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In A Cartesian Coordinate System (x,y,z) Between The Two Points Pl= (1 Cm, 2
Cm, 1 Cm) And P2= (4 Cm, understanding the spatial relationship between two
points is fundamental in fields such as physics, engineering, computer
graphics, and mathematics. The Cartesian coordinate system provides a
straightforward way to represent and analyze the positions of points in
three-dimensional space. This article explores the various aspects of
analyzing the position, distance, and related properties of two points within
this system, specifically focusing on P1 and P2.

Understanding the Cartesian Coordinate System

What is the Cartesian Coordinate System?

The Cartesian coordinate system is a three-dimensional coordinate system that
uses three perpendicular axes: x, y, and z. Each point in space 1is
represented by an ordered triplet (x, y, z), corresponding to its distances
from the origin along each axis. This system allows precise localization and
measurement of points in space, making it essential in numerous scientific
and engineering applications.

Coordinate Axes and Units

In our scenario, the points are given with measurements in centimeters (cm).
The axes are typically labeled as:

e Xx-axis: Horizontal direction
e y-axis: Vertical direction

e z-axis: Depth or height direction

The units provide a scale for measurements, ensuring consistent calculations
and interpretations.

Points Pl and P2 in 3D Space



Coordinates of Pl and P2

Given:
Pl =(1cm, 2 cm, 1 cm)
P2 =(4cm, 7, ?,7)

Note: The original prompt appears incomplete for P2, but for the purpose of
this discussion, let's assume a complete set for P2, for example, P2 = (4 cm,
5 cm, 3 cm).

Understanding the coordinates of these points allows us to analyze their
spatial relationship, compute distances, and explore vectors connecting them.

Visualizing the Points

Plotting P1 and P2 in 3D space helps in visual comprehension:
- P1 is located at 1 cm along x, 2 cm along y, and 1 cm along z.
- P2 is at 4 cm along x, 5 cm along y, and 3 cm along z.

Visual tools or graphing software can assist in creating a 3D plot to better
see their relative positions.

Calculating the Distance Between Pl and P2

The Distance Formula in 3D

The Euclidean distance between two points P1(xi, yi1, z1) and P2(xz2, y2, z2)
in Cartesian coordinates is given by:

\[
d=\sqrt{(x 2 - x1)"2 + (y2 -y 1)*2+ (z2 -2z1)"2}
\1]

This formula extends the familiar 2D distance formula into three dimensions
by including the z-component.

Applying the Formula to Pl and P2

Assuming P2 = (4 cm, 5 cm, 3 cm), then:

- \(\Delta x =4 - 1 = 3\, \text{cm}\)
- \(\Delta y =5 - 2 = 3\, \text{cm}\)
- \(\Delta z = 3 - 1 = 2\, \text{cm}\)



Calculating the distance:

\ [

d = \sqrt{372 + 372 + 272} = \sqrt{9 + 9 + 4} = \sqrt{22} \approx 4.69\,
\text{cm}

\1

This distance provides a measure of how far apart the two points are in
space.

Vector Representation of the Points

Position Vectors
Each point can be represented as a position vector originating from the

origin:

- \(\vec{P 1}
- \(\vec{P 2}

\langle 1, 2, 1 \rangle\)
\langle 4, 5, 3 \rangle\)

These vectors help in analyzing directions, magnitudes, and other vector
operations.

Connecting Vector \(\vec{P_1 P_2}\)

The vector pointing from Pl to P2 is:

\ [

\vec{P 1 P 2} = \vec{P 2} - \vec{P 1} = \langle 4 - 1, 5 - 2, 3 - 1 \rangle =
\langle 3, 3, 2 \rangle

\1

This vector indicates the direction from Pl to P2 and has a magnitude equal
to the distance calculated earlier.

Applications and Practical Uses

Distance Measurement in Engineering

Accurately measuring distances between points in 3D space is critical in
designing mechanical parts, architectural structures, or robotic movements.
For example, ensuring components fit together precisely requires
understanding their spatial relationships.



3D Modeling and Computer Graphics

In graphics, modeling objects requires defining points and their connections.
Calculating distances and vectors between vertices ensures realistic
rendering and movement.

Physics and Motion Analysis

Understanding how objects move in space involves analyzing their positions,
velocities (direction and magnitude), and accelerations. The distance between
two points can represent the separation between particles or objects.

Additional Concepts Related to Points in 3D
Space

Midpoint Calculation

The midpoint between P1 and P2 is found by averaging their coordinates:

\ [

M = \left( \frac{x 1 + x 2}{2}, \frac{y 1 + vy 2}{2}, \frac{z 1 + z 2}{2}
\right)

\1

For our assumed P2:

\ [

M = \left( \frac{l + 4}{2}, \frac{2 + 5}{2}, \frac{l + 3}{2} \right) = (2.5\,
\text{cm}, 3.5\, \text{cm}, 2\, \text{cm})

\]

This point represents the exact middle of the segment connecting P1 and P2.

Direction Cosines
The direction cosines describe the orientation of the vector \(\vec{P_1
P 2}\) relative to the axes:

\ [

\cos \alpha = \frac{\Delta x}{d}, \quad \cos \beta = \frac{\Delta y}{d},
\quad \cos \gamma = \frac{\Delta z}{d}

\1

Using the previous calculations:

\[



\cos \alpha = \frac{3}{4.69} \approx 0.64
\1
\ [
\cos \beta = \frac{3}{4.69} \approx 0.64
\1
\ [
\cos \gamma = \frac{2}{4.69} \approx 0.43
\1

These values help in understanding the orientation of the connecting vector
in space.

Summary and Conclusion

Analyzing two points within a Cartesian coordinate system involves
understanding their coordinates, calculating the distance, representing their
position vectors, and exploring their spatial relationships. For P1 = (1 cm,
2 cm, 1 cm) and P2 (assumed as (4 cm, 5 cm, 3 cm)), we've demonstrated how to
compute the Euclidean distance, find the connecting vector, and determine
midpoints and direction cosines.

Such analyses are foundational in numerous scientific disciplines, enabling
precise spatial reasoning and measurements. Whether designing a mechanical
system, creating a 3D model, or analyzing motion, understanding how to work
with points in three-dimensional space is essential. As you extend these
concepts, you can explore more advanced topics like vector projections,
angles between vectors, and transformations in space, further enriching your
understanding of the Cartesian coordinate system and its applications.

Frequently Asked Questions

What is the distance between points Pl and P2 in a
3D Cartesian coordinate system?

The distance is calculated using the distance formula: V[(x2 - x1)2 + (y2 -
yl)2 + (z2 - z1)2]. For P1l=(1lcm, 2cm, 1lcm) and P2=(4cm, y2, z2), substitute
the known values once y2 and z2 are provided.

How do you find the midpoint between Pl and P2 in 3D
space?

The midpoint is given by ((x1 + x2)/2, (yl + y2)/2, (z1 + z2)/2). Plug in the
coordinates of Pl and P2 to compute the exact midpoint.



What is the equation of the line passing through P1
and P2 in 3D?

The parametric equations of the line are x = x1 + t(x2 - x1), y =yl + t(y2 -
yl), z = z1 + t(z2 - z1), where t is a parameter between 0 and 1.

How can I determine the vector from Pl to P2?

The vector is found by subtracting the coordinates of P1 from P2: (x2 - x1,
y2 - yl, z2 - z1).

If P1 is at (1lcm, 2cm, 1lcm) and P2 is at (4cm, 5cm,
3cm), what is the length of the vector from Pl to
P2?

Calculate using the distance formula: v[(4 - 1)2 + (5 - 2)%2 + (3 - 1)2] =
V(32 + 32 +22) =vV(9 + 9 + 4) = V22 = 4.69 cm.

How do I find the angle between the vector P1P2 and
the x-axis?
Use the dot product between the vector and the x-axis unit vector (1,0,0):

cos® = (vector ¢ x-axis) / (|vector| |x-axis|). Then, 6 = arccos of that
value.

What is the significance of the coordinates in 3D
space for physical applications?

Coordinates specify the exact position of points in space, essential for
navigation, engineering, physics simulations, and computer graphics.

How can I determine if two points in 3D are aligned
along a straight line?

Calculate the vectors between the points and check if they are scalar
multiples of each other. If yes, the points are colinear.

What are common methods to visualize points Pl and
P2 in a 3D graph?
Use 3D plotting tools or software like MATLAB, GeoGebra, or Python's

matplotlib to plot the points and the line segment connecting them for visual
understanding.



Additional Resources

Cartesian Coordinate System: Navigating the Space Between Two Points P1 and
P2

In the realm of geometry and spatial analysis, the Cartesian coordinate
system stands as a fundamental framework that allows us to precisely locate
points in three-dimensional space. Whether you're an engineer, a scientist,
or a student delving into the intricacies of spatial relationships,
understanding how to analyze the position and relationship between two points
within this system is crucial. Today, we explore this concept through a
detailed examination of two specific points: P1 = (1 cm, 2 cm, 1 cm) and P2 =
(4 cm, , ). Although the second point's coordinates are partially
unspecified, we'll treat this as an opportunity to demonstrate how to
approach such problems comprehensively, considering various scenarios and
calculations.

Understanding the Cartesian Coordinate System
(x, y, 2)

The Cartesian coordinate system provides a three-dimensional grid where every
point in space can be uniquely identified by three numbers: (x, y, z). These
coordinates represent distances along three mutually perpendicular axes:

- X-axis: The horizontal axis, typically representing width or lateral
movement.

- y-axis: The depth or front-back axis.

- z-axis: The vertical axis, indicating height or elevation.

This system is foundational in physics, engineering, computer graphics, and
many other disciplines because it offers a straightforward way to visualize
and calculate spatial relationships.

Key Features of the 3D Cartesian System:

- Origin (0, 0, 0): The point where all axes intersect.

- Axes Orientation: Usually, the positive x, y, and z axes extend rightward,
forward, and upward, respectively.

- Coordinates of a Point: Defined as (x, y, z), where each coordinate
indicates the point's position relative to the origin along each axis.



Defining the Known and Unknown: Points Pl and
P2

Let's examine the points in question:

- Point P1: (1 cm, 2 cm, 1 cm)
- Point P2: (4 cm, , )

While P1 is fully specified, P2's y and z coordinates are missing. This

situation often arises in real-world problems where some data points are
known, and others are to be determined based on specific constraints or

goals.

Scenario 1: P2's Coordinates Are Partially Known

Suppose P2 is known to have an x-coordinate of 4 cm, but its y and z
coordinates are unspecified. This setup prompts us to consider multiple
possibilities:

- Option A: P2's y and z coordinates are variables to be calculated based on
additional constraints.

- Option B: P2's y and z coordinates are fixed but not yet provided, and our
task is to analyze the relationship between P1 and P2 or determine these
coordinates under certain criteria.

Calculating the Distance Between Pl and P2

A primary concern when analyzing two points in space is determining the
straight-line distance between them. This measurement provides insight into
how far apart the points are and is foundational in applications like
navigation, collision detection, and spatial optimization.

Distance Formula in 3D Space:

Given two points, Pl = (xi1, yi1, z1) and P2 = (x2, y2, z2), the Euclidean
distance (d) is computed as:

\ [
d=\sqrt{(x 2 - x1)"2 +(y2 -y 1)"2+ (z2 -2z 1)"2}
\]

Applying to Our Known Point P1:

\ [
d = \sqrt{(4\,\text{cm} - 1\,\text{cm})"2 + (y 2 - 2\,\text{cm})"2 + (z 2 -



1\, \text{cm})"2}
\1

\ [
d =\sqrt{372 + (y 2 - 2)"2 + (z 2 - 1)"2}
\1]

\ [
d =\sqrt{9 + (y 2 - 2)"2 + (z. 2 - 1)°2}
\1

This formula shows that the distance depends on the unknown y2 and z:
coordinates. To proceed, we need specific information or constraints about
P2.

Exploring Scenarios and Constraints for P2

Without explicit y and z coordinates, we can explore various scenarios to
understand the relationship between the points better.

Scenario A: P2 Lies on a Specific Plane

Suppose P2 is constrained to lie on a plane, such as z = 0 (the xy-plane),
which is common in many practical applications like ground-level
measurements.

- Coordinates: P2 = (4 cm, y2, 0)
- Distance formula becomes:

\ [

d =\sqrt{(4 - 1)"2 + (y 2 - 2)"2 + (0 - 1)72} = \sqrt{9 + (y 2 - 2)"2 + 1} =
\sqrt{10 + (y 2 - 2)"2}

\1]

Here, the distance varies with y.. The minimum distance occurs when (y2 - 2)
=0, i.e., y2 = 2 cm.

- Minimum Distance:

\ [
d {min} = \sqrt{10 + 0} = \sqrt{10} \approx 3.16\, \text{cm}
\1]

- Maximum Distance:

If y2 is very large or small, the distance increases indefinitely,
illustrating how the unknown coordinate influences spatial relationships.



Scenario B: P2 Must Be at a Specific Distance from Pl

Suppose P2 is exactly 5 cm away from P1l. Then, set d = 5 cm and solve for y:
and z2:

\ [
5=\sqrt{9 + (y 2 - 2)"2 + (z. 2 - 1)°2}
\1]

\ [
25 =9 + (y 2 - 2)"2 + (2.2 - 1)"2
\1

\ [
(y 2 -2)"2+ (z2 - 1)"2
\]

16

This is the equation of a circle in the y-z plane, centered at (2, 1) with a
radius of 4 cm. Any point on this circle represents a valid P2 location at
exactly 5 cm from P1.

Scenario C: P2 Is Located Along a Specific Path or Direction

Sometimes, the position of P2 is constrained along a line or vector emanating
from P1:

- Example: P2 lies along the x-axis from Pl, meaning y2 = 2 cm and z2 = 1 cm,
with x2 varying.

In this case, the coordinates of P2 are (x2, 2 ¢cm, 1 cm), with x2 > 1 cm. The
distance simplifies to:

\ [
d = |x 2 - 1\, \text{cm}|
\1]

which directly relates the difference along the x-axis.

Visualizing the Spatial Relationship

Understanding the spatial positioning of Pl and P2 can be significantly
enhanced through visualization. Using 3D plotting tools or diagrams, one can:

- Plot P1 and P2 in space: Marking their locations relative to the origin.

- Draw the line segment: Connecting P1 and P2 to see the shortest path.

- Illustrate constraints: Such as the circle of points at a fixed distance or
the plane where P2 resides.



This visual approach helps in grasping the geometric relationships and in
planning practical applications such as robotic movement, architectural
design, or physics simulations.

Applications and Practical Implications

Analyzing the position and relationship between points in a 3D space has
numerous real-world applications:

- Robotics: Calculating the shortest path or movement trajectory between
points.

- Surveying and Mapping: Determining distances and relative positions of
objects.

- Computer Graphics: Positioning objects within a 3D scene.

- Physics: Analyzing forces, distances, and motion.

- Engineering Design: Ensuring components align correctly in three-
dimensional assemblies.

Each application demands precise calculations, understanding of spatial
relationships, and sometimes, constraints that influence the possible
positions of points like P2.

Conclusion: The Power of the Cartesian System
in Spatial Analysis

The Cartesian coordinate system remains an indispensable tool for navigating
and understanding three-dimensional space. Whether dealing with fully
specified points like P1 or partially known points like P2, the principles of
distance calculation, geometric constraints, and visualization enable us to
analyze complex spatial relationships systematically.

In our exploration, we've seen how varying the coordinates of P2 influences
the distance from P1l, how constraints like fixed distances or planes shape
possible locations, and how these insights translate into practical
applications across numerous fields.

By mastering these foundational concepts, professionals and enthusiasts alike
can confidently interpret and manipulate 3D spatial data, paving the way for
innovations in technology, design, and scientific discovery.
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