Sasha Says That She Drew An Acute
Isosceles Triangle With Side Lengths
Of 6 Cm, 9 Cm, And 12 Cm And Angles

Sasha Says That She Drew An Acute Isosceles Triangle With Side Lengths Of 6
Cm, 9 Cm, And 12 Cm And Angles—a statement that piques curiosity about the
nature of this geometric figure. At first glance, the mention of an "acute
isosceles triangle" with specific side lengths seems straightforward, but a
deeper exploration reveals interesting insights into triangle classification,
properties, and the importance of precise measurements. In this article,
we’'ll analyze the validity of Sasha’s claim, explore the characteristics of
isosceles triangles, and understand how side lengths influence the angles and
overall shape of the triangle.

Understanding the Triangle: Basic Concepts

Before delving into Sasha’s specific triangle, it’s essential to review
fundamental triangle properties, especially those related to isosceles and
acute triangles.

What Is an Isosceles Triangle?

An isosceles triangle is a triangle that has at least two sides of equal
length. These sides are called legs, and the third side is known as the base.
The angles opposite the equal sides are also equal. For example, if sides AB
and AC are equal, then angles at B and C are equal.

What Is an Acute Triangle?

An acute triangle is one where all three interior angles measure less than 90
degrees. This type of triangle is characterized by its sharp, pointed shape,
and it typically appears when the side lengths satisfy certain inequalities.

Triangle Inequality Theorem

A fundamental principle in triangle geometry states that for any triangle
with sides of lengths a, b, and c:

-a+b>c

-a+c>b

-b+c>a

These inequalities ensure the sides can form a valid triangle. Applying this
to Sasha’s side lengths helps verify the feasibility of her claim.



Analyzing Sasha’s Triangle: Side Lengths and
Angles

Sasha claims her triangle has side lengths of 6 cm, 9 cm, and 12 cm. The
question is whether this triangle can be both acute and isosceles.

Checking for Isosceles Property

In an isosceles triangle, at least two sides must be equal:
- Side pairs: (6 cm, 9 cm), (6 cm, 12 cm), (9 cm, 12 cm)

Since none of these pairs are equal, Sasha’s triangle with side lengths 6 cm,
9 cm, and 12 cm is not isosceles—it's scalene, with all sides of different
lengths.

Verifying the Triangle Inequality
To confirm the sides can form a triangle:

-6 +9 =15 > 12 (valid)

-6+ 12 =18 > 9 (valid)

-9+ 12 =21 > 6 (valid)

All inequalities hold, so these side lengths can indeed form a triangle.

Determining the Nature of the Angles

Since Sasha claims the triangle is acute, let's analyze the angles based on
the side lengths.

Using the Law of Cosines

The Law of Cosines relates side lengths to angles:
\[ ¢*2 = a™2 + b2 - 2ab \cos C \]
where side c¢ is opposite angle C.

Applying this to Sasha’s triangle:

- Let’s denote sides as a =6 cm, b =9 cm, ¢ = 12 cm.

- To find the largest angle, which is opposite the longest side (12 cm), we
calculate angle C:

\[ \cos C = \frac{a”™2 + b"2 - c”2}{2ab} \]

\[ \cos C = \frac{672 + 972 - 1272}{2 \times 6 \times 9} \]
\[ \cos C = \frac{36 + 81 - 144}{108} \]

\[ \cos C = \frac{-27}{108} \]

\[ \cos C = -0.25 \]

Since \(\cos C\) is negative, angle C is greater than 90°, specifically:



\[ C = \arccos(-0.25) \approx 104.48"\circ \]
This indicates the triangle has an obtuse angle.

Similarly, check the other angles:
- Opposite 6 cm side (a):

\[ \cos A = \frac{b™2 + c”2 - a”2}{2bc} \]

\[ \cos A = \frac{972 + 1272 - 672}{2 \times 9 \times 12} \]
\[ \cos A = \frac{81 + 144 - 36}{216} \]

\[ \cos A = \frac{189}{216} \approx 0.875 \]

\[ A \approx \arccos(0.875) \approx 28.96"\circ \]

- Opposite 9 cm side (b):

\[ \cos B = \frac{a”2 + c*2 - b"2}{2ac} \]

\[ \cos B = \frac{672 + 1272 - 972}{2 \times 6 \times 12} \]
\[ \cos B = \frac{36 + 144 - 81}{144} \]

\[ \cos B = \frac{99}{144} \approx 0.6875 \]

\[ B \approx \arccos(0.6875) \approx 46.4"\circ \]

Summary of angles:

- Angle opposite 6 cm side: approximately 29°

- Angle opposite 9 cm side: approximately 46°

- Angle opposite 12 cm side: approximately 104.5°

Since one angle exceeds 90°, we confirm the triangle is obtuse, not acute.

Conclusion: Clarifying Sasha’s Claim

Based on the analysis:

- Sasha’'s triangle with side lengths 6 cm, 9 cm, and 12 cm cannot be both
isosceles and acute.

- It is a scalene triangle, with all sides of different lengths.

- The angles derived from the side lengths show that the triangle is obtuse,
with one angle over 90°.

Therefore, Sasha’'s statement contains an inconsistency: she claims to have
drawn an acute isosceles triangle with these side lengths, but the
mathematical analysis indicates the triangle is scalene and obtuse.

Implications and Learning Points

This scenario emphasizes the importance of understanding the relationships
between side lengths and angles in triangles. Some key takeaways include:

e Side lengths determine the angles: Longer sides are opposite larger
angles. Using the Law of Cosines helps verify the nature of these
angles.



e Isosceles vs. scalene: Equal sides define isosceles; with no equal sides
in Sasha’s lengths, the triangle is scalene.

e Acute, right, obtuse triangles: The measure of angles depends on side
lengths, and precise calculations confirm the triangle’s classification.

Additional Considerations in Triangle
Construction

When drawing triangles, especially with specific properties, it’s crucial to:

- Verify the side lengths satisfy the triangle inequality.

- Use formulas like the Law of Cosines to calculate angles.

- Recognize that side lengths alone may not always satisfy the desired angle
conditions, especially for acute or right triangles.

Tools for Triangle Analysis

Modern tools and software, such as GeoGebra or calculators with trigonometric
functions, can assist in visualizing and verifying triangle properties.

Summary

In conclusion, Sasha’s assertion about her triangle is a compelling example
of the importance of careful calculation and understanding triangle
properties. Her side lengths of 6 cm, 9 cm, and 12 cm produce a scalene,
obtuse triangle, contrary to her claim of an acute isosceles triangle. This
highlights the necessity for precise measurements and mathematical
verification when analyzing geometric figures.

By exploring Sasha’s triangle, we reinforce foundational concepts in
geometry, practice applying the Law of Cosines, and develop a clearer
understanding of how side lengths influence angles and overall shape. Whether
for academic purposes or practical applications, mastering these principles
enhances problem-solving skills and deepens appreciation for the elegance of
geometric relationships.

Frequently Asked Questions

Is the triangle with sides 6 cm, 9 cm, and 12 cm a



valid triangle?

No, the triangle with sides 6 cm, 9 cm, and 12 cm is not valid because the
sum of the two shorter sides (6 + 9 = 15 cm) is greater than the longest side
(12 cm), so it can form a triangle. However, to be isosceles, two sides
should be equal, which they are not in this case. Therefore, it's not an
isosceles triangle.

Can a triangle with sides 6 cm, 9 cm, and 12 cm be
isosceles?

No, because in an isosceles triangle, at least two sides are equal. Since 6,
9, and 12 are all different, this triangle cannot be isosceles.

What are the possible angles in a triangle with
sides 6 cm, 9 cm, and 12 cm?

Using the Law of Cosines, the angles opposite each side can be calculated.
The largest angle is opposite the longest side (12 cm), and will be greater
than 90°, making the triangle obtuse. The other two angles are acute or right
depending on calculations, but in this case, the triangle is obtuse at the
angle opposite the 12 cm side.

Why does Sasha say she drew an acute isosceles
triangle with sides 6 cm, 9 cm, and 12 cm?

Because the side lengths do not form an isosceles or acute triangle, Sasha's
statement is incorrect. A triangle with sides 6 cm, 9 cm, and 12 cm is
scalene and obtuse, not isosceles or acute.

How can Sasha verify if her triangle with sides 6
cm, 9 cm, and 12 cm is acute, right, or obtuse?

She can apply the Law of Cosines to find each angle. If any angle exceeds
90°, the triangle is obtuse; if all are less than 90°, it is acute; and if
one is exactly 90°, it is right-angled. For these side lengths, the triangle
is obtuse at the angle opposite the 12 cm side.

What is the significance of side lengths 6 cm, 9 cm,
and 12 cm in triangle classification?

These lengths help determine whether the triangle is scalene, isosceles, or
equilateral, and whether it is acute, right, or obtuse. In this case, since
all sides are different, the triangle is scalene and, based on the side
lengths, it is obtuse.



Additional Resources

Sasha Says That She Drew An Acute Isosceles Triangle With Side Lengths Of 6
Cm, 9 Cm, And 12 Cm And Angles: A Comprehensive Analysis

Introduction

Geometry, a cornerstone of mathematics, often invites intriguing questions
and explorations, especially when it comes to the properties and
classification of triangles. Recently, Sasha shared her experience of drawing
a triangle with specific side lengths—6 cm, 9 cm, and 12 cm—and claimed that
it was an acute isosceles triangle. At first glance, this statement piqued
curiosity because of the apparent contradictions it presents, given the known
properties of triangles. This review aims to critically analyze Sasha’s
claim, delve deeply into the geometric principles involved, and clarify
whether such a triangle can indeed exist with the specified attributes.

Understanding Triangle Classifications and Properties

Before evaluating Sasha's specific triangle, it is essential to revisit the
fundamental concepts of triangle classification based on sides and angles.

1. Types Based on Sides:

- Equilateral Triangle: All three sides are equal.

- Isosceles Triangle: Exactly two sides are equal.

- Scalene Triangle: All sides are different.

2. Types Based on Angles:

- Acute Triangle: All three interior angles are less than 90°.

- Right Triangle: One interior angle is exactly 90°.

- Obtuse Triangle: One interior angle is greater than 90°.

Note: The classification of a triangle as acute, right, or obtuse depends on

the measures of its angles, which in turn depend on its side lengths,
according to the Law of Cosines or Pythagoras' theorem.

Analyzing Sasha's Triangle: Side Lengths and Basic Feasibility
Sasha claimed her triangle has side lengths:
- Side A: 6 cm

- Side B: 9 cm
- Side C: 12 cm



The first step is to verify whether these lengths can form a valid triangle
at all. According to the Triangle Inequality Theorem:

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

Let's check:

-6+ 9 =15 > 12 - Valid
-6+ 12 =18 > 9 - Valid
-9+ 12 =21 > 6 - Valid

Since all three conditions are satisfied, these lengths can form a triangle.

Determining if the Triangle is Isosceles

An isosceles triangle has exactly two equal sides. Sasha's lengths are 6, 9,
and 12 — all different. Therefore, by the side lengths alone, her triangle is
scalene, not isosceles.

Possible explanations:

- Sasha may have made an error in classification.

- She might have referred to a different set of side lengths or angles.

- Alternatively, perhaps she considered some other aspect of the triangle,

such as the angles, rather than the sides.

Conclusion: Based solely on side lengths, the triangle with sides 6 cm, 9 cm,
and 12 cm is scalene, not isosceles.

Investigating the Triangle's Angles: Are They All Less Than 90°?

Given the side lengths, the next step is to analyze its angles to assess
Sasha's claim that it is acute.

1. Law of Cosines

The Law of Cosines relates side lengths to angles:
\ [

c™2 = a”2 + b2 - 2ab \cos C

\1]

where:

- \(a, b, c\) are side lengths,
- \(C\) is the angle opposite side \(c\).



We can use this law to find each angle.

Calculating the Angles

Let’s assign:
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Note: The largest side is 12 cm, so the angle opposite it, \(C\), is of
particular interest in evaluating whether the triangle is acute.

1. Angle Opposite Side 12 cm (\(C\))
Using Law of Cosines:

\ [
\cos C = \frac{a™2 + b2 - c"2}{2ab}
\1

\ [

\cos C = \frac{6”2 + 972 - 1272}{2 \times 6 \times 9} = \frac{36 + 81 -
144}{2 \times 6 \times 9} = \frac{-27}{108} = -0.25

\1

\ [
C = \arccos(-0.25) \approx 104.48"\circ

\1]

Since \(C \approx 104.48"\circ\), this angle exceeds 90°, indicating the
triangle is obtuse at this vertex.

2. Angle Opposite Side 9 cm (\(B\))

\ [

\cos B = \frac{a™2 + c™2 - b™2}{2 ac} = \frac{672 + 1272 - 972}{2 \times 6
\times 12} = \frac{36 + 144 - 81}{2 \times 6 \times 12} = \frac{99}{144}
\approx 0.6875

\1

\ [
B = \arccos(0.6875) \approx 46.43"\circ

\]



3. Angle Opposite Side 6 cm (\(A\))
Since the sum of angles in a triangle is 180°, we can find \(A\):

\ [

A = 180"™\circ - (B + C) \approx 180™\circ - (46.43"\circ + 104.48"\circ)
\approx 29.09"\circ

\1]

Summary of Angles:

| Angle | Measure (degrees) | Classification (by angle) |

|\
| \(B\) | ~46.43° | Acute |
| \(C\) | ~104.48° | Obtuse |

Observation: The triangle has one obtuse angle (~104.48°), which means the
triangle is obtuse, not acute.

Critical Analysis of Sasha's Claim
From the calculations above:

- Side lengths: 6 cm, 9 cm, 12 cm

- Angles: One angle exceeds 90°, specifically ~104.48°, making the triangle
obtuse.

- Sides classification: All different, so the triangle is scalene.

- Isosceles? No, since only two sides are equal in an isosceles triangle,
which is not the case here.

So, Sasha's statement that she drew an acute isosceles triangle with side
lengths of 6 cm, 9 cm, and 12 cm is not accurate based on geometric
principles.

Possible Misunderstandings or Misconceptions

Sasha may have misunderstood some properties or intended different
measurements. Some plausible explanations include:

- Misclassification of the triangle type: She might have thought that because
two sides are close in length, the triangle could be isosceles and acute.
- Incorrect measurement or drawing: Perhaps she measured or drew the triangle



incorrectly.

- Confusion between different triangles: Maybe she was referencing a
different triangle with different side lengths.

- Misinterpretation of angles: She might have thought that all angles are
less than 90°, but calculations show otherwise.

Exploring Variations: Can an Isosceles Acute Triangle Have Sides of These
Lengths?

Given the fundamental properties, let's examine whether an isosceles acute
triangle can have side lengths similar to 6, 9, and 12 cm.

1. Conditions for Isosceles and Acute

- Two sides equal, say \(a = b\).
- For the triangle to be acute, all angles must be less than 90°, which
implies:

\ [
a~2 + b"2 > c™2
\]

for the side \(c\) opposite the third vertex, ensuring that the angle is
acute.

2. Example: Isosceles with sides 9 cm, 9 cm, and a third side \(c\)
- If \(a = b =9\,cm\), and \(c\) varies, then the angles are:

\ [

\cos C = \frac{a™2 + b2 - c™2}{2ab} = \frac{81 + 81 - c”2}{2 \times 9 \times
9} = \frac{162 - c"2}{162}

\1

For the triangle to be acute, all angles must be less than 90°, hence:

\ [

\cos C > 0 \Rightarrow 162 - c¢”2 > 0 \Rightarrow c”2 < 162 \Rightarrow c <
\sqrt{162} \approx 12.73\,cm

\1

Similarly, for the other angles,
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