KEENE STATE COLLEGE

astronomy 101 – elementary astronomy

Fall Semester, 2000

Instructor:
Dr. J. Russell Harkay, Prof. of Physics

Office:
SC 326, 328, 323
Office Hours:
At least 3 – TBA

Telephone:
Ext. x2588 for emergencies only

TEXT:. Bennett, et. al., The Cosmic Perspective (short version)

Recommended Reading:  Harkay, Study Guide for Astronomy
WEB RESOURCES:  http://wcb.keene.edu/~rharkay/ASTROCLASS.html

Phone Policy:  A phone message will be left if class is canceled due to inclement weather .  Cancellation for other reasons will be announced in advance and/or posted on the door of the classroom.  Phone memos requesting course/help policy, exams, etc.: Syllabus, office hours, website, and link to me provided for this purpose – please see me in person or use alternatives– voice mail use limited as outlined in class. I do not usually return student messages but do note requests for absence, etc.

Homework and reading: to be handed out in class and to be posted on the ASTRONOMY WEB PAGE at http://wcb.keene.edu/~rharkay.

This course is divided into three sections.  The three hourly exams cover one section each, while the final is comprehensive.  If you wish to do a semester project as a substitute for one exam, a lost of recommended topics in attached. 

Section I (Aug 28th to Sept. 29th)  is an overview of the cosmos, Solar System, scaling, scale of time, view of the sky from Earth, coordinate systems, navigation, Earth-Moon System, Eclipses, Tides, Methodology and Models, Mass-Energy, Atoms, History of Astronomy, Copernican  Revolution, Modern Astronomers, Light and Telescopes (optical and radio), Adaptive optics and Interferometry.

Section II (Oct 2nd to Nov 3rd ) refers to Special and General Relativity, space-time diagrams, equivalence, Fundamental Forces and Particles, Quantum Effects, Degeneracy, Structure of the sun, Sunspots, Plasmas and magnetism, Nuclear Processes, Weins’s Law, Stefan’s Law, Spectral classes, H-R diagram, clusters, variable stars, magnitudes and distance, spectroscopic parallax, stellar evolution, stellar remnants- white dwarfs, neutron stars, pulsars & black holes; x-ray and gamma-ray bursters, supernova laboratory exercises using filters and spectral classes.

Section III  (Nov 6th to Dec 15th ) covers the Milky Way Galaxy – components, structure & evolution, supermassive black holes, dark matter, Galactic formation and evolution, radio galaxies, starburst galaxies, galactic clusters, mass-to-light ration, Hubble’s Law, cosmology, Tulley-Fisher and velocity dispersion methods, structure of the universe, Big Bang Models, microwave background, Lookback Time, Amisotropy on 3K Background, Eros of Big Bang, wimps and machos and detection methods, Inflation, flatness and smoothness problems, comparative planetology, comets, formation of Solar System, Atmospheric Evolution and Retention, Drake Equation, SETI, communicating with Life elsewhere?

WEEK
DATES
READING TOPICS
TEXT QUESTIONS



Section  I .
Section  I 

1
Aug 28-31
Ch.1 - Our Place in the Universe; 
Ch 1 - Ques. 2, 3, 4, 5, 7, 10, 11, 12, 13; P. 1- 3, 4, 5, 6.




Ch. 2 -  Discovering the Universe for Yourself
Ch 2  - Ques. 2, 4, 6, 7, 9, 10, 12, 13; P. 2, 6.



2
Sept 5-8
Ch. 2 - Discovering the Universe for Yourself
Ch 3  - Ques. 9, 10, 12, 14.




Ch. 3 - The Science of Astronomy


3
Sept 11-15
Ch. 3 - The Science of Astronomy
Ch 4  - Ques. 1, 2, 3, 4, 5, 6, 10, 12, 14, 15, 17. P 1, 4, 6, 7.




Ch. 4 - A Universe of Matter and Energy




4
Sept 18-22
Ch. 5 - Universal Motion: From Copernicus to Newton
Ch 5 - Ques. 2, 4, 5, 8, 10-14, 16, 17; P. 3, 4, 6, 7.


5
Sept 25-29
Ch. 6 - Light, Telescopes and Spacecraft 
Ch 6  - Ques. 1, 5, 6, 8, 9, 11, 12, 13, 18. P. 1, 2, 3, 4, 5.


ASTRO QUESTION BANK

Version 2000.1

Section 1

1. Who were Annie Cannon and Henrietta Leavitt and what were their main contributions to astronomy?

2. What astronomical “discovery” is attributed to Harlow Shapley?  Who developed the technique he used, to find distances and what was that technique?

3. What discovery is attributed to Vera Rubin and what technique does she employ to make measurements (that is, how did she make this discovery)?

4. How did Sir Arthur Eddington verify the prediction of Einstein’s Theory of General Relativity?

5. Compare and contrast Brahe and Kepler, briefly.

6. Compare and contrast, in a few sentences, Aristotle and Galileo.

7. Draw the earth-sun diagram shown in class for determining moon phases and use it to answer the following: When does the first quarter moon rise? When does a waxing crescent moon set? When is a third quarter moon on the Meridian? I see the moon in the sky around 9AM.  Am I looking East or West?

8. What would our seasons be like if the earth were tipped 45° instead of 23.5°?  What would they be like if the earth’s axis were perpendicular to its orbit?  

9. Star A had a magnitude of 2.5; Star B, 5.5; and Star  C 10.5.  Which is brightest?  Which are visible to the unaided eye?  Which pair of stars has an intensity ratio of 100?

10. If the Earth were the size of a B-B (about 0.1 of a centimeter radius), how big would the Sun be?  How big would the Milky Way be?

11. If one complete hemisphere of the Moon is always lit by the Sun, why do we see different pleases of the Moon?

(a) You go outside at about 9PM and face south.  The moon is up and off to your right, near the horizon.  Is it rising or setting and in what phase is it?  (b) The next night you go out again at 9PM.  Where is the moon?  Is it higher or lower or not up at all?  Did it move east or west with respect to the stars?  Has its phase changed?  If so, how?

12. A stick 10 cm high casts a shadow 4.2 cm long at noon.  What is the sun’s altitude?  Hint:  Draw a diagram to scale.  Or you can divide the height of the stick    l   by the shadow length  s.  This ratio is the tangent of the angles of the sun’s height   h   above the horizon. Use the trig relationship below:


13. Jupiter’s average distance from the sun is 5.2 AU.  What is its orbital period?

14. Why do we say that atoms are mostly empty space?

15. What is meant by adaptive optics?

16. What might we detect with an X-ray telescope that we could not detect with an infrared telescope?

17. How much more energy is carried by a photon of wavelength 1 Angstrom (an X-ray) than by photon of wavelength 5000 Angstrom (visible light)?

18. Why does the useful resolving power of a ground-based telescope with a 2-meter diameter mirror not match its theoretical value?

19. Put a pencil straight down into a glass of water.  Notice whether the pencil looks bent.  Now tilt the pencil and note how its apparent bending changes.  How does this illustrate why light from objects near the horizon is refracted more strongly?

20. What kind of astronomical objects can we best study with radio techniques?

21. How are color and wavelength related?

22. Given that water absorbs microwaves very strongly, can you explain why a Pop-Tart gets very hot inside while it’s crust stays cool if you heat it in a microwave oven?

23. In the energy-level model, when an atom absorbs a photon, what generally happens to one of the electrons?

Section  I :  On-line:  Ques. 2, 3, 4, 5, 7, 9, 15, 26, 34, 43, 71, 79, 89, 109, 119, 126, 132, 134, 135, 137, 138, 146, 169, 175, 180, 195.




Section II
Section II


6
Oct 2-6
Exam 1 (Ch. 1 – 4)  Exams may be modified  if material is not completely covered.




Homework  = Section I  due the day of the exam.   Assigned problems



7
Oct 9-13
Ch 12  - Our Star
Ch. 12 - Ques. 1-3, 6-8, 12-14, 21; P 1, 2* challenge




Ch. 13 - Stars
Ch. 13 - Ques. 1-5, 7-9, 12, 14, 15, 18, 20; P. 1.


8
Oct 16-20
Ch.  14 - Star Stuff
Ch. 14 - Ques. 8, 11, 13, 15, 16, 20, 22; P. 2, 4,  5

9
Oct 23-27
Ch. 15 - The Bizarre Stellar Graveyard
Ch. 15 - Ques. 1, 3, 4, 5, 8, 12, 14, 16; P2

ASTRO QUESTION BANK

Version 2000.1

Section 2

1. What are the stellar spectral classes?  Which are hot and which cool?

2. What evidence do we have that solar granulation is caused by convection?

3. If a solar flare releases 1025 J, how many years could we run the United States on the energy form the flare?

4. Define apparent and absolute magnitude.  How are the two used to find distances to stars? 

5. Why must the interior of the Sun be so hot?

6. Describe  the solar cycle.

7. Why are scientists trying to hard to detect solar neutrinos?

8. The band of stars extending from the top left of the H-R diagram to its bottom right is known as the __________ .

9. The large, cool stars found at the upper right of the H-R diagram are _________ .

10. The small, hot stars found at the lower left of the H-R diagram are___________ 

11. Why is there a lower limit to the mass of a main-sequence star?

12. Why does a star’s life expectancy depend on its mass?

13. How are neutron stars and white dwarfs similar?  How do they differ?

14. How can a black hole emit X-rays?

15. Use the data, in table 12.6 below to plot an H-R diagram.  Which star is a red giant?  Which is a white dwarf?  Note: Plotting will be much easier if you plot the logarithm of the luminosity: that is, express it in powers of 10 and use the power.  For example if the luminosity is 100, plot it as 2 for 102.  Alternatively, use a pocket calculator as follows.  Enter the luminosity in solar units and hit the “log” key.  If the luminosity is 300,000 the answer you get should be 5.4777...

TABLE  12.6

Data for Plotting an H-R Diagram*

Star name
Temperature
Spectrum
Luminosity (solar units)

Sun


6,000
G2
1

Sirius


10,000
A1
25

Rigel


12,000
B8
350,000=
Betelgeuse

4,000
M2
150,000=
Eridani B

15,000
DAu
0.01

Barnard’s Star B
3000
M5
0.001

Spica


20,000
B1
3000

*These data have been rounded off to make plotting easier.  

=The luminosity of Rigel and Betelegeuse are not accurately known because the distance to them is 

extremely uncertain.

uGiven the low luminosity of this star, what do you think the D in its spectral class stands for?

16. Is it surprising that a pulsar is not seen in every supernova remnant?  Why?

17. What is an evolutionary track?

18. Assume that your body is made of water molecules.  Estimate the number of water molecules in the mass of your body.  If these were spread out in a density equivalent to that at the core of a molecular cloud, how much volume would they fill?  Assume that the cloud is spherical?
Section  l l  :  On-line :   Ques. 189, 192, 196, 198, 220, 227, 250, 253, 254, 255, 265, 266, 276, 282, 289, 327, 334, 376 (challenge)

10
Oct 30-Nov 3 
Ch. 16 - Our Galaxy
Ch. 16 - Ques. 1, 3, 4, 9, 11, 14, 15, 17, 20, 21, 22,; P. 2




Exam II (Light through Stars) Homework = Section II selected problems 




Section III
Section III

11
Nov 6-10 
Ch 17 - A Universe of Galaxies
Ch 17 - Ques. 1, 4, 6, 7,-11, 13, 15, 18, 21, 22,; P. 6

12
Nov 13-17 
Ch. 18 - Dark Matter 
Ch. 18 - Ques. 2, 4, 5, 9, 12, 15-17; P 1




Homework = Section II due to be turned in.   


13
Nov 20-22 
Ch. 19 - The Beginning of Time
Ch. 19 - Ques. 1, 4, 7-10, 13,-16, 18, 19




Review of Semester’s Work


Thanksgiving Break

15
Nov 27-30 
Ch. 7- Formation of the Solar System
Ch. 7 - Ques. 3, 6, 7, 9, 12; P. 8 (Web)




Ch. 10 - Remnants of Rock and Ice: Asteroids,
Ch. 10 - Ques. 1, 12,; P 6 (Web) 




Comets, and Pluto.


*List of Supplementary Questions from Question Bank On-line.

ASTRO QUESTION BANK

Version 2000.1

Section 3

19. How do we know how old our galaxy is?

20. Propose an explanation for the lack of gas, dust, and young stars in elliptical galaxies.

21. How do gravitational lenses provide evidence that quasars are distant?

22. Why do astronomers say the hot gases of the Big Bang have a temperature of 2.7K?

23. Why do we conclude that the universe must have been very uniform during its first million years?

24. What is meant by dark matter?  Why do astronomers conclude the Milky Way may contain such as-yet-unobserved material?  What are likely candidates for “dark” matter?

25. Describe one model for the origin of the Milky Way.  How does this model explain the difference between Pop I and Pop II stars?

26. What is a quasar?

27. A galaxy has a recession velocity of 13,000 kilometers per second.  What is its distance in megaparsec if H = 76 km/s/Mpc?

28. List several “cosmic coincidences” which led to your being here to answer these questions.

29. Draw a diagram of the structure of the universe, as observed by Huchra and Geller.

30. What problems of the  theory are resolved by inflationary models?

31. When did the universe become transparent to radiation?

32. How is the aurora related to the Earth’s magnetic field?

33. How do the maria differ from the highlands?

34. How would you describe the formation of the solar System to a little brother or sister?

35. What creates a comet’s tail?

36. In considering the possibility of COMMUNICATING with life elsewhere, what is the most important factor to consider in the Drake Equation?

Section  l l l :  On-line :   Ques.  398, 404, 409, 413, 416, 419, 427, 429, 462, 468, 472, 473, 482, 509, 551, 565, 602.
16
Dec 4-8 
Review for Final Exam

17
Dec 12-15 
Final Exam (comprehensive); 




Homework = Section III due to be turned in.

Hourly Exams:  Hourly exams are approximately at “break points” shown on syllabus (Sections in the homework lists.)  See topics for material covered by each.  Only the final is comprehensive; each exam covers only topics covered during that segment of the course.

How to prepare for an exam:

1.
Only topics presented in lecture will appear on the exam.  The text contains a great deal more material than we have time be used to reinforce lecture material.  Naturally, you are invited to read and enjoy as much of it as your time permits!


2.
Answer assigned end-of-chapter questions.  They are chosen to reflect material that receives the greatest emphasis.


3.
Practice the questions in your study guide that relates to material covered in lecture.


4.
Form study groups whenever you can.


5.
If a sufficiently large group would like to have a review session prior to an exam, I (or an SI) will be happy to find a room and be available to help you.

Course objectives:


1.
Introduce the student to science and scientific method.


2.
Present an overview of astronomy comprehensible to students with little or no science background.


3.
Instill in students an appreciation of Astronomy, both theoretical and observational.


4.
Introduce the physical principles and methods of date acquisition associated with Astronomy.

Outcomes: the student shall –


1.
Understand the observational effects of the motions of the earth, moon and planets.


2.
Demonstrate a working knowledge of new terminology presented in Astronomy.


3.
Understand the properties of bodies such as stars, planets, moons, comets, meteors, asteroids nebulae and galaxies.


4.
Understand the properties of light and how it provides astronomical information.


5.
Be able to apply quantitatively fundamental physical principles and concepts to astronomical observations.


6.
Gain an understanding of theories regarding the origin and make-up of the solar system and cosmos.


7.
Understand and appreciate the uniqueness of and processes required to produce the Earth as a planet suitable for humans.

Methods of evaluation:


1.
Three 1 hour examinations plus comprehensive final = 100% of grade.(as modified by extra credit for homework and attendance). Top three
scores used to compute. Averaged as letter grades. You cannot pass, however, unless you have at least TWO PASSING GRADES! In other
words, attendance cannot raise an F to a D.


2.
A semester project may be substituted for one exam.


3.
A completed (at least 80%) set of homework assignments from the chapter on which an exam is based may be submitted the day of the exam. The exam grade will be raised a maximum of one letter grade, depending upon quality/correctness of homework.  It is OK to work in groups, but there shall be no duplicate submissions!


4.
Attendance maybe used to earn credit.  If you have not more than three unexcused absences, you may petition, by way of contract to have your grade raised by one-half grade.  Being present for attendance and leaving early does not count.  You cannot sign-in for a friend (doing so will be considered academic dishonesty).  You will have to sign a binding attendance contract at the end of the semester to receive credit.


5.
The lowest score will be dropped, including the final.  However, there are NOT make-ups and
therefore a missed exam is simply dropped if you have missed an exam.


6.
Grading will be performed statistically with the letter grade corresponding to the mean determined according to exam difficulty and class performance as well.


7.
Semester project –minimum 6-page based on library research or observational work equivalent to 1/3 semester of study.  Topics must be
submitted by or before Week 8 for consideration and projects completed no later than Week 12.  See section relating to topics.


8.
We will be conducting night time observing sessions from time to time.  The degree of participation is a matter of student/class choice.


9.
Highest three letter grades are averaged for course grade, since the lowest score is dropped, make-ups become unnecessary as missed
exams will be dropped as the lowest score.

10.
Exam format will be machine-graded multiple-choice and T/F.  Please remember to bring a #2 pencil to exams.  Scantron forms will be supplied.

Out planetarium has been dismantled.  If we travel to one elsewhere, attendance shall become mandatory.

ETIQUETTE: 

· Arrive for class on time. If you are late, use rear entrance.

· Do not disturb professor as he busily prepares and sets up for class. Time is limited, and it belongs to everyone in the room. Personal questions will be answered after class and general questions may  always be asked at the start of lecture.

· No talking at any time. If you do so or create a distraction for the students or professor (this also includes reading books for other courses, newspapers, passing notes, etc.), you may be asked to excuse yourself and suffer a reduction in grade of one letter grade on the following exam.

· Stay awake. If you cannot, please excuse yourself and nap at home.

· If you need to leave early or are ill, please sit in an end-of-aisle seat so you can get up discreetly and leave by the rear door.

· If you have a problem with reading my writing and overheads (my writing is not very clear due to a rotator cuff tear), please move to a seat closer to the screen and let me know of any difficulty immediately-thanks. If you cannot hear me, please let me know of that as well.

· No rustling papers in preparation for leaving before I finish speaking! If there is still no clock in the lecture hall, my watch will be considered official time. I will be careful not to run overtime if at all possible. I may arrive for or start class a bit late if I have a lot to set up and encounter some difficulty. In general, I usually give the students time to “blow off steam” and relax at the start of the hour. Take advantage of that time to talk to friends, even though I am in the room. When I gesture or ask that we start, all noise ceases.

· Keep and know your syllabus-it contains instructions regarding grading and policy and if I am asked a question about such matters at a later date, I will ask you to refer to it. Be sure you understand it from the start and feel free to ask any questions you wish about the contents during the first few classes. This is not to be interpreted as rudeness or disrespect, but I do not wish to use up class time answering questions to which answers are readily available. I will try and keep a current copy of the syllabus and rules on the website, as well.

· Astronomy, like other science gen. Ed. Courses, may be difficult for some of you. It will require effort to master. Please remember the college-wide rule: 2-3 hours/wk. Of work outside of class for each credit. That translates to 6-9 hrs/wk for this course. Not all courses require this amount, but the assigned reading (PLEASE SKIM BEFORE CLASS) and homework, along with reviewing for exams, will probably translate to the above estimate. I will bear in mind at all times that you are not science majors and introduce all physical concepts accordingly, but outside work is a must for full comprehension.

· The above rules are really just common courtesy and should be followed in all classes. Not observing them is not only a sign of disrespect for your Professor, but for your colleagues as well.

PREREQUISITES;

Math Competency (High School algebra, scientific notation, simple geometry).  Good study habits and

class participation are of paramount importance.

Class participation is highly encouraged as a facet of good organizational and study habits.  The lectures will be highly personalized (text is not regurgitated) and exams are based almost entirely on material covered in lecture.  You are not responsible (on test) for material covered at outdoor viewing sessions unless they were also covered during regular class or in a planetarium.  The study guide and assigned questions and problems are intended to give you an idea of which topics are most highly stressed and may be candidates for exam material on some occasions.

I hope you find this course stimulating, thought provoking and informative.  Good luck!

A personal comment:
Astronomy is a branch of physics and astronomers are all physicists.  The astronomy students therefore should not be surprised to find that he/she is being exposed to and asked to learn about what may be perceived as “physics” topics in this course.  My Doctoral degree is one with a specialty in physics, and I make no attempt to apologize or play down the extreme importance of basic physical principles in attempting to describe the workings of the Cosmos.  The emphasis of such fundamentals also precedes a basis for offering this course as one satisfactory science prerequisite.  I hope you share this enthusiasm and find this approach as fascinating as I do.  If you have an intense dislike of “hardcore” science,”, this may not be the course for you.

What is the role of astronomy in your undergraduate career?  Are you taking it as a general education’s elective?  I hope you are doing so because you are genuinely inquisitive, the most noble reason of all.  However, this course fulfills a vital role in your educational experience in addition to providing you with facts.  The coming year will see tremendous advances in science and technology, which would confuse anyone who does not know how science progresses from data to hypothesis to natural law.  Should your state permit nuclear waste disposal sites?  Should you support construction of solar power stations?  Is nuclear fusion a sage source of energy?  To resolve technical issues, you need to apply some of the methods of science.  As we study astronomy look at is as an example of scientific theory.  Additionally, astronomy possesses great cultural value and tells us about our place in nature.  You will see how the universe has developed and evolved, where the elements come from how planets and stars form and the emergence of life.  This knowledge does not have monetary values, but it is priceless in that you will appreciate your experiences as a human being.  You will see humanity as a unique part of a complex and beautiful universe.  If, by the end of the course, you do not think of yourself and society differently; if you don’t feel excited, and challenged and your imagination stretched, then you haven’t been paying attention.

Suggested Term Paper Topics (Semester project)

Archeoastronomy

American Indian Astronomy

Central/South American Indian Astronomy

Babylonian Astronomy

Comparative Cosmologies and Origin of the Universe – Judeo/Christian, Norse, Hindu, Buddhist, Greek

Biography – Galileo and His Role in the Copernican Revolution

Biography- Johannes Kepler and the Evolution of His Views; His Laws

Biography – Einstein and His Impact upon Astronomy

Henrietta Leavitt and Variable Stars

The Politics of the Harvard Observatory from 1900 – 1940

The “Women of Harvard” – Annie Cannon and Colleagues

Book Review: Stephen Hawking – “A Brief History of Time”

The Big Bang

Book Review: Stephen Weinberg – “The First Three Minutes”

Book Review: Bigel Calder – Key to the Universe

The Probability of Finding Life Elsewhere

Unmanned Space Probes from the 1970s – Present

The Evolution of Optical Telescopes through Adaptive Optics

The Collision of Comet Schoemaker-Levy with Jupiter and What We Learned

The Search of Life on Mars

Colonization of Space – a Possibility?

A Critical Review of “2002” and “2010” from An Astronomical View Point

A Short Sci-Fi Story in the Style of Arthur C. Clarke

An Astronomical/Physical Critique of Science Fiction in the Movies

An Astronomical/Physical Critique of Science Fiction on TV

What H.G. Wells Did/Didn’t Know about Astronomy

Dark Matter – What is it and How is it Observed?

Book Review – Kaufmann: “Black Holes and Warped Space-time?”

the Solar-Terrestrial Connection: How Does the Sun Affect the Earth’s Atmosphere and Climate?

Supernova 1987A – It’s History, Observation, and Impact on Theories

The Science, Technology, and Politics of the “Space Race” from Sputnik-Apollo

The Economics of Space Exploration

What We Learned from the Apollo Missions

Biography – Vera Rubin

Computer Project (DOS) – An H-R Diagram for a Globular Cluster Using Observational Data

The History of Radio Astronomy through Interferometry

A Planet Capable of Supporting Life – What Are the “Specifications” and Probability of Finding Another One?

Biography – Harlow Shapely

The Role of the Hubble Constant in Cosmology, How it is Determined and Constraints of H and Dh/Dt

Quasars – Their Discovery, Properties, and Role in Cosmology

Gravitation Lens Studies

The Role of Inflation in Big Band Models

Experimental Evidence of Black Holes

The Search for Life on Mars

A Profile of An Astronomer (You May Interview any Living Astronomer Actively Involved in Research)

Astronomy in Art – A Historical Perspective

Astrology and Its Relation to Astronomy – Pro & Con

Comets – Theory and Observation through the Probes to Halley

Theories of Terrestrial Evolution Based on Astronomical Catastrophism

A Critical Review – Immanuel Velikovsky – “Worlds in Collision”

Minimum requirement for a semester project:

· Work equivalent to 1/3 semester of study for a 3-credit course, of one credit (about 30-40 hours).

· Paper shall be typed (word-processed), at least 6 pages, single-spaced, font size 12 or smaller.

· Several references shall be indicated in text using proper style.  All quotes must be footnoted.  No Plagiarism! Web research is highly encouraged.

· There shall be several references in the case of a topical paper, and most shall be current (no old stuff – modern astronomy changes fast!)

· Paper is due next to last week of class.  Topic must be submitted no later than week 8 of classes.

· Any student submitting paper which is not original, and used only in this course or one prepared by an outside agent of any sort shall automatically be assigned a grade of F for the course

