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PEOPLE HAVE BEEN ASKING 
COSMOLOGICAL QUESTIONS 

FOR THOUSANDS OF YEARS…

?



WE ARE FINDING 
ANSWERS NOW!







We are here
(ish)



Harlow Shapley

Heber Curtis

Vs.



Harlow Shapley

Heber Curtis

The Milky Way is the 
entire Universe!

Vs.



Harlow Shapley

Heber Curtis

The Milky Way is the 
entire Universe!

The Milky Way is just 
one galaxy among many!

Vs.



Harlow Shapley

Heber Curtis

Vs.

The Milky Way is just 
one galaxy among many!

The Milky Way is the 
entire Universe!



HOW WAS THIS 
SETTLED?

Edwin Hubble



HOW WAS THIS 
SETTLED?

Edwin Hubble Hubble Space Telescope



HOW WAS THIS 
SETTLED?

Edwin Hubble

Hubble breakthrough was to 
measure accurate distances to 

nearby galaxies, proving they 
were outside the Milky Way
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THINGS GET MORE INTERESTING…

Hubble had found a way to accurately measure 
distances to galaxies

Astronomers already knew how to measure the 
velocity of galaxies 



ASTRONOMY: E. HUBBLE

corrected for solar motion. The result, 745 km./sec. for a distance of
1.4 X 106 parsecs, falls between the two previous solutions and indicates
a value for K of 530 as against the proposed value, 500 km./sec.

Secondly, the scatter of the individual nebulae can be examined by
assuming the relation between distances and velocities as previously
determined. Distances can then be calculated from the velocities cor-
rected for solar motion, and absolute magnitudes can be derived from the
apparent magnitudes. The results are given in table 2 and may be
compared with the distribution of absolute magnitudes among the nebulae
in table 1, whose distances are derived from other criteria. N. G. C. 404
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FIGURE 1
Velocity-Distance Relation among Extra-Galactic Nebulae.

Radial velocities, corrected for solar motion, are plotted against
distances estimated from involved stars and mean luminosities of
nebulae in a cluster. The black discs and full line represent the
solution for solar motion using the nebulae individually; the circles
and broken line represent the solution combining the nebulae into
groups; the cross represents the mean velocity corresponding to
the mean distance of 22 nebulae whose distances could not be esti-
mated individually.

can be excluded, since the observed velocity is so small that the peculiar
motion must be large in comparison with the distance effect. The object
is not necessarily an exception, however, since a distance can be assigned
for which the peculiar motion and the absolute magnitude are both within
the range previously determined. The two mean magnitudes, - 15.3
and - 15.5, the ranges, 4.9 and 5.0 mag., and the frequency distributions
are closely similar for these two entirely independent sets of data; and
even the slight difference in mean magnitudes can be attributed to the
selected, very bright, nebulae in the Virgo Cluster. This entirely unforced
agreement supports the validity of the velocity-distance relation in a very

PRoc. N. A. S.172
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THE UNIVERSE IS EXPANDING!
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… did the Universe have a beginning?





[…] the hypothesis that all the matter in the universe 
was created in one “big bang” at a particular time in the 

remote past.



A UNIVERSE WITHOUT A BIG BANG?
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A UNIVERSE FIT FOR LIFE?

In an expanding Universe, there is a direct link 
between age and size

… an OLDER Universe is a BIGGER Universe
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‘Simple’ life takes 
~5-10 billion years



A UNIVERSE FIT FOR LIFE?

‘Sophisticated’ life 
takes ~13 billion 

years

‘Simple’ life takes 
~5-10 billion years
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THE FUTURE OF THE UNIVERSE

We know (from 
observation) that galaxies 
are moving apart… 

But gravity should be 
pulling everything together!

So… is the expansion 
slowing down?



Thought
experiment…





What happens next depends on 
how hard you threw the ball…



With a normal throw, the ball is pulled to Earth by gravity

What happens next depends on 
how hard you threw the ball…



With a strong enough (Superman!) throw, 
the ball escapes into space…

What happens next depends on 
how hard you threw the ball…



THE EVOLUTION OF THE UNIVERSE

Time

D
ist

an
ce

 b
et

we
en

 
ga

la
xi

es



THE EVOLUTION OF THE UNIVERSE

Time

D
ist

an
ce

 b
et

we
en

 
ga

la
xi

es

Now



THE EVOLUTION OF THE UNIVERSE

Time

D
ist

an
ce

 b
et

we
en

 
ga

la
xi

es

‘Big bang’ ‘Big crunch’

Now



THE EVOLUTION OF THE UNIVERSE

Time

D
ist

an
ce

 b
et

we
en

 
ga

la
xi

es

Now



THE EVOLUTION OF THE UNIVERSE

Time

D
ist

an
ce

 b
et

we
en

 
ga

la
xi

es

Now

‘Big bang’

Expands forever!



THE EVOLUTION OF THE UNIVERSE

Time

D
ist

an
ce

 b
et

we
en

 
ga

la
xi

es

Now

‘Big crunch’

Expands forever!



THE EVOLUTION OF THE UNIVERSE

‘Big crunch’Expands forever!

Two possibilities for the future of the Universe!

?
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MEASURING THE UNIVERSE

What we need to do is MEASURE the distances 
between galaxies…

Luckily, nature has been kind and given us 
something we can use as a ‘ruler’…

A ‘type 1A supernova’
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THE EVOLUTION OF THE UNIVERSE

‘Big crunch’Expands forever!

The answer is… none of the above!
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Big crunch

Answer:
IT’S ACCELERATING!





??



AN ACCELERATING UNIVERSE

Completely contrary to all 
our predictions, the 
Universe’s expansion is 
speeding up!

Looks like some ‘force’ is 
pushing the Universe to 
expand faster and faster… 



We call this effect
Dark Energy



WHAT IS GOING ON?!

Normally, when your observations don’t agree with your 
theory, there are two possible things going on:

(1) You need to predict some kind of new object 
causing the weirdness

(2) You need to modify your theory 



(1) New object?

In 1841, it was noticed that Uranus’s 
orbit was a bit off from predictions
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In 1841, it was noticed that Uranus’s 
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(1) New object?



Neptune!

(1) New object?



(2) - Modify your theory…

In 1859, it was noticed that Mercury’s 
orbit was a bit off from the predictions



SO… WHAT IS DARK ENERGY?

(1) A new type of ‘object’, like an energy field 
pushing the Universe apart?

(2) Or, do we just not understand gravity 
properly?



(1) A new type of ‘object’, like an energy field 
pushing the Universe apart?

(2) Or, do we just not understand gravity 
properly?

The answer is… we don’t know!

SO… WHAT IS DARK ENERGY?



IT MAKES UP MOST OF THE UNIVERSE!

About 70% of the Universe 
is Dark Energy

‘Ordinary matter’ (that 
makes up me, you, the 
Earth, the stars…) is just 
5%!



IT MAKES UP MOST OF THE UNIVERSE!5% ‘normal’ matter

95% mysterious 
stuff (including Dark 

Energy)








