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Understanding how to find missing side lengths in geometric figures is a
fundamental skill in mathematics, especially when working with right
triangles, polygons, or complex geometric figures. Whether you're tackling
homework problems, preparing for exams, or just strengthening your math
skills, mastering the process of calculating unknown side lengths using
various methods such as the Pythagorean theorem, trigonometry, or properties
of similar triangles is essential. In this comprehensive guide, we will
explore different strategies to find missing side lengths, demonstrate how to
leave answers as radicals in simplest form, and show detailed work to support
each solution.

Key Concepts in Finding Missing Side Lengths

Before diving into specific examples and methods, let's review some key
concepts that are crucial for solving such problems:

e Pythagorean Theorem: Used for right triangles, relates the lengths of
the hypotenuse and legs.

e Trigonometry: Uses sine, cosine, and tangent ratios to find side lengths
when angles and some sides are known.

e Properties of Similar Triangles: Corresponding sides are proportional,
useful for scaling or finding missing lengths.

e Square Roots and Radicals: When solving for side lengths, answers often
involve radicals. Simplifying radicals involves expressing them in the
simplest radical form.

Methods for Finding Missing Side Lengths

Let's explore the main methods used in solving for missing sides:

1. Pythagorean Theorem



The Pythagorean theorem states that in a right triangle:

\[ a”2 + b"2 = c*2 \]

where:
- \(a\) and \(b\) are the legs (shorter sides),
- \(c\) 1is the hypotenuse (longest side).

Use Case: When two sides are known, and the triangle is right-angled, solve
for the third.

2. Trigonometry Ratios

For non-right triangles or when angles are involved, trigonometry provides
ratios:

- Sine: \(\sin \theta = \frac{\text{opposite}}{\text{hypotenuse}}\)
— Cosine: \(\cos \theta = \frac{\text{adjacent}}{\text{hypotenuse}}\)
- Tangent: \ (\tan \theta = \frac{\text{opposite}}{\text{adjacent}}\)

Use Case: When an angle and a side are known, find missing sides.

3. Similar Triangles and Proportions

When two triangles are similar:

\ [

\frac{\text{corresponding sides}}{\text{corresponding sides}} =
\text {constant}

\1

Use Case: To find unknown sides by setting up proportions based on known
similar figures.

Step-by-Step Examples

Let's work through detailed examples to illustrate these methods, emphasizing
leaving answers as radicals in simplest form.

Example 1: Using the Pythagorean Theorem

Suppose you have a right triangle with legs of lengths 3 and 4 units. Find



the hypotenuse.
Solution:
1. Write the Pythagorean theorem:

\ [
ar2 + b*2 = c”2
\]

2. Plug in known values:

\ [

372 + 472 = ¢c"2
\1

3. Simplify:

\ [

9 + 16 = c"2

\]

\ [

25 = ¢”™2

\1

4. Solve for \(c\):

\ [

c = \pm \sgrt{25}

\1]

Since length is positive:
\ [

c = \sqrt{25} =5

\1]

Answer: The hypotenuse length is 5 units.

Example 2: Finding a Leg Using the Pythagorean
Theorem

Given a right triangle with hypotenuse \( ¢ = 10 \) units and one leg \( a =
6 \) units, find the missing leg \ (b\).

Solution:

1. Write the Pythagorean theorem:
\

a2 + b*"2 = c"2

\1]

2. Plug in known values:



\ [

62 + b2 = 1072
\]

3. Simplify:

\ [

36 + b*2 = 100
\1]

4. Isolate \ (b"2\):

5. Find \ (b\):

b = \pm \sgrt{64} = \pm 8
\]

Length is positive, so:

\ [

b =28

\1]

Answer: The missing side length is 8 units.

Example 3: Applying Trigonometry to Find a Side

Suppose in a right triangle, angle \ (\theta = 30"\circ\), and the hypotenuse
\(c = 12\) units. Find the length of the side opposite \ (\thetal).

Solution:

1. Use sine ratio:

\ [
\sin \theta = \frac{\text{opposite}}{\text{hypotenuse}}
\1]

2. Plug in known values:

\ [
\sin 30"\circ = \frac{\text{opposite}}{12}
\1

3. Recall \(\sin 307"\circ = \frac{l1l}{2}\):
\ [

\frac{1}{2} = \frac{\text{opposite}}{12}
\1]



4. Solve for the opposite side:

\ [
\text{opposite} = 12 \times \frac{l}{2} = 6
\]

Answer: The side opposite the 30° angle is 6 units.

Example 4: Solving for a Side with Radical Expression

Imagine a right triangle with one leg of length \(x\), and the hypotenuse of
length \ (\sgrt{50}\). The other leg measures 5 units. Find \ (x\).

Solution:
1. Write the Pythagorean theorem:

\ [
x"2 + 572 = (\sqrt{50})"2
\]

2. Simplify:
\

x"2 + 25 = 50
\]

3. Isolate \ (x"2\):

\ [
x”2 = 50 - 25
\]

25

4, Find \ (x\):

\ [
x = \pm \sgrt{25} = \pm 5
\1]

Answer: Since length is positive:

\ [
x =5
\]

Note: Here, the radical \(\sqrt{50}\) can be simplified further:

\ [
\sqgrt{50} = \sgrt{25 \times 2} = 5\sqrt{2}
\]

So, the hypotenuse can also be expressed as \ (5\sqrt{2}\).



Simplifying Radicals in Your Final Answer

When solving for unknown side lengths, answers often involve radicals. To
leave your solutions in simplest radical form, follow these steps:

1. Factor the Radical: Express the radical as a product of perfect squares
and other factors.

2. Simplify the Radical: Extract perfect squares from under the radical.

3. Express in Simplest Form: Write the radical with the largest perfect
square factored out.

Example: Simplify \ (\sgrt{72}\)

— Factor 72:

~J
N
Il

36 \times 2

- Simplify:

\ [
\sgrt{72} = \sqrt{36 \times 2} = \sqgrt{36} \times \sgrt{2} = 6 \sqrt{2}
\]

Tip: Always check if your radical can be simplified further to present the
answer in the most reduced radical form.

Practice Problems for Finding Missing Side
Lengths

Test your skills with these practice problems:

1. In a right triangle, the legs are 8 and 15 units. Find the hypotenuse in
simplest radical form.

2. A triangle has an angle of 45° and an adjacent side of 10 units. Find
the hypotenuse using trigonometry, leave your answer as a radical in
simplest form.

3. Two triangles are similar. The first has sides 3 and 4, and the second
has a side of 6 corresponding to 3. Find the length of the corresponding
side in the second triangle.

4. Find the length of the side \(x\) in a right triangle where the
hypotenuse is \ (7\sgqrt{2}\) and one leg is 7 units.



Conclusion

Mastering the skills to find missing side lengths, especially leaving answers
as radicals in simplest form, is a vital part of understanding geometry and
trigonometry. Remember to choose the appropriate method—Pythagorean theorem,
trigonometry, or similar triangles—based on the problem's information. Always
show your work clearly, and

Frequently Asked Questions

In a right triangle, if one leg measures 6 and the
hypotenuse measures 10, what is the length of the
missing leg? Leave your answer as a simplified
radical.

Using Pythagoras: x? + 6% = 10?2 > x? + 36 = 100 » x* = 64 » x = Y64 = 8. The
missing side length is 8.

A triangle has sides of lengths 3 and 4. The third
side is unknown, and the triangle is right-angled
with the right angle between the sides of lengths 3
and 4. Find the length of the hypotenuse, leaving
your answer as a radical in simplest form.

Hypotenuse = v (3% + 4?%) = /(9 + 16) = V25 = 5.

In an isosceles right triangle, the legs are of
length x. Find the length of the hypotenuse in
radical form in simplest form.

Hypotenuse = x/2, since in an isosceles right triangle, hyp = leg V2.

A triangle has sides of 7 and 24, with the third side
unknown, and the triangle is right-angled with the
24-unit side as the hypotenuse. Find the length of
the missing side.

Using Pythagoras: x? + 7% = 24%? > x? + 49 = 576 » x? = 527 - x = V527.

Simplify v527: 527 = 17 31, so v527 = v (17 31) (cannot simplify further). The
missing side is V527.

In a right triangle, one leg measures 5, and the
hypotenuse measures 13. Find the length of the other
leg in radical form, simplified.

Using Pythagoras: x? + 52 = 132 > x? + 25 = 169 > x? = 144 > x = V144 = 12.
The missing side is 12.



A triangle has sides of lengths 8 and an unknown side
x, with the hypotenuse measuring 10. Find x as a
radical in simplest form.

Using Pythagoras: 8% + x? = 10? - 64 + x* = 100 - x*> = 36 - x = Y36 = 6. The
missing side is 6.

Given a right triangle where the legs are 9 and 12,
find the length of the hypotenuse in simplest radical
form.

Hypotenuse = v (9% + 122) = v (81 + 144) = Y225 = 15.

In an isosceles right triangle, the hypotenuse
measures 4Y2. Find the length of each leg in simplest
radical form.

Since hypotenuse = leg Y2, then leg = hyp / Vv2 = (4/2) / Y2 = 4. Each leg
measures 4.

Additional Resources
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Introduction

When tackling problems involving missing side lengths in geometric figures,
particularly triangles, it’s essential to understand the underlying
principles that govern their relationships. These principles often involve
concepts such as the Pythagorean theorem, the properties of special
triangles, and the use of radicals to express exact lengths. This detailed
review will guide you through the process of finding missing side lengths,
emphasizing the importance of leaving answers as radicals in simplest form
and demonstrating the necessity of showing your work clearly.

Understanding the Foundation: The Pythagorean Theorem
What Is the Pythagorean Theorem?

The Pythagorean theorem states that in a right triangle, the square of the
hypotenuse (the side opposite the right angle) is equal to the sum of the
squares of the other two sides. Mathematically:

\[ ¢*2 = a”2 + b"2 \]
Where:

- \( ¢ \) = hypotenuse
- \(a\) and \( b \) = legs of the triangle



This theorem is fundamental in finding missing side lengths in right
triangles. Its straightforward application requires squaring known lengths,
performing addition or subtraction, and then taking square roots to find the
unknown side.

Why Leave Answers as Radicals?

Expressing the answer as a radical in simplest form preserves the exact
value, avoiding potential rounding errors associated with decimal

approximations. Simplifying radicals involves factoring out perfect squares
from under the radical, which provides a cleaner, more precise answer.

Types of Problems and Strategies

1. Finding a Missing Leg in a Right Triangle

Given the hypotenuse and one leg, find the other leg.
Example:

Suppose the hypotenuse \( c¢c = 10 \) units, and one leg \( a = 6 \) units.
Find the other leg \( b \).

Solution:

Using the Pythagorean theorem:

b*2 = c¢*2 - a”2 = 1072 - 672 = 100 - 36 = 64

Answer:
The missing side length is 8 units (already a perfect square). The radical

form:

b = \sqgrt{64} = \boxed{8}

2. Finding the Hypotenuse

Given the two legs, find the hypotenuse.
Example:

Given \( a = 9 \) units and \( b = 12 \) units.
Solution:

\ [



ch2 = a”2 + b"2 = 81 + 144 = 225

\]

\ [

¢ = \sgrt{225} = 15
\]

Answer:

The hypotenuse length is 15 units.

3. Applying the Pythagorean Theorem to Non-Right Triangles
In non-right triangles, the Law of Cosines is used:

\ [
c™2 = a2 + b"*2 - 2ab \cos C
\1

Where:
- \( C \) is the included angle between sides \( a \) and \( b \).

Example:

Given \( a= 7 \), \( b= 10 \), and \( \angle C = 60"\circ \). Find side \( c
\) .

Solution:

A2 = 772 + 10”2 - 2 \times 7 \times 10 \times \cos 60"\circ

>
N
[

49 + 100 - 140 \times \frac{l}{2} = 149 - 70 = 79

c = \sqrt{79}
\]

Answer:

The length of side \( ¢ \) is \( \boxed{\sgrt{79}r} \).

Working with Radicals and Simplification
Simplifying Radicals

When you arrive at a radical expression, the goal is to simplify it to its
lowest terms. The process involves:

— Finding perfect square factors within the radical.
- Factoring the radical into a product of a perfect square and another
radical.



- Extracting the square root of the perfect square.
Example:

Simplify \( \sqrt{50} \).

Solution:

Factor 50:

o
o
Il

25 \times 2

Since 25 is a perfect square:

\ [
\sgrt{50} = \sgrt{25 \times 2} = \sqgrt{25} \times \sqgrt{2} = 5 \sqrt{2}
\1

Answer:

\ [
\boxed{5 \sqrt{2}}
\]

This radical is in simplest form because no perfect square factors remain
within the radical.

Show Your Work: The Key to Clarity and Accuracy

In all mathematical problem-solving, especially when dealing with radicals,
explicitly showing each step is crucial:

- Write out the equations used.
— Show how you substitute known values.
— Demonstrate how you isolate the unknown.

— Detail radical simplification steps.

This transparency not only helps verify your work but also clarifies your
reasoning process, which is essential for learning and communication.

Common Pitfalls and How to Avoid Them
1. Forgetting to Simplify Radicals

Always look for perfect squares within radicals. Leaving radicals
unsimplified can lead to imprecise answers and confusion.

2. Incorrect Application of the Pythagorean Theorem

Ensure the side you are solving for is correctly identified as the hypotenuse
or leg. Mislabeling sides can lead to wrong calculations.

3. Rounding Errors



When the radical cannot be simplified further, leave it in radical form
rather than converting to decimal, unless specifically instructed.

Practice Problems for Mastery
To solidify understanding, here are some practice problems with solutions:
Problem 1:

A right triangle has legs of lengths \( 3 \) and \( x \), and hypotenuse \( 7
\). Find \( x \).

Solution:

\ [
x"2 = 7%"2 - 372 = 49 - 9 = 40

\ [
x = \sqgrt{40} = \sqgrt{4 \times 10} = 2 \sqgrt{10}
\1

Answer:

x = \boxed{2 \sqrt{10}}

Problem 2:

Find the length of the hypotenuse in a right triangle with legs of \(
\sgrt{12} \) and \( \sqgrt{27} \).

Solution:

\ [

c”2 = (\sgrt{12})72 + (\sqgrt{27})72 = 12 + 27 = 39
\1

\ [

c = \sqrt{39}

\1

Answer:

\ [

c = \boxed{\sqgrt{39}}
\1

Problem 3:

In a triangle, two sides are \( 8 \) and \( 15 \), with an included angle of
\( 45"\ circ \). Find the third side.



Solution:

Using Law of Cosines:

\ [

c™2 = 872 + 1572 — 2 \times 8 \times 15 \times \cos 45"\circ

\1

\ [

c”2 = 64 + 225 - 240 \times \frac{\sgrt{2}}{2} = 289 - 120 \sqgrt{2}
\1

Since this expression involves radicals, it’s best to leave it as is unless
further simplification is possible. It’s already in a simplified radical
form:

\ [

c = \sqrt{289 - 120 \sqgrt{2}}
\1

Conclusion

Finding missing side lengths in geometric figures requires a solid
understanding of key principles like the Pythagorean theorem and the Law of
Cosines. The process involves carefully substituting known values, performing
algebraic manipulations, and simplifying radicals to their simplest form.
Always show your work step-by-step to ensure clarity, accuracy, and to
facilitate troubleshooting if errors arise.

Remember, expressing your answers as radicals in simplest form provides the
most precise measurement, preserving the integrity of the original problem.
Practice consistently with a variety of problems, and over time, solving for
missing side lengths will become an intuitive process. Mastery in this area
not only enhances your geometry skills but also strengthens your overall
mathematical reasoning.

Final Tips

- Always verify the type of triangle before choosing the appropriate theorem.
- Practice radical simplification regularly.

— Double-check your calculations to avoid common mistakes.

— Develop a systematic approach: identify knowns, write the relevant formula,
perform calculations step-by-step, and simplify radicals at the end.

— Keep your answers in radical form unless instructed otherwise, to maintain
precision.

By following these guidelines, you'll be well-equipped to confidently find
missing side lengths in any triangle, support your solutions with clear work,
and express your answers with exactness and clarity.
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