Review for Astronomy 3 Final
*Disclaimer*
This should not be all you study!  You should DEFINITELY study the professor’s notes from class because they have much more detail than I give here (hard to believe considering the massive size of this review, I know).  Also, you should study the midterms and the homework since many of the questions will be similar or the same as questions from those.  For example calculations you should study those from the midterms and homework as well because there is nothing drastically different from those (since I can’t give you examples like I normally do).  Also, you’ll notice that the 2nd midterm stuff has only some minor changes, so you may need less of this giant review sheet than you think.  Still, here it all is in all it’s glory and I hope you find it all helpful.  Happy studying!!  (  Quinn
Chapters Covered: All those covered in the class
80 Questions: Most of the emphasis will be on chapters 13-16, a little on 17 and the rest
Equations to Memorize:

*Mechanics
(Period)2 (years) = (semi-major axis)3 (AU)    Kepler’s Third Law 

Force = mass x acceleration           Newton’s Second Law

Force = G x (Mass)1 x (Mass)2       Newton’s Gravity Law (conceptual)

         (distance)2

Density =   Mass_

     Volume
*Light
Frequency =        1___
                       Period

Maximum Wavelength (blackbody) ~          1____





  Temperature

*Telescopes
Light Collecting Area = π x (radius)2
Angular Resolution = 0.25 x wavelength (microns)



        Diameter (meters)
*Stars
Distance (parsecs) =        1
 


          Parallax (“)
Luminosity (intrinsic brightness) ~ (radius)2 x (temperature)4
Intensity (apparent brightness) ~  luminosity
                                                      (distance)2
Lifetime of a star ~      mass

                                luminosity

Magnitudes
· There will be no calculations of magnitudes, but you should know that a smaller magnitude means a brighter object

· Example: If Star A has an apparent magnitude of -5 and Star B has an apparent magnitude of 12, which is brighter?  The answer is Star A because -5 is smaller than 12.

*Cosmology
Velocity (km/s) = Ho x distance (Ho is Hubble’s constant)
Specific Constants to Know
Speed of Light = 3 x 108 m/s

Astronomical Unit (AU) = 1.5 x 108 km

Radius of Earth = 6400 km
Surface Temperature of the Sun = 6000 K

Radius of the Sun = 700,000 km ≈ 100 x Radius of the Earth
Solar Constant (luminosity of the sun) = 1400 W/m2
*These are not the only numbers to know, but the only constants (i.e., you won’t need to know the speed of light, but you will need to know some of the other numbers you see on this review sheet).
*Concepts Broken Down by Chapter*
Chapter 1, “The Copernican Revolution”
· Lunar eclipses only occur at full moons and solar eclipses occur at new moons.

--There isn’t an eclipse at every full/new moon because the moon’s orbit is inclined a few degrees relative to the plane of the ecliptic
· The earth is tilted 23.5° with respective to its orbit around the sun – this tilt is responsible for the seasons.
· Ptolemy and Aristotle championed the Earth-centered (geocentric) model of the universe.
--In order to explain the apparent retrograde (backward) motion of the planets, Ptolemy asserted that the planets both orbited the sun and traveled in epicycles (smaller circles) around a point on its orbit.
· Copernicus offered instead the idea of the Sun-centered (heliocentric) universe because it didn’t require epicycles and was thus simpler (Copernican revolution).
· Galileo made many important contributions to astronomy:
--Craters on the moon

--Phases of Venus (unexplained in geocentric model, but ok in heliocentric)
--Sunspots

--Jupiter’s biggest moons (Galilean moons)

· Constellations are just arbitrary groupings of stars and are not physically associated

· Astronomers use Right Ascension and Declination to locate stars in the sky

· Kepler’s Laws
1. Planets follow elliptical orbits with the sun at one focus (semi-major axis ~ radius because they are very close to circles)
2. Planets travel a velocity such that they sweep out equal orbits in equal times.

3. P2 = a3 (see equations above)

· We can use radar to measure the distances to planets and other objects within our solar system
· Newton’s Laws
1. Inertia

2. F = ma

3. For every action, there is an equal and opposite reaction

--Gravity law (see equations) – the force of gravity depends on the mass of two objects and the distance between them

Chapter 2, “Light and Matter”
· Light is an electromagnetic wave.  

· There are many kinds of light, and the type depends on the wavelength/frequency of the wave

· Kinds from highest energy (shortest wavelength, highest frequency) to lowest energy (longest wavelength, lowest frequency)

Gamma-ray ( X-ray ( UV ( Visible ( Infrared ( Radio ( Microwave

· Light can also be thought of as a particle called a photon
· All light travels at the same speed, the speed of light, regardless of its frequency or wavelength
· The spectrum of a light source consists of each wavelength of light broken up and spread out so that one can see the relative strength of each wavelength from that source.
· A blackbody is an object with a certain temperature that emits light over many wavelength (see figure 2.10 for a nice picture of a blackbody spectrum)
--The peak wavelength of the blackbody (or the wavelength emitted with the greatest strength) is inversely proportional to the temperature of the blackbody (see equations)

--Hotter objects (like stars) will emit much shorter wavelengths and will appear bluer.  Colder objects will emit more at longer wavelengths and will appear redder.
· Types of spectra
--Continuous spectra are those with emission at all wavelengths and no lines (blackbody)
--Emission spectra occur when a heated gas emits radiation at only certain wavelengths, creating emission lines

--Absorption spectra occur when light is shined on a gas and certain wavelengths are absorbed by the gas, creating dark absorption lines (stars have these kind of spectra)
--The wavelengths of the absorption lines for a given element are the same as those of its emission lines (Kirchoff’s law)

· The Doppler effect occurs because the frequency/wavelength of the light will change as it moves relative to an object moving in a different direction or not at all

--If you are an observer standing still, objects emitting light moving toward you will be blueshifted, i.e. the frequencies will increase.  Objects moving away from you will be redshifted, i.e. the frequencies will decrease.
Chapter 3, “Telescopes”

· Refracting telescopes use lenses to focus and magnify light.  These aren’t 100% effective because lenses bend different wavelengths of light in different ways.
· Reflecting telescopes use mirrors and constitute the majority of modern telescopes.

· Light collecting area depends on the diameter (radius) of a telescope – the bigger the diameter, the more light it can collect, the fainter the objects it can see (see equations)

· The amount of resolving power a telescope has depends on diffraction, or the bending of light around corners and holes (see equations for diffraction limit angular resolution)

· The atmosphere makes it difficult to resolve a lot of objects, so we use techniques like adaptive optics and interferometry to improve resolution

· The best place to build a telescope is on a high mountain near the ocean
Chapter 4, “The Solar System”
· Terrestrial planets
--Mercury, Venus, Earth, and Mars

· Jovian planets (gas giants)
--Jupiter, Saturn, Uranus, Neptune

· Odd Man Out
--Pluto

· All the planets are on the same plane (the ecliptic, and Pluto is actually a little out of the plane) and all revolve around the sun in the same direction
· Properties of the different kinds of planets
--Terrestrial planets are close to the sun, 2000-6400 km in diameter, quite dense (3900 – 5500 kg/m3), and have at most a few satellites (or moons).  They are made primarily of rock.

--Jovian planets are farther from the sun, 25000-72000 km in diameter, not too 

dense (700 – 1600 kg/m3), and have many satellites (moons).  They are made p

primarily of gas.

--Pluto is a large object in the Kuiper Belt and is probably very icy like other objects in that area of the solar system.
· Asteroids are mostly located in the asteroid belt between Mars and Jupiter.  There are a few that are also out near the orbit of Jupiter called Trojan asteroids.  They are small, rocky, and oddly shaped.
· Comets are located out past the orbit of Pluto.  Short-period comets are located in the Kuiper Belt and long-period comets are located in the Oort cloud.  They are like “dirty snowballs”, made of mostly ice and dust.  The tail of the comet is due to the solar wind pushing on the comet and blowing gas and dust off of its surface (two tails).
· Formation of the Solar System
--Large, rotating cloud starts contracting

--Cloud flattens into a disk due to conservation of angular momentum
--Dust grains will start colliding and will grow.  Eventually they will be big enough to have sufficient gravity to attract surrounding material and grow even more.  These will eventually become the planets and their properties are determined by their location.
· About 100 extrasolar planets have been detected using the Doppler effect
Chapter 9, “The Sun”
· Basic Stellar Structure (from inside out)

--core ( radiative zone ( convective zone ( photosphere ( chromosphere ( corona
    
--the photosphere, chromosphere, and corona make up the atmosphere of the sun
· The energy is produced in the core of the sun through nuclear reactions, i.e., the proton-proton chain
-- p-p chain:  4 Hydrogen Nuclei (4 protons) ( 1 Helium Nuclei (2 protons, 2 neutrons) + 2 neutrinos + 2 photons (energy)

-- fusion requires high temperatures in order to overcome the electromagnetic repulsion between nuclei (once nuclei get close enough together, the strong force will bind them)
· We study the interior of the sun through helioseismology (solar vibrations that are always present)
· Sun’s composition is 69% Hydrogen, 29% Helium, 2% Other elements
· Solar Cycle
-- lasts for 22 years and is due to magnetic fields in the sun
-- activities include:

    * sunspots and prominences (which are related)

    * solar flares 

    * coronal mass ejections

· The sun exhibits differential rotation, which means the equator rotates faster than the poles – this causes magnetic field lines to get all wound up and is thought to be responsible for sunspots

· The corona is the very hot, very diffuse outer atmosphere of the sun that we can only see during eclipses.  The solar wind, which is the outflow of charged particles from the sun, comes mainly from coronal holes, and is responsible for phenomena like the northern lights. 

Chapter 10, “Measuring the Stars”

· Parallax is a way to measure the distance to a star using trigonometry (formula given on the first page) and is measured in arc seconds (“).  A parsec is defined as the distance an object would be at for it’s parallax to be equal to one arc second.
· The average distance between stars in the galaxy is ~ 1 parsec.
· Intensity (apparent brightness) changes with distance, but luminosity (intrinsic brightness) doesn’t (see formulas on first page).
· Magnitudes

-- Apparent magnitude is the magnitude of a star as we see it from the earth

-- Absolute magnitude is the magnitude a star would have if it was located 10 parsecs from the earth.

-- Remember: smaller = brighter on the magnitude scale!!
· Stars have a spectrum that is very close to a blackbody, and that’s how we can determine their temperature.
· Temperature is the most important quantity in determining a star’s spectral type (and vice versa)

· Spectral types: O B A F G K M L T (Oh Be A Fine Girl/Guy Kiss Me Lovingly Tonight)

· The temperatures of stars range from 1500 K to 30,000 K (T stars are the coolest, O stars are the hottest)

· Additionally, stars range in radius from 0.01 Solar Radii to 100 Solar Radii, and range in mass from 0.075 Solar masses to 100 Solar Masses (again, T stars are the smallest, O stars are the biggest)
· Hertzsprung-Russell (HR) Diagram
-- This is a very important diagram that plots the temperature of a star on the x-axis (increasing to the left) and the luminosity of a star on the y-axis.
-- A star’s location on the HR Diagram depends on where it is in its evolution

-- The main sequence is an S-shaped band that runs down the middle of the HR diagram and is where stars spend 90% of their lives.  This is where they are happily fusing hydrogen to helium in their cores.
-- You should study the HR diagrams in your textbook to get an idea of where different types of stars will be found (e.g., red giants, pre-main sequence stars, white dwarfs, etc)
· Luminosity classes

-- Ia and Ib = supergiants

-- II = intermediate

-- III = giants

-- IV = subgiants

-- V = main sequence

-- The sun is a G2V star, which is quite average as stars go.  (
· Spectroscopic Parallax is the distance one infers for a star based upon its apparent brightness, spectral type, and luminosity (from the HR diagram).

· Mass is the most important property in determining the life of a star.  Stellar masses are measured using binary star orbits.

· Most stars (80%) are less massive than the sun
Chapter 11, “Interstellar Medium”
· The interstellar medium is made of gas and dust

· It dims and reddens starlight behind it due to scattering.
· Dark dust clouds are found throughout the galaxy and are actually made of mostly gas (mainly hydrogen and a few complex molecules) and only some dust.
· These clouds provide the raw materials for the creation of new stars.
· Star formation
-- First, a supernova shock will perturb a cloud and cause it to begin collapsing.
-- The cloud will break into fragments that continue to collapse, and those fragments in turn will break into smaller fragments, and so on, until they are the right size for forming a star

-- Nuclear burning starts as soon as the central temperature of the new protostar reaches 107 (10 million) K.
-- Once a new star is visible through its cloud, it is called a T Tauri star.
-- Some gas clouds will not have enough mass to reach the 10 million K temperatures required for fusion – the stars created from these clouds are called brown dwarfs and can be loosely thought of as failed stars (they have masses < 0.08 Solar masses)

· Star clusters are groups of stars that form from the same large gas cloud and hence form at about the same time.  The stars in a cluster have a wide variety of masses.  There are two main kinds of star clusters:
-- Open clusters are young, with lots of big blue stars that have yet to leave the main sequence.  They typically have an irregular shape (morphology)

-- Globular clusters are very old clusters with mostly red stars, since all the blue stars evolved off the main sequence long ago.  They have an almost spherical shape (morphology) and are thought to have formed when the universe was very, very young.

-- Star clusters are very important in that they teach us a lot about stellar evolution (since the stars in them form at about the same time)

Chapter 12, “Stellar Evolution”
*Low Mass Stars (like the sun)
· Eventually stars run out of hydrogen to fuse into helium in their cores – when this happens they leave the main sequence and progress into further stages of evolution (this takes about 1010 years for a star like the sun)

· With no more energy produced due to hydrogen fusion, the star will collapse a bit and this will cause hydrogen burning to start in a shell around the helium core.  At this point the star expands to huge sizes and gets very luminous – it has become a red giant.

· When the sun is a red giant, it will expand to engulf Mercury.

· Eventually, temperatures in the core will be hot enough to fuse helium into carbon, and the star will move onto the horizontal branch, AKA the helium main sequence.

· When the helium runs out, the now carbon core will be unable to fuse any more elements, and the star will go onto the asymptotic giant branch.  There will still be hydrogen and helium fusion going on in shells around the core, but not in the core itself.

· Eventually, the outer layers will be gently puffed off the star, forming a planetary nebula.  
· The leftover carbon core is known as a white dwarf, and is the final stage of low mass stellar evolution.  White dwarfs are about the size of the earth but are very dense and very bright at first.  Over a long period of time, the white dwarf eventually cools and fades away.
*Intermediate Mass Stars (2 to 8 solar masses)
· The evolution of a star of this size is quite similar to that of a low mass star like the sun, but after it burns all of its helium into carbon, it is big enough to fuse carbon into higher elements like oxygen.  It then also becomes a planetary nebula/white dwarf.
*High Mass Stars
· High mass stars start out burning helium and carbon like the lower mass stars, but the difference is it can fuse more and more elements beyond carbon and oxygen and will become a blue supergiant and then a red supergiant.
· More and more shells of burning will be formed, giving the interior of the star an onion-like appearance. 

· Eventually the star gets to the point of having a core entirely made of iron.  At this point, fusion ends and the core collapses in about 1 second.  This causes a supernova explosion (see below).

*Big, nasty explosions
· Novae occur in systems consisting of a white dwarf with a main sequence/red giant companion.  The white dwarf will sometimes “steal matter” from its companion, and eventually will have enough hydrogen on its surface for that hydrogen to begin to fuse to helium.  It will do this very quickly and then explode and be thrown from the white dwarf.  Nova can be periodic, which means they can occur over and over again on the same star.
· Type I Supernovae also occur in systems consisting of a white dwarf and a main sequence/red giant companion.  The difference is that sometimes the white dwarf will steal so much mass that it will pass the mass limit at which it can support itself (Chandrasekhar limit, 1.4 solar masses), and will completely explode.  They can be distinguished from type II supernova because of the fact that their spectra are hydrogen poor (since white dwarfs are mostly made of carbon), and their light curves will be different.
· Type II Supernovae occur when the high mass stars described above undergo iron core collapse.  The outer layers will hit the core like they are running into a “brick wall” and the shock wave will cause them to be violently expelled into space.  These supernovae are hydrogen rich.  A very important recent supernova is Supernova 1987A, which occurred in the Large Magellanic Cloud in 1987.
· Except for hydrogen and helium, all other elements in the universe are created inside stars.

Chapter 13, “Neutron Stars and Black Holes”

· Supernovae Type II are formed as a result of the core collapse of a very massive star – in a fraction of a second all the protons and neutrons in the star combine to form neutrons, thus forming a neutron star
-- Neutron stars have a radius of about 10 km, a rotation rate of ~ 1 second on average (they must rotate fast as a result of angular momentum conservation), and very strong magnetic fields

· Pulsars are young neutron stars that emit radio pulses in very regular, fast intervals.  A pulsar can be thought of as a “lighthouse” with radio emission due to particles in its magnetic field beamed like a beam from a lighthouse.  The neutron star spins fast, so the radio beams also spin fast and every time the jet points in the direction of the earth, we receive a pulse (see fig 13.2 in the book for an illustration of how this looks).
--All pulsars are neutron stars, but not all neutron stars are pulsars.  The beam must be oriented pointing towards the earth for us to see the pulses, and sometimes they are not.
--Pulsars also emit radiation in the visible, X-ray, and gamma ray parts of the spectrum

· X-ray bursters are neutron stars with a companion from which it accretes material (much like a white dwarf in a novae situation).  Eventually the hydrogen it accretes will ignite and give off a burst of X-rays.
· Millisecond pulsars are pulsars with the shortest period of all (one millisecond is 0.001 seconds).  These are also the result of interactions between a neutron star and a binary companion.
· Gamma ray bursts are the most violent phenomena in the universe.  There are two possible sources of gamma ray bursts:

--Coalescence (merger) of two neutron stars

--Hypernova, which are supernova type II where the remnant is a black hole instead of a neutron star

· Stars with > 25 Solar masses will explode in a type II supernova and leave behind a black hole

-- The greatest mass a neutron star can have is 3 solar masses, and 25 Solar mass stars will have cores with masses greater than this limit
--Black holes will collapse to a singularity.  If the earth was 1 cm across or the sun was 3 km across, they would be black holes
· The escape speeds (velocities required to get off the surface of an object) of a black hole are greater than the speed of light, so nothing can escape from a black hole.
-- The event horizon or the Schwartzschild radius can be thought of as the radius of the black hole – it is actually the distance away from the “singularity” at which nothing can escape anymore, so anything that passes this radius is lost as far as we are concerned.

· Einstein formulated the theories of special and general relativity
--Special relativity deals with the constancy of the speed of light and how the rate at which time flows for an object depends on its speed.  

· General relativity is what we need to describe what will happen in the vicinity of a black hole (once you are in the black hole, no laws of physics currently formulated can describe was happens – we have no idea).

--In general relativity, spacetime is sort of like the fabric upon which all objects in the universe rest.  If you think of spacetime as something of a giant trampoline, then gravity is just caused by objects with mass “bending the trampoline”.  So all objects on spacetime have to follow the curve of spacetime, just like a ball (or you if you are lucky) rolling around on a trampoline will roll into a bend.  This is why light is affected by gravity.  Even though a photon has no mass, it has to follow the curvature of spacetime.  A black hole will essentially “poke through” the trampoline so that everything that goes in will not be able to get out.
· Objects can orbit a black hole according to the normal laws of physics.  It is when they get too close that you need general relativity.  If you get too close, you would be ripped apart by the strong tidal forces.  Also, someone watching you go in would see you falling in forever because time would appear to stop (you, however, would have no trouble falling to your doom even if other people couldn’t see you do so).

· Binary systems are used to find masses for all types of objects, and black holes are no exception.  If a star is orbiting a black hole you may have a chance to actually tell if it’s there by figuring out how massive it must be.
Chapter 14, “The Milky Way”

· In the 18th century, scientists tried to determine the structure of the Galaxy by counting all the stars in all directions.  This lead them to the conclusion that the sun was in the center of the Galaxy because dust obscures the light of many distant stars.

--Eventually, they used RR Lyrae variable stars (like Cepheids) to get a period-luminosity relationship, which in turn gave real distances and showed that the Galaxy was much larger than was originally suspected.
--They found that the diameter of the Galaxy is 30 kpc (30000 pc), and that the sun is 8 kpc, or about halfway out, from the center

--Nowadays they also use gas clouds to map the structure of the Milky Way
· The Milky Way is a spiral galaxy.
· Consists of a disk, bulge, and halo (looks something like a fried egg).

--The halo is the region surrounding the “egg” part of the Galaxy and consists mostly of uniformly distributed globular clusters, but no gas or dust and no star formation
--The disk has many low mass and young, massive stars, and gas and dust.  There is ongoing star formation, and the young stars are mainly concentrated in star formation regions.  Older red stars are evenly distributed throughout the disk.
--The bulge has lots of gas and star formation near the center, but is more like the halo towards the outer regions.  However, there are less elements heavier than hydrogen and helium than in the disk.
--Look at table 14.1 for a nice overview of the properties of these different regions.
· The stars in the different regions have different orbits around the center of the galaxy.  Disk stars rotate nicely around the center all in the same direction.  Stars in the bulge and the halo, however, rotate in a random fashion (but still around the galactic center).
· Summary of the theory of the formation of the Milky Way
--Huge clouds collide to form an even huger, slowly rotating cloud
--Stars start to form in the halo and made the globular clusters

--The leftover gas and dust settle into a disk (conservation of angular momentum at work again!), with the largest concentration in the center forming the bulge.

--This is thought to be the same scenario for the formation of most spiral galaxies.

· Spiral galaxies have arms that are essentially spiral density waves (think of a wave on the ocean or a wave of traffic…hmm, hard to think of living in LA!).

--When the density wave passes through an area, it will trigger a new rush of star formation, which is why many young stars are found in the arms.

· Using Kepler’s Laws, we’ve determined how much mass their should be in the Galaxy based on its rotation and find that it is much greater than the mass of stars alone – thus there must be some sort of dark matter that is making up the rest of the mass of the galaxy.
--Dark matter probably consists of some strange elementary particle rather than dim stars like white or brown dwarfs

· Dust obscures and reddens much of the light of the stars at the galactic center, so it is better to observe it at wavelengths like the infrared and radio

· There is probably a supermassive black hole of about 4 x 106 solar masses
Chapter 15, “Normal and Active Galaxies”
· Around the turn of the century, it was generally thought that the Milky Way was the whole universe and that other galaxies were just within the Milky Way

· Edwin Hubble then observed Cepheid variable stars in the Andromeda galaxy (the biggest nearby galaxy) and showed that it was so far away that it must be outside the Milky Way

· Classifications of Galaxies
--Spiral galaxies are galaxies like the Milky Way with the bulge, halo, and disk (described in detail above).  Sometimes spiral galaxies have bars, where the spiral arms with stick out a little from the central bulge instead of winding tightly around it
--Elliptical galaxies are shaped like footballs.  There are both giant and dwarf ellipticals.  They have no gas and dust and no star formation.

--Irregular galaxies have complex shapes that are neither spiral nor elliptical.  They may have strange shapes are a result of galaxy mergers.  They have a lot of gas and dust and star formation.  Dwarf irregulars are the most common galaxies in the universe.  The Large and Small Magellanic Clouds are dwarf irregulars and are companions to the Milky Way (so they are the closest galaxies to our own)
· Look at figure 15.9 – it shows you the Hubble Tuning Fork, which is kind of like a main sequence for galaxies.
· When galaxies collide, almost no stars will collide within them, but the morphology will change and there will be bursts of new star formation

· Distance measures:

--Cepheid variables can be used out to 25 Mpc (25 x 106 pc)

--The Tully-Fisher relation (rotation of galaxies vs. its luminosity) can be used out to 200 Mpc

--Supernova type 1a must be used beyond that

· The Local Group is the group of galaxies nearest to us.  It is dominated by the Milky Way and Andromeda (a slightly larger spiral galaxy).  The Large and Small Magellanic clouds and a few other galaxies are also in the local group.

· Clusters of galaxies consist of thousands of galaxies in a relatively small volume.  There are usually a variety of types of galaxies in a cluster, but they will mostly be dominated by a central giant elliptical galaxy.
· Superclusters are clusters of clusters of galaxies.  They have a total mass of ~1015 solar masses and 50 Mpc sizes.  We are in the local supercluster.
· 90% of galaxies are normal galaxies whose spectra consist of a composite of all the stars within them (usually peaking in the visible or infrared)

· 10% of galaxies are active galaxies
--Active galaxies have very high luminosities
--They also have a lot of x-ray and radio emission, which you don’t see from normal galaxies

--They are also highly variable
· Types of active galaxies

--Seyfert Galaxies are spiral galaxies with very bright, compact nuclei called Active Galactic Nuclei
--Radio galaxies are generally giant elliptical galaxies that have unusual outflows called radio lobes in addition to being highly luminous.
· Properties of AGN
--very luminous

--strange spectra

--rapid variability

--very compact nucleus

--fast rotation

--jets

--galaxy interactions

· Quasars
--The name quasar comes from quasi-stellar object, because when they were first observed they looked like points of light just like stars.  But it was quickly discovered that their spectra looked nothing like a normal stellar spectra (they have absorption lines and rotation properties that stars don’t).

--They are now associated with active galaxies
--Their spectra are highly redshifted, indicating that they must be very far away and moving very fast
--Quasars are therefore the most luminous objects in the universe, even more luminous than the nearby active galaxies.

--They are thought to be highly luminous AGN that only existed in the past
· AGN are probably powered by supermassive black holes (high energy in a small volume)
--They are fed by stars that come too close and eat on average a few stars per year
--The radiation they give off is non-thermal (not created like the radiation in stars)
· It is thought that all galaxies probably have a supermassive black hole in the center.  Most of the are just sitting quietly though, while AGN are being fed.  So Quasars are the result of an early phase of galaxy evolution.
Chapter 16, “Hubble’s Law and Dark Matter”
· All galaxies appear to be moving away
· Hubble found that the velocity a galaxy was moving away at depended on its distance from us.  This gave rise to the Big Bang Theory because it implies that all the galaxies started from the same place.
· Hubble’s Law (also given in equations):     v = Hod
· Hubble used Cepheid variables to find the distances to the galaxies he studied.
· Currently Hubble’s constant is thought to be ~70 km/s/Mpc

· Larger redshift implies that a galaxy is older
· The age of the universe is currently thought to be ~13.7 Billion years
· We use Newton’s and Kepler’s laws to determine the masses of galaxies, as star counting will be insufficient due to dark matter.
--As discussed in chapter 14, the rotation and orbits of these galaxies proves that most of the matter (70-80%) is dark matter

--When measuring these values for clusters of galaxies, we find that 90% of the matter is dark matter.  In galaxy clusters, there is hot gas between the galaxies that emits in the X-ray regime that accounts for some of the missing mass, but definitely not all of it.

· When we begin to map the universe on very large scales, we begin to see structure.

--The galaxies tend to be grouped along filaments that are surrounded by giant, empty regions called voids

· We use quasars to map these large scale structure

--Light from the quasars will be absorbed by gas clouds between us and the quasar and give us a “forest” of hydrogen absorption lines that will then tell us how the clouds are distributed

· We can also use gravitational lensing, whereby the principles of general relativity light bends in the presence of a massive object (so we can see distant objects when they pass behind foreground objects).  This helps us map the distribution of dark matter in a galaxy cluster.

· Most galaxies will eventually interact with another galaxy.  This triggers a starburst which is a period of greatly increased star formation.  
· Types of interactions
--When a larger galaxy collides with a smaller galaxy, the larger one basically just “eats” the smaller one (the Milky Way will eventually “eat” the Magellanic Clouds).

--Major Mergers are when two big galaxies collide.  This typically creates a giant elliptical galaxy in which all of the extra dust and gas is either used to make new stars or blown away.

--Minor Mergers are when two small galaxies combine and often make a spiral galaxy
· Quasars in the early universe are thought to be the result of major mergers taking place.  The massive black holes merged and created the huge luminosities we observe.  After this period the black holes became dormant and only activate on a smaller scale (our modern AGN, Seyferts and radio galaxies).
Chapter 17, “Cosmology”
· There is no larger structure observed than the voids and walls we talked about in chapter 16 – it appears to be the same on larger scales

· The Cosmological Principal states that the universe is homogeneous and isotropic (basically means everything in it is all evenly spread out in all directions)
· The Big Bang theory helps explain the constant expansion of the universe that we see (according to Hubble’s law).

· Olber’s Paradox says that if the universe really is homogeneous, isotropic, and infinite, then we should see light coming from all directions all the time and the sky should therefore be bright all the time

--This is resolved by the fact that the universe has a finite age, so we can see at most light that was emitted 14 billion years ago and not further.  Thus, we can only see a finite part of the universe so the night sky can be dark.
· The Big Bang wasn’t an explosion but was instead just the creation of all matter and spacetime as we know it.

· There are two possible fates of the universe – it could either expand forever or it could eventually slow down and collapse back in on itself in an event called The Big Crunch
· Observations show that the universe seems to be accelerating, so right now we think it will expand forever

· The Cosmic Microwave Background radiation is the radiation emitted from the “whole universe” not too long after it formed and it used to study cosmology
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