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included angle geometry definition is a fundamental concept in the study of
shapes, lines, and figures within the field of geometry. Understanding what
an included angle is, how it is measured, and its applications is essential
for students and professionals dealing with geometric problems. This article
explores the included angle in depth, explaining its precise meaning, its
role in different geometric contexts such as triangles and polygons, and how
it differs from other types of angles. Additionally, the article covers
methods to calculate included angles and highlights their importance in
various practical scenarios including engineering, architecture, and
trigonometry. By the end of this comprehensive guide, readers will have a
clear grasp of the included angle geometry definition and its significance in
both theoretical and applied mathematics.
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Definition of Included Angle in Geometry

The included angle in geometry refers to the angle formed between two
adjacent sides or line segments that share a common vertex within a polygon
or geometric figure. More specifically, it is the angle “included” between
two given sides, meaning the angle directly between those sides rather than
an angle that might be external or opposite. This concept is essential
because the included angle helps in determining the shape and measurements of
various figures, especially polygons and triangles. The included angle is
always measured in degrees or radians and is a key element when analyzing
geometric properties or solving problems involving angles and sides.

Basic Characteristics of Included Angles

Included angles have distinct characteristics that differentiate them from
other types of angles:

They are formed by two sides meeting at a common vertex.

The angle lies inside the polygon or figure.

It is crucial for defining the shape and dimensions of polygons.

Included angles can be acute, right, obtuse, or straight, depending on
the two sides.



Included Angle in Triangles

In triangles, the included angle holds particular importance because it
directly relates to the two sides surrounding it. For any two sides of a
triangle, the angle between them is the included angle. This is especially
relevant in the context of the Law of Cosines, which uses the included angle
to calculate the length of the third side or to find the angle itself when
side lengths are known.

Role in Triangle Properties and Calculations

The included angle in a triangle helps determine key properties such as side
lengths, area, and the triangle’s classification (acute, obtuse, or right).
The Law of Cosines formula is given by:

c² = a² + b² - 2ab cos(C)

Here, angle C is the included angle between sides a and b, and c is the side
opposite angle C. This formula can be rearranged to find the included angle
if the side lengths are known, making it an invaluable tool in trigonometry
and geometry.

Examples of Included Angles in Triangles

Angle between side AB and side BC in triangle ABC is the included angle
at vertex B.

In an isosceles triangle, the included angle between the two equal sides
determines whether the triangle is acute or obtuse.

Right triangles have one included angle exactly equal to 90 degrees.

Calculating Included Angles

Calculating the included angle depends on the information available about the
figure. When side lengths and other angles are known, trigonometric laws and
geometric principles are used to determine the included angle accurately.

Using the Law of Cosines

The Law of Cosines is the most common method for calculating the included
angle between two known sides of a triangle. The formula rearranged to find
the included angle C is:

cos(C) = (a² + b² - c²) / (2ab)

Once the cosine value is calculated, the included angle C can be found by
taking the inverse cosine (arccos) of that value. This method is precise and
widely used in various fields requiring geometric calculations.



Using Dot Product for Vectors

In coordinate geometry and vector analysis, the included angle between two
vectors can be calculated using the dot product formula:

cos(θ) = (A · B) / (|A| |B|)

Where θ is the included angle between vectors A and B, A · B is the dot
product, and |A| and |B| are the magnitudes of the vectors. This method is
particularly useful in physics and engineering contexts where direction and
magnitude are involved.

Steps to Calculate Included Angle

Identify the two sides or vectors forming the angle.1.

Measure or obtain the lengths/magnitudes of the sides or vectors.2.

Use the Law of Cosines or dot product formula depending on the context.3.

Calculate the cosine of the angle.4.

Apply inverse cosine function to find the included angle in degrees or5.
radians.

Applications of Included Angles

Included angles are integral to many practical and theoretical applications
across different disciplines. Their utility extends beyond basic geometry,
influencing design, analysis, and problem-solving in multiple fields.

Engineering and Architecture

Included angles are critical in structural design and architectural planning.
They determine joint angles in frameworks, influence load distribution, and
help in creating precise models of buildings, bridges, and mechanical
components. Correct calculation of included angles ensures stability and
functionality in construction.

Trigonometry and Navigation

In trigonometry, included angles allow for solving unknown sides and angles
in triangles, which is essential for navigation, surveying, and map-making.
These calculations enable accurate positioning and distance measurement over
land and sea.

Computer Graphics and Robotics

Included angles are used in computer graphics to model the shapes and
orientations of objects, as well as in robotics for articulating joints and



movement paths. Precise angle calculations help simulate realistic motion and
design efficient mechanical systems.

Difference Between Included Angles and Other
Angles

Understanding how included angles differ from other types of angles is
important for correct application in geometry and related fields.

Included Angle vs. Adjacent Angle

While an included angle is specifically the angle formed between two sides of
a polygon or figure, adjacent angles are any two angles sharing a common side
and vertex but may not necessarily lie between two specific sides of
interest. Included angles are always internal angles between two sides,
whereas adjacent angles can be internal or external.

Included Angle vs. Exterior Angle

An exterior angle is formed outside a polygon when one side is extended. In
contrast, an included angle is always inside the polygon, formed directly
between two sides meeting at a vertex. Exterior angles are supplementary to
the interior included angles and have different properties and formulas
associated with them.

Included Angle vs. Vertical Angle

Vertical angles are pairs of opposite angles formed by two intersecting
lines. They are congruent but do not necessarily relate to the sides of a
polygon as included angles do. Included angles focus on the polygon’s
structure, while vertical angles are about line intersections.

Frequently Asked Questions

What is the definition of an included angle in
geometry?

An included angle in geometry is the angle formed between two adjacent sides
of a polygon or between two intersecting lines.

How do you identify the included angle in a triangle?

In a triangle, the included angle is the angle formed at the vertex where two
given sides meet.



Why is the included angle important in geometry?

The included angle is important because it helps determine the shape and size
of polygons and is crucial in solving problems involving side-angle-side
(SAS) congruence and trigonometry.

Can the included angle be obtuse or acute?

Yes, the included angle can be acute (less than 90 degrees), right (90
degrees), or obtuse (greater than 90 degrees) depending on the shape of the
figure.

How is the included angle used in the Law of Cosines?

In the Law of Cosines, the included angle between two sides of a triangle is
used to calculate the length of the third side using the formula c² = a² + b²
- 2ab cos(C), where C is the included angle.

What is the difference between an included angle and
an adjacent angle?

An included angle specifically refers to the angle formed between two sides
of a polygon or two segments, whereas adjacent angles are any two angles that
share a common side and vertex.

How do you measure the included angle in a polygon?

To measure the included angle in a polygon, use a protractor to measure the
angle between two adjacent sides at their common vertex.

Is the included angle always inside the polygon?

Yes, the included angle is always the interior angle formed between two
adjacent sides inside the polygon.

How does the concept of included angle apply to
vectors?

In vectors, the included angle is the angle between two vectors originating
from the same point, and it is used to calculate the dot product and
determine vector relationships.

Can the included angle help in proving triangle
congruence?

Yes, the included angle is essential in the Side-Angle-Side (SAS) postulate
for proving triangle congruence, where two sides and the included angle are
used to establish equality between triangles.

Additional Resources
1. Understanding Included Angles: Foundations and Applications



This book offers a comprehensive introduction to the concept of included
angles in geometry, explaining their definition, properties, and significance
in various geometric figures. It includes numerous examples and exercises to
help readers grasp how included angles are used in solving problems related
to triangles, polygons, and circles. Suitable for high school students and
geometry enthusiasts, it bridges theory with real-world applications.

2. Geometry Essentials: Exploring Included Angles and Their Roles
Focusing on the essentials of geometry, this text dives into the definition
of included angles and their critical role in determining the relationships
between sides and angles in polygons. The book features clear diagrams and
step-by-step problem-solving techniques, making it ideal for learners aiming
to strengthen their understanding of angle concepts and prepare for
standardized tests.

3. Applied Geometry: Practical Uses of Included Angles
This practical guide explores how included angles are used in various fields
such as engineering, architecture, and design. It explains the geometric
principles behind included angles and demonstrates through case studies how
accurate angle measurement leads to more efficient and stable structures.
Readers will gain a deeper appreciation of geometry’s real-world impact.

4. Triangles and Included Angles: A Deep Dive into Geometric Relationships
Dedicated to the study of triangles, this book thoroughly examines included
angles and their influence on side lengths and triangle classification. It
covers fundamental theorems like the Law of Cosines and Angle-Side-Angle
(ASA) congruency, providing both theoretical insights and practical problem
sets for mastery.

5. Mastering Angle Concepts: From Basics to Included Angles
Designed for students new to geometry, this book starts with basic angle
definitions and gradually builds up to included angles, illustrating their
importance in various polygonal shapes. The clear explanations and visual
aids help readers develop a solid foundational understanding, making complex
concepts more accessible.

6. Geometry Problem Solver: Included Angles and Beyond
This problem-solving manual offers hundreds of practice problems centered on
included angles, accompanied by detailed solutions and strategies. It is an
excellent resource for self-study, helping students improve their analytical
skills and gain confidence in tackling geometry questions involving angle
relationships.

7. Polygon Properties: The Role of Included Angles in Shape Analysis
This book explores how included angles define the shape and properties of
polygons, including convex and concave types. It discusses angle sums,
interior and exterior angles, and how included angles affect polygon
classification and construction, supported by numerous illustrations and
examples.

8. Trigonometry and Included Angles: Connecting Geometry and Measurement
Bridging geometry and trigonometry, this text emphasizes the importance of
included angles in trigonometric calculations and applications. It
demonstrates how to use included angles in solving triangles using sine and
cosine rules, with practical exercises related to surveying, navigation, and
physics.

9. Visual Geometry: Understanding Included Angles Through Diagrams
This visually rich book uses detailed diagrams and interactive illustrations



to teach the concept of included angles. It encourages intuitive learning by
showing how included angles appear in different geometric contexts and how to
identify and use them effectively in problem-solving scenarios.
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