what is a tessellation in math

what is a tessellation in math is a fundamental question that introduces a fascinating concept
within geometry and mathematical patterns. A tessellation refers to a pattern made of shapes that fit
perfectly together without any gaps or overlaps, covering a plane completely. This concept is not
only important in mathematics but also finds applications in art, architecture, and nature.
Understanding tessellations involves exploring different types, the mathematical rules behind them,
and how they are classified. Additionally, tessellations illustrate symmetry, transformations, and
periodicity, making them a rich area of study in mathematical tiling theory. This article will
comprehensively explore what tessellations are, their mathematical properties, types, and real-world
examples, providing a clear understanding of this intriguing geometric phenomenon.
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Definition and Basic Concepts of Tessellations

A tessellation in mathematics is a pattern formed by one or more shapes that completely cover a
surface without gaps or overlaps. These shapes, often called tiles or tesserae, repeat in a systematic
way to fill the plane. The word “tessellation” originates from the Latin word "tessella," meaning a
small square tile used in mosaics. In math, tessellations demonstrate how shapes can combine to
create continuous, infinite patterns.

Fundamental Characteristics of Tessellations

Key features define tessellations mathematically:

e Coverage: The plane is fully covered without leaving any empty spaces.
¢ Non-overlapping: The tiles do not overlap or intersect improperly.

e Repetition: The pattern repeats itself infinitely in all directions.



Basic Terminology Related to Tessellations

Several terms are essential in understanding tessellations:

e Tile: The individual shape used to create the tessellation.
e Tiling: The arrangement or pattern of tiles forming the tessellation.

e Edge-to-edge: A property where tiles meet perfectly along their edges.

Types of Tessellations in Mathematics

Tessellations can be broadly classified based on the types of shapes involved and the way they cover
the plane. Different categories illustrate the diversity and complexity of tessellations in
mathematical contexts.

Regular Tessellations

Regular tessellations are formed by repeating a single type of regular polygon throughout the plane.
These polygons must fit together so that their angles meet perfectly around a point without gaps.
There are only three regular tessellations:

e Equilateral triangles
e Squares

e Regular hexagons

These shapes are the only regular polygons that can create a uniform tiling pattern on a flat surface.

Semi-Regular Tessellations

Semi-regular tessellations, also called Archimedean tessellations, use two or more types of regular
polygons arranged in a repeating pattern. These polygons are organized symmetrically to fill the
plane completely. There are eight recognized semi-regular tessellations, combining shapes such as
hexagons, squares, and triangles in various configurations.

Irregular and Non-Periodic Tessellations

Irregular tessellations use shapes that are not regular polygons but still cover the plane without
gaps or overlaps. Non-periodic tessellations, like Penrose tilings, do not repeat regularly but still fill
the space completely. These types often involve complex mathematical rules and are studied in
advanced geometric tiling theory.



Mathematical Properties and Principles of
Tessellations

The study of tessellations involves several mathematical concepts that govern how shapes fit
together and form patterns. These principles provide a framework to analyze and classify
tessellations rigorously.

Angle Measures and Vertex Configuration

The angles of polygons used in tessellations are critical to determining whether they can fit together
without gaps. At each vertex where the corners of polygons meet, the sum of the interior angles
must equal 360 degrees. This rule ensures the shapes can tile the plane seamlessly.

Symmetry and Repetition Patterns

Tessellations often exhibit symmetry, including translational, rotational, and reflectional symmetries.
These symmetries help define the periodic nature of many tessellations, explaining how a small
section can replicate infinitely to cover the plane.

Edge-to-Edge Tiling and Topological Constraints

Edge-to-edge tiling requires that the edges of adjacent tiles coincide exactly, which simplifies the
analysis of tessellations. Topological properties, such as connectivity and adjacency, are also
important for understanding how tiles relate within a tessellation.

Applications and Examples of Tessellations

Tessellations are more than just mathematical curiosities; they have practical applications and
appear in various natural and human-made contexts.

Art and Architecture

Tessellations have long inspired artists and architects. Islamic art famously incorporates intricate
tessellation patterns for decoration, reflecting mathematical precision. Modern architecture uses
tessellations to design aesthetically pleasing and structurally sound surfaces.

Natural Tessellations

Patterns resembling tessellations appear in nature, such as the arrangement of honeycomb cells in
beehives or the scales on a reptile’s skin. These natural tessellations demonstrate efficient use of
space and resources.



Technology and Science

In technology, tessellations assist in computer graphics, modeling, and material sciences. Tiling
algorithms optimize rendering processes, while tessellation patterns inform the design of materials
with special structural properties.

Symmetry and Transformations in Tessellations

Symmetry plays a vital role in the structure and classification of tessellations. Understanding
geometric transformations helps explain how tessellations repeat and maintain their properties.

Types of Symmetry in Tessellations

Common symmetry operations in tessellations include:
e Translation: Moving the pattern along the plane without rotation or reflection.
e Rotation: Turning the pattern around a fixed point by specific angles.
¢ Reflection: Flipping the pattern over a line or axis.

¢ Glide Reflection: A combination of translation and reflection.

Role of Transformations in Creating Tessellations

Transformations generate the repeating units of a tessellation. By applying these operations to a
fundamental tile, a complete tessellated pattern emerges. The study of symmetry groups,
particularly wallpaper groups, categorizes all possible plane symmetry patterns, providing a
comprehensive understanding of tessellation structures.

Frequently Asked Questions

What is a tessellation in math?

A tessellation in math is a pattern made of one or more shapes that fit together without any gaps or
overlaps, covering a plane completely.

What types of shapes can be used to create tessellations?

Shapes such as triangles, squares, hexagons, and other polygons can be used to create tessellations,
as long as they fit together perfectly without gaps or overlaps.



What is the difference between regular and irregular
tessellations?

Regular tessellations use only one type of regular polygon repeated across the plane, while irregular
tessellations use different shapes or polygons that may not be regular.

How are tessellations applied in real life?

Tessellations are used in art, architecture, tiling floors, designing mosaics, and in computer graphics
to create repeating patterns efficiently.

Can tessellations be created with curved shapes?

Yes, tessellations can be created with curved shapes as long as the shapes fit together without gaps
or overlaps, though these are less common than polygonal tessellations.

Who is famous for using tessellations in art?

M.C. Escher is famous for his artistic use of tessellations, creating intricate and imaginative patterns
with interlocking shapes.

What is the significance of tessellations in geometry?

Tessellations help in understanding properties of shapes, symmetry, and spatial reasoning, making
them a fundamental concept in geometry.

Are all polygons capable of tessellating a plane?

No, not all polygons can tessellate a plane. For instance, regular pentagons cannot tessellate a plane
by themselves without gaps or overlaps.

How do symmetry and tessellations relate to each other?

Symmetry plays a key role in tessellations because the repeated shapes often exhibit translational,
rotational, or reflectional symmetry to create a seamless pattern.

Additional Resources

1. Tessellations: The History and Art of Geometric Patterns

This book explores the fascinating world of tessellations, tracing their history from ancient mosaics
to modern mathematical art. It explains the mathematical principles behind repeating patterns and
symmetry in an accessible way. The book also features stunning illustrations that show how
tessellations can be both artistic and mathematical.

2. Introduction to Tessellations: Patterns and Symmetry in Math
A beginner-friendly guide that introduces the fundamental concepts of tessellations, including types
of polygons that can tessellate and the role of symmetry. It includes practical exercises and visual



examples to help readers understand how tessellations are formed. The book is ideal for students
and educators interested in geometry.

3. The Mathematics of Tessellations and Tilings

This title delves into the mathematical theories and proofs related to tessellations and tilings. It
covers concepts such as plane symmetry groups, periodic and aperiodic tilings, and the famous
Penrose tilings. Suitable for advanced high school or undergraduate students, it balances rigorous
math with clear explanations.

4. Art and Mathematics: Exploring Tessellations

Focusing on the intersection of math and art, this book showcases how tessellations have inspired
artists throughout history. It includes profiles of artists like M.C. Escher and demonstrates how
mathematical concepts create visually captivating designs. Readers will gain an appreciation for the
beauty and complexity of tessellations.

5. Tessellations for Young Mathematicians

Designed for children and young learners, this book explains what tessellations are through simple
language and colorful illustrations. It encourages hands-on activities like drawing and creating
tessellated patterns using basic shapes. The book aims to make math fun and engaging by
connecting geometry with creativity.

6. Patterns in Nature: Understanding Tessellations

This book examines how tessellations appear naturally in the world, from honeycombs to turtle
shells. It discusses the mathematical principles behind these natural patterns and how they solve
practical problems in nature. The text is suitable for readers interested in both biology and
mathematics.

7. Symmetry and Tessellations: A Mathematical Exploration

A comprehensive book focused on the role of symmetry groups in creating tessellations. It explains
concepts such as translations, rotations, reflections, and glide reflections in the context of pattern
formation. The book includes exercises and illustrations to help readers master symmetry in
tessellations.

8. The Geometry of Tessellations: Concepts and Applications

This book covers the geometric foundations of tessellations, exploring polygons, angles, and the
principles that allow shapes to fit together without gaps. It also discusses practical applications of
tessellations in architecture, design, and technology. The clear explanations make it suitable for both
students and professionals.

9. Tessellations and Beyond: Exploring Mathematical Patterns

Expanding on basic tessellation concepts, this book explores more complex tiling patterns and their
mathematical significance. It introduces topics such as fractals, quasicrystals, and computational
methods used to study tessellations. Readers interested in advanced math and pattern theory will
find this book insightful.
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