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Galaxies
In the early 1900's astronomers were 
debating whether objects that 
appeared to be nebulae with spirals 
were:  

(a) objects located within our galaxy 
or,

(b)  rotating systems of stars just like 
our Milky way but not a component 
of our galaxy.

Harlow Shapley and Heber Curtis 
debated this issue in DC in 1920. 
The issue was not resolved at the 
time.

The nature of “spiral nebulae” was 
resolved with observations of 
Andromeda made by astronomer 
Edwin Hubble.
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● Hubble 
Ultra Deep 
Field
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Spiral Galaxies
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Spheroidal component:
bulge and halo, old stars, few gas clouds

Disk component:
stars of all ages, many gas clouds

Spiral Galaxies
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Disk 
component:
stars of all 
ages, many 
gas clouds

Spheroidal 
component:
bulge and halo, 
old stars, few
gas clouds

Spiral Galaxies
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Spiral Galaxies

Hubble further classified spirals into :

Sa galaxies: smooth broad and tightly wrapped spiral arms with a large bulge 
(~4% of baryonic mass in dust and gas)

Sb galaxies: moderate-sized spirals and bulge (~8% of mass in dust and gas)

Sc galaxies: narrow loosely wrapped spirals and small bulge (~25% of mass 
in dust and gas)



The Whirlpool Galaxy M51 
Grand Design Spiral 
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Grand Design Spiral



Flocculent Spiral NGC 2841

Flocculent Spiral



Spiral Galaxies

Spiral Galaxies

10% are Grand Design
60% have Multiple Arms
30% are flocculent
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● Elliptical 
galaxy: all 
spheroidal 
component, 
virtually no 
disk 
component

● Red-yellow 
color indicates 
older star 
population.

Elliptical Galaxies



Elliptical Galaxies
Elliptical galaxies contain very little amounts of gas, dust 
and star formation. They are composed of mostly old red 
Population II stars.

Giant elliptical galaxies are about 20 times larger than typical 
elliptical galaxies and often found in clusters of galaxies.

Dwarf elliptical galaxies contain only about a few million 
stars compared to 100 billion in the Milky way.

The spectrum of a galaxy consists of the sum of the spectra 
of all its stars. Their absorption lines are broadened because of 
the Doppler effect produced by orbiting stars.
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● Irregular galaxy(some have distorted shapes likely the result of 
collisions)

Blue-white 
color indicates 
ongoing star 
formation.
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● Lenticular 
galaxy: has a 
disk and bulge 
like a spiral 
galaxy bit no 
spiral arms and 
has much less 
dusty gas 
(intermediate 
between spiral 
and elliptical)

Lenticular Galaxies
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Hubble’s Tuning Form Diagram

Spheroid
dominates

Disk 
dominates
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oblate: flattened spheroid

Ellipticals: Morphological Classification: E0 – E7
Ex, with x = 10(1-b/a)
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Formation of the First Galaxies

These very deep observations with 
HST show us how galaxies looked 
like in the distant past some ~11 
billion years ago. 

Recent observations of the very first 
galaxies in the Universe suggest that 
galaxies formed from the merger 
of smaller objects. This is often 
referred to as building galaxies from 
the "Bottom Up”. The building 
blocks of galaxies are about a few 
1000 ly across. 

The very first galaxies appear very 
blue indicating significant star 
formation at this time. 
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Why do galaxies differ?
What are starbursts?
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Why do galaxies differ?

1. Birth Conditions (rotation, density)

2. Mergers
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Conditions in Protogalactic Cloud?

● Spin: The initial angular momentum of the protogalactic cloud 
could determine the size of the resulting disk. Protogalactic
clouds with large spin are likely to form a disk and the 
resulting galaxy will be spiral. 
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Conditions in Protogalactic Cloud?

● Density: Elliptical galaxies could come from dense 
protogalactic clouds that were able to radiate energy 
and cool, forming stars before gas settled into a disk.
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Spiral versus Elliptical Galaxies

One idea to explain why some galaxies 
become spirals and other ellipticals
is that if star formation is large during the 
formation of the protogalaxy all the gas 
will be consumed quickly to form stars 
and no disk is formed resulting in an 
elliptical galaxy. Conversely, if star 
formation is weak within a protogalaxy
the gas will have time to settle and form 
a disk resulting in a spiral galaxy.
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● We must also consider the effects of collisions.
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● Collisions were much more likely early in time 
because galaxies were closer together.
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A composite image of M51, also known as 
the Whirlpool Galaxy.

X-ray data from the Chandra X-ray 
Observatory reveals point-like sources 
(purple) that are black holes and neutron 
binary systems. Chandra also detects a 
diffuse glow of hot gas that permeates the 
space between the stars. 

Optical data from the Hubble Space 
Telescope (green) and infrared emission
from the Spitzer Space Telescope (red) 
both highlight long lanes in the spiral arms 
that consist of stars and gas laced with 
dust. 

A view of M51 with the GALEX 
telescope shows hot, young stars that 
produce lots of ultraviolet energy (blue).
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A Black Hole Census

Hubble image of the central region of the Andromeda galaxy 
(M31) in visible light.  The stars form an eccentric disk around the 
SMBH (MBH ~ 140 �106 M¤). The black hole is located closer to 
the fainter of the two peaks in the light distribution.
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Black Hole Mass and Galaxy Bulge Mass

Observations in the 1990s had demonstrated a possible 
empirical relationship between galaxy luminosity and black 
hole mass but this relationship had larger scatter (Magorrian
Relation).

The mean ratio of black hole mass to bulge mass is believed 
to be approximately 0.1% , i.e., a bulge of one billion solar 
masses contains a black hole of approximately one million 
solar masses.
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Black Hole Mass – Velocity Dispersion Relation

The MBH-σ relation is an 
empirical correlation 
between the stellar 
velocity dispersion σ of a 
galaxy bulge and the mass 
M of the supermassive
black hole at the galaxy's 
center.
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The influence of black hole winds on their environments

Sombrero Galaxy

Milky Way
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Density-Wave Model of Spiral Arms

Most of the stars, gas and dust in our Galaxy rotate around the 
center of the galaxy at almost the same speed. Any  rigid 
pattern of stars could not persist after some time.

The density-wave model posits that the spirals are actually 
density-waves that travel around the disk just like ripples on 
water.  These waves move around the galaxy more slowly than 
do stars, dust and gas near the center of the galaxy.

A density wave compresses the gases in the interstellar 
medium and this leads eventually to star formation.



A spiral arm is a region where the 
density of material is higher than in 
the surrounding parts of a galaxy. 

Interstellar matter moves around 
the galactic center rapidly (shown 
by the red arrows) and is 
compressed as it passes through 
the slow-moving spiral arms 
(whose motion is shown by the 
blue arrows). 

This compression triggers star 
formation in the interstellar matter, 
so that new stars appear on the 
“downstream” side of the densest 
part of the spiral arm.

Density-Wave Model of Spiral Arms
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Density-Wave Model of Spiral Arms



Self-Propagating Star-Formation Model of Spiral Arms 

In the density wave model 
well defined spiral arms 
produce star formation.

In the self–propagating model 
chaotic looking spiral arms are 
produced by star formation. 
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Elliptical Galaxies

The giant elliptical galaxy ESO 325-G004
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Estimating the distances to Elliptical Galaxies

The fundamental plane is an empirical relation between the 
effective size, the average surface brightness and the central 
velocity dispersion of the central stars found in elliptical 
galaxies. 

If one measures these three quantities for many elliptical 
galaxies and plots them they find that the points fall on a plane 
called the fundamental plane. 



Having found the fundamental 
plane for nearby galaxies one can 
estimate the distance to remote 
elliptical galaxies:

First one measures the central 
velocity dispersion of the stars 
and the average surface 
brightness. Then using the 
fundamental plane one can infer 
the effective radius of the galaxy 
and use the small angle formula 
to estimate the distance.

Estimating the distances to Elliptical Galaxies
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