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1. The Hubble Sequence 
2. Spirals 
3. Ellipticals 
4. High Redshift Morphology 
5. Disk Rotation Curves 
6. The Tully-Fisher relation 
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The Hubble Tuning Fork (1926) 
!  Morphology is first step in understanding a 

discipline 
!  Hope is that morphology yields insight into nature, 

origin, evolution - not always true  
!  Hubble sequence is not an evolutionary sequence! 
!  http://nedwww.ipac.caltech.edu/level5/Shapley_Ames/RSA5.html for details 

!  S0 added 1936 
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!  A revised “Hubble Sequence” 
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Ellipticals 

!  Classification is based on ellipticity: 

!  Not an intrinsic property; depends on: 
!  Viewing angle 
!  Prolate vs oblate vs triaxial 

•  [how to distinguish?] 

En galaxy:  n = 10(1− β /α ), where β /α  is axial ratio.
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Ellipticals  

!  Triaxial ellipsoids in projection show “isophotal 
twists”: i.e., changes in the ellipticity and position 
angle of the isophotes as a function of radius 
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Ellipticals  
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cD galaxies 

!  Central dominant 
!  Centre of cluster 
!  Most luminous galaxy in 

cluster 
!  Extended envelope, 

multiple nuclei 
!  Velocity dispersion rises 

outwards 

!  NGC 6166 in Abell 2199 
(right - SDSS) 

!  cD sometimes just 
means brightest cluster 
galaxy - e.g. M87 
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S0 (Hubble 1936) 

!  Contrast edge-on and 
face-on 

!  Disk plus spheroid  
!  Little or no star formation 
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Amorphous Irr (I0) 

!  Right: 2 views of NGC 5253 
!  Below: M82 
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Peculiar 
!  NGC 5128 (Cen A) 
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!  NGC1316 
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!  NGC 4038+4039 (The “Antennae”) 



Astr 303    5/27/14 9:26 AM                                                                                                                                                                                
14 

!  Jets - e.g. M87 
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Wavelength effects on morphology 
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Wavelength and Morphology 
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Higher redshift (z) morphology 
Size of the expanding universe=1/(1+z) 

!  Difficulties: 
!  Fewer pixels (resolution elements) 
!  (1+z)4 dimming 
!  Bandpass shifting due to redshift 
!  Universe denser, more mergers 

!  Basic results 
!  Few or no bars 
!  Few grand-design spirals 
!  Many more irregulars, mergers 

•  z=1: 30% “strongly peculiar/merging” vs 5% locally 
•  z=1: another 30% “fall outside conventional 

framework” 
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Spiral structure 

!  Density waves  

!  Bar instabilities 
sheared by rotation 

!  SSPSF (“Stochastic 
Self-propagating Star 
Formation”) 

!  Companions - tidal 
effects 
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Surface brightness profiles:  
NGC7331 

R band Hα R band + CO 
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Surface brightness profiles 
!  Inclination-corrected surface brightness profiles are 

typically exponential (in Lsun/kpc2 or mag/asec2) 
µ(r) = µ0 +1.09(r / hr ),
    where hr  = scale length = 1/e-folding length,
    and 1.09 comes from conversion to mags

NGC7331 

The 25 mag/asec2 
isophote in the B-
band is usually 

adopted to define 
the “radius” of a 

galaxy 
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Bulges 
!  Surface brightness profile of bulges is usually 

approximated by “Sersic’s law” 

!  n~4 OK for bulges 
!  n~ 1 for disks 

The Sombrero galaxy 
NGC4594 

José Luis Sérsic 
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Vertical disk structure 
!  Vertical profiles are also usually approximated 

with exponential laws 
!  “Bulgeless” galaxies 

 exist!  
!  About 20% of disks 

 are bulgeless, a 
 challenge to theory? 

The Sombrero galaxy 
NGC4594 

UGC7321 

NGC 55 

z 
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Rotation Curves 
!  Since gas is “dissipative” it tends to settle into 

nearly circular orbits in thin disks.  
!  This may then be used to measure the mass of 

disk galaxies. 
!  Although strictly true only for spherically-

symmetric systems, the interior mass to radius R 
is well approximated by the “centripetal 
acceleration” equation:  
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Rotation Curves 
!  For gas in circular motion the line-of-sight 

(“radial”) velocity depends on the rotation curve, 
V(R) through: 
!  Azimuthal angle, ϕ 
!  Distance to the center of the galaxy, R 
!  Galaxy inclination, i  
!  The systemic velocity of the galaxy, Vsys 
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Rotation Curves 
!  The line AB in the previous figure is the 

kinematic major axis (the location where te 
observed velocity deviates most from Vsys) 

!  Contours of constant line-of-sight velocity form a 
“spider diagram” in 2D velocity maps. 
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Problems with rotation curve 
measurements 

!  Sometimes only the velocity along one direction 
in the sky is available (long-slit spectroscopy). 
This leads to systematic effects that are hard to 
correct for: 
!  Kinematic major axis?  

•  Usually assumed to coincide with the optical major 
axis 

!  Inclination?  
•  Usually guessed from the shape of the optical 

isophotes 
!  Circular orbits? 



DDO154 

A difficult 
case: where is 
the optical/
kinematic 
axis?  



The cuspy dark halo of DDO154 

van den Bosch & 
Swaters (2000) 

Rotation curve 
measurements near the 
center of a galaxy can 
put constraints on the 
distribution of dark 
matter near the center 
of halos 



LSBs with 2D Velocity Field Data: NGC 
2976 

Simon et al 2004 

NGC 2976:  
an LSB disk 
without obvious 
bulge or bar 
components. 

“…independent of 
any assumptions 
about the stellar 
disk or the 
functional form of 
the density profile, 
NGC 2976 does 
not contain a 
cuspy dark matter 
halo” 



The Velocity Field  
of NGC 2976 

Simon et al 2004 

Velocity field is 
quite asymmetric, 
with “kinks” 
similar to those 
seen in projection 
for disks in 
triaxial halos. 
Difficult!   

V=const 
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The rotation curve of NGC 7331 
!  A simpler case: one of the best studied spiral 

galaxy rotation curves.  
!  Clear evidence for a dark matter halo. 
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Rotation Curves 
!  The shape of 

rotation curves 
correlates with 
morphological 
type/luminosity 
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Rotation Curves 
!  At times only a global measurement of the 

velocity is available 
!  This happens typically when a radio telescope cannot 

“resolve” the angular size of the galaxy. 
•  Recall that the diffraction limit is ~λ/D (wavelength/

telescope diameter) 
•  In this case a “velocity profile is all that is available. 

Note that still in this case a “characteristic” rotation 
velocity for a galaxy may be measured. 
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The Tully-Fisher relation 
!  The rotation speed of a galaxy is a well-defined 

quantity (especially if the rotation curve is flat) 
!  Vrot correlates extremely well with the total 

luminosity of a galaxy---this is known as the 
“Tully-Fisher relation” 
!  This is a very useful secondary distance indicator 

• In the I-band: 
LI/Lsun~4x1010*(Vrot/200 km/s)4 

•  The relation is tighter in the 
redder bands, where starlight is 
less affected by dust absorption 
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!  Origin of Tully-Fisher: 

!  Not thought to be the real reason. Probably 
something to do with the properties of the dark 
halos, but what exactly? 

Flat rotation curves:  M = Vmax
2 R /G

Assume M/L is the same for all galaxies.

    L = 1
(M / L)0

Vmax
2 R
G

.

Also assume all galaxies have about the same mean surface
brightness:  L/R2 = csb . Some algebra, a miracle happens ...
    L = cVmax

4

or, in mags:
    MB = c '−10 log10Vmax
as observed!



The Hierarchical Formation of a Disk Galaxy 

• Stellar disks form 
after the dissipative 
collapse of gas 
onto thin, 
centrifugally 
supported 
structures. 

•  Spheroids form 
subsequently as a 
consequence of 
mergers.  

• Galaxy 
morphology is a 
transient, evolving 
feature in the 
lifetime of a galaxy. 

Steinmetz & Navarro 2000 


