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Understanding geometric transformations is fundamental in the study of mathematics, especially in the
realm of coordinate geometry and geometric figures. When a figure undergoes a dilation, it is scaled
proportionally from a fixed point called the center of dilation. This transformation changes the size of
the figure but preserves its shape. In this article, we explore the specifics of dilating a figure,
particularly focusing on a figure named PQRS, which is dilated by a scale factor of 2 with the center of
dilation at the origin. We will analyze what this transformation entails, how to determine the new
coordinates of the figure, and the implications of such a dilation, providing a comprehensive overview

for students, educators, and math enthusiasts alike.

Understanding Dilation in Geometry

What Is Dilation?

Dilation is a type of similarity transformation that enlarges or reduces a figure while maintaining its
shape and the proportionality of its sides. It is characterized by a scale factor and a fixed point known

as the center of dilation.



Key Components of Dilation

* Center of Dilation: The fixed point in the plane about which the figure is scaled. In our case, this

is at the origin (0,0).
e Scale Factor: A number that determines how much the figure is enlarged or reduced. A scale

factor greater than 1 results in an enlargement, while a value between 0 and 1 results in a

reduction. Here, the scale factor is 2.

Effects of Dilation

o Size of the figure is multiplied by the scale factor.
¢ Shape and angles of the figure remain unchanged.

¢ Position of the figure may change depending on the center of dilation and the original

coordinates.

Analyzing the Dilation of Figure PQRS

Initial Coordinates of PQRS

Suppose the original figure PQRS is located in the coordinate plane with specific points:



. P(xl:l, yl:l)
J Q(x[l, yl:l)
« rxl, vl

J S(x[l, y[l)

The exact coordinates depend on the initial positioning of the figure, which can be provided or

assumed for illustration purposes.

Applying the Dilation with Center at the Origin

Since the center of dilation is at the origin (0,0), the transformation of each point follows a simple rule:

1. Multiply the x-coordinate by the scale factor.

2. Multiply the y-coordinate by the scale factor.

Mathematically, for each point (x, y):

(x'", y') = (k x, kK vy)

where k is the scale factor, which in this case is 2.



Calculating the Coordinates of the Dilated Figure

Applying the rule:

e P 2xl 2yl
e Q' (2 xl:l, 2 yl:l)
e R @2xl, 2yl

e s 2« 2y

This process results in a new figure P'Q'R'S' that is a scaled-up version of the original.

Implications of the Dilation

Size and Area Changes

¢ The linear dimensions of the figure are doubled, as the scale factor is 2.

» The area of the figure increases by the square of the scale factor, which is 4 (since 22 = 4).

Therefore, the new area is four times the original.



Preservation of Shape and Angles

Since dilation is a similarity transformation, the angles within the figure remain unchanged. The

proportionality of sides is maintained, ensuring the figure's shape is similar to the original.

Position of the Dilated Figure

Because the dilation is centered at the origin, the figure expands outward from (0,0). If the original
figure is located in the first quadrant, the dilated figure will be further away from the origin but maintain

the same orientation.

Practical Applications of Dilating Figures

In Geometry and Design

- Creating similar figures at different scales.
- Understanding how shapes change with size while preserving proportions.

- Constructing models and diagrams in engineering and architecture.

In Computer Graphics

- Scaling images and vectors for design purposes.

- Manipulating objects in digital environments while maintaining their shape.

In Mathematics Education

- Teaching concepts of similarity and transformations.

- Visualizing the effects of scale factors on geometric figures.



Example: Dilating a Specific Figure PQRS

Suppose the original figure PQRS has the following coordinates:
e P(1, 3)
* Q(4, 2)
* R(3, 1)

. S(0, 2)

Applying the dilation with a scale factor of 2:

P (21,23)=(2 6)
¢ Q' (24,22)=(8,4)
R (23,21)=(6,2)

«S'(20,22)=(0,4)

The new figure P'Q'R'S' is scaled up and maintains the same shape.



Conclusion: What Are the Key Takeaways?

- Dilating a figure about the origin involves multiplying each coordinate by the scale factor.

- With a scale factor of 2, the figure's size doubles, and the area quadruples.

- The shape and angles are preserved, ensuring similar figures.

- The position of the figure extends outward from the origin, maintaining the same orientation.

- Understanding dilations is essential for various applications in geometry, design, and computer

graphics.

By mastering the concepts of dilation, students can better grasp the principles of similarity,
transformations, and proportional reasoning, which are foundational in advanced mathematics and

practical applications across multiple fields.

Frequently Asked Questions

What is the effect of dilating figure PQRS by a scale factor of 2 with
the center at the origin?
All points of the figure will be moved away from the origin, doubling their distance from the origin,

effectively enlarging the figure by a factor of 2.

How do the coordinates of points in figure PQRS change after dilation
with a scale factor of 2 centered at the origin?

Each coordinate (x, y) of a point will be multiplied by 2, resulting in new coordinates (2x, 2y).

If point P is at (3, 4) in figure PQRS, what will be its new position
after the dilation?

After dilation, point P will be at (6, 8).



Does the shape of figure PQRS change after dilation by a scale factor

of 29

No, the shape remains similar; the figure is enlarged but retains its proportions and angles.

What happens to the lengths of the sides of figure PQRS after dilation
by a scale factor of 22

The lengths of all sides are multiplied by 2, effectively doubling the size of the figure.

Is the center of dilation at the same point as any of the vertices of
PQRS?

No, the center of dilation is at the origin, which is typically not a vertex of the figure unless specified.

How does the dilation affect the area of figure PQRS?

The area of the figure is multiplied by the square of the scale factor; here, it becomes 4 times the

original area.

If the original figure PQRS has vertices at specific points, how can |
find their new locations after dilation?

Multiply the x and y coordinates of each vertex by the scale factor, which is 2 in this case.

Are lines and angles preserved after dilation with a scale factor of 22

Yes, because dilation is a similarity transformation, it preserves angles and the shape of the figure.

What is the significance of choosing the origin as the center of dilation



in this scenario?

Using the origin simplifies calculations since the coordinates are directly scaled by the factor, making it

easy to determine the new positions of points.

Additional Resources

Dilations of Geometric Figures: An In-Depth Analysis of the Transformation of Figure PQRS

Introduction

In the realm of geometry, transformations are fundamental concepts that help us understand how
figures can change shape, size, and position while maintaining certain properties. Among these
transformations, dilation—also known as scaling—is particularly significant for its applications in
computer graphics, architecture, engineering, and more. When a figure is dilated by a specific scale
factor with respect to a fixed point called the center of dilation, the resulting figure exhibits proportional

size changes but retains the original shape.
This article explores the transformation of a geometric figure, specifically quadrilateral PQRS,
subjected to a dilation by a scale factor of 2, with the center of dilation at the origin (0,0). We will delve

into the mathematical principles behind dilation, analyze the effects on the figure’s vertices, and

discuss implications for geometric properties, coordinate transformations, and real-world applications.

Understanding Dilation in Geometry

What Is Dilation?

Dilation is a transformation that enlarges or reduces a figure proportionally with respect to a fixed point

known as the center of dilation. The key characteristic of dilation is that it preserves angle measures



and the shape of the figure, though it modifies its size.

Definition:
A dilation centered at a point \( O \) with a scale factor \( k \) maps each point \( P \) in the plane to a

point \( P'\) such that:

\[

\text{Distance } OP' = k \times \text{Distance } OP

\

where:

-\( O\) is the center of dilation,

-\( P\) is any point in the original figure,

- \( P"\) is the corresponding point in the dilated figure.

Key properties of dilation:

- When \( k > 1), the figure is enlarged.

- When \( 0 < k < 1), the figure is reduced.

- When \( k = 1), the figure remains unchanged.

- Dilation preserves angle measure and proportionality of sides.

The Scenario: Dilation of Quadrilateral PQRS

Initial Conditions and Assumptions

Suppose we have a quadrilateral \( PQRS \) with vertices at specific coordinates. The problem states

that this quadrilateral is dilated by a scale factor of 2 with the center of dilation at the origin \( O = (0,0)



This implies:

- The center of dilation is at the point \( (0,0) \).
- The scale factor, \( k \), is 2.

- The transformation affects each vertex of the quadrilateral according to the dilation rule.

Objective

The question asks: What are the... (assuming the intended phrase is coordinates of the dilated figure,
properties of the figure after dilation, or effects on the original quadrilateral). For this analysis, we will

focus on:

- Determining the new coordinates of vertices \( P', Q', R, S"\).
- Understanding how the figure's size and position change.

- Analyzing the preservation of geometric properties.

Mathematical Framework of the Dilation

Coordinates Transformation

Given a point \( P(x, y) \), the image \( P'(X', y') \) after dilation centered at the origin with scale factor \(

k\) is:

\[
x' = k \times x
\
\[



y' = k \times y
\]

This straightforward scaling applies to every vertex of quadrilateral PQRS.

Applying the Transformation to Vertices

Suppose the original vertices are:

-\(P(x_P, y_P)\)
-\(Q(x_Q, y_Q)V)
-\(R(x_R, y_R))
-\(S(x_S, y_S))

The new vertices after dilation are:

\[

P'(x_P', y P')=(k\times x_P, k \timesy_P)

\

\[

Q'(x_Q', y_Q") = (k \times x_Q, k \times y_Q)
\]

\[

R'(x_R', y R') = (k \times x_R, k \times y_R)
\

\[

S'(x_S', y_S') = (k \times x_S, k \times y_S)

\]

Since the scale factor \( k = 2\), the vertices are simply doubled in magnitude along both axes.



Analyzing the Effects of the Dilation

Size and Shape Preservation

The primary effect of dilation is that it scales the figure uniformly:

- Area: Multiplied by the square of the scale factor (\( k*2\)).

For \( k=2\), the area of the quadrilateral becomes four times the original.

- Perimeter: Multiplied by the scale factor (\( k \)).

For \( k=2\), the perimeter doubles.

- Angles: Remain unchanged; the shape is similar, not congruent unless \( k=1\).

Position and Orientation

- The center of dilation remains fixed at the origin \( (0,0) \).

- The entire figure expands outward from the origin, maintaining the same directional alignment.

- The relative positioning of the vertices with respect to the origin is scaled proportionally.

Practical Implications and Applications

Geometric Modeling and Computer Graphics

In computer graphics, scaling figures around a point is routine for creating zoom effects, object

resizing, or animations. Understanding the mathematical basis allows precise control over how objects

change size and position, critical in rendering scenes or designing interfaces.

Engineering and Architecture



Scaling models or blueprints often involves dilation, especially when transitioning from scaled drawings
to real-world structures. The center of dilation at the origin simplifies calculations when models are
aligned with coordinate axes.

Geographical and Spatial Analysis

Dilation helps in understanding how geographical features or regions expand or contract relative to a

fixed point, which can be useful in urban planning or environmental modeling.

Special Cases and Additional Considerations

Dilation with Different Centers

While this scenario centers the dilation at the origin, changing the center of dilation to a different point

\( O(x_0, y_0)\) alters the transformation formula:

\[
x'=x_0 + k \times (x - x_0)
\]
\[
y'=y 0+ k\times (y -y_0)
\

This shifts the figure relative to the original center, creating different geometric effects.

Impact on Coordinates: An Example

Suppose original vertices are:



-\(P(1, 2)\)

-\(Q(3S, 4)\)

-\( R(5, 0)\)

-\(S(2, -3)\)

Applying dilation by 2 at the origin:
-\(P'=(2 \times 1, 2 \times 2) = (2, 4) )
-\(Q' =(6, 8)))

-\(R"=(10, 0) )

-\(S'= (4, -6)\)

This simple set of calculations illustrates how the figure enlarges proportionally, with vertices moving

further from the origin.

Geometric Properties Post-Dilation

Similarity and Congruence

The dilated quadrilateral \( P'Q'R'S' \) is similar to the original \( PQRS \), sharing the same shape but

scaled in size.

- Congruence occurs only if the scale factor \( k=1 \).

- Similarity is preserved for all positive scale factors.

Angle Measures

Since dilation preserves angles, the internal angles of \( PQRS \) are identical to those of \( P'Q'R'S" \).



Side Ratios and Proportionality

All sides are scaled by \( k \), maintaining side ratios. For example, if \( PQ \) and \( RS \) are parallel,

their images will also be parallel.

Critical Reflection: Limitations and Potential Pitfalls

While dilation is a straightforward transformation mathematically, in practical settings, several factors

can influence outcomes:

- Coordinate accuracy: Precise calculations depend on accurate initial coordinates.
- Assumption of the center at the origin: If the center shifts, calculations become more complex.
- Physical constraints: Real-world objects may not scale uniformly due to material limitations or design

constraints.

Conclusion

The dilation of quadrilateral PQRS by a scale factor of 2 with the center at the origin exemplifies a
fundamental geometric transformation that underscores many applications across science, technology,
and mathematics. This transformation proportionally enlarges the figure, doubles the perimeter,
quadruples the area, and preserves shape and angles. Its simplicity in calculation—multiplying each
coordinate by the scale factor—makes it an essential concept for students, educators, and

professionals alike.

Understanding and analyzing such transformations deepen our grasp of geometric principles, enabling
us to manipulate and interpret complex figures with precision. Whether in designing computer graphics,

constructing architectural models, or analyzing spatial data, the principles of dilation serve as a



cornerstone of spatial reasoning and geometric analysis.

In essence:
When a figure like PQRS undergoes dilation by a scale factor of 2 centered at the origin, every

vertex's coordinates are doubled, resulting in a figure that is
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