
Math 317: Introduction to the Theory of Equations

Period: 12 : 00 — 12 : 50 pm, MWF in CH 5

Dr. Shuguang Li

Office: CH-8D Ph: 974-7377 email: shuguang@hawaii.edu

Office Hours: 8 : 00 — 9 : 00 and 11 : 00 — 12 : 00, MWF.

Reference Books (no textbook available): A survey of modern algebra, Birkhoff
and MacLane; Elementary Number Theory, James K. Strayer.

Description of the course: The course intends to cover the theory of polynomials
over an integral domain, fundamentals of number theory. These theories will not
only lay down the foundation on which the solutions to an equation is built, but also
present you knowledge on the related subjects that is important in understanding
mathematics and teaching secondary mathematics. In addition techniques to solve
certain equations, including polynomial equations, will be discussed. Through the
course you would build a smooth path to learning subsequent higher mathematics
courses, such as abstract algebra (Math 454 and 455). In this sense, Math 317 serves
as a bridge between College Algebra and Abstract Algebra.

Tentative topics to be covered are listed below. Please refer to the next a few
pages for the detail contents.

• Number systems, such as rational field Q, real field R and complex field C.

• Axiom of nonzero divisors — the fundamental principle for solving equations.

• Methods of solving polynomial equations of degrees up to 4.

• Division algorithm, unique factorization of polynomials over arbitrary fields and
its applications (such as in partial fractions).

• Factorizations over fields Q, R and C, the Fundamental Theorem of Algebra,
and the applications in solving polynomial equations.

• Fundamentals of number theory: divisibility, factorization, congruences, Fer-
mat’s little theorem, Euler’s theorem.

• Solving equations over a finite commutative ring. Some topics on Diophantine
equations (if time is allowed).See next two pages for a tentative list.

Exams: There will be four exams, including the final, scheduled on

Exam 1: Feb. 5,

Exam 2: Mar. 10,

Exam 3: Apr. 14,
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The final: (check the registration schedule.)

You would earn extra credits to each exam through class presentation and hard
problems in homework assignments.

Homework: Assign in class and collect every week. Weigh 18% in your overall
grade. The exams will be partially patterned after homework.

Attendance: Check regularly.

Grade: The overall grade will be composed in the following way: the final 28%,
each exam 18%, homework 18%. The grade is based on the following scale

[90%, 100%] : A

[80%, 90%) : B

[65%, 80%) : C

[55%, 65%) : D

[0%, 55%) : F.

Contents of the Course

Chapter 1. Survey of number systems (1.5 weeks)

§1.1 Commutative ring and integral domain
Concepts of commutative ring and integral domain, cancellation law and
zero divisors, and some elementary properties of commutative rings.

§1.2 Fields
Concepts of field and subfield. Verify that Q, R, and C are fields.

§1.3 n-th roots of complex numbers
Introduce complex numbers, and their absolute value and argument from
both algebraic point of view and geometric point of view. Discuss solutions
to zn = c, and the n-th roots of unity.

Chapter 2. Lower degree polynomials (1.5 weeks)

§2.1 Polynomials and Polynomial Equations
Polynomials in an element α over an integral domain D and their basic
properties. Principle to solve equations — cancellation law.

§2.2 Quadratic equations
Solve quadratic equations, which are over a number field, in complex field
C.

§2.3 Cubic equations
Solve cubic equations, which are over a number field, in complex field C.

§2.4 Quartic equations
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Solve quartic equations, which are over a number field, in complex field C.

Chapter 3. Divisibility and factorization of integers (2 weeks)

Most of chapter 1 of the second reference book: divisibility, primes, Euclidean
algorithm, GCD, fundamental theorem of arithmetic.

Chapter 4. Congruences (2 weeks)

Most of chapter 2 of the second book: congruences, residue classes mod n and
finite commutative rings (Z/nZ)∗, linear congruence equations, the Chinese
Remainder Theorem, Fermat’s little theorem, Euler’s theorem.

Chapter 5. Divisibility and factorization of polynomials (2 weeks)

Most of Chapter 3 of the first reference book: polynomial functions, division al-
gorithm, units and irreducible polynomials, unique factorization theorem, Gauss
lemma, polynomial ring F [x1, x2, · · · , xn], partial fractions.

Chapter 6. Polynomials over several fields (2.5 week)

§6.1 Eisenstein’s criterion
Eisenstein’s criterion and irreducible polynomials over Q.

§6.2 Rational roots of polynomials over Q
Introduce method of finding rational roots of a polynomial over Q.

§6.3 Fundamental theorem of algebra
Fundamental theorem of algebra without proof. Its impact on prime fac-
torization of polynomials over R and C.

§6.4 Partial fractions over R and C
Consider decomposition of partial fractions as sum of simplified partial
fractions over R and C.

§6.5 Polynomials over finite fields
Investigate polynomials over finite rings and finite fields. Solve polynomial
equations over finite fields.

Chapter 7. Diophantine equations (2 weeks)

Most of chapter 6 and some of chapter 8 of the second book: linear Diophantine
equations, a congruence method, Pythagorean Triples, RSA encryption system.
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