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Morphological classification

• Elliptical (E) galaxies 

• Lenticular (SO) galaxies 

• Spiral (S) galaxies 

• Irregular (Im) galaxies



The realm of nebulae 
Hubble (1936; New Haven; Yale University Press)

En; n=10 (1-axis ratio)

Missing: S0, Magellanic irregulars, spheroidal galaxies

Edwin Hubble



Classification criteria: From Sa ➡ Sb ➡ Sc : 
• fractional contribution of the bulge decreases; 
• spiral arm pitch angle increases; 
• degree of resolution into young stars and gas increases.

The sequence E0 — E7 was interpreted as a sequence of increasing rotation.  Now 
we know that the typical elliptical is E4 and that the above is mainly a sequence of 
apparent viewing angle.  It is therefore not very fundamental.          

Elliptical (early-type) galaxies

Spiral (late-type) galaxies



Hubble’s tuning fork (modern ver.)
Early-type galaxies Late-type galaxies



Elliptical galaxies are almost featureless and have almost elliptical isophotes.  
They are made up of old stars (Population II).  They are typically a few times 
more massive than the Galaxy but range from a few percent to more than 10 
times the mass of the Galaxy.  They vary in apparent elongation from round to 
about 2:1 flattened, but this is mostly because different ellipticals are seen at 
different orientations.

Basic points:
– Ellipticals are ellipsoids
– Almost no structural details
– Orbits are very 3-dimensional

• Little net rotation
• Random motions are large

– Most stars are old

Types of Galaxies: The Hubble Sequence

M 87
sometimes contain thousands 

of globular clusters.



Spiral galaxies contain a disk of stars and gas arranged in a spiral pattern.  Sa 
and Sb galaxies also contain a central bulge that is like a small elliptical.  The 
bulge is old (Population II).  Usually the disk is made partly of young stars 
(Population I).  There are two sub-types: barred and ordinary spirals.

Along the sequence Sa ® Sc,
– the contribution of the bulge decreases,
– the fractional amount of gas increases,
– the contribution of young stars increases, so
– the disk looks more patchy, and
– the spiral arms become more open.

Basic points:
– disks are flat
– disks have spiral structure
– orbits are almost in a single plane

• disks rotate
• random motions are small
• stars have a large range of ages

Types of Galaxies: The Hubble Sequence

Our Milky Way is a typical 
spiral, intermediate between 
Sb and Sc. It has a weak bar.

M 51



S0 galaxies are conventionally thought
to be intermediate between E and S: 
they have disks, but no spiral structure.
In fact, we will see that their properties
partly parallel the Sa — Sc sequence;
i. e., there are S0s that are structurally 
more similar to Sbs than to Sas.

Irregular galaxies are asymmetric & messy. 
They contain no bulge.  They are made 
mostly of Population I (i. e., young) stars, 
and they contain large amounts of cool gas.

Types of Galaxies: The Hubble Sequence

Sextans A

NGC 3115
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Kormendy 1982, in 
Morphology and Dynamics of Galaxies, 

12th Saas-Fee Course, 
ed. M. Martinet & M. Mayor

(Sauverny: Geneva Observatory), 113

(r)

bulge bar

lens (R)

NGC 2523

NGC 1291

disk

Not just bulge, spiral and bar



de Vaucouleurs, G. 1959, in Handbuch der Physik, LIII (Berlin: Springer), 275 

de Vaucouleurs Revised Types

These are not a change; rather, they add detail:
• Sequence extended: Sd and Sm added between Sc and Im;

• SA is called “ordinary” rather than “normal”;

• Transition type SAB added (1/3 SA, 1/3 SAB, 1/3 SB);

• Third dimension: explicit inclusion of (r) and (s) types;

• Makes it explicit that type variation is small at E and Im 
and largest at intermediate types.

Caveats and Limitations:
• Sc — Sd — Sm — Im proves to be L sequence;

• (r) in SA and SB galaxies are probably not related;

• (r) includes “lenses” (partly fixed in RC3); 

• Third dimension for (r) but not (R); 

• Flocculent and global pattern 
spiral structure are still 
not differentiated.
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cD Galaxies
Morgan, W. W. & Lesh, J. R. 1965, ApJ, 142, 1364

Morgan & Lesh provide a
catalog of prototypical cD
galaxies in rich clusters.

Many are radio galaxies.

It will turn out that cD halos
(the extra light at large radii
that is “additional to” the 
elliptical galaxy inner part) 
are a cluster phenomenon —
they appear to be made of 
stars that are tidally stripped 
from the cluster galaxies.

NGC 6166 is the nearest cD galaxy.

M 31 at same scale

Many nuclei: “galaxies at lunch”
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Spectral classification

• Normal galaxies 

• Blue spectrum (O,B stars), Red spectrum (old, light stars) 

• Active galaxies 

• Broad spectrum from radio to X-ray and γ-rays (if nearby) 

• Starburst galaxies  (e.g. ULIRGs: UltraLuminous IR Galaxies) 

• SFR > 100 M /year, dusty, strong IR emission 

• Strong interaction, merging





Fig2.5 in MvW

Fig2.12 in MvW

Galaxy spectrum = ∑stellar spectrum





Galactic color-magnitude diagram





Fast Evolution of spectrum


