Astronomy 101 with Prof. Graney.
FINAL EXAM (The ‘A’ Project) covering Chapters 1-24 of your AST 101 textbook, The Known Universe (6th edition).
This is the final exam for a college class in which you have learned a great deal and have become, in certain areas, more knowledgeable than a great many people—including some of your professors.  Among other things, you know about such topics as Aristotle, Augustine of Hippo, Tycho Brahe, Newtonian physics, Einstein’s theory of relativity, and Hillel II and the Jewish calendar.  You can discuss the Condemnation of 1277, the Fermi/Time Paradox, the Age of the Universe, Kardashev Civilizations, and Soviet objections to the Big Bang Theory.  You know details that even very many educated people do not know concerning the struggle to determine whether and how Earth moved, about the Big Bang theory, about intelligent life on other worlds, and about how science really works.  You have been well-educated in this course.
Furthermore, this exam is optional—only students who want to earn a grade of ‘A’ in AST 101 will take this exam.  If you are taking this exam, you are intending to be an ‘A’ student.  ‘A’ students do high-quality work.

Since everyone taking this exam is a well-educated student who does high-quality work in this college-level astronomy class, I will not credit any final exam that is not high-quality college-level work befitting a well-educated person.  Specifically, your exam MUST meet the minimum length stated, and it MUST have appropriate grammar, spelling, and capitalization, or I will not consider it high-quality college-level work and I will treat the exam as through a proper exam never was turned in (because it wasn’t), and you will not receive credit for it (meaning you will receive a ‘B’ in the class, which is not such a bad thing).  
If you are a student who has particular trouble with grammar and spelling:

You need to use “Spell Check” and “Grammar Check”.  You need to get help from others in cleaning up your spelling or grammar or capitalization.  Help is available from the college through The Learning Commons/Writing Center, for example.  We are at the end of the semester of a class that involved a lot of writing.  Issues regarding word length, and issues of writing with proper spelling and grammar and capitalization, are matters you should have addressed months ago. 
FINAL EXAM COVER SHEET           NAME_________________________ (neatly hand-written)
Your final exam consists of an essay concerning what you have learned from your textbook, what you think was interesting or important, and even what you think was dumb.

There are four sections to your textbook The Known Universe: Discovering the Science of Astronomy

through the History of Astronomy (6th edition).  These sections are (i) “The Center of the Known Universe”; (ii) “The Workings of the Known Universe”;  (iii) “The Age of the Known Universe”; (iv) “The Inhabitants of the Known Universe”.  

For each section do the following:

· Briefly discuss what you learned from that section.  This should cover the entire section (you do not want to just focus on one or two chapters).
· Select the single best or coolest or most interesting or most important idea or discovery or person that you learned about in that section.  This could be a big and complex idea (like the Big Bang Theory, for example) or a well-known person or discovery (Einstein, for example)—or it could be a smaller and simpler idea (like the shape of the Earth) or a less-known person or discovery (the speed of light, for example).  Explain your selection briefly; also explain why you chose that selection.
Then, for the entire book, select the single best or coolest or most interesting or most important idea or discovery or person that you learned about overall.  This might be one of your selections from the four sections.  It might be something different (maybe you may find that, while each section has its own most interesting thing, there is some overall idea that, when looking at the whole class, exceeds any of the section ideas).  Explain your selection briefly; also explain why you chose that selection.

Also, for the entire book, select the single worst or stupidest or most uninteresting idea or discovery or person that you learned about overall.  Explain your selection briefly; also explain why you chose that selection.
Finally, within your essay you are to include 15-20 key words or phrases from The Known Universe (6th edition).  You choose these key words or phrases.  Put these words in BOLDFACE CAPITAL LETTERS in your discussion essay.  Create a typed list of these key words or phrases that includes the chapter and page on which each key word or phrase is found; you will turn in this list with the essay.

A form for the discussion essay and for the “key words or phrases” list is below.  Your essay is to be 1800-2200 words in length.  It is to be 10 point Times New Roman font, single spaced, 1 inch margins.
Staple this cover sheet to your essay.
· This test is to be turned in during Finals Week at one of the times specified.  You must turn in an “old school” paper copy of this exam—you may not turn in your exam via e-mail or other modern means.  You may turn in the exam at the Monday time (Downtown campus) or the Tuesday time (Southwest campus), but no exams will be accepted after the time for the Southwest campus.  Once I leave the Southwest campus on that Tuesday of exam week, the AST 101 classes are over and no other material may be turned in.  I will be grading material and posting grades as quickly as possible.  Be wise in your use of time, and schedule accordingly.  Check this box to indicate that you have read this. [Owing to COVID-19, exams may be turned in via e-mail from your JCTC e-mail address.]
NAME: ______________________________ (neatly hand-written)
Delete the words below and type (must be typed) your essay there, using the same font and size (Times New Roman, 10 point font, single spaced, 1 inch margins on all sides; you can change the color):
Note that the text in dark blue is 1800 words.  The text in dark red adds 400 more words, to be 2200 words.  Your essay is to be between 1800 and 2200 words in length.  To fill up space and to provide an example of the expected length of this essay, I am including some of the text from Galileo’s Starry Messenger of 1610, his first discussion of his telescopic observations.  Your discussion should be at least as long as the blue portion of this example, and no longer than the blue+red portions.
Galileo writes—Great indeed are the things which in this brief treatise I propose for observation and consideration by all students of nature. I say great, because of the excellence of the subject itself, the entirely unexpected and novel character of these things, and finally because of the instrument by means of which they have been revealed to our senses. 
Surely it is a great thing to increase the numerous host of FIXED STARS previously visible to the unaided vision, adding countless more which have never before been seen, exposing these plainly to the eye in numbers ten times exceeding the old and familiar stars.

It is a very beautiful thing, and most gratifying to the sight, to behold the body of the moon, distant from us almost sixty earthly radii, as if it were no farther away than two such measures — so that its diameter appears almost thirty times larger, its surface nearly nine hundred times, and its volume twenty-seven thousand times as large as when viewed with the naked eye. In this way one may learn with all the certainty of sense evidence that the moon is not robed in a smooth and polished surface but is in fact rough and uneven, covered everywhere, just like the earth’s surface, with huge prominences, deep valleys, and chasms.

Again, it seems to me a matter of no small importance to have ended the dispute about the MILKY WAY by making its nature manifest to the very senses as well as to the intellect. Similarly it will be a pleasant and elegant thing to demonstrate that the nature of those stars which astronomers have previously called “nebulous” is far different from what has been believed hitherto. But what surpasses all wonders by far, and what particularly moves us to seek the attention of all astronomers and philosophers, is the discovery of four wandering stars not known or observed by any man before us. Like VENUS and Mercury, which have their own periods about the sun, these have theirs about a certain star that is conspicuous among those already known, which they sometimes precede and sometimes follow, without ever departing from it beyond certain limits. All these facts were discovered and observed by me not many days ago with the aid of a SPYGLASS which I devised, after first being illuminated by divine grace. Perhaps other things, still more remarkable, will in time be discovered by me or by other observers with the aid of such an instrument, the form and construction of which I shall first briefly explain, as well as the occasion of its having been devised. Afterwards I shall relate the story of the observations I have made.

About ten months ago a report reached my ears that a certain Fleming had constructed a spyglass by means of which visible objects, though very distant from the eye of the observer, were distinctly seen as if nearby. Of this truly remarkable effect several experiences were related, to which some persons gave credence while others denied them. A few days later the report was confirmed to me in a letter from a noble Frenchman at PARIS, Jacques Badovere, which caused me to apply myself wholeheartedly to inquire into the means by which I might arrive at the invention of a similar instrument. This I did shortly afterwards, my basis being the theory of refraction. First I prepared a tube of lead, at the ends of which I fitted two glass lenses, both plane on one side while on the other side one was spherically convex and the other concave. Then placing my eye near the concave lens I perceived objects satisfactorily large and near for they appeared THREE TIMES CLOSER AND NINE TIMES LARGER than when seen with the naked eye alone. Next I constructed another one, more accurate, which represented objects as enlarged more than sixty times. Finally, sparing neither labor nor expense, I succeeded in constructing for myself so excellent an instrument that objects seen by means of it appeared nearly one thousand times larger and over thirty times closer than when regarded with our natural vision.

It would be superfluous to enumerate the number and importance of the advantages of such an instrument at sea as well as on land. But forsaking terrestrial observations, I turned to celestial ones, and first I saw the MOON from as near at hand as if it were scarcely two terrestrial radii away. After that I observed often with wondering delight both the planets and the FIXED STARS, and since I saw these latter to be very crowded, I began to seek (and eventually found) a method by which I might measure their distances apart.

Here it is appropriate to convey certain cautions to all who intend to undertake observations of this sort, for in the first place it is necessary to prepare quite a perfect TELESCOPE, which will show all objects bright, distinct, and free from any haziness, while magnifying them at least four hundred times and thus showing them twenty times closer. Unless the instrument is of this kind it will be vain to attempt to observe all the things which I have seen in the heavens, and which will presently be set forth. Now in order to determine without much trouble the magnifying power of an instrument, trace on paper the contour of two circles or two squares of which one is four hundred times as large as the other, as it will be when the diameter of one is twenty times that of the other. Then, with both these figures attached to the same wall, observe them simultaneously from a distance, looking at the smaller one through the telescope and at the larger one with the other eye unaided. This may be done without inconvenience while holding both eyes open at the same time; the two figures will appear to be of the same size if the instrument magnifies objects in the desired proportion.

Such an instrument having been prepared, we seek a method of MEASURING DISTANCES apart. This we shall accomplish by the following contrivance.

Let ABCD be the tube and E be the eye of the observer. Then if there were no lenses in the tube, the rays would reach the object FG along the straight lines ECF and EDG. But when the lenses have been inserted, the rays go along the refracted lines ECH and EDI; thus they are brought closer together, and those which were previously directed freely to the object FG now include only the portion of it HI. The RATIO of the distance EH to the line HI then being found, one may by means of a table of sines determine the size of the angle formed at the eye by the object HI, which we shall find to be but a few minutes of arc. Now, if to the LENS CD we fit thin plates, some pierced with larger and some with smaller apertures, putting now one plate and now another over the lens as required, we may form at pleasure different angles subtending more or fewer minutes of arc, and by this means we may easily measure the intervals between stars which are but a few minutes apart, with no greater error than one or two minutes. And for the present let it suffice that we have touched lightly on these matters and scarcely more than mentioned them, as on some other occasion we shall explain the entire theory of this instrument.

Now let us review the observations made during the past two months, once more inviting the attention of all who are eager for true philosophy to the first steps of such important contemplations. Let us speak first of that surface of the moon which faces us. For greater clarity I distinguish two parts of this surface, a lighter and a darker; the lighter part seems to surround and to pervade the whole hemisphere, while the darker part discolors the moon’s surface like a kind of cloud, and makes it appear covered with SPOTS. Now those spots which are fairly dark and rather large are plain to everyone and have been seen throughout the ages; these I shall call the “large” or “ancient” spots, distinguishing them from others that are smaller in size but so numerous as to occur all over the LUNAR SURFACE, and especially the lighter part. The latter spots had never been seen by anyone before me. From observations of these spots repeated many times I have been led to the opinion and conviction that the surface of the moon is not smooth, uniform, and precisely spherical as a great number of philosophers believe it (and the other heavenly bodies) to be, but is uneven, rough, and full of cavities and prominences, being not unlike the face of the earth, relieved by chains of mountains and deep valleys. The things I have seen by which I was enabled to draw this conclusion are as follows.

On the fourth or fifth day after new moon, when the moon is seen with brilliant horns, the boundary which divides the dark part from the light does not extend uniformly in an oval line as would happen on a perfectly spherical solid, but traces out an uneven, rough, and very wavy line as shown in the figure below. Indeed, many luminous excrescences extend beyond the boundary into the darker portion, while on the other hand some dark patches invade the illuminated part. Moreover a great quantity of small blackish spots, entirely separated from the dark region, are scattered almost all over the area illuminated by the SUN with the exception only of that part which is occupied by the large and ancient spots. Let us note, however, that the said small spots always agree in having their blackened parts directed toward the sun, while on the side opposite the sun they are crowned with bright contours, like shining summits. There is a similar sight on earth about sunrise, when we behold the VALLEYS not yet flooded with light though the mountains surrounding them are already ablaze with glowing splendor on the side opposite the sun. And just as the shadows in the hollows on earth diminish in size as the sun rises higher, so these spots on the moon lose their blackness as the ILLUMINATED REGION grows larger and larger. 

Again, not only are the boundaries of shadow and light in the moon seen to be uneven and wavy, but still more astonishingly many bright points appear within the darkened portion of the moon, completely divided and separated from the illuminated part and at a considerable distance from it. After a time these gradually increase in size and brightness, and an hour or two later they become joined with the rest of the lighted part which has now increased in size. Meanwhile more and more peaks shoot up as if sprouting now here, now there, lighting up within the shadowed portion; these become larger, and finally they too are united with that same luminous surface which extends ever further. An illustration of this is to be seen in the figure above. And on the earth, before the rising of the sun, are not the highest peaks of the mountains illuminated by the sun’s rays while the plains remain in shadow? Does not the light go on spreading while the larger central parts of those mountains are becoming illuminated? And when the sun has finally risen, does not the illumination of plains and hills finally become one? But on the moon the variety of elevations and depressions appears to surpass in every way the roughness of the terrestrial surface, as we shall demonstrate further on.

At present I cannot pass over in silence something worthy of consideration which I observed when the moon was approaching first quarter, as shown in the previous figure. Into the luminous part there extended a great dark gulf in the neighborhood of the lower cusp. When I had observed it for a long time and had seen it completely dark, a bright peak began to emerge, a little below its center, after about two hours. Gradually growing, this presented itself in a triangular shape, remaining completely detached and separated from the lighted surface. Around it three other small points soon began to shine, and finally, when the moon was about to set, this triangular shape (which had meanwhile become more widely extended) joined with the rest of the illuminated region and suddenly burst into the gulf of shadow like a vast promontory of light, surrounded still by the three bright peaks already mentioned.
NAME: ______________________________ (neatly hand-written)
DO NOT GO UNDER 1800 WORDS

DO NOT EXCEED 2200 WORDS

NAME: ______________________________ (neatly hand-written)
In the space below, list your 15-20 key words or phrases from our text book, The Known Universe (6th edition) — that you included in your essay in BOLDFACE CAPITAL LETTERS.  Turn this list in with the essay.

Key words or phrases with chapters and page numbers (delete the “X” marks and type in your key words or phrases, and chapter and page numbers):

1) XXXXXXXX (chapter X, page X)
2) XXXXXXXX (chapter X, page X)
3) XXXXXXXX (chapter X, page X)
4) XXXXXXXX (chapter X, page X)
5) XXXXXXXX (chapter X, page X)
6) XXXXXXXX (chapter X, page X)
7) XXXXXXXX (chapter X, page X)
8) XXXXXXXX (chapter X, page X)
9) XXXXXXXX (chapter X, page X)
10) XXXXXXXX (chapter X, page X)
11) XXXXXXXX (chapter X, page X)
12) XXXXXXXX (chapter X, page X)
13) XXXXXXXX (chapter X, page X)
14) XXXXXXXX (chapter X, page X)
15) XXXXXXXX (chapter X, page X)
16) XXXXXXXX (chapter X, page X)
17) XXXXXXXX (chapter X, page X)
18) XXXXXXXX (chapter X, page X)
19) XXXXXXXX (chapter X, page X)
20) XXXXXXXX (chapter X, page X)
