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Understanding the Coordinates of Rectangle TUVW on the Coordinate Plane

When working with geometry and coordinate systems, understanding the
placement and properties of shapes like rectangles on the coordinate plane is
fundamental. In particular, analyzing the coordinates of vertices helps
determine the shape's dimensions, orientation, and area. The rectangle TUWW,
with vertices at specific coordinates, offers a compelling case study for
exploring these concepts.

This article aims to thoroughly explore the placement of rectangle TUVW on
the coordinate plane, interpret its properties, and provide insights into how
coordinate geometry helps in understanding rectangles' characteristics.
Whether you're a student studying geometry or an enthusiast looking to deepen
your understanding, this detailed analysis will serve as a comprehensive
guide.

The Given Coordinates of Rectangle TUVW
The rectangle TUVW is defined with the following vertices:
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Here, a and B are variables representing the x and y coordinates of point T,
respectively. The other points are expressed relative to T, indicating the
rectangle's shape and orientation.

Interpreting the Coordinates
Understanding the Vertex Positions

- Vertex T: Located at (a, B). This is the reference point.
- Vertex U: Located 2 units to the right and 2 units up from T.



- Vertex V: Located 5 units to the right and 1 unit down from T.
- Vertex W: Located 3 units to the right and 3 units down from T.

Visualizing the Shape
Plotting these points on a coordinate plane reveals the shape and orientation
of the rectangle. The relative positions suggest that the rectangle is not

necessarily aligned with the axes; it may be tilted or skewed depending on
the specific values of a and B.

Determining the Side Lengths and Diagonals

Understanding the side lengths and diagonals of the rectangle is crucial for
analyzing its properties.

Calculating the Length of Side TU
- Coordinates:

'T (ar B)

-U (a+2, B+ 2)

- Distance formula:

\ [

TU = \sqgrt{(a + 2 - a)”"2 + (B + 2 - B)"2} = \sqrt{(2)"2 + (2)72} = \sqrt{4 +
4} = \sqrt{8} = 2\sqrt{2}

\1

Calculating the Length of Side UV

- Coordinates:
-U(a+2, B+ 2)
-V (a+5, B-1)

- Distance:

\ [

UV = \sqgrt{(a +5 - (a+2))"2+ (B -1- (B+ 2))"2} = \sqrt{(3)"2 + (-3)"2}
= \sqrt{9 + 9} = \sqrt{18} = 3\sqrt{2}

\1

Calculating the Length of Side VW
- Coordinates:

-V (a+5, B-1)

-Wi((a+ 3, B - 3)

- Distance:



\ [

VW = \sqrt{(a + 3 - (a+5))"2 + (B -3 - (B - 1))"2} = \sqrt{(-2)"2 +
(-2)72} = \sqrt{4 + 4} = \sqrt{8} = 2\sqrt{2}

\1]

Calculating the Length of Side WT

- Coordinates:
- W (a+ 3, B - 3)
'T (ar B)

- Distance:

\ [

WT = \sqrt{(a - (a + 3))"2 + (B - (B - 3))"2} = \sqrt{(-3)"2 + (3)"2} =
\sqrt{9 + 9} = \sqrt{18} = 3\sqrt{2}

\1]

Summary of Side Lengths
| Side | Length | Remarks |

EERREE FERRREREE e |
| TU | \( 2\sqrt{2} \) | First side from T to U |

| UV | \( 3\sqrt{2} \) | Adjacent side |
| VW | \( 2\sqrt{2} \) | Opposite side to TU |
| WT | \( 3\sqrt{2} \) | Opposite side to UV |

Verifying the Rectangle Properties
Opposite Sides Are Equal

From the calculations:

- TU = W
- UV = WT

\( 2\sqrt{2} \)
\( 3\sqrt{2} \)

This confirms that the shape has pairs of equal opposite sides, a key
property of rectangles.

Perpendicularity of Adjacent Sides

To verify that the sides are perpendicular, compute the slopes of adjacent
sides:

- Slope of TU:

\ [
m {TU} = \frac{(B + 2) - B}{(a + 2) - a} = \frac{2}{2} =1
\1]



- Slope of UV:

\ [
m {UV} = \frac{(B - 1) - (B + 2)}{(a +5) - (a + 2)} = \frac{-3}{3} = -1
\]

Since the product of slopes:

\ [
m {TU} \times m {UV} = 1 \times -1 = -1
\1]

which indicates that the sides TU and UV are perpendicular, satisfying the
right-angle property of rectangles.

Similarly, checking other pairs confirms the perpendicularity:
- Slope of VW:

\ [
m {VW} = \frac{(B - 3) - (B - 1)}{(a + 3) - (a + 5)} = \frac{-2}{-2} =1
\]

- Slope of WT:

\ [
m {WT} = \frac{B - (B - 3)}{a - (a + 3)} = \frac{3}{-3} = -1
\1]

Again, the product:

\[

m {VW} \times m {WT} = 1 \times -1 = -1
\1

confirms perpendicularity.

Conclusion

The sides are opposite and equal in length, and the adjacent sides are
perpendicular, confirming that TUVW is a rectangle.

Calculating the Area of Rectangle TUVW
The area of a rectangle can be calculated using the formula:

\ [
\text{Area} = \text{length} \times \text{width}

\]



Using the side lengths:
- Lengths:

- \( TU = 2\sqrt{2} \)
- \( UV = 3\sqrt{2} \)

- Area:

\ [

\text{Area} = (2\sqrt{2}) \times (3\sqrt{2}) = 2 \times 3 \times (\sqrt{2}
\times \sqrt{2}) = 6 \times 2 = 12

\1]

Thus, the area of rectangle TUVW is 12 square units.

Coordinates of the Vertices in Terms of a and B

Expressing the vertices explicitly:
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Knowing these coordinates allows for precise plotting on the coordinate
plane, essential for visualization and further analysis.

Practical Applications of Coordinate Geometry in Analyzing Rectangles

Understanding the placement and properties of rectangles like TUVW on the
coordinate plane has numerous practical applications:

Design and Engineering: Precise placement of rectangular components.
Computer Graphics: Rendering shapes accurately based on coordinate data.
Robotics: Path planning using coordinate systems.

Urban Planning: Mapping rectangular plots of land.

Mathematics Education: Visualizing geometric concepts and properties.
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Conclusion: The Significance of Coordinate Geometry in Shape Analysis

The detailed analysis of rectangle TUVW demonstrates the power of coordinate
geometry in understanding the properties, dimensions, and orientation of
geometric shapes. By calculating side lengths, verifying perpendicularity,
and confirming the shape's rectangular nature, we gain a comprehensive
understanding of how vertices' coordinates influence the overall structure.



Furthermore, expressing vertices in terms of variables a and B allows for
flexibility and generalization, enabling the analysis of the rectangle's
properties for any specific values of a and B. This approach exemplifies how
algebra and geometry combine to provide deep insights into spatial
structures.

In summary, mapping rectangles on the coordinate plane is an essential skill
in mathematics that

Frequently Asked Questions

What are the coordinates of rectangle TUVW on the
coordinate plane?

The coordinates are T(a, B), U(a + 2, B+ 2), V(a +5, B -1), and W(a + 3, B
- 3).

How can we verify if TUVW is a rectangle using its
vertices?

By calculating the slopes of adjacent sides to ensure they are perpendicular,
and confirming that opposite sides are equal in length, we can verify if TUVW
is a rectangle.

What is the length of side TU in rectangle TUVW?

The length of TU is V[(a + 2 - a)®2 + (B + 2 - B)"2] = V[27"2 + 272] = V8 =
2V2.

Are the sides of rectangle TUVW parallel to the
axes?

No, based on the given coordinates, the sides are inclined and not parallel
to the axes, indicating the rectangle is tilted.

How do the coordinates of V and W relate to the
other vertices?

V and W are offset from T and U respectively, with V shifted 5 units right
and 1 unit down from T, and W shifted 3 units right and 3 units down from T,
indicating the shape's orientation.

Can the area of rectangle TUVW be calculated with



the given coordinates?

Yes, by calculating the lengths of two adjacent sides (like TU and UV) using
the distance formula and multiplying them to find the area.

Additional Resources

Rectangle TUVW Is On A Coordinate Plane At T (a, B), U (a+ 2, B+ 2), V (a +
5, B-1), And W (a + 3, B — 3)

Introduction

In the realm of coordinate geometry, the study of quadrilaterals,
particularly rectangles, offers rich insights into spatial relationships,
symmetry, and mathematical properties. The configuration described — a
rectangle TUVW with vertices at specific coordinate points — provides a
compelling case for detailed analysis. By examining the given vertices:
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we can explore fundamental questions: Does this figure indeed form a
rectangle? What are its geometric properties? How do the coordinates reveal
the shape’s orientation and dimensions? This article will undertake an in-

depth investigation, combining algebraic methods, geometric reasoning, and
coordinate analysis to clarify the nature of rectangle TUVW.

Establishing the Coordinates and Basic Properties
Coordinates Recap
Let's restate the vertices for clarity:

, B

=< c 4
+

W =N

)
)
)

’

)
2
5
3

Q 9 Y Q
+ + +
o o ™

~ o~ o~ o~

’

These points are expressed in terms of the parameters a and B, which are real
numbers. Our primary goal is to determine whether these points form a
rectangle, and if so, to characterize its dimensions and orientation.

Initial Observations



Analyzing the coordinates:

- The points are not aligned along a single axis, implying potential for a
skewed or rotated rectangle.

- The shifts in a and B across vertices suggest the shape could be oriented
at an angle rather than aligned with the axes.

Verifying the Rectangular Nature
Step 1: Calculating Side Vectors
To verify if TUVW forms a rectangle, we need to analyze the vectors

representing its sides. The key is to check if adjacent sides are
perpendicular, which is a defining property of rectangles.

- Side TU: U - T=(a+2—-a, B+2-B) = (2, 2)

- Side UV: V - U (a +5-(a+2),B-1-(B+2))=(3, -3)
- Side WW: W -V (a +3-(a+5),B-3-(B-1)) =(-2, -2)
- Side WT: T-W=(a-(a+3), B-(B-3))=(-3, 3)

Step 2: Checking Perpendicularity

For a rectangle, adjacent sides must be perpendicular; their dot product
should be zero.

(@)]

- TU - UV: (2)(3) + (2)(=3)
- UV - VW (3)(=2) + (S3) (=
- W - WT: (=2)(=3) + (=2)
- WT - TU: (=3)(2) + (3)(2

=6 -6 =0 - Perpendicular
) = —6 + 6 =0 - Perpendicular
) =6 —6 =0 - Perpendicular
= -6 + 6 =0 » Perpendicular

2
3

~ ~

All adjacent sides are perpendicular, confirming the quadrilateral is a
rectangle.

Geometric Properties of Rectangle TUVW
Step 1: Lengths of Sides

Calculating each side length using the distance formula:

- |TUJ: V(22 + 22) = V(4 + 4) = V8 = 2V2

- JUV|: V(32 + (=3)2) = V(9 + 9) = V18 = 3v2
SN V((=2)2 + (=2)2) = V(4 + 4) = V8 = 2V2
- JWT|: V((=3)2 + 32) = V(9 + 9) = V18 = 3v2

Observation: Opposite sides are equal in length:
- TU and VW: 2v2
- UV and WT: 3v2



This confirms the shape is a rectangle with sides of lengths 2v2 and 3v2.
Step 2: Diagonals

To further confirm the shape's properties, compute diagonals:

- Diagonal TU: Vectors from T toV: V- T=(a+5-a, B-1-B) = (5, -1)
- Diagonal WWV: V-U=(a+5-(a+2),B-1-(B+2))=(3, -3)

- Diagonal length: |TV|

V(52 + (-1)2) V(25 + 1) = V26

- Diagonal length: |UV]| = V(32 + (-3)2) = V18 = 3V2

Since the diagonals are not equal, this suggests a need to double-check
calculations. However, the key is that in a rectangle, diagonals are equal in
length. Let's verify:

- Diagonal TV: from T (a, B) toV (a +5, B - 1):

|TV] = V[(a +5 —-a)2 + (B—-1-B)2] = V(52 + (-1)2) = V26

- Diagonal UW: from U (a + 2, B+ 2) toW (a + 3, B - 3):

|[UW| = V[(a + 3 — (a+2))2+ (B—-3—- (B +2))2] = V(12 + (-5)2) = V(1 + 25)
= V26

Result: Both diagonals have length v26, confirming the shape's rectangular
property.

Analyzing the Shape’s Orientation and Position
Step 1: Center of the Rectangle
The center (midpoint of diagonals) can be computed:

- Diagonal from T to V:

Center x = (a + (a +5)) /2

Center._y

(B+ (B-1)) / 2
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- Diagonal from U to W:

Center x = ((a +2) + (a +3)) /2 (2a + 5) / 2

Center y = ((B+2) + (B-3)) /2= (2B-1) / 2

The centers coincide, confirming the points form a proper rectangle.



Parametric Conditions and Constraints

Given the geometric analysis, the rectangle's orientation depends on the
parameters a and B. The shape's properties are invariant under translation
but vary with these parameters.

- To visualize the rectangle, assign specific values:

- Leta=0, B=20

- Vertices:
- T (0, 0)
- U (2, 2)
-V (5, -1)
- W (3, -3)

- Plotting these points confirms the rectangular shape with sides aligned at
an angle.

Practical Implications and Significance

The explicit derivation of rectangle TUVW's properties demonstrates how
coordinate geometry facilitates precise shape analysis. The ability to verify
rectangularity through vector dot products and side lengths is fundamental in
fields ranging from computer graphics to engineering design.

Key takeaways:

- The shape is a rectangle with sides of lengths 2v2 and 3v2.

- Diagonals are equal, confirming the shape's correctness.

- The vertices are oriented at an angle, not aligned with axes, illustrating
the versatility of coordinate methods.

- The parameters a and B dictate the shape's position but not its fundamental
properties.

Broader Context and Applications

Understanding the properties of such a rectangle in a coordinate plane has
broader applications:

- Design and Architecture: Precise placement of shapes with specific



dimensions and orientations.

- Robotics and Navigation: Path planning involving rectangular regions.

- Computer Graphics: Rendering rotated rectangles and collision detection.
- Mathematical Education: Demonstrating the power of coordinate geometry in
shape analysis.

This analysis underscores the importance of algebraic and geometric reasoning
in verifying shape properties, especially when dealing with arbitrary
positions and orientations.

Conclusion

The investigation into rectangle TUVW, with vertices defined parametrically,
confirms that the shape is indeed a rectangle, characterized by perpendicular
sides and equal diagonals. Its dimensions are explicitly determined by the
parameters a and B, with side lengths of 2v2 and 3v2, and diagonals of length
v26. The shape's orientation depends on these parameters
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