
what are tessellations in math
Tessellations in math refer to the covering of a plane surface with a pattern
of one or more geometric shapes that fit together without any gaps or
overlaps. This fascinating concept has its roots in geometry, art, and even
architecture, showcasing the beauty and intricacy of mathematical patterns.
Understanding tessellations helps illuminate various mathematical principles
and can be applied in various fields, including design, art, and nature. In
this article, we will explore the definition, types, historical context,
mathematical properties, applications, and even how to create your own
tessellations.

Understanding Tessellations

Definition and Basic Concepts

A tessellation is formed when a shape or a set of shapes are repeated over a
plane such that they cover the area completely without any gaps or overlaps.
The shapes used in tessellations can be regular polygons, irregular polygons,
or even more complex figures. The key properties of tessellations include:

1. Gaps: No spaces or gaps can exist between the shapes.
2. Overlaps: The shapes must not overlap each other.
3. Repetition: The pattern can be repeated infinitely in all directions.

Types of Tessellations

Tessellations can be classified into several categories based on the shapes
used and their properties:

1. Regular Tessellations: These are formed using regular polygons, which are
shapes with equal sides and angles. The only regular polygons that can
tessellate the plane are:
- Equilateral triangles
- Squares
- Regular hexagons

2. Semi-Regular Tessellations: These patterns use two or more types of
regular polygons. The arrangement must follow a specific order, and while
there are multiple types, notable examples include:
- (3, 6, 3, 6)
- (4, 8, 8)
- (3, 3, 4, 4)



3. Irregular Tessellations: These involve irregular shapes that do not
necessarily have equal sides or angles. The primary requirement is that they
fit together without gaps or overlaps. This type of tessellation allows for
greater creativity and variety in design.

4. Periodic and Aperiodic Tessellations:
- Periodic Tessellations repeat a pattern in a predictable manner.
- Aperiodic Tessellations do not repeat in a regular pattern, such as those
created by Penrose tiles.

The Mathematics Behind Tessellations

Geometric Properties

The study of tessellations is deeply rooted in geometry, revealing various
mathematical properties. Some key concepts include:

- Angle Sum: The angles of the shapes used in tessellations must add up to
360 degrees at each vertex where they meet. For example:
- For triangles (60 degrees each), three can meet at a point: 60 + 60 + 60 =
180 degrees.
- For squares (90 degrees each), four can meet: 90 + 90 + 90 + 90 = 360
degrees.

- Symmetry: Many tessellations exhibit symmetry, which can be classified
into:
- Reflectional Symmetry: A shape can be divided into two identical halves.
- Rotational Symmetry: A shape looks the same after being rotated by a
certain angle.
- Translational Symmetry: A shape can be moved (translated) along a surface
and still maintain its overall appearance.

Mathematical Patterns and Formulas

Tessellations can be analyzed using various mathematical concepts, such as:

- Euler’s Formula: In polyhedral geometry, Euler’s formula relates the number
of vertices (V), edges (E), and faces (F) of a convex polyhedron:

\[ V - E + F = 2 \]

- Tessellation Formulas: The number of ways to tessellate a region can be
described using combinatorial mathematics, especially when dealing with
irregular shapes.



Historical Context of Tessellations

Tessellations have a rich history dating back to ancient civilizations. Their
application can be seen in various cultures, each contributing to the
understanding and appreciation of this mathematical art form.

1. Islamic Art: Tessellations play a significant role in Islamic art, where
artists used geometric patterns to create intricate mosaics in mosques and
palaces. The use of tessellations was not only decorative but also symbolic,
representing the infinite nature of creation.

2. M.C. Escher: The Dutch artist Maurits Cornelis Escher is renowned for his
work with tessellations. His artwork creatively employed mathematical
principles, often blurring the lines between reality and illusion. Escher's
work drew attention to the mathematical properties of tessellations, making
them accessible to a broader audience.

3. Ancient Civilizations: The Greeks and Romans utilized tessellations in
their mosaics, using geometric shapes to create stunning visual effects.
These ancient examples illustrate the enduring nature of tessellations
throughout history.

Applications of Tessellations

Tessellations have practical applications in various fields, including:

1. Art and Design: Artists and designers use tessellations to create visually
appealing patterns in textiles, wallpapers, and graphic design.

2. Architecture: Tessellated patterns can enhance the aesthetic appeal of
buildings and structures, often seen in façades and interior designs.

3. Nature: Tessellations occur naturally in the environment, seen in
honeycombs, turtle shells, and certain plant formations. Studying these
natural tessellations can inspire biomimicry in design and engineering.

4. Computer Graphics: In computer science, tessellation is used in rendering
graphics, enabling the creation of complex 3D models and environments in
video games and simulations.

5. Education: Tessellations serve as an excellent tool for teaching
mathematical concepts such as symmetry, geometry, and spatial reasoning. They
provide a hands-on approach to understanding these principles.



Creating Your Own Tessellations

Creating tessellations can be a fun and engaging activity. Here’s a simple
guide to get started:

1. Choose a Shape: Start with a simple geometric shape, such as a square,
triangle, or hexagon.

2. Modify the Shape: Alter the shape by adding or cutting sections. Ensure
that the modified shape can still fit together without gaps or overlaps.

3. Create a Pattern: Repeat the modified shape on a piece of paper, ensuring
that they connect seamlessly. Use tracing paper or a grid to maintain
consistency.

4. Color and Design: Once you have your tessellation pattern, add colors or
designs to enhance its visual appeal.

5. Experiment: Try using different shapes and combinations to see how various
designs can emerge.

Conclusion

In summary, tessellations in math are a captivating intersection of geometry,
art, and nature, offering insights into mathematical principles and aesthetic
beauty. From their historical roots to modern applications in design and
technology, tessellations continue to fascinate and inspire people across the
globe. By exploring and creating tessellations, we engage with the profound
connections between mathematics and the world around us, highlighting the
intricate patterns that underpin our reality. Whether in nature, art, or
architecture, the concept of tessellations serves as a reminder that
mathematics is not just a series of abstract concepts but a vibrant tapestry
woven into the fabric of life.

Frequently Asked Questions

What are tessellations in math?
Tessellations are patterns formed by repeating shapes that cover a plane
without any gaps or overlaps. They can be created using geometric shapes such
as triangles, squares, or hexagons.

What types of shapes can be used in tessellations?
Both regular and irregular polygons can be used in tessellations. Regular



polygons include shapes like equilateral triangles, squares, and hexagons,
while irregular polygons can vary in size and angle.

What is the difference between regular and semi-
regular tessellations?
Regular tessellations consist of only one type of regular polygon repeated
throughout the pattern, while semi-regular tessellations are made up of two
or more types of regular polygons arranged in a repeating pattern.

Can tessellations be found in nature?
Yes, tessellations can be found in nature, such as in honeycombs created by
bees, the arrangement of leaves, and certain animal skins that display
repeating patterns.

How are tessellations used in art and architecture?
Tessellations are commonly used in art and architecture to create visually
appealing patterns and designs. Famous artists like M.C. Escher are renowned
for their intricate tessellated artwork.

What role do transformations play in creating
tessellations?
Transformations such as translations, rotations, and reflections are
essential in creating tessellations, as they allow the same shape to be
repeated and manipulated to fit together seamlessly.

How can tessellations be applied in real-world
scenarios?
Tessellations have practical applications in various fields, including
computer graphics, tiling in architecture, and textile design, where
efficient use of space and aesthetics are important.
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