




Relativistic Energy

For small velocities: 

1) Mass is always conserved 

2) kinetic energy only conserved in elastic collisions. 

In relativity:

E = mc2 + (� � 1)mc2

mass energy relativistic kinetic energy

1) The combination of these two is conserved in all processes. 

2) Mass isn’t conserved, but we can convert mass to kinetic 
energy and back again.  



Particle Physics



Cosmic Rays





Nuclear Power (Fission)

Energy is created when heavy elements decay into lighter ones.
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The energy released is equal to (�M)c2 = 1.4⇥ 10�12 J

which goes into kinetic energy that essentially heats water. It’s an 
enormous amount of energy when multiplied by Avogadro’s number 



Q: What is Mass?

A:  Mass = (total energy of an object at rest) x 1/c2

When the object is a rest we see 
that 

E = mc2

We can use this as another !
definition of mass (as opposed to 
shooting peas at space salmon)















Nuclear Power (Fusion)

Energy is created when two light elements are forced very close together.



Which configuration of steel balls and magnets has the lower mass?!

!

A)    !

!

B)                !

!

C) Impossible to tell.!

D) They have the same mass.                  !
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Configuration B is more tightly bound. It’s harder to pull the right ball 
from B than it is to pull the left ball from A. This means that B has a 
lower overall potential energy, and thus has a lower mass.!

M = 3 mball + mmag+ (thermal energy)/c2 + (potential energy)/c2!

potential energy is more negative for more tightly bound state. 



Q: What is Mass?
Generally,

Binding energy: this is negative for 
stable systems, so stable systems 
have less mass. 

Mass = 
constituent 
particle !
masses

particle!
kinetic!
energies
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+ +
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energy
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This definition agrees with previous definitions of inertial mass and 
gravitational mass. 



Previous Definitions

Using momentum:

This is called “inertial mass”.

Mass = amount of impulse to change v by a certain 
amount

Usually:

Mass = 
an object’s weight

g (it’s free fall acceleration)
This is called “gravitational mass”

All three agree!








