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Triangles are one of the fundamental shapes in geometry, forming the building
blocks for understanding many complex concepts in mathematics. They are
simple yet profound geometric figures that appear in various real-world
applications—from engineering and architecture to art and nature.
Understanding the properties of triangles and recognizing which statements
about them are true is essential for students, educators, and anyone
interested in geometry.

In this comprehensive guide, we will explore the key truths about triangles,
including their classifications, properties, theorems, and special features.
By the end of this article, you'll be able to confidently identify all the
correct statements related to triangles, enhancing your geometric literacy
and problem-solving skills.

---

Understanding Triangles: Basic Definitions and
Properties

A triangle is a polygon with three sides and three angles. The sum of the
interior angles of any triangle is always 180 degrees, which is a fundamental
property that underpins much of triangle geometry.

What Is a Triangle?
- Definition: A closed two-dimensional figure formed by connecting three non-
collinear points with straight lines.
- Sides: Three line segments, labeled typically as AB, BC, and CA.
- Vertices: The three points where the sides meet, labeled as A, B, and C.
- Angles: The three interior angles, each formed at a vertex by two adjacent
sides.

Key Properties of Triangles
- The sum of interior angles equals 180°.
- The length of any side is less than the sum of the other two sides.
- The length of any side is greater than the difference of the other two
sides.
- The area of a triangle can be calculated using various formulas depending



on available data.

---

Classifications of Triangles

Triangles can be classified based on their sides and angles. Recognizing
these classifications helps in understanding their properties and theorems.

Classification by Sides
- Equilateral Triangle: All three sides are equal; each interior angle
measures 60°.
- Isosceles Triangle: At least two sides are equal; angles opposite those
sides are equal.
- Scalene Triangle: All sides are of different lengths; all interior angles
are different.

Classification by Angles
- Acute Triangle: All interior angles are less than 90°.
- Right Triangle: One interior angle is exactly 90°.
- Obtuse Triangle: One interior angle is greater than 90°.

---

Core Statements That Are True About Triangles

When analyzing triangles, certain statements are universally true, regardless
of the triangle's specific type or dimensions. Understanding these is crucial
for mastering geometry.

1. The Sum of Interior Angles Is Always 180 Degrees
This is a fundamental property of all triangles. It applies to every
triangle, whether equilateral, isosceles, or scalene, and regardless of
whether the angles are acute, right, or obtuse.

2. The External Angle Is Equal to the Sum of the
Opposite Interior Angles
For any triangle, an external angle (formed by extending one side of the
triangle) is equal to the sum of the two non-adjacent interior angles.



3. The Sum of the Lengths of Any Two Sides Is
Greater Than the Length of the Remaining Side
This property ensures the sides can form a triangle; otherwise, the figure
wouldn't be considered a true triangle (triangle inequality theorem).

4. The Pythagorean Theorem Applies Only to Right
Triangles
In right triangles, the relationship between the lengths of the sides (legs
and hypotenuse) is given by \( a^2 + b^2 = c^2 \), where \( c \) is the
hypotenuse.

5. The Area of a Triangle Can Be Calculated Using
Different Formulas
Common methods include:
- \( \text{Area} = \frac{1}{2} \times \text{base} \times \text{height} \)
- Heron's formula: \( \text{Area} = \sqrt{s(s - a)(s - b)(s - c)} \), where
\( s \) is the semi-perimeter \( \frac{a + b + c}{2} \).

6. The Lengths of the Sides and the Measures of
Angles Are Related
- In an equilateral triangle, all sides and angles are equal.
- In an isosceles triangle, angles opposite equal sides are equal.
- In a scalene triangle, all sides and angles are different.

7. The Centroid, Circumcenter, Incenter, and
Orthocenter Are Special Triangle Centers
- Centroid: Intersection of medians; divides each median in a 2:1 ratio.
- Circumcenter: Center of the circumscribed circle, equidistant from all
vertices.
- Incenter: Center of the inscribed circle, equidistant from all sides.
- Orthocenter: Intersection point of the altitudes.

---

Important Theorems and Their True Statements

Several key theorems provide deeper insights into triangle properties.
Recognizing their truths is essential for advanced geometry.



1. The Triangle Inequality Theorem
- Statement: The sum of the lengths of any two sides of a triangle exceeds
the length of the remaining side.
- Implication: This theorem confirms whether three segments can form a
triangle.

2. The Isosceles Triangle Theorem
- Statement: If two sides of a triangle are equal, then the angles opposite
those sides are equal.
- Converse: If two angles are equal, then the sides opposite those angles are
equal.

3. The Pythagorean Theorem
- Statement: In a right triangle, the square of the hypotenuse is equal to
the sum of the squares of the legs.
- True for: Only right triangles.

4. The Law of Sines
- Statement: The ratio of the length of a side to the sine of its opposite
angle is constant for all three sides and angles.
- Formula: \( \frac{a}{\sin A} = \frac{b}{\sin B} = \frac{c}{\sin C} \).

5. The Law of Cosines
- Statement: Relates the lengths of sides to the cosine of an angle.
- Formula: \( c^2 = a^2 + b^2 - 2ab \cos C \).

---

Special Triangles and Their Unique Properties

Certain triangles have distinctive features that make some statements true
exclusively for them.

Equilateral Triangle
- All sides are equal.
- All angles measure 60°.
- The centroid, incenter, circumcenter, and orthocenter all coincide at the
same point.



Right Triangle
- Contains one 90° angle.
- The Pythagorean theorem applies.
- The hypotenuse is the longest side.

Isosceles Triangle
- At least two sides are equal.
- The angles opposite those sides are equal.
- Symmetry exists along the axis through the unequal side.

Scalene Triangle
- All sides and angles are different.
- No lines of symmetry.

---

Additional True Statements About Triangles

- The medians of a triangle intersect at a single point called the centroid,
which divides each median into two parts, with the longer part being twice
the length of the shorter part.
- The incenter of a triangle is always located inside the triangle,
regardless of the type of triangle.
- The circumcenter can be inside or outside the triangle depending on whether
the triangle is acute, right, or obtuse.
- In an equilateral triangle, the centroid, incenter, circumcenter, and
orthocenter are all the same point.

---

Conclusion

Understanding which statements about triangles are true enables a deeper
grasp of geometric principles and problem-solving techniques. Recognizing the
universal properties—such as the sum of interior angles being 180°, side
length inequalities, and the relationships between sides and angles—is
crucial. Moreover, familiarity with key theorems like the Pythagorean
theorem, Law of Sines, and Law of Cosines provides a powerful toolkit for
analyzing any triangle.

Triangles are not just simple shapes; they are gateways to exploring
symmetry, ratios, congruence, and many other mathematical concepts. By



mastering the true statements about triangles, students and enthusiasts can
confidently approach complex geometric problems and appreciate the elegance
of this fundamental shape.

---
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Frequently Asked Questions

What is the sum of the interior angles of any
triangle?
The sum of the interior angles of any triangle is always 180 degrees.

Are all triangles with two equal sides called
isosceles triangles?
Yes, triangles with two equal sides are called isosceles triangles.

Is it true that the Pythagorean theorem applies only
to right-angled triangles?
Yes, the Pythagorean theorem applies only to right-angled triangles.

Do equilateral triangles have all angles equal to 60
degrees?
Yes, all angles in an equilateral triangle are equal to 60 degrees.

Can the sum of the angles in a triangle ever be more
than 180 degrees?
No, the sum of the interior angles of a triangle is always exactly 180
degrees.

Are the sides of a triangle always longer than the
difference of the other two sides?
Yes, in any triangle, each side is shorter than the sum of the other two
sides and longer than their difference.



Is it true that the base angles of an isosceles
triangle are always equal?
Yes, in an isosceles triangle, the two angles opposite the equal sides (base
angles) are always equal.

Do similar triangles have the same shape but
different sizes?
Yes, similar triangles have the same shape but can differ in size, with
corresponding angles equal and sides proportionally scaled.

Additional Resources
Select All Statements That Are True About The Triangles is a fundamental
exercise in understanding the properties, classifications, and relationships
inherent within triangles. Triangles are among the most basic yet profoundly
important geometric shapes, forming the building blocks for more complex
structures in mathematics, engineering, architecture, and numerous other
fields. Mastering the truths about triangles enables students and
professionals alike to analyze shapes with confidence, solve problems
efficiently, and appreciate the elegance of geometric principles.

In this comprehensive guide, we will explore the essential truths about
triangles, examining their properties, types, theorems, and common
misconceptions. Whether you're a student preparing for an exam or a
professional seeking a refresher, this breakdown aims to deepen your
understanding of these fascinating geometric figures.

---

Understanding Triangles: The Foundation of Geometry

A triangle is a polygon with exactly three sides and three angles. Its
simplicity belies its depth, as various properties and theorems make
triangles central to the study of geometry.

Basic Definitions and Properties

- Vertices: The three corner points where the sides meet.
- Sides: The three line segments connecting the vertices.
- Angles: The three interior angles, each formed by two sides meeting at a
vertex.
- Sum of interior angles: Always 180 degrees, regardless of the triangle's
shape.

---



Classifications of Triangles: Types Based on Sides and Angles

Understanding the various types of triangles is crucial because their
properties differ based on their classification.

Based on Sides

1. Equilateral Triangle
- All three sides are equal.
- All three angles are equal, each measuring 60°.
2. Isosceles Triangle
- Two sides are equal.
- The angles opposite these sides are equal.
3. Scalene Triangle
- All sides are of different lengths.
- All interior angles are different.

Based on Angles

1. Acute Triangle
- All interior angles are less than 90°.
2. Right Triangle
- One interior angle is exactly 90°.
- The side opposite the right angle is called the hypotenuse.
3. Obtuse Triangle
- One interior angle is greater than 90°.

---

Key Theorems and Properties About Triangles

Several fundamental theorems help in understanding and solving triangle-
related problems. Let’s explore the most significant ones that are
universally true.

The Triangle Inequality Theorem

Statement: The sum of the lengths of any two sides of a triangle must be
greater than the length of the remaining side.

Implication: This theorem ensures that the three sides can form a triangle;
it rules out impossible side combinations.

Mathematically:
- a + b > c
- a + c > b
- b + c > a

The Sum of Interior Angles

Statement: The interior angles of any triangle always add up to 180°.



Application: This fundamental truth allows calculation of unknown angles when
the other two are known.

Pythagorean Theorem (Right Triangles)

Statement: In a right triangle, the square of the hypotenuse equals the sum
of the squares of the other two sides.

Mathematically:
- c² = a² + b²

Application: Useful for calculating the length of an unknown side in right-
angled triangles.

Triangle Congruence Theorems

These theorems determine when two triangles are congruent—identical in shape
and size.

1. Side-Side-Side (SSS)
2. Side-Angle-Side (SAS)
3. Angle-Side-Angle (ASA)
4. Right Angle-Hypotenuse-Side (RHS) (specific for right triangles)

Implication: If the criteria are met, corresponding angles and sides are
equal.

Triangle Similarity Theorems

Triangles are similar if their corresponding angles are equal, and their
sides are in proportion.

1. AA (Angle-Angle)
2. SAS (Side-Angle-Side)
3. SSS (Side-Side-Side)

Application: Used to solve problems involving proportional sides and equal
angles.

---

True Statements About Triangles

Now, let’s focus specifically on statements about triangles that are
universally true. These statements are foundational and often form the basis
for problem-solving and proofs.

Statement 1: The sum of the interior angles of a triangle is always 180°.

Why it's true: This is a fundamental property derived from Euclidean
geometry. No matter the type of triangle, the three interior angles always



sum to a straight line, which measures 180°.

Statement 2: In an isosceles triangle, the angles opposite the equal sides
are equal.

Why it's true: By the Isosceles Triangle Theorem, if two sides are equal,
then the angles opposite those sides are equal. Conversely, if two angles are
equal, then the sides opposite those angles are equal.

Statement 3: The side opposite the largest angle in a triangle is the longest
side.

Why it's true: The Law of Sines and the Law of Cosines confirm this
relationship. The largest angle is always opposite the longest side, and the
smallest angle is opposite the shortest side.

Statement 4: The sum of the lengths of any two sides of a triangle is greater
than the third side.

Why it's true: This is the Triangle Inequality Theorem, which ensures the
sides can indeed meet to form a triangle.

Statement 5: The Pythagorean theorem applies only to right triangles.

Why it's true: The Pythagorean theorem is a special property of right
triangles and does not hold for triangles with other angles. For non-right
triangles, the Law of Cosines generalizes this relationship.

Statement 6: An equilateral triangle is also an equiangular triangle.

Why it's true: Because all sides are equal, the angles must also be
equal—each measuring 60°, making it both equilateral and equiangular.

Statement 7: The median of an equilateral triangle is also an altitude, angle
bisector, and perpendicular bisector.

Why it's true: In an equilateral triangle, all these lines coincide at the
same point—the centroid—which is also the incenter and orthocenter.

Statement 8: The sum of the exterior angles of any triangle is 360°.

Why it's true: Exterior angles are supplementary to their adjacent interior
angles, and when summed around the triangle, they always total 360°.

---

Common Misconceptions Clarified

Understanding what is not true is equally important. Some statements may seem
correct but are false, leading to misconceptions.



- Misconception: The sum of the interior angles of a triangle varies with
size.
Reality: The sum is always 180°, regardless of the size.

- Misconception: The hypotenuse is always the longest side in any triangle.
Reality: This is true only in right triangles; in other triangles, the
longest side is opposite the largest angle.

- Misconception: All triangles with two equal sides are necessarily
isosceles.
Reality: While true, sometimes the specific definitions are misunderstood,
but in standard geometry, this statement is correct.

---

Practical Applications and Problem-Solving Strategies

Understanding these truths about triangles aids in solving real-world
problems, from construction to navigation.

- Use angle sum property to find unknown angles.
- Apply the Triangle Inequality Theorem to verify if side lengths can form a
triangle.
- Employ the Pythagorean Theorem for right triangle calculations.
- Leverage similarity and congruence to find missing lengths or angles in
complex figures.

---

Conclusion: Embracing the Fundamental Truths about Triangles

The exploration of select all statements that are true about the triangles
reveals a landscape of interconnected properties and theorems. Recognizing
these truths ensures a solid foundation for understanding geometry's broader
concepts. Remember, these principles are universal—holding true across all
triangles and serving as critical tools in both theoretical mathematics and
practical applications.

Mastery of these truths not only prepares students for exams but also
nurtures logical reasoning and problem-solving skills that are valuable far
beyond the classroom. Whether working with simple shapes or complex
architectural designs, appreciating the fundamental properties of triangles
opens the door to a deeper understanding of the space and structures around
us.
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