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Understanding Rational and Irrational 
Numbers: Building Number Sense in 
Mathematics 

Numbers are the foundation of mathematics and learning to distinguish between rational 
and irrational numbers helps students develop a deeper understanding of how numbers 
work in both theory and real-life applications. Rational numbers can be expressed as 
fractions, decimals that terminate, or decimals that repeat in a predictable pattern. 
Irrational numbers, on the other hand, cannot be written as exact fractions, and their 
decimal expansions never terminate or repeat. 

In this article, we will explore the characteristics of rational and irrational numbers, explain 
how they appear in square roots and decimals, and connect them to real-world 
applications, such as engineering, design, and measurements. 

 

Rational Numbers 

Rational numbers include whole numbers, fractions, terminating decimals, and repeating 
decimals. These numbers can always be expressed as a ratio of two integers. Examples 
include 3, 1/3, 0.25, and 0.333… 

Practical Application: Rational numbers are used every day when dividing objects 
equally, measuring ingredients in cooking, or calculating distances that result in exact 
fractions (e.g., half a meter, two-thirds of a cup). 

 

Irrational Numbers 

Irrational numbers cannot be expressed as exact fractions. Their decimal expansions 
continue infinitely without repeating. Common examples include √2, √3, π (pi), and e. 

Practical Application: Engineers and architects often work with irrational numbers when 
dealing with circular shapes, such as wheels, domes, or pipes. While π cannot be expressed 
exactly, its approximations (like 3.14) are used for accurate calculations in design and 
construction. 

 

Decimals: Terminating, Repeating, and Non-Repeating 
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Decimals provide an easy way to identify whether a number is rational or irrational. 

• Terminating decimals (e.g., 0.5, 0.25) stop after a certain number of digits. 
• Repeating decimals (e.g., 0.333… or 0.142857…) repeat in a predictable pattern. 
• Non-repeating, non-terminating decimals (e.g., π, √2) represent irrational 

numbers. 

Practical Application: When working with money, decimals often terminate (e.g., $2.50). 
In contrast, scientists use approximations of irrational decimals (like π = 3.14159…) in 
calculations where circular or exponential measurements are required. 

 

Square Roots: Exact and Estimated 

Square roots provide another way to understand rational and irrational numbers. If a 
square root results in a whole number, it is rational (e.g., √9 = 3, √121 = 11). If the square 
root is not a perfect square, the result is irrational (e.g., √20 ≈ 4.5). 

Practical Application: Square roots are used in engineering and physics, especially when 
applying the Pythagorean Theorem to calculate distances, slopes, or diagonal 
measurements. Builders and designers often estimate irrational square roots to one decimal 
place for practical use. 

 

Rational and Irrational Numbers in STEM Design 

A powerful example of irrational numbers in action is the Ferris Wheel Design Project. 
To calculate the circumference of a Ferris wheel, engineers use the formula C = 2πr. Here, 
π is an irrational number, while the radius (r) is usually rational. This combination of 
rational and irrational numbers creates accurate designs for circular structures. 

Practical Application: Without irrational numbers like π, it would be impossible to design 
precise circular objects. From amusement park rides to car tires and gears, irrational 
numbers are essential in real-world engineering. 

 

How Rational and Irrational Numbers Work Together 

Rational and irrational numbers complement each other in mathematics. Rational numbers 
provide exactness and predictability, while irrational numbers allow us to describe and 
measure shapes and patterns that cannot be expressed as simple fractions. Both are 
necessary for a complete understanding of mathematics and its applications. 
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Real-Life Connections: Why This Knowledge Matters 

Recognizing rational and irrational numbers helps students develop confidence in handling 
decimals, fractions, and roots. Beyond the classroom, these concepts are useful in everyday 
decision-making, whether measuring materials for a project, analyzing scientific data, or 
simply estimating the size of a circular table. 

For example: 

• Rational Example: Dividing a 12-inch pizza into 8 equal slices results in each slice 
being 1/8 of the whole. 

• Irrational Example: Calculating the circumference of the same pizza requires 
using π, an irrational number. 

 

Key Terms Explained 

• Rational Number: A number that can be written as a fraction or ratio of two 
integers. 

• Irrational Number: A number that cannot be expressed as an exact fraction; its 
decimal form does not repeat or terminate. 

• Terminating Decimal: A decimal number that ends after a certain number of 
digits. 

• Repeating Decimal: A decimal number that has a digit or group of digits repeating 
infinitely. 

• Square Root: A number that, when multiplied by itself, equals the original number. 
• π (pi): An irrational number (~3.14159…) representing the ratio of a circle’s 

circumference to its diameter. 
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