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ABSTRACT

When studying the kinematics of point motion, students often encounter difficulties in
understanding the basic concepts of «displacement» and «path». This article proposes
an effective approach to studying these important concepts through the detailed analysis
of a one-dimensional problem. To facilitate the learning process, two solution methods
are used: geometric and analytical. Comparing these approaches allows students to
understand their characteristics and choose the most effective method for specific problem
conditions.
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The main focus of the paper is on calculating various motion parameters, such as
velocity, stopping time, displacement, and path length, using the Wolfram Mathematica
software environment. This software provides students with powerful analytical tools,
allowing them to perform complex calculations, analyze results, and simulate various
motion scenarios. Students can easily change parameters like initial speed, acceleration,
or duration of movement and observe the resulting changes. This process enables
a deeper understanding of physical phenomena.

After conducting an analytical study, where students calculate motion parameters,
using Excel to create graphs makes the learning process more interactive and visual.
Excel’s capabilities allow students to easily visualize data through graphs that illustrate
changes in motion parameters over time. This approach not only simplifies the learning
of complex concepts but also promotes skill development in modern technologies for data
analysis and modelling of physical processes, providing comprehensive learning that
integrates both theory and practice.

Thus, integrating computer technologies into the educational process enhances
the quality of education, engages students, and prepares them to solve real-world
problems in scientific and practical research.

Key words: kinematics, path, motion, stopping point, analytical and graphical method.

Introduction. This scientific study focuses on assessing the impact of
contemporary global informatization on physics education. The integration
of computer programs such as Wolfram Mathematica and Excel opens new
avenues for mastering physical concepts. Our focus is on modeling the motion
of a point particle, exemplified through the case of uniform one-dimensional
motion [1, 1159]. However, mastering this model can be challenging,
requiring an understanding of mathematical concepts and the analysis of
graphical dependencies from a physical perspective. The objective of this
study is to examine and compare two approaches to mathematically model
mechanical motion, aiming to enhance the learning process and foster a
deeper understanding of physical processes.

Methods and research methodologies. The primary approaches
under consideration are the geometric and analytical methods [2, 85]. The
geometric approach enables a visual understanding of body movement
through graphs and diagrams [3, 14657.7], whereas the analytical approach
[4, 54] requires a more profound formal comprehension of mathematical
dependencies and the use of computational tools. The integration of these
two methods not only facilitates a mathematical analysis of body movement
but also provides a visual observation of its dynamics and changes over
time.

Results and discussions

1. Analytical Approach to Determining Characteristics of Point Motion

In this section, we will delve deeper into the motion of a point particle using
the example of one-dimensional motion [5, 14], defined by the expression

x(t)=1-10¢+3, (1
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where x(¢) represents the point's coordinate at time ¢ . We will assume
that ¢ lies within the intervals of 1 to 8 seconds.

Equation (1) represents a quadratic function, indicating the parabolic
nature of the motion trajectory in configuration space. We will employ an
analytical approach by calculating the derivative of Equation (1). Considering
the direction of movement, we ascertain the sign of this derivative at specific
moments in time. We find that

dx
t)=—=2t-10. 2
(1)=1, (2)

By substituting the time values r=1s and ¢=8 s into formula (2), we

obtain

v(1)=2-1-10=-2m/s,

v(8)=2-8-10=6m/s. (3)

Upon analyzing the results, we conclude that at the moment oftime 1 =1 s,
the derivative's value is negative, indicating that the speed of the point's
movement is directed to the left (against the increase in the value of x ).

At the moment of time ¢ =8 s, the derivative's value is positive, signifying
that the speed of the point's movement is directed to the right (in the direction
of an increasing value of x ). Thus, in the time interval from 1 s to 8 s, the
point particle undergoes a change in the direction of its movement, indicating
the presence of a stopping point.

To determine the acceleration of a point at a given moment in time, we
calculate the second derivative of the equation of motion with respect to time

dv d
=4 "
It is crucial to note that since the acceleration « is constant, the motion of
the point particle is uniformly accelerated. Equations (3) and (4) reveal that
the initial velocity and acceleration have opposite signs, indicating that the
direction of velocity and acceleration at the initial time is opposite [6, 491]. A
general physical analysis suggests that initially, the velocity will decrease in
magnitude until it reaches a stopping point.
For further analysis of body movement, we will determine the time at
which the point particle comes to a stop. This can be accomplished by
identifying the moment when the speed of the point particle becomes zero

v(t):O. (5)

(2t-10)=2m/s’. (4)
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Let's rewrite Equation (2) under the condition specified in (5) and
determine the stopping time of the point particle
2t ~10=0, (6)

stop

where ¢ represents the stopping time.

stop

Solving Equation (6), we get
ty, =58. (7)

stop

Thus, employing the analytical method, we determined that the point
particle comes to a stop now #,, =5 s. This confirms the existence of a
single stopping point during the movement of a point particle in the time
interval from 1 to 8 seconds.

1.1. Calculating Point Movement Characteristics Using Wolfram
Mathematica

When studying the physical parameters of the movement of a point
particle, we recommend that students calculate these parameters both
manually and using the Wolfram Mathematica symbolic calculation package.
By combining traditional methods with modern computational tools, this
approach enhances the understanding of physical concepts and fosters
the development of skills in the analysis of physical phenomena. Here's a
clearer and illustrative example of potential code in the Wolfram Language
[7] for conducting the calculations mentioned:

X[t]=3+-10t+t"2;

t1=1;

12=8;

Print["Task:"]

Print["Given the kinematic equation of motion x(t)=", x[t]]

Print["t1 =", t1," s;"]

Print["t2 =", t2," s;"]

Print["Solution:"]

Print["Let's find the velocity as a function of time

v(t) = dx/dt =", D[x[t],t]]

v=DIX[t].t];

eqg=Solve[D[x[t],t]==0,t];

tstop=t/.eq;

If[t1<tstop[[1]]<t2, tstop=tstop[[1]]];

Print["We find the stopping time from the equation ",

D[x[t],t],"=0. "

Print["Thus we get tstop =", tstop, " s."]

a=D[v,t];

Print[" The acceleration as a function of time is

a(t)=", a, " m/s2."]
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After executing this code, we obtain the values of the movement
parameters, which are comparable to those obtained by the analytical
solution and provided above (Fig. 1).

Task:

Given the kinematic equation of motion x(t)=3-10t +t?

t; =1 s;
t, = 8 s;
Solution:

Let's find the velocity as a function of time
v(t) = dx/dt = -10+2t

We find the stopping time from the equation -10 +2t=0.

Thus we get tstop = 5 s.

The number of stopping points = 1

We will consider the stopping points for which t; < tstop < t;

The acceleration as a function of time is
a(t)= 2 m/s%;

Fig. 1. Results of calculating motion parameters
using Wolfram Mathematica

This approach not only facilitates the learning of the material but also
sustains students' interest in physics, enabling them to comprehend and
apply theoretical concepts in practice.

1.2. Graphical and Analytical Analysis of Motion Parameters Using
Excel

For a visual representation of the relationship between point particle
speed and time, we propose a comprehensive approach that combines
analytical and graphical methods. In our work, we use Excel [8, 81-134] to
visually depict the variation in point particle speed over time. This method
allows for the visual representation of the graphical dependence of point
particle speed on time and the identification of the moment when the point
particle comes to a stop (Fig. 2), where the speed is calculated according to
equation (2).

The next step is to determine the displacement and path of the point
particle. The displacement is calculated using the formulas

Ax=x,—x,=x(t,)—x(1,). (8)

Numerical calculations yield the following result
Ax=-13+6=-Tm. 9)
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Fig. 2. Plot of the dependence of speed on time, v(t)

Calculating the path is a more complex task, and therefore, we suggest
that students approach it in two ways: analytically and graphically.

1.3. Analytical Method for Path Determination

This method involves applying physical principles and formulas to
determine the movement of a point particle. Since we are dealing with a
one-dimensional problem, it is evident that the traveled path S during the
time At will be equal to the magnitude of displacement if the point particle
moved in one direction

S(t.t+At)=|Ax| =|x(z+ Ar) = x(7)]- (10)

In previous calculations, it was determined that between the time 7, =1 s
and t,=8 s, the point particle stops at ¢, =5 s. Thus, the complete path
during this time can be calculated as the sum of two paths from ¢ to 7,
and from ¢, to ¢,

stop

S(1:12) = 8 (1t ) + S (11t ) - (11)
Using expressions (11) and (10), we can write

S(tl,tz):‘X(tmp)—x(tl)‘+‘X(t2)—x(tmp) . (12)
Then, substituting the numerical values into (12), we obtain
S(1,8)=|-22+6|+|-13+22| = 25m. (13)

1.4. Graphical Approach to Path Determination

The graphical method for path calculation is another tool that aids in
determining the path of the body in practice [9]. To apply the graphical
method, we use the data presented in Figure 2. From this graph, it can be
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observed that two right-angled triangles S, and S, , can be distinguished,
areas of which correspond to the distance traveled by the body before and
after stopping. The area of a right triangle can be calculated using the formula

1
S==—a-b, 14
>4 (14)

where ¢ and b are the legs of the right triangles.
Thus, using formula (14), we can determine the areas S, and S,

0]t =)

1
SZZE.V(tZ).(IZ_tsIO/))' (15)
After performing the numerical calculations, we obtain

e

N | =

S =

1 .
=7 8-(5—1) =16square units,

s, :%.6-(8—5):9squareunits. (16)

It is evident that in this case, the square units are equivalent to meters.
The total path is calculated as the sum of S, and S,

S=S8+5,=25m. (17)

The obtained results confirm the effectiveness of both methods for
calculating the path of point particle movement. The study demonstrates
that both methods yield the same path value, as shown by formulas (13) and
(17), confirming their equivalence and facilitating a deeper understanding of
the physical laws of kinematics.

In our classes, we recommend that students utilize mathematical soft-
ware, such as Wolfram Mathematica, to perform calculations related to the
movement and path of a point particle. We provide an example of code that
can be used to perform these calculations:

vi=v/ t->1t1;

v2=v/. t->12;

Print["The legs of the first triangle are:"]

Print["|V1| =", Abs[v1], " units;"]

Print["(tstop - t1) =", tstop - t1, " units."]

Print["The legs of the second triangle are:"]

Print["|V2| =", Abs[v2], " units;"]

Print["(t2 - tstop) =", t2 - tstop, " units."]

Print["The area of triangle S1is S1 = |[V1| * (tstop - t1)/2 =",

Abs[v1], ™", tstop - t1, "/2 =", Abs[v1] * (tstop - t1)/2, " units"2."]
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Print["The area of triangle S2 is S2 = |[V2| * ({2 - tstop)/2 = ",
Abs[v2], "*", 12 - tstop, "/2 =", Abs[v2] * (12 - tstop)/2, " units"2."]
Print["The total pathis S=S1+S2 =",

Abs[v1] * (tstop - t1)/2, " + ", Abs[v2] * (12 - tstop)/2, " =",
Abs[v1] * (tstop - t1)/2 + Abs[v2] * (12 - tstop)/2, " m."]

Print["The total displacement is \Delta x = S2-S1 =",

Abs[v2] * (12 - tstop)/2, " - ", Abs[v1] * (tstop - t1)/2, " =",
Abs[v2] * (12 - tstop)/2 - Abs[v1] * (tstop - t1)/2, " m."]

The results of the code analysis are illustrated in Figure 3.

The legs of the first triangle are:
|Vi| = 8 units
(tstop-t1) 4 units
The legs of the second triangle are:
V3| = 6 units
(tp-tstop) = 3 units
The area of triangle S; is S; = |Vy|x(tstop-t3)/2 = 8x4/2 = 16 units?
The area of triangle S; is S, = |Vy|«(t2-tstop)/2 = 6x3/2 = 9 units?
The total path is
S =545, =16 + 9 = 25m

The total displacement is
AX = Sp-5p = 9 - 16 = -7 m

Fig. 3. Results of Calculated Path and Displacement

2. Generating graphical representations for §(¢) and x(7)

Formula (1) was used to plot the graphical dependence of the
coordinate on time within the interval from 1 to 8 seconds. Using this
formula allowed for the numerical calculation of the body's coordinates at
various time points. The results of these calculations are shown in the table
below, providing a visual representation of the body's trajectory from 1 to
8 seconds (see Fig. 4).

Analyzing this graphical representation, we observe that the
coordinate x(¢) initially decreases, reaching a minimum value at the
stopping moment ¢, = 5 s, and then increases again. This indicates that
the point first moves in one direction, comes to a stop, and then reverses
its direction of motion.

Constructing the dependence S(t) is a more complex task. From
theoretical material, it is known that the path S is always a non-decreasing
quantity during the movement of a body [10, 180]. Thus, the formula for
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Fig. 4. Graph of the coordinate versus time, x(t)

calculating the path from f to ¢, accounting for one stopping point,
is given by
1<t

> stop

(1) = x(1)

X (£, )= x (1) +‘x(t)—x(tmp)
To construct the graphical representation of S(t) , we will use the Excel
program. The results of the calculations and the graphical representation

of S(t) are shown in Figure 5. The graphical representation of the path
complements our analytical approach.

(18)
, 1>t

— "stop

S(’): ‘

fc S, m
1 0 %0
1,5 3,75
2 7 25
2,5 9,75
3 12 20
3,5 13,75 €
4 15 g5
45| 1575 &
5 16 10
55 1625
17 5
6.5 1825 t tstop t
20 o
75| 2225 0 1 2 3 4 5 6 7 8 9
] 25 Time, s

Fig. 5. Graph of the path versus time, S(t)
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Analyzing the coordinate and path graphs, we observe that the distance
traveled is always a positive quantity and continuously increases over time.
This confirms that the distance traveled by the point from 7, to ¢, consistently
increases with time.

Conclusions. Based on the research outcomes, we can affirm the
significant efficacy of integrating analytical and graphical methods in
the study of steady-state body movement. Analytical methods, includ-
ing mathematical formulas and theoretical calculations, promote the
development of mathematical thinking and the ability to abstractly model
physical phenomena. In contrast, graphical techniques, using software
like Excel and Wolfram Mathematica, enable students to identify tangible
correlations between numerical data and graphical representations. This
visual approach allows them to observe and understand the complex
processes involved in studying body movement. Such an approach not
only facilitates a deeper exploration of various aspects of physical phe-
nomena but also motivates students to pursue independent research
projects.
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AHOTALIA

Busuaroqu KiHeMamuky pyxy MO4YOK, cmydeHmu 4Yacmo CMUuKarmbCsi 3 MpYyOHO-
wamu y PO3YMiHHI OCHOBHUX MOHSIMb «WJisiX» | «nepemilyeHHs». Lli mepmiHu, xodya
i 83aemoros’sizaHi, Maromb PisHi 3Ha4eHHS. Y uit cmammi 3anpornoHo8aHo eghekmusHull
n1ioxid 00 BUBYEHHS UUX 8aXITUBUX MOHAMb Yepe3 demarnbHul aHarni3 00HO8UMIPHOI 3ada-
yi. [ins noneaweHHs1 3aC80EHHSI Hag4arlbHO20 Mamepiany eukopucmaHo 0ea Memodu
p038’sa3aHHs; eeoMempuyHUlU ma aHanimuyHul. [opieHsHHSA yux nidxodig do3eorisie cmy-
deHmam ycsidomumu ixHi ocobnugocmi ma aubpamu Haubinbw egpekmusHuti Memod 0ns
KOHKPEeMHUX yMo8 3adaui.

OcHoeHa ysaza cmammi 30ceped)eHa Ha O0bYUCeHHI PI3HUX napamempie pyxy,
makux siK WeudKicmb, Yac 3ynuHKU, NepeMilyeHHs i wiisix, 3a 00rnoMo20t0 MpoepamMHoO20
cepedosuwa Wolfram Mathematica. BukopucmaHHsI Ub020 npoepamHoe0 3abe3rneqyeHHs!
Hadae cmydeHmam docmyr 00 MOMYXXHUX aHaimuyHUX iHcmpyMeHmie, wo 00380/15I€ iM
nposodumu cknadHi po3paxyHKu, aHaniyeamu pe3ynbmamu ma modentoeamu pi3Hi cue-
Hapii pyxy. CmydeHmu MOXymb fie2ko 3MiH8amu napamempu 3adadi, maki sk no4yamko-
8a weudkicmb, NpUcKopeHHs1 abo mpuesasicmb pyXy, i crocmepieamu 3a 3MiHaMu 8 ompu-
maHux pesynbmamax. Llel npouec 0o3eorisie enubwe 3po3ymimu isuyHi seuwa.

icnsi nposedeHHs aHanimu4Ho20 AOCNIOKEHHS], 8 IKOMY cmyOeHmuU po3paxosyrmb
napamempu pyxy, aukopucmaHHs iHcmpymeHmig Excel dnsi cmeopeHHs epacbikie pobumb
HasyanbHul fpouec binbw iHMepakmueHUM i HaoyHUM. 3asdsiku Moxnusocmsim Excel
cmydeHmu MOXymb f1eeKo eisyarnizyeamu OaHi, cmeoprotodu epadpiku, siKi inrocmpytoms
3MiHU mapamempie pyxy e 3anexHocmi 8id yacy. Llet nidxio He nuwe cnpowye 3aC80EHHS
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cknadHux KoHuenujit, a U crpusie po3gUMKy HagU4oK pobomu 3 Cy4acHUMU MEXHOMo2iMU
0nsa aHanidy daHux i Modesto8aHHs hi3uYHUX npouecie, 3abesnedyroyu mum caMum KOMI-
JIEKCHe Hag4YaHHs, IKe 8KIIKoYae K meopito, mak i pakmuy4Hi HaguyKu.

Takum 4uHOM, iHMeapauis KOMITIOMePHUX MeXHOozill y HasyanbHul npoyec niosu-
wye siKicme oceimu, cmumMyriioe 3auikaeneHicms cmydeHmie ma 2omye ix 00 8UpPILUEHHS
peanbHUX 3agdaHb y HayKoeux i pakmu4HUX OCTIOKEHHSIX.

Knroyosi cnoea: kiHemamuka, Wrisix, pyx, moyka 3ynuHKU, aHamimuyHuU i epaghidHuti
memod.
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