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CHAPTER 9

Geometry as 
Transforming 
Shapes
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SECTION 9.2

Symmetry and Tessellations
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Symmetry

Symmetry:

a transformation that places the object directly on top of 
itself.

Chinese Yin – Yang 

"Unity of opposites"

Snowflake

Canadian flag

Butterfly
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Reflection and Rotation Symmetry
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Reflection and Rotation Symmetry

A figure has reflection symmetry if there is a line, called the 
line of symmetry, that can be drawn through the figure 
such that when we fold the paper on the line, the part of
the figure on one side will lie directly on top of the other 
part.

Imagine tracing a figure and putting the traced image 
directly on top of the figure. Informally, we say that the 
figure has rotation symmetry if we can pick up the tracing, 
turn it by some amount less than a full turn, and place it 
down so that it lies directly on the original figure.
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     Example - Reflection and Rotation Symmetry in Triangles

Describe the reflection and rotation symmetries you see in 
the equilateral triangle, the isosceles triangle, and the 
scalene triangle below.
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Example - Reflection and Rotation Symmetry in Triangles

We find that the equilateral triangle has three lines of 
symmetry, the isosceles triangle has one line, and the 
scalene triangle has none.

With respect to rotation symmetry, only the equilateral 
triangle has rotation symmetry.
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Finding the Amount of Rotation in 
Rotation Symmetry



9

Finding the Amount of Rotation in Rotation Symmetry

The triangle at the left in the figure below is in its original position, with the 
vertex angles labeled 1, 2, and 3, respectively. Imagine turning the triangle 
clockwise until the image is in the same position as the original triangle. 

The second figure represents the new position. Rotate the triangle again until 
the image is in the same position as the original triangle. The third figure 
represents the new position. Rotate the triangle again until the image is in the 
same position as the original triangle.

Because it took three rotations to get back to the original

position, each rotation has to equal 360/3 = 120 degrees. (1/3 turn)
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Reflection and Rotation Symmetry in Quadrilaterals

What about quadrilaterals? Determine the reflection and 
rotation symmetry of the kite, parallelogram, rhombus, 
rectangle, and square.
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Reflection and Rotation Symmetry in Quadrilaterals

Kites have one line of symmetry, parallelograms have no 
lines of symmetry, rhombi have two, rectangles have two, 
and squares have four.

The most common mistake students make is to think that 
parallelograms have reflection symmetry.

If you got this one wrong, make several parallelograms on 
a blank sheet of paper (tracing paper is even better), fold 
the parallelogram on either diagonal, and hold the paper up 
to the light.
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Reflection and Rotation Symmetry in Quadrilaterals

You will clearly see that the parallelogram does not fold 
onto itself in either case.

cont’d
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Rotation Symmetry

With respect to rotation symmetry, a kite has no rotation

symmetry, a parallelogram has     -turn (or 180-degree

rotation) symmetry, a rhombus has    -turn (or 180-degree

rotation) symmetry, a rectangle has    -turn (or 180-degree

rotation) symmetry, and a square has   -turn (or 90-degree)
rotation symmetry.

As you may have already observed, many figures have 
180-degree rotation symmetry but no other rotation 
symmetry. A figure has 180-degree rotation symmetry if it 
looks the same when turned halfway around.
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Point Symmetry

Because this particular kind of rotation symmetry is so 
common, it has its own special name: point symmetry.

These three terms are synonymous:   -turn symmetry, 
180-degree rotation symmetry, and point symmetry.

To say that a figure has 360-degree rotation symmetry 
means that if we turn it completely around, it will look the 
same.

However, this is true for any figure. Because any figure has 
360-degree rotation symmetry, we do not use this term 
when describing the rotation symmetries of a figure.



15

Regular Polygons

Below are regular polygons with 3, 4, 5, 6, 7, and 8 sides. 
Draw the lines of symmetry for each figure.
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Regular Polygons
When the polygon has an odd number of sides, the lines of 
symmetry all connect a vertex of the polygon to the middle 
of the opposite side.

When the polygon has an even number of sides, half of the 
lines of symmetry connect two opposite vertices and half of 
the lines of symmetry connect the midpoints of two opposite 
sides.

However, in all cases, the number of lines of symmetry is 
equal to the number of sides in the figure.
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Letters of the Alphabet and Symmetry

Examine the letters of the alphabet. Which letters have 
rotation symmetry? What kind (s) of rotation symmetry? 
Which letters have reflection symmetry? What kind (s) of 
reflection symmetry?

You can try this on your own & check your answers 
in the textbook.

Types of rotation are vertical line, horizontal line, or 
diagonal line symmetry.
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Symmetries and Patterns
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Symmetries and Patterns

Definition of symmetry: a transformation that places the 
object directly on top of itself.

Thus a pattern has translation symmetry if we can lift the 
pattern, translate it some distance and in some direction, 
and set it down on top of itself.

A pattern has reflection symmetry if we can find a line 
such that if we reflect the pattern across that line, the 
pattern will fit directly on top of itself.
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Tessellations
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Tessellations

(a) (b)

 Look at the pictures all of which are examples of 
tessellations. From these pictures, what do you think 
tessellation means?

(c) (d)
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Tessellations

We will say that a figure or a combination of figures 
tessellates the plane if a regular repetition of the figure or 
figures covers the plane so that there are no gaps and no 
overlapping of figures. 
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Which Triangles Tessellate?

One starting point for investigating tessellations is to ask 
which figures will tessellate. We will begin with the triangle 
What triangles tessellate?

Note your first thoughts as predictions. Then make copies 
of some triangles and test your ideas. One simple way to 
do so is to fold a piece of paper in half, then in half again, 
and then in half again. Now if you make a triangle and then 
cut the figure, you will have 8 copies of the triangle.

Figure 9.31
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Which Triangles Tessellate?

Many students are surprised to find that all triangles 
tessellate!

Let us begin with a scalene triangle. Let us label the three 
angles of the triangle.

)



25

Which Triangles Tessellate?

If we rotate the triangle 180 degrees (or reflect it vertically 
and then horizontally), we can join the triangle and its  
image together

The combining of the triangles creates a parallelogram. If 
we take this parallelogram and translate it, we now have 
four triangles 

(b) (c)



26

Which Triangles Tessellate?

We can extend this pattern in all directions infinitely.
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Which Regular Polygons Tessellate?

Another common starting point for understanding 
tessellations is to examine that subset of all polygons called 
regular polygons—that is, polygons in which all sides are 
the same length and all angles have the same measure. 
Which regular polygons will tessellate?

Discussion:

It turns out that only three regular polygons tessellate: 
the equilateral triangle, the square, and the regular 
hexagon. 
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Examples of Tessellations

These will look familiar to you from common ceiling or floor 
patterns, and the hexagon tessellation is constructed by 
honeybees. 

We call these three tessellations regular tessellations, 
which are defined as tessellations composed of congruent 
regular polygons.
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Tessellation

Another example –

Source: From Introduction to Tessellations by Dale Seymour and Jill Britton. © 1989
by Dale Seymour Publications, an imprint of Pearson Learning. Used by permission.
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