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Class 13 :  
 “Discovery” of the extragalactic Universe 

  The Great Debate of 1920 
  Cepheid Variables and distance 
  Hubble’s discovery of external galaxies 
  Basic properties of galaxies 

I : Historical debate about nature of 
the Universe (c.1920) 

  Early 20th century… 
  Knew that we lived in a large disk galaxy 
  But what was the nature of the larger 

Universe? 
  Two opposing ideas: 

  Our galaxy is alone, sitting in the middle of 
otherwise empty space 

  Our galaxy is one of many galaxies that fill space 
(so-called “Island Universes”) 

  The debate rapidly focused on the nature of 
nebulae 
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  Nebulae have been studied for ages 
  Messier (1780) 

  Systematically catalogued over 100 bright nebulae 
  Main reason for doing this was so that comet hunters 

knew which “fuzzy patches” to ignore! 
  But what were these nebulae?  Possibilities: 

  Glowing patches of gas (e.g., Orion) 
  Clusters of many stars within our Galaxy (e.g., the 

Globular cluster M13) 
  Whole other galaxies!! 

  Of special interest were the “spiral nebulae” that 
showed Milky Way like spiral structure… the brightest 
spiral nebulae was the Andromeda nebula 

Messier actually cared about comets 

Credit : A. Dimai 
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The Orion Nebula (M42) 

Globular cluster (M13) 

Credit: Yuugi Kitahara  
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M100 

  Two misleading events… 
  Van Maanen reported observations showing that the 

spiral structure in the Andromeda nebula was 
rotating.    
  If Andromeda was outside of our galaxy, the rotation 

would have to be much faster than speed of light! 
  Argued for Andromeda being inside of our Galaxy 

  1885 : A “new star” appeared in Andromeda nebula   
  This was interpreted as a stellar nova 
  Scaling from known nearby novae, it was concluded 

that Andromeda lay will inside our Galaxy 
  It wasn’t realized at the time that this was actually a 

supernova, not a regular nova. 

  1920 : The two points of view were debated 
by Shapley & Curtis in the “Great Debate” 
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Andromeda “Nebula” (M31) 

II : Cepheid Variables 

  What was lacking was a good way of 
measuring distances once they get too large 
for parallax 

  Cepheid variable stars to the rescue… 
  They are luminous stars… can be seen at great 

distance 
  They vary their luminosity periodically… easy to 

recognize 
  Their period is closely connected to their luminosity… 

so by measuring the period, we can determine the 
luminosity 

  Once we know their luminosity, we use the 
measured flux to determine distance 

  Variability caused by the radial pulsation of 
outer layers of star (due to ionization of He) 
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III : Hubble’s discovery 

  In 1923, Edwin Hubble settled debate… 
  Used 100 inch telescope on Mt.Wilson 
  Found Cepheid variables in Andromeda 
  Resulting distance firmly placed it outside of 

our galaxy… modern result is D=750kpc 
(2.5 million light years) 

  Andromeda then has diameter of 70kpc… 
larger than our own galaxy! 

  Nowadays, Hubble Space Telescope can 
see Cepheid’s out to D≈20Mpc or more 

Edwin Hubble 
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Cepheids in the Virgo galaxy cluster  with 
Hubble Space Telescope (16 Mpc away…) 

IV : Properties of galaxies 

  The big picture… there are three basic 
varieties of galaxies: 
  Disk galaxies (e.g., Milky Way) 
  Elliptical galaxies 
  Everything else! 

  We start by discussing the general 
properties of each type 



9 

  Properties of elliptical galaxies 
  Large “swarms” of stars orbiting with random orientation 

in the galaxy’s gravitational field… spheroidal shape 
  The randomness of the orbits means that the galaxy as a 

whole has no net rotation 
  The stellar population is old (Pop-II)… in general, there 

are no massive stars (they have all gone supernova) 
  In general, there is very little dust or cold gas present… 

explains lack of star formation/young stars 
  Some elliptical galaxies can be very massive (most 

massive galaxies in the Universe are elliptical) 
  There are also a lot of dwarf ellipticals… may have only a 

few million stars.  Some of these may be the oldest 
galaxies (“fossils” of the first phase of galaxy formation) 

RED AND DEAD 

M87 - a giant elliptical galaxy 
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Leo I  - a dwarf elliptical galaxy 
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  Properties of spiral galaxies 
  Possess following structures: 

  The disk : Flattened structure orbiting center with 
organized rotation. Contains old and young stars, as 
well as cold gas and dust.   Gas and young stars tend 
to be found close to… 

  Spiral arms : Density waves that exist in the disk 
(analogous to spontaneous traffic jams on the 
beltway!).   Sites of much of the star formation… 

•  Gas enters arm and gets compressed 
•  Compression induces collapse of gas clouds and star 

formation 
  The bulge : spheroidal distribution of old stars with 

little dust or gas (sound familiar??) 
  Spiral galaxies also come in the barred or unbarred 

varieties… 
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  Irregular galaxies 
  Two classes “Irr I” and “Irr II” 
  Irr I 

  Galaxies that have only hints of organized 
structure 

  Often have many HII and star formation regions 
  Are usually quite small 
  Examples… LMC and SMC 

  Irr II 
  Highly distorted objects caused by the collision of 

galaxies or violent activity in their centers 
  Examples; M82 (starburst galaxy) 
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