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Introduction

Understanding the transformation of geometric figures such as trapezoids is fundamental in the study
of coordinate geometry. Specifically, analyzing how a trapezoid's vertices move under rotations about
a given point provides insights into spatial reasoning and the properties of figures in the Cartesian
plane. In this article, we explore the trapezoid JKLM with vertices at J(2,1), K(5,1), L(8,-4), and M(1,-4),
and examine the effects of a 90-degree clockwise rotation about the point Y(-1,3). We will delve into
the step-by-step process of performing this rotation, analyze the resulting figure, and discuss the
significance of such transformations in both mathematical theory and practical applications.

---

Context and Significance of Rotation in Coordinate Geometry

Coordinate geometry enables us to analyze geometric figures through algebraic methods. Rotations,
in particular, are rigid transformations that preserve distances and angles, making them vital for
understanding symmetry, congruence, and the invariance of geometrical properties. Rotating a figure
about an arbitrary point involves translating the figure so that the point of rotation aligns with the
origin, performing the rotation, and then translating back.

The specific case of rotating a trapezoid about a point not at the origin introduces interesting
challenges and requires careful calculation. Such transformations are applicable in various fields
including computer graphics, engineering, robotics, and physics, where the orientation and position of
objects are frequently manipulated.

---

Coordinates of the Vertices of Trapezoid JKLM

The initial vertices of the trapezoid are given as:

- J(2, 1)
- K(5, 1)
- L(8, -4)
- M(1, -4)

These points define the original shape in the coordinate plane. For clarity, plotting these points
reveals the trapezoid's shape and orientation.



Visualizing the Trapezoid

Before performing any transformations, understanding the shape's initial position is essential. Plotting
the points:

- J and K are on the line y=1.
- L and M are on the line y=-4.
- The sides KL and MJ are slanted, with the top side (JK) parallel to the bottom side (LM).

This configuration confirms the shape as a trapezoid with bases parallel to the x-axis.

---

Step-by-Step Process of a 90-Degree Clockwise Rotation About Y(-1,3)

Rotations about a point other than the origin require a systematic approach:

1. Translate the figure so that the rotation point becomes the origin.
2. Perform the rotation around the origin.
3. Translate the figure back to its original position relative to the rotation point.

Let's go through each step in detail.

---

Step 1: Translation of Vertices to the Origin

The center of rotation is Y(-1, 3). To translate each vertex so that Y becomes the origin, subtract the
coordinates of Y from each vertex:

- For point P(x, y), the translated point P' is:

P' = (x - (-1), y - 3) = (x + 1, y - 3)

Applying this to each vertex:

| Vertex | Original Coordinates | Translated Coordinates (P') |
|----------|------------------------|------------------------------|
| J | (2, 1) | (2 + 1, 1 - 3) = (3, -2) |
| K | (5, 1) | (5 + 1, 1 - 3) = (6, -2) |
| L | (8, -4) | (8 + 1, -4 - 3) = (9, -7) |
| M | (1, -4) | (1 + 1, -4 - 3) = (2, -7) |

Now, the points relative to the rotation point are:

- J': (3, -2)
- K': (6, -2)
- L': (9, -7)
- M': (2, -7)

---



Step 2: Rotation of Points About the Origin

A 90-degree clockwise rotation about the origin transforms any point (x, y) into (y, -x).

Applying this rule:

- For each translated point:

- J'(3, -2): ( -2, -3 )
- K'(6, -2): ( -2, -6 )
- L'(9, -7): ( -7, -9 )
- M'(2, -7): ( -7, -2 )

Note: The rotation formula for a 90-degree clockwise rotation is:

\[
(x, y) \rightarrow (y, -x)
\]

---

Step 3: Translating Back to the Original Coordinates

After rotation, shift the points back by adding the coordinates of the rotation center Y(-1, 3):

- For each rotated point (x', y'), the original coordinate is:

(x' + (-1), y' + 3)

Calculations:

| Rotated Point | Coordinates after rotation | Final Coordinates (x, y) |
|----------------|------------------------------|--------------------------|
| J'' | (-2, -3) | (-2 - 1, -3 + 3) = (-3, 0) |
| K'' | (-2, -6) | (-2 - 1, -6 + 3) = (-3, -3) |
| L'' | (-7, -9) | (-7 - 1, -9 + 3) = (-8, -6) |
| M'' | (-7, -2) | (-7 - 1, -2 + 3) = (-8, 1) |

---

Summary of Transformed Vertices

| Vertex | Original | Translated | Rotated (about origin) | Final (after translation back) |
|---------|------------|--------------|------------------------|--------------------------------|
| J | (2, 1) | (3, -2) | (-2, -3) | (-3, 0) |
| K | (5, 1) | (6, -2) | (-2, -6) | (-3, -3) |
| L | (8, -4) | (9, -7) | (-7, -9) | (-8, -6) |
| M | (1, -4) | (2, -7) | (-7, -2) | (-8, 1) |

---



Visualizing the Rotated Trapezoid

Plotting the final points:

- J'(-3, 0)
- K'(-3, -3)
- L'(-8, -6)
- M'(-8, 1)

The new shape retains the trapezoid's properties but with a different orientation and position in the
coordinate plane.

---

Analyzing the Properties of the Rotated Trapezoid

Key observations:

- The sides remain congruent to the original figure, confirming the preservation of distances.
- The shape's orientation has changed, illustrating the effect of rotation.
- The relative placement of sides confirms the figure's congruence post-rotation.

---

Significance of Rotation Transformations

Rotations are fundamental in understanding symmetry and congruence in geometry. By rotating the
trapezoid about an arbitrary point, students and professionals can:

- Analyze the figure’s symmetry relative to different points.
- Solve complex geometric problems involving multiple transformations.
- Develop spatial reasoning skills crucial for technical fields.
- Model real-world scenarios such as object rotations in computer graphics and robotics.

---

Practical Applications of Rotation in Coordinate Geometry

Rotations are extensively used in various practical applications:

- Computer Graphics and Animation: Rotating objects to achieve desired visual effects.
- Robotics: Manipulating robot arms and components in space.
- Engineering Design: Rotating components around pivots or axes.
- Physics: Analyzing the motion of objects undergoing rotational movement.
- Navigation and Geospatial Analysis: Adjusting the orientation of maps and spatial data.

---

Additional Considerations and Variations

While this article focuses on a 90-degree clockwise rotation about Y(-1, 3), other considerations



include:

- Counterclockwise rotations: Similar procedures apply but with different formulas.
- Different angles: Rotation by other degrees (e.g., 45°, 180°).
- Rotation about different points: Varying the pivot point affects the final coordinates.
- Reflections and translations: Combining transformations for complex figure manipulations.

---

Conclusion

Transforming a trapezoid via rotation about an arbitrary point involves a systematic process of
translation, rotation, and re-translation. Through detailed calculations, we demonstrated how
trapezoid JKLM, with vertices at J(2,1), K(5,1), L(8,-4), and M(1,-4), undergoes a 90-degree clockwise
rotation about Y(-1,3). The resulting vertices are at (-3, 0), (-3, -3), (-8

Frequently Asked Questions

What are the coordinates of trapezoid JKLM after a 90-degree
clockwise rotation about point Y(-1,3)?
The vertices of trapezoid JKLM after the rotation are J'(-4,3), K'(-1,6), L'(-8,3), and M'(-4,-2).

How do you perform a 90-degree clockwise rotation of a point
about a specific pivot point?
To rotate a point clockwise by 90 degrees about a pivot, you translate the point to the origin relative
to the pivot, rotate it (x,y) to (y, -x), then translate back to the original coordinate system.

What is the significance of the vertices J(2,1), K(5,1), L(8,-4),
and M(1,-4) in defining trapezoid JKLM?
These vertices define the shape and position of trapezoid JKLM in the coordinate plane, with J and K
on the top base and L and M on the bottom, forming a trapezoid with specific side lengths and angles.

Can you verify if the rotated figure remains a trapezoid?
Yes, after rotation, the figure remains a trapezoid because the shape's parallel sides are preserved
under rotation around a point, maintaining the trapezoid's properties.

What is the purpose of rotating a geometric figure about a
point in coordinate geometry?
Rotating a figure helps to analyze its properties, find congruence with other figures, or position it
conveniently for problem-solving, especially when symmetry or orientation matters.



How do the side lengths of trapezoid JKLM change after the
rotation?
The side lengths of trapezoid JKLM remain unchanged after the rotation because rotation is an
isometric transformation that preserves distances.

Additional Resources
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Introduction

In the realm of coordinate geometry, the study of geometric transformations offers profound insights
into the properties and behaviors of polygons. One such shape, the trapezoid JKLM, defined by the
vertices J(2,1), K(5,1), L(8,-4), and M(1,-4), presents an intriguing case for transformation analysis,
particularly concerning rotational symmetry and coordinate manipulation. This article aims to provide
a comprehensive investigation into this trapezoid, focusing on its initial configuration, properties, and
the effects of a 90° clockwise rotation about the point Y(-1,3).

---

Background and Significance

Understanding the transformation of trapezoids under rotation is fundamental in fields ranging from
computer graphics to engineering design. Rotations preserve distances and angles, making them
isometries, yet they can significantly alter the figure's position and orientation. Analyzing a specific
trapezoid such as JKLM, especially with vertices provided explicitly, allows for precise calculations and
visualizations, facilitating a deeper grasp of geometric transformations.

---

Initial Configuration of Trapezoid JKLM

Coordinates of Vertices

The vertices of trapezoid JKLM are given as:

- J(2,1)
- K(5,1)
- L(8,-4)
- M(1,-4)

These points form a quadrilateral with specific properties, which we will analyze in terms of side
lengths, slopes, and classification.

Determining the Shape and Properties



1. Verifying the Trapezoid Nature

A trapezoid is a quadrilateral with at least one pair of parallel sides.

- Calculate slopes of adjacent sides:
- JK: between J(2,1) and K(5,1)
- Slope = (1 - 1) / (5 - 2) = 0 / 3 = 0
- KL: between K(5,1) and L(8,-4)
- Slope = (-4 - 1) / (8 - 5) = (-5) / 3 ≈ -1.6667
- LM: between L(8,-4) and M(1,-4)
- Slope = (-4 + 4) / (1 - 8) = 0 / -7 = 0
- MJ: between M(1,-4) and J(2,1)
- Slope = (1 + 4) / (2 - 1) = 5 / 1 = 5

2. Parallel Sides

- JK and LM: both have slope 0, hence parallel.
- K L and M J: slopes ≠ same, so these are not parallel.

Conclusion: The sides JK and LM are parallel, confirming that JKLM is a trapezoid with these sides as
the bases.

---

Geometric Properties and Side Lengths

Calculating side lengths helps in understanding the scale and shape of the trapezoid.

- JK: between J(2,1) and K(5,1)
- Length = √[(5 - 2)^2 + (1 - 1)^2] = √[3^2 + 0] = 3
- KL: between K(5,1) and L(8,-4)
- Length = √[(8 - 5)^2 + (-4 - 1)^2] = √[3^2 + (-5)^2] = √[9 + 25] = √34 ≈ 5.83
- LM: between L(8,-4) and M(1,-4)
- Length = √[(1 - 8)^2 + (-4 + 4)^2] = √[(-7)^2 + 0] = 7
- MJ: between M(1,-4) and J(2,1)
- Length = √[(2 - 1)^2 + (1 + 4)^2] = √[1^2 + 5^2] = √[1 + 25] = √26 ≈ 5.10

---

Analytical Approach to Rotation

Rotation Basics

A rotation in the coordinate plane involves turning a figure around a fixed point by a specified angle.
The general formula for rotating a point (x, y) about a point (h, k) by θ degrees clockwise is:

\[
x' = h + (x - h)\cos θ + (y - k)\sin θ
\]
\[
y' = k - (x - h)\sin θ + (y - k)\cos θ



\]

- For a 90° clockwise rotation, θ = -90°, with:

\[
\cos(-90°) = 0, \quad \sin(-90°) = -1
\]

Thus, the formulas simplify to:

\[
x' = h + (x - h) \times 0 + (y - k) \times (-1) = h - (y - k)
\]
\[
y' = k - (x - h) \times (-1) + (y - k) \times 0 = k + (x - h)
\]

---

Transformation of Vertices

Given the rotation center Y(-1,3), and the vertices of JKLM, we can compute the new positions after a
90° clockwise rotation.

Step-by-step process:

1. Identify the rotation center (h, k): (-1, 3)
2. Apply the rotation formulas to each vertex:

| Vertex | Coordinates (x, y) | Calculation | Resulting (x', y') |
|---------|---------------------|--------------|------------------|
| J(2,1) | (2,1) | x' = -1 - (1 - 3) = -1 - (-2) = 1 | y' = 3 + (2 - (-1)) = 3 + 3 = 6 | (1, 6) |
| K(5,1) | (5,1) | x' = -1 - (1 - 3) = 1 | y' = 3 + (5 - (-1)) = 3 + 6 = 9 | (1, 9) |
| L(8,-4) | (8,-4) | x' = -1 - (-4 - 3) = -1 - (-7) = 6 | y' = 3 + (8 - (-1)) = 3 + 9 = 12 | (6, 12) |
| M(1,-4) | (1,-4) | x' = -1 - (-4 - 3) = -1 - (-7) = 6 | y' = 3 + (1 - (-1)) = 3 + 2 = 5 | (6, 5) |

---

Visual and Structural Analysis of the Transformed Trapezoid

Coordinates of the Rotated Vertices

- J' (1, 6)
- K' (1, 9)
- L' (6, 12)
- M' (6, 5)

Geometric Implications

- The original bases JK and LM become the segments J'K' and L'M'.
- The sides' lengths post-rotation:



- J'K': between (1,6) and (1,9)
- Length = 3 (vertical segment)
- L'M': between (6,12) and (6,5)
- Length = 7 (vertical segment)
- The side segments now form a different orientation, with bases aligned vertically, yet preserving
their lengths due to the isometric nature of rotation.

---

Comparative Analysis

Pre- and Post-Rotation Geometry

- Orientation Change: The trapezoid is rotated 90° clockwise, which reorients the bases from
horizontal to vertical, but the side lengths and the overall shape are preserved.
- Parallelism: The parallel sides (originally JK and LM) are now vertical segments, maintaining their
parallel nature.
- Symmetry: The rotation about Y(-1,3) ensures the figure's symmetry is preserved, with
corresponding vertices maintaining relative distances.

---

Broader Implications and Applications

Practical Significance in Design and Engineering

- Coordinate Transformations: This analysis exemplifies how precise geometric transformations can be
calculated and visualized, essential in CAD systems and robotics.
- Pattern Recognition: Recognizing how shapes change under rotation aids in pattern recognition and
object manipulation algorithms.
- Educational Value: Demonstrates the application of fundamental formulas, reinforcing understanding
of coordinate geometry.

Theoretical Insights

- The invariance of side lengths under rotations confirms the isometric property.
- The change in orientation emphasizes the importance of understanding coordinate shifts and
transformations for spatial reasoning.

---

Conclusion

The thorough investigation of trapezoid JKLM, defined by vertices J(2,1), K(5,1), L(8,-4), and M(1,-4),
reveals the fundamental principles of geometric transformations, especially rotation about an
arbitrary point. The 90° clockwise rotation about Y
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