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Understanding geometric transformations is fundamental in the study of
geometry, especially when analyzing how shapes change or maintain their
properties under various transformations. One such transformation is
dilation, which involves resizing a figure relative to a fixed point called
the center of dilation. In this article, we will explore the dilation of the
polygon ABCD, with vertices at A(4, 6), B(2, 2), C(4, 2), D(4, 4), using a
scale factor of one. We will delve into the concepts of dilation, examine the
specific case of this polygon, and interpret the implications of a scale
factor of one on the shape.

Understanding Dilation in Geometry

What Is Dilation?

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

- Center of Dilation: The fixed point about which the figure is expanded or
contracted.
- Scale Factor: A number that indicates how much the figure is scaled. If the
scale factor is greater than 1, the figure enlarges; if between 0 and 1, the
figure shrinks; if equal to 1, the figure remains the same size.

Properties of Dilation

- The shape of the figure remains unchanged.
- The size of the figure changes proportionally.
- Corresponding angles are congruent.
- Corresponding sides are proportional to the scale factor.

Analyzing Polygon ABCD

Vertices and Coordinates

Let's look closely at the vertices of polygon ABCD:



- A: (4, 6)
- B: (2, 2)
- C: (4, 2)
- D: (4, 4)

Plotting these points on the coordinate plane helps visualize the shape. The
vertices form a polygon with certain characteristics:

- The side AB connects points (4, 6) and (2, 2).
- The side BC connects points (2, 2) and (4, 2).
- The side CD connects points (4, 2) and (4, 4).
- The side DA connects points (4, 4) and (4, 6).

This configuration suggests a shape that resembles a right-angled polygon,
possibly a rectangle or a trapezoid, depending on the specific side lengths
and angles.

Calculating Side Lengths

To better understand the shape, let's compute the lengths of some sides:

- AB: Distance between A(4, 6) and B(2, 2)

\[
\sqrt{(4 - 2)^2 + (6 - 2)^2} = \sqrt{(2)^2 + (4)^2} = \sqrt{4 + 16} =
\sqrt{20} \approx 4.47
\]

- BC: Distance between B(2, 2) and C(4, 2)

\[
\sqrt{(4 - 2)^2 + (2 - 2)^2} = \sqrt{(2)^2 + 0} = \sqrt{4} = 2
\]

- CD: Distance between C(4, 2) and D(4, 4)

\[
\sqrt{(4 - 4)^2 + (4 - 2)^2} = \sqrt{0 + 4} = 2
\]

- DA: Distance between D(4, 4) and A(4, 6)

\[
\sqrt{(4 - 4)^2 + (6 - 4)^2} = \sqrt{0 + 4} = 2
\]

From these calculations, sides BC, CD, and DA are equal in length, indicating
possible symmetry.

Understanding Dilation with a Scale Factor of
One



What Does a Scale Factor of One Mean?

A scale factor of one indicates that the figure is dilated by a factor of 1
relative to the center of dilation. This transformation has some unique
implications:

- The shape remains unchanged: The figure's size and dimensions stay exactly
the same.
- The figure's position may remain unchanged: If the center of dilation
coincides with the figure's position, the figure remains identical.
- No change in proportions or size: The dilation does not enlarge or reduce
the shape; it's effectively an identity transformation.

Effect of Dilation with Scale Factor of One on
Polygon ABCD

Applying a dilation with a scale factor of one to polygon ABCD results in:

- No change in vertices: The points A, B, C, and D remain at their original
coordinates.
- No change in shape or size: The polygon remains exactly the same.
- Implication for congruence: The original and dilated polygons are
congruent, meaning they are identical in size and shape.

Calculating the Coordinates After Dilation

Since the scale factor is one, the coordinates after dilation remain the
same. However, for educational purposes, let's consider the general formula
for dilation:

\[
(x', y') = (k \times (x - x_c) + x_c, \, k \times (y - y_c) + y_c)
\]

Where:

- \((x, y)\) are the original coordinates,
- \((x_c, y_c)\) are the coordinates of the center of dilation,
- \(k\) is the scale factor.

Suppose the center of dilation is at point \(O(x_c, y_c)\). For a scale
factor of one:

\[
(x', y') = (1 \times (x - x_c) + x_c, \, 1 \times (y - y_c) + y_c) = (x, y)
\]

Meaning each vertex remains at its original position.

Note: Without a specified center of dilation, the figure remains unchanged
regardless of the scale factor being one.



The Importance of the Scale Factor in Geometric
Transformations

When the Scale Factor Is Different from One

Understanding the effects of different scale factors helps in grasping how
shapes are resized:

- Scale Factor > 1: The figure enlarges, increasing in size proportionally.
- Scale Factor Between 0 and 1: The figure shrinks, decreasing
proportionally.
- Scale Factor = 1: The figure remains unchanged.
- Scale Factor < 0: The figure is reflected and resized, which introduces
symmetry considerations.

Applications in Real Life

Dilation with various scale factors is crucial in fields such as:

- Architecture: Scaling blueprints and models.
- Engineering: Creating proportionate parts.
- Computer Graphics: Resizing images and objects.
- Mathematics Education: Teaching concepts of similarity and proportionality.

Summary and Key Takeaways

- Dilation is a transformation that scales a figure relative to a center
point.
- The scale factor determines how much the figure enlarges or shrinks.
- A scale factor of one means the figure remains unchanged, preserving size
and shape.
- In the case of polygon ABCD with vertices at A(4, 6), B(2, 2), C(4, 2),
D(4, 4), dilating with a scale factor of one results in no change; the
polygon remains exactly the same.
- Understanding these principles is fundamental in geometry, providing
insights into how figures relate through similarity transformations.

Conclusion

The analysis of polygon ABCD under a dilation with a scale factor of one
emphasizes the importance of the scale factor in geometric transformations.
While a scale factor of one results in an unchanged figure, it serves as a
reference point for understanding how figures can be resized or transformed
in more complex scenarios. Recognizing the properties of dilation and how
they apply to specific shapes like polygon ABCD enhances comprehension of
geometric principles, which are vital in various mathematical and real-world
applications.



By mastering these concepts, students and enthusiasts can appreciate the
elegance of geometric transformations and their utility in diverse fields
such as architecture, engineering, and computer graphics.

Frequently Asked Questions

What are the coordinates of polygon ABCD with
vertices at A(4, 6), B(2, 2), C(4, 2), D(4, 4)?

The vertices of polygon ABCD are at A(4, 6), B(2, 2), C(4, 2), and D(4, 4).

What does it mean to dilate a polygon with a scale
factor of one?

Dilating a polygon with a scale factor of one means the shape and size of the
polygon remain unchanged; the figure is identical to the original.

If polygon ABCD is dilated with a scale factor of
one, what is the effect on its size and shape?

The size and shape of the polygon remain the same; there is no change in the
polygon's dimensions or proportions.

How does dilating polygon ABCD with a scale factor of
one affect its vertices?

The vertices of polygon ABCD remain at their original coordinates; no
transformation occurs when dilated with a scale factor of one.

Is the original polygon ABCD the same as its dilated
image with a scale factor of one?

Yes, since the scale factor is one, the dilated image of polygon ABCD is
identical to the original polygon.

Additional Resources
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Introduction: Understanding the Fundamentals of Polygon Dilation

In the realm of geometry, transformations such as translation, rotation,
reflection, and dilation serve as foundational tools for manipulating shapes
and understanding their properties. Among these, dilation—also known as
scaling—is particularly intriguing because it involves resizing a figure
relative to a fixed point, called the center of dilation. When a polygon
undergoes dilation, every point of the figure moves along a line passing



through the center, and the distance from each point to the center is scaled
by a specific factor.

This article examines a specific case involving a quadrilateral, polygon
ABCD, with vertices at given coordinate points: A(4, 6), B(2, 2), C(4, 2),
and D(4, 4). The polygon is subjected to a dilation with a scale factor of
one. This scenario provides a unique opportunity to analyze the implications
of such a dilation on the shape, size, and overall properties of the polygon,
and to explore the underlying mathematical principles involved.

---

The Significance of Dilation with a Scale Factor of One

What is Dilation?

Dilation is a transformation that stretches or shrinks a figure
proportionally from a fixed point. When performing a dilation, each point in
the figure is mapped to a new point along the line connecting it to the
center of dilation. The ratio of the distances from the center to the
original and the new point is called the scale factor.

The Special Case: Scale Factor of One

When the scale factor is exactly one, the dilation is essentially an identity
transformation. This means that the figure's size remains unchanged, and the
figure's position and shape are preserved. The polygon after dilation is
congruent to the original, and no resizing occurs. This concept is
fundamental because it underscores the fact that a dilation with a scale
factor of one is, in essence, a "no change" transformation, emphasizing the
importance of scale factors in geometric transformations.

---

Geometric Coordinates and the Polygon ABCD

Vertices and Coordinates

Let's analyze the original vertices of polygon ABCD:

- A(4, 6)
- B(2, 2)
- C(4, 2)
- D(4, 4)

Plotting these points on a coordinate plane reveals the shape's structure.
The polygon appears to be a quadrilateral with some sides parallel and some
perpendicular, suggesting a certain symmetry and orientation.

Visualizing the Polygon

To better understand the shape, consider the relative positions:

- Points B(2, 2) and C(4, 2) lie horizontally along y=2.
- Point A(4, 6) is directly above C and D.
- Point D(4, 4) is directly below A and above C.

Plotting these points yields a shape that resembles a right-angled
quadrilateral, with sides aligned along coordinate axes or near axes.



---

Analyzing the Dilation Process with a Scale Factor of One

Theoretical Background

Given a polygon with vertices \( (x_i, y_i) \), dilating about a point \(
(x_c, y_c) \) with a scale factor \( k \) involves transforming each vertex
to a new position:

\[
(x_i', y_i') = (x_c + k(x_i - x_c), \quad y_c + k(y_i - y_c))
\]

When \( k = 1 \), the transformation simplifies to:

\[
(x_i', y_i') = (x_c + (x_i - x_c), \quad y_c + (y_i - y_c)) = (x_i, y_i)
\]

This indicates that every point remains in its original position, confirming
that the shape does not change.

Implications for Polygon ABCD

Applying a dilation with a scale factor of one to polygon ABCD, regardless of
the center of dilation, results in the original polygon. This is because:

- The distances from each vertex to the center of dilation remain unchanged.
- The shape, size, and orientation of the polygon are preserved.
- No resizing or distortion occurs.

Thus, the polygon remains congruent to its original configuration.

---

Choosing the Center of Dilation: Does It Matter?

The Center of Dilation

The center of dilation can be any point in the plane. Common choices include:

- The centroid of the polygon.
- A vertex of the polygon.
- The origin (0,0).

Effect of the Center on the Dilation

When the scale factor is one, the center's choice becomes irrelevant because:

- All points are mapped onto themselves.
- The polygon remains unchanged regardless of the dilation center.

In contrast, for scale factors other than one, the choice of the center
significantly influences the position and size of the dilated figure.

---

Mathematical Confirmation: No Change in the Polygon's Properties



Congruence and Identity Transformation

A dilation with scale factor one is a type of rigid motion, which preserves:

- Shape: The angles and side lengths are unchanged.
- Size: The area remains the same.
- Orientation: The figure's positioning remains consistent.

Consequently, polygon ABCD's properties are invariant under this
transformation.

Calculation and Verification

Suppose we select any point as the center, say the origin (0, 0). Applying
the dilation with \( k=1 \):

\[
(x_i', y_i') = (0 + 1 \times (x_i - 0), 0 + 1 \times (y_i - 0)) = (x_i, y_i)
\]

The vertices remain:

- A(4, 6)
- B(2, 2)
- C(4, 2)
- D(4, 4)

which confirms the invariance.

---

Broader Implications and Applications

Educational Significance

Understanding dilations with a scale factor of one serves as an essential
stepping stone in grasping more complex transformations. It emphasizes the
concept of identity transformations and underscores the importance of scale
in geometric manipulations.

Practical Applications

While the case of a scale factor of one might seem trivial, it has practical
implications in fields like computer graphics, where transformations are used
extensively. Recognizing that scaling by one leaves an object unchanged helps
in debugging and verifying transformation sequences.

Geometric Invariance

This scenario exemplifies the principle of invariance in geometry: certain
transformations do not alter specific properties of figures. Recognizing
invariance under dilation with a scale factor of one reinforces understanding
of congruence and similarity.

---

Conclusion: The Invariance of Polygon ABCD Under a Scale Factor of One
Dilation



In conclusion, the dilation of polygon ABCD with vertices at A(4, 6), B(2,
2), C(4, 2), and D(4, 4) using a scale factor of one results in no change to
the figure. The polygon remains congruent to its original shape, size, and
orientation, emphasizing the fundamental properties of geometric
transformations. This specific case underscores the importance of the scale
factor in dilation: when it equals one, the transformation is effectively the
identity, leaving the figure untouched.

This analysis not only clarifies the mathematical principles underlying
dilation but also highlights the conceptual significance of scale factors in
geometric transformations. Understanding these principles is crucial for
students, educators, and professionals working in fields involving geometric
modeling, computer graphics, architecture, and design, where transformations
play a vital role in manipulating and analyzing shapes.

---
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