                                                         ASTRONOMY 5

                                                       Lecture 7 Summary

THE COSMIC TAPESTRY OF GALAXIES

1) Galaxies can be classified into types, which correlate with their star formation histories.  The system was invented by the astronomer Edwin Hubble and is called Hubble types in his honor.  The sequence is labeled “E, S0, Sa, Sb, Sc, Irr.”

· “E” stands for elliptical, which describes the elliptical-shaped images of these galaxies.  Their red colors and featureless contours indicate that their stellar populations are old…these galaxies evidently formed their stars many billions of years ago early in the history of the Universe.  Radio telescopes confirm that they are empty of gas and therefore have no fuel for making stars.  

In three dimensions, elliptical galaxies are rather spherical but are somewhat elongated or squashed.  They get their sphericity from the fact that the stellar orbits are oriented every which way (scrambled, as in the globular cluster orbit video).  In a big elliptical, 100 billion stars are whizzing around in all directions at speeds of hundreds of miles per second, but they almost never collide because the stars physically are so small (recall our model in which stars are poppy seeds separated by miles of empty space). 

· The “S” in Sa,Sb,Sc,Sd stands for “spiral.”  These galaxies are flattened rotating disks in which stars and gas march around the center in circular orbits, all going in the same direction.  The orbital “orderliness” of spirals contrasts profoundly with the dynamical chaos of ellipticals.  This orderliness allows the formation of spiral arms, which arise from complex gravitational interactions among the stars and gas (see figure in Lecture 6).

Spirals have variable amounts of gas remaining in them, so it is no surprise that stars are still forming.  The denotation “a(d” in Sa ( Sd correlates with the amount of gas and young stars.  Sa’s have only a small amount of gas and are quite red---their star-forming phase is nearly over, and their average stars are quite old.  Sd’s in contrast have a lot of gas and have a long life of star forming ahead.  They look clumpy because their light is dominated by young stars, which form in clumps of interstellar gas.  (These stellar clumps tend to get pulled apart as they orbit the galaxy, so older and redder populations are smoother-looking than younger ones.)  The colors and clumpiness of galaxies progress along the Hubble sequence as you would expect: red and smooth at the beginning where star-formation is minor, and progressively bluer and clumpier as star formation picks up along the sequence.

· “Irr” or “Irregular” galaxies are at the end of the sequence.  They have the most gas and young stars.  Their irregular appearance is a bit of a mystery … why aren’t they orderly pinwheels like spirals?  The answer may lie in the fact that most irregulars are rather small galaxies, only 1/100th or 1/10th the mass of our Galaxy.  In such small systems, supernovae explosions and other sources of stellar energy can readily stir up the gas into irregular patterns, preventing the formation of a thin, orderly disk.  Or it may be that some of these galaxies have formed recently and have not yet settled down to a disk.

2) The spheroid-to-disk ratio varies along the Hubble sequence: ellipticals are mostly spheroids with no or tiny disks, Sa’s have large spheroids and weak disks, while Sd’s are pure disks with no spheroids at all.  Evidently star-formation history is linked to orbital structure, which is an important clue to Hubble types.  See below.

3) Galaxies are found in larger structures:

· Galaxies:  1012 solar masses, diameters to 100,000 light years

· Groups and clusters of galaxies:  up to 1000 galaxies weighing 1015 solar masses, diameters to 10 million light years
· Superclusters and “walls” up to 1016 solar masses, diameters to 100 million light years
· Voids:  empty regions with diameters to 300 million light years
The arrangement of walls and voids on the largest scales is reminiscent of a bubble-like  or “frothy” structure.  The pattern of  superclusters, walls, and voids is called large-scale structure (LSS).
On still larger scales, the Universe seems to be uniform.  The “end of greatness”

has been reached.

4) Galaxies, groups, clusters, walls, and superclusters all formed from gravity acting on matter in the Universe, much as stars form from clumps of gas within galaxies.  We will see computer simulations of this later. 

5) The density of neighbors around a galaxy is called its environment.   These range from very sparse (as in the Local Group) to very dense in big clusters.  Hubble types vary systematically with environment: ellipticals and S0s are common in dense environments, spirals and irregulars in sparse environments.  This is another important clue to Hubble types because galaxies collide in dense regions.

6) Computer simulations show what happens when disks collide.  The collisions are “sticky,” and the galaxies merge unless they fly past one another very fast.  The disks get completely disrupted, and the stars are thrown into a spheroidal distribution.  Colliding disks make spheroids.  This agrees with stellar ages in the Milky Way: the old spheroid stars were made before the last big collision; the old-to-young stars of the disk were made after.  From the oldest disk stars, we estimate that the Milky Way suffered its last big collision about 10 billion years ago.  Question: where did the present disk of the Milky Way come from?  How can a galaxy re-build a disk after the collision that made its spheroid?  We will answer this after we learn more about the basic process of galaxy formation.















