Test #3 Study Guide
1. The density of the photosphere is great enough that photons emitted from deeper regions cannot escape the photosphere without being absorbed.  This absorption occurs primarily because the H- ions in the photosphere are excellent absorbers of photons of almost any energy.

2. That the granules are the result of convection is shown in several ways.  The centers of the granules are observed to be hotter and are moving outward from the center of the sun, while the outer edges of a granule are cooler and moving inward toward the center of the sun.  A blob of gas that is warmer and less dense than its surroundings will rise in the gas.  A cool, less dense blob of the gas should sink in the gas.  Due to convection, we expect to see the hot material moving outward from the center of the sun and the cooler material moving in toward the center of the sun when convection is present.  This is exactly the behavior that we see in the granules.

3. Granules and supergranules appear to be the result of convection within the sun.  Rather small convection cells just below the photosphere produce the granules.  The supergranules appear to be caused by convection cells deeper in the interior of the sun. 
4. Atoms within the chromosphere absorb light at discrete wavelengths.  The amount of light absorbed depends on how much of the gas the light must pass through.  Photons produced by the H-alpha transition are quickly absorbed even if the gas is relatively thin.  Thus if we use a filter that only allows light from H-alpha to be photographed, the photons we receive must have come from the outer layers of the chromosphere.  Any photons coming from deeper layers would have been absorbed before leaving the sun.

5. The spectrum of the corona tells us that it is very hot.  When we measure the spectrum of the corona during a solar eclipse we would expect to observe a spectrum that looks identical to the absorption spectrum of the sun if the corona were composed of dust and electrons moving at reasonable speeds (i.e. speeds associated with temperature of a few thousand Kelvin).  Instead we observe a continuous spectrum without absorption lines, but with superimposed emission lines due to highly ionized atoms. Atoms in the corona are ionized via collisions with other atoms and electrons.  The energy necessary to ionize atoms several times requires that the collisions occur at high speeds.  Atoms will be moving at high speeds only if the gas is at a high temperature.  The continuous spectrum tells us that the electrons in the corona are moving very fast. 
6. The heating of the chromosphere and corona of the sun is not well understood.  The heating does appear to be connected to the strong magnetic fields associated with the supergranules.  This magnetic field extends out into the chromosphere and corona and the turbulence of the photosphere causes the magnetic field to whip around and churn the chromosphere and corona.  The magnetic field is seen as stirring the chromosphere and corona and accelerates charged particles to higher speeds which results in an increase in the temperature of both the chromosphere and corona.

7. Helioseismology is one way that astronomers are able to explore the interior of the sun.  Sound waves produced deep in the sun propagate outward and cause the outer layers of the sun to "vibrate" in and out.  Measuring this vibratory motion of the surface of the sun can tell us about the material that the sound waves had to move through and the approximate location of the source of the waves.

8. Nuclear fusion requires a high temperature so that the nuclei can overcome the coulomb repulsion force between the two nuclei.  The each nucleus has a positive charge and therefore repels each other via the coulomb, or electrostatic, force.  If the nuclei are traveling fast enough, they can overcome the Coulomb force and get close enough for the strong force to bind the two nuclei together.  At lower temperature, the nuclei are moving to slowly to overcome this coulomb repulsive force.  

9. Nuclear fusion does not occur in regions far from the core, because only the core is hot enough to sustain nuclear fusions.  The temperature of the interior of the sun decreases from the center to the photosphere.  As such the temperature at some point will be lower than is required to cause the nuclei to approach each other with sufficient energy to overcome the coulomb repulsion.  Therefore, only near the center of the sun, where the temperature is above 10 million Kelvin does nuclear fusion occur.

10. Two methods for detecting neutrinos are the use of chemical detectors buried in an abandoned gold mine and the use of heavy water buried deep in a mountain.  Neutrinos will cause reactions in the chemical detector that can then be analyzed to determine the number of neutrinos passing through the tank in a given period of time.  

11. The number of neutrinos that are detected here on Earth used to be one-third of what we ought to detect if our understanding of the nuclear reactions inside the sun are correct.  However, neutrinos come in three different states and our detectors were only able to detect one of the three.  When neutrinos oscillate between three different states and two of these states can not be detected by our current detectors, then we should only count one-third of the total neutrinos produced by the sun, and this is exactly what was previously observed. More recent experiments find the missing neutrinos.
12. Sunspots show a magnetic field that is 100 times stronger than the sun's average magnetic field.  Additionally, sunspots usually appear in pairs with each of the spots having the opposite magnetic polarity.  All spot pairs in one hemisphere have the same magnetic polarity for the leading spot in the pair, and all spots in the other hemisphere have the opposite magnetic polarity for the leading spot in a pair.  After 11 years the polarity of the leading spot in pairs for a given hemisphere reverses. This is a 22-year cycle. An 11-year cycle is observed between sunspot maxima and minima.  

13. The Babcock model for the solar magnetic field states that the rotational motion of charged particles deep within the sun produces the magnetic field.  This phenomenon is known as a magnetic dynamo.  The magnetic field produced by this dynamo moves through the outer layers of the sun.  The sun rotates differentially, meaning that the surface of the sun near the poles rotates more slowly than the surface near the equator.  These motions near the surface drag around the magnetic field and the magnetic field becomes tangled.  Sunspots are produced where tangles in the magnetic field poke through the surface of the sun.  The magnetic field inhibits the flow of energy in these regions and the surface of the sun inside a sunspot is therefore cooler than its surroundings.  As the sun continues to rotate, the magnetic field becomes more and more entwined to the point that it is completely random.  This is a total break down of the magnetic field.  The magnetic field then reestablishes itself but with the opposite polarity.  The field then again becomes distorted due to the differential rotation of the solar surface.

14. The spectrum of a solar prominence tells us that it is an excited, low-density gas.  It has an emission spectrum that is identical to that of the solar chromosphere.  The shape of a prominence is looped and looks much like the arc associated with magnetic fields.  The shape tells us that the material that produces the prominence is supported by the twisted loops of the sun's magnetic field.

15. Solar flares emit large amounts of x-rays and ultraviolet radiation that travel to Earth and increase the ionization of Earth's upper atmosphere. 

16. An H-alpha image of the solar disk shows large filaments in the sun’s chromosphere.  Visible light images taken during a total solar eclipse show the corona and large prominences. Both prominences and filaments occur in the outer layers of the sun and are associated with solar activity.  A filament is relatively cool and appears as a long dark line against the hotter and brighter chromosphere.  A prominence is composed mostly of excited hydrogen and produces an emission spectrum.  They form in the chromosphere and expand outward moving up through the chromosphere and into the corona.
17. Earth-based Parallax measurements are limited because we measure the apparent motion of a star due to the motion of Earth around the sun and because Earth’s atmosphere blurs the image of the stars.  Earth's orbit is so small compared to the distances to stars that even the nearest stars show very small apparent motions.  Therefore, we are limited to only the nearest stars.  If Earth's orbit were larger, we could measure the parallax of stars at greater distances.

18. The primary benefit of a telescope orbiting Earth, such as the Hipparcos satellite, is the improvement in the resolution of the images.  The resolution is much better in space because the atmosphere doesn’t smear the images out as the light passes through it.  Therefore, the position of the stellar images can be determined more precisely. (~150pc).
19. Absolute Magnitude refers to the value of the magnitude being independent of distance.  The absolute magnitude is the magnitude that the stars would have if they were all at a common distance from the observer, 10 pc.  In this manner the absolute magnitude provides a way to compare the intrinsic brightness of two stars.  
20. Apparent or Visual Magnitude refers to the value in the visible portion of the spectrum.  The visual magnitude is related to the amount of light received only between the wavelengths of 400 nm and 700 nm; therefore, the visual magnitude neglects radiation at all other wavelengths, e.g. gamma-ray, x-ray, ultra violet, infrared, and radio.

21. The luminosity is a measure of the total amount of energy emitted by a star in one second. 
22. The temperature of a star tells us how much energy is emitted from each    little area of the star's surface.  The greater the temperature the greater the     amount of energy emitted from each square meter of the star's surface.  
To determine the total amount of energy emitted by the star (i.e. it's luminosity) we must also add up all of the little pieces of the star's surface.  That is, we must determine the surface area of the star.  This surface area of the star depends on the star's radius.


The luminosity of the star is therefore dependent upon the star's surface 
temperature and its radius.
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23. Stars with similar temperatures but of different luminosities, must have different radii.  The temperature tells us that both stars are producing an equal amount of energy from each square meter of their surfaces.  For one star to produce more total energy than another star of the same temperature, it must have a larger surface area, which implies that it has a larger radius.

24. White dwarfs must be very small because they have temperatures that are equal to those of spectral type B and A stars, 10,000 K to 30,000 K; yet the they have luminosities that are 1000 to 10,000 times smaller than the spectral type B and A main sequence stars.  Since the white dwarfs have the same temperatures as B and A main sequence stars but produce much less energy, the white dwarfs must be much smaller than the spectral type B and A main sequence stars.

25. In order to classify a star based on its luminosity, we need to obtain a spectrum of the star.  The widths of some of the absorption lines in the spectrum can be used to determine its luminosity class.  Stars whose surface layers are very dense will have broad absorption lines, while stars with low density surface layers will have very narrow absorption lines.  The difference in the width of the absorption lines exists because collisions between atoms within a gas can alter slightly the observed energy levels of the atoms. When we observe the spectrum, the absorption line we observe is a combination of all of these transitions, and the absorption line gets smeared out (i.e. broadened).  The amount of broadening will be greatest when the rate at which collisions occur is the greatest.  The greatest rate of collisions will occur in those stars with the greatest density in their surface layers.  This implies that we will find that the stars with the highest density in their surface layers should have the broadest absorption lines.  Those stars with the greatest density are those stars with the smallest radii.

26. The orbital period of a binary star system is controlled by the force of gravity.  Since the gravitational force controls the orbital period, which in turn is dependent upon the masses of the two stars, the orbital period is dependent upon the masses of the two stars. Kepler’s 3rd Law.
27. The study of eclipsing binaries requires two types of observations.  First, we need to observe the variations in the binary's brightness.  This can be used to tell us the period of the system and the temperatures of the two stars.  Secondly, we need to measure the radial velocity of the system at various times of its orbit.  This will tell us how fast it travels in its orbit.  From the radial velocities and the period, we can calculate the separation distance between the two stars.  Additionally, from the light curve and the radial velocities we can calculate the radii of each star.  From the spectra we can determine the temperature of both stars in the system.
28. In a spectroscopic binary all we know is that some component of the binary's orbital motion is in a radial direction, i.e. along our line of sight.  What we don't know is whether the orbit is tilted so that we see it nearly edge on or if it is nearly face on, but tilted just enough to produce a variable radial velocity.  Unfortunately, what we measure is just the part of the orbital velocity that is along our line of sight, and not its total orbital velocity.


The eclipsing binaries must be very nearly edge-on or the eclipses would 
not occur.  If the systems were inclined even slightly, the stars would not 
move behind one another; therefore, the orbits must be nearly edge-on.

29. The massive stars on the main sequence are all found to be O and B stars and are all very luminous.  The low mass stars, less than 0.5 solar masses are all found to be M stars with very low luminosities.  The masses and luminosities of stars on the main sequence decrease in a continuous manner from the massive and luminous O and B stars through the A, F, G, and K stars to the lowest mass and luminosity M stars. (OBAFGKM)
30. The most common types of stars are the red dwarfs (lower main sequence stars).

31. The brightest stars in the sky are high luminosity stars such as giants, supergiants and spectral type O and B main sequence stars.  These stars have high luminosities and are visible over great distances.  Therefore, we expect to see more of these than other lower luminosity stars.

32. When we can determine that all of the stars in an image are at the same distance, we know that the only thing that affects their apparent brightness is each star’s luminosity.  So the stars that appear the brightest in the image are the ones with the largest luminosities.  The luminosity of a star though depends on both the stars temperature and its diameter.  The star can have a large luminosity if it is relatively hot or if it is of a relatively large diameter.  That these bright stars are red tells us that they are cooler than many of the other stars, and consequently, must be colder than many of the other stars in the cluster.  The only way that they can have a large luminosity and appear bright is if they have exceedingly large diameters.  If we put this together, these bright red stars must be cool and large in diameter, so they must be red giants or red supergiants.
33. Star formation occurs in regions that contain a large amount of dust, which both obscures visible and shorter wavelength light and produces large amounts of infrared light.  Additionally, protostars are not generally very hot and hence produce most of their energy at infrared wavelengths.
34. That star formation is a continuing process is seen in the existence of hot, blue main sequence stars.  These stars have lifetimes of a few million years.  Yet our sun is 4.5 billion years old.  If star formation were not a continuing process, the hot main sequence stars would not exist.  Additionally, we see T Tauri stars, which are above and to the right of the main sequence in the HR diagram, and associated with gas and dust clouds and found in very young star clusters.  The T Tauri stars indicate that stars are continuing to form.  The numerous star formation regions, like the Great Nebula in Orion indicate that stars are continuing to form.  In these regions, young stars just breaking out of the gas and dust clouds that they formed from are visible, some at infrared wavelengths and others at visible wavelengths. 
35. The proton-proton chain and CNO cycle are both thermonuclear fusion reactions that convert four hydrogen nuclei to one helium nucleus with the release of energy.  Both also occur in the cores of main sequence stars.  The two differ in the manner in which the fusion reaction occurs, the temperature at which the reaction occurs, and the mass of the stars where each of these reactions dominates the energy production.  The proton-proton chain requires a minimum temperature of 10 million K and involves only nuclei of hydrogen and helium.  The proton-proton chain is the dominant nuclear reaction in main sequence stars with masses less than 1.1 solar masses.  The CNO cycle requires a minimum temperature of about 16 million K and involves hydrogen, carbon, nitrogen, and oxygen nuclei in the production of energy and the helium nuclei.  The CNO cycle is the dominate source of energy for stars on the main sequence with masses greater than about 1.1 solar masses.

36. The CNO cycle requires a greater temperature than the proton-proton chain because the Coulomb barrier is greater in the CNO cycle.  The Coulomb force is determined by the electrical charge of the particles that are trying to collide.  A greater electrical charge implies that a greater Coulomb barrier must be overcome.  In the proton-proton chain the largest number of positive charges that must be combined is four when the two 3He nuclei are combined.  By contrast the reaction in the CNO cycle with the least number of charged particles that need to be combined is seven when the 1H nucleus is combined with the 12C nucleus.

37. The rate at which nuclear reactions occur in a star’s core depends on the temperature of the interior of the star.  A high temperature means that a large number of reactions will occur, and a large number of reactions produce a larger amount of energy.  The pressure of the interior of the star depends on the amount of energy that is produced, and the greater the amount of energy, the greater the pressure.  If the star begins to collapse for some reason, the core becomes more dense and the nuclei are able to interact more frequently, so the number of nuclear reactions that occur each second increases, and the energy and pressure of the gas increases, which halts and balances the collapse.  If the pressure in the core becomes greater than the inward pull of gravity, the star will expand and cool.  As it cools the number of nuclear reactions will decrease, the amount of energy will decrease, and the pressure will decrease until it is balanced by gravity.  So whether gravity gets out of line and attempts to collapse the star, or pressure builds up and attempts to expand the star, the temperature will adjust the rate of the nuclear reactions to keep the two in balance.

38. Energy is produced in the core primarily by the proton-proton chain.  The region of the sun nearest the core has a fairly low opacity and energy is transported through this region via radiation.  Further out, as the temperature decreases, the material becomes opaque to radiation and convection becomes the dominant mode of energy transport out to the photosphere.  At the photosphere most of the energy will radiate out into space without being absorbed and most of the energy reaching Earth from the sun comes in the form of radiation from the sun’s photosphere.

39. The mass-luminosity relation is a direct consequence of hydrostatic equilibrium in main sequence stars.  Hydrostatic equilibrium means that a star balances the force due to gravity by producing an outward flow of energy (i.e. a pressure).  The force of gravity is dependent upon the star’s mass.  The outward flow of energy can be measured by measuring the amount of energy that the star emits, namely by measuring the star’s luminosity.  Hydrostatic equilibrium requires that the star’s mass and its energy generation (i.e. its luminosity) must be related.  In simplified terms, massive stars must produce a larger amount of energy in order to support their weight; therefore, the massive stars will create more energy, which results in a greater luminosity.  

40. There is a lower limit to the mass of a main sequence star because the mass controls how hot and dense the core of the collapsing protostar will become.  If the core does not become hot enough (10 million K), the thermonuclear fusion of hydrogen cannot occur(Brown Dwarfs)
41. A star's expectancy depends on the amount of fuel it contains and the rate at which it uses that fuel.  The amount of fuel available to a star is proportional to the star’s mass, while the rate at which it uses that fuel is proportional to the star’s luminosity.  By studying the mass and luminosity of stars on the main sequence, we have found that there is a direct relationship between as star’s luminosity and its mass (i.e. the mass-luminosity relation).  Pulling this all together then, the life expectancy depends on the amount of fuel available, which depends on the star’s mass, and the rate at which fuel is used , which also depends on the star’s mass via the mass-luminosity relation. So the life expectancy of a star depends solely on its mass.
42. The evidence for star formation in the Orion nebula includes the existence of hot, young short lived main sequence stars, T Tauri stars, evidence of bipolar flows, emission nebulae, and a dark molecular cloud setting immediately behind the nebula.  We believe that stars form out of dark molecular clouds, so recent star formation should be found near dark molecular clouds.

43. Jets associated with stars are related to bipolar flows.  Jets are formed with very energetic charged particles are accelerated away from a star to very high speeds.  It is believed that a thick disk of material probably forms around the equator of the star before such flows can be confined to jets emanating from the poles of the star.  Jets and bipolar flows are associated with very hot stars that are about to initiate hydrogen fusion and become main sequence stars.
44. Helium fusion requires a greater temperature than hydrogen fusion because the Coulomb barrier is greater in helium fusion. 
45. Just outside the inert helium core, hydrogen that has not undergone fusion is present.  As the helium core contracts along with the hydrogen just outside the core, the temperature increases in both regions as gravitational potential energy is converted into thermal energy.  When the temperature of the hydrogen shell reaches 10 million K it will initiate hydrogen fusion in this shell around the inert helium core.

46. The outer layers of a star will cool as they expand because much of the energy produced goes into expanding the outer layers and not into the thermal motions of the gas; therefore, the star cools as it expands.  The luminosity increases because more energy flows to the outer layers during the times of expansion.  Recall that the luminosity of an object depends on both its diameter and surface temperature.  As a star expands, its surface area increases rapidly, while its temperature decreases rather slowly.  The result is that the luminosity increases as the star expands.

47. Degenerate matter is difficult to compress because nearly all of the energy levels available to the electrons are filled.  In order to compress the gas, the speeds of the particles must be altered.  If they are slowed down they would move to lower energy states, but in a degenerate gas, these lower energy states are filled.  Particles could be increased in speed, but most of the particles have energies that are buried at low energy levels and they must increase their energies by a large amount to move to open energy levels.  Since the energies of the particles of a gas must change for that gas to be compressed, and because it is extremely difficult to change the energies of the particles that compose a degenerate gas, it is extremely difficult to compress a degenerate gas.
48. Helium flash occurs when helium fusion is initiated while the electrons in the core are degenerate.  If the electrons in the core are degenerate, the pressure in the core does not depend on the temperature of the core.  When the core temperature reaches 100 million K, helium will start to fuse.  Since the core is degenerate, the core cannot expand and regulate the rate at which the nuclear reactions occur.  The fusion of helium causes the temperature of the core to increase rapidly, but the core cannot expand and cool off so the rate of nuclear reactions and the amount of energy that they produce increases very rapidly, resulting in helium flash.

49. Star clusters contain stars of a wide variety of masses that all formed at about the same time and from the same material.  Since our models tell us that massive stars should evolve faster than low mass stars we expect to see differences in the star clusters based on the mass of the stars.  One clear test that our models are at least on the right track is that we find no star clusters with O and B main sequence stars and a large number of giants and supergiants.  All of the star clusters show us that when giants and supergiants are present in the clusters, there are few if any massive stars (O and B stars) on the main sequence.  We can take models of many different masses of stars and determine what a cluster should look like after a given time.  We can then compare the HR diagram from our models with that of the observations of the actual cluster to see how well they agree.  For the most part, the agreement is quite good.

50. Red (Helium) dwarfs cannot squeeze their cores sufficiently to reach a temperature of 100 million K and ignited helium fusion.

51. A planetary nebula is produced as the carbon-oxygen core of a star contracts and its outer envelope expands.  The intense radiation from the hotter inner layers ionizes the innermost gas of the envelope and drives it outward from the star.  As this gas overtakes mass lost earlier during the giant phase of the star’s life, material piles up to form a dense shell of ionized gas.  The gas is continually ionized by the radiation from the hot contracting core.

52. A white dwarf cannot contract as it cools because the electrons in the white dwarf are degenerate.  Degenerate gasses are very difficult to compress because all of the low energy levels for the electrons are full.  This makes it is very difficult to change the motion of the electrons and cause the white dwarf to collapse.


The ultimate fate of a white dwarf is to become a cold lump of degenerate 
electrons and carbon and oxygen nuclei.  Such an object is referred to as a 
black dwarf.
53. At masses greater than 1.4 solar masses, the degenerate electrons no longer have a sufficient pressure to support the weight of the star and the object will collapse further.  Equations predict that the radius of a white dwarf is inversely proportional to its mass.  That is, the more massive a white dwarf is the smaller its radius.  At a mass of about 1.4 solar masses the radius of a white dwarf would go to zero.

54. Stars with masses on the main sequence of up to 8 solar masses can become white dwarfs if they lose mass.  We see the effects of mass loss in red giants and supergiants, indicating that these stars are shedding mass.  Additionally, the formation of the planetary nebula releases a significant amount of mass.  So if a star's core is less than 1.4 solar masses when it begins to release its outer layers, the result will be a white dwarf, regardless of what the star's mass was on the main sequence.

55. Algol is a binary star composed of an intermediate mass main sequence star and a low mass giant.  This presents a paradox because massive stars evolve faster than low mass stars, so the higher mass star should leave the main sequence before the low mass star.  The solution to this paradox is mass transfer.  Suppose that the system was originally composed of a 5 solar mass star and a one solar mass star.  After about 200 million years the five solar mass star would run out of hydrogen and begin to expand to become a red giant.  As it expands material will be drawn off of the higher mass star and accreted onto the low mass star that is still on the main sequence.  As the giant continues to expand, more and more mass will be passed from the giant to the star that is still on the main sequence.  If four solar masses of material can be drawn off of the giant and deposited on the main sequence star, the main sequence star will end up with a mass of five solar masses and the giant will have a mass of only one solar mass.  Thus through mass transfer as the massive star expands to become a giant, the star still on the main sequence can become more massive than the giant.

56. As the core contracts inward at a great rate, material from the outer regions also begins to fall to the core.  The collapse is so quick that a shock wave develops in the collapsing gas that propagates outward like a sonic boom from a jet.  As this shock wave moves outward it causes an outward pressure that forces the outer layers to expand.  If the shock wave is strong enough the outward expansion is violent and completely overcomes gravity, ripping the star apart in a great supernova explosion.

57. Type I supernovae decline in brightness in a more regular manner.  The Type I supernovae also show almost no hydrogen lines in their spectra, while Type II supernovae show very strong hydrogen emission lines in their spectra.  Type II supernovae are believed to be produced when the iron core of a massive star collapses.  Type I supernovae, on the other hand, are believed to be produced when mass accumulates on a white dwarf and pushes it over the Chandrasekhar limit.  The white dwarf collapses, explodes, and produces a supernova.

58. A nova occurs when the thermonuclear fusion of hydrogen occurs on the surface of a white dwarf.  This generally occurs in a binary system containing a white dwarf and a star that is expanding to become a giant.  In a nova, neither the white dwarf nor the giant are greatly affected by this process.  A supernova occurs when the core of a massive star collapses and a shock wave rips the star apart, usually leaving behind a neutron star.  Supernovae can also be produced when enough material is deposited on a white dwarf so that it exceeds the Chandrasekhar limit and collapses to a neutron star.  Both types of supernova drastically alter the stars and are the result of the collapse stellar core.  In a nova no collapse occurs, just the fusion of hydrogen on the surface of the white dwarf.

59. An HR-diagram for a cluster may look much like the one for the Pleiades found in the text.  Only a few of the O stars would have evolved toward the giant/supergiant region of the HR diagram and most of the rest of the stars will be on the main sequence.  Age may be determined by evaluating a ‘turn-off’ point.

60. A planetary nebula forms as a medium mass star runs out of helium to burn in its core and develops helium and hydrogen burning shells around a core of carbon and oxygen nuclei and degenerate electrons.  The two shells are unstable and the star begins to pulsate and slowly push off its outer layers of gas.  As these layers move away from the star they will be ionized by the ultraviolet radiation from the core of the star and form the disk we observe as a planetary nebula.

61. A very young supernova remnant is made of very hot gas and expanding rapidly.  Supernovae remnants dissipate within a few thousand years, so these are extremely young object by astronomical standards.
62. Neutron stars and white dwarfs are similar in that both are at the end points of stellar evolution, have high surface temperatures, no longer produce energy via thermonuclear fusion, are composed of degenerate matter, have very small radii, and are very dense.


Neutron stars and white dwarfs are different in that neutron stars are the 
cores of massive stars that went through a supernova, while white dwarfs 
are the cores of intermediate-mass stars that produced planetary nebulae.  
Additionally, neutron stars are hotter and more compact than white 
dwarfs; consequently, they have stronger magnetic fields, rotate faster, 
and radiate larger amounts of short wavelength energy (e.g. 
X-ray 
binaries).
63. The maximum pressure that a degenerate neutron gas can provide sets the upper limit on the mass of a neutron star.  At extremely high pressure the neutrons will become degenerate and the pressure that supports the weight of the star comes from the degenerate neutrons.  If the mass is greater than 3 solar masses, then the degenerate pressure of the neutrons is not sufficient to support the outer layers and the neutrons will be driven into each other.  There is no known method to keep the material from collapsing to a point when this occurs.

64. Conservation of angular momentum tells us that as rotating objects are drawn closer to the rotation axis, the object will spin faster.  In producing a neutron star, the core of a star is spinning and begins to collapse.  The collapsing core must conserve angular momentum, and since it will decrease its radius by a large amount, it will spin much faster than a normal star.

65. Neutron stars are very hot but not very luminous because they have very small surface areas.  Recall that the luminosity of an object depends on both its temperature and its size.  The radius of a typical neutron star is approximately 100,000 times smaller than that of a main sequence star.  If a neutron star were 10 times hotter than a main sequence star (e.g. 100,000 K) and 100,000 times smaller, then the luminosity of the neutron star would be 1 million times less than that of a main sequence star.

66. Theory predicts that the magnetic field of the star will be frozen into the star so that as it collapses it becomes much stronger because it is packed into a smaller and smaller region.  

67. Astronomers were able to show that pulsars could not be pulsating normal stars because the duration of the pulse was so small that the stars had to be smaller than 300 km in diameter.  Not even white dwarfs are this tiny.  Additionally, normal stars, including white dwarfs, do not posses gravitational fields that are strong enough to hold them together under the violent pulsations that would be required to produce the observed pulses.  Normal stars could also not rotate fast enough and remain intact to produce the observed pulses.  The only option that could produces the pulses observed and not destroy the star was a rotating neutron star.

68. The very short period of the pulses of a pulsar tell us that the objects must be very small.  First, if an object changes its brightness rapidly, the object can not be bigger than the distance traveled by light in the period of time that the variations occur.  That is, if a pulse lasts only 0.001 seconds, then the pulsar has to have a diameter that is less than 0.003 light seconds (approximately 300 km).  Second, the pulses have to come about because the object is pulsating, rotating, or changing its temperature rapidly.  If the object is either pulsating or rotating rapidly, then these variations must not be so violent that gravity can not hold the object together.

69. The lighthouse theory suggests that pulsars are the result of a rapidly rotating neutron star that has a strong magnetic field that is not aligned with its rotation axis.  The rotating magnetic field produces an electric field near the neutron star that pulls charged particles off the surface near the magnetic poles.  These particles are accelerated along the magnetic poles at very high speeds.  These accelerated charges produce synchrotron radiation that forms two beams emanating from each magnetic pole.  As the neutron star rotates about an axis that is different than that of the magnetic field, these two beams sweep through space like a lighthouse.  An observer located in a direction near the path of one of these beams will see the neutron star turn on and off rapidly as the beams sweeps past them.

70. The evidence that supports pulsars as neutron stars is their pulsation period. Only a very small radius star that is extremely dense can achieve the short pulsation period.  The radiation indicates the presence of both a very strong magnetic field and a very hot surface.  The magnetic fields and number of high-energy charged particles required to produce the observed radiation indicates that the star must have an extremely large magnetic field, larger than in white dwarfs and normal stars.  Finally, that some of the neutron stars lie at the center of visible supernova remnants and power those remnants, indicates that they are the core of the star that produced the supernova remnant.  Supernovae produce neutron stars or black holes, not normal stars or white dwarfs. 

71. The millisecond pulsar was first assumed to be young because it had a very short period.  This short period suggested that it was rotating very rapidly, more rapidly than any pulsar known at that time.  All other pulsars were known to slow down with time.  The oldest pulsars were expected to have the longest pulse periods and the youngest were expected to have the shortest.

72. X-rays can be produced when matter falls onto the surface of a neutron star.  The strong gravitational field of a neutron star will accelerate the material to very high speeds and the energy released when the material impacts with the surface is sufficient to produce X-rays.  
X-rays can also be produced by neutron stars as fresh hydrogen piles up on the surface and eventually becomes hot enough to ignite thermonuclear fusion of this material.  Since the nuclear reaction occurs on the surface of the neutron star, it releases a tremendous amount of energy directly.
Finally, X-rays can be created by a neutron star as material piles up in an accretion disk around a neutron star and interacts with the strong magnetic field.  X-ray beams can be produced out of the magnetic poles of the neutron star in this manner.
Notice, that in all three cases, matter had to be added to the neutron star from another source.  In binary systems material leaving the neutron star's companion can be drawn into an accretion disk around the neutron star and produce X-rays by one of the mechanisms described above.

73. The Schwarzschild radius is the distance from an object of a given mass at which the escape velocity is equal to the speed of light. A black hole is an object that has all of its mass inside the Schwarzschild radius.  We can calculate the size of the Schwarzschild radius for the sun, a one solar mass object, but since not all of this mass is inside the Schwarzschild radius, the sun is not a black hole.

74. A black hole itself cannot emit X-rays, but the material around it can.  If a black hole is near another star or gas cloud, then it can draw some of that matter into itself.  As this matter approaches the black hole it will form an accretion disk around the black hole.  The matter in the accretion disk will become very hot as it is squeezed together by the gravitational field of the black hole.  The temperature of this accretion disk can reach over 1 million K.  Wien's law tells us that such an object would radiate most strongly at a wavelengths near 3 nm, X-ray wavelengths.

75. The best evidence that black holes exist is from the X-ray binaries that contain a compact object.  Several of the X-ray binaries contain a normal star and a compact star whose mass is greater than 3 MSYMBOL 164 \f "Wingdings".  There are other objects that can produce X-rays, but most of these should also be very luminous at ultraviolet and visible wavelength.  Current theories predict that the mass of a neutron star cannot exceed 3 MSYMBOL 164 \f "Wingdings", so the compact object is postulated to be a black hole.  Until we fully understand the physics of neutron degenerate material, we cannot be sure of the upper limit on the mass of a neutron star, therefore these objects have not been proven to be black holes.

76. As material falls toward a compact object the gravitational field of the compact object will accelerate that material.  The material must also conserve angular momentum, so that as it falls toward the compact object an accretion disk will form.  As the material orbits in the accretion disk and falls toward the compact object, friction will heat the material to extremely high temperatures and the material will radiate at X-ray wavelengths.  Thermal and magnetic processes can confine this energy so that it is radiated primarily along the magnetic poles of the compact object.  In this way two jets of radiation are formed which beam energy along the magnetic poles of the compact object.
77. X-ray bursts can occur when the normal star dumps significant amounts of matter into the accretion disk of the compact object in a non-continuous manner.  If large amounts of material are added to the accretion disk, the disk will heat and produce a larger X-ray flux.  As the material cools, the X-rays will subside, until the normal star deposits more mass into the accretion disk.  In this manner the compact object will produce intermittent bursts of X-rays as new material flows into the accretion disk.

78. It is believed that a gamma ray burst can be produced two neutron stars in a binary system collide to form a black hole.  In this scenario, matter is dumped onto a compact object in the form of another compact object.  Mass is transferred from each neutron star to the other to form a more massive black hole with a large release of gamma rays.

79. Gamma-ray bursts come in two types, soft gamma-ray repeaters (SGRs) and higher energy gamma-ray bursts.  The SGRs are located along the band of the Milky Way.  The bursts could be caused when the crust of a neutron star is broken by fluctuations in its extremely strong magnetic field. 
80. The higher energy gamma-ray bursts are distributed uniformly across the sky and are probably located in other galaxies.  One way to produce large bursts of gamma rays is for two neutron stars to collide.  If two neutron stars are orbiting each other, they will lose orbital energy to gravitational wave radiation and their orbit will decay.  Ultimately, this would lead the two stars to a collision that is expected to release large amounts of gamma-ray radiation.
81. A second scenario to produce gamma-ray bursts describes what might happen when a very massive star exhausts its nuclear fuels.  The collapse of the core of a super massive star releases a tremendous amount of energy that normally causes a supernova explosion.  It is possible that the outer layers of super massive stars might be able to smoother this rapid release of energy and cause the star to collapse directly to a black hole.  Gamma rays would still be emitted in large quantities, especially along the axis of rotation.

82. You could distinguish between a neutron star or black hole as the compact object based upon how light emitted near the compact object behaves as it travel toward our line of sight.  A spectrum of the accretion disk can reveal the speed of material flowing near the center.  From that information one can determine the mass of the material at the center.  A mass much greater than 3 solar mass would likely be a black hole while lower mass could be a neutron star.
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