Classification of Galaxies 
Explain the classification scheme for galaxies, based on visual appearance. 
Describe the main properties of E galaxies. What are the sub-categories of E galaxies, and how do they differ? 
Describe the main properties of S galaxies. What are the sub-categories of E galaxies, and how do they differ? 
Describe the main properties of Irr galaxies. 

1) Elliptical Galaxies (E) – contain no visisble gas and dust and lack hot bright stars. They contain mostly population II stars/tend to be red

2) Spiral Galaxies (S) – very large nucleus, hardly visible spiral arms
- SA Galaxies –  large nuclei, less gas and dust and fewer hot luminous young stars compared to Sb and Sc
- SC Galaxies –small nuclei, lots of gas and dust concentrated in spiral arms, many hot luminous young stars located in spinal arms. Appear blush.
SB Galaxies – between Sa and Sc according to the size of nucleus, amount of gas and dust and the number of hot bright stars. 2/3 of spiral galaxies are called barred spiral galaxies (Sb)  .. divided into SBa, SBb, and SBc

Irregular Galaxies -  chaotic mix of gas and dust with no obvious nucleus and spiral arms, small and therefore not very luminous and are harder to observe at large distances. But most common.

Determining Distances to Galaxies 
Describe the method of Cepheid variables as it is used to determine the distances to galaxies. What is the maximum distance that can be determined in this way? 
Describe the method of globular clusters as it is used to determine the distances to galaxies. 
Cepheid variables -  B= L/4Pidsquared .. works for d up to 100 million lg ; Period-lumosity relation

Method of Globular Clusters – 





Hubbles Law
[bookmark: _GoBack]What is Hubble’s law? What was Slipher’s role in the discovery of Hubble’s law?
What was the role of the Doppler effect in Hubble’s law?
What is the significance of Hubble’s law for our understanding of the universe? 

Hubble discovered a relation between the distance of a galaxy and its recession velocity. 
- He used the data on recession velocities of galaxies obstained by another American astronomer Vesto Slipher
- Slipher measured the shift of wavelengths in the spectra of galaxies and assuming the shift results from the Doppler effect, he was able to deduce their speed relative to the milky way
Hubble used Sliphers data on recession velocities and he measured their distance using Cepheid variables.
- he noticed there is a correlation between the recession velocity and distance 
V = Hd 
- hubbles law reveals the universe is expanding, the space itself is expanding


Cosmological Redshift; The Distribution of Galaxies 
How does the expansion of the universe result in a cosmological redshift in the spectra of galaxies? 
Explain the reasoning that supports the use of Type Ia supernovae in determining the distances to distant galaxies. 
How are galaxies distributed in the universe? 

- the stretching of space causes the stretching of the wave. Ie) an increase in its wavelength – the redshift. 
- this is called the cosmological redshift
- the spectra of galaxies are redshifted
- the distances of the most distance galaxies are determined using type Ia supernovae( no hydrogen spectral lines).
- very bright, and could be observed from great distances 
- lumosity is always the same because they go off when the mass of a white dwarf in a binary system gets close to the chandrasemmar limit
Galaxies occur in clusters:
1) Rich Galaxy Clusters – contain more than 1000 galaxies
2) Poor Galaxy Clusters – less than 1000 galaxies

Galaxy Collisions/Interactions; Seyfert Galaxies 
How likely are collisions between galaxies? How does this compare with the likelihood of collisions between individual stars? 
What are some of the consequences of galaxy collisions or other interactions between galaxies? 
Are galaxy collisions/interactions more common in rich galaxy clusters or in poor galaxy clusters? What observational evidence supports this conclusion? 
How are galaxy clusters organized into larger structures in the universe? 

- Collision/interaction between galaxies is much more likely than the star-star collision
- typical galaxy distances are about 20 times their diameters; typical star-star distance is about 10 million times the diameter of star
Consequences of Galaxy Collisions:
1) one galaxy can strip away gas and dust from another galaxy 
2) gravitational distortion of galaxies as they pass near each other: shape of whirpool galaxy
3) gas compression and the burst of star formation 
4) Galaxy mergers: elliptical galaxy with multiple nuclei
5) Triggering of the spiral density waves (spiral arms) in spiral galaxies

- Collisions are more frequent in the rich galaxy then poor
- collisions would result in star formations forcing galaxy to use up its gas and dust 
- this conclusion is in agreement with the observation that ellipticals and Sa Spirals are more common in the rich galaxy clusters
- clusters of galaxies form superclusters 
- local group belongs to the local superclusters
- superclusters form filaments separated by voids
Seyfert Galaxies (after Carl Seyfert) – they are spiral galaxies and the intensity of their radiation varies on time scale of minutes
- we can conclude that the size of the active region responsible for radiation cannot be bigger than a few light minutes 

Radio Galaxies and Quasars 
What is an active galaxy? What is an active galactic nucleus? How are active galaxies detected? 
What is a Seyfert galaxy? 
Why is the time during which an astronomical source varies (i.e., its period) related to the size of the astronomical object that is emitting the detected electromagnetic radiation? 
What is a radio galaxy? How does a radio galaxy emit such an enormous intensity of radio waves? 
What is a quasar? What is a current hypothesis for the mechanism through which quasars emit such an enormous intensity of electromagnetic radiation? 

Time over which the intensity of a source varies related to its max size because: 3 sources separated by 5ly
- three sources are turned on at the same time, but first we see A, 5 years later we see A&B, and 10 years later we see all three sources.
- light intensity has gone from 0 to the maximum value in 10 ly because of the size of source (A+B+C) is 10ly

Radio Galaxies – elliptical galaxies which emit intense radio waves from their cores and from regions outside the galaxy (radio lobes) 
Quasars ( Quasistellar Radio Sources) – “stars” which are also sources of intense radio waves

The Dark Night Sky 
 What is Olbers’s paradox (also known as the problem of the dark night sky)? 
What is the history of Olbers’s paradox, and what is its significance? 
Olbers’ Paradox (1826): If the universe existed forever, is infinite and is uniformly filled with stars then the night sky should not be dark

The Big Bang Theory of the Universe 
  What is the Hubble time of the universe? What is the significance of this time? 
What is the Big Bang theory of the universe? 
 What is some of the evidence supporting the Big Bang theory of the universe? 
What is cosmic microwave background radiation? When was it first observed? What was the significance of the first observation of the cosmic microwave background radiation? 

Big Bang & Hubble: the universe was created in a giant explosion, and has been expanding ever since
- hubbles law is consistent with this sceanario.. hubbles time calculates the universe is 13.7 billion years old
Evidence of big bang: Right after the explosion, the universe had to be very hot and dense, but it cooled as it expanded
- when the temperature dropped to about 3000K, about 380,000 years after the big bang, it was possible for protons to capture electrons and form  neutral hydrogen atoms
- the universe became transparent to light, the radiation was in equilibrium with matter at 3000K and thus satisfied the Wiens Law ( Black Body Radiation Law) 
- since then the universe expanded in size 1000 times is in microwave range
Microwave Background Radiation: should be observable in all distances day and night
- it was first observed in 1964 by Arno Penzias and Robert Wilson of Bell Labs, since then several satellite missions were performed to examine the details of the microwave background radiation 

The Future of The Universe 
What is the effect of the cosmological constant, Λ, on the expansion of the universe? 􏰀 What is the connection between dark energy and Λ?
What are our best current estimates of the ultimate future of the universe? 
The fate of the universe depends on the density of matter/energy in the universe characterized by the parameter “omega’ 
Omega > 1: Recollapsing universe – it ends in the big crunch; the universe has a positive curvature 
Omega <1: Coasting Universe – it keeps on expanding at a constant rate; the curvature is negative 
Omega = 1:  Critical universe – it keeps on expanding but the expansion rate will reduce to zero in infinite future; the curvature is zero 

Einsteins “Greatest blunder”: Cosmological constant A, introduced to prevent the universe from collapsing under its own gravity 
- 4-5 billion years ago, when the separation between the galaxies became large enough, A started to dominate over gravitational attraction and the expansion started to accelerate 
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