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Understanding how to find missing side lengths in geometric figures is a
fundamental skill in geometry, especially when dealing with right triangles,
triangles, and other polygons. Often, problems will present a diagram or
picture, and your task is to determine the unknown side lengths, expressing
your answer as radicals in their simplest form. This article provides a
comprehensive guide to solving such problems, including strategies, formulas,
and step-by-step examples to help you master this essential math skill.

---

Understanding the Basics of Finding Missing
Side Lengths

Before diving into solving specific problems, it’s crucial to understand the
foundational concepts involved in finding missing side lengths.

Key Concepts and Terminology
- Pythagorean Theorem: Used to find the length of a missing side in right
triangles.
- Triangle Inequality Theorem: States that the sum of the lengths of any two
sides of a triangle must be greater than the length of the remaining side.
- Radicals: Expressions involving roots, such as √2, which are often used to
represent exact lengths in geometry.
- Simplest Radical Form: A radical expression where the radical is simplified
so that no perfect square factors remain under the root.

---

Common Geometric Figures and Methods for
Finding Missing Sides

Many problems involve specific figures, each requiring different strategies.

Right Triangles and the Pythagorean Theorem

The Pythagorean theorem is the most common method used for right triangles:

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



Where:
- \( a \) and \( b \) are the legs (the shorter sides),
- \( c \) is the hypotenuse (the longest side, opposite the right angle).

Steps to find a missing side:
1. Identify the right triangle and label all known sides.
2. Determine which side is missing.
3. Plug known values into the Pythagorean theorem.
4. Solve for the missing side.
5. Express the answer as a radical in simplest form.

---

Using the Pythagorean Theorem: Example

Suppose you have a right triangle with legs measuring 3 units and 4 units.
Find the hypotenuse.

Solution:
1. Apply the formula:

\[ c^2 = 3^2 + 4^2 = 9 + 16 = 25 \]

2. Take the square root:

\[ c = \sqrt{25} = 5 \]

Answer: The hypotenuse is 5 units (already in simplest radical form).

---

When the hypotenuse or legs are expressed as radicals

If the side lengths involve radicals, you need to ensure the radical is
simplified.

Example:
Find the hypotenuse of a right triangle with legs of length \( 1 + \sqrt{3}
\) and \( 2 \).

Solution:
1. Square the legs:

\[ (1 + \sqrt{3})^2 = 1^2 + 2 \times 1 \times \sqrt{3} + (\sqrt{3})^2 = 1 +
2\sqrt{3} + 3 = 4 + 2\sqrt{3} \]

2. Sum of squares:

\[ c^2 = (4 + 2\sqrt{3}) + 4 = 8 + 2\sqrt{3} \]

3. Simplify or express as radical:

Notice that \( c^2 = 8 + 2\sqrt{3} \). To write \( c \) as radical, factor
out 2:



\[ c^2 = 2(4 + \sqrt{3}) \]

So,

\[ c = \sqrt{2(4 + \sqrt{3})} \]

If further simplification is needed, look for perfect square factors inside
radicals, but in this case, the radical is already in simplest radical form.

---

Steps to Find Missing Side Lengths in Various
Figures

Different figures require different approaches. Here are common methods and
their step-by-step processes.

1. Right Triangles: Application of the Pythagorean
Theorem

Step-by-step process:

- Confirm the triangle is right-angled.
- Label sides as \( a \), \( b \), and \( c \).
- Use the Pythagorean theorem to solve for the unknown side.
- Simplify radicals to their simplest form.

2. Non-Right Triangles: Law of Cosines and Law of
Sines

Law of Cosines:

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

Useful when you know two sides and the included angle or all three sides.

Law of Sines:

\[ \frac{a}{\sin A} = \frac{b}{\sin B} = \frac{c}{\sin C} \]

Useful when you know angles and sides opposite those angles.

Using these laws:

- Identify what is known and what needs to be found.
- Choose the appropriate law based on known data.
- Solve algebraically.
- Express radical answers in simplest form.

---



Common Problem Types and Solutions

Here are typical problems involving finding missing side lengths, along with
detailed solutions.

Problem Type 1: Missing Leg in a Right Triangle

Example:
In a right triangle, the hypotenuse is 10 units, and one leg is 6 units. Find
the other leg.

Solution:
1. Use the Pythagorean theorem:

\[ a^2 + 6^2 = 10^2 \]
\[ a^2 + 36 = 100 \]
\[ a^2 = 64 \]
\[ a = \sqrt{64} = 8 \]

Answer: The missing leg is 8 units.

---

Problem Type 2: Missing Hypotenuse with Radical
Lengths

Example:
A right triangle has legs of length \( 3 \) and \( 4 \). Find the hypotenuse
as a radical.

Solution:
\[ c^2 = 3^2 + 4^2 = 9 + 16 = 25 \]
\[ c = \sqrt{25} = 5 \]

Answer: The hypotenuse is 5 units.

---

Problem Type 3: Using the Law of Cosines

Example:
Sides \( a = 7 \), \( b = 10 \), with included angle \( C = 60^\circ \). Find
side \( c \).

Solution:
\[ c^2 = 7^2 + 10^2 - 2 \times 7 \times 10 \times \cos 60^\circ \]
\[ c^2 = 49 + 100 - 140 \times \frac{1}{2} \]
\[ c^2 = 149 - 70 = 79 \]
\[ c = \sqrt{79} \]

Answer: Side \( c \) is \( \sqrt{79} \) units, already in simplest radical
form.



---

Tips for Simplifying Radicals in Your Answers

Achieving simplest radical form is crucial for accuracy and presentation.
Here are tips:

- Factor the radicand: Break down the number under the radical into prime
factors.
- Identify perfect squares: Extract perfect square factors from under the
radical.
- Reduce radicals: Simplify by taking out the square roots of perfect
squares.
- Express in simplest radical form: Ensure no perfect squares remain under
the radical.

Example:
Simplify \( \sqrt{72} \).

Solution:
- Prime factorization: \( 72 = 2^3 \times 3^2 \)
- Extract perfect squares:

\[ \sqrt{72} = \sqrt{2^3 \times 3^2} = \sqrt{(2^2 \times 2) \times 3^2} =
\sqrt{(4 \times 2) \times 9} \]

\[ = \sqrt{4 \times 9 \times 2} = \sqrt{36 \times 2} = \sqrt{36} \times
\sqrt{2} = 6\sqrt{2} \]

Final answer: \( 6\sqrt{2} \)

---

Practice Problems for Mastery

To reinforce your understanding, here are practice problems with solutions:

1. Find the missing side in a right triangle with legs 8 and \( \sqrt{2} \).

Solution:
\[ c^2 = 8^2 + (\sqrt{2})^2 = 64 + 2 = 66 \]
\[ c = \sqrt{66} \]

Answer: \( c = \sqrt{66} \), simplified as \( \sqrt{66} \).

---

2. In triangle ABC, \( AB = 9 \), \( AC = 12 \), and angle \( A \) is \(
60^\circ \). Find side \( BC \).

Solution:
Use Law of Cosines:

\[ BC^2



Frequently Asked Questions

Given a right triangle with legs of 3 and 4 units,
what is the length of the hypotenuse in simplest
radical form?

The hypotenuse is √(3² + 4²) = √(9 + 16) = √25 = 5.

If a right triangle has one leg of 6 units and a
hypotenuse of 10 units, what is the length of the
other leg in simplest radical form?

The other leg is √(10² - 6²) = √(100 - 36) = √64 = 8.

A triangle has legs measuring 5 units and 12 units.
Find the hypotenuse in simplest radical form.

Hypotenuse = √(5² + 12²) = √(25 + 144) = √169 = 13.

In a right triangle, one leg is 8 units, and the
hypotenuse is 10 units. What is the length of the
other leg in simplest radical form?

Other leg = √(10² - 8²) = √(100 - 64) = √36 = 6.

A triangle has legs measuring 7 and 24 units. Find
the hypotenuse in simplest radical form.

Hypotenuse = √(7² + 24²) = √(49 + 576) = √625 = 25.

Given a right triangle with a leg of 9 units and a
hypotenuse of 15 units, what is the length of the
other leg in simplest radical form?

Other leg = √(15² - 9²) = √(225 - 81) = √144 = 12.
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In the realm of geometry, the task of finding missing side lengths is
fundamental to understanding the properties and relationships within various
shapes, particularly triangles. Whether you're tackling a homework problem,
preparing for an exam, or simply aiming to deepen your comprehension of
geometric principles, the process of determining unknown side lengths
requires a strategic approach grounded in theorems, formulas, and logical
reasoning. When the solutions involve radicals—square roots or other
roots—presented in their simplest form, it not only demonstrates mathematical



proficiency but also clarity in communication of solutions. This article
provides an in-depth exploration of how to find missing side lengths,
emphasizing methods to simplify radicals, interpret geometric figures
effectively, and apply relevant mathematical principles.

---

Understanding the Foundations: Key Concepts in
Finding Missing Side Lengths

Before delving into specific strategies, it is necessary to establish a solid
understanding of the core concepts involved in solving for unknown sides in
geometric figures.

1. Types of Triangles and Their Properties

Triangles are the most common figures encountered when solving for missing
side lengths. Different types of triangles have unique properties that
simplify the process:

- Right Triangles: These contain a 90-degree angle. The Pythagorean Theorem
is crucial here.
- Equilateral Triangles: All sides and angles are equal; knowing one side
gives all others.
- Isosceles Triangles: Two sides are equal; properties of base angles help
find missing lengths.
- Scalene Triangles: No sides are equal; often require more complex methods
such as Law of Cosines or Law of Sines.

Understanding the type of triangle involved guides the choice of method.

2. Common Theorems and Formulas

Several fundamental theorems help in calculating missing side lengths:

- Pythagorean Theorem: \( a^2 + b^2 = c^2 \) for right triangles, where \( c
\) is the hypotenuse.
- Law of Sines: \(\frac{a}{\sin A} = \frac{b}{\sin B} = \frac{c}{\sin C}\),
useful when two angles and a side are known or two sides and an angle.
- Law of Cosines: \( c^2 = a^2 + b^2 - 2ab \cos C \), particularly valuable
for non-right triangles or when two sides and an included angle are known.

---

Step-by-Step Approach to Finding Missing Side
Lengths

Achieving accurate solutions requires a systematic approach. The following
steps serve as a guide.



1. Carefully Examine the Figure and Given Data

- Identify known and unknown sides.
- Note all given angles, side lengths, and figure labels.
- Observe any right angles or special features.

2. Choose the Appropriate Method

Depending on the figure and data:

- Use the Pythagorean Theorem for right triangles.
- Apply Law of Sines or Law of Cosines for oblique triangles.
- Exploit properties of special triangles (equilateral, isosceles).

3. Set Up the Relevant Equation

Translate the problem into an algebraic equation based on the chosen method.

4. Solve the Equation

- Simplify radicals when necessary.
- Rearrange to isolate the unknown.
- Use algebraic techniques to solve quadratic or higher-degree equations.

5. Simplify Radicals to Their Radical in Simplest
Form

Once the solution involves radicals, simplify them to their lowest terms for
clarity and elegance.

---

Understanding and Simplifying Radicals

Radicals often appear as solutions to geometric problems involving square
roots or higher roots. Simplifying radicals enhances the clarity of the
answer and demonstrates mastery of the concept.

1. Recognizing Perfect Squares

- Break down the radicand into prime factors.
- Identify perfect square factors.
- Extract these factors from under the radical.

Example: Simplify \(\sqrt{50}\).



- Prime factorization: \(50 = 2 \times 5^2\).
- Since \(5^2\) is a perfect square, rewrite as:

\(\sqrt{50} = \sqrt{25 \times 2} = \sqrt{25} \times \sqrt{2} = 5 \sqrt{2}\).

2. Rules for Simplifying Radicals

- \(\sqrt{a \times b} = \sqrt{a} \times \sqrt{b}\).
- \(\sqrt{\frac{a}{b}} = \frac{\sqrt{a}}{\sqrt{b}}\).
- For radicals involving higher roots, similar rules apply, but often require
prime factorization.

3. Expressing Radicals in Simplest Form

The radical is in simplest form when:

- The radicand contains no perfect square factors (other than 1).
- The radical contains no fractions.
- The radical is written as a single radical, not a product of radicals.

Example: Simplify \(\frac{\sqrt{48}}{\sqrt{3}}\).

- Combine: \(\sqrt{\frac{48}{3}} = \sqrt{16} = 4\).

Example: Simplify \(\sqrt{72}\).

- Prime factorization: \(72 = 2^3 \times 3^2\).
- Extract perfect squares: \(\sqrt{2^3 \times 3^2} = \sqrt{(2^2 \times 2)
\times 3^2} = \sqrt{(4 \times 2) \times 9} = \sqrt{4 \times 9 \times 2} =
\sqrt{36 \times 2} = 6 \sqrt{2}\).

---

Applying the Concepts to Typical Geometry
Problems

Let’s analyze some common problem types involving finding missing side
lengths, illustrating how to approach and solve each, including radical
simplification.

1. Right Triangle Problems

Scenario: Given a right triangle with one leg of length 8 units and
hypotenuse of length \( c \), find the other leg.

Solution:

- Use Pythagorean Theorem:

\( a^2 + b^2 = c^2 \).



- Suppose \( a = 8 \), \( c = \sqrt{164} \), then:

\( b^2 = c^2 - a^2 = 164 - 64 = 100 \).

- So, \( b = \sqrt{100} = 10 \).

- Note: If the radical was not a perfect square, for example, \( c^2 = 50 \),
then

\( b = \sqrt{50} = \sqrt{25 \times 2} = 5 \sqrt{2} \).

Key takeaway: Always simplify radicals to their simplest form.

2. Non-Right Triangles: Law of Cosines

Scenario: Given two sides \( a = 7 \), \( b = 10 \), and included angle \( C
= 60^\circ \), find side \( c \).

Solution:

- Law of Cosines:

\( c^2 = a^2 + b^2 - 2ab \cos C \).

- Plug in known values:

\( c^2 = 7^2 + 10^2 - 2 \times 7 \times 10 \times \cos 60^\circ \).

\( c^2 = 49 + 100 - 140 \times \frac{1}{2} \).

\( c^2 = 149 - 70 = 79 \).

- Thus,

\( c = \sqrt{79} \).

- Radical in simplest form: Since 79 is prime, the radical cannot be
simplified further.

Note: When radicals involve composite numbers, apply prime factorization to
simplify.

3. Using the Law of Sines

Scenario: Two angles \( A = 45^\circ \), \( B = 60^\circ \), side \( a = 8
\). Find side \( b \).

Solution:

- First, find \( C = 180^\circ - 45^\circ - 60^\circ = 75^\circ \).

- Law of Sines:

\( \frac{a}{\sin A} = \frac{b}{\sin B} \).



- Solve for \( b \):

\( b = \frac{\sin B}{\sin A} \times a \).

- Calculate:

\( b = \frac{\sin 60^\circ}{\sin 45^\circ} \times 8 \).

\( \sin 60^\circ = \frac{\sqrt{3}}{2} \), \( \sin 45^\circ =
\frac{\sqrt{2}}{2} \).

- Substitute:

\( b = \frac{\frac{\sqrt{3}}{2}}{\frac{\sqrt{2}}{2}} \times 8 =
\frac{\sqrt{3}}{\sqrt{2}} \times 8 \).

- Simplify the radical:

\( \frac{\sqrt{3}}
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