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0.1 Lesson Overview

In this lesson we shall explore the concepts of symmetry. Afterwards, we shall also see some
examples.

0.2 Problem

There are 81 grid points (uniformly spaced) in the square shown in the diagram below, including
the points on the edges. Point P is in the center of the square. Given that point Q is randomly
chosen among the other 80 points, what is the probability that the line PQ is a line of symmetry
for the square?

Source : AMC 8, 2019, Problem 6

0.2.1 Basics

We shall consider on the letters of the roman alphabet. Write "M" on paper and try to divide the
letter into two parts by folding the paper. In the figure the blue line indicates the fold.

Now let us see some other letters, such as “H”, “W”, “O” and “A”.

1



Note that we may divide each of the letters into two identical parts by folding.
This is the idea of line of symmetry. If for a given figure we can imagine a line that divides the
figure into two identical parts then that line is called a line of symmetry .
Obviously from the previous figures we can conclude that there can be 3 types of lines of sym-
metry. They are

1. Vertical (in case of the letter “M”)

2. Horizontal (in case of the letter “H”)

3. Both (in case of the letter “O”)

Now the question is : what exactly is symmetry?
In geometry, an object has a symmetry if there is an isometry (such as translation, rotation

or reflection) that maps the figure/object onto itself (i.e., the object has an invariance under the
transform).

Think! Which of the following figures has the greatest number of lines of symmetry?
(A) equilateral triangle (B) non-square rhombus (C) non-square rectangle (D) isosceles
trapezoid (E) square

0.3 Types of symmetry

Rotation Symmetry

Look at this figure. Most children have played which such toys. This is one of the best examples
of rotation symmetry.
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Think! Exactly which rotations leave this figure invariant?

Reflection symmetry

Reflection symmetry is symmetry with respect to a reflection. That is, a figure which does not
change upon undergoing a reflection is said to have reflection symmetry. It is also called as mirror
image symmetry.
Now think about the following image and try to explain why it has reflection symmetry.

Translation symmetry

Translation means displacement, and figures which remains unchanged after translations are said
to have translation symmetry.
Figures having translation symmetry are necessarily infinite. For example, an infinite fence has
translation symmetry along its length.
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Point symmetry

Now see the figure. It is symmetric about the point “C”.

Challenge : Try to draw some figures which are symmetric about a point.

Last Challenge : For each category of symmetry try to find a couple of more examples.

0.4 Problem 2

Let T be the triangle in the coordinate plane with vertices (0, 0), (4, 0), and (0, 3). Consider the
following five isometries (rigid transformations) of the plane: rotations of 90◦, 180◦, and 270◦
counterclockwise around the origin, reflection across the x-axis, and reflection across the y-axis.
How many of the 125 sequences of three of these transformations (not necessarily distinct) will
return T to its original position? (For example, a 180◦ rotation, followed by a reflection across
the x-axis, followed by a reflection across the y-axis will return T to its original position, but a
90◦ rotation, followed by a reflection across the x-axis, followed by another reflection across the
x-axis will not return T to its original position.)

Source : AMC 12A 2020, Problem 20.

0.5 Problem 3

In the plane figure shown below, 3 of the unit squares have been shaded. What is the least
number of additional unit squares that must be shaded so that the resulting figure has two lines
of symmetry?

4



Source : AMC 12A 2020, Problem 6.
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