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Understanding the fundamentals of coordinate geometry is essential for
solving a wide range of mathematical problems, especially those involving
points, lines, and segments on the Cartesian plane. When we analyze the
positions of points in a coordinate system, one common question is
determining the location of a segment's endpoints when given its midpoint, or
vice versa. This process is crucial in fields such as geometry, physics,
engineering, and computer graphics.

In this article, we will explore a specific scenario: given that Point A is
located at (2, 2), Point M at (1, 0), and that Point M is the midpoint of a
segment, how can we find the coordinates of the other endpoint? We will delve
into the concepts of midpoints, the midpoint formula, and related geometric
principles to provide a comprehensive understanding. Whether you're a student
preparing for exams, a teacher designing lessons, or a professional working
on related projects, this guide offers detailed insights into midpoint
calculations and their applications.

Understanding the Coordinates of Points in the
Cartesian Plane

What Are Coordinates?

In the Cartesian coordinate system, every point in the plane is represented
by an ordered pair (x, y). Here:

- x-coordinate (abscissa): indicates the point's horizontal position relative
to the origin (0,0).

- y-coordinate (ordinate): indicates the point's vertical position relative
to the origin.

For example, Point A at (2, 2) is located 2 units to the right of the origin
and 2 units above.



Plotting Points

To visualize points such as A(2, 2) and M(1, 0):

- Plot the point A at 2 units along the x-axis and 2 units along the y-axis.
- Plot the point M at 1 unit along the x-axis and 0 units along the y-axis.

These points are plotted on the Cartesian plane, forming the basis for
understanding segments and their midpoints.

Midpoints and the Midpoint Formula

What Is a Midpoint?

The midpoint of a segment is the point that exactly divides the segment into
two equal parts. If you have a segment with endpoints \( P(x 1, y 1) \) and
\( Q(x 2, y 2) \), then the midpoint \( M \) has coordinates calculated using
the midpoint formula:

\ [
M\left( \frac{x 1 + x 2}{2}, \frac{y 1 + y 2}{2} \right)
\1]

This formula averages the x-coordinates and y-coordinates of the segment's
endpoints to find the point exactly in the middle.

Applying the Midpoint Formula

Given:

- Endpoint \( P(x 1, y 1)
- Endpoint \( Q(x_2, y 2)
- Midpoint \( M(x m, y m)
We can find the unknown endpoint if the other endpoint and the midpoint are
known:

\ [
X2 =2xm- x 1
\1
\ [
y2=2ym-yl1



\]

This is derived from rearranging the midpoint formula.

Problem Statement: Finding the Other Endpoint
of the Segment

Let's analyze the problem:

- Point A is at (2, 2)
- Point M is at (1, 0)
- M is the midpoint of the segment

The key question: What are the coordinates of the other endpoint of the
segment, given that M is the midpoint and one endpoint is known?

Step-by-Step Solution

1. Identify Known Values

- Known endpoint \( P = A(2, 2) \)
- Midpoint \( M = (1, 0) \)
- Unknown endpoint \( Q = (x, y) \)

2. Use the Midpoint Formula

Applying the midpoint formula:

\ [
X_m
\1]
\ [
y m
\1]

\frac{x P + x Q}{2}

\frac{y P + y_Q}{2}

Substituting known values:

\ [



1 = \frac{2 + x}{2}

0 = \frac{2 + y}{2}
\1

3. Solve for the Unknown Coordinates

Multiply both equations by 2:

\ [
2 \times 1

\]

Il
(o]

2 + x \Rightarrow 2 = 2 + x \Rightarrow x

\ [
2 \times 0O

\1]

]

]

]

1
N

2 + y \Rightarrow 0 = 2 + y \Rightarrow y

Result:

- The other endpoint \( Q \) has coordinates (0, -2).

Summary of the Findings

- Given:

- Point A at (2, 2)

- Midpoint M at (1, 0)

- Point A is one endpoint of the segment

- Calculated:

- The other endpoint \( Q \) is at (0, -2)

- Conclusion:

The segment with endpoints \( A(2, 2) \) and \( Q(0, -2) \) has a midpoint at
\N( M(1, 0) \).



Visualizing the Segment and Its Midpoint

Plotting the Points

- Point A at (2, 2)
- Point Q at (0, -2)
- Midpoint M at (1, 0)

Connecting points A and Q forms the segment, which is divided equally at
point M.

Understanding the Geometric Relationship

- The segment stretches from (0, -2) to (2, 2).
- Point M at (1, 0) is exactly halfway along the segment, confirming the
correctness of calculations.

Applications and Importance of Midpoint
Calculations

In Geometry

- Constructing bisectors
- Analyzing symmetry
- Dividing segments into equal parts

In Physics and Engineering

- Determining the center of mass
- Finding equilibrium points
- Designing mechanical systems

In Computer Graphics and Design

- Creating precise models
- Rendering objects accurately



- Implementing algorithms for shape manipulation

Additional Examples and Practice Problems

Example 1:

Given points \( P(4, 5) \) and \( Q(x, y) \), and the midpoint \( M(5, 3) \),
find \( Q \).

Solution:

\ [
X =2xm - x P
\]
\ [
y=2ym-yP
\]

2 \times 5 - 4 10 - 4 =6

Il
(*)]

'
(9

]
=

2 \times 3 - 5

Answer:

-\(Q=(6, 1) \)

Practice Problenm:

- Given points \( B(3, -1) \) and midpoint \( N(4, 2) \), find the other
endpoint \( R \).

Hint:

Use the same approach:

\ [
X R=2x N - x B
\1
\ [
yR=2y N -yB

\1]



Conclusion

Understanding how to find the other endpoint of a segment when the midpoint
and one endpoint are known is a fundamental skill in coordinate geometry. By
applying the midpoint formula and basic algebraic manipulations, you can
easily determine unknown points and analyze geometric relationships.

In the specific case where Point A is at (2, 2) and Point M at (1, 0), with M
being the midpoint, we've calculated that the other endpoint is at (0, -2).
This process not only reinforces the theoretical concepts but also
demonstrates practical problem-solving techniques applicable across various
disciplines.

Mastery of these concepts enhances your ability to interpret and manipulate
geometric figures, solve real-world problems, and develop a deeper
understanding of the spatial relationships within the Cartesian plane. Keep
practicing with different points and configurations to strengthen your skills
and confidence in coordinate geometry.

Frequently Asked Questions

What are the coordinates of Point A and Point M?

Point A is located at (2, 2) and Point M is located at (1, 0).

If Point M is the midpoint of segment AB, and Point
A is at (2, 2), how can we find the coordinates of
Point B?

Using the midpoint formula, B's coordinates are calculated as B = (2 M x -
Ax, 2My - Ay). Given M= (1, 0) and A= (2, 2), B=(21-2, 20 -2)=
(0, -2).

What is the midpoint formula used to find midpoints
in coordinate geometry?

The midpoint formula is M = ((x1 + x2)/2, (yl + y2)/2), where (x1, yl) and
(x2, y2) are the endpoints of the segment.

Given Point M is the midpoint of segment AB with
Point A at (2, 2), what are the coordinates of Point
B?

Point B's coordinates are (0, -2).



How does knowing the midpoint help in locating other
points on a segment?

Knowing the midpoint allows you to determine the coordinates of the other
endpoint by applying the midpoint formula in reverse.

If the midpoint of segment AB is at (1, 0) and Point
A is at (2, 2), what 1is Point B?

Point B is at (0, -2).

Can the midpoint formula be used to find the length
of segment AB? How?

Yes. Once you find the coordinates of both points, you can use the distance
formula to calculate the length of segment AB.

What is the significance of the midpoint in
coordinate geometry problems?

The midpoint helps in dividing segments into two equal parts and is essential
for solving problems involving symmetry, bisectors, and segment properties.

If Point M is at (1, 0) and is the midpoint of
segment AB, with Point A at (2, 2), what is the full
coordinate of Point B?

Point B's coordinates are (0, -2).

Additional Resources

Point A Is Located At (2, 2), And Point M Is Located At (1, 0). If Point M Is
The Midpoint Of Segment

Introduction

In the realm of coordinate geometry, understanding the relationships between
points, segments, and their midpoints is fundamental. It forms the backbone
of numerous applications in mathematics, physics, engineering, and computer
graphics. The problem statement-"Point A is located at (2, 2), and Point M is
located at (1, 0). If Point M is the midpoint of a segment"—presents a
classic scenario that invites a detailed exploration of the properties of
midpoints, segment calculations, and their broader implications. This article
aims to dissect this problem thoroughly, providing clarity, analytical depth,



and contextual understanding.

Understanding the Coordinates and Basic Concepts
Coordinates in a Cartesian Plane
Every point in the plane can be described with an ordered pair (x, y), where:

- x-coordinate indicates the position along the horizontal axis (the x-axis).
- y-coordinate indicates the position along the vertical axis (the y-axis).

In this context:

- Point A is at (2, 2), which means it is 2 units along the x-axis and 2
units along the y-axis.
- Point M is at (1, 0), which positions it 1 unit along the x-axis and 0
units along the y-axis.

Understanding these coordinates sets the stage for analyzing the geometric
relationships between points.

The Concept of a Segment and Its Midpoint

A segment is a straight line connecting two points in the plane. The midpoint
of a segment is the point that divides the segment into two equal parts. If
you consider a segment with endpoints P and Q, the midpoint M is
mathematically defined as:

\ [
M = \left( \frac{x P + x Q}{2}, \frac{y P + y Q}{2} \right)
\1

This formula is derived from the idea that the midpoint's x-coordinate is the
average of the x-coordinates of the endpoints, and similarly for the y-
coordinate.

Determining the Segment and Midpoint
Establishing the Segment with Known Point M

Given that Point M (1, 0) is the midpoint of a segment, the natural question
arises: What are the endpoints of this segment? To answer this, we need to
identify the other endpoint, which, in the context of the problem, is likely
to be Point A at (2, 2).

Assumption: The segment connects Point A (2, 2) and some other point B, with
M being the midpoint of this segment.



Calculating the Coordinates of the Other Endpoint

If Point M (1, @) is the midpoint of segment AB, and Point A (2, 2) is one
endpoint, the coordinates of Point B can be calculated using the midpoint
formula:

\ [
X M = \frac{x A + x B}{2} \quad \text{and} \quad y M = \frac{y A + y B}{2}
\1]

Substituting the known values:

\ [

1 = \frac{2 + x B}{2} \quad \Rightarrow \quad 2
\quad x B =0

\1

2 + x_B \quad \Rightarrow

\ [

0 = \frac{2 + y B}{2} \quad \Rightarrow \quad 0
\quad y B = -2

\1]

2 + y B \quad \Rightarrow

Result: The other endpoint Point B is at (0, -2).
Confirming the Segment's Properties

Now, with endpoints at A(2, 2) and B(0, -2), and M at (1, @), the midpoint
formula holds:

\ [
\left( \frac{2 + 0}{2}, \frac{2 + (-2)}{2} \right) = (1, 0)
\]

which confirms the integrity of the calculation.

Geometric and Analytical Significance
Length of the Segment

Understanding the segment's length provides insights into its scale and
spatial relationships. The distance between points A and B is given by the
distance formula:

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

Substituting the coordinates:



\[

d = \sqrt{(2 - 0)"2 + (2 - (-2))72} = \sqrt{(2)"2 + (4)"2} = \sqrt{4 + 16} =
\sqrt{20} \approx 4.472

\1

Implication: The segment AB measures approximately 4.472 units in length.

The Midpoint's Role in Geometry

The point M at (1, 0) not only bisects the segment AB but also acts as a
center point in various geometric constructions. For instance:

- It can serve as the center of a circle passing through points A and B, if
such a circle exists.

- It provides a reference point for symmetry, reflection, or translation
operations.

Broader Context and Applications

Coordinate Geometry in Real-World Scenarios

Understanding midpoints and segment calculations has practical implications:
- Engineering: Designing structures with precise measurements.

- Navigation: Calculating midpoints for route planning.

- Computer Graphics: Rendering objects based on coordinate transformations.
Advanced Geometric Constructions

Beyond basic calculations, the concepts extend to:

- Perpendicular bisectors: Used to find circumcenters of triangles.

- Midsegment theorems: Which relate side lengths and midpoints in polygons.

- Coordinate transformations: Such as rotations, reflections, and
translations centered around midpoints.

Critical Analysis of the Problem
Assumptions and Clarifications

The initial problem states: "Point A is at (2, 2), and Point M is at (1, 0).
If Point M is the midpoint of segment...". The logical progression indicates:

- The segment in question connects Point A and another point B.
- Point M is the midpoint of segment AB.

This interpretation is consistent with the calculations and the properties of



midpoints.
Alternative Scenarios

Suppose the problem intended Point M to be the midpoint of a different
segment, or involving other points. In such cases:

- Additional information would be necessary to determine the other endpoints.
- The principles of midpoint calculation remain applicable, but possibly with
more unknowns.

Potential for Misinterpretation

Readers might incorrectly assume that Point A is the midpoint or that Point M
is an endpoint. Clarifying that Point M serves as the midpoint between two
points—here, A and B-is essential for precise understanding.

Visual Representation and Geometric Illustration

A detailed diagram would greatly enhance comprehension. The illustration
would include:

- Coordinate axes for reference.

- Points A at (2, 2), B at (0, -2), and M at (1, 0O).

- The segment AB, clearly labeled.

- The midpoint M marked exactly at (1, 0).

- Lines or annotations indicating the midpoint formula.

Such visual aids reinforce the mathematical relationships and help in
grasping the spatial configuration.

Conclusion

The exploration of the points A at (2, 2), M at (1, 0), and the segment they
define underscores the fundamental principles of coordinate geometry. By
applying the midpoint formula, we've established that the segment connects
points A and B at (0, -2). This analysis not only confirms the correctness of
the calculations but also highlights the significance of midpoints in
geometric constructions and real-world applications. Whether used in
designing mechanical components, plotting navigation routes, or creating
computer graphics, understanding how to compute and interpret midpoints is an
essential skill. The problem exemplifies how simple coordinate data can
unlock a wealth of geometric insights, demonstrating the elegance and
practicality of mathematical reasoning in spatial analysis.
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