
Math 417: Abstract Algebra 
 
Course Description: 
Algebra is the oldest area in mathematics. The course is an introduction to abstract algebra also 
called modern algebra. The fundamental object is a group that is equipped with one binary 
operation, and group is a basic structure of other mathematical objects such as rings, fields and 
vector spaces equipped with additional binary operations. 
 
 
Course Objectives: 
The goal of the course is to introduce the students to abstract structure through concrete 
examples so that students explore the abstract objects and their applications to mathematical 
problems as well as real world problems. 
 
 
Course Content Includes: 

1. Preliminaries 
Sets and functions. Equivalence relations. Permutations and cyclic decomposition. The Euclidean 
algorithm for integers. Greatest common divisor. Congruence arithmetic (Modular arithmetic). 
 

2. Abstract algebra 
Fundamental theorem of algebra. Fields: definition, subfields and extension fields. The Euclidean 
algorithm for polynomials. Greatest common divisor for polynomials. Vector spaces. Euclidean 
geometry. Group: definition and examples. Ring: definition, subring, and examples. 
 

3. Group Theory 
Subgroups and cyclic groups. Centralizers, Normal subgroups. Normalizers. Cayley’s theorem. 
Rubik’s cube. Even and odd permutations. Dihedral groups. Cosets and Lagrange’s theorem. 
Quotient groups and the isomorphism theorems. Direct products and semidirect products. 
 

4. Group actions 
Examples: representations, left regular actions, conjugation actions. coset actions. Class 
equations. Geometric actions: Platonic solids, Rubik’s Cube, Cayley graph. Cauchy’s theorem. 
Orbit-stabilizer Theorem, Sylow Theorems. 
 
 

5. Fields and group theory 
Ideals. Integral domains and fields. Field of Fraction, Roots of polynomials. Maximal ideals, 
construction of fields(Quotient fields). Field extensions. Roots of Polynomials. Fundamental 
Theorem of Galois theory. 

 
 

 



Course Format: 
The course uses video lectures from UIUC Spring 2016 Math 417 course taught by Professor Chris 
Leininger. The textbook for this course is an expansion of the instructor’s lecture note. It is delivered 
using the Moodle (Learning Management System). Proctored exams are taken using pencil and paper. 
 
Lecture notes by Pf. Chris Leininger which can be found here: 
http://www.math.uiuc.edu/~clein/ab-alg-book.pdf 
As an additional reference one can use, 
Frederick M. Goodman, "Algebra: Abstract and Concrete, Edition 2.6", which can be found here: 
http://www.math.uiowa.edu/~goodman/algebrabook.dir/algebrabook.html 
or the book at the bookstore: 
John B. Fraleigh, "A First Course in Abstract Algebra"	


