#Section 2.1: Understanding Mathematical Concepts in Physics And Reality
2.1.1 Role of mathematics in describing physical space

Mathematics is a powerful tool that helps us understand and describe the physical
space around us. It provides methods to measure, analyze, and predict how things move
and interact in our world. This can be seen through formulas like distance equals speed
times time or area of a shape. These equations help visualize real-world situations such as
an object's motion or the size of a surface. ! ?

Understanding Dimensions: Mathematics also helps us comprehend dimensions,
including length, width, and height in spaces described by Cartesian coordinates. This can
be thought of like a grid system where every point has x, y, and z coordinates, similar to
how locations are marked on maps. Scientists use this method for accurate location
measurements or calculating the distance light travels over time. Abstract Mathematical
Objects: In space, mathematical objects such as points, lines, and planes represent
abstract concepts that help model real-world situations. These concepts aren’t just
numbers—they help us model things like forces acting on objects, paths of moving cars, or
even atomic structures. These abstract mathematical objects provide a framework for
understanding complex ideas in our world. Everyday Applications: In everyday life,
mathematics is omnipresent. From calculating the area needed to paint a room to
determining travel time between cities using speed and distance, math plays an essential
role in making sense of reality through patterns and relationships. By simplifying complex
ideas into formulas and visualizing them spatially, we can better understand our
surroundings with precision and clarity.
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2.1.1 Role of mathematics in describing physical space — Figure 2.1.1 A, B: A) Real
World: Sir Edmund Hillary and Tenzing Norgay's ‘High Adventure’ (title of book) going from
base camp to higher locations, and finally reaching the summit of Mount Everest, the
highest mountain on Earth. B) Mathematics World: Each location climbed from base

1 Mike X. Cohen, Linear Algebra: Theory, Intuition, Code (sincXpress, 2021), p. 14.
2 Gareth Williams, Linear Algebra with Applications, The Jones & Bartlett Learning Series in Mathematics, 8. ed
(Jones & Bartlett Learning, 2014), p. 363.



camp to top of Mount Everest can be represented as a point and connecting the points
with a line can be used to represent a path, which in turn can be modeled or described by
an equation. The graph consists of a grid with two arrows: the x-axis going to the right
and the y-axis going up. Blue dots represent individual data points, each located at specific
positions on the grid (e.g., (3,5)). The red dashed line is a line of best fit that passes close
to all blue dots, showing their general trend. A small equation in the top-left corner
describes the slope and position of this line, allowing predictions for new points based on
existing data. Light dotted lines help read exact positions on the graph. Here’s a more
detailed explanation, imagine you have a sheet of graph paper with two arrows: one going
to the right (the bottom edge) and one going up (the left edge). The bottom arrow is called
the x-axis and the left arrow is called the y-axis. The Points (The Dots): The blue dots
represent individual pieces of information or actual data points. Each dot sits at a specific
location on the graph. For example, one dot might be at the spot that is '3 steps to the
right and '5 steps up.' The small text labels near each dot tell you its exact address on the
graph, like (3,5). This address means '3 steps right, 5 steps up.' The Line (The
Prediction): The red dashed line is a line of best fit or a smart guess at the general rule
that those points follow. It is drawn so that it passes as close as possible to all the blue
dots. Instead of connecting the dots in a zigzag, the line shows you the general direction or
trend of the points. If the dots were all higher on the right side, the line would tilt upwards.
The Equation (The Rule): The equation shown on the plot (usually in the top-left corner)
is a mathematical rule that describes the exact slope and position of that red line. For a
simple straight line, it looks something like y = 2.1x + 0.3. This formula allows you to
predict where a new, unseen point would probably be, based on the trend shown by the
existing points. The Grid: The light dotted lines across the entire plot area help you read
the exact position of any dot or line by simply counting the squares. The grid and labels
are tools to help you read the graph precisely. Citation: 1)'The Race To Everest’ by BBC |
Documentary on Sir Edmund Hillary and Tenzing Norgay's historic ascent of Everest in
1953. https://www.bbc.co.uk/programmes/b008wigr 2) Sir Edmund Hillary’s book ‘High
Adventure’ https://www.britannica.com/biography/Edmund-Hillary#ref111313 3) "Everest" —
12 November 2012 by Public Service Broadcasting is a British rock band
https://soundcloud.com/psbhag/everest 4) Figures drawn using Matplotlib ® on Python.

3 ‘Matplotlib — Visualization with Python’, n.d. <https://matplotlib.org/> [accessed 25 April 2026].
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2.1.1 Role of mathematics in describing physical space — Figure 2.1.1 C, D: Diagram
illustrating key mathematical concepts related to space and movement. This diagram is a
simplified example of how mathematics describes physical space—using numbers
(coordinates) and shapes (lines, rectangles). The coordinates and formulas help us
understand movement (distance), size (area), and position (coordinates). It's a practical
tool for visualizing abstract mathematical ideas. C) Real World: Teams (Coaches, Players
and Staff) go in and out of the field in a line to shake hands. D) Mathematics World:
Cricket field can be represented with a rectangle shape. Teams (say 50 individuals in each
team) can be represented as points ‘A’ and ‘B’ moving inside and outside of the field
(instead of representing each individual, just representing the teams reduces number of
variables from say 50 to 2, this is called dimensionality reduction). This movement can be
modeled with linear equations. Arrows in blue illustrate the movement of the points: One
arrow shows Point A moving from its inside position to outside the rectangle. The other
arrow shows Point B moving from outside the rectangle to inside. Briefly, the plot depicts a
rectangle with four vertices, forming a closed shape on a coordinate plane. Inside and
outside points labeled as A and B are marked with blue and green dots, respectively. Point
A has two positions: Inside the rectangle at coordinates (2, 2) and Outside the rectangle
at (2, 5). An arrow originating slightly inside point A's initial position points upward toward
the outside position, illustrating the movement of A from inside to outside the rectangle.
Point B has two positions: Outside the rectangle at (6, 2) and Inside the rectangle at (4,
2.5). An arrow originating from outside point B points inward toward its inside position,
showing B moving from outside to inside the rectangle. On the plot, the rectangle is
outlined in red. Labels identify the points and their positions relative to the rectangle. The
arrows clearly indicate the direction of movement for each point. Additionally, equations
describing the movement are placed on the sides of the plot for clarity, specifying
how A and B move: A moves vertically upward by 3 units and B moves horizontally left by
2 units. The plot provides a visual understanding of how the points move relative to the
rectangle, highlighting their initial and final positions and the nature of their movement.
Citation: 1) Cricket screenshot from Hampshire Men v Somerset | Rothesay County
Championship Day Four, English County Cricket, English Cricket Board (ECB), 20th April



2026 https://somersetcountycc.co.uk and
https://en.wikipedia.org/wiki/Hampshire_County_Cricket_Club 2) Figures drawn using
Matplotlib * on Python.

2.1.2 Exploring space and real numbers in dimensional space: Cartesian coordinate
system, Euclidean space, Vector space and Field space.

Understanding Space and Dimensions in Math: Imagine you're trying to describe
something in space—Ilike a point in the room, a star in the sky, or even a person moving
around. In math, we talk about spaces where things can exist. These spaces have different
"dimensions" depending on what kind of information we need to track. R"n, are real
numbers R that exist in an nth dimensional space. ° °

* 0-dimensional: Just a point (like a corner of a room).
* 1-dimensional: A line—you can move left or right, but not up or down.

» 2-dimensional: A plane—Ilike a flat surface where you can move in two directions
(left/right and up/down).

« 3-dimensional: Our everyday world—Ilength, width, and height. These are the basic
building blocks of space in math.

* 4-dimensional and beyond: By including time dimension to x, y, z dimension, we get 4
dimensions. Everyday dimensions considered with time. Example: Einstein's Theory of
Relativity: The spacetime continuum combines three spatial dimensions and one temporal
dimension (x, y, z, t). Mathematical models using 4D vectors are essential for describing
phenomena like gravity and the curvature of space-time. Example: Computer Graphics
and Animation: Smooth Transformations: In computer graphics, higher-dimensional
algebra can model complex transformations such as rotations and translations more
naturally. This is particularly useful in animations where both spatial movement and
orientation changes need to be smoothly handled without visualizing 4D objects directly. In
science fiction story, 'The 4-D doodler' by Graph Waldeyer builds a machine that allows
him to venture into the 4th dimension not of time, but another coordinate of space. It takes
a stretch of imagination to conceptualize 4th dimension, be it of time or of space, latter as
the 'The 4-D doodler fictional story illustrates. In mathematics, we deal with dimensions
higher than 4th dimensions and by putting it in terms of algebra, we are able to perform
mathematical operations and make predictions with models, though we cannot visualize it
in our real world 3D space i.e. in geometric Cartesian coordinate system (X,y,z coordinate
system). Example: Building design and energy use: Environmental and operational
factors influence building energy consumption. So designing buildings takes into account
temperature control, lighting, hours of operation, number of occupants, geographic
location, etc., as variables (dimensions) affecting energy use. By modeling this through

4 ‘Matplotlib — Visualization with Python’, n.d. <https://matplotlib.org/> [accessed 25 April 2026].
5 A.D. (Allan D. ). Martin, Introduction to Linear Algebra, n.d., p. 90.
6 ‘Linear Algebra - Jim Hefferon - 4th Ed’, n.d., p. 45.
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simulation studies, energy consumption optimization for the building can be achieved.
Example: Digital Twins of Climate Change: Digital Twins are virtual replicas of real-
world things or phenomenon used to model and run simulations on these real world things
or phenomenon that are complex multi-variable or multi-dimensional example digital twins
for climate change. ’

Algebra help in representing higher-dimensional spaces without needing a
physical visualization: As mentioned above, in mathematics, we deal with dimensions
higher than 4th dimensions and by putting it in terms of algebra. Vector Space Model:
Each point in 3D space is represented as a 4-dimensional vector (X, Yy, z, w). This allows
for the fourth dimension to represent time or another spatial coordinate. The ability to
perform translations and other linear operations directly within this model simplifies
computations compared to handling higher dimensions separately. Geometric Algebra:
This framework extends algebra by incorporating geometric interpretations into its
operations. It is particularly effective at representing orthogonal transformations like
rotations and reflections, offering a more efficient method than vector space models for
these specific tasks. Homogeneous Model: By adding a "point at infinity" or using
homogeneous coordinates, this model allows the representation of points at various scales
without needing separate representations for different dimensionalities. This abstraction
simplifies handling complex transformations in lower dimensions. Conformal Model:
Focused on preserving certain geometric properties like rotations and translations more
neatly than vector space models, it is particularly useful in higher-dimensional applications
where these transformations are critical. Applications in Computer Graphics and
Robotics: These algebraic tools enable the use of higher-dimensional spaces without
direct physical visualization beyond three spatial dimensions. They simplify calculations by
reducing complexity and making geometric operations straightforward within their
respective structures. In essence, algebra provides a framework to abstract higher-
dimensional spaces into vector models where geometric actions are represented as
algebraic transformations. This approach enhances computational efficiency and simplifies
applications in fields like computer graphics and robotics without the need for direct
physical visualization beyond three spatial dimensions. 8 ° 1°

7  Jorn Hoffmann and others, ‘Destination Earth — A Digital Twin in Support of Climate Services’, Climate Services,
30 (2023), p. 100394, doi:10.1016/j.cliser.2023.100394.

8 Leo Dorst, Daniel Fontijne, and Stephen Mann, Geometric Algebra for Computer Science: An Object-Oriented
Approach to Geometry, Morgan Kaufmann Series in Computer Graphics (Elsevier Morgan Kaufmann, 2007), p. 25.

9 Dorst, Fontijne, and Mann, Geometric Algebra for Computer Science, p. 272.

10 David C. Lay, Linear Algebra and Its Applications, 4. Aufl., internat. ed (Addison-Wesley, 2012), p. 452.
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2.1.2 Exploring space and real numbers in dimensional space: Cartesian coordinate
system, Euclidean space, Vector space and Field space — Figure 2.1.2 A, B, C:

A) The concept of incorporating the fourth dimension into mathematical models,
particularly as an extension of three-dimensional spatial coordinates (x, y, z), is a
fascinating area explored in theoretical physics and computer graphics: In essence,
algebra provides a framework to abstract higher-dimensional spaces. B) Example:
Building design and energy use: Different environmental and operational factors
influence building energy consumption and by modeling the interplay between
(dimensions) variables such as temperature control, lighting, hours of operation, number of
occupants, and geographic location, through simulation studies, energy use may be
optimized. C) Example: Digital Twins of Climate Change: A digital twin is a virtual
replica designed to model and simulate real-world phenomena or objects for analysis and
optimization. A digital twin could help model and analyze the impact of various
environmental factors on global warming patterns, helping to optimize strategies for
mitigation and adaptation efforts. Citation: 1) The 4-D Doodler by Graph Waldeyer
https://www.gutenberg.org/files/22227/22227-h/22227-h.htm 2) Destination Earth — A
digital twin in support of climate services by Jorn Hoffmann, Peter Bauer, Irina Sandu, Nils
Wedi, Thomas Geenen, Daniel Thiemert 2023 https://doi.org/10.1016/].cliser.2023.100394
or https://www.sciencedirect.com/science/article/pii/S2405880723000559 ™

11 Hoffmann and others, ‘Destination Earth — A Digital Twin in Support of Climate Services’.
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