Astro 3 Spring, 2004 (Prof. Huffman) Final Review
To the class:  I hope you find this sheet useful in your studying.  It only has my notes from the review I gave to the class for chapters 21-30 (everything after the 2nd midterm, or half of your test).  Many of you have asked what the best way to study is.  I think that the best way to study is to go over the review sheets and make sure you can answer the concept questions he gives you.  The book has WAY more material in it than you need to know for this test, and the review sheets are definitely the best guidelines for what the professor thinks is important.  I don’t recall there ever being a question on the midterms that wasn’t on the review sheet.  For even more concept checking, you can do the homework problems he gave for the chapters.  If you know all of the answers to those, I think you’ll pretty much ace this test.  Finally, you should try to do the sample tests without looking with the answers, as the professor suggested.  If you do any of these things, you should be pretty well prepared.

Concepts Broken Down by Chapter
*Chapter 21 – Stellar Evolution After the Main Sequence

· Sun’s Life Process and the nuclear reactions involved (in order):
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· You should study the H-R diagrams (remember, temperature on the x-axis increasing to the left, luminosity on the y-axis increasing upward) to get a feel for where stars will fall on the H-R diagram during the various stages.  Remember the main sequence band of stars that goes across the middle of the H-R diagram.  Both protostars and red giants can be found in the upper right region of the H-R diagram, above the main sequence.  White dwarfs are found in the bottom left region.
· Figure 21-7 in the book is a nice picture of how we determine the age of a cluster of stars.  By looking at the stars on an H-R diagram, you can get an idea of how old they are.  As you plot them, you’ll see a main sequence, and you’ll also notice a point on the main sequence where the stars seem to turn towards the upper right.  This point is called the turnoff point, and is where the main sequence stars are leaving for the red giant branch.  If you see what spectral type of stars are leaving, and you know how long they are typically on the main sequence, you can thereby estimate the age o the cluster.
· Open Clusters are young, loosely bound clusters of stars found mostly in the disk of the galaxy.  They appear blue and often end up dispersing over time.
· Globular Clusters are old, spherical, tightly bound clusters of stars found mostly in the halo of the galaxy.  They appear red and usually stay bound forever.

· The Helium Flash occurs when the inert helium core of a red giant star suddenly detonates and helium begins fusing into carbon and oxygen.  This occurs in stars with less than 2-3 solar masses.  In stars with masses above 2-3 solar masses, helium burning occurs more gradually.
· Degenerate matter is matter that is so compact and dense that protons, neutrons and electrons are essentially touching each other.  The electrons will support the material through electron degeneracy pressure, which basically follows the principle that two particles can’t be in the same place at the same time, sort of like a solid (in reality, it’s a lot more complicated than this and involves quantum mechanics, but this is the gist of it).

-- Both white dwarfs and neutron stars are composed of degenerate matter.
· The two populations of stars are as follows (this is important and comes up over and over again in the chapters dealing with galaxies!):
-- Population I stars are young stars that have a lot of elements beyond hydrogen and helium (we call everything beyond hydrogen and helium “metals”).  They are the newest generation of stars.

-- Population II stars are old stars that have very few metals, i.e., they are mostly made of all hydrogen and helium.  They represent a much older generation of stars that helped give rise to the population I stars.

· Cepheid Stars are variable stars, which means that they get brighter and dimmer in a periodic fashion (meaning they fluctuate from bright to dim and back in a very set, specific amount of time).  

-- Cepheids are important because they have a measureable period-luminosity relationship.  This will tell you how the timescales over which it fluctuates in brightness to its luminosity, which in turn can give you the distance to the star (don’t forget to study the brightness-luminosity relation from the earlier chapters!!).
· The mass of a star determines its lifetime.  High mass stars live short lives, while low mass stars live a long time.  This is due to the fact that high mass stars burn their hydrogen much more quickly and efficiently than low mass stars.  Some characteristic lifetimes are as follows:

-- O Stars live ~ 3 Million Years

-- G Stars (like the sun!) live ~10 Billion Years
-- M Stars live ~ 200 Billion Years

*Chapter 22 – The Deaths of Stars

· Once red giants have turned their cores into primarily carbon and oxygen, they will begin puffing off their outer layers slowly and gently and eventually form a planetary nebula (which has nothing to do with planets, so be aware!!)

· Eventually, the carbon-oxygen core is exposed – this is the final stage of life of a low mass star, the white dwarf star.

--White dwarfs are very hot, about 10,000 K
-- They are typically about the size of the earth, but contain the mass of the sun, and hence are very dense.

--They are made of degenerate material and supported by electron degeneracy pressure.

· The Chandrasekhar limit is the maximum mass a white dwarf can have and still be able to support itself through electron degeneracy pressure.  This is about 1.4 solar masses.
· Novae:

-- Sometimes white dwarfs will have main sequence or red giant companions, and often in this case they will steal material from their companion and accrete it.

-- This accreted material falls onto the surface of the white dwarf and is mostly composed of hydrogen.  

-- The material builds up more and more and gets hotter and hotter and denser and denser until finally its hot enough to detonate the burning of hydrogen into helium.  The hydrogen all detonates very fast and an explosion occurs in which all of this accreted material is thrown out into space.  This explosion is called a nova.

-- Nova are often recurrent, because after the material is expelled, the white dwarf will continue to accreting material as before.

· Type I Supernovae:
-- The set up here is the same as the novae, namely a white dwarf with a companion from which it is accreting material.

-- This time, however, the white dwarf is close to the Chandrasekhar limit in mass, and so it may eventually accrete enough material to go over the Chandrasekhar limit.

-- Once this limit is breeched, the carbon in the white dwarf is detonated and the whole star explodes violently as a type I supernova
-- When we find a supernova, we can tell if it is a type 1 by looking at its spectrum, which will have no hydrogen lines (this helps distinguish them from type II supernova.  The also dim more gradually than type II supernovae do.

-- Supernova 1987A in the Large Magellenic Cloud is an example of this type of supernova.

· The Death of High Mass Stars:

-- Look at figure 22-13 to get a feel for the “onion skin” structure of high mass stars near the end of their lives.

-- High mass stars are big enough to be able to fuse elements beyond carbon and oxygen, like neon, magnesium, silicon, etc.

--Eventually a high mass star will have so many shells of material fusing new elements that it will become a red supergiant star, some of the brightest, biggest stars in the sky.
-- Once you begin burning silicon in the core, you get iron.  Iron is inert and won’t fuse into any new elements.  So when the core is all iron, there will be no more radiation coming out to support it against the weight of the star.   Gravity makes all the material outside the core begin to collapse inward.
-- The material hits the core like a wall, and the resulting shockwave throws all the outer layers out into space, creating a type II supernova.
-- Type II supernova can be distinguished from type I because they have many hydrogen lines in their spectrum, as stars are mainly composed of hydrogen.  They also dim more quickly than type I supernovae.
-- The remnant of the explosion will be either a neutron star or a black hole.  Neutron stars are created because the pressures are so great on the core as a result of the collapsing outer layers than the protons and electrons get pushed together to form neutrons, creating an entire core of neutrons.  These two objects will be discussed further in the subsequent chapters.
· Overview of What Mass Star Leaves What Type of Remnant:
0.1 – 8 Solar Masses ( White Dwarf

8 – 20 Solar Masses  ( Neutron Star

> 20 Solar Masses     ( Black Hole

(figure 22-25 is a nice schematic diagram of this)

*Ch. 23 – Neutron Stars
· Properties:
-- About 10 -30 km across – the size of a city
-- Composed entirely of neutrons and supported by neutron degeneracy pressure
-- Extremely dense

-- Very rapid rotation

-- one possible remnant of type II supernova
· Pulsars are very rapidly pulsating radio sources.
-- After their initial discovery, it was determined that pulsars were rapidly rotating neutron stars with radio jets.

-- Radio jets are made by particles accelerating along magnetic fields – this type of radiation is called synchrotron radiation.

-- All pulsars are neutron stars, but not all neutron stars are pulsars.  The neutron star must be oriented such that the radio beam points toward us as it sweeps by (think of a lighthouse – a pulsar operates in the same basic way).

· Neutron stars can rotate once in a few seconds up to 1000 times a second

-- Normally, neutron stars/pulsars will slow down over time because they are losing energy to their radio radiation, and will have less and less energy to keep them rotating rapidly.

-- The neutron stars/pulsars that rotate 1000 times per second (millisecond pulsars) are thought to be part of double systems.  The neutron stars accrete material from their companion, and as that material falls in and strikes the surface of the neutron star, it pushes on it and causes it to spin faster and faster.

· X-Ray Bursters are similar to novae, only they involve a neutron star accreting material from a companion.  The hydrogen the neutron star accretes sits rather peacefully on the surface and will burn into helium due to the enormous temperatures and pressures on the neutron star.  Once the helium ignites, it burns rapidly and creates an explosion, expelling the material into space.  The light from this explosion will be primarily in the x-ray region of the spectrum, hence the name x-ray burster.  Like novae, X-Ray bursters go off over and over, but typically do so much more often.
