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WINONA STATE UNIVERSITY
COLLEGE OF SCIENCE AND ENGINEERING
DEPARTMENT OF MATHEMATICS AND STATISTICS

Course Outline-MATH 448

Title: Abstract Algebra II

Number of Credits: 3

Catalog Description: A continuation of the topics in Abstract Algebra I. Prerequisite: MATH 447 - Abstract Algebra I. Grade or P/NC. Offered every third semester.

Possible Textbooks: 
· A First Course in Abstract Algebra, 2nd edition, by Anderson and Feil
· Abstract Algebra: Theory and Applications, by Tom Judson (open text)
· Contemporary Abstract Algebra, 6th edition by Joseph Gallian
· A First Course in Abstract Algebra, 2nd edition by Joseph Rotman
· Abstract Algebra, 3rd Edition by I. N. Herstein
· Abstract Algebra-An Introduction, 2nd edition, by Thomas Hungerford
· Elements of Modern Algebra, 6th edition by Jimmie Gilbert and Linda Gilbert 
· A First Course in Abstract Algebra, 6th edition by John B. Fraleigh

Topics Covered: 

Review of An Introduction to Groups (optional)
Finite groups
Subgroups
Cyclic groups
Permutation groups
Review of Group Homomorphisms (optional)
Group isomorphisms
Homomorphism theorems and properties
Cosets and Lagrange's Theorem
Factor groups
Normal subgroups
Review of An Introduction to Rings and Fields (optional)
Finite and infinite rings
Subrings and unity
Integral domains and fields
Associates, irreducibles, and factorization
Ideals
Review of Ring Homomorphisms (optional)
Ring isomorphism
Homomorphism theorems and properties
The kernel
Ring cosets
Factor rings
Additional Topics in Group Theory (optional)
The Fundamental Theorem for Finite Abelian Groups
Solvable groups
The Sylow theorems
Generators and Relations
Symmetry groups, frieze groups, and the crystallographic groups
Additional Topics in Ring Theory (optional)
Principal ideal domains
Unique factorization domains
Euclidean domains
Maximal and prime ideals
Constructibility and Field Extensions (optional)
Constructibility problems
Field extensions and algebraic field extensions
An introduction to Galois Theory

Listing of Sections in Departmental Text to be Covered (Name and Author of Text Here):  No Departmental Text required for this Course

Remarks:  Students will give at least two “brief” presentations (approximately 10-12 minutes in length) and one major project presentation (approximately 20-25 minutes in length) as part of this course.  These presentations are intended both to help them learn the material, and to give them practice and guidance in presenting mathematics orally.  The brief presentations will be worth 50 points each, with points distributed as detailed on the Speaker Evaluation Form.  The major project (written and oral components combined) will be worth an additional 100 points.

Students will need to use their discretion, and the instructor’s guidance, in deciding how much material to cover, which points to emphasize, and which points to omit from their presentation.  The earlier the student plans and practices their presentation, the more help the instructor can offer them.

Approximate Pace of Coverage:

Method of Instruction: Lecture-presentation, discussion, question-answer sessions,
use of calculators/computers, group work and/or paper presentations.

Evaluation Procedure: Homework, brief oral presentations, quizzes, midterm exams, major project and presentation, and a final exam.

General Education: Oral Intensive:  The following language should appear in the syllabus for this course.

This is a General Education course that satisfies the Oral Intensive requirement.  Mathematics 448 contains requirements and learning activities that promote students' abilities to...

1. Earn significant course credit through extemporaneous oral presentations;
	
Typically, students will be required to give at least three oral presentations to the class: one “major” presentation of an expository research paper, and at least two “minor” presentations either summarizing a short (5-10 page) section of the text, or explaining the solution to a series of related mathematical problems.  These presentations will be worth roughly 15% to 25% of the student’s final grade, although this will vary somewhat depending upon the instructor and year.  Typically, a full week of the semester is used for oral presentations of the “major” student projects.

1. Understand the features and types of speaking in their disciplines;
	
Students in this course are required to learn and perform four different types of speaking in this course:  (1) the discussion necessary for a group of 2 to 4 students to solve mathematical problems; (2) presenting homework solutions to the class; (3) presenting brief summaries of section topics taken from the text or independent research; and (4) presenting the results of a major expository research project to the class.  

The four types of speaking about mathematics listed above reflect four primary types of speaking needed by mathematicians and mathematics teachers.  The first type, discussion among peers about mathematical concepts, examples, and arguments, is the primary means of progress in mathematical research, and is also a highly effective means of helping students at any level construct their own mathematical knowledge. Even to mathematics majors, mathematics is essentially a foreign language. This course is intended to help students learn to use and communicate mathematical terminology and arguments correctly and at a level of rigor and following the stylistic standards appropriate to the discipline.

The second type of speaking, presenting a solution to an audience, corresponds to the type of presentation that a teacher would give to a class after they have had time to work on a problem, or a presentation that a mathematician might give at a specialized conference.  The audience is assumed to already know a significant amount of background and terminology, but a complete, step-by-step explanation of the specific claim must be given.  This type of speaking requires the highest level of rigor out of the four types.  This type of speaking is especially useful for students planning to go on to graduate school, who constitute a significant portion of the students who are enrolled in Abstract Algebra II.

The third and fourth types of speaking, presenting the results of a minor or major research project, correspond to the type of talk one would give for a more general audience that is presumed to have some general background knowledge but no specialized knowledge of the topic.  In this type of speaking, a large amount of information is condensed and summarized to an introduction to the main themes of a topic.

1. Adapt their speaking to field-specific audiences;

Students in Abstract Algebra II learn to adapt their speaking to communicate effectively with (1) “collaborators,” i.e., students working together on the same problems, (2) “experts,” i.e., students in the same class working on different problems who have read or skimmed the background info but still need to hear details of the speaker’s specific work or topic, and (3) “non-experts” with only minimal background in the topic, as described in item b. above.

1. Receive appropriate feedback from teachers and peers, including suggestions for improvement;

Students receive immediate feedback from peers during discussion done in groups.  The instructor circulates throughout the class during this group work, confirming when terminology and arguments are appropriate, and offering corrections, hints, and suggestions for improvement.  

The instructor also comments orally after problem solutions and section summaries are presented to the class, and students receive written grades with feedback, evaluation, and suggestions for improvements on various aspects of their presentations.

For the major expository project and presentation, the instructor offers comments on a preliminary outline, then comments on a first draft, with suggestions for improvement and suggestions on the oral presentation, and comments on the final presentation.

1. Make use of the technologies used for research and speaking in the fields; and
	
Students typically use the blackboard or whiteboard to present solutions to homework problems; some use overhead slides or printed handouts to supplement their explanations.  Some will learn to use the TeX or LaTeX mathematical software to typeset their solutions.  They often use a graphing calculator or a computer algebra system (such as Mathematica) to help them solve the problems and present solutions.  For their major project presentations, many students use Power Point (sometimes with audio supplements), some students use overhead slides, some use printed handouts, and some use the blackboard-- in approximately the same proportions as would be represented at a professional conference for mathematicians or mathematics teachers.

1. Learn the conventions of evidence, format, usage, and documentation in their fields.

Students must learn the current conventions and internationally held standards of evidence, format, usage, and documentation in the field of mathematics.

In reading about different mathematical topics and solving mathematical problems, students must learn how to move through the process of communicating their informal intuitions based on concrete examples, to developing formal, rigorous proofs, and then finally to explaining their proofs in ways that others can understand.  That is, the type of speaking that is most effective for “discovering” a theorem and/or its proof is very different from the type of speaking that is required for presenting a formal statement of a theorem and its proof.  Students must learn how to carry out both types of speaking, and learn to recognize which type of speaking (namely, what level of formality in terms of evidence and usage) is appropriate in different situations.

Minnesota Transfer Curriculum: Not Applicable

MnSCU Learning Outcomes:
Students will use definitions in abstract algebra and identify examples and non-examples.
Students will write proofs of theorems and results in abstract algebra, using correct proof techniques and mathematical writing standards.
Students will evaluate the correctness or incorrectness of an alleged "proof."
Students will demonstrate the ability to move adeptly between specific examples or calculations and general abstract structures and results in abstract algebra.
Students will give oral presentations on homework solutions, and on special topics not covered in the usual lectures, with feedback from teachers and peers and suggestions for improvement.
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