An Isosceles Right Triangle Has Legs
Of Equal Length. If Thehypotenuse Is
10 Centimeters Long, Find The

An Isosceles Right Triangle Has Legs Of Equal Length. If The hypotenuse Is 10
Centimeters Long, Find The problem is a classic example of applying the
Pythagorean theorem to solve for missing side lengths in right triangles.
Understanding the properties of isosceles right triangles is fundamental in
geometry, and this problem offers an excellent opportunity to explore how the
relationship between the sides can be used to find unknown measurements. In
this comprehensive guide, we will delve into the characteristics of isosceles
right triangles, demonstrate step-by-step how to solve for the unknown leg
length given the hypotenuse, and discuss practical applications of these
concepts.

Understanding Isosceles Right Triangles

Definition and Properties

An isosceles right triangle is a special type of right triangle characterized
by two equal legs and a right angle (90 degrees). Its key properties include:
e Two legs of equal length, often denoted as \( a \).
e A hypotenuse opposite the right angle, denoted as \( c \).
e The angles are 45°, 45°, and 90°.

e By the nature of the isosceles property, the two legs are congruent.

Relationship Between Sides

The sides of an isosceles right triangle relate through the Pythagorean
theorem:

\ [

a™2 + a”2 = ¢c"2

\1

which simplifies to:



\ [
2372 = ¢c™2
\1

This relationship allows us to find one side when the other is known.

Applying the Pythagorean Theorem to Find Leg
Length

Given Data

In this problem, the hypotenuse \( c¢ \) is given as 10 centimeters, and the
goal is to find the length of each leg \( a \).

Step-by-Step Solution

To find the length of each leg in an isosceles right triangle with a
hypotenuse of 10 cm, follow these steps:

1. Write down the Pythagorean theorem for the triangle:
\ [

a™2 + a™2 = ¢c™2
\1]

which simplifies to:

\ [
2372 = c™2
\1]

2. Plug in the known hypotenuse length:
\ [
2a”2
\1

1072

\ [
2a"2
\]

100

3. Isolate \( a2 \):

\ [



a™2 = \frac{100}{2} = 50
\1

4. Take the square root of both sides to solve for \( a \):

\ [
a = \sqrt{50}
\1]

\ [
a = \sqrt{25 \times 2} = 5 \sqrt{2}
\1

\ [
a \approx 5 \times 1.4142 = 7.07 \text{ centimeters}
\1]

Answer: Each leg of the isosceles right triangle measures approximately 7.07
centimeters.

Understanding the Significance of the Result

Approximate Value of the Legs

The calculation shows that when the hypotenuse is 10 cm, each leg is about
7.07 cm. This is consistent with the properties of isosceles right triangles,
where the hypotenuse is \( \sqrt{2} \) times longer than each leg:

\ [

c = a \sqrt{2}

\1]

which rearranged gives:

\[

a = \frac{c}{\sqrt{2}} \approx \frac{10}{1.4142} \approx 7.07 \text{ cm}
\1

Practical Applications

Understanding these relationships is useful in various real-world contexts:

e Designing right angles in construction and carpentry.

e Calculating distances in navigation and surveying.



e Solving problems related to diagonal measurements in squares and
rectangles.

e Analyzing components in engineering and architecture where perfect right
angles are required.

Additional Concepts Related to Isosceles Right
Triangles

Diagonal of a Square

Since a square's diagonals form isosceles right triangles with the sides,
understanding these triangles helps calculate the length of diagonals:

\ [
\text{Diagonal} = \text{side} \times \sqrt{2}
\1]

Extension to Other Triangles

While this guide focuses on isosceles right triangles, similar principles
apply to other right triangles, and the Pythagorean theorem remains a
fundamental tool.

Summary and Key Takeaways

e An isosceles right triangle has two equal legs and a right angle.
e The relationship between the hypotenuse \( ¢ \) and each leg \( a \) is:

\ [
c = a \sqrt{2}
\1

or equivalently,

\ [
a = \frac{c}{\sqrt{2}}
\1]



e Given the hypotenuse of 10 cm, each leg measures approximately 7.07 cm.

e This knowledge is applicable in multiple practical and theoretical
contexts, making it a valuable concept in geometry.

Final Thoughts

Mastering the properties of isosceles right triangles enhances problem-
solving skills in geometry, engineering, and architecture. By understanding
the relationship between side lengths and applying the Pythagorean theorem,
you can confidently determine missing measurements in right triangles.
Whether designing structures, calculating distances, or solving academic
problems, these principles form a foundational part of geometric reasoning.

Meta Description:

Learn how to find the length of each leg in an isosceles right triangle when
the hypotenuse is 10 centimeters. Step-by-step explanation of the Pythagorean
theorem applied to these special triangles.

Frequently Asked Questions

What is the length of each leg in an isosceles right
triangle with a hypotenuse of 10 centimeters?

Each leg is 5v2 centimeters long, approximately 7.07 centimeters.

How do you derive the length of the legs in an
isosceles right triangle given the hypotenuse?

Using the Pythagorean theorem, if each leg is 'x', then x2? + x2 = 102, so 2x?
= 100, leading to x = V50 = 5vV2 centimeters.

What is the significance of the 45-degree angles in
an isosceles right triangle with a hypotenuse of 10
cm?

In an isosceles right triangle, the two non-right angles are each 45 degrees,
making the triangle symmetric with equal legs.



Can the length of the hypotenuse in an isosceles
right triangle be any value? Why or why not?

No, the hypotenuse determines the leg lengths; given the hypotenuse, the leg
lengths are fixed at 5v2 centimeters for this specific case.

How is the Pythagorean theorem applied to find the
leg lengths in this problem?

Since the triangle is isosceles right-angled, the legs are equal, and the
theorem states x? + x2 = hypotenuse?; solving for x gives the leg length.

What is the practical application of knowing the leg
lengths in an isosceles right triangle with a given
hypotenuse?

It helps in construction, design, and engineering tasks where precise
measurements are needed for right angles and equal legs, such as in carpentry
or architecture.

Additional Resources

Isosceles Right Triangle

When exploring the geometry of triangles, few shapes are as elegantly simple
yet mathematically rich as the isosceles right triangle. Known for its unique
properties and symmetry, this particular triangle is a fundamental component
in various fields—ranging from architecture and engineering to art and
design. Today, we delve into a classic problem that demonstrates the power of
geometric principles: If an isosceles right triangle has legs of equal length
and a hypotenuse of 10 centimeters, what are the lengths of the legs?

This question not only tests our understanding of the Pythagorean theorem but
also offers an opportunity to appreciate how geometric relationships can be
systematically unraveled. Let’s explore this problem thoroughly, starting
from the basics and progressing to detailed calculations and practical
implications.

Understanding the Isosceles Right Triangle



Definition and Key Properties

An isosceles right triangle is a special type of triangle distinguished by
two main features:

- Equal Legs: The two sides that form the right angle (the legs) are of equal
length.
- Right Angle: One of the angles measures exactly 90 degrees.

Because of these properties, an isosceles right triangle exhibits a high
degree of symmetry, making it a favorite in various mathematical and real-
world applications.

Key properties include:

- The angles measure 45°, 45°, and 90°.

- The legs are congruent, often denoted as \( a \).

- The hypotenuse, opposite the right angle, is related to the legs by a
specific ratio.

The Relationship Between Legs and Hypotenuse

In an isosceles right triangle, the hypotenuse \( ¢ \) is related to the legs
\( a \) through the Pythagorean theorem:

\ [
c™2 = a™2 + an2 = 2a™2
\1]

which simplifies to

\ [
c = a \sqrt{2}
\1]

This fundamental relationship allows us to determine one side length when the
other is known, making it particularly useful for solving problems like the
one at hand.

Problem Breakdown: Finding the Legs

Given:
- Hypotenuse \( ¢ = 10 \) centimeters
- Legs \( a \) and \( a \) (since the triangle is isosceles right)



Objective: Find the length of each leg \( a \).

Step 1: Recall the Relationship

From the property discussed earlier,

\ [
c = a \sqrt{2}
\1

Rearranged to solve for \( a \):

\ [
a = \frac{c}{\sqrt{2}}
\1]

This formula provides a direct method for calculating the leg length once the
hypotenuse is known.

Step 2: Substitute the Known Value

Plugging in the given hypotenuse:

\ [
a = \frac{10}{\sqrt{2}}
\1]

To facilitate easier calculation, rationalize the denominator:

\ [

a = \frac{10}{\sqrt{2}} \times \frac{\sqrt{2}}{\sqrt{2}} = \frac{10
\sqrt{2}}{2}

\1]

Simplify the fraction:
\ [

a = 5 \sqrt{2}
\1]

Step 3: Numerical Approximation

Since \( \sqrt{2} \approx 1.4142 \),

\ [



a \approx 5 \times 1.4142 = 7.071 \text{ centimeters}
\1

Thus, each leg measures approximately 7.07 centimeters.

Implications and Practical Applications

Understanding the precise lengths of the legs in an isosceles right triangle
with a known hypotenuse has broad practical significance. Let's explore some
of these applications:

Architectural Design and Construction

In architecture, right triangles are foundational in creating stable,
visually appealing structures. For example, when designing rafters,
staircases, or decorative elements, knowing the exact lengths ensures
accuracy and safety. If a designer needs a triangular brace with a hypotenuse
of 10 cm, they now know each leg should be approximately 7.07 cm,
facilitating precise cuts and assembly.

Engineering and Manufacturing

Precision in component manufacturing often relies on geometric calculations.
For instance, in creating mechanical parts with specific angular
relationships, understanding the dimensions of right triangles helps in
machining and assembly processes. The ratio \( a = ¢ / \sqrt{2} \) guarantees
that parts fit together with the intended symmetry and strength.

Educational Demonstrations and Mathematical Modeling

This problem serves as an excellent teaching tool, illustrating the
application of the Pythagorean theorem and the properties of special
triangles. It helps students visualize how abstract concepts translate into
real measurements, fostering deeper comprehension of geometry.



Extensions and Related Problems

While the primary problem focuses on a hypotenuse of 10 cm, similar methods
can be applied to various scenarios:

1. Varying the Hypotenuse

Suppose the hypotenuse changes to 15 cm, 20 cm, or even larger. The same
formula applies:

\ [
a = \frac{c}{\sqrt{2}}
\1]

allowing quick recalculations. For instance, with \( ¢ = 20 \) cm:

\ [
a = \frac{20}{\sqrt{2}} = 10 \sqrt{2} \approx 14.14 \text{ cm}

\1]

2. Calculating the Area

The area \( A \) of the triangle can be calculated as:

\ [
A = \frac{1}{2} a™2
\1]

which, for our original problem, becomes:

\ [

A = \frac{1}{2} \times (7.07)72 \approx \frac{1l}{2} \times 50 = 25 \text{
cm}"2

\1

This is useful in material estimation and spatial planning.

3. Perimeter Calculations

The perimeter \( P \) is the sum of all sides:



For the original problem:

\ [
P =2 \times 7.07 + 10 \approx 14.14 + 10 = 24.14 \text{ cm}

\1]

Conclusion: The Beauty of Geometric
Relationships

The problem of determining the leg lengths of an isosceles right triangle
with a known hypotenuse exemplifies the elegance of geometry. Through the
application of the Pythagorean theorem and algebraic manipulation, what
initially appears as a simple measurement question opens the door to a rich
understanding of triangle properties and their practical implications.

By mastering these fundamental relationships, students, architects,
engineers, and designers gain a vital toolkit for precise measurement,
construction, and creative innovation. The approximate 7.07 centimeters
length of each leg in our scenario not only satisfies a geometric curiosity
but also underscores the enduring relevance of classical mathematical
principles in modern applications.

In essence, this exploration highlights that even the simplest shapes harbor
complexities and insights that resonate across disciplines, fostering a
deeper appreciation for the harmony between mathematics and the physical
world.
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