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When exploring the fascinating world of triangles, one common challenge is
determining the lengths of the legs of a right triangle. Whether you’re
solving a geometry problem in school, working on an engineering project, or
simply curious about the relationships within triangles, understanding the
equations that relate the sides is essential. In this article, we will
examine three key equations that can be used to find the lengths of the legs
of a triangle, particularly focusing on right triangles, which are most often
the subject of such calculations.

Understanding the Basics of Triangle Side
Lengths

Before diving into the specific equations, it’s important to understand the
fundamental concepts involved in triangles, especially right triangles.

What Is a Right Triangle?
A right triangle is a triangle that has one angle measuring exactly 90
degrees. The side opposite this right angle is called the hypotenuse, and it
is always the longest side of the triangle. The other two sides are called
the legs or catheti of the triangle.

Significance of Legs and Hypotenuse
In right triangles, the legs are directly related to each other and to the
hypotenuse through specific equations, which allow us to find missing side
lengths when some sides are known.

Key Equations to Find the Lengths of the Legs

There are several equations used in geometry to find the lengths of the legs
of a triangle, particularly in right triangles. The three most prominent



equations include the Pythagorean Theorem, Trigonometric Ratios, and the Law
of Cosines (less commonly used specifically for right triangles but still
relevant).

1. Pythagorean Theorem
The Pythagorean Theorem is perhaps the most famous and widely used equation
for right triangles.

Formula:
\[
a^2 + b^2 = c^2
\]

Where:
- \( a \) and \( b \) are the lengths of the legs
- \( c \) is the length of the hypotenuse

Application:
- If you know the hypotenuse and one leg, you can find the other leg:

\[
a = \sqrt{c^2 - b^2}
\]

or

\[
b = \sqrt{c^2 - a^2}
\]

- If both legs are known, the hypotenuse can be calculated:

\[
c = \sqrt{a^2 + b^2}
\]

Example:
Suppose you have a right triangle where the hypotenuse is 10 units, and one
leg is 6 units. To find the other leg:

\[
b = \sqrt{10^2 - 6^2} = \sqrt{100 - 36} = \sqrt{64} = 8
\]

The Pythagorean Theorem is fundamental in right triangle calculations and is
often the first tool used when the hypotenuse and one leg are known.



2. Trigonometric Ratios (Sine, Cosine, and Tangent)
Trigonometry provides a set of ratios that relate angles to side lengths in
right triangles. These are especially useful when an angle and a side are
known, and you need to find a missing side.

Key Ratios:
- Sine (\( \sin \theta \)):

\[
\sin \theta = \frac{\text{opposite side}}{\text{hypotenuse}} = \frac{a}{c}
\]

- Cosine (\( \cos \theta \)):

\[
\cos \theta = \frac{\text{adjacent side}}{\text{hypotenuse}} = \frac{b}{c}
\]

- Tangent (\( \tan \theta \)):

\[
\tan \theta = \frac{\text{opposite side}}{\text{adjacent side}} = \frac{a}{b}
\]

Using Trigonometry to Find Legs:
- If you know an angle \( \theta \) (other than the right angle) and one
side, you can find the other sides:

\[
a = c \times \sin \theta
\]

\[
b = c \times \cos \theta
\]

- Alternatively, if you know the legs and the angle, you can find the
hypotenuse:

\[
c = \frac{a}{\sin \theta} = \frac{b}{\cos \theta}
\]

Example:
Suppose an angle \( \theta \) in a right triangle is 30°, and the hypotenuse
is 10 units. To find the side opposite \( \theta \):



\[
a = 10 \times \sin 30^\circ = 10 \times 0.5 = 5
\]

And the adjacent side:

\[
b = 10 \times \cos 30^\circ \approx 10 \times 0.866 = 8.66
\]

Trigonometric ratios are invaluable in real-world applications where angles
are known, and side lengths need to be determined.

3. Law of Cosines
While primarily used for non-right triangles, the Law of Cosines can also be
applied to find the lengths of sides when two sides and the included angle
are known, or to verify the length of a side in triangles that are not right-
angled.

Formula:
\[
c^2 = a^2 + b^2 - 2ab \cos C
\]
Where:
- \( a \) and \( b \) are sides
- \( c \) is the side opposite angle \( C \)

Application for Legs:
- In right triangles, where \( C \) is 90°, \( \cos 90^\circ = 0 \),
simplifying the Law of Cosines to the Pythagorean Theorem:

\[
c^2 = a^2 + b^2
\]

- For non-right triangles, if you know two sides and the included angle, you
can find the third side:

\[
c = \sqrt{a^2 + b^2 - 2ab \cos C}
\]

Example:
Suppose two sides \( a = 7 \) units, \( b = 10 \) units, and included angle
\( C = 60^\circ \):



\[
c = \sqrt{7^2 + 10^2 - 2 \times 7 \times 10 \times \cos 60^\circ}
\]
\[
c = \sqrt{49 + 100 - 140 \times 0.5} = \sqrt{149 - 70} = \sqrt{79} \approx
8.89
\]

While more general, the Law of Cosines encompasses the Pythagorean Theorem
and is crucial for solving triangles that are not right-angled.

Summary of the Three Key Equations
To recap, the three equations most useful for finding the lengths of the legs
of a triangle are:

Pythagorean Theorem: \( a^2 + b^2 = c^2 \)1.

Trigonometric Ratios: \( \sin \theta = \frac{a}{c} \), \( \cos \theta =2.
\frac{b}{c} \), \( \tan \theta = \frac{a}{b} \)

Law of Cosines: \( c^2 = a^2 + b^2 - 2ab \cos C \)3.

Each of these equations has specific applications depending on what
information is known about the triangle.

Choosing the Right Equation Based on Known Data

Understanding which equation to apply depends on the available information:

If you know the hypotenuse and one leg, use the Pythagorean Theorem.

If you know an angle (other than 90°) and a side, use trigonometric
ratios.

If you know two sides and the included angle (or want to verify a side
in a non-right triangle), use the Law of Cosines.



Practical Applications of These Equations

These equations are not just theoretical; they are fundamental in various
fields:

Architecture and Construction: Calculating lengths and angles in
building structures.

Navigation and Surveying: Determining distances and angles over
terrains.

Physics and Engineering: Analyzing forces and components in static and
dynamic systems.

Computer Graphics: Calculating pixel distances and rendering objects
accurately.

Conclusion


