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Given The Lengths Of Two Sides Of A Triangle, Find The Range For The Length Of The
Third Side. (Range is a fundamental problem in geometry that involves understanding the
constraints imposed by the triangle inequality theorem. When given two sides of a triangle,
determining the possible lengths of the third side is essential in various mathematical and real-world
applications, such as engineering, construction, and design. This article explores the principles
behind finding this range, provides step-by-step methods, and includes illustrative examples to
enhance understanding.

Understanding the Triangle Inequality Theorem

What Is the Triangle Inequality Theorem?
The triangle inequality theorem states that, in any triangle, the length of each side must be less than
the sum of the lengths of the other two sides and greater than their difference. Formally, for a
triangle with sides a, b, and c:
- a < b + c
- b < a + c
- c < a + b

This theorem ensures that the three sides can actually form a triangle, preventing impossible
configurations where the sides cannot meet to enclose a space.

Implications for Finding the Third Side
Given two sides, say a and b, the third side c must satisfy the following inequalities:
- c > |a - b|
- c < a + b

These inequalities form the basis for establishing the range of possible lengths for the third side.

Determining the Range for the Third Side

Step-by-Step Method
Suppose you are given the lengths of two sides of a triangle:
- Side a = x units
- Side b = y units
Your goal is to find all possible lengths for side c.



Step 1: Identify the inequalities

Based on the triangle inequality theorem:
- c > |x - y|
- c < x + y

Step 2: Express the range

From these inequalities, the range for c is:
- c ∈ (|x - y|, x + y)

This indicates that the third side length must be greater than the absolute difference of the two
given sides and less than their sum.

Step 3: Consider special cases

- If x = y, then the range simplifies to:
c ∈ (0, 2x)
- If one side length is very small or very large, verify the inequalities still hold.

Visual Representation
A number line can help visualize the range:
- Mark |x - y| on the number line as the lower bound.
- Mark x + y as the upper bound.
- Any value for c between these bounds can form a valid triangle with the given two sides.

Examples Illustrating the Range Calculation

Example 1: Equal Sides
Suppose:
- a = 5 units
- b = 5 units

Calculate the range for c:
- c > |5 - 5| = 0
- c < 5 + 5 = 10

Result:
c ∈ (0, 10)

Any length of c between 0 and 10 units (but not including 0 or 10) will form a valid triangle with
sides 5 and 5.



Example 2: Different Sides
Suppose:
- a = 7 units
- b = 3 units

Calculate the range for c:
- c > |7 - 3| = 4
- c < 7 + 3 = 10

Result:
c ∈ (4, 10)

Any length of c greater than 4 and less than 10 units will produce a valid triangle with sides 7 and 3.

Additional Considerations and Constraints

Integer vs. Real Number Lengths
- If the problem requires integer lengths, then c must be an integer satisfying:
- c ∈ {n ∈ ℤ | |x - y| < n < x + y}
- For real numbers, the inequalities hold as strict inequalities, and c can take any real value within
the open interval.

Non-Existence of a Triangle
- If the given sides do not satisfy the triangle inequality (e.g., if one side is greater than or equal to
the sum of the other two), then no valid third side length exists to form a triangle.

Applications of Finding the Third Side Range
Understanding the possible lengths of the third side has practical uses such as:
- Designing mechanical parts where specific angles and lengths are required.
- Verifying the feasibility of constructions in architecture.
- Solving geometric problems involving triangle configurations.

Summary
- Given two sides of a triangle, the third side must be greater than the absolute difference of these
sides and less than their sum.
- The range for the third side c is: c ∈ (|a - b|, a + b).
- Ensuring the triangle inequality holds is crucial for the sides to form a valid triangle.
- Visualization and algebraic inequalities are effective tools for determining the range.



Conclusion
Finding the range for the third side of a triangle given two sides is straightforward once the triangle
inequality theorem is understood. By applying the inequalities c > |a - b| and c < a + b, one can
quickly determine all possible lengths that will allow the formation of a valid triangle. This
knowledge is foundational in geometry and has wide-ranging applications in science, engineering,
and everyday problem-solving. Whether dealing with theoretical mathematics or practical design
tasks, mastering this concept is essential for accurate and feasible constructions.

Frequently Asked Questions

What is the range for the length of the third side of a triangle
when given the lengths of two sides?
The length of the third side must be greater than the difference of the two known sides and less than
their sum. Specifically, if the two sides are a and b, then the third side c satisfies |a - b| < c < a + b.

How do I determine the possible lengths of the third side of a
triangle given two side lengths?
Use the Triangle Inequality Theorem, which states that the third side must be greater than the
difference and less than the sum of the other two sides: |a - b| < c < a + b.

What is the significance of the inequalities in finding the
range of the third side?
These inequalities ensure that the three sides can form a valid triangle; if the third side does not
satisfy them, the sides cannot form a triangle.

If one side of a triangle is 7 units and another is 10 units,
what is the range for the third side?
The third side must be greater than |7 - 10| = 3 and less than 7 + 10 = 17. So, the range is 3 < c <
17.

Can the third side be equal to the difference or the sum of the
other two sides?
No, the third side cannot be equal to the difference or the sum of the other two sides. It must be
strictly greater than the difference and strictly less than the sum to form a valid triangle.

Why is the range for the third side expressed as inequalities



rather than a fixed value?
Because the third side can vary within a continuous interval that satisfies the triangle inequality,
rather than being a single fixed length.

How can I write the range for the third side mathematically if
the two known sides are a and b?
The range is given by: |a - b| < c < a + b, where c is the length of the third side.

Additional Resources
Given The Lengths Of Two Sides Of A Triangle, Find The Range For The Length Of The Third Side.
(Range)

Understanding the constraints that govern the shape and size of triangles is fundamental in
geometry, engineering, architecture, and various applied sciences. When given the lengths of two
sides of a triangle, determining the possible range for the third side involves a nuanced application
of the triangle inequality theorem. This article delves into the mathematical principles underlying
this problem, explores methods to find the range, and discusses practical implications for real-world
applications.

---

Foundations of Triangle Geometry: The Triangle
Inequality Theorem

At the core of determining the possible lengths of a triangle’s third side is the triangle inequality
theorem. This fundamental principle states that, for any triangle, the length of each side must be
less than the sum of the lengths of the other two sides, and greater than their difference.

Mathematically, if a triangle has sides of lengths a, b, and c, then:

- a < b + c
- b < a + c
- c < a + b

and equivalently,

- c > |a - b|

This set of inequalities ensures that the three sides can indeed form a closed, non-degenerate
triangle.

Implication:
Given two sides, say, a and b, the third side, c, must satisfy:



|a - b| < c < a + b

This simple yet powerful inequality provides the bounds for the third side, assuming the sides a and
b are fixed.

---

Calculating the Range for the Third Side

Suppose you are provided with the lengths of two sides of a triangle: side a and side b. Your goal is
to find the possible range of the third side, c, such that the three sides can form a valid triangle.

Step-by-step Approach:

1. Identify the Known Sides:
Let a and b be the given side lengths, with known positive real numbers.

2. Apply the Triangle Inequality:
Based on the theorem:

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

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

3. Express the Range:
Combining these inequalities, the range for c is:

Range for c:
|a - b| < c < a + b

Example:
Suppose side a = 7 units and side b = 10 units.

- The lower bound: |7 - 10| = 3
- The upper bound: 7 + 10 = 17

Result:
The third side, c, must satisfy:

3 < c < 17

Thus, any length for c between just greater than 3 and just less than 17 units will enable the
formation of a valid triangle with sides 7 and 10.

---



Visualizing the Range: Geometric Interpretation

Visual representations can significantly aid understanding. Imagine fixing two sides of a triangle and
varying the third:

- Fixed sides: Imagine two segments of lengths a and b fixed in space, sharing a common endpoint.
- Varying side c: The third side connects the endpoints of the fixed segments, forming a triangle only
when the triangle inequality is satisfied.

This visualization emphasizes that:

- When c approaches |a - b| from above, the triangle becomes very "thin," approaching a degenerate
form.
- When c approaches a + b from below, the triangle resembles a flattened shape, again approaching
degeneracy.

Practical impact:
This understanding helps in constructing or verifying triangles in design, where specific dimensions
are fixed, and the third dimension must be within feasible bounds.

---

Special Cases and Considerations

While the general inequalities provide the primary bounds, certain special cases or additional
constraints can influence the range:

1. Equilateral Triangle Scenario

If the two sides are equal (a = b), then:

- The range simplifies to: 0 < c < 2a

This is because |a - a| = 0, so c must be positive but less than 2a.

2. Right Triangles and Pythagoras’ Theorem

If the given sides include a right angle, the third side can be directly computed using the
Pythagorean theorem:

- For sides a and b as legs: c = √(a² + b²)
- If c is given as the hypotenuse, the other sides can be found similarly.

However, in the context of the range, the Pythagorean relation serves as a specific case, not a
general bound.

3. Real-world Constraints



In practical applications, physical constraints such as material limits, maximum lengths, or minimum
tolerances may restrict the feasible range further.

---

Applications Across Fields

Understanding the range of possible third side lengths has numerous applications:

- Engineering and Construction:
Ensuring that components can connect properly, such as trusses or frames, requires verifying that
the triangle inequalities are satisfied.

- Navigation and Surveying:
When measuring distances indirectly, knowing the feasible range helps validate data accuracy and
consistency.

- Computer Graphics and Modeling:
Generating realistic 3D models involves ensuring that the dimensions of polygons, including
triangles, are valid within physical or visual constraints.

- Robotics:
For robotic arms or mechanisms, joint lengths and linkage configurations depend on feasible
triangle formations.

---

Conclusion: The Significance of the Triangle Inequality

The problem of finding the range for the third side of a triangle given two sides is a classic
illustration of the triangle inequality theorem's power and elegance. Its simplicity hides the depth of
geometric intuition it encapsulates. By understanding that the third side must always be greater
than the absolute difference of the given sides and less than their sum, mathematicians, engineers,
and designers can ensure the physical feasibility of structures, the accuracy of measurements, and
the integrity of designs.

In essence, the range for the third side is not just a mathematical curiosity but a fundamental
principle that underpins countless practical applications. Whether constructing a bridge, designing a
piece of furniture, or developing a computer graphic, the triangle inequality provides a reliable
foundation for ensuring shapes are both possible and stable.

Final Takeaway:
Whenever faced with two side lengths of a potential triangle, remember: the third side must always
satisfy

|a - b| < c < a + b



This simple inequality guarantees the possibility of forming a valid triangle, serving as a cornerstone
in geometry’s rich landscape.
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