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Outline I

Outline II Recall the Hubble Tuning Fork

Irregular 
Galaxies

Dwarf 
Galaxies

Elliptical 
Galaxies

Lenticular 
Galaxies

Alternative version: More
elliptical subclasses

Kormendy & Bender (1996)
Featured in Schneider’s book

Alternative version: More spiral subclasses
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Disk galaxies

Early‐type disks Late‐type disks

Disk galaxies

S0-Sa Sd-Sm

Spiral arms: Absent or 
tight

Open spiral

Bulges: Big Small

Color (B-V): Red (0.7-0.9) Blue (0.4-0.8)

Young stars: Few Many

HII-regions: Few, faint Many, bright

Surface brightness: High Low

Mass: High Low

Rotation: Fast rising Slow rising

Intermission: Which of these
disks is the most ”early‐type”? 
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Surface Brightness Profiles I
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Surface Brightness Profiles II Surface Brightness Profiles III

(L kpc‐2)

(mag arcsec‐2)

µ0: central surface brightness

Surface Brightness Profiles IV
Stars and Spectra of Disk Galaxies

Intermission:
Order these disk‐galaxy spectra from 
early‐type to late‐type

A B C

Neutral hydrogen
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Neutral hydrogen

Distance
In Mpc

Integration
over line profile

Molecular hydrogen

Gaseous and stellar motions

Average
rotational
velocity

Typical 
velocity

dispersion

Rotation curves

Radius

vrot

Radius

vrot

Typical
high surface 

brightness galaxy

Typical
low surface 

brightness galaxy

Rotation curves

Radius

vrot

Observer

i

Rotation curves

Recall from lecture 3:
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Rotation curve decomposition

dark matter halo

The Tully‐Fisher relation

Radius

vrot
vmax

The Tully‐Fisher relation II

Heliocentric velocity

Fl
u
x

vmaxvsys

Wline

In one of the exercises, we use
the following form of the TF relation:

Wline

Spiral patterns I: A “Grand Design” Spiral

Spiral patterns II: A Flocculent Spiral Intermission: 
What type of spiral is this?
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Spiral patterns III: 
Differential rotation

Spiral patterns IV:
The winding‐up dilemma

Spiral patternsV: Density waves

Stars on elliptical orbits with different orientations
stars in piral arms continuously replaced

Spiral patterns VI: Density‐wave theory

Spiral patterns VII:
Problems with density waves Bars

Face‐on disk
with bar

Bar with
elongated orbits
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Bulges Intermission: 
The Galaxy Zoo Project

http://zoo1.galaxyzoo.org/

Elliptical Galaxies
Surface Brightness Profiles of Ellipticals I

Surface Brightness Profiles of Ellipticals II
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Cusp
(low‐luminosity

Systems)

Core
(high‐luminosity

Systems)

Stars and Spectra of Ellipticals I
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Stars and Spectra of Ellipticals II
cD‐Galaxies

Triaxiality Stellar Motions in Ellipticals

The Faber‐Jackson Relation Mass Determinations for Ellipticals


