Math 512 

Foundations of Mathematics 

Course Objectives

Summer 2006 

Dr. Padraig McLoughlin

Department of Mathematics 

Kutztown University
Length of Course:

One semester

Text (required):

Foundations of Higher Mathematics, Fletcher & Patty (3rd  Edition).  Brooks - Cole. 

Texts (supplemental):

The instructor may suggest supplemental reading from a number of sources. 

Introduction to Advanced Mathematics, Barnier and Feldman (3rd  Edition).  Prentice - Hall. 

Logic, Schaums’s Outline Series, 

Set Theory, Schaums’s Outline Series, 

Course Objective:


This course is intended to broaden and deepen the beginning graduate student's knowledge of the foundational concept of mathematics. Topics covered are: mathematical logic, theory of sets, algebra of sets, relations and functions, ordering, equivalence classes, real numbers, and ordinal and cardinal numbers and related topics. The implementation of proof strategies and procedures are emphasized. It is a required course for M.Ed. mathematics majors.
A student should have mastered and demonstrated the following skills after completing Math 512:

(
the student is able to think logically

(
the student is able to reason and recognise patterns and be able to make conjectures

(
the student is able to use mathematical symbols

(
the student is able to discern truth values of arguments. 

(
the student is able to work with existence, quantification, and validation conditions

(
the student is able to understand induction and prove propositions using induction.

(
the student is able to explain what a proof is and discern between a valid proof and claim that a 

proof has been  performed, but in reality has not. 

(
the student is able to read a proof of a statement.

(
the student is able to construct a valid proof  using different methods which include: direct, 

proof by cases, indirect, contradiction, induction (weak and strong forms), and contraposition. 

(
the student is able to construct valid counterexamples to propositions which are false.  

(
the student is able to recognise and avoid common fallacies in arguments including begging 

the question, circular reasoning, affirming the conclusion, and denying the hypothesis.   

(
the student knows the basic rules of propositional logic.

(
the student is able to use the basic rules of propositional logic in order to construct proofs.  

(
the student is able to construct valid counterexamples to propositions which are false.  

(
the student is able to perform set - theoretic operations

(
the student knows the notation and terminology of set-theory. 

(
the student is able to prove statements about sets using the element chasing method or equivalent 

logical statements.   

(
the student is able to use Venn (Euler) diagrammes to assist in the construction of a proof or 

counterexample of a claim in set-theory. 

(
the student is able to define a binary relation between sets. 

(
the student is able to define an equivalence relation and show that a relation is or is not an 

equivalence relation. 

(
the student is able to define a function between sets. 

(
the student is able to define the image and inverse image of subsets of the domain and 

codomain, respectively. 

(
the student is able to define the union and composition of functions.

(
the student is able to define injective, surjective, or bijective functions.

(
the student is able to prove statements combining the concepts of the image and inverse image of subsets 

of the domain and codomain, the union and composition of , or  injective, surjective, or bijective functions.

(
the student is able to understand cardinality of sets: denumerability, countability, infinite, finite, 

uncountable, and be able to give examples or counterexamples of a claim that a set is one or more of the

previous. 

(
the student is able to define equipotent sets and prove or disprove the sets are equipotent.

(
the student has a basic understanding of  ordinal numbers.

(
the student has a basic understanding of  cardinal numbers.

(
the student is able to understand Cantor’s Theorem and the continuum hypothesis.

(
the student is able to state the Axiom of Choice and understand when and why the Axiom is needed.

(
the student is able to construct proofs in a domain of the integers or reals.

(
the student is able to understand the role of numbers as a logical, predictable system for expressing and 
relating 
quantities in analyzing and solving problems in the real world

(
the student is able to demonstrate several approaches to basic problem solving and implement those strategies

(
the student is able to acquire, organise, and synthesize information and creatively use that information

(
the student is able to understand and appreciate the significance of the interconnection between areas of 
mathematics and their applicability to the real world

Outline of the Course:












Suggested Pace:

I
Fundamentals of Logic





Chapter 1
& handouts



2 days
II
Methods of Proof




   

Chapter 1 & handouts



2 days
III
Set Theory




   


Chapter 3 & handouts



4 days
IV
Mathematical Induction





Chapter 4 & handouts



2 days

Midterm Test 
















1 day

V
Cartesian Products, Relations, and Partial Orders
Chapter 5 & handouts



3 days
VI
Functions, Image Sets, and Inverse Image Sets
   
Chapter 6 & handouts



3 days
VII
Cardinality & Ordinality




  
Chapter 7 & handouts



3 days
VIII
Combinatorial Proofs





   
Chapter 8 






if time
Final Test

















1 day

Warning: The pace is swift and one needs to keep up with the homework and material.  This course is (perhaps) the toughest course in the curriculum; so do not fall behind and use every available, ethical, and practical method you have toward learning the material.

There are 20 days in the summer session.  It is vital that students keep pace and do homework each night.  Summer session classes are designed to be intensive, in-depth, and rigorous classes. 




