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What Is Polygon In Math: A Complete Guide
to Understanding These Essential Shapes

If you have ever looked at a stop sign, studied a honeycomb, or
admired the architecture of the Parthenon, you have encountered
a polygon. But what is polygon in math exactly? At its most
basic level, a polygon is a two-dimensional, closed geometric
shape made up of straight line segments. These segments, called
sides, meet at points known as vertices. The number of sides
directly determines the type of polygon, but the concept goes far
deeper than simple definitions. Polygons form the backbone of
geometry, influencing fields from computer graphics and
engineering to art and nature. Understanding polygons is not just
an academic exercise; it is a way to decode the structure of the
world around you.

In this comprehensive guide, we will explore the definition,
properties, classifications, and real-world applications of polygons.
Whether you are a student trying to grasp the basics or an
enthusiast looking to deepen your knowledge, this article will
provide a clear and complete picture of what is polygon in math
and why these shapes matter so much.

The Fundamental Definition: Breaking Down
the Term

The word "polygon" comes from Greek roots: poly meaning "many"
and gonia meaning "angle." So literally, a polygon is a "many-
angled" figure. But that definition is only part of the story.
Mathematically, a polygon must satisfy several key criteria:

¢ Closed Shape: The shape must form a complete loop with
no openings. The starting point and ending point of the
boundary must be the same.

» Straight Sides: Every side of a polygon must be a straight
line segment. Curved sides disqualify a shape from being a
polygon.

e Two-Dimensional: Polygons exist entirely on a flat plane.
They have length and width but no depth or thickness.

¢ Finite Number of Sides: A polygon must have a countable,
finite number of sides. The smallest possible polygon has
three sides.

¢ Non-Intersecting Sides (for simple polygons): In most
standard definitions, the sides of a polygon should not cross
one another, though complex polygons do allow for
intersections.

These conditions may seem restrictive, but they allow for an
incredible variety of shapes. From the humble triangle to the
complex decagon and beyond, every polygon adheres to these
core principles. When you ask what is polygon in math, the
answer always returns to these foundational rules that govern how
the sides and vertices relate to one another.

Essential Parts of a Polygon

To fully understand what is polygon in math, it helps to break
the shape down into its component parts. Every polygon is built
from three fundamental elements:

Vertices

Vertices (singular: vertex) are the points where two sides of a
polygon meet. They are often labeled with letters such as A, B, C,

define the shape's overall structure. In coordinate geometry, each
vertex has an x,y position on the plane. The number of vertices
always equals the number of sides in any polygon.

Sides or Edges

The sides are the straight line segments that connect one vertex to
the next. Each side has a finite length, and together they form the
boundary of the polygon. The total length of all sides is called the
perimeter. Sides are the most visible part of a polygon, and their
lengths determine many of the shape's properties, such as
whether it is regular or irregular.

Interior and Exterior Angles

At each vertex, an interior angle is formed inside the polygon
between two adjacent sides. The sum of all interior angles depends
entirely on the number of sides. For example, the sum of interior
angles of a triangle is 180 degrees, while for a quadrilateral it is
360 degrees. Exterior angles are formed by extending one side
outward and measuring the angle between that extension and the
adjacent side. These angles also follow predictable patterns, which
we will explore later.

Diagonals

A diagonal is a line segment that connects two non-adjacent
vertices. Diagonals exist only inside polygons with four or more
sides. The number of diagonals in a polygon can be calculated
using a simple formula: n(n-3)/2, where n is the number of sides.
For instance, a pentagon has 5 diagonals, while a hexagon has 9.

Classification of Polygons: A System of Order

Polygons are classified in several ways, each providing a different
lens for understanding what is polygon in math. The most
common classification is by the number of sides, but other criteria
such as angle measures and side lengths also matter.

Classification by Number of Sides

This is the most straightforward way to name a polygon. Each
number of sides has a specific name, many derived from Greek or
Latin prefixes:

* Triangle: 3 sides
Quadrilateral: 4 sides
Pentagon: 5 sides
Hexagon: 6 sides
Heptagon: 7 sides
Octagon: 8 sides
Nonagon: 9 sides
Decagon: 10 sides
Hendecagon: 11 sides
Dodecagon: 12 sides

For polygons with more than 12 sides, mathematicians often use a
numeric naming system such as "13-gon" or "20-gon." A polygon
with 100 sides is called a hectogon, and one with 1000 sides is a
chiliagon. While these extreme polygons are theoretically possible,
they appear rarely outside of mathematical theory.

Regular vs. Irregular Polygons

This classification depends on whether the sides and angles are
uniform. A regular polygon has all sides of equal length and all
interior angles of equal measure. Examples include equilateral
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highly symmetric and often appear in design and nature. An
irregular polygon does not have equal sides or equal angles.
Most polygons you encounter in everyday life are irregular. A
rectangle is a common example; it has equal angles but not
necessarily equal sides, making it irregular in the strict geometric
sense.

Convex vs. Concave Polygons

This classification is based on the measure of the interior angles. A
convex polygon has all interior angles less than 180 degrees.
Additionally, any line segment drawn inside a convex polygon will
lie entirely within the polygon. Convex polygons are "bulging
outward" and include shapes like squares, regular pentagons, and
equilateral triangles. A concave polygon has at least one interior
angle greater than 180 degrees. This creates an indentation or a
"cave" in the shape, so that some part of the polygon appears to
be pushed inward. A star-shaped polygon is a classic example of a
concave polygon. Understanding whether a polygon is convex or
concave is important in fields like computer graphics and collision
detection.

Simple vs. Complex Polygons

This classification deals with how the sides are arranged. A simple
polygon has sides that do not intersect each other. The boundary
forms a single closed loop without crossing. Most polygons you
study in basic geometry are simple. A complex polygon, also
called a self-intersecting polygon, has sides that cross each other.
The classic example is a star polygon such as a pentagram.
Complex polygons can be more challenging to analyze because
their interior is not always clearly defined. When discussing what
is polygon in math, it is important to note that many textbooks
focus exclusively on simple polygons unless otherwise stated.

Important Formulas and Properties

Knowing the properties and formulas associated with polygons
allows you to solve a wide range of geometric problems. Here are
some of the most essential ones.

Sum of Interior Angles

The sum of the interior angles of any polygon depends only on the
number of sides. The formula is:

Sum of interior angles = (n - 2) x 180 degrees

where n is the number of sides. So for a pentagon (5 sides), the
sum is (5-2) x 180 = 540 degrees. For a decagon (10 sides), it is
(10-2) x 180 = 1440 degrees. This formula works for both convex
and concave simple polygons.

Measure of Each Interior Angle in a Regular
Polygon

If the polygon is regular (all sides and angles equal), you can find
the measure of each interior angle by dividing the sum by the
number of sides:

Each interior angle = (n-2) x 180/ n

For an equilateral triangle (n=3), each interior angle is 60 degrees.
For a square (n=4), each is 90 degrees. For a regular pentagon,
each interior angle is 108 degrees. As the number of sides
increases, the interior angles approach 180 degrees but never
reach it.

Sum of Exterior Angles

The sum of the exterior angles of any simple polygon, taken one
per vertex, is always 360 degrees. This is true regardless of the
number of sides or whether the polygon is regular or irregular. This
property is incredibly useful for solving problems involving
polygons and is a fundamental geometric fact. For a regular
polygon, each exterior angle equals 360 divided by n.

Number of Diagonals

As mentioned earlier, the number of diagonals in a polygon is
given by:

Number of diagonals = n(n-3)/2

So a quadrilateral has 2 diagonals, a pentagon has 5, a hexagon
has 9, and an octagon has 20. This formula is derived by
considering that each vertex can connect to n-3 other vertices
(excluding itself and its two neighbors), and then dividing by 2 to
avoid counting each diagonal twice.

Perimeter and Area

The perimeter of any polygon is simply the sum of the lengths of
all its sides. For irregular polygons, you must add each side
individually. For regular polygons, you can multiply the side length
by the number of sides. The area of a polygon depends on its
shape. For regular polygons, there is a formula involving the side
length and the apothem (the distance from the center to the
midpoint of a side). For irregular polygons, you may need to
decompose the shape into triangles or use coordinate geometry
methods such as the shoelace formula.

Special Types of Polygons Worth Knowing

Beyond the basic classifications, some specific polygons are
important enough to deserve special attention. These shapes
appear frequently in mathematics, nature, and human design.

Triangles: The Simplest Polygon

The triangle is the polygon with the fewest possible sides. It is also
one of the most important shapes in all of mathematics. Triangles
are rigid, meaning that once the side lengths are fixed, the shape
is uniquely determined. This property makes triangles essential in
construction and engineering. Triangles can be classified by their
sides as equilateral, isosceles, or scalene, and by their angles as
acute, right, or obtuse. The study of triangles is so extensive that it
forms its own branch of mathematics called trigonometry.

Quadrilaterals: Four-Sided Versatility

Quadrilaterals are polygons with four sides. They include familiar
shapes such as squares, rectangles, parallelograms, trapezoids,
and rhombuses. Each type of quadrilateral has its own unique
properties regarding side lengths, angle measures, and diagonal
relationships. For example, a square is both a rectangle and a
rhombus, while a trapezoid has exactly one pair of parallel sides.
Quadrilaterals are everywhere in the built environment, from
windows and doors to floor tiles and computer screens.

Pentagons and Hexagons in Nature

Pentagons appear less frequently in nature but are common in
human design, particularly in architecture and symbols. The
Pentagon building in Washington, D.C., is a famous example.
Hexagons, on



