
5.	  The	  local	  Universe	  I	  
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– Sec$on	  3.2.1-‐3.2.3	  Ellip$cal	  galaxies
– Sec$on	  3.3	  Spiral	  galaxies
– Sec$on	  3.4.1-‐3.4.3	  Scaling	  rela$ons	  
– Sec$on	  3.7.0	  -‐	  3.7.1	  Luminosity	  func$ons	  	  
– Sec$on	  3.9	  Popula$on	  synthesis
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Section 3: Introduction: some history



Messier (1730-1817) compiled 
his ”Catalogue des Nébuleuses et des 
Amas d’Étoiles” (“Catalogue of Nebulae 
and Star Clusters”). It contained 103 
objects, among which M31 
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John Dreyer’s (1852-‐1926)	  
contribution was the monumental 
New General Catalogue of Nebulae 
and Clusters of Stars. It contained 
nearly 8000 objects

First galaxy catalogues



Vesto Melvin Slipher (1875 - 
1969) demonstrated that 
galaxies rotate

4

1920: Great debate on the 
nature of galaxies between 
Slipher and in Curtis. 
Are the nebulae in or 
outside our galaxy?



	  	  	  	  	  Edwin	  Hubble

1925:	  
Period	  luminosity	  relaDon	  
for	  Cepheids	  in	  andromeda:

M31	  at	  a	  distance	  of	  285	  
kpc	  (factor	  3	  too	  small)
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Sec$on	  3.1	  Classifica$on
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LMC	  -‐	  Irr	  I	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  M82	  -‐	  Irr	  II
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The S0 or lenticular galaxy NGC 3115



10

3.1.2 Other Types of Galaxies 
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– Sec$on	  3.2.1-‐3.2.3	  Ellip$cal	  galaxies
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– Sec$on	  3.3	  Spiral	  galaxies



M94 - Sa          M81 - Sb            M101 - Sc 
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M95 - SBa          NGC 1300 - SBb         NGC 7741 - SBc 



In general, the brightness profile of 
spirals galaxies can be modelled 
as the sum of 

(i) an  exponential disk for the 
outer regions
I(R) = I0 exp(−R/Rd),    where Rd 
is the disk scale-length.

(ii) an r 1/4 law to the bulge

Brightness	  profile	  spiral	  galaxies
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–SecDon	  3.4.1-‐3.4.3	  Scaling	  relaDons	  
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3.3	  Spiral	  galaxies	  and	  the	  Tully-‐Fisher	  relaxaDon
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Schneider p.106
Pierce and Tully, ApJ 387, 47
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3.7	  Luminosity	  FuncDon	  of	  Galaxies
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3.9	  PopulaDon	  synthesis

28



Stellar	  spectra	  I	  
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Stellar	  spectra	  I	  
O stars are the hottest, with temperatures from about 20,000K up to more than 
100,000K. These stars have few absorption lines, generally due to helium. These 
stars burn out in a few million years.

• B stars have temperatures between about 10,000 and 20,000K.  They are 
noticeably blue.

• A stars have strong absorption lines of Hydrogen. Temperatures are about 
8000-10,000K. They appear white.

• F stars are slightly hotter than the Sun. Absorption lines of metals appear 
• G stars have temperatures between 5000 and 6000K. They appear yellow. Our 

Sun is a G star and lives for 10 Gyr 
• K stars appear orange. Temperatures are 3000-5000K. 
• M stars are the coolest stars. They are so cool (2000-3000K) that molecules, 

including water, carbon monoxide, Vanadium Oxide and Titanium oxide are 
visible. 
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Ages � 10 Gyr
(M/M�)3

info: http://www.astro.sunysb.edu/fwalter/AST101/spt.html



• Most stars are called main sequence stars or dwarfs. These 
are stars which are burning Hydrogen stably. O dwarfs are 
about 50 times as massive as the Sun, and a million times as 
bright; M dwarfs may be as small as a tenth the mass of the 
sun and one ten-thousandth as bright. Stars which have used 
up their core hydrogen and are beginning to burn out expand 
into subgiants, giants, and super giants. Later they may 
become white dwarfs. These categories are called luminosity 
classes. Note that there is no such thing as a normal star.
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5. Homework 

1.What is the galaxy type of the Milky Way ?

2.Why do we classify the Magellanic Clouds not as ellipticals ? They 
don’t have spiral arms.

3.How do you recognize mergers ?

4.Given a galaxy with an exponential profile 	I(R) =I0 exp(−R/Rd)
- what is the total amount of light emitted ? (Express in terms of I0 
and Rd.)
- what is the half light radius ? (i.e., the radius in which half the light 
is emitted)

5. For a Salpeter IMF (page 133), what fraction of the stars are formed 
with a mass more then 50 solar mass, and what fraction less then 0.5 
solar mass? 

6. See page 108 of Schneider. Show how the mass to light ratio 
increases slowly with mass (eq. 3.27) starting with the virial theorem as 
given and following the line of arguments also as given. 


