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When working with triangles, understanding the possible lengths of the third
side given two known sides is essential in geometry. If you know two sides of
a triangle, say 8 and 13 units, you might wonder: what are the possible
lengths for the third side? Determining the range for the measure of the
third side involves applying the triangle inequality theorem, which provides
conditions that must be satisfied for three side lengths to form a valid
triangle. In this article, we will explore how to find the range for the
third side of a triangle when two sides are given as 8 and 13, using step-by-
step reasoning, formulas, and practical examples.

Understanding the Triangle Inequality Theorem

The cornerstone of analyzing side lengths in triangles is the triangle
inequality theorem. This theorem states:

e For any triangle, the sum of the lengths of any two sides must be
greater than the length of the remaining side.

Mathematically, if the sides are a, b, and c, then:

cea+b>c
ea+Cc>bhb

b +c>a

This set of inequalities ensures the sides can connect to form a valid
triangle. When two sides are known, these inequalities help us determine the
possible range for the third side.



Applying the Triangle Inequality to Sides 8 and
13

Suppose the two known sides are:

8 units

e Side a

e Side b 13 units

Let the third side be c units. To find the possible values for c, apply the
triangle inequality conditions:

1. Sum of known sides greater than third side

e 8 + 13 > ¢
e 21 > ¢

e Cc < 21

2. Sum of third side and one known side greater than
the other known side

e 8 + c > 13
eCc>13 - 8
eCc>5

3. Sum of third side and the other known side
greater than the first known side

e13 + c>8
eCc >8 - 13

eC > -5



Since side lengths are always positive, the inequality c¢ > -5 is
automatically satisfied for positive c. Therefore, the critical inequalities
are:

eCc>5

eCc < 21

Final Range for c:

\ [
\boxed{
\text{The third side } c \text{ must satisfy } 5 < c < 21

}
\]

This means the measure of the third side must be greater than 5 units but
less than 21 units for the three sides to form a valid triangle.

Visualizing the Range of Possible Third Side
Lengths

To better understand this range, consider the following:

e Any third side length exactly equal to 5 units or 21 units will not form
a triangle. For example, if ¢ = 5, then the sides are 8, 13, and 5,
which do not satisfy the triangle inequality because 8 + 5 = 13, not
greater than 13.

e Similarly, if ¢ = 21, then the sides are 8, 13, and 21, which do not
satisfy the inequality because 8 + 13 = 21, not greater than 21.

Thus, the third side must be strictly between these bounds to form a valid
triangle.

Special Cases and Considerations

While the above analysis provides the general range, some special cases are
worth noting:



1. Degenerate Triangles

A degenerate triangle occurs when the sum of two sides equals the third side,
effectively collapsing the triangle into a straight line. For example, if c =
21 or ¢ = 5, the triangle is degenerate and not considered a true triangle.

2. Practical Applications

Understanding the possible range for the third side has practical
significance in fields like construction, engineering, and design, where
precise measurements ensure structural integrity.

Step-by-Step Summary to Find the Range for the
Third Side

Here's a concise process to determine the range:

1. Identify the known sides: in this case, 8 and 13.

2. Apply the triangle inequality theorem:

o Sum of known sides > third side: 8 + 13 > c -» ¢c < 21.

o Sum of third side + one known side > other known side:
=8+ c>13 - c > 5.
*»13 + c >8> c > -5 (automatically true for positive c).
3. Combine the inequalities to find the range:
oc>5and c < 21.

4. Express the range as: c € (5, 21).

Note: The interval is open because equality at the endpoints (c =5 or c =
21) does not produce a valid triangle.



Real-World Examples and Practice Problems

Example 1:

Given sides 8 and 13, find the possible length of the third side if it must
be an integer.

e Possible integer lengths are 6, 7, 8, ..., 20.

e Note that c cannot be 5 or 21, but can be any integer strictly between
them.

Example 2:

Suppose you are designing a triangular frame with two sides measuring 8
meters and 13 meters. To ensure the frame is stable, the third side must be
between what lengths?

e Between 5 meters and 21 meters, but not including these values.

e Therefore, any length c where 5 < ¢ < 21 meters will work.

Conclusion: Why Knowing the Range Matters

Understanding how to find the range for the third side of a triangle given
two sides is fundamental in geometry and various practical applications.
Whether you're solving math problems, designing structures, or analyzing
shapes, applying the triangle inequality theorem allows you to determine
feasible side lengths for triangles. For sides measuring 8 and 13, the third
side must satisfy 5 < c < 21 to form a valid triangle. Remember, the key is
that the sum of any two sides must be strictly greater than the remaining
side, ensuring the sides can connect to form a proper, non-degenerate
triangle.

By mastering this concept, you'll enhance your problem-solving skills and
deepen your understanding of geometric principles, making you more confident
in tackling related mathematical challenges.



Frequently Asked Questions

What is the range for the measure of the third side
of a triangle when the given sides are 8 and 13?

The third side must be greater than the difference and less than the sum of
the two given sides. Therefore, the range is 5 < x < 21.

How do you find the possible values for the third
side of a triangle with sides 8 and 137?

Use the triangle inequality theorem: the third side must be greater than |13
- 8] =5 and less than 13 + 8 = 21, so 5 < x < 21.

Why is the range for the third side of a triangle
with sides 8 and 13 between 5 and 217

Because the triangle inequality states that the sum of any two sides must be
greater than the third, leading to the inequalities: 8 + 13 > x, 8 + x > 13,
and 13 + x > 8. Simplifying these gives the range 5 < x < 21.

Can the third side of a triangle with sides 8 and 13
be exactly 5 or 217

No, the third side cannot be exactly 5 or 21 because the triangle inequality
requires the sum to be strictly greater, so the third side must be strictly
between 5 and 21.

What is the importance of the triangle inequality in
finding the range of the third side?

The triangle inequality ensures the three sides can form a valid triangle by
enforcing that the sum of any two sides is greater than the third, which
helps determine the possible range for the third side.

If two sides of a triangle measure 8 and 13, what
are the possible lengths for the third side?

The third side can be any length greater than 5 and less than 21, so the
possible lengths are all real numbers x where 5 < x < 21.

Additional Resources
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Understanding the possible lengths of the third side of a triangle, given two
specific side lengths, is a fundamental concept in geometry that combines
logical reasoning with the application of the Triangle Inequality Theorem.
This theorem provides a straightforward way to determine the range of
possible values for the third side, ensuring the geometric validity of the
triangle. In this article, we delve into the mathematical principles
involved, explore the step-by-step process for calculating this range, and
analyze the implications of these findings in practical and theoretical
contexts.

Introduction to Triangle Side Lengths and the
Triangle Inequality Theorem

Triangles are among the most basic yet intriguing geometric shapes,
characterized by three sides and three angles. One of the key aspects that
define a triangle is the relationship between its sides. Given two sides, the
question arises: what are the possible lengths for the third side that would
still allow the figure to form a valid triangle?

The primary mathematical tool to answer this question is the Triangle
Inequality Theorem. This theorem states that for any triangle, the sum of the
lengths of any two sides must be greater than the length of the remaining
side. Formally, if a triangle has sides of lengths \(a\), \(b\), and \(c\),
then:

-\(a + b >c\)
- \(a + c > b\)
- \(b + c > a\)

Applying this principle to our given sides (8 and 13), we can establish

inequalities that the third side, denoted as \(x\), must satisfy to form a
valid triangle.

Setting Up the Problem: Given Sides of 8 and 13

The problem is centered around two known side lengths:

- Side 1: 8 units
- Side 2: 13 units



Our goal is to determine the range of possible values for the third side,
\(x\), such that a triangle with sides 8, 13, and \(x\) exists.

Key considerations:

- \(x\) must be a positive real number since side lengths are positive.
- The triangle inequality must hold for all combinations involving \(x\).

Applying the Triangle Inequality Theorem

To find the range for \(x\), we analyze the three inequalities derived from
the theorem:

1. \(8 + 13 > x\)
2. \(8 + x > 13\)
3. \ (13 + x > 8\)

Let's evaluate each inequality step by step.
Inequality 1:

\ [

8 + 13 > x
\1

\ [

21 > x

\1]

\ [

X < 21
\1

This indicates that the third side must be less than 21 units.
Inequality 2:

\ [

8 + x > 13
\1]

\ [

x >13 - 8
\1

\ [

X >5

\1

This inequality requires that \(x\) be greater than 5 units.



Inequality 3:

\ [
13 + x > 8
\1
\ [
X >8 - 13
\1

Since \(8 - 13 = -5\), and side lengths are positive, this inequality
simplifies to:

\ [
X > -5
\1

which is always true for positive \(x\). Therefore, it does not impose a
stricter constraint than the previous inequalities.

Consolidating the Constraints: The Range of
\ (x\)

From the inequalities, the dominant constraints are:

- \(x > 5\)

- \(x < 21\)

Since side lengths cannot be zero or negative, and the inequalities are
strict, the range of possible third side lengths \(x\) is:

\ I

\boxed{

\text{Range of } x: \quad 5 < x < 21
}

\1

This interval indicates that any value of \(x\) greater than 5 but less than
21 will produce a valid triangle with sides 8 and 13.

Note: The endpoints \(x=5\) and \(x=21\) are excluded because the
inequalities are strict; at these points, the sum of two sides equals the
third, resulting in a degenerate triangle (a straight line), which is
generally not considered a valid triangle in classical geometry.



Interpreting the Range Geometrically and
Contextually

The determined range has significant geometric implications. To visualize,
imagine fixing two sides of a triangle at lengths 8 and 13, and varying the
third side:

- When \(x\) approaches 5 from above, the triangle becomes increasingly
“thin," approaching a straight line with sides approaching 8 and 13, but
never collapsing into a degenerate form.

- When \(x\) approaches 21 from below, the triangle again becomes very
elongated, nearly degenerate, as the third side approaches the sum of the
other two.

This range ensures the existence of a proper triangle that can be constructed
physically or in a coordinate plane. Beyond these bounds, the sides cannot
meet the triangle inequality, and thus, no triangle can be formed.

Special Cases and Notable Points

Though the primary focus is on the open interval \( (5, 21) \), understanding
the boundary cases enriches the discussion:

- At \(x = 5\): The sides are 8, 13, and 5. The sum of 5 and 8 is 13, which
equals the third side. This corresponds to a degenerate triangle—a straight
line—where the points are collinear, and the area is zero. Such cases are
mathematically interesting but typically excluded when considering "valid"
triangles.

- At \(x = 21\): The sides are 8, 13, and 21. The sum of 8 and 13 is exactly
21, again forming a degenerate triangle with zero area.

- Between these bounds, the triangles are non-degenerate, with positive area,
and the side lengths satisfy all conditions for a valid triangle.

Practical Examples and Applications

Understanding the range of the third side is not merely an academic exercise.
It has practical applications in various fields:

- Engineering and Construction: When designing triangular components or



supports, knowing feasible side lengths ensures structural integrity.

- Navigation and Surveying: Determining possible distances between points
based on known distances forms the basis of triangulation methods.

- Computer Graphics: Algorithms for rendering shapes and collision detection
often rely on triangle inequalities to validate mesh structures.

- Mathematics Education: This problem serves as a foundational example in
teaching the Triangle Inequality Theorem and problem-solving strategies.

Extending the Analysis: Variations and Further
Considerations

While the current analysis considers fixed sides of lengths 8 and 13, similar
reasoning applies to other pairs of side lengths. The general approach
involves:

1. Applying the Triangle Inequality Theorem to the known sides.
2. Deriving inequalities for the third side.
3. Combining inequalities to find the feasible range.

Additional considerations include:

- Coordinate Geometry Approach: Placing two points at fixed positions and
calculating the possible locations of the third point that satisfy length
constraints.

- Using Law of Cosines: To find possible angles and confirm the existence of
the triangle for given side lengths.

- Considering the Triangle's Area: The range of side lengths impacts the
maximum and minimum possible area.

Conclusion: The Significance of the Range for
the Third Side

The mathematical journey to find the range of the third side when two sides
are known illustrates the elegance and utility of the Triangle Inequality
Theorem. For sides of lengths 8 and 13, the third side must satisfy:

\ [

\boxed{

5 <x <21
}

\1



This interval guarantees the formation of a valid, non-degenerate triangle.
Such insights are not only fundamental in theoretical geometry but also
underpin many practical applications across science, engineering, and
technology. Understanding these constraints deepens our appreciation of
geometric relationships and enhances our problem-solving toolkit,
illustrating how simple inequalities can govern complex spatial structures.

In summary, when given two sides of a triangle as 8 and 13 units, the measure
of the third side must be greater than 5 units and less than 21 units for a
valid, non-degenerate triangle to exist. This range encapsulates the essence
of the Triangle Inequality Theorem and provides a clear, analytical framework
for understanding the possible configurations of such a geometric figure.
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