
MAT 616 F25: Introduction to Mathematical Theory 

What is Mathematical Theory? 
Mathematical Theory is a conceptual framework that seeks to describe the fundamental structures and 
relationships underlying mathematical reasoning. It provides a systematic way to understand how different 
mathematical ideas connect, how they can be formalized, and how they can be applied to various disciplines, even 
beyond mathematics itself. 

One of the core ideas of Mathematical Theory is that mathematics is not just about numbers and calculations—it is 
a way of thinking about abstract relationships and structures. By defining precise rules and logical systems, 
Mathematical Theory allows us to explore concepts in a rigorous and meaningful way. 

Example: Set Theory 

Basic Concepts of Set Theory 
1. Sets and Elements 

   - A set is a collection of distinct objects, called elements. 
   - Example: The set of primary colors can be written as: S = { red, blue, yellow } 

2. Membership 

   - If an element belongs to a set, we use the symbol ∈ ('is an element of'). 
   - Example: blue ∈ S means 'blue is an element of S'. 

3. Subsets 

   - A set A is a subset of B if every element in A is also in B. 
   - Example: If A = { red, blue }, then A ⊆ S. 

4. Union and Intersection 

   - The union of two sets contains all elements from both sets: 
     A ∪ B = { x | x ∈ A or x ∈ B } 
   - The intersection of two sets contains only the elements they share: 
     A ∩ B = { x | x ∈ A and x ∈ B } 

5. The Empty Set 

   - A set with no elements is called the empty set, denoted ∅. 
   - Example: The set of all unicorns in the real world is ∅. 

Why Mathematical Theory Matters 
Mathematical Theory helps us see that mathematics is not just about solving equations—it is a structured way of 
thinking about relationships and systems. Set Theory, for example, forms the basis for many fields, including 
computer science, logic, and even linguistics. Understanding these fundamental principles allows us to apply 
mathematical reasoning to solve real-world problems in innovative ways. 

By exploring Mathematical Theory, even non-math majors can develop a deeper appreciation for how structured 
thinking and abstraction contribute to various disciplines, from data science to philosophy. 


