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Introduction

In the realm of geometry, transformations play a pivotal role in
understanding how shapes can be manipulated while preserving certain
properties. One such transformation is dilation, which involves resizing a
figure relative to a fixed point called the center of dilation. When applied
to triangles, dilation can change their size while maintaining their shape
and angles, making it a fundamental concept in geometric studies and
applications.

Consider a triangle with vertices at points A(20, -30), B(10, -15), and C(5,
-20). Imagine this triangle undergoes a dilation centered at a specific
point, say D, with a certain scale factor. This transformation results in a
new, similar triangle that is either larger or smaller, depending on the
scale factor. Understanding how to perform this dilation, compute the new
vertices, and analyze the effects on the triangle's dimensions is crucial for
students, educators, and professionals working in fields such as
architecture, engineering, and computer graphics.

This article delves into the detailed process of dilating a triangle with
given vertices, exploring the mathematical principles involved, step-by-step
calculations, and practical applications. Whether you're preparing for exams,
designing geometric models, or simply exploring the fascinating world of
shapes, this comprehensive guide aims to enhance your understanding of
triangle dilation.

Understanding the Concept of Dilation in Geometry

What Is Dilation?

Dilation is a geometric transformation that enlarges or reduces a figure
based on a scale factor, with respect to a fixed point called the center of
dilation. It is a type of similarity transformation, meaning the shape

remains the same, but the size changes.

Key Components of Dilation



- Center of Dilation (D): The fixed point about which the figure is scaled.
- Scale Factor (k): A positive number that determines how much the figure is
enlarged or reduced. If k > 1, the figure enlarges; if 0 < k < 1, it reduces.

Properties of Dilation

- The shape of the figure remains similar.

- Corresponding angles are equal.

- Corresponding sides are proportional, with ratios equal to the scale
factor.

Practical Applications

- Designing scalable models.

- Image resizing in computer graphics.

- Geographic mapping and cartography.
- Engineering and architectural modeling.

Coordinates of the Triangle's Vertices

For the given triangle, the vertices are:

- A: (20, -30)
- B: (10, -15)
- C: (5, -20)

These points are in the coordinate plane, and their positions influence how
the dilation will change their locations.

Choosing the Center of Dilation

The problem states that the triangle has been dilated with a center of
dilation, but does not specify the exact point. For the purpose of
explanation, let's consider a few common scenarios:

- Scenario 1: Center at one of the vertices, such as point A.

- Scenario 2: Center at the origin (0,0).

- Scenario 3: Center at an arbitrary point D(x d, y d).

Each scenario requires a different approach to calculating the new vertices
after dilation.

Mathematical Process of Dilating a Triangle

General Formula for Dilation of a Point



Given a point \( P(x, y) \), the center of dilation \( D(x d, y d) \), and a
scale factor \( k \), the dilated point \( P'(x', y') \) is calculated as:

\ [
X'
\]
\[
y'
\1]

x d+ k (x - xd)

yd+ Kk (y -yd

This formula essentially shifts the point \( P \) relative to \( D \) by a
factor of \( k \).

Step-by-Step Calculation

1. Identify the center of dilation \( D(x d, y d) \).

2. Determine the scale factor \( k \).

3. Apply the formula to each vertex:

For vertex A:

\ [

A'(x" A, y' A) = (xd+ Kk (x A-xd), yd+Kk (yA-yd))
\1

- Repeat for vertices B and C.

Example Calculation with a Specific Center and Scale Factor

Suppose the center of dilation is at the origin \( D(0,0) \), and the scale
factor is \( k = 2 \) (enlarging the triangle by 200%).

- Dilated A:

\[

X" A=0+ 2(20 - 0) = 2 \times 20 = 40
\]

\[

y' A=0+ 2(-30 - 0) = 2 \times (-30) = -60
\]

A' = (40, -60)

- Dilated B:

\ [

x' B =2 \times 10 = 20

\]

\ [

y' B =2 \times (-15) = -30

\]

B' = (20, -30)

- Dilated C:
\ [



2 \times 5 = 10

X
(@]
I

\]
\ [
y _
\]
C' = (10, -40)

(@)
Il

2 \times (-20) = -40

This results in a larger similar triangle scaled by a factor of 2.

Practical Example: Dilation with a Different Center

Suppose the center of dilation is at point \( D(10, -20) \) and the scale
factor is \( k=0.5 \) (reducing the size by 50%).

- Dilated A:

\ [

x'" A =10 + 0.5(20 - 10) = 10 + 0.5 \times 10 = 10 + 5 = 15

\1

\ [

y' A= -20 + 0.5(-30 + 20) = -20 + 0.5 \times (-10) = -20 - 5 = -25
\1

A' = (15, -25)

- Dilated B:

\ [

x' B=10 + 0.5(10 - 10) = 10 + 0 = 10

\1

\ [

y' B=-20 + 0.5(-15 + 20) = -20 + 0.5 \times 5 = -20 + 2.5 = -17.5
\1]

B' = (10, -17.5)

- Dilated C:

\ [

x'" C=10 + 0.5(5 - 10) = 10 + 0.5 \times (-5) =106 - 2.5 = 7.5
\1

\ [

y' C=-20 + 0.5(-20 + 20) = -20 + 0 \ = -20

\1

C' = (7.5, -20)

This process illustrates how the position of the center affects the resulting
vertices after dilation.

Visualizing the Dilation

Visual aids significantly enhance comprehension of dilation transformations.



Here's how to visualize the process:

- Plot the original triangle with vertices A, B, and C.

- Identify the center of dilation D on the coordinate plane.

- Draw lines from D to each vertex.

- Mark the new vertices after the dilation, connecting them to form the
dilated triangle.

- Compare the original and the dilated triangle to observe the change in size
and position.

Graphing tools like GeoGebra, Desmos, or any graphing calculator can be used
to simulate and verify these transformations.

Applications of Triangle Dilation in Real Life

Understanding and applying dilation is fundamental in various fields:
Architecture and Engineering

- Scaling building models for presentations.

- Creating proportionate blueprints.

- Designing components that need to be resized while maintaining the same
shape.

Computer Graphics

- Resizing images and shapes without distortion.
- Implementing zoom functions in graphic design software.

Cartography and Geography

- Creating scale maps from real-world data.
- Rescaling geographical features.

Education and Learning

- Demonstrating similarity and proportional reasoning.
- Developing spatial visualization skills.

Summary and Key Takeaways

- Dilation is a transformation that changes the size of a figure relative to
a fixed point called the center of dilation, with a specific scale factor.

- The formula for dilating a point involves shifting it relative to the
center, scaled by the scale factor.

- When dilating a triangle, each vertex is transformed individually,
maintaining the shape's similarity.



- The choice of center significantly impacts the location of the dilated
figure.

- Practical applications span various fields, emphasizing the importance of
understanding dilation.

Final Thoughts

Understanding how to dilate a triangle with given vertices provides a
foundation for more advanced geometric transformations and problem-solving
skills. By mastering the step-by-step calculation process and visualizing the
effects, students and professionals can better analyze and manipulate
geometric figures in both academic and real

Frequently Asked Questions

What are the coordinates of the vertices of triangle
ABC after a dilation centered at point D?

To find the new coordinates after dilation, use the dilation formula: (x',
y') = (x ¢ + k(x - xc), yc+ k(y - yc)), where (x c, y c) is the center of
dilation and k is the scale factor. Plugging in the values for each vertex
will give the dilated points.

How does changing the scale factor k affect the size
of the triangle during dilation?

The scale factor k determines how much the triangle enlarges or shrinks. If k
> 1, the triangle enlarges; if 0 < k < 1, it shrinks; and if k = 1, the
triangle remains unchanged. The vertices are scaled proportionally relative
to the center of dilation.

Given the vertices A(20, -30), B(10, -15), and C(5,
-20), and a dilation center D(0, 0) with scale
factor k=2, what are the new vertices?

Applying the dilation formula:

A': (0 +2(20 - 0), 0 + 2(-30 - 0)) = (40, -60)
B': (06 + 2(106 - 0), 0 + 2(-15 - 0)) = (20, -30)
C': (0+2(5-0), 06 +#2(-20 - 0)) = (10, -40)

How do you determine the scale factor if only the



original and dilated vertices are known?

Calculate the distance from the center of dilation to each original vertex
and to each dilated vertex. The scale factor k is the ratio of these
distances: k = (distance from center to dilated vertex) / (distance from
center to original vertex).

What is the significance of the center of dilation
in transforming the triangle, and how is it chosen?

The center of dilation is the fixed point about which all points are scaled.
It determines the direction and proportional change in size of the figure.
The center can be any point in the plane, often chosen as a vertex or a
specific point relevant to the problem.

Additional Resources

Dilating a Triangle with Respect to a Center of Dilation: An In-Depth
Exploration

Understanding geometric transformations is fundamental in the study of
coordinate geometry, and among these transformations, dilation (or scaling)
plays a pivotal role. When applied to polygons such as triangles, dilation
can significantly alter their size while preserving their shape and
proportions. This detailed review delves into the process of dilating a
specific triangle—defined by vertices A(20, -30), B(10, -15), and C(5,
-20)—with respect to a center of dilation, exploring the underlying
principles, calculation methods, and geometric implications.

Introduction to Dilation in Coordinate Geometry

Dilation, also known as scaling, is a transformation that enlarges or reduces
a figure by a certain scale factor relative to a fixed point called the
center of dilation. Unlike translation or rotation, dilation preserves the
shape of the figure but alters its size.

Key Concepts:

- Center of Dilation (D): A fixed point in the plane about which the figure
is expanded or contracted.

- Scale Factor (k): A positive real number indicating how much the figure is
resized:

- k > 1: The figure enlarges (dilates outward).

k < 1: The figure shrinks (dilates inward).

1: The figure remains unchanged.

0
- k

A



- Properties Preserved:

- Similarity of the figure.
- Angle measures.

- Shape proportions.

The Triangle and Its Vertices

Given the vertices:

- A (20, -30)
- B (10, -15)
- C (5, -20)

these points form a triangle situated in the coordinate plane. To understand
how dilation transforms this triangle, it's essential to analyze the
positions of these points relative to the center of dilation.

Choosing the Center of Dilation

The problem statement mentions "A Triangle With Vertices At A(20, -30), B(10,
-15), And C(5, -20) Has Been Dilated With A Center Of Dilation" but does not
specify the center explicitly. Common choices for centers include:

- The origin (0, 0).
- The centroid of the triangle.
- An arbitrary point in the plane.

For this discussion, we will consider the center of dilation D as a variable
point (x d, y d). This approach allows us to understand the dilation process

generally and then apply specific values once the center is determined or
specified.

Mathematical Framework for Dilation

The general formula for dilating a point P(x, y) about a center D(x d, y d)
with a scale factor k is:

\ [



PI
\]

(x", y'") =D + k \times (P - D)

Expressed component-wise:

\[
X'
\1
\[
y'
\1]

x d + k \times (x - x d)

y d + k \times (y - y d)

This formula indicates that the new point P' lies along the line connecting D
and P, scaled by k relative to D.

Performing the Dilation: Step-by-Step Process

1.

2.

Identify the center of dilation (D):
If D is specified, proceed with its coordinates.
If not specified, analyze with a general D(x d, y d).

Select the scale factor (k):
The problem does not specify k, so consider different values or analyze the

process generally.

3.

C 1

4,

Calculate the transformed vertices:
For each vertex (A, B, C), apply the dilation formula to find A', B', and

Plot and interpret the new triangle:
Examine how the size and position change relative to D.
Confirm properties such as similarity and proportionality.

Example: Dilation About the Origin with Scale
Factor k=2

To illustrate, assume the center of dilation is at the origin (0,0) and the
scale factor is 2.

Calculations:

A (20, -30):



\[

x {A'}= 0 + 2 \times (20 - 0) = 2 \times 20 = 40

\1

\[

y {A'}= 0 + 2 \times (-30 - 0) = 2 \times (-30) = -60
\1

So, A' (40, -60).

- B (10, -15):

\ [

x {B'}=0 + 2 \times (10 - 0) = 20
\1]

\ [

y {B'}=0 + 2 \times (-15 - 0) = -30
\1

So, B' (20, -30).

- C (5, -20):

\ [

x {C'}=0 + 2 \times (5 - 0) = 10

\1]

\ [

y {C'}= 0 + 2 \times (-20 - 0) = -40
\1]

So, C' (10, -40).

Observations:

- The new triangle A'B'C' is scaled by a factor of 2 relative to the
original.

- The shape is similar; angles are preserved, and side ratios are doubled.

- The entire figure is located farther from the origin, illustrating
expansion.

Impact of Varying the Center of Dilation

The position of D significantly influences the resulting scaled triangle.
Consider the following scenarios:

1. Center at the Origin (0, 0)
- As demonstrated above, points are scaled directly along lines passing
through the origin.

- The triangle expands or contracts proportionally outward from (0,0).

2. Center at a Vertex (e.g., at A)



-D=A (20, -30)

- The points A, B, C are scaled about A.

- This results in A remaining fixed, while B and C move further away or
closer depending on K.

- Useful in specific geometric constructions or proofs.

3. Center at the Triangle's Centroid

- The centroid G of the triangle is the average of vertices:

\ [

G x = \frac{20 + 10 + 5}{3} = \frac{35}{3} \approx 11.67

\1]

\ [

Gy = \frac{-30 + (-15) + (-20)}{3} = \frac{-65}{3} \approx -21.67
\1]

- D= (11.67, -21.67)

- Dilating about the centroid maintains the position of G, and all vertices
scale proportionally around this point.

4. Arbitrary Center D

- D can be any point in the plane.
- The transformation's effect depends on the position relative to the
vertices.

Applications and Significance of Dilation in
Geometry

Dilation has numerous applications in both theoretical and applied geometry:

- Similarity transformations: Dilation is one of the three types of
similarity transformations (along with translation and rotation).

- Modeling real-world phenomena: Scale models, zooming in/out in graphics,
and perspective transformations.

- Problem-solving: Dilation helps in constructing figures, proving theorems,
and solving geometric problems involving proportionality.

Geometric Properties Preserved Under Dilation

While dilation changes the size of figures, it preserves several key
properties:



- Angles: All angles in the original triangle remain unchanged.

- Shape and Shape Ratios: The triangle remains similar to the original.

- Proportionality of Sides: Corresponding sides are scaled by the same
factor.

- Collinearity: Points that are collinear before dilation remain collinear
after.

- Parallelism: Parallel lines stay parallel.

Limitations and Considerations in Dilation

While dilation is a straightforward transformation, certain factors warrant
attention:

- Choosing the Center Dilation: The position of D affects the final figure's
location.

- Scale Factor Significance: Negative scale factors reflect the figure across
the center, effectively flipping the shape.

- Coordinate Calculations: Precise computation is necessary for accuracy,
especially with multiple steps.

Visualizing Dilation: Graphical Approach

Graphical tools and software (such as GeoGebra, Desmos, or graphing
calculators) facilitate visualization:

- Plot the original triangle.

- Mark the center of dilation (D).

- Draw lines connecting D to each vertex.

- Mark the scaled points based on the scale factor.

- Observe how the new triangle relates to the original in size and position.

Visualization solidifies understanding of how dilation affects figures.

Summary and Final Thoughts

Dilation of a triangle in the coordinate plane is a fundamental geometric
transformation illustrating how figures can be proportionally scaled about a
fixed point. Analyzing the triangle with vertices A(20, -30), B(10, -15), and



C(5, -20), reveals the following insights:

- The process involves

A Triangle With Vertices At A 20 30 B 10 15 And C 5 20 Has
Been Dilated With A Center Of Dilation
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