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Understanding the geometric principles behind the dilation of circles is
fundamental in both pure mathematics and practical applications such as
engineering, design, and computer graphics. When a circle undergoes dilation
with the origin (or center of dilation) as its center, the resulting figure
remains a circle, but with altered size. This process is governed by specific
rules and properties that define how the original circle transforms. In this
comprehensive guide, we will explore the concept of dilating a circle with
the origin as the center, identify the mathematical rules that best describe
this transformation, and provide illustrative examples to deepen
understanding.

---

Understanding Circle Dilation: Basic Concepts

What Is Dilation in Geometry?
Dilation, also known as scaling, is a transformation that produces an image
that is the same shape as the original but is a different size. It involves
expanding or contracting a figure relative to a fixed point called the center
of dilation.

Key characteristics of dilation:
- It is a similarity transformation.
- The shape remains unchanged; only the size is affected.
- The center of dilation is the fixed point about which the figure is scaled.
- The scale factor determines the degree of expansion or contraction.

Why Focus on Circles?
Circles are symmetric figures with constant radius from their center point.
When dilated with the origin as the center, the resulting figure remains a
circle because of their inherent symmetry. The process involves scaling the
radius by a certain factor, leading to a proportional change in size while
maintaining the shape.

---



Mathematical Rules Governing Circle Dilation

Coordinate Representation of a Circle
A circle in the coordinate plane can be described by the equation:
- Standard form: \[(x - h)^2 + (y - k)^2 = r^2\]
where:
- \((h, k)\) = center of the circle
- \(r\) = radius

If the circle is centered at the origin, its equation simplifies to:
- \[x^2 + y^2 = r^2\]

Dilation with the Origin as the Center
When dilating a circle with the origin \((0,0)\) as the center, the
transformation affects the coordinates of every point \((x, y)\) on the
circle as follows:
- New point after dilation: \((kx, ky)\)
where \(k\) is the scale factor (a positive real number).

Resulting equation:
\[(kx)^2 + (ky)^2 = (kr)^2\]
which simplifies to:
\[k^2(x^2 + y^2) = k^2 r^2\]
or
\[x^2 + y^2 = r^2\]

This indicates that the shape remains a circle, but the radius scales by the
absolute value of the scale factor \(k\).

---

Rules for Dilating Circles with the Origin as
the Center

Scale Factor and Radius
- The radius of the original circle is \(r\).
- After dilation with scale factor \(k\), the new radius becomes \(k \times
r\).
- The circle's center remains at the origin because the dilation is centered
there.



Implication:
- If \(k > 1\), the circle enlarges.
- If \(0 < k < 1\), the circle shrinks.
- If \(k < 0\), the circle reflects across the origin and scales accordingly.

Mathematical Rule Representation
The most straightforward rule representing dilation with the origin as the
center is:

> Dilation Rule:
> \(\boxed{\text{For any point } (x, y), \text{ its image } (x', y') \text{
is given by } (x', y') = (k x, k y)}\)

This rule applies to all points on the original circle and results in a
scaled circle centered at the origin with radius \(k r\).

Impact on Equations of Circles
- Original circle centered at the origin: \[x^2 + y^2 = r^2\]
- Dilated circle: \[x'^2 + y'^2 = (k r)^2\]
- Since \[x' = k x\] and \[y' = k y\], the new equation can be derived from
the original by multiplying the coordinates by \(k\).

Note:
- The dilation preserves the shape and proportional distances from the
center.
- It simplifies the understanding of transformations in coordinate geometry.

---

Practical Examples and Applications

Example 1: Dilating a Circle with Scale Factor 2
Suppose you have a circle centered at the origin with radius 3 units:
- Equation: \(x^2 + y^2 = 9\)

Dilation with scale factor \(k = 2\):
- New radius: \(2 \times 3 = 6\)
- New equation: \(x'^2 + y'^2 = 36\)

Since the dilation is centered at the origin:
- The new circle's equation remains in the same form, but the radius doubles.



Example 2: Dilating a Circle with Negative Scale
Factor
Using the same original circle:
- Dilation with scale factor \(k = -1.5\):
- The radius becomes \(|-1.5| \times 3 = 4.5\)

The negative sign indicates reflection across the origin, and the circle
remains centered at the origin.

Applications in Real-World Scenarios
- Computer Graphics: Scaling objects proportionally while maintaining their
shape.
- Engineering Design: Enlarging or reducing parts while keeping their
proportions.
- Mathematics Education: Visualizing transformations and understanding
similarity.

---

Summary of Key Points
- Dilation with the origin as the center preserves the shape of circles.
- The scale factor directly multiplies the radius of the circle.
- Coordinates of points on the circle are scaled by the same factor.
- The most accurate rule for this transformation is \((x, y) \rightarrow (k
x, k y)\).
- The resulting figure remains a circle with a scaled radius.

---

Conclusion: Which Rule Best Represents the
Dilation?
The best rule that describes dilating a circle with the origin as the center
is the coordinate scaling rule:
> \((x, y) \rightarrow (k x, k y)\)

This rule succinctly captures the essence of the transformation, emphasizing
proportional scaling relative to the origin. It ensures that the shape
remains a circle, centered at the origin, with its radius scaled by the
factor \(k\). Understanding this rule is fundamental for students, educators,
and professionals working with geometric transformations.

---



Additional Resources for Learning
- Interactive Geometry Software (e.g., GeoGebra)
- Geometry Textbooks covering Similarity and Transformations
- Online Tutorials and Videos on Coordinate Geometry
- Practice Problems on Dilations and Scale Factors

By mastering the rules of circle dilation with the origin as the center,
learners can develop a deeper understanding of geometric transformations,
their properties, and their applications across various fields.

---

Keywords: circle dilation, center of dilation, scale factor, coordinate
geometry, transformations, circle equations, similarity, geometric rules,
proportional scaling

Frequently Asked Questions

What is the definition of a circle with dilation
centered at its origin?
A circle with dilation centered at its origin is a circle that results from
enlarging or reducing a given circle with the origin as the fixed point
(center of dilation), maintaining the same center and proportional change in
radius.

Which rule best describes the dilation of a circle
centered at the origin?
The rule that best describes this dilation is (x, y) → (k·x, k·y), where k is
the scale factor, indicating that each point is scaled proportionally from
the origin.

How does dilating a circle with the origin as the
center affect its radius and position?
Dilating a circle with the origin as the center scales its radius by the
scale factor k, while the center remains at the origin, so the circle
enlarges or reduces uniformly without shifting position.

What is the mathematical equation of a circle after
dilation centered at the origin?
If the original circle has equation x² + y² = r², after dilation by scale
factor k, the circle's equation becomes x² + y² = (k·r)², maintaining the



same center at the origin but with a scaled radius.

Why is the origin a significant center of dilation
when creating similar circles?
The origin is significant because it serves as the fixed point during
dilation, ensuring the shape remains similar and proportionally scaled
without changing position, which is essential for creating similar circles
centered at the same point.

Additional Resources
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Circle ||. Which Rule Best Represents
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Introduction

In the realm of geometry, transformations are fundamental in understanding
how figures change and relate to each other. Among these transformations,
dilation — also known as rescaling or scaling — plays a crucial role in
similar figures, enlargements, and reductions. This transformation involves
enlarging or shrinking a figure with respect to a fixed point called the
center of dilation, and a scale factor that determines the degree of change.

The statement "Circle | Was Dilated With The Origin As The Center Of Dilation
To Create Circle ||" encapsulates a common geometric operation, highlighting
how a circle can be transformed through dilation centered at the origin,
resulting in another circle. This process demonstrates key principles of
similarity, proportionality, and the rules governing dilation.

This comprehensive review explores the concept of dilation centered at the
origin, the geometric rules that best describe this transformation, and their
implications in coordinate geometry and practical applications.

---

Understanding Dilation in Geometry

Definition of Dilation

Dilation is a transformation that produces an image scaled relative to a
fixed point called the center of dilation. The main features include:

- Center of Dilation (O): The fixed point about which the figure is expanded
or contracted.
- Scale Factor (k): A positive real number indicating how much the figure is
enlarged (k > 1) or reduced (0 < k < 1).



Properties of Dilation

- It preserves angle measures; angles remain unchanged.
- It preserves collinearity of points.
- It changes the size of figures proportionally.
- The shape of figures remains similar post-dilation.

Dilation and Coordinates

In coordinate geometry, dilation centered at a point \( O(h, k) \) transforms
any point \( P(x, y) \) to a new point \( P'(x', y') \) according to:

\[
\begin{cases}
x' = h + k(x - h) \\
y' = k + k(y - k)
\end{cases}
\]

If the center of dilation is at the origin \( (0, 0) \), these simplify to:

\[
\begin{cases}
x' = kx \\
y' = ky
\end{cases}
\]

This linear transformation scales the entire figure by a factor \( k \) about
the origin.

---

The Circle and Dilation

Basic Properties of a Circle

A circle in the coordinate plane is described as:

\[
(x - h)^2 + (y - k)^2 = r^2
\]

where:
- \( (h, k) \) is the center,
- \( r \) is the radius.

When the circle is centered at the origin \( (0, 0) \), the equation
simplifies to:

\[



x^2 + y^2 = r^2
\]

Dilation of a Circle Centered at the Origin

When we dilate a circle centered at the origin with scale factor \( k \):

- The center remains at the origin (since dilation about the origin keeps the
origin fixed).
- The radius is multiplied by \( |k| \).

Thus, the dilated circle has the equation:

\[
x^2 + y^2 = (kr)^2
\]

which is also a circle, demonstrating that dilation about the origin maps a
circle centered at the origin to another circle centered at the origin with
scaled radius.

Key Point: The dilation centered at the origin preserves the center of the
circle, transforming the radius proportionally.

---

Which Rule Best Represents?

Mathematical Rule for Dilation Centered at the Origin

The transformation rule for a dilation centered at the origin is
straightforward:

\[
(x, y) \xrightarrow{\text{dilation}} (kx, ky)
\]

where:

- \( (x, y) \) is a point on the original circle,
- \( (kx, ky) \) is the corresponding point on the dilated circle,
- \( k \) is the scale factor.

This rule indicates:

- Linear scaling of each coordinate by the factor \( k \).
- The center \( (0, 0) \) remains fixed, as:

\[
(0, 0) \to (k \times 0, k \times 0) = (0, 0)
\]



Geometric Interpretation

- All points on the original circle are moved along lines passing through the
origin.
- The distance from the origin (center) to any point is scaled by \( |k| \).
- For \( k > 0 \), the orientation of points remains consistent.
- For \( k < 0 \), the points are reflected across the origin, and the figure
is scaled accordingly.

---

Deep Dive: Effects of Dilation on Circles

Case 1: Dilation at the Origin with \( k > 1 \)

- The circle enlarges.
- The radius becomes \( kr \).
- The shape remains a circle centered at the origin.

Case 2: Dilation at the Origin with \( 0 < k < 1 \)

- The circle shrinks.
- The radius reduces to \( kr \).

Case 3: Dilation at the Origin with \( k < 0 \)

- The circle is reflected across the origin.
- The radius magnitude remains \( |k|r \).
- The circle's orientation is inverted, but it remains a circle.

Case 4: Dilation at a Point Other Than the Origin

- If the dilation is centered at a point \( (h, k) \), the rule becomes:

\[
(x, y) \rightarrow (h + k(x - h), \, k + k(y - k))
\]

- The circle’s center shifts accordingly, and the radius scales by \( |k| \).

---

Practical Applications of Circle Dilation

Similar Figures and Scaling

- Understanding how circles change under dilation aids in recognizing similar
figures.
- Used in design, architecture, and engineering to resize objects
proportionally.



Coordinate Geometry and Transformations

- Essential in computer graphics for scaling images.
- Used in animations where objects need to grow or shrink uniformly from a
fixed point.

Geometric Constructions

- Dilation provides a method to construct similar circles or figures with
precise scale ratios.

---

Summary of Key Concepts

| Aspect | Explanation |
|---------|--------------|
| Center of Dilation | Fixed point from which the figure is scaled (origin in
our case). |
| Scale Factor \(k\) | Determines how much the figure enlarges or reduces. |
| Dilation Rule | For the origin: \( (x, y) \to (kx, ky) \). |
| Effect on a Circle | Center remains fixed; radius scaled by \( |k| \). |
| Equation after Dilation | \( x^2 + y^2 = (kr)^2 \) for a circle centered at
the origin. |

---

Visualizing the Transformation

Imagine a circle centered at the origin with radius \( r \). When dilated:

- Every point on the circle moves directly away from or toward the origin
along a straight line.
- The new circle's radius is scaled by \( |k| \).
- The core shape remains a circle, just with a different size.

---

Final Thoughts

The transformation rule that best represents "Circle was dilated with the
origin as the center of dilation" is the fundamental coordinate rule:

\[
(x, y) \rightarrow (kx, ky)
\]

This rule succinctly captures the essence of dilation centered at the origin,
preserving the shape's similarity and proportionally scaling the figure's
size. It highlights the elegant simplicity of coordinate geometry, where
complex transformations can be expressed with straightforward algebraic



formulas.

Understanding this rule is vital for students and professionals working in
fields involving geometric transformations, computer graphics, and design,
providing a foundation for more advanced concepts like similarity, affine
transformations, and geometric modeling.

---
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In conclusion, the best mathematical rule representing the dilation of a
circle centered at the origin is the simple scalar multiplication rule:

\[
(x, y) \rightarrow (kx, ky)
\]

which guarantees the preservation of the circle's shape and proportional
scaling of its radius, making it a fundamental concept in understanding
geometric transformations.
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