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Understanding the classification of quadrilaterals based on their vertices
and properties is fundamental in geometry. In this article, we will analyze
the quadrilateral ABCD with vertices A(1l, 1), B(5, 2), C(6, -2), and D(2,
-3). Our goal is to determine the type of quadrilateral it forms by examining
side lengths, slopes, and angles. This detailed analysis will involve
calculating side lengths, checking for parallel sides, and evaluating angles
to classify ABCD accurately. Whether you are a student preparing for an exam
or a math enthusiast looking to deepen your understanding, this comprehensive
guide will walk you through each step.

Understanding the Coordinates and Basic
Concepts

Before diving into calculations, it's important to understand some basic
concepts:

- Vertices Coordinates: The given points A(1, 1), B(5, 2), C(6, -2), and D(2,
-3) are plotted on the Cartesian plane.

- Quadrilateral: A four-sided polygon with four vertices, sides, and interior
angles.

- Classification of Quadrilaterals: Based on side lengths and angles,
quadrilaterals can be classified as squares, rectangles, rhombuses,
parallelograms, trapezoids, or irregular quadrilaterals.

Step 1: Calculating Side Lengths

To classify the quadrilateral, the first step is to calculate the lengths of
all sides using the distance formula:

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



\1
Applying this to each side:
Side AB

\ [

AB = \sqrt{(5 - 1)72 + (2 - 1)72} = \sqrt{4"2 + 172} = \sqrt{l6e + 1} =
\sqrt{17} \approx 4.123

\1

Side BC

\ [
BC = \sqrt{(6 - 5)"2 + (-2 - 2)"2} = \sqrt{1™2 + (-4)"2} = \sqrt{l + 16} =
\sqrt{17} \approx 4.123

\1

Side CD

\ [

CD = \sqrt{(2 - 6)72 + (-3 - (-2))72} = \sqrt{(-4)"2 + (-1)"2} = \sqrt{l6e +
1} = \sqrt{17} \approx 4.123

\1

Side DA

\ [

DA = \sqrt{(1 - 2)"2 + (1 - (-3))72} = \sqrt{(-1)"2 + 472} = \sqrt{l + 16} =
\sqrt{17} \approx 4.123
\1

Observation: All sides are equal in length, approximately 4.123 units.

Step 2: Checking for Parallelism of Opposite
Sides

Next, determine if any sides are parallel by calculating their slopes.
Parallel sides have equal slopes.

Slope of AB

\ [
m {AB} = \frac{2 - 1}{5 - 1} = \frac{1}{4} = 0.25
\1



Slope of BC

\ [

m {BC} = \frac{-2 - 2}{6 - 5} = \frac{-4}{1} = -4
\1

Slope of CD

\ [

m {CD} = \frac{-3 - (-2)}{2 - 6} = \frac{-1}{-4} = \frac{1}{4} = 0.25
\1]

Slope of DA

\ [

m {DA} = \frac{l - (-3)}{1 - 2} = \frac{4}{-1} = -4
\1

Analysis:

- Sides AB and CD have slopes of 0.25, indicating they are parallel.
- Sides BC and DA have slopes of -4, indicating they are parallel.

Since both pairs of opposite sides are parallel, ABCD is a parallelogranm.

Step 3: Checking for Rhombus or Square
Properties

A rhombus is a parallelogram with all sides equal, which we already
established. To determine if ABCD is a rhombus or a square, we need to
analyze angles.

Step 3.1: Calculating Diagonals

Calculating diagonals helps in further classification.

- Diagonal AC

\ [

AC = \sqgrt{(6 - 1)"2 + (-2 - 1)72} = \sqrt{572 + (-3)72} = \sqrt{25 + 9} =
\sqrt{34} \approx 5.831

\1]

- Diagonal BD

\ [



BD = \sqrt{(2 - 5)"2 + (-3 - 2)"2} = \sqrt{(-3)"2 + (-5)72} = \sqrt{9 + 25} =
\sqrt{34} \approx 5.831
\1

Observation: The diagonals are equal, approximately 5.831 units, indicating
that ABCD is a rhombus (all sides equal and diagonals equal).

Step 3.2: Checking for Right Angles
In a rhombus, the diagonals bisect each other at right angles if it’'s a
square. To verify if ABCD is a square, we need to check if the diagonals are

perpendicular.

Calculate the slopes of diagonals AC and BD.

- Slope of AC

\ [

m {AC} = \frac{-2 - 1}{6 - 1} = \frac{-3}{5} = -0.6

\1

- Slope of BD

\ [

m {BD} = \frac{-3 - 2}{2 - 5} = \frac{-5}{-3} = \frac{5}{3} \approx 1.6667
\1

Product of slopes:

\ [

m {AC} \times m {BD} = -0.6 \times 1.6667 = -1.000
\1

Since the product of the slopes is approximately -1, the diagonals are
perpendicular.

Conclusion: ABCD is a square because:
- All sides are equal (rhombus property).

- Diagonals are equal (square property).
- Diagonals are perpendicular (square property).

Final Classification: ABCD as a Square

Based on the above calculations and properties:

- All sides are equal in length (~4.123).



- Opposite sides are parallel.
- Diagonals are equal in length (~5.831) and perpendicular.

Thus, quadrilateral ABCD is a square.

Additional Insights and Geometrical
Significance

Understanding the classification of ABCD enhances our comprehension of
geometric properties. Recognizing that ABCD is a square allows for the
application of various geometric formulas for area, perimeter, and symmetry:

- Perimeter: \( P = 4 \times \text{side} \approx 4 \times 4.123 \approx
16.492 \)
- Area: \( \text{Area} = \text{side}”"2 \approx 4.12372 \approx 17 \)

The symmetry of a square also implies that all angles are right angles, which
can be verified through dot product calculations of adjacent sides if needed.

Conclusion

In this comprehensive analysis, we meticulously calculated side lengths,
slopes, diagonals, and angles to classify quadrilateral ABCD with vertices
A(1, 1), B(5, 2), C(6, -2), and D(2, -3). The evidence indicates that ABCD
possesses all the properties of a square: four equal sides, two pairs of
parallel sides, equal diagonals, and perpendicular diagonals. Correctly
classifying quadrilaterals is vital in geometry as it helps in understanding
their properties and solving related problems efficiently.

FAQs about Quadrilateral ABCD and Geometric
Classification

What is the significance of calculating slopes in quadrilateral
classification?

Calculating slopes helps determine whether sides are parallel or
perpendicular, which is essential in identifying specific types of



quadrilaterals such as parallelograms, rectangles, rhombuses, or squares.
How do diagonals assist in classifying quadrilaterals?

Diagonals provide information about symmetry, equal lengths, and angles. For
squares and rectangles, diagonals are equal; for rhombuses and squares,
diagonals are perpendicular. These properties help accurately classify the
quadrilateral.

Can the classification change if the vertices are different?

Yes. Small changes in vertices can alter side lengths, slopes, and angles,
potentially changing the shape's classification from a square to a rhombus,
rectangle, or irregular quadrilateral.

Why is understanding quadrilateral classification important?

It aids in geometric problem-solving, understanding symmetry, calculating
areas and per

Frequently Asked Questions

What are the coordinates of the vertices of
quadrilateral ABCD?

A(ll 1): B(Sl 2)1 C(6r -2)I D(Zr '3)-

How do you determine the type of quadrilateral ABCD?

By calculating the lengths of sides and the slopes of the sides to analyze
properties like parallelism and equal lengths, which help classify the
quadrilateral.

What is the length of side AB in quadrilateral ABCD?
Using the distance formula: AB = V[(5-1)2 + (2-1)2] = V[16 + 1] = V17 = 4.12.

Are any sides of quadrilateral ABCD parallel?

Calculate slopes of sides to determine parallelism. For AB, slope =

(2-1)/(5-1) = 1/4; for BC, slope = (-2-2)/(6-5) = -4/1 = -4; for CD, slope
(-3-(-2))/(2-6) = (-1)/(-4) = 1/4; for DA, slope = (1-(-3))/(1-2) = 4/(-1)
-4. Sides AB and CD have the same slope (1/4), so they are parallel. Sides BC
and DA have the same slope (-4), so they are also parallel.



Based on the parallel sides, can quadrilateral ABCD
be classified as a parallelogram?

Yes, since both pairs of opposite sides (AB and CD, BC and DA) are parallel,
quadrilateral ABCD is a parallelogram.

Are the adjacent sides of quadrilateral ABCD equal
in length?

Calculations show that AB = 4.12, BC = 8.06, CD = 4.12, DA = 4.12. Since AB,
CD, and DA are equal, but BC is longer, the quadrilateral is not a rhombus
but a parallelogram.

Does quadrilateral ABCD have right angles?

Check the slopes of adjacent sides: AB (1/4) and BC (-4), their slopes are

negative reciprocals (1/4 and -4), indicating they are perpendicular, thus

forming a right angle at B. Similarly, check other angles to confirm if the
quadrilateral has right angles.

What is the classification of quadrilateral ABCD
based on its properties?

Since its opposite sides are parallel and adjacent sides meet at right
angles, quadrilateral ABCD is classified as a rectangle.

Is quadrilateral ABCD a rectangle, square, or
another type?

Given that ABCD has opposite sides parallel and at least one right angle, and
the adjacent sides are unequal in length, it is classified as a rectangle,
but not a square.

Additional Resources
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Understanding the precise nature of a quadrilateral based on its vertices is
a fundamental aspect of coordinate geometry. In this article, we delve into
the detailed process of analyzing quadrilateral ABCD, with vertices at A(1,
1), B(5, 2), C(6, -2), and D(2, -3). Our goal is to determine the type of
quadrilateral it forms—be it a parallelogram, rectangle, square, trapezoid,
rhombus, or irregular quadrilateral-by examining side lengths, slopes, and
other geometric properties. This analysis combines algebraic calculations
with geometric principles, providing a comprehensive approach suitable for
students, educators, and enthusiasts alike.



Understanding the Fundamentals of Coordinate
Geometry

Before diving into the classification process, it is essential to revisit
some foundational concepts in coordinate geometry that will guide our
analysis:

- Distance Formula: Used to calculate the length of sides between two points
\( (x_1, y 1) \) and \( (x_2, y_2) \):

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

- Slope Formula: Determines the inclination of a line segment:

\ [
m = \frac{y 2 - y 1}{x 2 - x 1}
\1]

- Properties of Special Quadrilaterals:

- Parallelogram: Both pairs of opposite sides are parallel.

- Rectangle: A parallelogram with right angles (all interior angles 90°).
- Rhombus: A parallelogram with all sides equal.

- Square: A parallelogram that is both a rectangle and a rhombus.

- Trapezoid: At least one pair of opposite sides are parallel.

Having these tools at our disposal allows us to classify the quadrilateral
accurately.

Step 1: Labeling and Organizing the Vertices

The vertices are provided as:
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To examine the shape, we consider the quadrilateral in the order ABCD, which
traces the shape's perimeter.



Step 2: Calculating the Lengths of the Sides

Determine the lengths of sides AB, BC, CD, and DA using the distance formula:

\ [

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

Side AB:

\ [

AB = \sqrt{(5 - 1)"2 + (2 - 1)72} = \sqrt{4"2 + 172} = \sqrt{l6 + 1} =
\sqrt{17} \approx 4.123
\1]

Side BC:

\ [
BC = \sqrt{(6 - 5)"2 + (-2 - 2)7"2} = \sqrt{1"2 + (-4)"2} = \sqrt{l + 16} =
\sqrt{17} \approx 4.123

\1

Side CD:

\ [

CD = \sqrt{(2 - 6)72 + (-3 - (-2))"2} = \sqrt{(-4)"2 + (-1)"2} = \sqrt{l6e +
1} = \sqrt{17} \approx 4.123

\1

Side DA:

\ [

DA = \sqrt{(1 - 2)"2 + (1 - (-3))72} = \sqrt{(-1)"2 + 472} = \sqrt{l + 16} =
\sqrt{17} \approx 4.123
\1

Observation:

All four sides have equal lengths, approximately 4.123 units. This indicates
that ABCD is a rhombus or at least has all sides equal.



Step 3: Calculating the Slopes of the Sides

Next, determine whether any sides are parallel by calculating their slopes:

\ [

m = \frac{y 2 - y 1}{x 2 - x 1}

\1

Slope of AB:

\ [

m {AB} = \frac{2 - 1}{5 - 1} = \frac{1l}{4} = 0.25
\1

Slope of BC:

\ [

m {BC} = \frac{-2 - 2}{6 - 5} = \frac{-4}{1} = -4
\1

Slope of CD:

\ [

m {CD} = \frac{-3 - (-2)}{2 - 6} = \frac{-1}{-4} = \frac{1}{4} = 0.25
\1

Slope of DA:

\ [

m {DA} = \frac{l - (-3)}{1 - 2} = \frac{4}{-1} = -4

\1]

Analysis:

- Sides AB and CD have the same slope \( 0.25 \), indicating they are
parallel.

- Sides BC and DA have the same slope \( -4 \), indicating they are also
parallel.

Conclusion:

Since both pairs of opposite sides are parallel, ABCD is a parallelogranm.

Step 4: Verifying the Angles and Classifying



Further

To determine if ABCD is a rectangle, square, or rhombus, we need to analyze
the angles and verify the side lengths:

- ALl sides are equal (\( \approx 4.123 \)), confirming the quadrilateral is
at least a rhombus.
- Check if the angles are right angles to see if it's a rectangle or square.

Calculating the dot product of adjacent sides:
- Vectors for sides:

\ [
\vec{AB}
\1
\ [
\vec{BC}
\1
\ [
\vec{CD}
\1
\ [
\vec{DA}
\1
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- Dot product of \(\vec{AB}\) and \(\vec{BC}\):
\ [
\1

Since the dot product is zero, sides AB and BC are perpendicular; thus, the
interior angle at vertex B is 90°.

- Similarly, check other angles:

\ [
\vec{BC} \cdot \vec{CD}
\1]
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All adjacent sides are perpendicular, confirming all interior angles are 90°.



Since all sides are equal and angles are right angles, ABCD is a square.

Summary of Classification

Based on the calculations:

- Equal side lengths (~4.123 units): Confirmed all sides are equal.
- Opposite sides are parallel: Confirmed by equal slopes.
- All angles are right angles: Confirmed via dot product calculations.

Final classification: Square

Implications and Significance

Classifying the quadrilateral ABCD as a square has broader implications in
various fields such as architecture, engineering, and computer graphics,
where precise geometric shapes are fundamental. Recognizing the properties of
such figures allows for accurate design, analysis, and calculations in
practical applications.

Moreover, this analytical process demonstrates the power of coordinate
geometry in solving real-world problems. By systematically calculating side
lengths, slopes, and angles, we can accurately identify the nature of complex
shapes from mere coordinate points, a skill invaluable in many technical
disciplines.

Conclusion

Through meticulous calculation and application of geometric principles, we
have determined that quadrilateral ABCD, with vertices at A(1, 1), B(5, 2),
C(6, -2), and D(2, -3), is a square. This classification is supported by
equal side lengths, parallel opposite sides, and right angles at each vertex.
Such analyses not only deepen our understanding of coordinate geometry but
also reinforce the importance of foundational mathematical concepts in
practical shape classification.

Understanding how to classify quadrilaterals from coordinate points enhances
spatial reasoning and problem-solving skills, making it
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