GEOMETRY         MATH 333         FALL 2007
TEXT:  Tom Sibley, The Geometric Viewpoint: A Survey of Geometries, 


Addison Wesley Longman, 1998.  This is available in the SJU bookstore.

TEACHER:  Tom Sibley
     Office: Pengel 243
    Ext. 3810     
Home Phone: 363-7359

e-mail: tsibley    
OFFICE HOURS: Daily 2:30—4:00 p.m., except when a meeting conflicts.

I will be happy to arrange other times with you.

"The knowledge at which geometry aims is the knowledge

of the eternal." ‑ Plato (from The Republic)

"How can it be that mathematics, being after all a product of

human thought independent of experience, is so admirably 

adapted to the objects of reality?" ‑ Albert Einstein


OBJECTIVES:

1. To develop your conceptual, deductive and synthesizing skills.

2. To learn some content and approaches of modern geometries.

3. To develop your mathematical writing skills.

4. To appreciate the excitement, beauty, breadth and unity of mathematics.

TOPICS:  We will cover Chapters 1, 3 and 4 plus more as time permits.  The take-home test will come after Chapter 3.  We will cover Chapter 4 at a reduced pace while you work on your papers.  I hope to explore other topics at the end, such as projective or differential geometry, symmetry or my own research; or students could organize a discussion on teaching high school geometry.  
DISTRIBUTION OF CREDIT:

GRADING:  I will give letter grades

Homework and Essays
40%

on everything except the homework,

Test (Oct. 19 - 23)

15%

which will be graded over 10 pts.

Quizzes (Sep. 20, Nov. 12)10%

You may consider 8 out of 10 for a

Paper (See below)

20%

problem satisfactory (B‑C level).

Final (December 13-18)
15% 

You are encouraged to redo all







homework proofs that fall below

OTHER IMPORTANT DATES:

that level.  I encourage you to

Paper Topic chosen  
Oct. 29
rewrite your essays, and I may

Paper due 
 

Nov. 20
require you to rewrite some of

Refereeing Reports 

Nov. 27
them.  You must rewrite your paper.

All paper rewriting due
Dec.   5
NOTE: We will use Geometer’s Sketchpad at least twice in class, but I will help future high school teachers separately who want to become more proficient on it.
CLASSTIME:  I welcome questions at any time, although I will set aside time at the start of class for questions on the homework.  In addition to lectures, class time will involve some group work and other activities.  I will ask you will present various problems and proofs, especially in Chapter 1.
HOMEWORK:  I firmly believe that math is learned one day at a time, so do homework faithfully.  I will accept work without penalty up to one class period late.  Redone homework should be turned in within a week after you receive it.  You may work together on homework, provided everyone is learning, but you need to write your assignments in your own words.  The homework will concentrate on proofs and models.
ESSAYS:  I suspect that you have not had a lot of experience in writing mathematical prose.  I know I had little until I started teaching.  The two to four page essays should give you some experience and so help you prepare for your paper.  I hope you find the assigned topics thought provoking.  Mathematical prose needs to be correct, clear and interesting.  I will, as warranted, require rewriting.

TEST AND FINAL:  I believe exams should contain items challenging students beyond the material explicitly covered in class and homework.  There will be more usual items as well.  I intend both of exams to be take‑home exams.  I will give the test out on Oct. 19, and it will be due at the start of class on the 23rd.  I will give the final out at our last class.  It will be due in my office by 3:30 p.m. on Dec. 18.

PAPER:  I have a few remarks here in addition to the extensive comments later.  Three copies of your paper are due at the start of class on Nov. 20.  You will then receive two other students' papers to referee over Thanksgiving break.  To meet our schedule, there is no room for late papers, so start early.  With this syllabus, I am providing a fairly extensive bibliography that should provide a jumping off point for many suitable paper topics.

WEB PAGE:  You can find handouts, assignments and book errata starting from my home page on my web site http://www.employees.csbsju.edu/tsibley. 

I have grown to enjoy geometry more each year since my geometry course in college.  Intuition and proof, theory and application, beauty and unity pair naturally in geometry because of its visual foundation.  We are trained to "see" Euclidean geometry in the world around us.  The development of different geometries in the 19th century excited people historically and now pedagogically to see the world with new eyes.  I hope you also will find new perspectives.

I look forward to a wonderful semester with you.  Peace, 
“The essence of mathematics lies in its freedom."  - Georg Cantor
“The mind that constantly applies itself to geometry 

is not likely to fall into error.” – Ibn Khuldun (1332 – 1406)
GEOMETRY PAPER     MATH 333

CRITERIA FOR WRITING AND REFEREEING
OBJECTIVES:


 i) To improve your writing and critiquing of mathematical prose.


ii) To encourage you to pursue new geometric topics of interest to you.
iii) To enable you to use the mathematics resources in the libraries.
KEY DATES:

Paper Topic chosen by
Oct. 29
Paper Due 


Nov. 20

NOTE: The paper is due

Refereeing Reports   
Nov. 27

on Nov. 20, not just a

All rewriting due
   
Dec.   5

rough draft then.


Your paper should be 10 to 20 pages long.  The paper should not simply be a revision of another article of the same genre and length.  I expect you will use sources for your paper, so be sure to give credit where it is due.  Every direct quote must, of course, be credited, as must paraphrasing.  You might find a large piece of your paper ending up as a paraphrase of one source.  It is acceptable to say this at the start of such a segment rather than citing every sentence or paragraph.  For example, you might say, "The material on pages 3 and 4 is basically a digestion of Sibley [1, 278-283]."  In all cases, do not take the risks of plagiarism.  The following comments should guide your critiquing of one another as well as your own writing.


AUDIENCE:  The students of this class are the intended audience.  Three to six minutes of dedicated reading per page should yield a decent understanding.


I encourage each of you to pick a topic that will stretch your mathematical abilities.  At the same time, I think topics relevant to high school teaching are quite appropriate.  If you pick a high school level topic, I expect you to go beyond the depth of an ideal high school student, pursuing the topic's depth, its connections with other mathematics, applications and/or relevant pedagogical issues. 


FORMAT: Use a word processor to facilitate rewriting.  Use a 12 point font.  Typeset math symbols are nice, but hand lettered symbols are fine.  Draw hand made symbols and figures with black ink.  Leave enough space for symbols and figures.  Formulas should be displayed on their own lines and numbered if you will refer to them beyond the immediately following or preceding sentences.


The first page should start with the title, your name and an introductory paragraph. Then continue with the body of your paper.  Number each page.  Mathematics articles generally have no footnotes except to acknowledge grant monies, which is hardly relevant for you (yet!).  When you refer to something in your bibliography, it is standard in mathematics to give the author's last name followed by the number of that item in your bibliography, enclosed in brackets.  If the item is a book, you should provide page numbers as well inside the brackets.  For example, Sibley [1, 278‑283] gives an account of analytic geometry for finite geometries.  While I encourage you to use web sites, you must also use print sources in essential ways.  I require you to provide annotations with your bibliographic entries.  Annotations help the interested reader by providing a sentence or two describing the level, quality and content of each source.  Some (immodestly chosen) examples will illustrate the standard bibliographic style.  


For a book:


1. Sibley, Thomas Q., The Geometric Viewpoint: A Survey of Geometries, Reading, Mass.: Addison Wesley Longman, 1998.


(I will let you supply your own annotation!)


For an article:


2. Sibley, Thomas Q., The impossibility of impossible pyramids, Mathematics Magazine, 73 # 3 (June 2000), 185—193.

(This article, accessible to any undergraduate math major, considers when six sticks can form a tetrahedron.  It introduces a family of metric spaces.)


For a web site, there is no standard yet, but you must include the complete html code, the author (or sponsoring institution), title and any relevant subheadings to enable the reader to find the source.  Also give the date you last visited the site.

Use clear, concise, correct English.  While your grade will be based primarily on your ability to digest and present mathematics, you will also be graded on your composition skills.  Indeed, no one can present mathematics well without using language well.  Strive for active verbs—mathematics too easily elicits the verb "to be" in its many forms, especially the passive voice.  Without active verbs, technical writing tends to feel ponderous or worse.  Develop concepts rather than grind through unenlightening details.  If you include proofs, they should do more than validate results; they should explicate relationships.


TOPICS:  You must get your topic approved by me.  Here are a number of topics I think you will find interesting and appropriate.  I expect you to consult with me about what these topics are, where to look for material on them and how to understand and present the material.  The bibliography below lists some books in our libraries relevant to these topics.  The internet can also be a good source.

  1. Discrete and computational geometry, sphere packing.

  2. Convexity and Voronoi Diagrams.

  3. Finite geometries (the game of Set, statistical design applications, etc.).

  4. Inversions in geometry, the inversive plane.

  5. Quasi‑crystals and Penrose tilings.


  6. Chaos and dynamical systems.


  7. Differential geometry:  curvature, minimal surfaces, soap bubbles, etc.

  8. Computer graphics and computer aided design.

  9. Geometry in higher dimensions (for example, polyhedra and polytopes).

10. Projective geometry (perspective, computer modeling, etc.)

11. Paper folding and origami.


12. Euclidean constructions and Hilbert’s third problem.


13. Foundations of geometry and axiom systems.


14. Galilean geometry or Minkowski geometry (the geometry for relativity).


15. Patterns: tilings, symmetry groups, Arabic designs, colorings, etc.


16. Fractal geometry, fractional dimension and applications.


17. Metric spaces.


18. Euler's formula and related topics, e.g. the four colored map theorem.

19. Topology, for example, the Poincaré Conjecture or knot theory.

20. Geometry involving complex numbers.


21. Historical topics.


22. Your choice.


REFEREEING:  You will each referee two of the others' papers.  Give one copy of your comments to me and one to the author.  Use complete sentences except in noting minor, easily corrected errors, which you may make on the paper.  Provide both compliments and criticism.  The first paragraph should contain over‑all comments on style, interest, organization, quality of exposition and the amount of content.  Next discuss the mathematical content, especially any errors or confusions.  Be specific, both for what is good and what is unclear or incorrect.

Finally, consider the composition and English mechanics.  Point out any errors in spelling, punctuation, grammar, sentences, and paragraph construction.  Compliments are in order for good, clear exposition and sentence and paragraph construction.  Correct grammar, punctuation and spelling need no compliments.


If you can make concrete suggestions on how better to explain the given topic, they would be most helpful.


Remember your classmates will count on your worthwhile comments to help them improve their papers.  (And you will be graded on your comments.)


Students in the past have often wanted copies of others’ finished papers.  So I will provide a CD with everyone’s paper on it for anyone requesting one.


I hope you will learn a good bit of geometry and writing technique from the writing and refereeing.  I also hope you enjoy your paper and are proud of it.
ANNOTATED BIBLIOGRAPHY       GEOMETRY

NOTE:  For related books in our libraries look at books with the same starting call number (QAxyz) and search under the key words.  Also, search JSTOR for relevant articles in Mathematics Magazine, the College Mathematics Journal and the American Mathematical Monthly.  You are welcome to use the web, but I won’t guarantee the quality of the mathematics presented there.
GENERAL BOOKS FOR BROWSING


QA685.H515  Hilbert and Cohn‑Vossen, Geometry and the Imagination, New York: Chelsea, 1952.


This intriguing book, co-written by the greatest mathematician of the early part of this century, contains a lot on differential and finite geometries.


QA446.S44  Stehney et al (editors), Selected Papers in Geometry, Washington, D.C.: Mathematical Association of America, 1979.


These diverse papers are quite short and generally accessible.
GENERAL GEOMETRY TEXTBOOKS


QA445.C65  H. S. M. Coxeter, Introduction to Geometry, New York: Wiley, 1961.


This classic text, which is great for browsing even if a bit more advanced than our text, was written by the greatest geometer of the twentieth century.


QA445.E9  Howard Eves, A Survey of Geometry, vol. I and II, Boston: Allyn and Bacon, 1965.


This is another classic survey of geometry at the same level as Coxeter.

TEXTS ON SPECIFIC AREAS


History

QA31.F261  Euclid, The Elements of Euclid, New York: Dover, 1956.  


Euclid’s classic goes beyond the geometry of parallelism and congruence with which you are familiar from high school.  Euclid also treats number theory, irrational lengths, solid geometry, and Eudoxus' theory of proportion, which antedates the modern, analytic notion of continuity by more than 2000 years.


QA21.K53  Morris Kline, Mathematical Thought from Ancient to Modern Times, New York: Oxford Univ. Press, 1972.


This thick book, written for mathematicians, is the best all around compendium on history of mathematics.


QA460.P99F7  K. O. Friedrichs, From Pythagoras to Einstein, Washington, D.C.: Mathematical Association of America, 1965.

  
This paperback, which is readable by a high school student, traces the evolution of the Pythagorean Theorem to a surprising conclusion.


QA93.087  Robert Osserman, Poetry of the Universe: A Mathematical Exploration of the Cosmos, New York: Anchor, 1995.

  
This well written expository book presents the sweeping contributions of geometry to our understanding of the shape of the earth and the universe from ancient Greece to the present.


QA443.5.R53  Joan Richards, Mathematical Visions ‑ the Pursuit of Geometry in Victorian England, Boston: Academic Press, 1988.


This well written book traces the interactions of mathematics and the general culture in 19th century England.  It is scholarly but accessible.

QA443.5I1813  I. M. Yaglom, Felix Klein and Sophus Lie: Evolution of the Idea of Symmetry in the 19th Century, Boston: Birkhauser, 1988.


In addition to a double biography of famous geometers, this book describes the rise of abstract mathematics by focusing on symmetry in geometry, algebra and other areas.  It is scholarly but accessible.


Patterns, Tilings and Symmetry

NK1570.W34  Dorothy Washburn and Don Crowe, Symmetries of Culture: Theory and Practice of Plane Pattern Analysis, Seattle: University of Washington Press, 1988.


This book presents how anthropologists and others use symmetry patterns to study other cultures.  Math majors should find it quite understandable.

Q172.5.S95S94  Hargittai, Symmetry, New York: Pergamon Press, 1986.  


This book presents an incredible variety of ideas and applications of symmetry in sciences and arts.


QA601.M36  George Martin, Transformation Geometry: An Introduction to Symmetry, New York: Springer Verlag, 1982.


This well written text is at the same level as our text, but develops transformational geometry more extensively.


QA601.I313  I. M. Yaglom, Geometric Transformations, vol. I, II, III, Washington, D.C.: Mathematical Association of America, 1968.


These short paperbacks provide a high school level introduction.


QA166.8 .G78  B. Grunbaum and G. Shephard, Tilings and Patterns, New York: Freeman, 1987.


This book explores a vast array of topics with exhaustive examples in the thousands of designs.  It is at an advanced level, although it omits the proofs.

NE670.E82  Bool et al, M.C. Escher, his Life and Complete Graphic Work, New York: H.N. Abrams, 1972.


Escher's designs combine geometry, humor and art beautifully.  
QA614.86.M86  Mumford et al, Indra’s Pearls: the Vision of Felix Klein, New York: Cambridge University Press, 2002.

This virtuosic book combines fascinating graphics and good mathematical exposition to relate to a general audience an astounding amount of mathematics, from geometry through group theory to complex numbers and more.

QD911.S47  Marjorie Senechal, Crystalline Symmetries: An Informal Mathematical introduction, Philadelphia: Hilger, 1990.


QD926.S46  Marjorie Senechal, Quasicrystals and Geometry, New York: Cambridge University Press, 1995.


These two texts provide accessible introduction to these related topics.


Polyhedra, Polytopes and the Fourth Dimension

QA491.W4  Magnus J. Wenninger, Polyhedron Models, Washington, D.C.: National Council of Teachers of Mathematics, 1966.


This is just one of the books by our own deservedly famous St. John’s monk, filled with wonderful photographs and instructions for building.


QA491.L63  Arthur Loeb, Space Structures ‑ their Harmony and Counterpoint, Reading, Mass.: Addison Wesley Longman, 1976.


The beauty and fascination of geometric solids have elicited a number of expositions, even eccentric ones like this.

QA699.R8  Rudy Rucker, Geometry, Relativity and the Fourth Dimension, New York: Dover, 1977.


This is an excellent presentation of these topics at a high school level.

QC174.17.G46 R63  Tony Robbin, The Fourth Dimension in Relativity, Cubism and Modern Thought, New Haven: Yale University Press, 2006.  
This book explores liberal arts aspects of the fourth dimension.  It has a focus on projection, rather than slices, for understanding four dimensional objects.

QA482.G7  Branko Grunbaum, Convex Polytopes, NY: Wiley, 1967.


QA691.C68  H. S. M. Coxeter, Regular Polytopes, NY: Macmillan, 1963.


Polytopes are 4 or higher dimensional shapes.  These two books are demanding, but the topic is fascinating.


Non-Euclidean Geometry

QA445.G84  Marvin Greenberg, Euclidean and Non-Euclidean Geometries: Development and History, San Francisco: Freeman, 1980.


This fine undergraduate text  carefully considers axiomatics and history.

QA685.B83  R. Bonola, Non‑Euclidean Geometry, New York: Dover, 1955.


This historical resource includes translations of key original works.


QA685.I2413  I. M. Yaglom, A simple Non‑Euclidean Geometry and its Physical Basis, New York: Springer‑Verlag, 1979.


This book presents "Galilean" geometry and its unusual properties well.



Finite Geometry

QA167.K3713  F. Karteszi, Introduction to Finite Geometry, New York: North Holland, 1976.
QA166.25.B47  T. Beth et al, Design Theory, New York: Cambridge University Press, 1999.
QA268.R66  S. Roman, Introduction to Coding and Information Theory, New York: Springer, 1997.

Finite geometry combines axiomatic geometry, algebra, graph theory and applications in statistics and coding theory.  The first and third books are undergraduate texts, while the second is an advanced encyclopedia.


Discrete Geometry and Sphere Packing

QA268.T56  Thomas Thompson, From Error Correcting Codes through Sphere Packings to Simple Groups, Ithaca, N. Y.: Mathematical Association of America, 1983.


QA167.H36  J. Goodman and J. O’Rourke (editors), Handbook of Discrete and Computational Geometry, Boca Raton: CRC Press, 1997.


Discrete geometry has applications in computer science and codes.  Thompson’s book is an expository introduction; the Handbook is an encyclopedia.


Differential Geometry

QA641.C33
M. do Carmo, Differential Geometry of Curves and Surfaces, Englewood Cliffs, N.J.:Prentice Hall, 1976.


QA641.M38  John McCleary, Geometry from a Differentiable Viewpoint, New York: Cambridge University Press, 1994.


Differential geometry is the single most important current area within geometry.  The first book is a standard text for undergraduates, requiring a good understanding of Math 305.  The second text develops differential geometry from Euclidean and hyperbolic geometries and uses less multivariate calculus.  Hilbert’s and Cohn‑Vossen's book (above) gives a different view of differential geometry.


Inversions in Geometry

QA473.S53  James Smart, Modern Geometries, Monterey, Cal.: Brooks/Cole, 1973.

This sophomore level text has a chapter on inversions.  See Eves’ text (General Texts) for some applications.
QA473  David Blair, Inversion Theory and Conformal Mapping, Providence: American Mathematical Society, 2000.

This short text, written for advanced undergraduates, connects inversions with the notion of conformal mapping in complex numbers.



Convexity and Voronoi Diagrams

QA278.2.O36  Atsuyuki Okabe, Spatial Tessellations: Concepts and Applications of Voronoi Diagrams, New York: Wiley, 2000.
QA646.W43  Roger Webster, Convexity, New York: Oxford U. Press, 1994.

These texts discuss convexity, Voronoi diagrams and their applications at a level generally accessible to undergraduates, although the reader will need to pick and choose what to read.  I have some articles on applications in biology as well.


Topology

QA612.2.W44 2002  Jeffery Weeks, The Shape of Space:  How to Visualize Surfaces and Three‑Dimensional Manifolds, New York: M. Dekker, 2002.


This engaging book seeks to provide geometric intuition for topology at a college level without needing MATH 343 (Analysis I). 


QA612.2.A33  Colin Adams, The Knot Book: An Elementary Introduction to the Mathematical Theory of Knots, New York: Freeman, 1994.


Knot theory, an intriguing area with important applications in biology, demands good mathematical sophistication.  This book is a readable introduction.


QA93.D465  Keith Devlin, The Millennium Problems: The Seven Greatest Unsolved Mathematical Puzzles of our Time, New York: Basic Books, 2002.


This book gives an elementary one chapter description of the Poincaré conjecture, and chapters on the other six unsolved “million dollar” problems.


QP624.B38  Andrew Bates, DNA Topology, NY: Oxford U. Press, 1993.


QD455.3.T65F53  Erica Flapan, When Topology Meets Chemistry, New York: Cambridge University Press, 2000.


These last two books look at recent scientific applications of topology.


Computer Graphics and Computer Aided Design


QA447.M62  M. Mortenson, Geometric Modeling, New York: Wiley, 1985.

T385.M668  M. Mortenson, Computer Graphics: An Introduction to the Mathematics and Geometry, New York: Industrial Press, 1989.


T385.H65  S. G. Hoggar, Mathematics for Computer Graphics, New York: Cambridge University Press, 1992.

These technical but accessible texts discuss the geometry behind computer graphics, including curves, surfaces and transformations.


Dynamical Systems and Chaos

Q172.5.C45 G54  James Gleick, Chaos, New York: Viking, 1987.


This popular account explains dynamical systems and chaos well, emphasizing their diverse applications and giving a taste of the geometry.


QA614.8.H65  Richard Holmgren, A First Course in Discrete Dynamical Systems, New York: Springer Verlag, 1996.


Discrete dynamical systems combines geometry and elementary analysis with interesting applications.  This text is accessible without analysis.


QA614.8.A44  Kathleen Alligood, Chaos: An Introduction to Dynamical Systems, New York: Springer Verlag, 1997.


This text investigates continuous dynamical systems and their applications based on differential equations.


Fractals

QA447.M357  Mandelbrot, The Fractal Geometry of Nature, San Francisco: Freeman, 1983.


Mandelbrot, the founder of fractals, gives a demanding introduction with applications to fractals—convoluted shapes with “fractional dimensions.”

QA614.86  M. Barnsley. Fractals Everywhere, New York: Academic Press, 1988. 


This text uses analysis to model pictures and natural shapes with fractals. 



Projective Geometry

QA471.C 67  H. S. M. Coxeter, Projective Geometry, Toronto: University of Toronto Press, 1974.

J. Stolfi, Oriented Projective Geometry: A Framework for Geometric Computations, San Diego: Academic Press, 1991.

The first text is a classic presentation of this standard topic.  The second text (my personal copy) recasts this area in the light of computer graphics needs.


Rigid Structures

QA861.G73 Jack Graver, Counting on Frameworks: Mathematics to Aid the Design of Rigid Structures, Washington, D.C.: MAA, 2001.

This book intended for undergraduate audiences develops a mathematical theory of when a structure, such as a scaffolding, will be rigid.


Pedagogy in Geometry

QA462.G45  James King and Doris Schattschneider, Geometry Turned On: Dynamic Software in Learning, Teaching and Research, Washington, D. C.: Mathematical Association of America, 1997.

This collection of articles discusses the role of dynamical geometry software (such as Geometer’s Sketchpad).  For most mathematics education topics consult the periodicals Mathematics Teacher, Mathematics Teaching, Math in School, Journal for Research in Math. Ed., Education Studies in Math., and others.

STUDY HINTS FOR UPPER LEVEL MATHEMATICS COURSES
While upper division classes still require, like calculus, problem solving, the role of concepts and proofs steadily increase in upper division courses.


It is particularly helpful to read before class (as well as afterwards) what will be covered in class.  Then you can ask questions most helpful to you.  Further, it is more likely that the teacher will be easier to understand.  At any rate, lectures need to concentrate on careful holistic explanations of parts of the material.  So reading the text before hand will facilitate greater cohesion for you.  Further, if you know what is in the text, you won't needlessly copy from the board what is already in the book.  This will free your mind further to understand the mathematical content and concentrate on the teacher's supplemental material.


Note taking should supplement the text:  explanations, examples, extra material, and detailed proofs not in the text.  Do not write down something which bewilders you ‑ it is usually more obscure the next day.  Ask instead. 


Reading, especially in mathematics, is not a spectator sport.  Have a pen or pencil in hand and paper near.  Check out the details of examples, verify each step of proofs yourself when you are studying them, use new notation until it becomes the natural way to express those ideas.


In your reading before class, make sure you grasp the purpose of each section.  Concentrate on new notation, examples, theorems and especially the explanations.  You might well skip the proofs until the second reading.  The second reading needs to be a microscopic examination of details.  You should strive to know why every subscript and symbol is where it is; you should be convinced that every step of every proof is valid with no missing steps.  This detailed reading needs to be done before the next class, not the next test.  Discussing the reading with classmates is a particularly good way to deepen your understanding.


There are at least four kinds of skills for learning mathematics.


1. Computational.  I expect these to already be adequate for the purposes of this class.  For example, we will use calculus, vector spaces and matrices.


2. Conceptual.  You must understand exactly what the definition says, neither more nor less.  It takes hard work to make mathematical definitions your own.  Definitions are operational building blocks.  Examples and counter‑examples provide one vital means to understand definitions.  So does wrestling with the definitions:  asking yourself (and me) why was it written just so, trying to rewrite it.  A third way is contextual: How is a concept used in proofs?  To what other concepts is it related?


3. Deductive.  Mathematics demands the most rigorous form of argument of any discipline.  I hope to share my excitement and pleasure for well constructed proofs as well as to help you improve your abilities to prove theorems.


4. Synthesizing.  Mathematics fits together and to science and other areas in marvelous ways.  Students deserve vision as well as theory and techniques.


Periodically examine yourself from the perspective of these skills.  Try to notice what gives you difficulty and look for ways to help yourself.

