
Cosmology

 Objectives

• What is cosmology

• How do we observe the Universe

• What are the consequences of these observations



Cosmology

 The study of the Universe itself!

 Can’t create a box with our

Universe in it and run 

experiments 

 How do we study the universe if we are inside of it???



Lets Start with Gravity

 Gravity wants to pull 
things together

 But we don’t see all 
galaxies crunched 
together…

 Newton – universe 
must be static

 Maybe we should 
measure it to be 
sure…

Doesn’t look 
like it is 
moving to me



Let’s Measure It!

 First – we need distances!

 We need something really, really bright

 Need it to have a known absolute magnitude

 Bright stars???

• Nope - we can’t distinguish individual stars at large distances 

 Any Ideas?

• Supernova!

• Outshine the entire galaxy

• What about its absolute magnitude???



Supernova Type Ia

 White dwarf orbiting a red giant

 White dwarfs are stable below 
1.4 Msun

• Otherwise  BOOM!

 Roche Limit – start accreting gas







Outshines the Entire Galaxy!
Before

During 

• Really, Really, Really bright!

• Can be seen from Very, Very, Very far 
away

• Could this be the standard candle we are 
looking for?

• Do we know how intrinsically bright it is?
• Aka – do each SN Ia have the same 

absolute magnitude?
• Any Guesses?

• A: yes!



Light Curve

 Brightness as a function of time

 All type Ia explosions start with 
the same mass 1.4 Msun

 All have the same peak 
brightness!

 Standard Candle!
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Are Galaxies Moving???

 A: let’s find out using the Doppler shift!

 Remember planets…

 Galaxies will show

a Doppler shift if it

is moving towards

or away from us!

 Faster ~ greater

λ shift



Redshift (z)

 Z = Δλ/λ

 In case I say redshift

 Redshift (z) – how much a spectral line has shifted

 We don’t have independent distances to all galaxies, so 
we infer a distance based on redshift

 We’ll get to that in a bit



Hubble’s Law

 Hubble put it all together…

 Measured the spectral 
shift and distance to many 
galaxies!

1) All galaxies are moving 
away from us

2) The further away it is, 
the faster it going!



Hubble’s Law

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝐻 ∗ 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

H = Hubble's constant

1) All galaxies are moving 
away from us

2) The further away it is, 
the faster it going!
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Why is Everything Moving Away?

 If gravity wants to pull everything together…

 Then why aren’t all galaxies moving towards each 
other?

 Here is a better question: Olber’s Paradox

• If the Universe is static and infinite, then why isn’t the sky 
always as bright as the surface of the sun!?!?!?

• An infinite number of stars in a universe that is infinitely old

• An infinite number of rays should be lighting up Earth (and 
everywhere else)

 Any ideas?



Big Bang

 The Universe had a beginning 

• If everything is moving away from us, then everything 
should have originated from a single point

• The Big Bang

 Rewind the movie





Age of the Universe

 If every galaxy had the same “starting point” and 
traveled with a constant speed away from this point

• We can calculate the age of the Universe!

 Hubble’s Law

 Measures this for many galaxies

 H ~ 73 
𝑘𝑚/𝑠

𝑀𝑝𝑐
= 0.073

𝑀𝑝𝑐/𝐺𝑟𝑦

𝑀𝑝𝑐
=

 0.073 (
1

𝐺𝑦𝑟
)

 Age = 1/H = 13.7 Gyr

• 13.7 billion years



Big Bang Nucleosynthesis

 The Universe was condensed into an infinitely small space

 The early universe was really, really, really, hot

• No matter, only energy (photons)!

• So hot and dense, that atoms are not just ionized

• Protons and electrons didn’t just combine to form all neutrons

• There were no atoms at all! 

• (all energy is in photons)

Universe



Big Bang Nucleosynthesis
 As the universe expands, it cools

• photons combine to form neutrons

• Neutrons quickly decay into protons and electrons 
(hydrogen)

• Hot enough to fuse H  He

• Rate of cooling locks in how many He atoms could be formed

• Max amount of He is 24% that of H

 What do I mean by expanding???

• Are galaxies flying away like you

throwing a ball away from you???

Universe



Let’s Get Back to Gravity

 Why aren’t all of the galaxies slowing down?

• Gravity should at least be pulling on them, right?

 If galaxies further away are moving faster…

• Won’t Einstein be upset???

 Einstein – nothing moves faster than the speed of light

 Have we observed a galaxy so far away that it is 
moving away faster than the speed of light?!

• A: yup



Expansion
 Lyman α emission 

line in laboratory is 
at 121.6 nm

 This galaxy’s 
Lyman α line is 
observed at      
873 nm!

 Do the math:

𝑉 =
Δλ

𝜆𝜊
𝑐 = 6.2 ∗ 𝑐

 6 times the speed 
of light!!!

Lyman α laboratory = 121.6 nm

Hydrogen n=2  n=1



How is a Galaxy Moving Faster Than c!

 A better question: what is moving?

• If all galaxies are moving away from us and some faster 
than the speed of light, then

• Perhaps the universe itself it expanding



Why Faster, Further Away???

 Imagine galaxies attached to the grid 
of the Universe

 The Universe is expanding

 The galaxies are on the same grid 
lines

 Each grid line increases by 50%

• Dark Energy - expansion



Are we at the Center???

 Good Question, but I think we’ve learned our lesson

• A: no

 The expansion would like this no matter what galaxy 
we were on

• Good experiment – need better technology…

 We still feel gravity here on Earth

 At close enough scales, gravity is stronger than the 
expansion



What Happened to All the High Energy 

Photons?

 Good point – not all of those 
photons could have formed 
H, and consequently He…

 Those photons are 
everywhere!

 The photons have been 
traveling through expanding 
space  longer wavelength 
 lower energy

 Can’t we detect them?

• A: yes



Cosmological Redshift

 Different from Doppler shift

 Two galaxies can be at relative rest, but emit redder 
wavelengths due to the expansion of space



Cosmic Microwave Background

 Penzias and Wilson

• Working for Bell Telephone Company 

• Trying to develop a noise free communications network in 
the microwave with satelites

• Problem: they got noise every where on the sky!

They cleaned out bird poop

Recalibrated

Tried at different times of the day, year, etc



Nobel Prize on Accident

 They contacted astronomers

 Who knew exactly what it was

 The left over photons from the Big 
Bang

 They’re wavelengths had been 
shifted to the microwave 

You’re
Welcome

~2.73° K

over density

under density



Looking Further Away

The Universe is Accelerating!



 Our Galaxy has a diameter of 50,000 pc.  Astronomers 
estimate that in 1000 years it will have a diameter of

A. 49,000 pc.

B. 50,000 pc.

C. 51,000 pc.

D. 60,000 pc.



 Where is the center of our universe?

A. We are at the center of our universe.

B. The center is somewhere within the Virgo cluster.

C. The astronomers do not know exactly where the center is; 
we just know that we are not it.

D. There is no center to our universe.



 How does a cosmological redshift differ from a Doppler 
redshift?

A. A cosmological redshift is always shifted more than a 
Doppler redshift.

B. A cosmological redshift is due to the motion of a galaxy 
while a Doppler redshift is due to the motion of an 
individual object.

C. A cosmological redshift is due to the expansion of space 
while a Doppler redshift is due to motion through space.

D. There is no difference between the two.



 Relative to Earth, the motion of nearby galaxies is 
controlled by __________ and the motion of distant 
galaxies is controlled by __________.

A. gravity; gravity

B. gravity; the Hubble flow

C. the Hubble flow; gravity

D. the Hubble flow; the Hubble flow
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