Astr 1020 Class Discussion Questions 

Section 1:  The Nature of Light and Matter
1.  Describe the properties of waves common to all types of wave phenomena.



2.  What is the fundamental wave equation?  Describe the wave equation parameters and how they are related.



3.  What is wave interference?  What are the 2 types of interference?



4.  What are electromagnetic waves?  Describe the different types of E&M waves in the electromagnetic spectrum.



5.  What are the 3 types of spectra described in Kirchhoff's laws?  What is the origins of these spectra as described in Kirchhoff's laws?



6.  What is black-body radiation?  How come "cavity radiation" was used to study the black-body spectrum?



7.  What are Wien's law and the Stefan-Boltzmann law?  What characteristics of the black-body spectrum do they describe?



8.  What was the ultraviolet catastrophe?



9.  How did Planck "solve" the UV catastrophe?  What was the idea he used that was one of the 1st steps toward modern Quantum theory?



10.  What was the "plum-pudding" model of the atom?  How did the Rutherford scattering experiment show that the plum-pudding model was wrong?  What alternative model did Rutherford derive from his experiment?



11.  What was the problem with the Rutherford model that classical E&M theory predicted?  How did the Bohr model solve this problem?



12.  What is the photoelectric effect?  How did Einstein describe light in order to explain the PE effect?  What is a photon and how is a photon's energy related to its frequency?



13.  How does line-spectra arise from the Bohr model of the atom?



14.  What is the "wave-particle duality of nature"?  In light of this quantum principle, how does it help to explain Bohr's quantized orbits of electrons in the H atom?



15.  Describe the basic optics of an astronomical telescope.  (Hint:  Use the two ways in which a magnifying glass [converging lens] can work in the description.)  What are the two main types of telescopes?  What kind of telescope is the observatory telescope?



16.  State the three functions of a telescope.  Give the formula for the angular magnification of an astronomical telescope.  How are magnification and resolution different?  Which of the functions is only important for visual observing?



17.  The resolution of a telescope depends on the objective lens/mirror diameter, but what is the major limit to resolution for ground based telescopes?  How does light pollution limit ground based telescopes?



18.  List two "instruments" used on research telescopes.  List at least two other types of telescopes besides optical telescopes.



Section 2:  Measuring Properties of Stars
1.  Why is the cosmic distance scale considered one of the fundamental issues in astrophysics?  What is sometimes called the "zeroth" step in determining the cosmic distance scale?  What important distance is measured in this step and how was it measured before the 20th century?



2.  Explain the present method for determining the important distance measured in the "zeroth" step of the cosmic distance scale and give a modern value for it.  Give an overview of some of the distance measuring techniques (listed in Lecture 7) used to determine the cosmic distance scale (sometimes referred to as the cosmic distance "ladder" since each successive step or "rung" depends on the step before it).



3.  Explain the technique of measuring the distance to nearby stars called stellar parallax.  Give the equation and explain what the variables represent and what units must be used.  What is a parsec?  How many light-years is equivalent to one parsec?



4.  What is the proper motion of a star?  How is it related to its transverse velocity?  What is the radial velocity of a star?  What is the Doppler effect and how is it used to determine the radial velocity of a star?  What is the space velocity of a star?



5.  Who developed the first apparent magnitude scale?  On this scale what magnitude was the brightest stars?  The faintest stars?  When the modern magnitude scale was developed, what ratio of intensities was equivalent to a 5 magnitude difference in brightness?  What is the definition of absolute magnitude?  What is the luminosity of a star and how is it related to absolute magnitude?



6.  How are the colors of stars related to their surface temperatures?  What is the color index of a star and how does it measure the color (and therefore the temperature) of a star?  Who developed the spectral classification system for stars?  What are the spectral classes of stars and how are they related to stars' surface temperature?



7.  What is a Hertzsprung-Russell Diagram (HR Diagram)?  What observational parameters are usually plotted on its axes?  What physical quantities do they measure about a star?  List and describe the three most obvious "sequences" of star points usually seen on an HR Diagram.  How do we know that sequences listed as "giant..." are plotting actual giant stars?  Same question for "dwarf..."?



8.  How are luminosities and surface temperatures of stars on the Main Sequence related to their masses?  How do astronomers measure the mass of stars?  Describe an eclipsing-spectroscopic binary star system.  What percentage of all stars in our galaxy are thought to be binary or multiple systems?



9.  What is the primary "technique" or tool used for determining the internal structure and time evolution of the Sun (or stars in general)?  The interplay of what two physical "forces" or effects primarily determines the structure and evolution of the Sun and stars?



10.  List the four descriptive "names" of the four interconnected equations, (or series of equations, since there is actually more than one equation within some of the four equation "descriptions"), that describe the physics that can be used to calculate the internal structure and time evolution of the Sun and stars.  For each equation give a short description of the physical processes that the equation models.



11.  Computer models use the equations above and "solve" them simultaneously by numerical integration.  The first models were 1-dimensional (only described changes in the radial direction and assumed the other directions were symmetric).  Which of the 4 equations (or equation series) above has one part that is really a 1-D approximation of the physical process described?  More sophisticated models would have how many dimensions?  



12.  Describe the internal structure of the Sun.  List the main properties these internal layers.  How did astronomers determine this model for the internal structure of the Sun?



13.  Use the textbook to describe the two methods for probing the interior structure of the Sun listed in the outline.



14.  Describe the photosphere and the sunspot and magnetic solar cycles.  What are sunspots?  Describe other types of solar activity.



15.  Describe the "atmospheric" structure or layers above the photosphere.  What is unusual about the temperature structure of these layers?  Discuss the general mechanism that causes the temperature structure.



Section 3:  Stellar Evolution
1.  List the four regions of the interstellar medium (ISM) described in the outline.  Compare their relative density, temperature, volume, mass.  Describe how the different regions are involved in the cycle of star birth and death in the Milky Way.



2.  What is the Protostar Stage (as described in the Stellar Evolution Overview)?  Which ISM region does star birth occur in?  What are some ways in which this region can reach "critical density" and what happens when it does?  When does this stage end and the Pre-Main Sequence Stage begin?





3.  Describe the Pre-Main Sequence Stage (Pre-MS).  What physical principle leads to the formation of a disk of material around the Pre-MS star?  What are "bipolar jets"?  When does this stage end and what are the estimated mass limits (high & low) for stars beginning the Main Sequence Stage?  What are Brown Dwarfs?



4.  What is the Main Sequence Stage?  How does mass affect the MS lifetime?  Does mass affect other stages in the same way?  When does the MS stage end?  What is the particular fusion reaction that powers low mass MS stars?  What is ... high mass MS stars?



5.  What 3 characteristics make star clusters good probes of stellar evolution?  What is the MS turn-off and how can it be used to determine cluster star ages?  What does ZAMS stand for?  Describe the two cluster types referred to in the outline.



6.  Describe the 1st Red Giant stage.  What's different between low mass and high mass stars?  What is the "Helium flash" and how come it only takes place in low mass stars?  (Hint:  To explain the helium flash you need to know what electron degeneracy pressure is and how it comes about.)  How does the luminosity and surface temperature of high and low mass stars change after helium ignition ("blue loops" & "horizontal branch")?



7.  What is the "instability strip"?  What mechanism causes stars to pulsate once they enter this instability strip on the HR diagram?  What is the name of the class of high mass pulsating stars that are a very important "standard candle"?  What's the name of the class of low mass pulsating stars on the horizontal branch called?



8.  Describe the Asymptotic Giant Branch (2nd Giant Branch) stage.  Do high mass stars go through this stage?  How large (in diameter) can AGB stars get?  How are elements heavier than iron (Fe) and lighter than uranium produced in AGB stars?



9.  What are the "blue loops" that higher mass stars experence during this post-MS stage?  Where are all elements heavier than helium (He) produced?  What is this process called?  In a high mass star what is the heaviest element that is "fused" in the core of the star?  What happens when this element begins core "burning"?



10.  What is the "Transition Stage" for low mass stars as described in the Stellar Evolution Overview?  Describe the process that a star goes through in this stage?  What "Terminal State" results from this stage of a low mass star's evolution?



11.  What is a White Dwarf?  What kind of pressure holds up a WD?  What is the largest mass a WD can have?  What is this mass limit called?



12.  What is a type II supernova?  Describe the process that occurs during a SN II explosion?  What "Terminal State" results from this explosion?



13.  What characteristics are neutron stars expected to have?  (size, density, spin state...)  What is a "pulsar"?



14.  What other possible "Terminal State" might result from a supernova explosion?  What is the "event horizon"?  How might we detect this other possible terminal state of a massive star?



Section 4:  Galaxies, Galaxy Systems
1.  Describe the "Milky Way" as seen in the sky.  What are we seeing when we view this Milky Way?  What were some early ideas about the Milky Way?  What did Galileo discover about the Milky Way?


2.  What is "star gauging" and what did this technique tell us about the shape of our "galaxy"?  This technique was used up until the early 20th century, name an 18th century astronomer and a 20th century astronomer who both used this technique.  Where did this technique indicate the Sun was in the "galaxy"?  What caused this technique to give an incorrect position of the Sun?



3.  Describe the technique that Shapley used to determine the position of the Sun in the galaxy.  What made this technique better at placing the location of the Sun than star gauging?  How far away from the center of the galaxy did Shapley determine the Sun to be?



4.  Describe the modern view of our Milky Way galaxy.  Size, shape, components, position of the Sun, etc.



5.  What are population I and population II stars?  Describe each population in terms of; location in the galaxy & orbital motion, composition, and age.  Who first came up with this idea of stellar populations?



6.  What are "spiral arm tracers"?  How are these objects related to stellar populations and what are some specific examples of spiral arm tracers?
7.  Our galaxy is described as a "spiral galaxy".  How did astronomers determine this to be the case?  How were open clusters and OB associations used to determine that the Milky Way is a spiral galaxy?  Where is the Sun located relative to the local spiral structure in our galaxy?



8.  What technique gives a "global" view of spiral structure in our galaxy?  What two main observations must be made to use this technique?



9.  What is the orbital speed of the Sun around the Milky Way Galaxy?  How was this speed determined?  How can the orbital speed of the Sun be used to calculate the mass of the galaxy interior to the Sun's orbit?  Comment on the gravitational effect of a spherical mass distribution "outside" the orbit of the Sun on the Sun's orbit.



10.  How can the mass distribution of the galaxy be determined using the "rotation curve" of the galaxy?  What does the rotation curve of the Milky Way indicate about its mass distribution?  How is this related to the so called "missing mass" problem?



11.  What is meant by "flocculent" spiral galaxies?  What is differential rotation?  How can self-propagating star formation and differential rotation produce a "flocculent" spiral?  
12.  Discuss grand-design spiral galaxies and density-wave theory.  Go to the suggested web-site (see outline) and create your own computer model of a density-wave spiral galaxy.



13.  How come it is almost impossible to study the Galactic Nucleus in visible light?  What kinds of E&M waves are best suited to the study of the Galactic Nucleus?



14.  Describe what we would see on a hypothetical journey to the center of the Milky Way?  What types of astronomical objects would we see as we approach the center?  What is the present model for the object that we believe resides at the Galactic Nucleus?  Describe some very recent observational evidence for this model.  



15.  What was the Shapley-Curtis debate about?  What had to be measured before the true nature of galaxies was determined?  Describe how Cepheid variables were (and are) used to determine this measurement.





16.  Describe the Hubble galaxy classification scheme.  Why is a graphical representation of this galaxy classification scheme called the "tuning fork diagram"?  Describe the different galaxy types and subclasses in the Hubble classification scheme.  What types of galaxies are not covered by the Hubble classifications.



17.  What is the Hubble redshift relation (give the mathematical relation and describe the parameters and constants)?  The Hubble Diagram is a graphical depiction of the Hubble redshift relation, describe the Hubble Diagram (give the plotted parameters and their typical units, which axis they're on, what the "slope" of the relation line represents, etc.).



18.  Describe the main "standard candles" that are used to measure the distances to galaxies that are used to determine the Hubble redshift relation.  What is the approximate current best value for Hubble's constant?  Given this constant, how is the Hubble relation used to determine the distance to far galaxies?



19.  Other than being the ultimate "rung" on the cosmic distance ladder, what does the Hubble relation tell us about the universe as a whole?




20.  When using the Hubble relation to determine the distances to galaxies, astronomers find structure (a hierarchy of clustering) on large scales in the universe.  Describe this structure starting with galaxy clusters.  What are two pieces of evidence for "dark matter" in galaxy clusters?



21.  Describe the formation model for galaxies that begins with a large collapsing cloud of gas.  What two factors are believed to determine if a galaxy becomes a spiral or elliptical?  What more recent modification to this model is supported by Hubble images of far galaxies?



22.  Is galaxy interaction (collisions, close passes, etc.) thought to be important in galaxy evolution?  What type of galaxy, usually found in the centers of rich galaxy clusters, is thought to be the result of galaxy mergers ("galactic cannibalism")?



23.  What does the word "quasar" stand for?  What was suprising about the visible spectra of these "star-like" radio sources when they were first discovered?  What characteristics of a quasar do we infer from this suprise?  What are some other properties of quasars?



24.  What is an AGN and how is it related to quasars?  What are some other types of AGNs and how are they related to quasars?  (How are they similar, different?)
25.  AGNs are thought to be very small (solar system size), how is their size inferred?  Does their inferred size make it difficult to explain their power output?  If so, how come?



26.  Describe the current model of the power source of AGNs.  How might the "angle" that we view the AGN determine what type of AGN we see?



Section 5:  Cosmology and Beyond
1.  State Olber's paradox.  Olber's paradox is based on the assumption of a static, infinite universe.  What are some ways that this paradox can be "solved"?



2.  Describe how an expanding universe predicts that we would observe the Hubble relation and that we would observe it from any point in the universe.  Explain by discussing the 1-D "rubber band universe" and the 3-D "raisin bread universe".



3.  What is the cosmological principle?  Explain how using this principle and the observed Hubble relation can lead to the idea of the "Big Bang" (or at least some sort of beginning to space and time)?  How can the Hubble constant be interpreted to give an estimate of the age of the universe?  How does the idea that the universe is a finite age solve Olber's paradox?
4.  Can you determine where is space the point of the "Big Bang" (or beginning of the universe) occurred?  Use the 3-D balloon space-time analogy to discuss this question.  What can we say about a "time before" the Big Bang occurred or the "space outside" the universe?



5.  What are the three main "pillars" of evidence for the Big Bang theory and how does the theory predict these observations?



6.  One of the "pillars" of evidence is the cosmic background radiation [CBR] (...or cosmic microwave background [CMB]).  What other measurements of the CMB has helped to explain the transition from the very smooth CMB to the present "clumpy" universe?



7.  The fact that the CMB is very smooth (the same temps. in all directions) is sometimes called the isotropy problem.  What makes this a problem and what modification to the Big Bang could explain this observation?



8.  Measurements of the distribution of the sizes of the angular variations in the CMB (...by MAXIMA, BOOMERANG, WMAP projects) have pinned down some of the characteristics of our universe.  Describe the three geometries the universe could have (and what it means about the density of the universe) and state which geometry and density these measurements favor for our universe.
9.  These same measurements have also revealed other parameters which describe our universe.  For instance, what do these measurements tell us about the make-up of our universe?  i.e.:  What percentages of the matter-energy density of the universe are made up of normal (baryonic) matter, dark matter, and dark energy?



10.  Two groups studying SN Ia supernovae have concluded that the universe's expansion is doing something very unexpected.  What does this data suggest is happening to the expansion of the universe and how is this believed to be related to Einstein's cosmological constant?



11.  Use the figure linked to "XI. ....click here for video-text comparison..." to describe all the steps of the Big Bang.  Make sure to describe what is meant by GUTs and TOEs and the epochs related to these theories.  What major early epoch is not mentioned by the video but is now a very important part of the standard Big Bang?  What effect on the present and future expansion of the universe is not mentioned in this figure for either video or text? 

