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The Coordinates Of The Vertices Of PQR Are P(1, 4), Q(2, 2), And R(2, 1). The Coordinates Of The

Vertices provide essential information for understanding the geometric properties of the triangle PQR.

These coordinates are fundamental in analyzing the shape, size, and position of the triangle on the

Cartesian plane. In this comprehensive guide, we will explore how to interpret these coordinates, find

various properties of the triangle, and utilize them for further mathematical applications. Whether you

are a student learning about coordinate geometry or a teacher preparing lesson plans, this article aims

to serve as an in-depth resource for understanding the significance of vertex coordinates in geometric

figures.

---

Understanding the Coordinates of Triangle PQR

What Are Coordinates in Geometry?

Coordinates in geometry refer to the set of values that define the position of a point in a two-

dimensional plane. Each point in the plane is represented by an ordered pair (x, y), where:

- x is the horizontal distance from the origin (0, 0),

- y is the vertical distance from the origin.

For example, in the vertices of triangle PQR:

- P(1, 4) indicates that point P is 1 unit along the x-axis and 4 units along the y-axis,



- Q(2, 2) indicates that point Q is 2 units along the x-axis and 2 units along the y-axis,

- R(2, 1) indicates that point R is 2 units along the x-axis and 1 unit along the y-axis.

These points can be plotted on the Cartesian plane to visualize the triangle.

Plotting the Vertices of PQR

To better understand the triangle, plotting the points is essential:

- Locate point P at (1, 4),

- Locate Q at (2, 2),

- Locate R at (2, 1).

Connecting these points in order P-Q-R will form the triangle PQR. Visualizing these points helps in

understanding the geometric relationships between the vertices.

---

Analyzing Triangle PQR Using Coordinates

Calculating the Lengths of Sides

One of the primary steps in analyzing any triangle is to determine the lengths of its sides. Using the

distance formula between two points \((x_1, y_1)\) and \((x_2, y_2)\):

\[

d = \sqrt{(x_2 - x_1)^2 + (y_2 - y_1)^2}

\]

Let's calculate the side lengths:



1. Length of PQ:

\[

PQ = \sqrt{(2 - 1)^2 + (2 - 4)^2} = \sqrt{(1)^2 + (-2)^2} = \sqrt{1 + 4} = \sqrt{5} \approx 2.236

\]

2. Length of QR:

\[

QR = \sqrt{(2 - 2)^2 + (1 - 2)^2} = \sqrt{0 + (-1)^2} = \sqrt{1} = 1

\]

3. Length of PR:

\[

PR = \sqrt{(2 - 1)^2 + (1 - 4)^2} = \sqrt{(1)^2 + (-3)^2} = \sqrt{1 + 9} = \sqrt{10} \approx 3.162

\]

These measurements are crucial for understanding the shape and classification of the triangle (e.g.,

scalene, isosceles, equilateral).

Determining the Triangle Type

Based on the side lengths:

- PQ ≈ 2.236

- QR = 1

- PR ≈ 3.162

Since all three sides are of different lengths, triangle PQR is scalene (no two sides are equal). This

classification helps in further geometric analysis, such as calculating angles or area.

---



Calculating the Area of Triangle PQR

Using the Shoelace Formula

The shoelace formula provides an efficient way to calculate the area of a polygon, including triangles,

when the vertices are known:

\[

\text{Area} = \frac{1}{2} |x_1 y_2 + x_2 y_3 + x_3 y_1 - y_1 x_2 - y_2 x_3 - y_3 x_1|

\]

Applying this to points P(1, 4), Q(2, 2), and R(2, 1):

\[

\text{Area} = \frac{1}{2} |(1)(2) + (2)(1) + (2)(4) - (4)(2) - (2)(2) - (1)(1)|

\]

Calculations:

\[

= \frac{1}{2} |2 + 2 + 8 - 8 - 4 - 1| = \frac{1}{2} |12 - 13| = \frac{1}{2} | -1 | = 0.5

\]

Thus, the area of triangle PQR is 0.5 square units.

Implications of the Area Calculation

The small area indicates that the triangle is quite narrow, which aligns with the visual understanding of

the points. Knowing the area is useful in various applications, such as physics (for calculating forces)

and engineering (for material considerations).



---

Finding the Centroid, Incenter, and Other Key Points

Centroid of Triangle PQR

The centroid (G) is the point where the medians intersect and is the average of the vertices'

coordinates:

\[

G_x = \frac{x_1 + x_2 + x_3}{3} = \frac{1 + 2 + 2}{3} = \frac{5}{3} \approx 1.667

\]

\[

G_y = \frac{y_1 + y_2 + y_3}{3} = \frac{4 + 2 + 1}{3} = \frac{7}{3} \approx 2.333

\]

Centroid Coordinates: (1.667, 2.333)

The centroid is significant in physics and engineering as the center of mass for uniform density

triangles.

Incenter and Other Points

- The incenter is the intersection of angle bisectors. Calculating it involves more complex formulas

using side lengths and vertices.

- The orthocenter and circumcenter are other notable points, each with specific geometric significance.

---



Applications of Triangle PQR Coordinates

Coordinate Geometry in Real-World Contexts

The analysis of triangle PQR's coordinates can be applied in various fields:

- Navigation and Mapping: Determining positions and distances between points on a map.

- Architecture: Calculating areas and structural properties of triangular components.

- Computer Graphics: Rendering and transforming geometric shapes based on vertex coordinates.

- Physics: Computing centers of mass, moments of inertia, or force applications in triangular objects.

Mathematical Problem Solving

Understanding the coordinates of vertices aids in solving problems involving:

- Triangle congruence and similarity,

- Coordinate transformations (translations, rotations),

- Determining whether a point lies inside or outside the triangle,

- Calculating altitudes, medians, and angle bisectors.

---

Conclusion

The coordinates of the vertices of triangle PQR—P(1, 4), Q(2, 2), and R(2, 1)—are fundamental in

analyzing the geometric properties of the figure. From calculating side lengths and area to finding key

points like the centroid, these coordinates serve as the foundation for a wide range of mathematical

and practical applications. Understanding how to interpret and manipulate vertex coordinates enhances

spatial reasoning and problem-solving skills in coordinate geometry. Whether used in academic

settings or real-world scenarios, the precise analysis of triangle vertices provides valuable insights into

the structure and characteristics of geometric figures.



---
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Frequently Asked Questions

What are the coordinates of the vertices of triangle PQR?

The vertices are P(1, 4), Q(2, 2), and R(2, 1).

How can I find the length of side PQ in triangle PQR?

Use the distance formula: √[(x₂ - x₁)² + (y₂ - y₁)²]. For PQ, that is √[(2 - 1)² + (2 - 4)²] = √[1 + 4] =

√5.

What is the area of triangle PQR with given vertices?

Use the shoelace formula or the coordinate formula: Area = ½ |x₁(y₂ - y₃) + x₂(y₃ - y₁) + x₃(y₁ -

y₂)|. Plugging in the points gives an area of 1.5 square units.

Are any sides of triangle PQR perpendicular?

Calculate the slopes of sides PQ and QR. Slope of PQ = (2 - 4)/(2 - 1) = -2; slope of QR = (1 - 2)/(2 -

2) = undefined (vertical line). Since one is vertical and the other has slope -2, they are not

perpendicular.

What is the type of triangle PQR based on side lengths?

Calculate all side lengths: PQ ≈ √5, QR = 1, and PR ≈ √10. Since all sides are different, PQR is a

scalene triangle.



How do I determine the centroid of triangle PQR?

The centroid is found by averaging the x-coordinates and y-coordinates: ((1 + 2 + 2)/3, (4 + 2 + 1)/3) =

(5/3, 7/3).

Is triangle PQR an isosceles triangle?

No, since all side lengths are different (PQ ≈ 2.24, QR = 1, PR ≈ 3.16), triangle PQR is scalene, not

isosceles.

How can I find the slope of side PR in triangle PQR?

Slope of PR = (1 - 4)/(2 - 1) = (-3)/1 = -3.

Additional Resources

The Coordinates Of The Vertices Of PQR Are P(1, 4), Q(2, 2), And R(2, 1). The Coordinates Of The

Vertices

In the realm of coordinate geometry, understanding the precise positioning of geometric figures is

fundamental. The coordinates of vertices serve as the foundation for analyzing shapes, calculating

distances, areas, and exploring their properties. Today, we delve into a specific triangle with vertices at

P(1, 4), Q(2, 2), and R(2, 1), unraveling what these points reveal about the triangle's structure,

orientation, and characteristics. This exploration combines mathematical rigor with accessible

explanations, offering insights valuable to students, educators, and enthusiasts alike.

---

Understanding the Given Coordinates: P(1, 4), Q(2, 2), and R(2, 1)

At the core of our investigation are three specific points on the Cartesian plane. Each point is defined

by an ordered pair (x, y), representing its horizontal and vertical positions. Here's a quick overview:



- Point P: Located at (1, 4). It is one unit along the x-axis and four units up the y-axis.

- Point Q: Located at (2, 2). It is two units along the x-axis and two units up the y-axis.

- Point R: Located at (2, 1). It is two units along the x-axis and one unit up the y-axis.

Understanding these points' positions lays the groundwork for examining the triangle they form,

calculating side lengths, slopes, and other properties.

---

Visualizing the Triangle PQR: Plotting and Spatial Relationships

Before diving into calculations, visualizing the triangle can provide intuitive insights. Consider plotting

the points on a coordinate grid:

- P is at (1, 4), near the top-left quadrant.

- Q and R are both at x=2, with Q at y=2 and R at y=1, indicating they are vertically aligned with R

directly below Q.

Connecting these points forms triangle PQR, which appears to have one side along the line segment

QR and the other sides extending from P to Q and P to R. Recognizing the relative positions helps us

understand the shape's orientation — notably, that Q and R are aligned vertically, and P is located to

the left and above this line.

---

Calculating the Lengths of the Sides of Triangle PQR

To analyze the triangle's properties, the first step involves calculating the lengths of its sides using the

distance formula. The formula for the distance between two points \( (x_1, y_1) \) and \( (x_2, y_2) \)

is:



\[

d = \sqrt{(x_2 - x_1)^2 + (y_2 - y_1)^2}

\]

Applying this to each pair of vertices:

1. Side PQ: Between P(1, 4) and Q(2, 2)

\[

d_{PQ} = \sqrt{(2 - 1)^2 + (2 - 4)^2} = \sqrt{1^2 + (-2)^2} = \sqrt{1 + 4} = \sqrt{5} \approx 2.236

\]

2. Side PR: Between P(1, 4) and R(2, 1)

\[

d_{PR} = \sqrt{(2 - 1)^2 + (1 - 4)^2} = \sqrt{1^2 + (-3)^2} = \sqrt{1 + 9} = \sqrt{10} \approx 3.162

\]

3. Side QR: Between Q(2, 2) and R(2, 1)

\[

d_{QR} = \sqrt{(2 - 2)^2 + (1 - 2)^2} = \sqrt{0 + (-1)^2} = \sqrt{1} = 1

\]

Summary of Side Lengths:

- PQ ≈ 2.236 units

- PR ≈ 3.162 units

- QR = 1 unit

These lengths reveal that side QR is the shortest, with PQ and PR being longer and forming the sides

connecting P to the base QR.

---



Analyzing the Triangle’s Shape: Is it Right-Angled, Isosceles, or Equilateral?

Knowing the side lengths enables us to classify the triangle's shape based on its angles and side

equality.

Checking for Right Angles: Pythagoras’ Theorem

A triangle is right-angled if the square of the longest side equals the sum of the squares of the other

two sides. The longest side here is PR.

\[

PR^2 = 10 \quad\text{and}\quad PQ^2 + QR^2 \approx 5 + 1 = 6

\]

Since \( 10 \neq 6 \), the triangle is not right-angled.

Checking for Isosceles or Equilateral

- Isosceles: At least two sides equal.

- Equilateral: All sides equal.

Here, sides are approximately 2.236, 3.162, and 1 — all distinct, so the triangle is scalene (all sides

different).

---

Slope and Line Analysis: Understanding Orientation and Angles

Beyond side lengths, slopes provide insight into the triangle's orientation and the nature of its angles.

Calculating Slopes of Sides:



- Slope of PQ:

\[

m_{PQ} = \frac{2 - 4}{2 - 1} = \frac{-2}{1} = -2

\]

- Slope of PR:

\[

m_{PR} = \frac{1 - 4}{2 - 1} = \frac{-3}{1} = -3

\]

- Slope of QR:

\[

m_{QR} = \frac{1 - 2}{2 - 2} = \frac{-1}{0}

\]

Since the denominator is zero, side QR is a vertical line with an undefined slope.

This verticality indicates that side QR is perpendicular to the x-axis, confirming its vertical orientation.

Interpretation of Slopes:

- The line QR is vertical.

- The lines PQ and PR have negative slopes, indicating they descend as they move from left to right.

- The differences in slopes suggest the angles between sides are not right angles, consistent with

earlier length-based analysis.

---

Calculating the Area of Triangle PQR

The area offers essential information about the size of the triangle. One effective method is using the



coordinate geometry formula:

\[

\text{Area} = \frac{1}{2} | x_1(y_2 - y_3) + x_2(y_3 - y_1) + x_3(y_1 - y_2) |

\]

Substituting the points:

\[

x_1 = 1, y_1 = 4 \\

x_2 = 2, y_2 = 2 \\

x_3 = 2, y_3 = 1

\]

Calculating:

\[

\text{Area} = \frac{1}{2} | 1(2 - 1) + 2(1 - 4) + 2(4 - 2) | \\

= \frac{1}{2} | 1(1) + 2(-3) + 2(2) | \\

= \frac{1}{2} | 1 - 6 + 4 | \\

= \frac{1}{2} | -1 | = 0.5

\]

The triangle's area is 0.5 square units, indicating a relatively small but precise size.

---

Practical Applications and Implications

Understanding the coordinates and properties of triangle PQR has multiple practical implications,

especially in fields like architecture, engineering, and computer graphics.



- Design and Construction: Precise vertex coordinates enable accurate modeling and construction of

triangular components.

- Navigation and Mapping: Knowing the distances and orientations helps in creating maps or plotting

routes that involve triangular regions.

- Computer Graphics: Calculating vertex positions, side lengths, and angles is essential for rendering

shapes accurately in digital environments.

Additionally, analyzing such simple geometric figures serves as foundational training for more complex

problem-solving in geometry, calculus, and spatial reasoning.

---

Conclusion: The Significance of Coordinates in Geometry

The vertices of triangle PQR at P(1, 4), Q(2, 2), and R(2, 1) exemplify how coordinate points

encapsulate the essence of geometric figures. Through systematic calculation of side lengths, slopes,

and area, we gain comprehensive insights into the triangle's shape, size, and orientation. This analysis

underscores the importance of coordinate geometry as a powerful tool for visualizing and

understanding spatial relationships. Whether in academic pursuits or real-world applications, mastering

the interpretation of vertex coordinates remains an invaluable skill, bridging abstract mathematics with

tangible outcomes.
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