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Galaxy Structure

- Mass components
- Exponential Disks
- r1/4 Bulges
- Stellar Populations

- Interstellar medium
- Atomic gas (HI)
- Molecular gas (H2)
- Ionized gas (HII)
- Dust
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stellar disk

gas disk (HI + H2)

bulge/bar

Milky Way model illustrating baryonic mass components

“ring/lens”
exponential disk



Classical bulges tend to have Sersic indices closer to 
n=4 (de Voucoulers profile)

Pseudo-bulges have various Sersic indices, often closer to 
n=1 (exponential) than to n=4 (de Voucoulers profile)

X
X/peanut shape 
characteristic of

bars seen edge-on



Stars  < 100pc from the sun

The Milky Way has a 
complex stellar population 
composed of many 
generations of stars



Typical Stellar 
composition

• Hydrogen mass fraction  X = 0.74

• Helium mass fraction  Y = 0.25

• Heavier elements (“metals”):  Z ≈ 0.01

Abundances of H & He set during Big Bang.
Heavier elements made in previous generations of stars.
Z often called “metallicity” and sometimes referenced to 
the iron abundance, [Fe/H].
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Stellar populations

• Simple Single Population (SSP)
– stars of all masses born at the same time
– e.g., a star cluster

• Complex stellar population
– Convolution of many star forming events
– need to know 

• IMF (initial mass function)
• Birthrate (star formation rate history)

open cluster

globular cluster



Galaxy spectra 
composed of 

complex stellar 
populations



The effect 
of age 

variations

The effect 
of redshift

UV optical IR

ugriz - 

Gunn filters 

Sloan (SDSS)

http://astroweb.case.edu/ssm/ASTR620/mags.html

Galaxy Spectra



Low mass stars exist in the greatest numbers 
and contain most of the mass.
High mass stars produce most of the light.

Stars by mass, light, and number



IMF vs PDF
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Stellar population 
synthesis modeling 

technique



stellar population models
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Typically, redder colors mean higher mass-to-light ratios
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Older populations (like in Elliptical galaxies) can have larger 
mass-to-light ratios, but usually 
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ISM
The stuff between the stars

Atomic gas (H I) 
Molecular gas (H2) 
Ionized gas (H II) 

Dust 

Explanatory links at NRAO


H I: http://www.cv.nrao.edu/course/astr534/HILine.html


H2: http://www.cv.nrao.edu/course/astr534/MolecularSpectra.html

http://www.cv.nrao.edu/course/astr534/HILine.html


HI:  atomic hydrogen in the interstellar medium

21 cm emission from hyperfine transition:
parallel to anti-parallel spins
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Radio line!



Fraternali, Oosterloo, Sancisi, & van Moorsel 2001, ApJ, 562, L47

NGC 2403

Stars HI gas



Stars HI gas

Boomsma 2005

NGC 6946



emission coefficient

AUL =
64⇡4

3hc3
⌫3|µ⇤|2

Bohr magneton

The radiative half-life of this transition is 11 Myr.
This is readily maintained in equilibrium even in a 
cool (~100 K), diffuse ISM (< 1 atom/cc)



MHI = 2.36⇥ 105D2FHI

Gives mass in solar masses for
D in Mpc and measured
FHI, the flux integral in Jy-km/s
1 Jy = 10

�26
Wm

�2
Hz

�1

Counting 21 cm photons is equivalent to counting 
hydrogen atoms - a direct relation to mass!



Jy

km/s

Note classic double-
horn profile 
characteristic of 
rotating disks
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Flux integral of a spiral galaxy as observed by 
a single dish radio telescope


