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FORMATION AND 
EVOLUTION OF GALAXIES 

Lecture 20 

Somak Raychaudhury 

•  Galaxy formation in an expanding 
Universe 

•  Jeans mass in a matter 
dominated Universe 

•  Jeans mass in a radiation 
dominated Universe 

When did galaxies form: a rough estimate (1) 

Consider a small (δρ/ρ <<1) spherical perturbation of 
radius r: 
 
 
 
 
For H0=100h km/s/Mpc, 
 
 
For h=0.7 and Ω matter=0.25, 
 
 
i.e. an ~L*  galaxy coalesced from matter within a 
comoving volume of roughly ~ 1-1.5 Mpc radius 

mattermatter GHrrrM Ω=≅ )8/3()3/4()3/4()( 233 ππρπ

32121016.1/)( Mpcmattersun rhMrM Ω×≅

311104.1/)( Mpcsun rMrM ×≅

The typical radius of the visible parts of an L* galaxy at z=0 is 
10-20 kpc 
 
However, we know that is embedded in a DM halo 5-10 times 
larger, say 75 kpc 

è  The density enhancement represented by such a galaxy is thus 
 
                δ =δρ/ρmatter ~ (1500/75)3  ~ 8000 

Since  ρmatter  evolves like (1+z)3 , the density fluctuation was of 
order  δ ~ 1 (“epoch of formation”) when (1+z)3 ~ 8000 (*), i.e. 
 
  è an L* galaxy could not have separated from Hubble flow 
                             before z~20 

(*) from the analysis of the spherical infall model, such a perturbation 
would “turn around” at a z~10 

When did galaxies form: a rough estimate (2) Jeans mass in an expanding Universe 

•  The Jeans length depends on the sound speed and 
density of matter   
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Jeans mass in an expanding Universe 

•  The Jeans mass depends on the sound speed and density of 
matter 

 
•  The energy density of an ordinary sound wave is positive, 

However, the gravitational energy density of a sound wave is 
negative, since the enhanced attraction in the compressed 
regions overwhelms the reduced attraction in the dilated 
regions.  

•  The Jeans instability sets in wherethe net energy density 
becomes negative, so that the system can evolve to a lower 
energy state by allowing the wave to grow, and thus the system 
to fragment.   

Jeans mass: radiation dominated 

Jeans mass: matter dominated Jeans mass before decoupling 
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Jeans mass 
after 

decoupling 

REVISION 

•  Timescales 
•  Using proper units in numerical calculations 

•  Potential and density pairs 
•  Virial theorem 

•  Spiral vs elliptical galaxies 

•  Star formation- Jeans length, measuring SFR 
•  How to stop star formation. Late to early type 

transformation 
•  Galaxy formation- Jeans length 

•  Black holes and AGN 


