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Understanding the possible measures of the third side of a triangle when the lengths of the other two sides are
known is a fundamental concept in geometry. This knowledge is essential for solving various geometric
problems, designing structures, and understanding the properties of triangles. The key to solving these problems
lies in the Triangle Inequality Theorem, which establishes the necessary conditions for three segments to form a
valid triangle. In this comprehensive guide, we will explore how to determine the range for the measure of the
third side, delve into the mathematical reasoning behind it, and provide practical examples to solidify your
understanding.

---

Understanding the Triangle Inequality Theorem

The Triangle Inequality Theorem is the cornerstone for understanding the possible lengths of the third side of a
triangle. It states that 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:

\[
a + b > c
\]
\[
a + c > b
\]
\[
b + c > a
\]

This set of inequalities ensures that the three segments can meet to form a closed triangle. When two side
lengths are known, these inequalities help determine the possible range for the third side.

---

Determining the Range for the Third Side Length

Suppose you are given two sides of a triangle, say \( a \) and \( b \), and you need to find the possible values
for the third side \( c \). The process involves applying the Triangle Inequality Theorem to establish the lower
and upper bounds of \( c \).

Step-by-Step Process:

1. Identify the known sides: Let’s denote the known sides as \( a \) and \( b \).
2. Apply the inequalities to find bounds:

- For the third side \( c \):



\[
|a - b| < c < a + b
\]

- This inequality states that:

- The third side must be greater than the absolute difference of the known sides.
- The third side must be less than the sum of the known sides.

3. Express the range:

\[
\boxed{
c \in (|a - b|,\, a + b)
}
\]

This interval indicates all possible values \( c \) can take to form a valid triangle with sides \( a \) and \( b
\).

---

Visualizing the Range of the Third Side

Understanding the range visually can deepen comprehension. If you imagine the two known sides fixed in length,
the third side can vary within the bounds set by the inequalities.

Visual Representation:

- Lower Bound: The absolute difference \( |a - b| \) ensures that the third side is long enough to connect the
endpoints of the other two sides but not so short that the triangle collapses.
- Upper Bound: The sum \( a + b \) prevents the third side from being so long that it cannot close the triangle.

This range ensures the sides can "meet" to form a closed, valid triangle.

---

Examples of Finding the Range for the Third Side

Let's examine some practical examples to see how to calculate the possible range for the third side when the
other two are known.

Example 1: Known Sides \( a = 7 \) and \( b = 10 \)

- Calculate the lower bound:

\[
|a - b| = |7 - 10| = 3
\]

- Calculate the upper bound:

\[
a + b = 7 + 10 = 17



\]

- Range for \( c \):

\[
c \in (3, 17)
\]

Interpretation: The third side must be longer than 3 units but less than 17 units to form a valid triangle.

---

Example 2: Known Sides \( a = 5 \) and \( b = 5 \)

- Calculate the lower bound:

\[
|a - b| = |5 - 5| = 0
\]

- Calculate the upper bound:

\[
a + b = 5 + 5 = 10
\]

- Range for \( c \):

\[
c \in (0, 10)
\]

Note: Since side lengths are positive, the lower bound being zero indicates that the third side can be any positive
length less than 10, but not zero.

---

Example 3: Known Sides \( a = 12 \) and \( b = 15 \)

- Calculate the lower bound:

\[
|a - b| = |12 - 15| = 3
\]

- Calculate the upper bound:

\[
a + b = 12 + 15 = 27
\]

- Range for \( c \):

\[
c \in (3, 27)
\]

Summary: Any length for the third side between just over 3 and just under 27 will work.



---

Special Considerations and Limitations

While the inequalities provide a broad range, it’s important to consider real-world constraints and the
context of the problem.

Positivity of Lengths

- All side lengths must be positive real numbers.
- The lower bound is strictly greater than zero unless the known sides are equal, in which case the third side
can be very small but not zero.

Degenerate Triangles

- When the third side equals exactly the sum or difference of the other two, the triangle becomes degenerate
(collapses into a straight line).
- For a valid triangle, the inequalities must be strict:

\[
|a - b| < c < a + b
\]

Practical Constraints

- Physical limitations or problem-specific constraints might restrict the possible side lengths further.

---

Applications of Finding the Range of the Third Side

Understanding the range of the third side length has numerous practical applications across different fields:

- Geometry and Mathematics: Solving triangle problems, proofs, and constructions.
- Engineering and Architecture: Designing structures with specific dimensions to ensure stability.
- Navigation and Mapping: Calculating possible distances between points based on known measurements.
- Computer Graphics: Rendering realistic triangles in 3D modeling.
- Physics: Analyzing forces and components in triangular configurations.

---

Summary and Key Takeaways

- The main principle for determining the range of the third side is the Triangle Inequality Theorem.
- For two known sides \( a \) and \( b \), the third side \( c \) must satisfy:

\[
|a - b| < c < a + b
\]

- This interval ensures the three segments can form a valid triangle.
- The range is strictly between the absolute difference and the sum of the known sides.



- Real-world constraints and the positivity of lengths should be considered in practical scenarios.

---

Conclusion

Being able to find the range for the measure of the third side of a triangle when the measures of the other two
sides are known is a fundamental skill in geometry. By applying the Triangle Inequality Theorem, you can
determine the exact bounds within which the third side must lie, ensuring the formation of a valid triangle. This
knowledge not only enhances your understanding of geometric principles but also equips you with practical
tools applicable in diverse fields such as engineering, architecture, and computer graphics. Remember, the key to
mastering this concept lies in understanding the inequalities and visualizing how they constrain the possible
measurements of the third side.

---
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Frequently Asked Questions

What is the general range for the length of the third side of a triangle when
the other two sides are known?

The third side must be greater than the difference of the two known sides and less than their sum.

How do you find the range for the third side of a triangle with sides 7 and
10?

The third side must be greater than |7 - 10| = 3 and less than 7 + 10 = 17, so the range is 3 < x < 17.

Why does the triangle inequality theorem set bounds on the third side
length?

Because the sum of any two sides must be greater than the third side, ensuring the sides can form a valid
triangle.

Can the third side of a triangle be equal to the difference or the sum of the
other two sides?

No, the third side cannot be equal to the difference or sum; it must be strictly greater than the difference and
less than the sum.

If two sides of a triangle measure 8 and 15, what is the range for the third
side?

The third side must be greater than |8 - 15| = 7 and less than 8 + 15 = 23, so 7 < x < 23.



How does the triangle inequality help in solving real-world problems
involving side lengths?

It ensures that given lengths can actually form a triangle, helping validate possible measurements or
constructions.

What is the importance of strict inequalities in the range for the third side?

Strict inequalities prevent the sides from being degenerate (forming a straight line) and ensure a valid, non-
degenerate triangle.

How would you express the range for the third side if the known sides are 'a'
and 'b'?

The third side 'x' must satisfy |a - b| < x < a + b.

Are these range calculations applicable for any type of triangle (acute,
right, obtuse)?

Yes, the range for the third side based on the triangle inequality applies universally, regardless of the triangle
type.

Additional Resources
Find The Range For The Measure Of The Third Side Of A Triangle When The Measures Of The Other Two Sides is
a fundamental concept in geometry that helps us understand the possible lengths a third side can take, given the
lengths of the other two sides. Whether you’re a student tackling a geometry problem, a teacher preparing
lesson plans, or a professional dealing with real-world measurements, grasping how to find this range is
essential for ensuring valid triangles and accurate calculations. This guide aims to provide a comprehensive,
step-by-step explanation of how to determine the possible range for the measure of the third side of a triangle
when the measures of the other two sides are known.

---

Understanding the Triangle Inequality Theorem

At the core of finding the range for the third side of a triangle lies the Triangle Inequality Theorem, a
fundamental principle in geometry. This theorem states that, for any triangle, the length of any one side must be
less than the sum of the lengths of the other two sides and greater than the absolute difference of those two
sides.

The Triangle Inequality Theorem in Detail

Suppose you have a triangle with sides labeled a, b, and c. If you know a and b, and want to find the possible
values of c, then:

- The value of c must be greater than the absolute difference of a and b:
c > |a - b|

- The value of c must also be less than the sum of a and b:
c < a + b

These inequalities ensure that the three sides can physically form a triangle, with no side being so long that it
"overlaps" the other two or so short that it cannot connect to form a closed figure.



---

Step-by-Step Guide to Finding the Range for the Third Side

Let's walk through the process step by step, using a hypothetical example for clarity.

Example Scenario:

Suppose you are given two sides of a triangle:
- Side a = 7 units
- Side b = 10 units

You want to find the range of possible lengths for side c.

Step 1: Identify the Known Values

- a = 7
- b = 10

Step 2: Apply the Triangle Inequality Theorem

Based on the theorem, c must satisfy:

1. c > |a - b|
2. c < a + b

Calculating these:

- |a - b| = |7 - 10| = 3
- a + b = 7 + 10 = 17

Step 3: Write the Inequalities

- c > 3
- c < 17

Step 4: State the Range

Therefore, the measure of the third side c must be greater than 3 units but less than 17 units:

Range of c:
(3, 17)

This means c can be any real number strictly between 3 and 17, but not equal to either boundary.

---

General Formula for the Range of the Third Side

Given two sides a and b, the possible measure of the third side c is:

|a - b| < c < a + b

This formula applies regardless of which sides are known, as long as the known sides are positive real numbers.

---

Visualizing the Range: The Triangle Inequality on a Number Line



Visual aids can significantly help in understanding these inequalities. Imagine the possible lengths of the third
side on a number line:

- The minimum length is just greater than |a - b|.
- The maximum length is just less than a + b.

Any value within this interval can form a valid triangle with the other two sides.

---

Practical Applications and Examples

Example 1: Different Known Sides

Suppose:

- a = 5 units
- b = 12 units

Then:

- |a - b| = |5 - 12| = 7
- a + b = 17

Range for c:

(7, 17)

Any length of c between 7 and 17 units can form a triangle with sides 5 and 12.

---

Example 2: Equal Sides (Equilateral Triangle)

Suppose:

- a = b = 8 units

Then:

- |a - b| = 0
- a + b = 16

Range for c:

(0, 16)

Since a side length cannot be zero or negative, the practical minimum is just above zero, indicating that almost
any positive length less than 16 can form a triangle.

---

Special Cases and Considerations

When the Known Sides Are Equal

In the case of an equilateral triangle, where the two sides are equal, the range for the third side simplifies as
shown above.



When the Known Sides Are Very Close in Length

If a and b are almost equal, the range for c is very close to (0, 2a), indicating that the third side can be
almost as long as the sum of the two sides, but not equal or greater.

When the Known Sides Are Very Different

If a is much larger than b, the lower bound |a - b| becomes large, narrowing the possible range for c.

Validity of the Triangle

Remember: The inequalities are strict (< and >), meaning that c cannot be exactly equal to |a - b| or a + b; it
must be strictly between these values.

---

Additional Techniques and Tips

Using Inequalities to Verify Triangle Validity

- Given sides, verify whether they can form a triangle by checking if the sum of any two sides exceeds the third.
- Given a third side length, verify if it satisfies the inequalities with the known sides.

Solving for the Third Side in Real-World Problems

When measuring or estimating side lengths in practical contexts (engineering, architecture, navigation), always
ensure the measurements satisfy these inequalities to confirm the possibility of a triangle.

Handling Cases with Variables

If the sides are expressed algebraically, such as a = x, b = y, then the range for c is:

|x - y| < c < x + y

This can be useful for solving problems with variables or inequalities.

---

Summary and Key Takeaways

- The measure of the third side of a triangle, given the other two sides, must satisfy the Triangle Inequality
Theorem.
- The range for the third side c is:
|a - b| < c < a + b
- This range ensures that a valid triangle can be formed, with sides adhering to geometric constraints.
- Always remember to check the inequalities when solving problems to verify the possibility of forming a
triangle.

---

Final Thoughts

Understanding how to find the range for the measure of the third side of a triangle when the measures of the
other two sides are known is a vital skill in geometry. It not only helps in solving theoretical problems but
also has practical applications in fields that involve measurements, construction, and design. By mastering the
triangle inequality theorem and its application, you can confidently determine whether a set of side lengths can
compose a triangle and what the possible lengths of the third side could be.

Always approach such problems systematically: identify the known sides, apply the inequalities, and interpret



the results carefully. With practice, this process becomes second nature, enabling you to solve complex
geometric problems with ease.
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