Sample from a Recent Summer

MATH 512  Non-Euclidean Geometry   Summer, 1999
Instructor:  xxx

MTWTh 1:30-3:20  June 21-July 29



594-xxx, xxx (home)

BAM 257






xxx

Office hours, BA 211:  Before and after class, also by appointment



The approach is historical and hence deals with geometry synthetically (no coordinates), in contrast to modern approaches.  The course starts with a look at Euclidean geometry a la Euclid and follows the efforts to prove one particular statement in Euclidean geometry.  These efforts, over many centuries, led finally to a consideration of whether other geometries (hence, "non-Euclidean geometries") were possible.  The findings eventually forced an examination of the foundations of mathematics and even the role of mathematics in describing reality.  After this course, you will never be the same!
Texts
1. Wolfe, Harold E.  Non-Euclidean Geometry.  Aztec Bookstore, $17.90.


2. Euclid, Euclid's Elements  (vol. 1, trans. by Heath, Dover).  Aztec, $10.95.

Wolfe will be the main text, with forays into Euclid.  An envelope or a pocket folder will be convenient, for handouts.  A small sphere that you can write on and erase, or wrap rubber bands around (e.g., an old tennis ball or racquetball, or a sphere from a craft store), will be useful during a part of the course.


Course format  There will be a lot of lecture, including occasional mini-lectures from class members to the whole class or within a smaller group. 


You  (a) With mathematics courses, it is extremely important that your schedule allows you to keep up-to-date on the work.  If you are over-committed, something must suffer.  (b) Every theory of learning assumes that the learner is engaged, and not just a passive observer or a secretary.  If you do not understand something, try to get it cleared up as soon as possible.  Summer courses move fast.  If you miss a day, you have missed what would ordinarily be two days of class in a regular semester.


Homework is essential, of course, as is time for thinking about what you are learning; some of the ideas seem strange at first.  Homework will be spot-checked, so you should prepare your write-ups in a somewhat organized form on separate paper (not notebook paper with "frizzies") but without excessive concern for neatness.

Evaluation
A. Three hourlies, each weighed 100 points.....................................weight 300


Tentatively, these will be the second, fourth, and last Thursdays.

B. Short quizzes, announced; spot-checked homework.....................weight 50-100

Attendance, participation, and a subjective instructor's impression of your work will be used in assigning a final letter grade to border-line cases.


Many students find that studying with others is helpful to them, and we encourage such studying since you get extra practice at explaining your thinking and evaluating the thinking of others.  Presenting the work of others as one's own, however, is called plagiarism.  Plagiarism is unacceptable in an environment devoted to learning.  The penalty for plagiarism ranges from failing the piece with the plagiarism, to lowering the course grades, to failing the course, to expulsion from the university.  All this paragraph means is that you should not merely copy someone else's work, make minor alterations, and hand it in as your own.

MATH 512
Summer 1999

Study Guide – Test 1  (Thursday, 1 July)

This study guide should give you ideas of areas that I will regard as potential sources of test questions.  There is some guess-work involved as to whether the items below will all be involved, or whether we might "cover" more than anticipated.  In any case, IT IS NOT AN OUTLINE OF THE TEST (the test is not written yet, and I will feel perfectly free to include items not suggested by the guide).  Maintaining one's own study guide is, for many people, a useful practice for learning.

You should be able to...

(The Big Picture--know for the rest of your life)

1. list the components of a deductive organization of a body of material, use the general terminology (e.g., postulate, theorem) comfortably, and illustrate and expound on each component.

2. explain what it means to have "logically equivalent" statements, how one determines whether two statements are logically equivalent, and in particular what that means for alternate organizations of the same body of knowledge.

3. explain why it is important, at some level of sophistication, to know whether a particular "postulate" can actually be proved from other postulates.

4.  carry out indirect proofs (proofs by contradiction, reductio ad absurdum proofs), and explain how it is that an indirect proof does indeed establish a result.

(The Euclidean Organization of Geometry--know for the rest of the course, and some should stick with you forever)

5. state Euclid's five postulates in modern terms, and point out unstated but used postulates (the tacit assumptions).  Tell how more recent developments have "patched up" Euclid.

6. show your understanding of the logical flow in Euclid's development.

7. prove prominent Euclidean theorems that have come up (e.g., I, 16, 27, 28, 29).  (To keep this from being strictly rote memory, I might alter the diagram or notation that Wolfe has used, or that has been used extensively in class.)

8. state or define "named" items--e.g., Postulate of Archimedes, Pasch's axiom, John Playfair's postulate, Postulates 1-5 (I will supply a sheet with theorems I, 1 through I, 34, but you should not need it for theorems like 16, 27, 28, 29), the Saccheri quadrilateral, the Lambert quadrilateral.

9. list or recognize several "substitutes" for Postulate 5, and have a good sense for how each is demonstrated.  (I might ask you to regurgitate the proofs involved with one of the substitutes, in a knowledgeable-regurgitation form.  If I can think of a relatively easy "new" one, I might ask you to deal with it.)

10. prove a do-able Euclidean result that has NOT come up.

(The History)

11. say something (time frame, role) about the important people involved.

(Not-in-Wolfe, but important)

12. for a given if-then statement, give its converse, inverse, and contrapositive; know whether the truth-values of various pairs are related; and if they are related, how.  Show your awareness of what you are using (e.g., I,27 vs I,29).

13. See 1 above.

14. give the spherical geometry interpretation and use it to examine and contrast "flat" plane geometry results

15. deal with an organization of the area formulas, perhaps with a new polygon.

MATH 512
Summer, 1999

Looking Ahead toward Test 2

Test 2 will be after we finish our chapter IV work.  We won't do everything in the remaining sections of the chapter:  the proofs in section 47 will be optional, we'll probably skip section 48, some of 50, 51, 53, and 54-60 (some of that is foundation for ch. V, trigonometry in hyperbolic geometry, and we won't have time for ch. V).

As before, the following is not an outline of the test.  It should, however, give you some guidance on which proofs to review.  The focus is the hyperbolic geometry (HG) material.

You should be able to...

1. (History) give the time-frames and contributions of the Big Three of hyperbolic geometry, and Pasch (late 1800s, early 1900s).

2. (Old stuff) show a continuing familiarity with the body of work represented by the common notions, Postulates 1-4 plus fixes, I,1 through I,28, and a continued awareness of important equivalents to Postulate 5.

Hyperbolic Geometry (HG)

3. define, illustrate, and use these terms and phrases...


non-intersecting lines


parallel lines


angle of parallelism


ideal point and notation


"___________ triangle" (whatever our phrase for the AB type figure is)


Saccheri quadrilateral


Lambert quadrilateral


defect of a polygon


ultra-ideal point and notation


equivalent polygons


area of a triangle (a la ch. IV)

4. state the characteristic postulate of HG, and the equation relating, for a point and a line, the angle of parallelism and the distance of the point from the line.

5. state, illustrate, and use the factual knowledge about HG (e.g., for angles of parallelism, symmetry and transitivity of parallelism, for the AB triangles, . . . , area).  Be sure to review the exercises assigned as well, since some of them give handy information.  I will try to find a do-able "original" or two for the in-class part, and I am trying to find a take-home problem.

6. prove some of our theorems, perhaps for the left-hand case, or give a partial proof, perhaps continuing from a proof already started, or giving a major step in a proof.  Ones that might be do-able or have do-able parts include the following (this does not mean that they are the most important, of course):



Relationships in a Saccheri quadrilateral.



SA, AA theorems for the AB triangles.



">" and "=" relationships for angles of parallelism and "h" values.



Summit angles of a Saccheri quadrilateral are acute in HG, as is the fourth angle in 







a Lambert quadrilateral.



Angle sum of a triangle, in HG.



AAA congruence theorem, in HG.

7. (constructions)  describe how to locate (as with straight-edge and compass constructions):   


(a) the common perpendicular to two given non-intersecting lines, and 


(b) the right or left parallel through a point to a line, given the point and the line.
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Study Guide - Last part of the course

Again, this is not an outline of the last exam (Thursday, 29 July), but just a listing of areas you should be quite comfortable with.

You should be able to...

(Elliptic geometry and models)

1.
define, illustrate, and use these terms, labels, and phrases, as well as indicate their significance...



pole of a line


Moebius leaf/band/strip



excess of a triangle

digon/biangle/lune



q



consistency of a set of postulates



model of a deductive system
absolute consistency 



relative consistency

stereographic projection



gnomonic projection

Poincaré model for HG (if covered)

2. 
state the characteristic postulate of elliptic geometry, and the replacement for the infiniteness of a line tacit assumption (and tell why this change is important).

3. 
state, illustrate, and use the factual knowledge about elliptic geometry (e.g., for poles, for elliptic triangles, for special elliptic quadrilaterals,..., area).  Be sure to review the exercises assigned as well, since some of them give handy and important information.

4. 
sketch to illustrate some important fact or relationship in elliptic geometry.

5. 
prove, or give a partial proof, perhaps confinuing from a proof already started, or give a major step in a proof, for some of the theorems of elliptic geometry.

6.
answer the "Which of the three geometries is the true one?" question, and explain what particular measurements in the universe might tell about the geometry of the universe.

7. 
state, illustrate, or justify selected facts about stereographic and gnomic projection, and make sketches using the projections.  Explain the pertinence of these projections to non-Euclidean geometry.

8.
show you have read the assigned parts of Wolfe and of Henle.

