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UNDERSTANDING THE MATH DEFINITION OF SIMILAR FIGURES

Geometry is a branch of mathematics that deals with shapes, sizes, and the properties of space.
Among its  many fascinating  concepts,  the  idea  of  similarity  stands  out  as  both  intuitive  and
powerful.  When we say two figures are similar,  we are not saying they are identical  in every way.
Instead, we are describing a special relationship: they have the exact same shape, but they may
differ in size. This fundamental principle, often captured in the math definition of similar figures,
has applications ranging from map reading to architecture and even biology. In this article, we will
explore  the  precise  meaning,  key  properties,  and  practical  uses  of  similar  figures,  all  while
maintaining  clarity  and  depth  for  learners  and  enthusiasts  alike.

What Does "Similar" Mean in
Mathematics?
In everyday language, we might say two paintings are similar because they share a common theme.
But in mathematics, the term is much stricter. The math definition of similar figures states that
two figures are similar if they have the same shape, even though they may be different sizes. More
formally, two polygons are similar if all corresponding angles are equal and all corresponding sides
are in proportion. This proportional relationship is often expressed using a scale factor, which tells
you how much larger or smaller one figure is relative to the other.
For example, consider a small square and a large square. Both have four right angles, and all sides
are equal in each individual square. The small square might have sides of 2 cm, while the large
square has sides of 4 cm. The scale factor from the small to the large is 2. Because corresponding
angles  are  equal  and  the  side  lengths  are  proportional  (2:4  simplifies  to  1:2),  these  squares  are
similar. The same logic applies to any shape, not just polygons, but we often focus on triangles and
quadrilaterals because they are easier to work with in introductory geometry.

Key Properties of Similar Figures
To  fully  grasp  the  math  definition  of  similar  figures,  it  helps  to  break  down  the  two  core
requirements:

Corresponding angles are congruent (equal). This means that every angle in one figure
has a matching angle in the other figure that is exactly the same measure. If a triangle has
angles of 30°, 60°, and 90°, then any triangle similar to it also has angles of 30°, 60°, and 90°.
Corresponding sides are proportional. The ratio of the length of any side in the first figure
to the length of the corresponding side in the second figure is constant. This constant ratio is
called the scale factor.

It is important to note that these two conditions are interdependent. If one holds, the other generally
follows for polygons, but it is safest to verify both when dealing with complex shapes. Another useful
property is that the perimeter of  similar figures scales by the same factor,  and the area scales by
the square of the factor. For example, if the scale factor is 3, the perimeter becomes 3 times larger,
but the area becomes 9 times larger.

The Ratio of Corresponding Sides
At the heart of the math definition of similar figures is the concept of proportionality. When we
say corresponding sides are proportional, we mean that you can pair up sides that occupy the same
relative position in each figure. For instance, in two similar triangles, the side opposite the 30° angle
in the first triangle corresponds to the side opposite the 30° angle in the second triangle. The ratio
of these two sides will be the same as the ratio of any other pair of corresponding sides.
This can be written as:
a₁ / a₂ = b₁ / b₂ = c₁ / c₂ = k
where k is the scale factor. If k is greater than 1, the second figure is larger; if k is between 0 and 1,
the  second figure  is  smaller.  This  proportional  relationship  is  what  allows us  to  solve  for  unknown
side lengths when we know the scale factor or a few measurements.

Using the Scale Factor
The  scale  factor  is  a  powerful  tool  in  geometry.  Notice  that  in  the  math  definition  of  similar
figures, the scale factor is not necessarily the same for all shapes, but for a specific pair of similar
figures, it is constant. To find the scale factor from figure A to figure B, divide any side length of B by
the  corresponding  side  length  of  A.  For  example,  if  one  side  of  a  triangle  is  5  cm and  the
corresponding side in a similar triangle is 15 cm, the scale factor is 3.
Once you know the scale factor, you can determine all other dimensions. This is especially useful in
real-world problems such as resizing images,  creating scale models,  or  interpreting maps.  For
instance, if a map has a scale of 1:100,000, then two cities that are 5 cm apart on the map are
actually 5 cm × 100,000 = 500,000 cm, or 5 km apart in reality. This is a direct application of the
similarity principle.

Congruence vs. Similarity: Understanding
the Difference
A common point of confusion is the difference between congruent and similar figures. Both involve
identical shapes, but they differ on size. Congruent figures are exactly the same in both shape and
size.  If  one  figure  can  be  placed  exactly  on  top  of  another  (through  translation,  rotation,  or
reflection), they are congruent. In contrast, similar figures can be scaled up or down; they have the
same shape but not necessarily the same size.
Think of a photocopy machine that can enlarge or reduce an image. The original and the copy are
similar because the angles stay the same and the sides are scaled uniformly. However, if you make

a  copy  at  100%  scale,  the  copy  is  congruent  to  the  original.  So,  all  congruent  figures  are  similar
(with  a  scale  factor  of  1),  but  not  all  similar  figures  are  congruent.  Understanding  this  nuance  is
essential when applying the math definition of similar figures in problem-solving.

How to Determine if Two Figures Are
Similar
To check whether two polygons are similar, you can follow a systematic approach. Although the
exact  method can vary depending on the shape,  the following steps work for  most  polygons,
especially triangles:

List all angle measures. For two figures to be similar, all pairs of corresponding angles must1.
be equal. If you are given angle measures, compare them. For triangles, if you know two
angles are equal, the third must automatically be equal because the sum of angles in a
triangle is always 180°.
Identify corresponding sides. Based on the angles, you can determine which side2.
corresponds to which. Usually, the side opposite a given angle in one figure corresponds to the
side opposite the same angle in the other figure.
Set up ratios. Write the ratio of the lengths of corresponding sides. If all ratios are equal,3.
then the sides are proportional.
Verify the scale factor. If the angles are equal and the side ratios are consistent, then the4.
figures are similar.

For triangles, there are shortcuts known as the AA (Angle-Angle), SSS (Side-Side-Side), and SAS
(Side-Angle-Side) similarity theorems. For example, if two angles of one triangle are equal to two
angles of another triangle, the triangles are similar (AA). This is a direct application of the math
definition  of  similar  figures  because  it  immediately  satisfies  the  angle  condition,  and
proportionality  of  sides  follows.

Real-World Applications of Similar Figures
The  math  definition  of  similar  figures  is  not  just  an  abstract  concept  for  textbooks.  It  has
countless  practical  applications:

Map reading and scaling: Maps are scale drawings of real-world areas. Understanding
similarity allows you to calculate actual distances based on map measurements.
Architecture and engineering: Blueprints and models are scale replicas of buildings and
machines. Similarity ensures that every part is proportionally correct.
Photography and design: Resizing images while preserving their shape relies on similarity.
Aspect ratio is essentially the ratio of corresponding sides.
Biology and anatomy: Scientists use similarity to study growth patterns. For instance, the
proportions of a human skull at different ages follow similarity principles.
Astronomy: Using similar triangles, astronomers can calculate distances to stars and planets
through parallax measurements.

In each of these fields, the core idea is the same: when two figures are similar, their dimensions are
locked in a constant ratio, allowing us to predict unknown sizes from known ones.

Common Mistakes When Working with
Similar Figures
Even with a clear math definition of similar figures, students often make errors. Here are some
pitfalls to avoid:

Assuming all triangles with two equal sides are similar: Triangles must have
proportional sides, not just equal lengths. For example, a triangle with sides 3, 4, 5 and
another with sides 6, 8, 10 are similar, but a triangle with sides 3, 4, 6 is not similar to 3, 4, 5
even though two sides are the same.
Forgetting to check angles: Some quadrilaterals can have proportional sides but different
angles (like a square and a rhombus). In that case, they are not similar because angles differ.
Mixing up corresponding parts: If you incorrectly match sides, your ratios will not be equal.
Always use the angle information to align corresponding vertices.
Ignoring the scale factor direction: When calculating the scale factor, be consistent about
which figure is the original and which is the image. The scale factor from A to B is the
reciprocal of the scale factor from B to A.

By being mindful of these common errors, you can apply the math definition of similar figures
more accurately in your work.

Similar Figures in Three Dimensions
While  we  have  focused  on  two-dimensional  figures,  the  math  definition  of  similar  figures
extends naturally to three-dimensional objects. Two solids are similar if they have the same shape
and all corresponding linear dimensions are proportional. For instance, a small cube and a large
cube are similar because all edges scale by the same factor. The surface area scales by the square
of the factor, and the volume scales by the cube of the factor. This principle is used in modeling,
from toy cars to architectural scale models, and in understanding biological scaling laws (e.g., why
larger animals have thicker leg bones).

Conclusion
The math definition of similar figures is a cornerstone of geometry that bridges the gap between
abstract reasoning and tangible applications.  By requiring equal  angles and proportional  sides,
similarity  allows us  to  compare shapes of  different  sizes  in  a  precise,  mathematical  way.  Whether
you are calculating distances from a map, designing a scale model, or simply solving a geometry
problem, the principles of similarity give you a reliable set of tools. Remember that similarity is not
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about being exactly the same—it is about preserving the essence of shape while allowing for growth or reduction.  With practice,  you will  find that identifying and working with similar figures becomes
second nature, opening the door to deeper understanding of the world around you.


