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Early Life

Born in 1879 in Germany, 
Einstein enrolls in the Zurich 

Polytechnic Institute in 
Switzerland in 1896. 

He gets a job in a Swiss patent 
office in 1902 and publishes 4 

seminal papers in 1905 including 
a paper proposing special 

relativity.



Why did Einstein make special relativity?

The speed of light had been measured

Galileo tried to measure it in 1638 
“at least 10 times the speed of sound”



1862 Foucalt gets within 
0.0002% of the modern value 



Michelson and Morley Experiment

In 1887 Michelson and Morley tried to see if the 
speed of light was different in different directions



After all, the earth travels around the sun so we 
should be able to detect this motion



How could these two 
observations be resolved?

In 1905 Einstein simply said both were right. He 
made two statements 

1. The speed of light is finite and measured. 

2. All experiments carried out at constant 
velocity get the same answers to to 
measurements.



Pouring drinks in an airplane

The flight attendant is 
going to pour the red 

wine from the bottle to 
the glass. Both the bottle 

and the glass are going 
550 MPH to the left. The 

glass will have moved 800 
feet to the left by the 

time the wine gets down 
to the glass. The wine will 

end up on the guy’s 
shirt??



Wait, what?

If the fielder runs towards the batter, he should 
see the ball approaching him faster, right? Right!

For things moving very fast, the normal rules do not hold. 
The speed of the light the pilot sees is the speed of light.



Einstein explained this 
apparent impossibility 
but thinking very 
carefully about what it 
meant to measure time 
and length. He realized 
that the astronaut and 
pilot will not measure 
time the same way.
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This results in a self-consistant theory that 
explains all experiments we have done so far. 

• Time dilation has been measured, clocks work 
the way Einstein said. 

• Another prediction is that the masses appear 
larger for systems moving fast relative to us. 
This has also been confirmed experimentally. 

Scientists are always looking for experimental 
evidence that relativity is wrong or has a problem. 
None found so far!



Einstein’s next years

In 1915, Einstein publishes 
his work on General 
Relativity. 

In 1919 Sir Arthur Eddington 
confirms Einstein’s 
prediction that light should 
be bent by a gravitational 
field. 

1921 Einstein get the Nobel 
Prize - but not for relativity!

Einstein in 1921



How did Einstein predict the bending of light?

Again, he worked with a curious fact that many 
had puzzeled over but no one had been able to 
explain.  

There are two very different places where the 
concept of mass is used: 

1. Inertial mass. How hard is it to get something 
moving or slowed down once it is moving. 

2. Gravitational mass. How hard does the earth 
pull on something. 



Inertial mass



Gravitational mass



The mystery is that these two kinds of 
mass are EXACTLY the same

In 1589 Galileo (again) 
famously measured the 
speed of two different 

masses getting dropped from 
the leaning tower of Pisa. 

This went counter to 
Aristotle’s idea that the 
heaver should fall faster.



August 2, 1971



The fact that all objects fall at the same speed is due to 
the fact that the gravitational mass and the inertial mass 
are the same. This experiment has now been done with 
enourmous precision: Better than 1 part in 1017. 

So what did Einstein say?

He simply stated that they ARE the same thing. Gravity is 
acceleration. 

This is pretty similar to what he did to come up with 
special relativity. This one resulted in even more apparent 
contradictions.  Again he just thought them through.



What is he talking about? 

Einstein did what is called a 
thought experiment. 

He imagined a person in an 
enclosed lab who could not 
look out through a window 
but could do any imaginable 
internal experiment. 

How could they figure out if 
the lab were sitting on the 
earth or accelerating in space?

T H O U G H T  E X P E R I M E N T S
Einstein used a pen, paper, mathematics, and—most importantly—his own imagination to
explore the universe in his thought experiments.  

■ Time: Time Machines – This installation is a working thought experiment to help view-
ers understand the relativity of time. Ask:
■ Why do scientists sometimes use thought experiments like this one rather than 

conducting laboratory experiments?

■ Gravity: Introduction – After reading the anecdote, ask:
■ What led Einstein to think about gravity and relativity?

E I N S T E I N  &  T H E  WO R L D
Einstein supported causes of peace, human rights, and international cooperation. An oppo-
nent of nationalism, a promoter of global government, and a Jew, he also considered himself
a citizen of the world.

■ Peace & War: Introduction, The Making of a Pacifist and Global Citizen: Erasing
National Boundaries – Areas that show Einstein’s first expressions of pacifism and anti-
nationalism. Ask: 
■ Why did Einstein favor world government over nationalism? Why was he a pacifist?

What world events helped shape his beliefs?

■ Global Citizen: Einstein & Israel – The letter that offers Einstein the presidency of Israel.
Ask:
■ Why do you think Einstein declined? 

■ Peace & War: The McCarthy Era – A pacifist, Einstein admired Gandhi’s use of peaceful
methods in his struggle against Britain to gain India’s independence. 
■ Ask students to read the letter from Einstein to Katusu Hara on the insert. Have them

locate the letter Einstein wrote to Rose Russell. What was Gandhi’s goal and what 
method did he use to attain it? 

■ Global Citizen: Communist Witch Hunts – During the McCarthy era, U.S. citizens were
tried for their political beliefs and asked to identify others who shared their beliefs. Ask:
■ Why did Einstein encourage people not to use the Fifth Amendment to defend 

themselves? Why did Einstein prefer the First Amendment?  

■ Entire Exhibition: Einstein Quotes – These quotes reveal his observations and opinions
on many subjects. Einstein had a gift for presenting complex thoughts in simple, under-
standable language. Ask: 
■ Which Einstein quotations do you find most interesting? Why? Does Einstein always

talk or write with words you would expect a genius to use?

E I N S T E I N ’ S  R E VO L U T I O N  &  E I N S T E I N ’ S  L E GACY
Einstein believed that all physical phenomena could be described in an all-encompassing
Unified Theory. Today, Einstein’s work still leads the way as scientists continue the search for
a Unified Theory.   

Other discoveries and applications influenced by his ideas include laser surgery, CDs, checkout
scanners, X-rays, microwave ovens, global positioning satellites, and nuclear power plants.  

■ Light, Time, Energy, and Gravity: Einstein's Revolution – Introductory panel text found
throughout the exhibition. Ask:
■ What effect did Einstein’s ideas have on the scientific world?

■ Legacy: The Great Debate – Physicists of today strive to make these two revolutions –
Relativity and Quantum Theories – work together to describe the universe even more com-
pletely. Ask:
■ What was "The Great Debate?" How is it still a part of physics today?
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Both feel the push downward

The Little Prince is being held 
to the planet by his 
gravitational mass, just like we 
are held down to the earth.

But for Zippy,  it is clearly 
“inertial mass” that is 
pushing him down.



In an accelerating rocket we expect light to bend

As the rocket 
accelerates upward, the 
guy inside the rocket lab 
sees he light deflect to 
the floor.

Viewed by stationary	 	 	 	 viewed from inside the 
	 observer 	 	 	 	 	 	 rocket



Because Einstein said that the rocket lab was 
EXACTLY the same as standing on the planet, light 
must bend when going around the planet. 

This was his prediction and in 1919, Eddington 
measured the effect.

Telegram from 
Eddington to Einstein 
telling him that the 
bending of light had 
been measured.



A star bends the light a little. A neutron star bends the light a 
little more.



For a black hole, the light orbits right at the surface.





As shown here the 
idea is that it is 
space itself that is 
bent by the 
presence of the 
sun and the light 
follows a straight 
path in the curved 
space.



The next step

The idea of a curved, dynamical space (reacts to 
the things in it) opens the door to the possibility 
of waves in the spacetime itself - gravitational 
waves.





The changing of the period of the Hulse-Taylor pulsar.

When the pulsar was 
found to be orbiting 
another object, in 1974, the 
classic prediction was that 
the period would stay 
constant

However, the period keeps 
getting shorter - indicating 
that the objects are getting 
closer together - the 
system is losing energy. 

The data fall exactly on the 
prediction for gravitational 
waves.







Two massive objects orbiting each other are 
thought to emit gravitational waves.



INTERFEROMETERS 

 

An interferometer is any instrument that measures interference of waves. In 
1881, A.A. Michelson, an American physicist, divided a beam of light into two 
perpendicular paths and then reunited the beams into one. The resulting beam 
was made up of waves from both paths that canceled out parts of each other, 
resulting in a pattern of fringes. When either of the split beams was “disturbed”, 
the fringe pattern changed. 
 
The laser interferometers at LIGO usse the fringe pattern of a divided laser 
beam to measure any lengthening or shortening of space due to gravitational 
waves. The divided laser beam will travel through two steel vacuum tubes 
oriented at a right angle. When a gravitational wave distortion causes one beam 
to lengthen and the other to shrink, the interference pattern of the two beams will 
change. A simple schematic of a Michelson interferometer is shown below. 
 

 
 
 
 
 
 
 
 



 
 

 
 
For more information try these links: 
 

http://www.ligo-la.caltech.edu/contents/overviewsci.htm 
 
http://www.ligo-la.caltech.edu/contents/facts.htm 
 
http://www.ligo-la.caltech.edu/contents/time.htm 
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