
Hubble’s Law 

The distances and recessional velocities of distant galaxies are plotted on this 
graph. The straight line is the best fit for the data. This linear relationship 
between distance and speed is called Hubble’s law. 
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Techniques for Measuring Cosmological Distances 

Astronomers use different methods to determine different 
distances in the universe. All of the methods shown here 
are discussed in the text. 



Tully-Fisher relation for Finding Distances to Far 
Galaxies 

•   The Tully-Fisher relation is an empirical relationship between the intrinsic 
luminosity (proportional to the stellar mass) of a spiral galaxy and its 
velocity width (the amplitude of its rotation curve). 

•  As usual, the TF relation gives M for a galaxy, we then measure m, and use 
the distance-magnitude relationship to get the distance d to the galaxy. 



Two Supernovae in NGC 664 

In 1997, the rare occurrence of two supernovae in the same galaxy at the same time 
was observed in the spiral galaxy NGC 664, located about 300 Mly from Earth. 
Supernovae observed in remote galaxies are important standard candles used 
by astronomers to determine the distances to these faraway objects. 



Very Distant Galaxies 

(a)  The young cluster of galaxies MS1054-03, shown on the left, 
contains many orbiting pairs of galaxies, as well as remnants of 
recent galaxy collisions. Several of these systems are shown at the 
right. This cluster is located 8 billion ly away from Earth.  

(b)  This image of more than 300 spiral, elliptical, and irregular galaxies 
contains several galaxies that are an estimated 12 billion ly from 
Earth. Two of the most distant galaxies are shown in the images on 
the right, in red, at the centers of the pictures. 



Key Terms in Chapter 12 

barred spiral galaxy 
cluster (of galaxies) 
elliptical galaxy 
galactic merger 
gravitational lensing 
Hubble galaxy classification 
Hubble constant 
Hubble’s law 
intergalactic gas 

irregular cluster (of galaxies) 
irregular galaxy 
lenticular galaxy 
Local Group 
poor cluster (of galaxies) 
regular cluster (of galaxies) 
rich cluster (of galaxies) 
spiral density wave 
spiral galaxy 
Tully-Fisher relation 



CHAPTER 13 
Cosmology 

 
Cosmology is the study of the 
o r i g i n , e v o l u t i o n , a n d 
eventual fate of the universe. 



The start of the Universe -- The Big Bang theory 

1720 – Isaac Newton believed the Universe was static, 
uniform, and unchanging in time. If it weren’t uniform then the 
stars would clump up over time, he didn’t see this. So the stars must 
all be uniformly distributed in space so they are equally pulled in all 
directions (see next slide).  
 
1915 – Einstein works on his general theory of relativity – dealing 
with space-time and gravity. He finds that in his equations, the 
universe is not static, i.e. it is contracting in size over time because of 
gravity. This went against the prevailing static model and he didn’t 
believe it. So he modified his equations by introducing a 
repulsive, outward pushing term, called the cosmological 
constant. This term pushes out against gravity and keeps the 
universe from collapsing.  
 
1929 – Hubble finds that all galaxies are receding away from us, the 
universe is expanding and, running the clock backwards implies that at 
some time in the past 13.7 Billion years ago, everything was together. 
The Big Bang idea was born.
          http://www.youtube.com/watch?v=gs-yWMuBNr4   (5:39) 



Even without an expanding universe, stars 
must rearrange over long periods of time. 
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Because of the pull of gravity, 
stars are always going to 

rearrange over long times…	
…	


stars	




The Size of the Universe Since the Earliest Times 

Shortly after the Big Bang, the universe expanded by a factor of about 
1050 due to inflation. This growth in the size of the presently observable 
universe occurred in a very brief time (blue shaded interval). 

1 second old!	




March 2014 -- Recently 
discovered first evidence for 
cosmic inflation just after the 
big bang. 



Unification of the Four Forces 
at the earliest times 

•  The four physical forces were initially a single force.  
•  This symmetry was broken as the universe expanded and 

cooled, after the universe was 1 trillion’th of a second old!  
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For times up to 380,000 years after the Big Bang, the Universe was so dense 
no light could escape, it’s invisible. After 380,000 years, the density 
had dropped enough that light could escape. The Universe was at 
about T=3,000K, and produced Black body radiation that still 
permeates the Universe today. 

Evidence for the Big Bang 
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Transparent	
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Era of Recombination – 380,000 years 

(a) OPAQUE: Before 
recombination, the energies of 
photons in the cosmic background 
were high enough to prevent 
protons and electrons from forming 
hydrogen atoms.  

(b) TRANSPARENT: As soon as the 
energy of the background radiation 
became too low to ionize hydrogen, 
neutral atoms came into existence. 



Cosmological Redshift of the 
Primordial Big Bang Radiation 

Just as the waves drawn on this rubber band are stretched along 
with the rubber band, so too are the wavelengths of photons 
stretched as the universe expands. 

Today: As the universe has 
expanded, the original BB 
radiation should be at much 
longer wavelengths, 
corresponding to much colder 
temperatures.	


Light from Big Bang, 
λ=1 µm (visible light)	


Today, light from Big Bang, 
λ=1000 µm (microwaves)	


T=3,000K	


T=3 K	



