
CH 14 MODERN COSMOLOGY
The Study of Nature, origin and evolution of the 

universe
• Does the Universe have a center and an edge?

• What is the evidence that the Universe began 

with a Big Bang?

• How has the Universe evolved, what will be its 

fate?



The Olbers Paradox

Why is the sky dark at night?

If the Universe is infinite, then every 

line of sight should end on the surface 

at a star at some point.

 The night sky should be as bright 

as the surface of stars!

Solution to the Olbers Paradox:

If the Universe had a beginning, then 

we can only see light from galaxies 

that has had time to travel to us 

since the beginning of the Universe.

 The visible Universe is finite!



1848

• Were the succession of stars endless, then the 

background of the sky would present us an uniform 

luminosity, like that displayed by the Galaxy -since there 

would be no point, in all that background, at which would 

not exist a star. The only mode, therefore, in which, under 

such a state of affairs, we could comprehend the voids

which our telescopes find in innumerable directions, 

would be by supposing the distance of the invisible 

background so immense that no ray from it has yet been 

able to reach us at all. That this may be so, who shall 

venture to deny? I maintain, simply, that we have not even 

the shadow of a reason for believing that it is so. 



Hubble’s Law

Distant galaxies are 

receding from us with a 

speed proportional to 

distance.



The Expanding Universe
On large scales, galaxies are moving apart, 

with velocity proportional to distance.

It’s not the galaxies moving through space…

Space is expanding, carrying the galaxies along!

The galaxies themselves are not expanding!



Expanding Space

Analogy:

A Raisin bread 

where the dough 

is rising and 

expanding, taking 

the raisins with it







The Age of the Universe
Knowing the current rate of expansion of the 

Universe, we can estimate the time it took for 

galaxies to move as far apart as they are today:

T ≈ d/v = 1/H ~ 

14 billion years

Time = distance / velocity

velocity = (Hubble constant) * distance

Light we see today, 

left this galaxy when 

the universe was only 

~ 1 billion years old!



Looking Back Towards 

the Early Universe
The more distant the objects 

we observe, the further back 

into the past of the Universe 

we are looking.



The Cosmic Background Radiation

R. Wilson & A. Penzias

The radiation from the very early 

phase of the Universe should still 

be detectable today. 

Has, in fact, been discovered in 

mid-1960s as the Cosmic 

Microwave Background:

Blackbody radiation with a 

temperature of T = 2.73 K









The Cosmological Principle
Considering the largest scales in the Universe, we 

make the following fundamental assumptions:

1) Homogeneity: On the largest scales, the local Universe has 

the same physical properties throughout the Universe.

Every region has the same physical 

properties (mass density, expansion 

rate, visible vs. dark matter, etc.)

2) Isotropy: On the largest scales, the local Universe looks the 

same in any direction that one observes.

You should see the same large-

scale structure in any direction.

3) Universality: The laws of physics are the same everywhere 

in the Universe.



Model Universes
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r < rc => Universe 

will expand forever

r > rc => Universe 

will collapse back

If the density of matter equaled the critical density, then 

the curvature of space-time by the matter would be just-

so sufficient to make the geometry of the Universe flat!

Maximum 

age of the 

Universe:

~ 1/H0





Dark Matter
The combined mass of all “visible” matter (i.e. 

emitting any kind of radiation) in the Universe 

adds up to much less than the critical density.

Gravitational 

lensing shows 

that some 

clusters 

contain 10 

times as 

much mass 

as directly 

visible.



https://en.wikipedia.org/wiki/Dark

_matter

https://en.wikipedia.org/wiki/Dark_matter


https://en.wikipedia.org/wiki/Dark_matter

https://en.wikipedia.org/wiki/Dark_matter


21st Century Cosmology
The solution: Inflation!

Inflation = period 

of sudden 

expansion during 

the very early 

evolution of the 

Universe

triggered by the 

sudden energy 

release from the

decoupling of the 

strong and 

electroweak forces



Measuring the “Deceleration” 

of the Universe …
By observing 

type Ia 

supernovae, 

astronomers can 

measure the 

Hubble relation 

at large 

distances.

Distance ↔

recession speed

Size scale of the 

universe ↔ rate 

of expansion
It was expected that this would measure the 

deceleration of the universe, but …



The Accelerating Universe
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Flat decelerating Universe

Flat accelerating Universe

In fact, SN Ia measurements showed that the

Universe is accelerating!



The Cosmological Constant

Cosmic acceleration can be explained with the 

“Cosmological Constant”, L

(“Lambda”)

L is a free parameter in Einstein’s 

fundamental equation of General Relativity; 

previously believed to be 0.

The energy corresponding to L can account for 

the missing mass/energy (E = m*c2) needed to 

produce a flat space-time  

→ “Dark Energy”



The Evolution and Ultimate 

Fate of the Universe

Until ~ 6 

billion years 

ago, gravity 

of matter was 

stronger than 

acceleration.

Today: 

acceleration 

due to dark 

energy 

dominates



Large-Scale Structure
A large survey of distant 

galaxies shows the largest 

structures in the Universe:

Filaments and walls of galaxy 

superclusters, and

voids, basically empty space



Fluctuations in the Cosmic 

Microwave Background

Angular size of the CMB fluctuations allows us to 

probe the geometry of space-time!

CMB fluctuations have a characteristic size of 1 degree.






