Abstract Algebra:

Theory and Applications

Course Syllabus—Spring 2002
In pre-college level courses, we learned the basic symbolism and methodology of algebra.  We appointed letters of the alphabet to abstractly represent unknown or unspecified numbers.  We discovered how to translate real world (and often complicated) problems into simple equations whose solutions held the key to greater understanding.  But algebra does not end there.  Advanced algebra examines sets of objects (numbers, matrices, polynomials, functions, ideas) and operations on these sets.  The approach is axiomatic.  One assumes a small number of basic properties, or axioms, and attempts to deduce all other properties from these.  Such abstraction allows us to study simultaneously all structures satisfying a given set of axioms and to recognize their commonalties and differences.  Specific topics to be covered include groups, actions, isomorphism, symmetry, rings and fields.  

Level of Course:
Advanced.  Enrollment with permission of instructor only.

Prerequisites:
Successful completion of a one year study of college-level Calculus and 


a one semester study of Discrete Mathematics (or their equivalents).

Class Meeting:  
T    3:35 PM –5:00 PM, Science Building 201




Th  3:35 PM –5:00 PM, Science Building 201

Instructor:

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



respond best to the name 'Dan')

Phone:

395-2424 (office phone with voice mail)




(212) 206-6612 (home—please use it responsibly)

E-mail

dking@slc.edu

Office:

121 Science Building (across from Computing Lab).  

I strive to provide an office atmosphere in which students feel comfortable discussing their concerns, questions, complaints or kvetches about course material, individual performance, life in general at Sarah Lawrence, whatever.  Students should feel free to seek me out for discussion or help beyond the regularly scheduled conference time. This semester I will be in my office every day of the week except Wednesday. My office houses a sizable collection of popular and textbook mathematics titles which I happily loan to interested students. You are welcome to peruse my shelves for potential readings.

Course Textbook:
Gallian, Joseph A., Contemporary Abstract Algebra, 5th Edition.  Houghton Mifflin Publishing, 2002.  This text will be the main source for the course.  Supplemental handouts for additional reading will be provided on occasion.  

Course Readings:
For each seminar meeting there will be an assigned reading from

the course textbook or 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 should 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.  

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 is do be completed independently.  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 complete an individual project for conference work.  Individual conferences will be held with each student. Student conference work may be dedicated to deeper investigation of a single topic studied in the course, study in a specific branch of mathematics (e.g., statistics or game theory) 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.

Worksheets:

In the form of a worksheet, each student will keep track of all the

work completed in class and conference, outlining material read, conference work performed, etc.  Completed forms will be due on the last day of seminar.  Forms are available from the Office of Student Records in Westlands.

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.

A Study of Mathematical Groups
Seminar 1

Course Introduction

Reading:  Gallian, Chapter 0:  Properties of Integers, Modular Arithmetic, and Principle of Induction

Exercises:  1, 2, 3, 8, 16, 26, 29, 39, 40, 46

Seminar 2

Reading:  Gallian, Chapter 1:  Introduction to Groups

Exercises:  1-3, 5-8, 11, 12, 18, 21, 22

Seminar 3

Reading:  Gallian, Chapter 2:  Groups

Exercises:  1, 3-5, 7, 8,  12-14

Seminar 4
Reading:  Gallian, Chapter 2:  Groups

Exercises:  16, 17, 20, 23-25, 33

Seminar 5

Reading:  Gallian, Chapter 3:  Finite Groups; Subgroups

Exercises:  1-4, 8, 9, 11, 12, 14, 17, 21 

Seminar 6
Reading:  Gallian, Chapter 3:  Finite Groups; Subgroups (Continued)
Exercises:  22, 33, 38-40, 50
Seminar 7

Reading:  Gallian, Chapter 4 (pages 73-78 only):  Cyclic Groups, Part I

Exercises:  1, 2, 8, 21, 28

Seminar 8

Reading:  Gallian, Chapter 4 (pages 78-82 only):  Cyclic Groups, Part II

Exercises:  9, 10, 17, 32, 42, 53

Seminar 9

Reading:  Gallian, Chapter 5 (pages 93-100):  Permutation Groups, Part I

Exercises:  1-5, 9, 11, 17, 30

Seminar 10

Reading:  Gallian, Chapter 5 (pages 100-110):  Permutation Groups, Part II

Exercises:  13, 18, 40, 41, 45, 54, 55

Seminar 11

Reading:  Gallian, Chapter 6 (pages 117-126):  Isomorphisms

Exercises:  1, 3-5, 7, 20, 25, 37

Seminar 12

Reading:  Gallian, Chapter 6 (pages 126-129):  Automorphisms

Exercises:  2, 10, 14, 15, 23

Seminar 13

Reading:  Gallian, Chapter 7:  Cosets and Lagrange’s Theorem

Exercises:  1-5, 9, 10, 12, 15, 17, 23, 29, 31, 46

Seminar 14

Gallian, Chapter 8:  External Direct Products

Exercises:  1, 3, 6-12, 17, 21, 22, 40, 42, 43, 53

Seminar 15

Gallian, Chapter 9 (pages 172-179 only):  Normal Subgroups

Exercises:  1, 3, 4, 6, 7, 12, 15, 16, 19, 23, 46

Seminar 16

Gallian, Chapter 9 (pages 179-185):  Applications of Factor Subgroups

Exercises:  32, 37, 38, 48, 53, 57

Seminar 17

Gallian, Chapter 10 (pages 194-200):  Group Homomorphisms

Exercises:  1, 3, 6, 7, 9, 14, 18, 23, 36

Seminar 18

Gallian, Chapter 10 (pages 200-205):  The Isomorphism Theorems

Exercises:  38, 47-49, 51

Seminar 19

Gallian, Chapter 11:  Fundamental Theorem of Finite Abelian Groups

Exercises:  1-7, 10, 15, 17, 19, 28, 36

Seminar 20

Gallian, Chapter 27:  Symmetry Groups

Exercises:  1, 3-7, 9, 10, 12, 14, 15, 20, 21

Seminar 21

Gallian, Chapter 28:  Frieze Groups and Crystallographic Groups

Exercises:  1-7, 10-12, 15, 21

A Study of Mathematical Rings

Seminar 22

Gallian, Chapter 12:  Introduction to Rings

Exercises:  1-6, 9, 11, 19, 22, 25, 31, 40, 44, 45

Seminar 23

Gallian, Chapter 13:  Integral Domains

Exercises:  2, 4-6, 9, 10, 13, 14, 35, 43, 49

Seminar 24

Gallian, Chapter 14:  Ideals and Factor Groups

Exercises:  1-4, 6, 9-11, 15, 19, 24, 30, 31, 35, 45, 46

Seminar 25

Gallian, Chapter 15:  Ring Homomorphisms

Exercises:  2, 7, 10, 19, 21

Seminar 26

Gallian, Chapter 16:  Polynomial Rings

Exercises:  3, 5-7, 11, 13, 14, 17, 23

Seminar 27

Gallian, Chapter 17:  Factorization of Polynomials

Exercises:  1-3, 5-7, 10, 13, 26

Seminars 28-30
Additional Topics:  Whatever moves our fancy!




