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Understanding how to find missing side lengths in geometric figures is a
fundamental skill in mathematics, especially in the study of triangles and
right—-angled figures. When solving for unknown sides, it’s important to leave
your answers in radical form in their simplest form to ensure clarity,
precision, and adherence to mathematical standards. This article will guide
you through the processes of identifying missing side lengths, applying
relevant formulas such as the Pythagorean theorem, and simplifying radical
expressions for accurate and tidy solutions.

Understanding the Importance of Simplifying
Radicals

Before diving into methods for finding missing side lengths, it’s essential
to understand why simplifying radicals matters. Radicals, especially square
roots, often appear when solving for sides in right triangles. Simplifying
radicals ensures:

- Clarity: The answer is as straightforward as possible.

— Mathematical Precision: Avoids approximations that can lead to
inaccuracies.

- Standardization: Common in textbooks and standardized tests to leave exact
answers.

Basic Concepts and Terminology

Key Terms

Hypotenuse: The longest side in a right triangle, opposite the right
angle.

e Legs: The two sides that form the right angle.

Pythagorean Theorem: A fundamental relation in right triangles: \( a2 +
br2 = c¢c”2 \).

Radical: An expression involving a root, such as \ (\sgrt{n}\).



e Simplest Radical Form: A radical that cannot be simplified further,
e.g., \(\sgrt{18} = 3\sqgrt{2}\).

When to Leave Answers as Radicals

— When the radical cannot be simplified further.
— To maintain exactness instead of decimal approximations.
- In algebraic or geometric expressions requiring precise solutions.

Finding Missing Side Lengths in Right Triangles

The most common scenario involves right triangles where either one of the
legs or the hypotenuse is unknown. The Pythagorean theorem is the primary
tool used here.

The Pythagorean Theorem

\ [
a2 + b*2 = c"2
\]

\(a\) and \(b\) are the legs.
- \(c\) is the hypotenuse.

To find a missing side:

- If you know both legs: \( ¢ = \sgrt{a”2 + b2} \).

- If you know one leg and the hypotenuse: \( a = \sgrt{c”2 - b"2} \) or \( b
= \sqgrt{c™2 - a2} \).

Step-by-Step Guide to Solve for Missing Sides

Example 1: Find the hypotenuse when legs are known

Suppose a right triangle has legs of lengths 6 and 8 units. Find the
hypotenuse in radical form.

Solution:

1. Write the Pythagorean theorem:
\

c = \sqrt{67"2 + 872}

\1]

2. Calculate squares:

\

c = \sqrt{36 + 64}

\1]

3. Sum inside the radical:



\ [
c = \sgrt{100}

\1]

4., Simplify the radical:
\ [

c = \sqgqrt{100} = 10

\1]

Result: The hypotenuse is 10 units (already a perfect square, so no radical
form needed).

Example 2: Find a missing leg with hypotenuse known

Suppose the hypotenuse is 10 units, and one leg is 6 units. Find the other
leg in radical form.

Solution:

1. Apply the formula:

\ [

b = \sgrt{c"2 - a"2}

\]

2. Substitute known values:

\ [

b = \sgqrt{10"2 - 672} = \sqgrt{100 - 36}
\]

3. Simplify inside the radical:
\ [

b = \sqrt{64}

\]

4. Simplify radical:

\ [

b =8

\]

Result: The missing leg is 8 units (again a perfect square).

Handling Non-Perfect Squares: Radical
Simplification

What if the radical cannot be simplified to a whole number?

Example 3: Find the hypotenuse with legs 3 and 4

Calculate in radical form, simplifying as necessary.

Solution:
1. Use Pythagoras:
\ [

c = \sqrt{372 + 472} = \sqgrt{9 + 16} = \sqrt{25}
\1



2. Simplify radical:
N
c =5

\1]

Note: This example yields a perfect square, but in cases where the sum isn't
a perfect square, radical simplification becomes critical.

Complex Radical Simplification
Suppose the calculation results in a radical like \ (\sqrt{50}\).

Simplify \ (\sgqrt{50}\):
— Factor inside the radical:

\ [

\sgrt{50} = \sgrt{25 \times 2}
\1]

— Take out perfect squares:

\ [

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

Thus, \(\sgrt{50} = 5\sqgrt{2}\).

Tips for Simplifying Radicals in Side Length
Problems

- Always factor the radicand (number inside the radical) into its prime
factors.

- Extract perfect squares (e.g., 4, 9, 16, 25, 36, ...) from the radical.

- Express the radical in simplest radical form, which means no perfect square
factors remain inside the radical.

— When radical expressions appear in your answer, verify that they are fully
simplified before concluding.

Additional Geometric Figures and Side Lengths

While right triangles are the most straightforward, other figures like
rhombuses, rectangles, and parallelograms sometimes require different
approaches.

Applying the Law of Cosines

For non-right triangles, when the Law of Cosines applies:
\ [
c*2 = a”2 + b*2 - 2ab \cos C



\]

- Solve for the unknown side and simplify radicals as needed.

Practice Problems to Master Finding Missing
Sides

1. A right triangle has legs of 9 and 12. Find the hypotenuse in simplest
radical form.

2. The hypotenuse of a right triangle is 15, and one leg is 9. Find the other
leg in radical form.

3. Find the hypotenuse when the legs are 7 and 24.

4. A triangle has side lengths of 8, 15, and an unknown side. If it's a right
triangle, find the missing side.

Common Mistakes to Avoid

— Forgetting to square the sides before adding or subtracting.

— Not simplifying radicals fully, leading to less precise answers.

- Confusing the Pythagorean theorem with other formulas.

- Assuming radical answers are always approximate; always leave answers in
radical form unless specified otherwise.

Conclusion

Finding missing side lengths in triangles, especially right triangles, hinges
on the effective use of the Pythagorean theorem and radical simplification
techniques. Always aim to leave your answers as radicals in their simplest
form to ensure accuracy and clarity. Mastering radical simplification not
only improves your problem-solving skills but also prepares you for advanced
topics in mathematics, including algebra, geometry, and trigonometry.

Whether you're solving basic problems or tackling more complex figures,
remember to:

- Carefully set up your equations.

- Apply the Pythagorean theorem correctly.
— Simplify radicals thoroughly.

- Verify your solutions for correctness.

With practice and attention to detail, you'll become proficient at finding
missing side lengths and expressing your answers neatly and precisely in
radical form.



Frequently Asked Questions

Given a right triangle with legs of 6 and 8 units,
what is the length of the hypotenuse in simplest
radical form?

The hypotenuse is vV (6% + 82) = V(36 + 64) = Y100 = 10 units.

A triangle has one leg measuring 9 units and the
hypotenuse measuring 15 units. Find the length of the
other leg in simplest radical form.

Using Pythagoras: x = v (15% - 9%) = V(225 - 81) = Y144 = 12 units.

If the hypotenuse of a right triangle is 10Y2 units
and one leg is 12 units, what is the length of the
missing leg in simplest radical form?

Using Pythagoras: x = vV ( (10¥2)?% - 122 ) = v (100x2 - 144) = v (200 - 144) =
v56 = 2V/14 units.

A right triangle has a hypotenuse of 7 units and one
leg of 4 units. Find the other leg in simplest
radical form.

Using Pythagoras: x = V(72 - 42?) = v (49 - 16) = v33 units.

In a right triangle, the legs are 3Y2 and 4Y3 units.
Find the hypotenuse in simplest radical form.

Hypotenuse = ¥ ( (3V2)?% + (4v3)? ) = Y (9x2 + 16x3) = v (18 + 48) = V66 units.

A right triangle has one leg of 5Y3 units and
hypotenuse of 13 units. Find the length of the other
leg in simplest radical form.

Using Pythagoras: x = v (13% - (5V3)2) = v (169 - 25x3) = v (169 - 75) = V94
units.

Additional Resources
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Introduction: The Importance of Finding Missing Side Lengths in Geometry

Geometry, one of the foundational branches of mathematics, revolves around



understanding shapes, sizes, and the relationships between different figures.
Among the core skills within geometry is the ability to determine missing
side lengths in various shapes, particularly triangles and other polygons.
The capability to find these missing measurements is not only essential for
academic success but also for practical applications such as engineering,
architecture, and design.

In problems that involve missing side lengths, students are often asked to
leave their answers as radicals in simplest form. This requirement emphasizes
the importance of exact values over approximate decimal forms, fostering a
deeper understanding of geometric relationships and algebraic manipulation.
This article provides a comprehensive overview of methods, strategies, and
best practices for finding missing side lengths, with detailed explanations
and illustrative examples.

Understanding the Foundations: Key Concepts in Geometry

Before delving into methods for calculating missing side lengths, it is vital
to understand some fundamental concepts that underpin these calculations.

1. The Pythagorean Theorem

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

\[ ¢c*2 = a*2 + b2 \]

where:
- \( ¢ \) is the hypotenuse,
- \N(a\) and \( b \) are the legs.

This theorem is instrumental in solving for missing sides in right triangles,
especially when two sides are known.

2. Properties of Special Triangles

- Equilateral Triangle: All sides are equal, and all angles measure 60°. When
solving for missing sides, the height can be found using Pythagoras.

— Isosceles Triangle: Two sides are equal, and the angles opposite those
sides are equal.

- 30-60-90 Triangle: The ratios of the sides are 1 : V3 : 2.

— 45-45-90 Triangle: The legs are equal, and the hypotenuse equals the leg
multiplied by V2.

3. The Law of Cosines and Law of Sines

When dealing with non-right triangles, these laws are invaluable:

— Law of Cosines:

\[ c*2 = a2 + b2 - 2ab \cos C \]

— Law of Sines:

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



These laws extend the Pythagorean theorem to oblique triangles and are
crucial for solving more complex problems involving unknown sides and angles.

Methods for Finding Missing Side Lengths

The process of finding missing side lengths varies depending on the type of
figure and the information provided. Below, we explore the most common
methodologies.

1. Using the Pythagorean Theorem in Right Triangles

The most straightforward method for right triangles:

— Step 1: Identify the known sides.

- Step 2: Rearrange the Pythagorean theorem as needed:

- To find the hypotenuse: \( ¢ = \sgrt{a”2 + b"2} \)

- To find a leg: \( a = \sqgrt{c”2 - b"2} \)

— Step 3: Simplify radicals to their simplest form.

Example:

Suppose a right triangle has legs measuring 3 and 4 units. Find the
hypotenuse:

\[ ¢ = \sqgrt{372 + 472} = \sqrt{9 + 16} = \sqgrt{25} = 5 \]
Note: In this case, the radical simplifies to a perfect square, resulting in

an integer. When radicals don't simplify to integers, leaving them in
simplest radical form preserves the exact value.

2. Applying Special Triangle Ratios

In triangles with known angles, especially 30-60-90 and 45-45-90 triangles,
side ratios simplify calculations:

- 30-60-90 Triangle:

\[ \text{Sides} = \text{short side} : \text{long side} : \text{hypotenuse} =
1 : \sgrt{3} : 2 \]

- 45-45-90 Triangle:
N[ \text{Sides} =1 : 1 : \sqgrt{2} \]

When given one side, the others can be written as multiples or fractions
involving radicals, which should be simplified.

Example:
Given the shorter leg in a 30-60-90 triangle is 2 units, the hypotenuse is:
\[ 2 \times 2 = 4 \]

The longer leg:



\[ 2 \times \sqgrt{3} = 2\sgrt{3} \]

3. Using the Law of Cosines for Non-Right Triangles

When dealing with oblique triangles where the Pythagorean theorem does not
apply, the Law of Cosines becomes essential.

Example:

Suppose you know two sides of a triangle and the included angle:

- \N(a=7)\)
- \( b =10 \)
- \( C = 60"\circ \)

Find side \( c \):
\[ ¢c”"2 = a2 + b"*2 - 2ab \cos C \]

N[ c"2

772 + 1072 - 2 \times 7 \times 10 \times \cos 60"\circ \]
N[ c”2 = 49 + 100 - 140 \times \frac{1}{2} \]

N[ ¢”2 = 149 - 70 = 79 \]

Thus,

N[ ¢ = \sgrt{79} \]

Since 79 is prime, the radical is already in simplest form.

Strategies for Simplifying Radicals in Final Answers

When solving for side lengths, the goal is to leave answers in radicals in
their simplest form. This involves:

— Factoring the radicand to identify perfect squares.

- Reducing the radical by extracting perfect square factors.

— Avoiding decimal approximations unless explicitly required.

Step-by—-step process:

1. Factor the radicand: For example, 72 factors into \( 27”3 \times 372 \).
2. Identify perfect squares: \( 372 = 9 \) is a perfect square.

3. Extract the square root of perfect squares:

N[ \sgrt{72} = \sqrt{9 \times 8} = 3 \sqgrt{8} \]

4. Simplify further if possible:

N[ 3 \sgrt{8} = 3 \times 2 \sqgrt{2} = 6 \sqgrt{2} \]

The radical is now in simplest form.



Real-world Application and Problem-Solving Tips

The ability to find missing side lengths is not limited to theoretical
exercises; it also applies to real-world problems:

— Construction and Engineering: Ensuring structures are built accurately
requires precise measurements and calculations.

- Navigation and Surveying: Determining distances based on angles and known
measurements.

— Design and Art: Calculating proportions and dimensions.

Practical tips:

- Always identify the type of triangle or figure.

— Use the most straightforward method first (often Pythagoras in right
triangles).

— When in doubt, check if the problem involves special ratios or the Law of
Cosines.

- Simplify radicals at every step to maintain accuracy and clarity.

— Leave radicals in simplest form unless a decimal approximation is
specifically requested.

Common Challenges and How to Overcome Them
Students often encounter difficulties when:

— Misidentifying the triangle type: Confirm whether the triangle is right-
angled or oblique before choosing the method.

- Forgetting to simplify radicals: Regular practice in radical simplification
helps develop fluency.

- Mixing approximate and exact answers: Always aim for exact answers unless
instructed otherwise.

- Handling complex problems involving multiple steps: Break down the problem
into smaller parts and verify each step.

By practicing a variety of problems and familiarizing oneself with radical
simplification techniques, learners can build confidence and proficiency.

Conclusion: Mastery Through Practice and Understanding

Finding missing side lengths in geometric figures is a fundamental skill that
combines algebraic manipulation, geometric reasoning, and attention to
detail. The emphasis on leaving answers as radicals in simplest form
underscores the importance of exactness and a deeper grasp of mathematical
relationships.

Through understanding foundational concepts such as the Pythagorean theorem,
special triangle ratios, and the Law of Cosines, students can approach
diverse problems with confidence. Remember, the key lies in systematic
problem-solving, diligent radical simplification, and a thorough
understanding of the geometric context. With consistent practice, mastering
this skill becomes an invaluable tool in the broader landscape of mathematics
and its applications.
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