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Introduction to Coordinate Geometry and Transformations

Understanding how geometric figures behave in the coordinate plane is fundamental in
mathematics, especially in topics related to transformations, graphing, and geometric properties.
When a figure such as an octagon is graphed in the coordinate plane, it provides a visual
understanding of its structure, symmetry, and relationships among its vertices. Transformations —
operations that alter the position, size, or shape of figures — are key tools in coordinate geometry.
Among these, dilation (scaling), translation, reflection, and rotation are the most common.

In this article, we delve into a specific case: graphing an octagon in the coordinate plane, applying a
particular transformation \( 4(x, y) \), and analyzing the resulting figure. This process involves

understanding the original octagon's vertices, applying the transformation to each point, and
interpreting the changes—such as size, position, and shape.

Understanding the Original Octagon and Its Coordinates

Defining the Octagon in the Coordinate Plane

An octagon is a polygon with eight sides and eight vertices. To analyze it mathematically, we need to
specify its vertices. For simplicity, suppose the octagon is a regular octagon centered at the origin
with vertices defined by evenly spaced points around a circle.

Example vertices of a regular octagon centered at the origin:

| Vertex | Coordinates (x, y) |

| V1| (cos(0°) r, sin(0°) r) |

| V2| (cos(45°) 1, sin(45°) 1) |

| V3| (cos(90°) r, sin(90°) 1) |

| V4| (cos(135°) 1, sin(135°) 1) |
| V5| (cos(180°) r, sin(180°) r) |
| V6 | (cos(225°) 1, sin(225°) 1) |
| V7 | (cos(270°) r, sin(270°) 1) |
| V8| (cos(315°) 1, sin(315°) 1) |

Where \( r) is the radius of the circumscribed circle. For simplicity, let's choose \(r = 1).



Calculating each vertex:

-V1: (1, 0)
- V2: (\(\frac{\sqrt{2} }{2}\), \(\frac{\sqrt{2} }{2}\))
-V3:(0,1)
- V4: (\(\frac{\sqrt{2} }{2}\), \(\frac{\sqrt{2} }{2}\))
-V5: (-1, 0)
-V6: (\(-\frac{\sqrt{2}}{2}\), \(\frac{\sqrt{2}}{2}\))
-V7: (0, -1)
- V8: (\(\frac{\sqrt{2} }{2}\), \(\frac{\sqrt{2}}{2}\))

Visual Representation

Plotting these points on the Cartesian plane creates a symmetric octagon. This visual aids in
understanding how the transformation affects the figure.

Applying the Transformation \( 4(x, y) \)
Understanding the Transformation

The transformation \( 4(x, y) \) is a scaling operation that multiplies each coordinate of a point by 4.
This is a type of dilation centered at the origin with a scale factor of 4.

Mathematically, for any point \( (%, y) \):

\[
T(x, y) = (4x, 4y)
\]

This transformation results in:

- Size change: The original figure enlarges by a factor of 4.

- Position change: Since the transformation is centered at the origin, the shape expands outward
uniformly from the origin.

- Shape preservation: The figure remains similar; only its size changes.

Applying the Transformation to Each Vertex
Using the original vertices:
| Original Vertex | Coordinates (x, y) | Transformed Coordinates (4x, 4y) |

I | | I
|V1](1,0)](40)]

| V2 | \(\frac{\sqrt{2}}{2}\ \(\frac{\sqrt{2}}{2}\)) | \(2\sqrt{2}\), \(2\sart{2}\)) |

(

(
| V31](0,1)](0,4) |
IV4|(\\frac{\sqrt{Z}}{Z}\) \(\frac{\sqrt{2} }{2}V) | (-\(2\sqrt{2}\), \(2\sqrt{2}\)) |
| V5] (-1,0) | (-4, 0) |
IV6|(\(\frac{\sqrt{Z}}{Z}\ \(\frac{\sqrt{2}}{2}\)) | (:\(2\sqrt{2}\), \(2\sqrt{2}\)) |
| V71(0,-1) (0, -4) |



| V8 | (\(\frac{\sqrt{2}}{2}\), \(\frac{\sqrt{2} }{2}\)) | (\(2\sqrt{2}\), -\(2\sqrt{2}\)) |

Plotting these new vertices reveals an octagon scaled up four times its original size, maintaining its
shape and symmetry but with vertices further out from the origin.

Geometric Implications of the Transformation
Effect on Area and Perimeter

- Area: Since the figure is scaled uniformly by a factor of 4, the area increases by the square of this
factor:

\[
\text{New Area} = 472 \times \text{Original Area} = 16 \times \text{Original Area}
\]

- Perimeter: The perimeter scales linearly with the scale factor:

\[

\text{New Perimeter} = 4 \times \text{Original Perimeter}

\]

Preservation of Shape and Symmetry

The transformation is a dilation centered at the origin, which preserves angles and the shape's
proportionality. The octagon remains similar to the original, with all corresponding angles equal and
sides proportional.

Impact on Coordinates and Graphing

This transformation simplifies to multiplying each coordinate by 4, making it straightforward to

graph the scaled figure once the original is plotted. It demonstrates the power of coordinate
transformations in manipulating figures without redrawing from scratch.

Practical Applications of Coordinate Transformations

In Computer Graphics

Transformations like scaling, translation, and rotation are fundamental in rendering images,
creating animations, and modeling objects. Applying a scale factor like 4 ensures objects are
appropriately sized within a scene.

In Engineering and Design

Adjusting the size of geometric figures through transformations helps in creating scaled models,
prototypes, or components that need to fit within specific dimensions.



In Mathematics Education

Visualizing transformations enhances understanding of similarity, congruence, and the properties of
geometric figures.

Step-by-Step Guide to Graphing Transformed Octagons

1. Plot the Original Octagon:

- Draw axes on graph paper.

- Mark the original vertices based on the calculated coordinates.
- Connect the vertices in order to form the octagon.

2. Apply the Transformation:
- Multiply each coordinate of the original vertices by 4.
- Plot these new points on the same axes.

3. Connect the Transformed Vertices:
- Connect the scaled points in order to visualize the enlarged octagon.

4. Analyze the Result:

- Observe the size difference.

- Confirm the shape's similarity.

- Note the proportional increase in size.

Summary and Conclusion

Graphing an octagon in the coordinate plane and applying transformations like \( 4(x, y) \) provides
valuable insights into geometric properties and the effects of scaling. The process involves
understanding the original figure's coordinates, performing the transformation mathematically, and
visualizing the results graphically.

The key takeaways include:

- Transformations are powerful tools for manipulating figures in the coordinate plane.

- Scaling by a factor of 4 enlarges the figure uniformly, increasing all distances from the origin.

- Shape similarity is preserved under dilation, maintaining angles and proportionate side lengths.

- Mathematical modeling of geometric figures helps in various fields, including computer graphics,
engineering, and education.

By mastering these concepts, students and professionals can confidently analyze, manipulate, and

interpret geometric figures within the coordinate plane, enhancing their spatial reasoning and
mathematical skills.

Frequently Asked Questions (FAQs)



1. What is the significance of the transformation \( 4(x, y) \)?

It is a dilation (scaling) transformation centered at the origin, enlarging the figure by a factor of 4.
2. Does this transformation change the shape of the octagon?

No, it preserves the shape (similarity), only changing its size.

3. How does the transformation affect the area of the octagon?

The area increases by a factor of

Frequently Asked Questions

What is the initial shape in the coordinate plane before
transformation?

The initial shape is an octagon plotted on the coordinate plane.

What does the transformation 4(x, y) do to the octagon's
vertices?

The transformation 4(x, y) multiplies both the x and y coordinates of each vertex by 4, effectively
scaling the octagon by a factor of 4 from the origin.

How does the transformation affect the size and position of
the octagon?

It enlarges the octagon by a factor of 4, making it four times larger in both dimensions, while
maintaining its shape and proportions.

If an original vertex of the octagon is at (x, y), what will be its
new coordinates after applying 4(x, y)?

The new coordinates will be (4x, 4y).

Does the transformation 4(x, y) change the shape of the
octagon?

No, it only scales the octagon uniformly; the shape remains similar but larger.

What is the significance of applying the transformation to the



octagon in the coordinate plane?

Applying this transformation demonstrates how scaling affects geometric figures and helps visualize
transformations in coordinate geometry.

Can this type of transformation be reversed, and if so, how?

Yes, it can be reversed by applying the inverse transformation, which is dividing the coordinates by
4,1.e., (x/4,y/4).

Additional Resources
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Understanding geometric transformations and graphing within the coordinate plane is a
fundamental aspect of algebra and geometry. The process of plotting figures such as octagons and
applying transformations not only enhances spatial reasoning but also deepens comprehension of
how algebraic functions influence geometric shapes. This detailed review explores the process of
Shay graphing an octagon in the coordinate plane and subsequently applying the transformation 4(x,
y), analyzing the effects, techniques, and implications involved.

Foundations of Graphing in the Coordinate Plane

Before delving into the specifics of the octagon, it is essential to revisit the basics of graphing in the
coordinate plane.

The Coordinate Plane Structure

- The coordinate plane, also known as the Cartesian plane, consists of two perpendicular axes:
- The x-axis (horizontal)

- The y-axis (vertical)

- The axes intersect at the origin (0,0).

- Coordinates are written as ordered pairs (X, y), indicating a position relative to the axes.

Plotting Points

- To graph a shape, start by plotting key vertices based on their coordinate pairs.
- For an octagon, which has 8 vertices, each point's (x, y) is plotted accurately to form the shape.

Connecting Vertices

- Once points are plotted, connect them sequentially with straight lines.



- The order of plotting points is crucial to forming the correct shape without crossing lines
improperly.
- The octagon should be closed, with the last point connected back to the first.

Constructing the Octagon in the Coordinate Plane

Shay’s initial task involves graphing an octagon. This process includes selecting appropriate

C

oordinates, ensuring symmetry, and maintaining the shape's integrity.

Choosing the Coordinates for the Octagon

- To create a regular octagon or a specific irregular octagon, the points must be carefully selected.
- For simplicity and clarity, consider a regular octagon centered at the origin with vertices on the

C

oordinate plane.

Example Coordinates for a Regular Octagon Centered at the Origin:

- Using a radius \( r), the vertices can be determined by dividing 360° into 8 equal angles:

-\( (r \cos \theta, r\sin \theta) \), where \( \theta \) ranges from 0° to 360°, in increments of 45°.
- For example, with \( r=5\):
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\((5\cos 0°, 5\sin 0°) = (5, 0) \)
.\((5\cos 45°, 5 \sin 45°) \approx (3.54, 3.54) )
(5\cos 90°, 5\sin 90°) = (0, 5) \)
(5\cos 135°, 5 \sin 135°) \approx (-3.54, 3.54) )
(5\cos 180°, 5 \sin 180°) = (-5, 0) \)
(5\cos 225°, 5\sin 225°) \approx (-3.54, -3.54) \)
(5\cos 270°, 5\sin 270°) = (0, -5) \)
( )

\
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\
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\( (5 \cos 315°, 5\sin 315°) \approx (3.54, -3.54) \)
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Plotting these points yields an octagon with vertices evenly spaced around a circle.

Graphing the Octagon

- Plot each of the above points accurately on the coordinate plane.
- Connect the points in order:

- (5, 0) to (3.54, 3.54)

- (3.54, 3.54) to (0, 5)

- (0, 5) to (-3.54, 3.54)

3.54, 3.54) to (-5, 0)

3.54, -3.54) to (0, -5)

- (0, -5) to (3.54, -3.54)

(
(
(-
- (-5, 0) to (-3.54, -3.54)
(-
(
(

- (3.54, -3.54) back to (5, 0)

- This results in a symmetric octagon centered at the origin.



Understanding the Transformation 4(x, y)

Transformations allow us to manipulate shapes in the coordinate plane, revealing properties such as
symmetry, scaling, and reflection. The transformation in question, 4(x, y), suggests applying a
specific rule to each point of the octagon.

Deciphering the Transformation

- The notation 4(x, y) is interpreted as a function or rule applied to each point \((x, y)\).

- Typically, this implies scalar multiplication or a transformation involving the number 4.
- Common interpretations:

- Scaling Transformation: Multiply both x and y by 4.

- Component-wise Transformation: Apply 4 to each coordinate individually.

Most likely, the transformation is a uniform scaling:

\[
T(x, y) = (4x, 4y)
\]

- This transformation enlarges the shape by a factor of 4, centered at the origin.

Applying the Transformation

- For each vertex \((x, y)\), compute:
-\((x',y) = (4x, 4y) \)

For the example vertices:

1.\( (5, 0) \rightarrow (20, 0) \)

2.\((3.54, 3.54) \rightarrow (14.16, 14.16) \)
3.\( (0, 5) \rightarrow (0, 20) \)

4.\( (-3.54, 3.54) \rightarrow (-14.16, 14.16) \)
5.\( (-5, 0) \rightarrow (-20, 0) \)

6. \( (-3.54, -3.54) \rightarrow (-14.16, -14.16) \)
7.\( (0, -5) \rightarrow (0, -20) \)

8.\((3.54, -3.54) \rightarrow (14.16, -14.16) \)

- Connecting these scaled points will produce an octagon scaled by a factor of 4, maintaining its
shape but increasing its size.



Effects of the Transformation on the Octagon

Applying the transformation 4(x, y) significantly alters the octagon's size while preserving its shape
and proportions.

Geometric Implications

- Scaling Effect: The octagon's vertices move outward from the origin, increasing the side lengths by
a factor of 4.

- Area Change: Since the area of a polygon scales with the square of the linear scale factor:

- Original area \(A\)

- New area \(A' = 472 \times A = 16A\)

- Perimeter Change: The perimeter scales linearly:

- Original perimeter \(P\)

- New perimeter \(P' = 4 \times P\)

Preservation of Shape

- The shape remains similar; all angles stay the same.
- Symmetry is maintained because the transformation is uniform scaling about the origin.

Implications for Coordinate Geometry

- The transformation demonstrates how algebraic functions influence geometric figures.

- It exemplifies the concept of dilation, a fundamental transformation in geometry.

- Such transformations are crucial in understanding similarity, congruence, and the behavior of
functions.

Visual and Practical Considerations

Visualizing the transformation process helps solidify comprehension and allows for practical
applications.

Graphing the Transformed Octagon

- Plot the new vertices after applying the transformation.
- Use graph paper or graphing software for precision.
- Connect the scaled points in the same order as before to illustrate the enlarged octagon.



Analyzing the Transformation's Effect

- Notice how the shape's proportions are preserved.

- Observe the shift in the shape’s size relative to the axes.

- Recognize that the transformation is centered at the origin, so all points move away from (0,0)
proportionally.

Applications of Such Transformations

- Designing scaled models and diagrams.
- Understanding how functions affect geometric figures.
- Solving real-world problems involving size changes, such as map scaling or architectural plans.

Deeper Mathematical Insights and Extensions

Beyond the basic application, several advanced concepts relate to this process.

Mathematical Properties of the Transformation

- Linearity: The transformation \( T(x, y) = (4x, 4y) \) is a linear transformation.
- Determinant: The scaling matrix has
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