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Abstract

Mathematics touches almost every part of our daily living and is vital to inhibiting our
understanding of movement, as a species, and the earth around us. In this paper, we assess
movement from multiple perspectives using basic concepts from mathematics such as speed and
distance. We establish definitions for average speed and instantaneous speed, followed by
equations for combining distance with time, and then references to examples that illustrate the
everyday use of vehicles, walking as a person, and free-falling objects to underline the
aforementioned equations. The paper also discusses, while looking at small sections of motion, it
is helpful to look at motion as a change with graphical representations, this means we are
picturing a change which will support the readers understanding about mathematical relations.
This paper hopes to promote the mathematical thinking involved in thinking about motion, and
the mathematics to support the beauty of math in interpreting our natural world and human
interactions.

Keywords: motion analysis, speed calculations, distance formulas, kinematics, mathematical
modeling

1. Introduction
Humans have been intrigued by the study of motion for millennia, from Aristotle's

informal study of motion, to Galileo's systematic study of motion with real experiments, to
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Newton's laws of motion(1). Mathematics is the universal language used to describe motion and
is the laboratory language that helps us model what we observe. Mathematics also provides us
with a suite of tools that help us quantify, calculate, analyze and model the world we live in. The
mathematics of motion, and what we refer to as kinematics, underpins many areas of higher
sciences and professions such as physics, engineering, transportation and sports science.(2)

Motion is inherent in our daily lives. Each time we are in a situation that involves motion,
whether we are walking to (work), driving a car, watching a ball fall, you name it, humans are
clearly dealing with motion. All these motions can be described and analyzed by the same
relatively simple mathematical formulas, that all involve some concept of speed, distance and
time. Knowing these relationships, and understanding the relationships to not only increase our
scientific literacy but to enhance our ability to complete problems encountered in a variety of
contexts.(3)

The purpose of this paper is to connect the worlds of movement and mathematics by exploring
one of the fundamental principles of motion. In this way basic algebraic equations can be used to
represent complex phenomena, suggesting to a much larger audience that mathematics is not just
an exercise in academics but a way of understanding our own physical world.

2. Fundamental Concepts and Definitions

2.1 Speed and Velocity

Speed is defined as the rate of change of distance with respect to time, typically expressed as:
Speed = Distance / Time

or mathematically: s = d/t

where s represents speed, d represents distance, and t represents time (4).

It is crucial to distinguish between speed and velocity. While speed is a scalar quantity that
describes only the magnitude of motion, velocity is a vector quantity that includes both
magnitude and direction. For the purposes of this paper, we will primarily focus on speed, as it
provides a more accessible introduction to motion analysis (5).

2.2 Average Speed vs. Instantaneous Speed

Average speed represents the total distance traveled divided by the total time taken for the
journey. This provides an overall measure of motion but does not account for variations in speed
during the journey. The formula for average speed is:

Average Speed = Total Distance / Total Time
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Instantaneous speed, on the other hand, represents the speed at a specific moment in time. In
mathematical terms, instantaneous speed is the limit of average speed as the time interval
approaches zero. This concept, while requiring calculus for precise calculation, can be
approximated by measuring speed over very small time intervals (6).

2.3 Distance and Displacement

Distance refers to the total path length traveled by an object, regardless of direction. It is always
a positive quantity and represents the cumulative measure of all movement. Displacement,
however, measures the straight-line distance between the starting and ending points, taking
direction into account (7).

For many practical applications, particularly when analyzing motion along a straight path,
distance and displacement are equivalent. This simplification allows us to use basic algebraic
relationships without the complexity of vector mathematics.

3. Mathematical Framework
3.1 Basic Kinematic Equations

The fundamental relationship between speed, distance, and time can be expressed in three
equivalent forms:

1. Distance = Speed x Time (d = st)
2. Speed = Distance / Time (s = d/t)
3. Time = Distance / Speed (t = d/s)

These equations form the cornerstone of motion analysis and can be applied to a vast array of
practical situations (8).

3.2 Uniform Motion

For objects moving at constant speed, the analysis becomes straightforward. The distance
traveled is directly proportional to time, creating a linear relationship. This can be represented
graphically as a straight line on a distance-time graph, with the slope representing the speed (9).

3.3 Non-Uniform Motion

When objects accelerate or decelerate, the analysis becomes more complex. For uniformly
accelerated motion (constant acceleration), we introduce additional equations:

1. v=u + at (final velocity = initial velocity + acceleration x time)

2. s=ut+ Yat? (displacement = initial velocity x time + % X acceleration x time?)
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3. vZ=u2+ 2as (final velocity? = initial velocity? + 2 x acceleration x displacement)

where u is initial velocity, v is final velocity, a is acceleration, t is time, and s is displacement
(10).

4. Practical Applications and Examples
4.1 Vehicle Motion Analysis

Consider a car traveling from City A to City B, a distance of 240 kilometers, in 3 hours. Using
our basic formula:

Average Speed = Distance / Time =240 km /3 h =80 km/h

This calculation provides valuable information for trip planning, fuel consumption estimates, and
arrival time predictions. However, it's important to note that this represents average speed; the
actual speed likely varied throughout the journey due to traffic conditions, road types, and stops
(12).

4.2 Pedestrian Movement

A person walking at a steady pace of 5 km/h wishes to reach a destination 2 kilometers away.
The time required can be calculated as:

Time = Distance / Speed =2 km /5 km/h = 0.4 h = 24 minutes

This type of calculation is fundamental for urban planning, emergency response coordination,
and personal time management (12).

4.3 Falling Objects

When an object falls freely under gravity (ignoring air resistance), its motion can be analyzed
using the equation for uniformly accelerated motion. Near Earth's surface, gravitational
acceleration is approximately 9.8 m/s2.

For an object dropped from rest at height h, the time to fall can be calculated using:
h = Ygt2

Rearranging: t = \(2h/g)

For example, an object dropped from a 45-meter building would take:

t=(2 x 45/9.8) = V(9.18) = 3.03 seconds

This analysis has applications in safety engineering, construction, and physics education (13).
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4.4 Sports Applications

In athletics, speed calculations are essential for performance analysis. A sprinter covering 100
meters in 10 seconds achieves an average speed of:

Speed =100 m /10 s =10 m/s = 36 km/h

This type of analysis helps coaches optimize training programs and athletes understand their
performance relative to world standards (14).

5. Graphical Representations
5.1 Distance-Time Graphs

Distance-time graphs provide powerful visual representations of motion. For uniform motion,
these graphs display straight lines, with steeper slopes indicating higher speeds. The slope of any
point on the graph represents the instantaneous speed at that moment (15).

Key features of distance-time graphs include:

« Horizontal lines indicate stationary objects

« Straight diagonal lines represent constant speed

« Curved lines indicate acceleration or deceleration

e The steepness of the slope indicates the magnitude of speed
5.2 Speed-Time Graphs

Speed-time graphs offer different insights into motion patterns. For constant speed, these graphs
show horizontal lines. The area under a speed-time graph represents the distance traveled,
providing another method for calculating displacement (16).

5.3 Real-World Graph Interpretation

Consider a typical car journey that includes city driving, highway travel, and stops. The distance-
time graph would show:

o Gentle slopes during city driving (lower speeds)
o Steeper slopes during highway travel (higher speeds)
e Horizontal segments during stops (zero speed)

This graphical analysis helps identify patterns in motion and can be used to optimize routes and
improve efficiency (17).
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6. Advanced Applications
6.1 Relative Motion

When analyzing the motion of objects relative to each other, the mathematical principles become
more sophisticated. For example, if two cars are traveling toward each other at speeds of 60 km/h
and 80 km/h respectively, their relative speed of approach is:

Relative Speed = 60 + 80 = 140 km/h

This concept is crucial for understanding collision mechanics, traffic flow analysis, and
aerospace navigation (18).

6.2 Compound Motion

Many real-world scenarios involve motion in multiple dimensions. While maintaining our focus
on basic formulas, we can extend our analysis to situations such as projectile motion, where
horizontal and vertical components of motion are analyzed separately and then combined (19).

6.3 Optimization Problems

Mathematical analysis of motion often leads to optimization challenges. For instance,
determining the most efficient speed for fuel consumption involves balancing time savings
against energy costs. These problems typically require calculus-based approaches but can be
approximated using basic mathematical principles (20).

7. Educational Implications
7.1 Connecting Mathematics to Reality

The study of motion provides an excellent opportunity to demonstrate the practical relevance of
mathematics. Students can relate abstract formulas to familiar experiences, making mathematical
concepts more tangible and memorable (21).

7.2 Problem-Solving Skills

Motion problems develop critical thinking and analytical skills. Students learn to identify
relevant information, select appropriate formulas, and interpret results in meaningful contexts.
These skills transfer to numerous other academic and professional domains (22).

7.3 Technology Integration

Modern technology offers numerous tools for motion analysis, from smartphone apps that track
walking speed to sophisticated software for analyzing video footage. Integrating these
technologies with traditional mathematical approaches enhances learning outcomes and prepares
students for contemporary analytical methods (23).
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8. Limitations and Considerations
8.1 Assumptions and Simplifications
The basic formulas presented in this paper rely on several simplifying assumptions:
e Motion occurs along straight lines
o Air resistance is negligible
o Gravitational effects are constant
e Measurement errors are minimal

While these assumptions allow for straightforward calculations, real-world applications often
require more sophisticated models that account for these factors (24).

8.2 Measurement Precision

The accuracy of motion analysis depends heavily on the precision of measurements. Small errors
in time or distance measurements can significantly impact calculated speeds, particularly for
short-duration events or small distances (25).

8.3 Environmental Factors

Real-world motion is influenced by numerous environmental factors including weather
conditions, surface friction, and external forces. While basic formulas provide useful
approximations, comprehensive analysis often requires consideration of these additional
variables (26).

9. Discussion

Motion analysis uses mathematics to showcase the beauty and capacity of simple formulas or
models to describe complex relationships. We encounter motion every day, from driving to work
to more sophisticated engineering applications; we embrace the basic relationships related to
speed, distance traveled, and time to help us navigate our physical world .

The universally of the mathematical relationships inherent to motion is truly impressive. In
motion analysis, the same equations used to mathematically describe the walk of a child to
school are used to understand and describe planet's movements, traffic flow, and the operations
of complex machines. This fundamental connection between phenomena exemplifies the
fundamental nature of mathematical laws and their ability to encapsulate and describe
phenomena occurring in the natural world.(27)

Another beauty of this analysis is our personal access to these relationships which makes this
field accessible and useful educationally. The subject of motion analysis allows us to create a
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straight line from their everyday personal experiences, whether a walk or a car ride, to an
understanding of speed or distance; we limit the void of reality and have personal connections to
the theories we are learning about.(28)

The visuals of motion provide us insight into another dimension of understanding - our ability to
see important visual patterns which add the most value to abstract mathematical ideas. These
visual representations offer alternative cognitive tools for interpreting relationships and patterns
quickly without the solely using numerical values; they further enhance our understanding of
relationships and patterns that may not painted a full picture based on the numerical data.(29)

The motion analysis related to technology continually develops or becomes more sophisticated.
The mathematics we draw from for understanding motion and technology remains constant.
When we understand the wholes of the basic concepts, we open the doors to deal with more
advanced concepts in physics, engineering and applied mathematics beyond the simpler analyses
.(30)

10 .Conclusion

We started this paper discussing some of the basic mathematical concepts of analyzing motion
and the advantages of being able to use simple formulas to understand and predict relatively
complex phenomena. We illustrated elementary speed calculations and contextually more
complex scenarios involved acceleration and relative motion and showed that the mathematical
analysis of motion help quantified and displayed motion in our world.

The practical applications that illustrated the basic factors show how broadly these four
principles are embedded in our everyday lives. From the journey planning process to
understanding a player during a game or natural phenomena, we provided examples that
contextualized speed, distance traveled, and time across daily phenomena that have useful
analytical tools.

To further understand the motion, the graphical representation allows us to build visual
observations that portray insights into predictive mathematical relationships. Visualizing
mathematical relationships provides learners ways to represent or scale which transition the ideas
of "representation” into interpretable patterns that enable a learner to make informed decisions
and understand natural physical processes.

As the technology continues to evolve and provide us with opportunities for using our
imagination to understand motion, the fundamental mathematical ideas will remain the same;
they serve as a platform for applying technigues to more complex motions making equivalently
meaningful meaning. Inspired by the beauty and power of mathematics it is important not only to
recognize its abstract value and inspiration, capability to describe and make predictions about our
world, and utility to help understand behaviours of people and things we study.
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This study on mathematics in motion represented a real-world example of how seemingly
simple concepts have significance and are important for many fields outside of mathematics:
whether they relate to economics, biology, human geography, anthropology; by developing an
appreciation for these area we not only value the beauty of mathematics, but also the utility of
mathematics to understand both natural and human phenomenon.

As we continue to contemplate and understand the world, the study of the mathematics of motion
will most definitely play an important role in connecting imaginary realities to observable reality
and to connect questions or hypotheses to answers or discussions and theorize or investigate a
practice.
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