GALAXIES, GALAXIES, GALAXIES!

1. Galaxy Classification

Ellipticals
Dwarf Ellipticals
Spirals

Barred Spirals

Irregulars

2. Measuring Properties
of Galaxies
Distances
Sizes

Luminosities
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A dime a dozen... just one of a 100,000,000,000! Dark Matter?

From this image, we can estimate
the number of galaxies in the
universe!

1. Count the number of
galaxies in this image

2. Measure angular area on
the sky of this image

3. Figure out how many
images of this size needed
to cover entire sky

4. Multiply that number
(from 3.) by the number
of galaxies in this image
(from 1.)

The longest, deepest exposure ever taken. Was an empty piece of sky!
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Galaxies are the Fundamental “Ecosystems” of the Universe

* are cosmic engines that turn gas into stars and stars into gas
* between them no star formation occurs; “nothing happens” in intergalactic space
« are recent discovery (by Edwin Hubble in late 1920’ s)

* can be classified my morphology (shapes and sizes)

Three Main Types of Galaxies:

» Ellipticals - galaxies are pure bulge, no disk component

* Spirals - galaxies contain varying amounts of disk component
from mostly bulge with barely detectable disks to
those totally dominated by their disks

* Irregulars - galaxies are... well. Odd.

Examples of Three Main Morphological Galaxy Types

Spiral Irregular

Elliptical

"NGC 2997

The Hubble
Tuning Fork
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Elliptical Galaxies

Elliptical galaxies are affectionately called “E” galaxies. They can be extremely
large and massive. This galaxy is 2 million light years across.

« The size of the Milky Way in comparison!™

Outline of an
E6 galaxy

Names of E galaxies give their shape.
EO is round. E6 is elongated.
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Note how this little formula is
used simply by looking at the
photograph. We use computers i
to make these measurements.

An Example of an E0 galaxy. The The way you name an E galaxy is to

bright objects surrounding it are its measure its “major” and “minor” axis

own globular clusters. and plug it into the formula above.
More E Galaxies

Outline of an
E6 galaxy

Here is an example of an E6 galaxy. Note Many E galaxies reside in center of groups
how well it fits the definition of an E6. or clusters of galaxies.

Note that it has smooth brightness profile, Note the EO (to the right) and the E3 near
that there are no features due to dust and the center of the cluster.

gas.
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Spiral Galaxies

Spirals are classified by their relative amount of
disk and bulge components.

We designate these Sa, Sb, Sc, in order of
decreasing bulge to disk ratio.

More bulge

Barred spirals are
called SBa, SBb, SBc

More disk more star formation!

Disks vs. Bulges

Disks:
« flattened systems that rotate
« orbits of stars and gas are “circular”, rotating about disk axis
« star formation is on-going; it is can be fairly constant over the age of the galaxy
* gas and dust mass fraction is roughly 10-50% of full disk
* due on-going star formation, ages of stars widely range from age of galaxy to new
* spiral arms form as sustained density waves; where majority of star formation occurs

Bulges:
« spheriodal systems with little or no rotation
« orbits of stars are randomly oriented and highly eccentric (some are radial)
« star formation complete long ago; gas consumed efficiently long ago
* ages of stars are mainly old; most as old as the galaxy
« very little to know gas; it has been converted to stars already
« overall structure is smooth- no clumpy areas like analogous to spiral arms in disks

4/13/15



The Large and Small Magellanic “Clouds”

The SMC and LMC are small Irregular
galaxies that are satellites of the Milky
Way Galaxy.

Small
+*2 .Magellanic

S
: Large
Magellanic

Cloud

The LMC is still
forming stars.

The SMC is not
forming new stars.

The Garbage Can of Galaxy Classification

Dwarf Elliptical Dwarf Irregular

aaaaaaaa

... and there are more of these types of galaxies than any other type!

There may be lots of them, but they are not very luminous or very
massive, so they do not contribute to the total integrated galaxy
luminosity or mass in the universe.
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Galaxy Morphological Revisted

Spiral Irregular

Elliptical

The Hubble
Tuning Fork
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