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Relativity . . . Made Simple
Cartoon retrieved from http://ircamera.as.arizona.edu/NatSci102/NatSci102/images/astrophysics.jpg

Physics by the late 1800’s

• A mechanical universe:

– Everything could be predicted

• Newton’s Laws explained motion

• Late 1800’s James Clerk Maxwell connects electricity 
and magnetism

– Similar to how a clock is used to measure and 
predict time

– Physicists thought that almost everything was 
explained

Maxwell & 
Electromagnetic 

Radiation

• Connecting electric fields with magnetic fields

• A wave

• Electromagnetic disturbances move at a finite 
speed (c = 3.0x108 m/s – the speed of light)

• Light is an example
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If light is a wave, what is it travelling 
through?

• Most physicists believed in a luminous ether

– Filling all space

– Having no viscosity (otherwise planets would slow and fall into the sun)

– Providing the medium through which light 
“waves” travel

Illustration retrieved from http://www.astronomynotes.com/light/s2.htm

1887
Michelson-Morley 

Experiment

• Attempts to detect the luminous ether

• VIDEO CLIP

• The experiment’s “failure” suggests that the 
luminous ether does not exist
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Late 1800’s – Physicists uncertain 

• Our ability to observe things had improved; 
with this came observations that did not abide 
by Newton’s classical laws
– 1887 -- No sign of the luminous ether

– 1895 – Rotengen discovers X-rays

– 1896 – Becquerel discovers radiation

– 1897 – Thomson discovers electrons with cathode 
rays

– 1900 – Photoelectric effect shown to depend 
upon light frequency rather than intensity
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New paradigm needed to explain 
these new discrepancies:

• Two main components:

– Relativity

– Quantum Mechanics

Modern
Physics

Photos retrieved from http://www.if.ufrj.br/famous/physlist.html

Niels Bohr
Albert Einstein

When does Newtonian Physics Work?

• When things aren’t 

– Too small

– Too big

– Too fast

Newtonian

When does Newtonian Physics Work?

Speed of light 
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So what is “Relativity”?

Foster

Damia
20 m/s

70 m/s

0 m/s

If Damia throws a ball at 20 m/s from 

within a box car moving at 70 m/s, what 

velocity does Foster measure for the 

ball?

90 m/s

Galilean Relativity

• Centuries ago, Galileo would have given the 
same answer, 90 m/s.

• When “normal” addition can be used, or when 
things can be considered in a “common sense” 
fashion, we are applying Galilean Relativity.

EXAMPLE 2

Foster

Damia

.25c m/s

Foster sees flashlight emitting 

light moving at 1.0c m/s

What velocity does Damia observe for the 

light from Foster’s flashlight?

1.0c m/s, 

not .75c m/s 

!!

EARTH
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What?  c m/s?

• To see why .75c m/s is wrong, we need to turn 
to Einstein’s Special Theory of Relativity, 
published in 1905..
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Special Relativity

• Requires two postulates

• These postulates are the result of a 
remarkable mind theorizing about things that 
could not be tested for years in the future . . .

• Einstein

– Not so good at the math . . .

– But unbelievable in being able to reason out how 
our physical universe works. 

Postulate #1:
Principle of Relativity

• The laws of physics have the same form in all 
inertial reference frames

– An inertial reference frame:  a frame of reference 
that is not accelerated.

To Einstein, this meant that 

if the laws of physics are 

the same in every 

reference frame, then all 

motion is just relative.
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Postulate #2:
Constancy of the Speed of Light

• Light propagates through empty space with a 
finite speed “c” that is independent of the 
speed of the source or the observer.

• All observers, no matter their velocities 
relative to one another, see the same light 
moving at speed “c”.

Einstein’s Reasoning For #2

• Maxwell’s Theory predicted that light travels 
at speed c.

• Principle of Relativity – Maxwell’s Theory, like 
all other laws of physics, must be true for all 
reference frames.

• This implied that all observers would see the 
same light moving at c.

No relative motion between a light wave and 

the observer = no light.

To dramatize the oddness a bit:

Foster

Damia

.999999c m/s

Foster sees flashlight emitting 

light moving at 1.0c m/s

By Galilean relativity, Damia sees the 

light passing her at .000001c – about the 

speed of a commercial jetliner.

Einstein however would predict that 

Damia sees the light passes her at 

speed 1.0c m/s!!

EARTH
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Postulate #2 has been verified 
numerous times

• In 1964 at CERN (European particle physics laboratory near Geneva)

Unstable neutral 

pion created
.99975c m/s

1.0c m/s1.0c m/s

Neutral pion decays into two gamma rays moving in opposite 

directions, each moving at speed 1.0c m/s relative to the 

laboratory.


