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1905 – Theory of Special Relativity

“You can’t tell if 
you’re moving”



Newton’s physics assumes absolute 
space and time, for all observers.

Physics before Einstein: 
“All the World’s A Stage”
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Physics before Einstein:
James Clerk Maxwell

Light is a wave – electromagnetic radiation



Classical Physics:
James Clerk Maxwell’s theory of light

Light is a wave (caused 
by varying electric and 
magnetic fields) 



But what if I travelled 
alongside a light beam?  
Would it still wave?



50mph 50mphAccording to Newton, the 
relative speed of the two 
trains is 50 + 50 = 100mph 
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50mph

Measurements of space 
and time are relative
and depend on our motion

“The only reason for time 
is so that everything 

doesn't happen at once.”

According to Einstein, the 
speed of light is unchanged
by the motion of the train



50mph

Measurements of space 
and time are relative
and depend on our motion

Unified spacetime

Equivalence of matter and 
energy

According to Einstein, the 
speed of light is unchanged
by the motion of the train
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Let’s call the time measured on the train tm

The base of this triangle is vtm

vtm
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Let’s look at this right angled triangle
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If the observer on the moving train 
measures the same speed of light, c …..
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Einstein’s big idea!!!
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If the observer on the moving train 
measures the same speed of light, c …..

The light travels a total distance  ctm
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If the observer on the moving train 
measures the same speed of light, c …..
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The light travels a total distance  ctm



vtm

Using Pythagoras’ theorem,

(ctm)2 =    (vtm)2 +     (ctS)2
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Using Pythagoras’ theorem,

tS =        tm (       v2 c2 )
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tc = ( 1     v2 c2)tP

It appears that time 
is running more slowly 
on the moving train!!

We need to think about 
a unified spacetime



Evidence for Time DilationEvidence for Time DilationCosmic Ray

Muons
Slow moving muons, would 
never reach sea level…

Sea level

60km

but v = 0.999c, so muon
lifetime appears to us to 
be greatly extended



50mph

Measurements of space 
and time are relative
and depend on our motion

Unified spacetime

Equivalence of matter and 
energy

According to Einstein, the 
speed of light is unchanged
by the motion of the train



Hydrogen fusion – fuelling a star’s nuclear furnace

E = mc2

H   = Hydrogen
He =  Helium



EinsteinEinstein’’s Relativitys Relativity

300,000
kms-1

The speed of light is the 
ultimate speed limit in 
the Universe



EinsteinEinstein’’s Relativitys Relativity

What about 
accelerated 
observers?

How does gravity 
fit into this?

General Relativity: 1916General Relativity: 1916



Isaac Newton:
1642 – 1727 AD

The Principia: 1684 - 1686



Moon’s orbit

Earth

But how does the 
Moon know to 
orbit the Earth?

How does gravity 
act at a distance 
across space?



Gravity in EinsteinGravity in Einstein’’s Universes Universe

Gravity and 
acceleration 
are equivalent

Gravity is not a 
force acting 
through space and 
time, but the result 
of mass (and 
energy) warping 
spacetime itself



“Spacetime tells matter 
how to move, and 
matter tells spacetime
how to curve”

Gravity in EinsteinGravity in Einstein’’s Universes Universe







We can see gravitational lensing during a 
Solar Eclipse
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Einstein Ring







Lensed galaxy at z = 5.58



Edwin Hubble



Spacetime is expanding like 
the surface of a balloon.

As the balloon expands, 
galaxies are carried farther 
apart



How fast is the Universe expanding?

Hubble space Telescope 
Key Project: 1990-2000



Will the Universe continue Will the Universe continue 
to expand forever?to expand forever?

To find out we need to compare the expansion 
rate now with the expansion rate in the distant 
past…

Is the Universe speeding 
up or slowing down?



Answer depends on the shape of the 
Universe
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Answer depends on the shape of the 
Universe

Closed Open Flat



What have we found?

The expansion is accelerating

The shape of the Universe is FLAT 

The Universe will continue to expand 
for ever



What is driving the cosmic acceleration?What is driving the cosmic acceleration?……





Gravity in EinsteinGravity in Einstein’’s Universes Universe

Gravitational Waves
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Gravitational Waves



Worldwide network of gravitational wave detectors



Worldwide network of gravitational wave detectors



The LISA Mission

Network of gravitational wave detectors:
3 spacecraft, 5 million km apart, linked by lasers



The hardest thing 
in the world to 
understand is the 
income tax


