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When working with geometric figures, particularly triangles, one of the most
common challenges students and professionals face is determining the missing
side lengths. Whether you're solving for unknown sides in right triangles,
oblique triangles, or other polygons, understanding how to find the missing
lengths accurately is essential. Additionally, once you find these lengths,
expressing your answer in the simplest radical form enhances clarity and
precision, especially in mathematical contexts that favor exact values over
decimal approximations. In this comprehensive guide, we'll explore various
methods and strategies for finding missing side lengths and how to leave your
answer as a radical in its simplest form, optimizing your problem-solving
skills and ensuring accuracy in your solutions.

Understanding the Importance of Simplifying
Radicals in Geometry

What Are Radicals?

Radicals are expressions that involve roots, most commonly square roots, cube
roots, etc. They are written using the radical symbol (V). For example, V50
is a radical expression.

Why Simplify Radicals?
Simplifying radicals helps:

— Make solutions easier to interpret.

— Facilitate comparisons between different radical expressions.

- Maintain exactness, avoiding unnecessary decimal approximations.
— Prepare answers for further algebraic operations.

How to Simplify Radicals

To simplify a radical:

Factor the number inside the radical into its prime factors.

Identify perfect squares (or other perfect roots) within the factors.
Take out the perfect square factors outside the radical.

Rewrite the radical in its simplest form.
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Example: Simplify V72

- Prime factorization: 72 = 2 x 2 x 2 x 3 x 3
— Recognize perfect squares: 2x2=4, 3x3=9



— Rewrite: v (4x18) = V4 x V18 = 2/18
- Simplify V18: /(9x2) = 3v2

Final answer: 2x3J/2 = 6/2

Methods for Finding Missing Side Lengths

There are several strategies to find missing side lengths in geometric
figures, especially triangles. The choice often depends on the known
information, such as angles, sides, or specific properties.

1. Using the Pythagorean Theorem

Applicable primarily in right triangles, the Pythagorean theorem states:
a’ + b? = c¢?

where ¢ is the hypotenuse, and a and b are the legs.

Steps to find missing sides:

— Identify the right triangle.

— Determine which side is missing.

- Rearrange the formula accordingly.

Example: Find the hypotenuse c¢ if a=3 and b=4.

Solution: c?=324+4%=9+16=25 - c=/25=5

2. Applying Trigonometry Ratios

For non-right triangles, trigonometry provides tools to find missing sides
using sine, cosine, and tangent functions, especially when angles and sides
are known.

Key ratios:

- sine (sin): opposite/hypotenuse

- cosine (cos): adjacent/hypotenuse
- tangent (tan): opposite/adjacent
Steps:

— Identify the known sides and angles.
— Select the appropriate ratio.
- Set up an equation and solve for the unknown side.

Example: Given an angle of 30°, and an adjacent side of 10 units, find the
hypotenuse.

Solution: cos 30°= adjacent/hypotenuse - v3/2=10/hypotenuse



Hypotenuse = 10 / (Y3/2) = 10 x (2/¥3) = (20/V3)
Rationalize the denominator: (20/v3) x (¥Y3/¥3) = (2043)/3

Answer: (20v¥3)/3 units

3. Using the Law of Sines and Law of Cosines

When working with oblique triangles (non-right triangles), these laws are
invaluable.

Law of Sines:

( side a / sin A ) = ( side b / sin B ) = ( side ¢ / sin C )

Law of Cosines:

c? = a’ + b? - 2ab cos C

Key points:

— Use Law of Sines when you have ASA or AAS data.

— Use Law of Cosines when you have SAS data or need to find a side in a

triangle with two known sides and included angle.

Example: Find side c¢ in triangle with sides a=7, b=9, and included angle
C=60°.

Solution:

c? = 7% + 9% — 2x7x9xcos 60°

49 + 81 - 2x7x9x0.5
= 130 - (2x7x9x0.5)
Calculate:

2xTx9=126

126%x0.5=63
c*=130-63=67

c=V67

Radically simplified, 67 is prime, so answer: V67

How to Leave Your Answer as a Radical in Its
Simplest Form



Once you've computed the side length, the next step is to ensure the radical
is simplified.

Step-by—-Step Guide:

1. Factor the radical’s radicand: Find prime factors of the number under the
radical.

2. Identify perfect powers: Look for perfect squares, cubes, etc., within the
factors.

3. Extract perfect powers: Take out the perfect square factors from under the
radical.

4. Simplify the radical: Rewrite the radical with the extracted factors
outside.

Example: Find the radical form of V180 in simplest form.

— Prime factorization: 180 = 2x2x3x3x5

- Recognize perfect squares: 2x2=4, 3x3=9

- Rewrite: vV (4x9x5) = V4x/9x/5 = 2x3xy5 = 6/5

Answer: 6V5

Practice Problems and Solutions

Problem 1: Find the missing side in a right triangle where one leg is 8
units, the hypotenuse is 17 units.

Solution: Use Pythagoras theorem:
c?=a’+b? - 17%=8% + Db?
289=64 + b? - b*=225 - b=/225=15

Answer: The missing side is 15 units.

Problem 2: In triangle ABC, angle A=45°, side a=10 units. Find side c using
Law of Sines.

Solution:
(a/ sinA ) = (¢ / sin C )

But since C is unknown, and B is unknown, you need additional info or angles.
Suppose angle C=60°.

Then:
(10 / sin 45°) = ¢ / sin 60°

Calculate:



sin 45°= Yy2/2 =~ 0.7071

sin 60°= V3/2 ~ 0.8660

(10 / 0.7071) =~ c / 0.8660

c = (10 / 0.7071) x 0.8660 ~ (14.142) x 0.8660 ~ 12.247

Expressed as radical:

c = (10 / (V2/2)) x (VY3/2) = (10x2/¥2)x(V3/2)
Simplify numerator: 20/v2

Rationalize: (20/Y2) x (¥2/¥2) = (20¥2)/2=1042
Now multiply by V3/2:

(10vV2) x (¥3/2)= (10v2x/3) /2= (10xV6) /2= 5/6

Answer: 5/6 units

Conclusion

Finding missing side lengths and expressing your answers as radicals in
simplest form are fundamental skills in geometry. Mastery of the Pythagorean
theorem, trigonometry ratios, and the Law of Sines and Cosines allows you to
solve a wide variety of problems efficiently. Remember, simplifying radicals
not only makes your answers cleaner but also preserves the exactness of your
solutions. Practice regularly with different types of problems to build
confidence and proficiency. Whether you're tackling homework, preparing for
exams, or working on advanced mathematical projects, these techniques will
serve as a solid foundation for accurate and elegant solutions in geometry.
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How do I find the missing side length in a right
triangle using the Pythagorean theorem?

To find the missing side, use the formula a® + b? = c?. Solve for the missing
side by rearranging the formula and taking the square root of the sum or
difference as needed.

What is the process for simplifying radical
expressions after finding a side length?

Once you calculate the radical expression, factor the radicand to identify
perfect squares, then simplify by taking out perfect squares to leave the
radical in simplest form.

Can you provide an example of finding a missing side
and simplifying the radical?

Yes. For a right triangle with legs 3 and 4, find hypotenuse: c = v (3% + 4%)
=Y/(9 + 16) = V25 = 5. The simplified radical is 5.

How do I handle radical expressions when the side
lengths involve variables?

Substitute the known values, perform the calculations under the radical, and
then simplify the radical as much as possible, factoring out perfect squares.

What are common mistakes to avoid when calculating
and simplifying radicals for side lengths?

Common mistakes include forgetting to simplify radicals fully, mixing up the
Pythagorean theorem steps, and not reducing radicals to their simplest form
after calculation.

Is it necessary to leave answers in radical form, or
can I convert to decimals?

For exact answers, especially in trigonometry or geometry, leave the answer
in radical form. However, if an approximate value is acceptable, convert the
radical to a decimal by calculating its wvalue.

How can I verify that my found side length is correct
after simplifying radicals?

Plug the found side length back into the Pythagorean theorem to check if the
equation holds true. If it does, your answer is correct.

Are there tools or calculators that can help simplify
radicals automatically?
Yes, many scientific calculators and online algebra tools can simplify

radicals. Just input the radical expression, and they will provide the
simplest form.



What is the best way to practice finding missing side
lengths and simplifying radicals?

Practice with a variety of problems, starting with numerical examples and
gradually moving to those involving variables. Use step-by-step solutions to
understand each process thoroughly.

Additional Resources

Find The Missing Side Lengths Leave Your Answer As A Rational Simplest Form:
An In-Depth Exploration of Geometric Problem Solving

In the realm of geometry and trigonometry, one of the most fundamental yet
challenging tasks students and professionals encounter is finding the missing
side lengths of various shapes and figures. Whether dealing with triangles,
polygons, or complex composite figures, accurately determining unknown
measurements is essential for solving real-world problems, from engineering
to architecture. The instruction to "leave your answer as a rational simplest
form" emphasizes the importance of presenting solutions in their most
reduced, precise, and understandable form—an essential skill in mathematical
accuracy and clarity. This article aims to delve into the comprehensive
strategies for identifying missing side lengths, emphasizing rational
simplification, and providing an analytical framework for tackling such
problems with confidence.

Understanding the Importance of Finding Missing
Side Lengths

Before diving into methods and techniques, it's crucial to understand why
finding missing sides is vital.

The Role in Geometric Problem Solving

- Completing Figures: Many geometric problems involve incomplete figures.
Knowing all sides allows for a complete understanding of the figure's
properties.

— Calculating Perimeters and Areas: Missing sides directly impact
computations of perimeter, area, and other related measures.

- Applying Theorems and Formulas: Theorems such as the Pythagorean theorem,
Law of Sines, and Law of Cosines rely on known side lengths to find unknowns.
— Real-World Applications: Engineers, architects, and scientists often need
to determine measurements that are not directly accessible, relying on
indirect calculations.

The Significance of Rational Simplification

Presenting answers as rational simplest forms ensures clarity, precision, and
ease of further calculations or interpretations. It involves expressing
fractions in their lowest terms, avoiding decimal approximations unless
necessary, and maintaining an exact representation of the solution.



Fundamental Concepts and Preliminaries

Basic Geometric Principles

— Triangles: The simplest polygons where missing sides are often calculated
using Pythagoras, Law of Sines, or Law of Cosines.

- Pythagorean Theorem: Applies to right triangles, relating the hypotenuse to
the legs.

— Law of Sines: Relates ratios of sides to sines of their opposite angles,
useful in non-right triangles.

- Law of Cosines: Extends Pythagoras' theorem to oblique triangles, relating
sides and included angles.

Rational Simplest Form
— Definition: A fraction is in simplest form when numerator and denominator
share no common factors other than 1.

— In context: When solving for side lengths expressed as fractions, always
reduce to lowest terms to satisfy the problem's requirement.

Strategies for Finding Missing Side Lengths

1. Recognizing the Type of Triangle or Figure

Different approaches apply depending on the figure:

Right Triangle: Use Pythagoras theorem.
— Oblique Triangle (non-right): Use Law of Sines or Law of Cosines.
— Polygon or Complex Figures: Break down into simpler shapes.

2. Applying the Correct Theorem or Formula
Pythagorean Theorem
- Formula: a’ + b? = c¢?

— Use case: When right angles are present, and two sides are known, solve for
the third.

Law of Sines

— Formula: (a / sin A) = (b / sin B) = (¢ / sin C)
— Use case: When two angles and one side are known (AAS or ASA), or two sides
and an angle opposite one of them (SSA).

Law of Cosines

- Formula: c? = a? + b? - 2ab cos C
— Use case: When two sides and the included angle are known (SAS) or all

three sides are known (SSS).
3. Step-by-Step Approach to Solve

1. Identify the information provided: sides, angles, or both.
2. Determine the type of triangle or figure.



Select the appropriate theorem or formula.

Set up the equation(s) based on the known values.
Solve algebraically, maintaining rational expressions.
Simplify your answer to the lowest terms.

oy U1 > W

Detailed Examples and Applications

Example 1: Right Triangle with Known Legs
Suppose you have a right triangle where one leg measures 8/3 units and the
other measures 5/6 units. Find the hypotenuse, expressed in simplest rational

form.

Solution:

a2 + b2 \)
\frac{5}{6} \)

- Applying Pythagoras: \( c”2
- \(a = \frac{8}{3} \), \ (Db

Calculations:

\ [

c”2 = \left (\frac{8}{3}\right) "2 + \left (\frac{5}{6}\right) "2 = \frac{64}{9}
+ \frac{25}{36}

\]

Find common denominator:

\ [
\frac{64}{9} = \frac{256}{36}
\]

Adding:

\ [
c™2 = \frac{256}{36} + \frac{25}{36} = \frac{281}{36}
\]

Taking the square root:

\ [
c = \sqrt{\frac{281}{36}} = \frac{\sgrt{281}r}{6}
\1

Since 281 is not a perfect square and has no perfect square factors other
than 1, the radical is already simplified.

Answer:

\ [
\boxed{\frac{\sqrt{281}}{6}}
\1

This is the hypotenuse in radical simplest form, adhering to the instruction
of leaving the answer as a rational (fractional) radical in simplest form.



Example 2: Triangle with Known Angles and a Side

Given a triangle with angles \ (A=45"\circ\), \(B=60"\circ\), and side \(a =
7/2\), find side \ (b\).

Solution:
— Use Law of Sines:

\ [
\frac{a}{\sin A} = \frac{b}{\sin B}
\1

Substitute known wvalues:

\ [
\frac{\frac{7}{2}}{\sin 45*\circ} = \frac{b}{\sin 60"\circ}
\1

Express sines as fractions:

\ [
\sin 45"\circ = \frac{\sgrt{2}}{2}, \gquad \sin 60"\circ = \frac{\sqrt{3}}{2}
\]

Set up the proportion:

\ [
\frac{\frac{7}{2}}{\frac{\sqgrt{2}}{2}} = \frac{b}{\frac{\sqrt{3}}{2}}
\1

Simplify numerator:

\ [
\frac{7/2}{\sqrt{2}/2} = \frac{7/2 \times 2/\sqrt{2}}{1} = \frac{7}{\sqrt{2}}
\1

Now, solve for \ (b\):

\ [

b = \left (\frac{7}{\sqgrt{2}}\right) \times \frac{\sqrt{3}}{2} = \frac{7
\sqrt{3}}{2 \sqgrt{2}}

\]

Rationalize the denominator:

\ [

b = \frac{7 \sgrt{3}}{2 \sqgrt{2}} \times \frac{\sqgrt{2}}{\sqrt{2}} = \frac{7
\sgrt{3} \sgrt{2}}{2 \times 2} = \frac{7 \sqgrt{o6}}{4}

\]

Answer:

\ [
\boxed{\frac{7 \sqrt{6}}{4}}
\1



This radical form is simplified, with numerator and denominator rationalized,
satisfying the requirement for the simplest rational form.

Example 3: Non-Right Triangle with SSS

Suppose sides \ (a=3/4\), \(b=5/6\), and \(c=7/8\). Find angle \ (C\).
Solution:

Use Law of Cosines:

\ [
c™2 = a”2 + b*2 - 2ab \cos C
\1

Plug in values:

\ [

\left (\frac{7}{8}\right) "2 = \left (\frac{3}{4}\right) "2 +

\left (\frac{5}{6}\right) "2 - 2 \times \frac{3}{4} \times \frac{5}{6} \times
\cos C

\]

Compute squares:

\ [

\frac{49}{64} = \frac{9}{16} + \frac{25}{36} — 2 \times \frac{3}{4} \times
\frac{5}{6} \times \cos C

\1

Find common denominators and sum:

- Convert to a common denominator, say 576:

\ [
\frac{49}{64} = \frac{441}{576}
\]
\ [
\frac{9}{16} = \frac{324}{576}
\]
\ [
\frac{25}{36} = \frac{400}{576}
\]

Sum:

\ [
\frac{324}{576} +
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