example of relation that is not a
function

example of relation that is not a function is a fundamental concept in mathematics,
particularly in the study of relations and functions. Understanding what distinguishes a
function from a relation that is not a function is crucial for students, educators, and
professionals working with mathematical models or data structures. This article explores
the definition of relations and functions, providing clear examples to illustrate when a
relation fails to qualify as a function. Additionally, it discusses common scenarios and
graphical representations that highlight the differences. By examining these examples,
readers will gain a comprehensive understanding of the criteria that separate functions
from other types of relations. The article also delves into the importance of this distinction
in various mathematical contexts and its applications. To guide the exploration, the content
is organized into key sections that cover definitions, examples, graphical interpretations,
and practical implications.
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Understanding Relations and Functions

A relation in mathematics is a set of ordered pairs, typically denoted as (x, y), where the
first element x is related to the second element y. Relations describe how elements from
one set, called the domain, correspond to elements in another set, called the codomain. A
function is a specific type of relation with a strict rule: every element in the domain must be
associated with exactly one element in the codomain. This means no input value maps to
more than one output value.

In contrast, a relation that is not a function allows at least one input value to correspond to
multiple outputs. This violation of the unigueness condition is what fundamentally
separates non-functions from functions. Understanding this difference is essential when
analyzing mathematical relationships, ensuring clarity in problem-solving and theoretical
discussions.

Definition of a Relation

A relation can be formally defined as a subset of the Cartesian product of two sets. For sets



A and B, a relation R is any subset of A x B. Each element of R is an ordered pair (a, b)
where a € A and b € B. Relations can be arbitrary, meaning that there is no inherent
restriction on how many outputs a single input can have.

Definition of a Function

A function f from set A to set B, denoted as f: A = B, is a relation with the property that for
every a € A, there exists a unique b € B such that (a, b) € f. This uniqueness condition
means that each input is related to only one output, which is the defining characteristic of
functions.

Examples of Relations That Are Not Functions

To concretely understand what makes a relation not a function, it is helpful to examine
specific examples. These illustrate cases where the uniqueness condition is violated, and a
single input corresponds to multiple outputs.

Example 1: Relation with Multiple Outputs for One Input
Consider the relation R defined on the set of real numbers as follows:

*(1,2)

* (1, 3)

*(2,4)

* (3,5)

Here, the input value 1 maps to two different outputs: 2 and 3. Since one input does not
have a unique output, this relation is not a function.

Example 2: Vertical Line Relation on a Cartesian Plane

A vertical line in the Cartesian coordinate system can be described as the relation
consisting of all points with a fixed x-value. For example, the set of points {(3,y) | y € R}
forms a relation where the input 3 corresponds to infinitely many outputs y. This relation
fails the function test because the input 3 does not map to a unique output.

Example 3: Circle Equation as a Relation

The equation of a circle, such as x? + y2 = 1, represents a relation between x and y. For
certain values of x, there are two corresponding y-values (one positive and one negative).



For instance, when x = 0, y can be 1 or -1. This violates the requirement for functions and
hence the circle equation defines a relation that is not a function.

Graphical Representation of Non-Functions

Graphical analysis provides an intuitive way to determine whether a relation is a function.
Visualizing relations on a coordinate plane can reveal whether any input corresponds to
multiple outputs.

Vertical Line Test

The vertical line test is a widely used graphical method to identify whether a relation is a
function. If any vertical line drawn through the graph intersects the curve at more than one
point, the relation is not a function. This is because multiple intersection points indicate
that a single input (x-value) has multiple outputs (y-values).

Examples of Graphs That Fail the Vertical Line Test

Graphs such as circles, ellipses, and certain parabolas open sideways fail the vertical line
test. These shapes show that for some x-values, there are multiple corresponding y-values,
which means they represent relations that are not functions.

Common Misconceptions About Relations and
Functions

There are several misconceptions that often arise when distinguishing between relations
and functions. Clarifying these misunderstandings is important for accurate mathematical
interpretation.

Misconception 1: All Relations Are Functions

One common error is assuming that every relation qualifies as a function. However, this is
incorrect because functions require exactly one output per input, which is not guaranteed in
general relations.

Misconception 2: Functions Can Have Multiple Outputs

Some believe functions can assign multiple outputs to a single input, which contradicts the
formal definition of a function. A function’s uniqueness condition prohibits this, making such
a scenario impossible for functions.



Misconception 3: Graphs Always Represent Functions

Not all graphs depict functions. Graphs that fail the vertical line test represent relations that
are not functions, such as circles or vertical lines. It is important to apply the vertical line
test to verify functional status.

Applications and Importance of Distinguishing
Relations from Functions

Recognizing whether a relation is a function is not only a theoretical exercise but also
critical in various practical and academic fields. The distinction affects how problems are
modeled and solved across disciplines.

Mathematics and Calculus

In calculus, functions are fundamental because they allow for the definition of limits,
derivatives, and integrals. Identifying whether a relation is a function ensures the
applicability of these concepts and techniques.

Computer Science and Programming

Functions in programming correspond to operations that produce a single output for each
input. Understanding when a relation is not a function helps in designing algorithms and
data structures that behave predictably.

Data Analysis and Modeling

In data science, functions model relationships between variables. Recognizing non-
functional relations prevents incorrect assumptions and improves the accuracy of predictive
models and analyses.

Education and Learning

Teaching the difference between relations and functions establishes a foundation for
students’ mathematical reasoning. Clear examples of relations that are not functions aid in
conceptual understanding and problem-solving skills.

1. Defines the distinction between relations and functions
2. Provides clear examples of relations that do not qualify as functions

3. Explains the vertical line test for graphical identification



4. Addresses common misconceptions to improve comprehension

5. Highlights real-world and academic applications of the concept

Frequently Asked Questions

What is an example of a relation that is not a function?

An example of a relation that is not a function is {(1, 2), (1, 3), (2, 4)} because the input 1
is related to two different outputs 2 and 3.

Why is the relation {(2, 5), (3, 5), (2, 7)} not a
function?

Because the input 2 corresponds to two different outputs, 5 and 7, violating the definition of
a function where each input must have exactly one output.

Can a vertical line test determine if a relation is not a
function?

Yes, if a vertical line intersects the graph of the relation at more than one point, the relation
is not a function.

Is the relation {(4, 1), (5, 2), (4, 3)} a function?

No, because the input 4 is associated with two outputs, 1 and 3, so it is not a function.

Give a real-world example of a relation that is not a
function.

Assigning a person to their siblings is a relation but not a function because one person can
have multiple siblings.

How can you identify a relation that is not a function
from a set of ordered pairs?

If any input (first element in the pair) is repeated with different outputs (second elements),
the relation is not a function.

Is the relation {(x, y) | y*2 = x} a function?

No, because for a positive x, there are two possible y values (positive and negative), so it
fails the definition of a function.



What does it mean for a relation to not be a function in
terms of input-output mapping?

It means at least one input maps to more than one output, which is not allowed in a
function.

Can a relation with multiple outputs for one input ever
be considered a function?

No, a function by definition assigns exactly one output to each input.

Is the relation defined by the circle x™2 + y*2 =1a
function?

No, because for many x-values there are two corresponding y-values (one positive and one
negative), so it is not a function.

Additional Resources

1. Understanding Relations and Functions in Mathematics

This book offers a comprehensive introduction to the concepts of relations and functions,
emphasizing the differences between them. It includes numerous examples of relations that
are not functions, helping readers grasp the fundamental properties that distinguish the
two. Ideal for high school and early college students, the book combines theory with
practical exercises.

2. Exploring Non-Functional Relations: Theory and Applications

Focused specifically on relations that fail the function criteria, this text delves into various
examples and their implications in mathematics and computer science. Readers will learn
how these relations appear in real-world scenarios, such as databases and graph theory.
The book also discusses how to identify and work with such relations effectively.

3. Mathematical Relations: Beyond Functions

This book explores the broader category of relations, including those that are not functions,
providing a rich set of examples and visualizations. It explains key concepts like domain,
range, and mappings, clarifying why certain relations don't qualify as functions. Suitable for
students and educators, it bridges abstract concepts with tangible illustrations.

4. Functions and Their Exceptions: Understanding Non-Function Relations

A detailed guide to understanding what makes a relation not a function, this book highlights
common pitfalls and misconceptions. It discusses various examples such as vertical line
tests and multi-valued mappings to illustrate non-function relations. The book is designed
to strengthen conceptual clarity and problem-solving skills.

5. Graphical Insights into Relations and Functions

This visually oriented book uses graphs to demonstrate the differences between functions
and non-function relations. It provides step-by-step analyses of graphs that fail the vertical
line test, explaining the mathematical reasons behind each case. The approach helps



learners develop intuition about the nature of relations.

6. Set Theory and Relations: Identifying Non-Functions

Combining set theory fundamentals with relation theory, this book explains how relations
are formed and when they are not functions. It covers equivalence relations, partial orders,
and examples that violate function definitions. The text is suitable for students looking to
deepen their understanding of foundational mathematics.

7. Non-Functional Relations in Computer Science

This book examines the role of relations that are not functions within computer science
contexts such as databases, programming languages, and automata theory. It discusses
how non-functional relations model real-world data and processes more accurately than
functions in some cases. Practical examples and case studies illustrate key points.

8. From Relations to Functions: A Step-by-Step Guide

Designed as a learning aid, this book guides readers through the process of analyzing
relations and determining their function status. It highlights examples of relations that fail
to be functions and explains why, providing practice problems to reinforce learning. The
clear, accessible writing style makes it ideal for self-study.

9. Advanced Topics in Relations: When Relations Aren't Functions

Targeting advanced students, this book explores complex examples of relations that are
not functions, including multi-valued relations and relations in higher dimensions. It
discusses theoretical implications and applications in mathematics and related fields. The
book encourages critical thinking and a deeper appreciation of relation theory.
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