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Class 11: 
Our Galaxy 

  The basic nature of our Galaxy 
  Our view of the Galaxy : The Milky Way 
  Size and shape of the Galaxy 
  Dust and gas in our Galaxy 

  Stellar populations 
  Dynamics of the Galaxy 
  Dark Matter… 

I : Historical notes 

  We live in a large disk galaxy 
  We live towards the edge of the disk 
  Projected onto the sky, this disk of stars looks like a 

band of light that rings the sky… the Milky Way 

  This realization came somewhat slowly… 
  Disk-like nature of galaxy realized by Thomas Wright 

(1780); refined by Kant 
  First attempt to map out galaxy made by William 

Herschel (1785); refined by Kapteyn in 1920 
  Herschel came to the conclusion that we sit at the 

center of the Galactic disk.   In fact, he was wrong… 
had not accounted absorption by dust! 
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Herschel’s map of the Galaxy 

  Important step made by Harlow Shapley… 
  Perfected techniques for using variable stars to 

measure distances (more about this next class!) 
  Went on to study the three dimensional distribution 

of globular clusters 
  Found that they had a spherical distribution… but we 

were not at center of distribution 
  Instead, found that the center of the distribution of 

globular clusters was several kpc away, at a point 
located in Sagittarius 

  Seems natural for the globular cluster distribution to 
be centered on the center of the galactic disk 

  But need to go to wavelengths that can penetrate 
the dust and gas to see the full disk… 
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II : Basic nature of our galaxy 

  Three distinct components 
  The disk 

  Approx 50kpc diameter (center is 8kpc away). 
  Very thin… only 300-600pc thick 
  Contains stars of all ages including young stars… this 

mixture is referred to as Population-I 
  Contains significant amounts of dust and gas 

  The bulge 
  Thick (oblate spheroid), few kpc in diameter 
  Contains almost exclusively old stars (Population II) 
  Contains most of the stars in the galaxy! 
  Very little dust or gas 

  The halo 
  Very extended (>100kpc diameter) spherical region 
  Contains very old stars (Population II) 
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  Discussion point concerning stellar 
populations…  
  The disk (Population-I) appears blue 
  The bulge (Population-II) appears red 
  WHY?? 

III : Dynamics of the galaxy 

  Gravity reigns supreme… each star moves purely under 
action of gravity 
  Gravitational field created by everything else in galaxy! 

  The disk… 
  All stars (+dust, gas) are orbiting in approximately circular 

paths; same direction in the same plane 
  Across much of the disk, orbital velocity is in range 

200-250km/s 
  At location of Sun, orbital period is approx 250Myr 

  The bulge and the halo… 
  Stellar orbits have no preferred direction or plane 
  Orbits can depart dramatically from circles 
  Why do these look so different to, e.g., planetary orbits? 
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orbit 
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IV : Galactic rotation and Dark Matter 

  An important discovery is made by analyzing the 
rotation of the disk 

  Firstly, we must take a look at the basic physics of 
orbits within a gravitational field generated by a 
distributed collection of particles… 
  Let us suppose that the mass distribution is spherically 

symmetric (relative to center of galaxy) 
  We then find an important result… the gravitational field at 

radius R is as if all of the mass interior to R had been 
compressed to a point source at the origin 

  Phrased another way… the mass outside of radius R 
has no effect on the gravitational field 

  This is due to the canceling of gravitational forces 
generated by mass outside of radius R 
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Consider gravitational forces from a uniform shell 
of mass on a particle that lies within the shell… 

Inverse-square law 
of gravity implies 
that the 
gravitational forces 
of the shell on the 
particle cancel to 
give zero… CAN 
YOU SEE WHY? 

  Consider a star or a gas cloud in a circular 
orbit in a galactic disk… 
  Newton’s second law is 

  [Discussion : this is not strictly correct for a galactic 
disks… why?] 

  If we suppose that the gravitational field is 
generated by the stars, dust and gas that we see, we 
can predict M(<R) and hence V(R).  

  We can observe V(R) using Doppler shift of the 
spectra of stars or gas in the galaxy 
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Velocity dependence on radius for 
a planet orbiting the Sun… 
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  The outer regions of galaxies are rotating too 
quickly relative to the mass that we see 

  So… we conclude that one of two things must 
be true: 
  There’s something funny about how gravity works 

when talking about systems as large as galaxies 
and/or accelerations as small as those relevant for 
stars orbiting the galaxy 

  There’s a lot of matter in a form that we do not see, 
Dark Matter.  Since there’s evidence for this on 
larger scales as well, this is the favored hypothesis.  
We’ll talk about the nature of dark matter later… 


