/File:Professor_Lucifer_Butts.gif  



Energy of Motion: Kinetic Energy 

Units: kg m2/s2 = Joule 
Scalar quantity ⇒ no direction 
Always ≥ 0  

depends  
on mass 

depends on 
squared speed 

James Prescott Joule 
(1818-1889) 



Some values of KE 
Usain Bolt:  
m = 94 kg  
v = 10 m/s (100 m in 9.6 s) 
⇒ KE = 4700 J 

Fastpitch softball:  
m = 170 g = 0.17 kg 
v = 75 mph = 33 m/s 
⇒ KE = 93 J 
                                                                                                                          
Earth:  
m = 6.0x1024 kg  
v = 2π(1 AU)/(1 yr) = 3.0x104 m/s 
⇒ KE = 2.7x1033 J 

image credits: Usian Bolt by Jmex https://en.wikipedia.org/wiki/Usain_Bolt#/media/File:Bolt200.jpg 
softball pitcher from Flickr commons: https://en.wikipedia.org/wiki/Fastpitch_softball#/media/File:Pitching_3.jpg  
Earth: https://en.wikipedia.org/wiki/Earth#/media/File:The_Earth_seen_from_Apollo_17.jpg  



Change in Kinetic Energy = Work 
changing KE ⇒ changing v  
   ⇒ net acceleration ⇒ net force  

applied  
force 

displacement 

(for a position- 
independent force) 

Remember: 

(for any force) 



The amount of work depends on the 
angle between force & displacement 



The amount of work depends on the 
angle between force & displacement 



The amount of work depends on the 
angle between force & displacement 



Example: sliding box 

⇒ No Work 

⇒ No Work ⇒ negative work 
(ΔKE < 0) 



Example: satellite orbiting Earth 

⇒ No Work 

gravity = 
constraint force 
to keep satellite 
in circular orbit  



Work-Energy Theorem 

is the equivalent of                   but in scalar form  
 
In problems where force and/or speed is known or 
desired as a function of position, work-energy is a 
useful approach 
 
 



Steps to Solving an Energy Problem 
1.  Write down your knowns and what you are solving  
2.  Identify the type of problem and make predictions 
3.  Break down system into key interacting parts 
4.  For each part, draw an accurate force diagram and 

choose a convenient inertial coordinate system 
5.  Identify key times (initial, final) and write down 

expressions for the kinetic energies at these times 
6.  Calculate work done by forces along direction of motion 
7.  Use KEf = KEi + Work and solve for unknowns,  
8.  Check your answers for units and extreme values 



Summary 
Energy is an abstract measure of motion or 

potential for motion 
Energy can be transformed between different 

forms, but is conserved in a closed system 
Kinetic energy is the energy of motion 

 
 

Change in kinetic energy is caused by work: 


