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Abstract. Set theory is one of the fundamental topics of mathematics and 

provides a common language for algebra, logic, probability, statistics, and computer 

science. This article presents practical methods for solving problems involving sets, 

subsets, universal sets, empty sets, union, intersection, difference, complements, 

cardinality, Cartesian products, and Venn diagrams. Particular attention is given to 

translating verbal conditions into set notation and selecting the correct operation. Step-

by-step worked examples show how to solve typical school-level and introductory 

university problems, including counting elements in overlapping sets and applying the 

inclusion-exclusion principle. 
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1. Introduction 

A set is a well-defined collection of distinct objects. The objects belonging to a 

set are called elements or members. Set theory is important because many 

mathematical structures can be described in terms of sets and relationships between 

sets. 

When solving set problems, students should first identify the universal set and 

the sets involved, then translate the verbal conditions into symbols. After that, the 

correct operation - union, intersection, difference, or complement - can be applied. 
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2. Basic Concepts and Notation 

Sets are usually denoted by capital letters such as A, B, and C, while elements 

are written inside braces. For example, A = {1, 2, 3, 4}. If an element x belongs to A, 

we write x ∈ A. If x does not belong to A, we write x ∉ A. 

The empty set, denoted by ∅, has no elements. A universal set U contains all 

objects under consideration. A set A is a subset of B, written A ⊆ B, if every element 

of A is also an element of B. 

3. Union of Sets 

The union of sets A and B contains all elements that belong to A, to B, or to 

both sets. The union is denoted by A ∪ B. 

A ∪ B = {x | x ∈ A or x ∈ B} 

Example 1. Let A = {1, 2, 3, 4} and B = {3, 4, 5, 6}. Find A ∪ B. 

Solution: Combine all distinct elements from both sets. Therefore A ∪ B = {1, 

2, 3, 4, 5, 6}. 

4. Intersection of Sets 

The intersection of A and B contains the elements common to both sets. It is 

denoted by A ∩ B. 

A ∩ B = {x | x ∈ A and x ∈ B} 

Example 2. Let A = {1, 2, 3, 4} and B = {3, 4, 5, 6}. Find A ∩ B. 

Solution: The elements common to both sets are 3 and 4. Thus A ∩ B = {3, 4}. 

5. Difference of Sets 

The difference A \ B consists of the elements that belong to A but do not belong 

to B. 

A \ B = {x | x ∈ A and x ∉ B} 

Example 3. Let A = {1, 2, 3, 4, 5} and B = {4, 5, 6}. Find A \ B. 
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Solution: Remove from A all elements that also belong to B. Therefore A \ B = 

{1, 2, 3}. 

6. Complement of a Set 

The complement of A, usually denoted A' or Aᶜ, consists of all elements of the 

universal set U that are not in A. 

Aᶜ = U \ A 

Example 4. Let U = {1, 2, 3, 4, 5, 6, 7, 8} and A = {2, 4, 6, 8}. Find Aᶜ. 

Solution: The elements of U not contained in A are 1, 3, 5, and 7. Therefore Aᶜ 

= {1, 3, 5, 7}. 

7. Cardinality of a Set 

The cardinality of a finite set A, written |A| or n(A), is the number of elements 

in A. 

Example 5. If A = {a, b, c, d, e}, find n(A). 

Solution: There are five elements, so n(A) = 5. 

8. Inclusion-Exclusion Principle 

When two sets overlap, simply adding their cardinalities counts the common 

elements twice. The inclusion-exclusion principle corrects this by subtracting the 

intersection once. 

n(A ∪ B) = n(A) + n(B) - n(A ∩ B) 

Example 6. In a class, 18 students study English, 15 study mathematics, and 7 

study both subjects. How many students study at least one of the two subjects? 

Solution: Use the inclusion-exclusion formula: n(E ∪ M) = 18 + 15 - 7 = 26. 

Therefore 26 students study at least one subject. 

Example 7. In a group of 40 students, 25 like football, 20 like basketball, and 

10 like both. How many like neither sport? 
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Solution: First find those who like at least one sport: 25 + 20 - 10 = 35. Since 

there are 40 students in total, 40 - 35 = 5 students like neither. 

9. Three-Set Problems 

For three overlapping sets A, B, and C, the inclusion-exclusion principle must 

account for all pairwise intersections and the triple intersection. 

n(A ∪ B ∪ C) = n(A)+n(B)+n(C)-n(A∩B)-n(A∩C)-n(B∩C)+n(A∩B∩C) 

Example 8. Suppose n(A)=20, n(B)=18, n(C)=16, n(A∩B)=7, n(A∩C)=6, 

n(B∩C)=5, and n(A∩B∩C)=3. Find n(A∪B∪C). 

Solution: Substitute into the formula: 20 + 18 + 16 - 7 - 6 - 5 + 3 = 39. Therefore 

n(A ∪ B ∪ C) = 39. 

10. Venn Diagram Method 

Venn diagrams are visual tools used to represent relationships between sets. 

Each set is drawn as a closed region, usually a circle, inside a rectangle representing 

the universal set. The overlapping region of two circles represents the intersection. 

Regions inside only one circle represent elements belonging exclusively to that set. 

A useful strategy in word problems is to fill the innermost overlap first. For two 

sets, begin with the intersection, then calculate the parts that belong only to A and only 

to B. Finally, determine the elements outside both sets if the total size of the universal 

set is known. 

Example 9. Among 30 students, 17 study English, 14 study Russian, and 6 study 

both. How many study only English, only Russian, and neither language? 

Solution: Only English = 17 - 6 = 11. Only Russian = 14 - 6 = 8. At least one 

language = 11 + 6 + 8 = 25. Therefore neither = 30 - 25 = 5. 

11. Subsets and Power Sets 

If a set has n elements, then it has 2ⁿ subsets, including the empty set and the set 

itself. The collection of all subsets of A is called the power set and is denoted P(A). 
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Number of subsets of an n-element set = 2ⁿ 

Example 10. How many subsets does the set A = {1, 2, 3, 4} have? 

Solution: The set has 4 elements, so the number of subsets is 2⁴ = 16. 

12. Cartesian Product 

The Cartesian product A × B is the set of all ordered pairs (a, b) where a ∈ A 

and b ∈ B. If A has m elements and B has n elements, then A × B has mn elements. 

A × B = {(a,b) | a ∈ A and b ∈ B},     n(A × B) = n(A)n(B) 

Example 11. Let A = {1, 2} and B = {a, b, c}. Find A × B. 

Solution: A × B = {(1,a), (1,b), (1,c), (2,a), (2,b), (2,c)}. Therefore n(A × B) = 

2 × 3 = 6. 

13. Set Identities 

Several algebraic laws help simplify set expressions. The commutative laws 

state that A ∪ B = B ∪ A and A ∩ B = B ∩ A. The associative laws allow grouping to 

be changed, while the distributive laws relate union and intersection. 

A ∪ (B ∩ C) = (A ∪ B) ∩ (A ∪ C) 

A ∩ (B ∪ C) = (A ∩ B) ∪ (A ∩ C) 

De Morgan's laws are especially important when complements are involved. 

(A ∪ B)ᶜ = Aᶜ ∩ Bᶜ 

(A ∩ B)ᶜ = Aᶜ ∪ Bᶜ 

 

14. A Step-by-Step Strategy for Solving Set Problems 

Step Action Purpose 
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1 Identify the 

universal set and all named 

sets. 

Establish the full 

context. 

2 Translate words into 

symbols. 

Recognize union, 

intersection, difference, or 

complement. 

3 List elements or 

draw a Venn diagram. 

Visualize the 

relationships. 

4 Fill intersections 

first. 

Avoid double 

counting. 

5 Apply cardinality 

formulas. 

Count elements 

correctly. 

6 Check the final 

result. 

Ensure no element is 

counted twice or omitted. 

15. Common Mistakes 

Students often confuse union with intersection. Union includes elements that are 

in at least one set, while intersection includes only elements common to all specified 

sets. Another common error is counting common elements twice when finding the size 

of a union. 

In Venn diagram problems, it is important to distinguish between statements 

such as 'A and B', 'A or B', 'only A', and 'neither A nor B'. These expressions correspond 

to different regions of the diagram and should be translated carefully before 

calculations begin. 

16. Applications of Set Theory 

Set theory is used in probability, logic, database systems, computer 

programming, statistics, artificial intelligence, classification, and information retrieval. 

For example, database queries often perform operations analogous to union, 
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intersection, and difference. In probability theory, events are represented as sets of 

outcomes. 

17. Conclusion 

Set theory problems become much easier when verbal information is translated 

into clear mathematical notation. The main operations - union, intersection, difference, 

and complement - provide a systematic way to describe relationships between groups 

of objects. Cardinality and the inclusion-exclusion principle allow overlapping sets to 

be counted correctly, while Venn diagrams provide a useful visual method. Subsets, 

power sets, Cartesian products, and set identities extend the same basic ideas to more 

advanced mathematical situations. A careful step-by-step strategy helps students avoid 

double counting and choose the correct operation. 
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