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Discrete Mathematics:

A Gateway to Advanced Mathematics
Course Syllabus—Fall 2008

There is a world of mathematics beyond what students learn in high school algebra, geometry and calculus courses.  This seminar serves as an introduction to this world of elegant mathematical ideas.  With an explicit goal of improving students’ mathematical reasoning and problem solving skills, this seminar provides the ultimate intellectual workout.  Five important themes are interwoven in the course:  logic, the nature of proof, combinatorial analysis, discrete structures, and mathematical philosophy.  Conference time will be allocated to clarifying course ideas and to the study of additional mathematical topics.  This seminar is a must for students interested in advanced mathematical study and highly recommended for students with an interest in computer science, law or philosophy.

Level of Course:
Intermediate level.  Prior study of Calculus is required.

Target Audience:
This course has been designed for students who have a passion and desire for mathematics.  Students who successfully complete this course (and two semesters of Calculus) are well positioned to pursue advanced mathematical study.  This course is also ideal for students interested in logic, computer science or philosophy.

Class Meeting:  
Tuesdays and Thursdays, 9:30AM – 10:55AM, Science Building 201

Instructor:

Daniel King  (You can call me anything reasonable, but I usually 




respond best to the name 'Dan') 

Phone:

(914) 395-2424 (office phone with voice mail)




(646) 408-0715 (home phone—please use it responsibly)

E-mail


dking@slc.edu (I’m addicted to it.  Electronic mail is definitely the 

easiest way to communicate with me outside of class and conference.

Office:


121 Science Building (across from Computing Lab).  

Required Texts:
Epp, Susanna, Discrete Mathematics with Applications, 3rd Edition.  Brooks/Cole Publishing, 2003.  ISBN:  0534359450.  This excellent and highly readable text will be the primary information source for the course. 


Cantor, Georg, Contributions to the Founding of the Theory of Transfinite Numbers.  Dover Publications, 1955.  ISBN:   0486600459.  This book, a collection of articles originally published in 1895 and 1897, revolutionized the way we think about infinity.

Auburn, David, Proof:  A Play.  Faber and Faber, 2001.  ISBN: 0571199976.   This Pulitzer Prize-winning play explores mathematics, epistemology, faith and love.  We will begin the course here.


Suri, Guarev, & Hartosh Singh Bal, A Certain Ambiguity:  A Mathematical Novel.  Princeton University Press.  ISBN-13:  978-0-691-12709-5.  This piece of fiction creatively explores many of the themes discussed in this course.  We will end the course here.
Course Readings:
For each seminar meeting there will be an assigned reading from

one of the required course texts or from a supplemental handout.  As this is a lecture-free course, these readings will form the basis of our seminar discussions.  In preparation for each seminar meeting, students must complete the assigned reading and be prepared to discuss the ideas encountered in class.  See “Course Readings and Seminar Exercises” below for the scheduling of readings.  The ability to read mathematics successfully--for deep understanding and long term retention—is a skill that requires significant effort to develop.  It is also a skill that is often not developed in traditional high school courses.  In this course you will have much opportunity to improve your mathematical reading and learning skills.

Seminar Problems
Knowledge, understanding and, in particular, an appreciation of the mathematical concepts studied in this course are not gained through osmosis.  In addition to the daily readings, students are required to prepare a collection of topical exercises in advance of seminar meeting.  These exercises—some computational, some theoretical, some open-ended discussion questions—serve to further develop an appreciation and understanding of the course material.  Consult the attached course outline for specific assignments.  These problems will not be submitted, but will form the basis of our seminar discussions.

Problem Sets:
Approximately every other week a collection of exercises in the form of a problem set will be assigned.  Unlike seminar exercises, these exercises are to be formally written up and submitted for evaluation.  Work on problem sets, unlike the seminar problems, is to be completed independently.  Do not discuss these problems with your classmates.  Late work will not be accepted.  However, a one-day extension will be granted to any student who requests an extension at least 12 hours in advance of the original deadline.  Extension requests can be presented in person, over the phone, or via email. Except in unusual circumstances, each student will be granted only one deadline extension during the semester.

Conference Work:
Each student in the course will be expected to design and complete an independent project for conference work.  Individual conferences will be held biweekly.  Student conference work may be dedicated to deeper investigation of a single topic studied in the course, study in a different branch of mathematics (e.g., statistics, game theory, differential equations) or some other mathematically-related investigation.  Conference time will also provide an additional, out-of-class opportunity for discussion of ideas generated in seminar.  

Additional Help:
I encourage students who are having difficulty with the course

material to meet with me for individualized help.  Students are also encouraged to develop and maintain an email dialogue with me so that I may provide timely assistance with smaller-scale questions.  

Evaluations:
At the end of the semester an individual course evaluation and course grade will be given to each student. This evaluation will be based primarily on the student’s level of preparation for seminar, contributions to seminar discussion, quality of work on the course’s problem sets and conference project.  There will be no formal examinations in this course.  

Self-Evaluations:
Introspection is an important component of the learning process:  a student’s evaluation of his or her own work is as important if not more important than the teacher’s evaluation.  As such, students will be required to write a brief statement of self-evaluation on each assignment (problem sets and conference project) and an additional, more comprehensive self-evaluation at the end of the term.

Attendance:
Both classroom and conference attendance is absolutely mandatory.  Students who miss more than two classes or conferences (without a documented reason) may receive reduced course credit.  Number of classes missed and number of classes with significant tardiness will be indicated on the course evaluation.  If a class is missed, the student is responsible for obtaining class notes and assignments and is expected to be fully prepared for the next class session.   Note:  Except in cases of emergency or a full 24 hours notice, there will be no rescheduling of missed conferences.  However, when unavoidable situations occur, students may request an alternative conference time in advance of the regularly scheduled conference time.

Course Readings and Seminar Exercises

The following represents a tentative schedule of our activities during the semester and is subject to revision.  All changes will be announced in class.  The readings and exercises listed under each seminar are to be read and prepared in advance of the class meeting and will form the basis of class discussion.

Formal Logic Part I:  Compound Statements
Seminar 1

Course introduction:  Review of Syllabus and Course Procedures

Reading:  Auburn, Proof:  A Play
Seminar 2

Reading:  Epp, Section 1.1—Logical Form and Logical Equivalence

Exercises:  Section 1.1—5, 8, 9, 15, 17, 20, 24, 25, 36, 44, 46, 48, 49, 54

Seminar 3

Reading:  Epp, Section 1.2—Conditional Statements

Exercises:  Section  1.2—3, 4, 7, 10, 14, 18, 20 (b, c), 22 (b,c), 23 (b,c), 26, 28, 32, 34, 35, 36, 44, 46, 48, 49

Seminar 4

Reading:  Epp, Section 1.3—Valid and Invalid Arguments

Exercises:  Section 1.3—1, 2, 5, 7, 10, 13, 24, 26, 27, 33, 37, 39, 42, 44.

[Students interested in computer science are encouraged to read Sections 1.4 (Digital Logical Circuits) and 1.5 (Number Systems and Circuits for Addition) and subsequent sections dedicated to applications in this neighboring field of study.  This material will not be discussed in class.]  

Formal Logic Part II:  Quantified Statements
Seminar 5

Reading:  Epp, Section 2.1—Predicates and Compound Statements I

Reading:  Epp, Section 2.2—Predicates and Compound Statements II

Exercises:  Section 2.1—2, 3, 6, 11, 13-19, 22, 23.

Exercises:  Section 2.2—2, 3, 4, 7, 9, 11, 13, 21, 24, 28, 40

Seminar 6

Reading:  Epp, Section 2.3—Statements Containing Quantified Statements

Exercises:  Section 2.3—11, 12, 14, 18, 19, 28, 29, 34, 35, 40(a,b,c,f,g), 42-44

Seminar 7

Reading:  Epp, Section 2.4—Arguments with Quantified Statements

Exercises:  Section 2.4—6, 11-16, 23, 24, 25, 32, 33

Elementary Number Theory & Methods of Proof
Seminar 8

Reading:  Epp, Section 3.1—Direct Proof and Counterexample I:  Introduction

Reading:  Epp, Section 3.2—Direct Proof and Counterexample II:  Rational Numbers

Exercises:  Section 3.1—5, 6, 9, 11, 15, 18, 28, 34-38, 42, 48, 53

Exercises:  Section 3.2—13, 19, 32-36

Seminar 9

Reading:  Epp, Section 3.3—Direct Proof and Counterexample III:  Divisibility

Reading:  Epp, Section 3.4—Division in to Cases and the Quotient-Remainder Theorem

Exercises:  Section 3.3—5, 12, 13, 16, 17, 20, 22, 25, 29, 38

Exercises:  Section 3.4—4, 5, 8, 14, 15, 37, 44

Seminar 10

Reading:  Epp, Section 3.6—Indirect Argument:  Contradiction and Contraposition

Reading:  Epp, Section 3.7—Two Classical Theorems

Exercises:  Section 3.6—6, 8, 9, 18, 23, 27

Exercises:  Section 3.7—4, 7, 11, 19, 34

Sequences and Mathematical Induction

Seminar 11

Reading:  Epp, Section 4.1—Sequences 

Exercises:  Section 4.1—2, 3, 5, 10-16, 21, 22, 35, 37, 41, 45, 49, 51-53, 56

Seminar 12

Reading:  Epp, Section 4.2—Mathematical Induction I

Exercises:  Section 4.2—4, 8, 11, 12, 20, 24, 27, 31, 32

Seminar 13

Reading:  Epp, Section 4.3—Mathematical Induction II

Exercises:  Section 4.3—1, 4, 7, 9, 19, 30, 32

Set Theory

Seminar 14

Reading:  Epp, Section 5.1—Basic Definitions of Set Theory

Exercises:  Section 5.1—2, 8, 9, 11, 12, 14, 20, 22, 26, 29

Seminar 15

Reading:  Epp, Section 5.2—Properties of Sets

Exercises:  Section 5.2—3, 6, 7, 12, 14, 15, 17-20, 27

Seminar 16

Reading:  Epp, Section 5.3—Disproofs, Algebraic Proofs, and Boolean Algebras

Exercises:  Section 5.3—1, 5, 6, 11, 12, 14, 15, 23, 24, 27, 39, 40, 41, 43, 44

Combinatorics and Probability

Seminar 17

Reading:  Epp, Section 6.1—Counting and Probability

Reading:  Epp, Section 6.2—Possibility Trees and the Multiplication Rule

Exercises:  Section 6.1—7, 8, 9, 12, 14, 20, 22, 29

Exercises:  Section 6.2—1, 2, 6, 8, 10, 14, 16, 20, 26, 30, 31, 34, 35

Seminar 18

Reading:  Epp, Section 6.3—Counting Elements of Disjoint Sets:   Addition Rule

Exercises:  Section 6.3—4, 6, 10, 11, 14, 18, 19, 25, 27, 28

Seminar 19

Reading:  Epp, Section 6.4—Counting Subsets of a Set:  Combinations

Exercises:  Section 6.4—2, 6, 8, 9, 17, 20, 26

Seminar 20

Reading:  Epp, Section 6.5—R-Combinations with Repetitions Allowed

Exercises:  Section 6.5—2, 3, 12, 13, 17, 18

Functions and Their Properties

Seminar 21

Reading:  Epp, Section 7.1—Functions Defined on General Sets

Exercises:  Section 7.1—2-6, 15, 16, 31, 32, 35-38, 40-42, 44, 45

Seminar 22

Reading:  Epp, Section 7.2—One-to-One , Onto and Inverse Functions

Exercises:  Section 7.2—2, 4-7, 10, 11, 14, 16, 17, 24, 27, 32, 42, 46, 48, 49

Understanding Infinity and the Work of Cantor

Seminar 23

Reading:  Article I, Cantor, Contributions to the Founding of the Theory of Transfinite Numbers
Seminar 24

Reading:  Article II, Cantor, Contributions to the Founding of the Theory of Transfinite Numbers
Seminar 25

Reading: A Certain Ambiguity:  A Mathematical Novel.  Chapters 1-4

Seminar 26

Reading: A Certain Ambiguity:  A Mathematical Novel.  Chapters 5-8

Seminar 27 & 28

Final Discussions

