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Who am I?…

William Thompson
(Lord Kelvin)
1824 - 1907









Current list of ‘Reach for the Stars’ lectures
• The Physics of Star Wars
• Telescopes: from Galileo to Hubble
• Empire of the Sun
• The Life and Death of Stars
• Getting the Measure of the Universe
• Overwhelmingly Large Telescopes
• Five Millennia of Scottish Astronomy
• A History of Astronomy in Glasgow
• Crescent Moon Rising
• Stargazers of Ancient Mexico
• The Search Beyond the Sun
• Death of the Dinosaurs
• What if the Moon Didn’t Exist?
• Putting the Iron in Irn Bru
• Why Are We Here?
• Light in Lumps or Ripples
• Einstein’s Universe

• E.T. Life: Is There Anybody Out There?
• Life in the Universe
• In the Beginning
• Cosmology: the Final Frontier
• The Realm of the Nebulae
• Dark Energy
• Echoes of the Big Bang
• A Recipe for Galaxy Formation
• Hubble Vision
• The Runaway Universe
• From Quarks to Quasars
• The Future of the Universe
• Cosmology in the Third Millennium
• Rocket Science
• Deep Impacts
• To Infinity and Beyond
• Exploring the Sky

Further information from: martin@astro.gla.ac.uk
Or via:  http://www.physics.gla.ac.uk/ 



Who am I?…

William Thompson
(Lord Kelvin)
1824 - 1907

“There is nothing new 
to be discovered in 
physics now. All that 
remains is more and 
more precise 
measurement”



Einstein’s “Annus Mirabilis”:  1905





“The greatest feat of human thinking 
about nature, the most amazing 
combination of philosophical 
penetration, physical intuition and 
mathematical skill.”

Max Born



Colleague:   "Professor Eddington, you must be one of only three persons in the 
world who understand relativity!"

Eddington:   " oh, I don't know..."



Colleague:   "Professor Eddington, you must be one of only three persons in the 
world who understand relativity!"

Eddington:   " oh, I don't know..."
Colleague:   " Don't be modest Eddington."
Eddington:   " On the contrary, I am trying to think who the third person is."
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“The only thing that interferes with 
my learning is my education”



“The only thing that interferes with 
my learning is my education”



“Do not worry 
about your 
difficulties in 
mathematics;  
I can assure you 
that mine are 
still greater.”



“Science is a wonderful thing, if one does 
not have to earn one's living at it”







Did we really land 
on the Moon?

Dr Martin Hendry
University of Glasgow



Why Einstein?

o Enduring iconic status

o “Unconventional” approach

o Broader cultural impact

o Scientific legacy



“As long as I have any choice in the matter, I shall 
live only in a country where civil liberty, tolerance, 
and equality of all citizens before the law prevail.”





Why Einstein?

o Enduring iconic status

o “Unconventional” approach

o Broader cultural impact

o Scientific legacy



o Relativity
o Atomic physics
o Quantum physics

Einstein’s Miraculous Year





1905    Special relativity

1916    General relativity

1923    Nobel prize for work
on photoelectric effect



1905 – Theory of Special Relativity

“You can’t tell if 
you’re moving”



Newton’s physics assumes absolute 
space and time, for all observers.
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All the World’s A Stage



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 50mphIn Newton’s picture, the 
relative speed of the two 
trains is 50 + 50 = 100mph 
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In Special Relativity, the 
speed of light is unchanged
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50mph
In Special Relativity, the 
speed of light is unchanged
by the motion of the train

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.”



50mph
In Special Relativity, the 
speed of light is unchanged
by the motion of the train

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

“Put your hand on a hot stove for a 
minute, and it seems like an hour.  
Sit with a pretty girl for an hour 

and it seems like a minute.  THAT’S 
relativity.”
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50mph

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

Unified spacetime

Equivalence of matter and 
energy

In Special Relativity, the 
speed of light is unchanged
by the motion of the train



Galileo Galilei:
1564 – 1642 AD

Galilean Moons: 1610





Isaac Newton:
1642 – 1727 AD

The Principia: 1684 - 1686



Nowadays we can use radar:Nowadays we can use radar:

Distance = Speed x TimeDistance = Speed x Time



Nowadays we can use radar:Nowadays we can use radar:

Distance = Speed x TimeDistance = Speed x Time

But what is the speed of light?…









The Electromagnetic
Spectrum



Light wavesLight waves



Wavelength

Frequency = No of waves produced
per second

Light wavesLight waves



Wavelength

Frequency  = 2450 MHz
= 2450 Million waves

per second

Light wavesLight waves



Wavelength

Speed = 2450 million         wavelength

Light wavesLight waves

×

×



Light travels 300,000 km everyLight travels 300,000 km every
SecondSecond…………

…………ThatThat’’s about 10 million, s about 10 million, 
million kilometres every year!!!million kilometres every year!!!



50mph

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

Unified spacetime

Equivalence of matter and 
energy

In Special Relativity, the 
speed of light is unchanged
by the motion of the train



This abolished completely 
Newton’s idea that space 
and time were absolute

Special Relativity: 1905 Special Relativity: 1905 

Implies the speed of light 
must be constant, measured 
to be the same by any two 
observers, regardless of 
their relative motion”



Let’s try to see why!
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Train carriage

Torch beam 
reflected off 
roof of carriage

Distance = speed x time

2h  =  c x tc
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Now viewed from the platform…



The base of this triangle is v tP

v tP

Now viewed from the platform…



This is an isosceles triangle, so it’s made 
up of two equal right angled triangles
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This is an isosceles triangle, so it’s made 
up of two equal right angled triangles

Now viewed from the platform…



Let’s look at this triangle.

What’s the length of its base?
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Let’s look at this triangle.

What’s the length of its base?
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What about its height?



h

Train carriage



v tP
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What about its height?

h
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Remember: 

h

2h  =  c x tc



h

Train carriage

Torch beam 
reflected off 
roof of carriage

Distance = speed x time

2h  =  c x tc
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Remember: 2h  =  c x tc

c tc2
1
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c tc2
1

If both observers measure 
the same speed of light, c…
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If both observers measure 
the same speed of light, c…

Total distance  
=  c x tP
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If both observers measure 
the same speed of light, c…



v tP
1

2

c tc2
1

2
1 c tP

Using Pythagoras’ theorem,

(ctP)2 =    (vtP)2 +     (ctc)2



v tP
1

2

c tc2
1

2
1 c tP

tc = ( 1     v2 c2)tP



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



EinsteinEinstein’’s Relativitys Relativity

300,000
kms-1

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



Just as special relativity shows that space 
and time are inextricably connected, so 
too are energy and momentum
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Just as special relativity shows that space 
and time are inextricably connected, so 
too are energy and momentum

Mass and energy 
are equivalent

Particles have a particular rest 
mass, which is the mass you would 
measure if the particle is at rest

E = mc2



Hydrogen fusion – fuelling a star’s nuclear furnace

E = mc2

H   = Hydrogen
He =  Helium



EinsteinEinstein’’s Relativitys Relativity

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?



Aristotle’s Theory:
1. Objects move only as 

long as we apply a 
force to them

2. Falling bodies fall at 
a constant rate

3. Heavy bodies fall 
faster than light ones

Galileo’s Experiment:
1. Objects keep moving 

after we stop applying a 
force (if no friction)

2. Falling bodies 
accelerate as they fall

3. Heavy bodies fall at the 
same rate as light ones

v



Apollo 15 astronaut David Scott



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

Gravity in EinsteinGravity in Einstein’’s Universes Universe







1919 expedition, led by Arthur Eddington, to observe 
total solar eclipse, and measure light deflection.

GR passed the test!GR passed the test!





“He was one of the finest people I have ever known….but he didn’t really 
understand physics.   During the eclipse…he stayed up all night to see if it 
would confirm the bending of light by the gravitational field.  If he had really 
understood general relativity, he would have gone to bed the way I did.”



Edwin Hubble



Spacetime is expanding like 
the surface of a balloon.

As the balloon expands, 
galaxies are carried farther 
apart



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



Summary:

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

NASA / ESA project, scheduled for ~2015

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
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