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Understanding geometric transformations is fundamental in the study of coordinate geometry,
especially when analyzing how figures such as triangles change position, size, or orientation on the
coordinate plane. Whether you're a student preparing for exams, a teacher designing lesson plans,
or a math enthusiast exploring the properties of geometric figures, grasping these concepts is
essential. In this article, we will explore the various transformations that can be applied to a triangle
with vertices at B(3, 0), C(2, 1), and D(1, 2), and identify which transformation would produce a
specific image.

Introduction to Geometric Transformations

Before diving into specific transformations, it’s important to understand what geometric
transformations entail. They are operations that alter the position, size, or shape of figures in a
plane, often while preserving certain properties such as angle measurements or side lengths.

Common types of transformations include:

- Translations: Moving a figure from one location to another without rotating or resizing it.

- Rotations: Turning a figure around a fixed point (called the center of rotation) by a specified angle.
- Reflections: Flipping a figure over a line (mirror line) to produce a mirror image.

- Dilations (Scaling): Resizing a figure proportionally from a fixed point called the center of dilation,

which results in similar figures.

Each transformation has specific effects on the coordinates of the vertices of a figure, which can be
analyzed mathematically to predict the resulting image.

Analyzing the Original Triangle

Given the vertices:



The first step is understanding the original triangle's position and properties.

Plotting the points:

- Point B is located at (3, 0), on the x-axis.

- Point C is at (2, 1), one unit up and left from B.

- Point D is at (1, 2), further left and up from C.

The shape formed is a right-angled triangle with vertices aligned in a way that indicates potential
symmetry or transformations. Calculating side lengths and angles can help identify the nature of the
transformations needed.

Side Lengths:

Using the distance formula:

\[

d=\sqrt{(x 2-x 1)"2 + (y 2-y 1)"2}

\]

-BC: \(\sqrt{(2-3)"2 + (1-0)"2} =\sqrt{1 + 1} = \sqrt{2} \approx 1.414\)
-CD: \(\sqrt{(1-2)"2 + (2-1)~2} = \sqrt{1 + 1} = \sqrt{2} \approx 1.414\)
- BD: \(\sqrt{(1-3)"2 + (2-0)~2} = \sqrt{4 + 4} = \sqrt{8} \approx 2.828)\)
The sides are approximately:

- BC and CD are equal, indicating an isosceles triangle.
- BD is longer, giving the triangle a distinct shape.

Common Transformations and Their Effects on
Coordinates

Understanding how each transformation affects the vertices is crucial to determine which
transformation produces a given image.

1. Translation

Definition: Moving every point of a figure by the same distance in the same direction.
Mathematical operation:

\[
(%, y) \rightarrow (x + h, y + k)

\]



where \(h\) and \(k\) are the horizontal and vertical shifts, respectively.
Effect on the triangle:

- The shape and size remain unchanged.
- The triangle shifts to a new location without rotation or resizing.

Example:

If we translate triangle BCD by (2, 3):

2. Rotation

Definition: Turning a figure around a fixed point (center of rotation) by a specified angle.
Mathematical operation:

Given a point \((x, y)\), a center \((x_c, y c¢)\), and an angle \(\theta\):

\[

X' =X ¢+ (x-x c)\cos \theta - (y - y_c) \sin \theta

\]

\[

y' =y c+ (x-x c)\sin \theta + (y - y_c) \cos \theta

\]

Effect on the triangle:

- The shape remains congruent.
- The triangle rotates around the center, changing its orientation.

Example:
Rotating triangle BCD 90° clockwise around point B(3, 0):

- New positions can be calculated accordingly.

3. Reflection



Definition: Flipping a figure over a line (axis of reflection), producing a mirror image.
Types:

- Reflection over the x-axis, y-axis, or any line \(y = mx + c\).

Mathematical operation:

- Over x-axis: \ ) \rightarrow (x, -y)\)

(
- Over y-axis: \( ) \rightarrow (-x, y)\)
- Over line \(y = x\): \((x, y) \rightarrow (y, x)\)

—_ =

X,y
X,y
Effect:

- The triangle's orientation is reversed.
- Congruent shape, but mirrored.

Example:

Reflecting over the y-axis:

B(3, 0) 3,0
C2,1)-(2,1
D(1, 2) 1, 2)

4. Dilation (Scaling)

Definition: Resizing a figure proportionally from a fixed point called the center of dilation.
Mathematical operation:

\[

x,y)=xc+kx-xc),yc+k(y-yc)

\]

where \(k\) is the scale factor.

-\(k > 1\): enlargement
-\(0 < k < 1\): reduction

Effect:
- The shape remains similar.
- The size changes based on the scale factor.

- The figure enlarges or shrinks proportionally from the center.

Example:



Scaling with center at D(1, 2) and scale factor 2:

-B(3, 0) = \((1 + 2(3-1), 2 + 2(0-2)) = (1 + 4,2 -4) = (5, -2))

Determining Which Transformation Produces a Specific

Image

Given an original triangle and a target image, identifying the transformation involves comparing the

coordinates of the original and the image.
Steps to identify the transformation:

1. Check for translation:
- Calculate the differences in x and y for each vertex.
- If all vertices shift by the same amount, it's a translation.

2. Check for rotation:
- Determine if the triangle has rotated around a point.
- Look for preserved side lengths and angles, but with altered positions.

3. Check for reflection:
- Observe if the image is a mirror image over a line.
- Compare the orientation of the vertices.

4. Check for dilation:
- Examine if the shape is similar but scaled proportionally.
- Compare ratios of side lengths.

Application: Which Transformation Would Produce the

Image?

Suppose you are given a specific image of the triangle, and you need to determine which
transformation maps the original triangle B(3, 0), C(2, 1), D(1, 2) to the new position.

Example scenario:
- The image's vertices are at B'(-3, 0), C'(-2, 1), D'(-1, 2).
Analysis:

- Comparing original and image:



| Original | Transformed | Change in x | Change iny |
| | | | |

| B(3,0)[B'(-3,0)|-60]

[C2,1)|C(-2,1)[-4]0]
D(1,2)|D'(-1,2)|-2]|0]

- The y-coordinates remain the same, but the x-coordinates are shifted by -6, -4, and -2 respectively.
- Since the change in x is not uniform across all points, this is not a simple translation.
- The pattern suggests a reflection over the y-axis combined with a translation or scaling.

Possible transformation:

- Reflection over the y-axis: \((x, y) \rightarrow (-x, y)\)
- Then, a translation of 0 units horizontally (as the

Frequently Asked Questions

What type of transformation can be applied to triangle BCD to
produce a reflected image across the y-axis?

Reflecting the triangle across the y-axis involves changing the x-coordinates to their negatives,
resulting in vertices at B(-3, 0), C(-2, 1), and D(-1, 2).

Which transformation would produce a scaled-up image of
triangle BCD by a factor of 2?

Applying a dilation (scaling) centered at the origin with a scale factor of 2 will enlarge the triangle,
resulting in vertices at B(6, 0), C(4, 2), and D(2, 4).

How would translating triangle BCD 3 units right and 1 unit
up affect its vertices?

The translation moves each vertex 3 units right and 1 unit up, resulting in B(6, 1), C(5, 2), and D(4,
3).

What rotation transformation could produce an image of
triangle BCD rotated 90 degrees clockwise?

Rotating the triangle 90 degrees clockwise around the origin transforms vertices to B(0, -3), C(1, -2),
and D(2, -1).

Which transformation would produce a mirror image of
triangle BCD across the line y = x?

Reflecting the triangle across the line y = x swaps the x and y coordinates, resulting in vertices at



B(0, 3), C(1, 2), and D(2, 1).

If the goal is to produce an image of triangle BCD rotated 180
degrees around the origin, what would be the new vertices?

Rotating 180 degrees around the origin changes each coordinate to its negative, giving vertices at
B(-3, 0), C(-2, -1), and D(-1, -2).

Additional Resources
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Introduction

In the realm of geometric transformations, understanding how figures change under various
operations is fundamental to both pure and applied mathematics. When given a specific triangle with
vertices at points B(3, 0), C(2, 1), and D(1, 2), a natural question arises: which transformation can
produce a desired image? This inquiry dives deeper into the nature of transformations—be it
translation, rotation, reflection, dilation, or a combination thereof—and their impact on geometric
figures.

This article explores the problem comprehensively, analyzing the properties of the initial triangle,
examining the possible transformations, and proposing which transformation(s) could produce a
specific targeted image. Our goal is to provide a thorough, methodical approach that can serve as a
guide for students, educators, or enthusiasts interested in geometric transformations.

Understanding the Original Triangle
Coordinates and Basic Properties

The initial triangle has vertices:
-B(3, 0)
-C(2, 1)
-D(1, 2)

Plotting the Triangle

Plotting these points provides an immediate visual understanding:
- Bis located at (3, 0), on the x-axis.

-Cisat (2, 1), one unit above and one unit left of B.

-Dis at (1, 2), two units above and two units left of B.

Calculating Side Lengths



Using the distance formula:

\[d=\sqrt{(x 2-x 1)*2 + (y 2-y 1)*2}\]

- BC:
\[ \sqrt{(2-3)"2 + (1-0)~2} = \sqrt{1 + 1} = \sqrt{2} \approx 1.414 \]
- CD:
\[\sqrt{(1-2)"2 + (2-1)"2} = \sqrt{1 + 1} = \sqrt{2} \approx 1.414 \]
- BD:

\[\sqrt{(1-3)"2 + (2-0)~2} = \sqrt{4 + 4} = \sqrt{8} \approx 2.828 \]

The sides BC and CD are equal, indicating that the triangle has at least one isosceles property.
Analyzing the Triangle’s Shape

Given the side lengths, it appears the triangle is scalene overall with specific symmetry between BC

and CD. The vertices form a shape that is neither equilateral nor right-angled, but understanding its
properties is vital for considering transformations.

Geometric Transformations Overview

Before identifying the specific transformation, it is essential to review the fundamental types:
Types of Transformations

1. Translation

- Moves all points of a figure the same distance in the same direction.
- Preserves size, shape, and orientation.

2. Rotation

- Rotates the figure about a fixed point (center of rotation) by a certain angle.
- Preserves size and shape, but may change orientation.

3. Reflection

- Flips the figure across a line (axis of reflection).
- Produces a mirror image, preserving size and shape.

4. Dilation (Scaling)

- Enlarges or reduces the figure relative to a fixed point (center of dilation).
- Changes size but preserves shape.

5. Composition of Transformations

- Combines two or more transformations, e.g., a rotation followed by a translation.



Determining the Target Image

Suppose we are asked, "Which transformation would produce an image with certain properties?" For
example, the problem might specify the resulting vertices or other geometric features such as area,
orientation, or symmetry. Since the exact target image isn't specified here, we will consider common
scenarios:

- Producing a congruent triangle in a different position.

- Producing a similar triangle scaled by a factor.

- Creating a reflected image across a specific line.

- Rotating the triangle to a particular orientation.

Our analysis will explore these possibilities and their implications.

Analyzing Potential Transformations

Scenario 1: Producing a Congruent Triangle via Translation

Objective: Shift the original triangle to a new location without changing its size or shape.
Method:

- Identify the translation vector.
- For example, translating B(3, 0) to a point B’(x, y) involves moving all vertices by the same vector.

Example:

Suppose the image has vertices at:
-B'(x + Ax, y + Ay)

-C’'(x+ Ax + Ac X,y + Ay + Ac y)
-D'(x+ Ax + Ad x, y + Ay + Ad y)

If the translation vector is (a, b), then:

\[
\text{All points} \rightarrow \text{original points} + (a, b)
\]

Conclusion:
A simple translation can produce a congruent triangle located anywhere, provided the translation

vector is known. This is the most straightforward transformation if the question is about shifting the
triangle.



Scenario 2: Producing a Similar Triangle via Dilation
Objective: Scale the original triangle about a fixed point to achieve a specific size.
Method:

- Choose a center of dilation, often one of the vertices or the origin.
- Apply a scale factor \(k\).

Calculation:

Suppose we dilate with respect to point B(3, 0). The new points after dilation are:
\[

\text{Dilation of } P(x, y) = \left(x b + k(x - x b), y b + k(y - y_b) \right)

\]

where \((x_b, y b)\) is the center of dilation.

Example:

If the goal is to produce a triangle similar to the original but scaled by a factor of 2, then:

"=B(3,0)
-C=(2+22-3),1+2(1-0)=(2-2,1+2)=(0, 3)
-D'=(1+4+2(1-3),2+22-0)=(1-4,2+4)=(3,6)

The resulting triangle has vertices at B(3, 0), C(0, 3), D(-3, 6).

Scenario 3: Reflection Across a Line

Objective: Obtain the mirror image of the triangle across a specific line, such as the x-axis, y-axis, or
another line.

Reflection Rules:

- Across the x-axis: \((x, y) \rightarrow (x, -y)\)

- Across the y-axis: \((%, y) \rightarrow (-x, y)\)

- Across line \(y = x\): \((x, y) \rightarrow (y, x)\)

- Across an arbitrary line: use the line's equation and reflection formulas.
Example:

Reflecting over the line \(y = x\):

- B(3l 0) = (01 3)

-C(2,1)-(1, 2)
-D(1,2)-(2,1)

l



The reflected triangle has vertices at (0, 3), (1, 2), and (2, 1), essentially swapping the x and y
coordinates.

Scenario 4: Rotation About a Point

Objective: Rotate the triangle about a specific point, such as B(3, 0), by a given angle.
Rotation formulas:

For a rotation by angle \(\theta\) about point \( (x 0,y 0) \):

\[

x'=x 0+ (x-x 0)\cos \theta - (y - y 0) \sin \theta
\]

\[

y' =y 0+ (x-x 0)\sin \theta + (y - y_0) \cos \theta

\]

Example:

Rotating 90° counterclockwise about B(3, 0):
- For point C(2, 1):

\[
Xx'=34+(2-3)\times0-(1-0)\times1=3+0-1=2
\]

\[
y=0+(2-3)\times 1+ (1-0)\times0=0-1+0=-1
\]

- For point D(1, 2):

\[
x'=3+(1-3)\times0-(2-0)\times1=3+0-2=1
\]

\[
y'=0+(1-3)\times1 + (2-0)\times0=0-2+0=-2
\]

The rotated image has vertices at:
-B(3, 0)

-C(2,-1)
-D(1, -2)

Application: Which Transformation Fits Specific Goals?
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