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Multi-dish radio synthesis telescope arrays give 
brightness temperature (HI surface density) & velocity

V

from 3D data cube of 21 cm position and redshift

HI map 
“moment zero” 
surface density 
of atomic gas

Velocity field 
“moment one” 
doppler shifts  
of atomic gas



Multi-dish radio telescope arrays give surface density and velocity

moment zero

moment one



M33 velocity field

kinematic major axis
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titled ring modelRotation curves 
extracted using “tilted 
ring” fits

Fit ellipses that most 
closely match the 
circular velocity at a 
given radius.  In 
principle, get ellipse 
center, position angle, 
axis ratio, inclination, 
and rotation velocity.  
In practice, usually have 
to fix some of these 
parameters.

velocity 
variation 
along ring



V sini = Vsys + Vc cosθ + Vr sinθ

NGC 6822 (Weldrake & de Blok 2003)
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titled ring model

isovelocity contours



observed velocity fields

Bosma (1981)



data model
Fit m

ade w
ith 3DBarolo by K. Parker



data model
Fit m

ade w
ith 3DBarolo by K. Parker



To separate the dark from the 
lights, gotta understand stars

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

Stars & Stellar populations

• Stellar Evolution 
• lives of individual stars 

• IMF (Initial Mass Function) 
• mass spectrum of stars formed 

• Star Formation History 
• rate at which stars form 

• Metallicity 
• distribution of chemical abundances



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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