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ANNOTATION
In this article, harmonic oscillations of a mathematical and spring pendulum are considered, and graphs of the dependence of speed and
acceleration on time and coordinates were obtained using the Microsoft Excel software tool.
KEY WORDS: the equation of mation, velocity, acceleration, amplitude, circular oscillation, the period of oscillation, constant of proportionality, mass,
pendulum, spring.

Annotatsiya: Ushbu magolada matematik mayatnik va prujinai mayatniklarning garmonik tebranishi hamda tezlik va
tezlanishning vaqtga va koordinataga bog ‘lanish grafiklari “Microsoft EXcel” dasturiy vositasi yordamida yoritilgan.

Kalit so zlar: harakat tenglamasi, tezlik, tezlanishi, amplituda, siklik chastota, tebranish davri, bikrlik, massa, mayatnik,
prujina.

Annomayus: B Oannoti cmamve paccmMompervl 2apMOHUdecKue KoneOaHus MamemMamuieckoeo U NpY#CUHHOLO
MASIMHUKA, a4 MAKHCce ObLIU NOTYUEHbL SPAGUKU 3A8UCUMOCTIU CKOPOCIU U YCKOPEHUSL O 6DEMEHU U KOOPOUHAM, C
UCnonvb308anuem npospammuozo cpeocmsa "Microsoft Excel”.

Kmouesvie cnosa: ypasnenue 0sudicenuss, cKopocmv, YCKOpeHue, amnaumyod, YUKIUYecKds yacmomd, nepuoo
KONeOAHUIL, HCECMKOCIb, MACCA, MASMHUK, NPYHCUHA.

Informatization of the educational system, the use of modern information technologies and various software tools in the
teaching process is one of the urgent issues of today. In particular, in military-academic lyceums and in particular in the "Temurbek
maktabi", teaching with the help of computer technologies, showing their graphics using various software tools in the explanation of
physical phenomena is an incentive to expand the imagination of the students about the structure of the universe and to form a
scientific outlook on objective reality. will be Below we cover the subject of "Harmonic vibrations™ which belongs to the
"Mechanics" department of physics using the software tool "Microsoft Excel”. Usually, in academic lyceums, the topics
"Mathematical Pendulum and "Spring Pendulum™ related to the chapter "Mechanical Vibrations and Waves" and the topic of
harmonic vibrations are covered extensively. Although the movement of these pendulums is one of the events that happen before our
eyes, and all the information about it seems familiar to the readers, there are some aspects that are of special importance. For example,
students are familiar with changes of mathematical or spring pendulums only in coordinate axes. However, in this process, not all
students are aware of the changes of quantities such as speed and acceleration over time, as well as the laws of connection of these
quantities to coordinates. That's why in the article, we will consider in detail all the laws and relationships listed above about
information technologies. A mathematical pendulum and also a physical pendulum X = ACOSat or X = Asin et according
to the law of harmonic oscillation, we know very well from the science itself. In this A — vibration amplitude; @ — is the cyclic
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(circular) frequency of vibration, which is for the mathematical pendulum @ = "% from the formula, and for the spring

, k
pendulum @ = , |[— is determined using the formula. And the periods of oscillation of these pendulums
m

T :27z\/Z va T :272'\/E
g k
determined using formulas.

If the movement of a ball on a pendulum or a ball attached to a spring starts from the most extreme position from the
equilibrium position, then the oscillation is according to the cosine law, that is X = ACOS et it happens according to the law.

To investigate the time dependence of free harmonic oscillations x=x(t) we will need to graph the function. We can do this
by taking into account the age and psychology of the students, and in order to avoid the complexity of mastering the simplicity of the
program, simply by using the Microsoft Excel spreadsheet, which is familiar to all of us. Let's remind, ""Microsoft Excel" spreadsheet
—there are A, B, C, D, E, ... Columns marked with Latin capital letters such as and 1, 2, 3, 4, ... is an electronic table consisting of
lines given by natural numbers such as In this case, each cell comes as an address defined by a column and a row. Each cell contains
a number, a word, a logical symbol or a calculation formula.For example, C2 in the cell =2*4+6 if we write, the result of the
calculation will be 14.

Now let's get acquainted with how to create a graph of free harmonic oscillations using this “Microsoft Excel” spreadsheet.
This opens an electronic window in which the electronic cells initially have constant values for each pendulum. A, g, ¢ and

A, m, K let's say letters B2, C2, D2 and F2, G2, H2 let's write in the cells. Under the same cells, that is B3, C3, D3 and F3, G3, H3

the values of these quantities corresponding to the cells, let's say 0,05; 9,8; 1 and 0,05; 1; 100 enter numbers. Then, for each
pendulum, the cyclic frequency m and the oscillation period T B5, C5 and F5, write in cells G5 and calculate their formulas at the
bottom B6, C6 and F6, G6 into the cells (1-picture). As the independent variable of the function, we give different positive values

equal to the shares of period T to time t in a separate column, this is starting from cells B9 and F9 downwards. And in the adjacent
columns C and G, starting from cells C9 and G9 downwards, the function of the arbitrary variable x, let's say X = ACOS it

function is introduced. Then the corresponding values of voluntary and non-voluntary variables are obtained in adjacent columns.
Having marked these columns, the button "Graphic" is selected from the panel window, and from there the option " Pinpoint™ is
clicked. Then we get the graphs in Figure 1 below. The diagrams in Figure 1 below show how the mathematical and spring
pendulums oscillate over time. Since the pictures are exactly similar, we can generalize our idea and say that the graphs in Picture 1
are the vibrational view of all harmonically vibrating bodies. The greater the number of values in one period, the smoother and clearer
the graph will be.
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Figure-1

Now let's see how the graphs of speed and acceleration versus time look like.

If the movement of a ball on a pendulum or a ball attached to a spring starts from the most extreme position from the
equilibrium position, then the oscillation is according to the cosine law, this is X = ACOS @t it happens according to the law. In
this case the velocity functions

. g . g : k . k
F=—Awsinwt =—A,[=sin| ,[=t | and 9=—Awsin wt =—A, [—sin | . [—t
4 / m m

k k
and a = —Aw’ coswt = —A—cos| ,[—t
m m

it will look like. We can generate graphs of these using the Microsoft Excel spreadsheet, just like the equation of motion.

A
and acceleration functions @ = —A®” COS ot = —97 CoS %t
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Then we have the graphs in Figure 2 for the velocity equation and in Figure 3 for the acceleration equation.

Figure-2
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Figure-3
© 2022 EPRAIJMR | www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713/epra2013 95



http://www.eprajournals.com/

ISSN (Online): 2455-3662
‘s, EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal
Volume: 8| Issue: 12| December 2022|| Journal DOI: 10.36713 /epra2013 || SJIF Impact Factor 2022: 8.205 || ISI Value: 1.188

From the figure 1 above and the figures 2 and 3 below, which we have seen, it can be seen that coordinate, velocity and
acceleration fluctuations do not occur in exactly one phase. The difference between the oscillation phases of coordinate and velocity
and velocity and acceleration is equal to p/2. And the distance between the phases of coordinate and acceleration oscillations differs
by p, that is, they oscillate in the opposite phase. In addition, it is necessary to pay special attention to the fact that, regardless of
whether it is a mathematical pendulum or a spring pendulum, the equations of motion, speed and acceleration of all harmonically
vibrating bodies are similar. Now let's look at how the graphs of the magnitudes of speed and acceleration look like.

To do this, we need to convert the connection of speed and acceleration to time into the form of connection to the
coordinate. In this case, we use the trigonometric equation familiar to wus from "Trigonometry".

sina = +\1—-cos? a
cosa = +\1-sin‘a

X
In addition, the equation of motion of the pendulum X = ACOSwt from COSwt = — we create and use it as well.

sina+cos’a=1, =

.9:—Aa)sina)t:—Aa)(+ 1—cos? a) =FAw,[l-| = —+a)x/A2—x

X
—Aw? cosat = —Aw’ = = —w°X

Thus, the connection of the speed of the mathematical pendulum and the spring pendulum to the coordinate

inw\/Az—Xzzi,/%(Az—xz) va 3=TFao A? —x% = / A? —

on the basis of regularity and connection of acceleration to the coordinate a = —0°X=—= X and a=—-0’X=——X
m

as it changes based on the law. In the velocity equation + In the first half of the signs, the (-) sign is selected, and in the second half,
the (+) sign is selected.

The connection of velocity and acceleration to the coordinate given above, this is $=3(x) va a=a(x) if we make the graphs of
the equations using the values given above for myatniks, we will have pictures 4 and 5. In this x coordinate value —A < X < A we
have it.

€' 2022 EPRAIJMR | www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713/epra2013


http://www.eprajournals.com/

ISSN (Online): 2455-3662

/2. EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal
| ('.J y
"2 Volume: 8| Issue: 12| December 2022|| Journal DOI: 10.36713 /epra2013 || SJIF Impact Factor 2022: 8.205 || ISI Value: 1.188

€ 2022 EPRAIJMR | www.eprajournals.com | Journal DOI URL: https://doi.org/10.36713 /epra2013 97

B c D | E F G 1 J K L M N 0

1

2 | A[m] glm/sn2] I [m] A[m] m ;18

3| 005 9.8 1 0,1 1 v=n(x) [m/s]

4

5| wHd TIsl wH T8l / o714 \

6 | 3,130495 2,006072 6,324555 0,992955 812

, / iy AN

8 x[m] v [mfs] x[m] v [m/s] / o \

9 | -0,05 0 0,1 0 ( 608 \
10| -0,045 0,068228 -0,09 0,275681 0.06

11| -0,04 0,093915 -0,08  0,379473 I o \
12| -0,035 0,111781 0,07 0,451664 I N \
13| -0,03  0,12522 -0,06  0,505964 662

14| -0,025 0,135554 -0,05  0,547723 , ! : : oL : : l
15| -0,02  0,143457 -0,04  0,579655 0,055 0,035 0,015 0,005 0,025 0,045
16| -0,015 0,149315 -0,03  0,603324

17 -0,01  0,153362 -0,02  0,619677 | 0.7

18| -0,005  0,15574 0,01  0,629285 e

19 0 0,156525 0 0,632456 : .

20 0,005  0,15574 0,01  0,629285

21 0,01 0,153362 0,02 0,619677 95
22 0,015 0,149315 0,02 0,602324 / \
23 0,02  0,143457 0,04  0,579655 &4

24| 0,025 0,135554 0,05  0,547723 / . \

25 003 012522 0,06  0,505964 r o \
26 0,035  0,111781 0,07  0,451664 6

27 0,04  0,093915 0,08  0,379473 l ’ \
28 0,045 0,068228 0,09  0,275681 6.1

29| 0,05 0 0,1 0 J \
30 . ; —a—— . . ' Y
31 0,11 0,08 0,05 0,02 00l 004 0,07 01

Figure-4



http://www.eprajournals.com/

Ly

ISSN (Online): 2455-3662

<, EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal
Volume: 8| Issue: 12| December 2022|| Journal DOI: 10.36713 /epra2013 || SJIF Impact Factor 2022: 8.205 || ISI Value: 1.188

B C D F G H | J K L M N 0 P
1
2 | A[m] glm/sn2] I [m] A[m] m k
3 0,05 9,3 1 0,1 1 a0 a=afx) [m/s"2] B,45 Pt
a4
5 | w [Hz] T [s] w [Hz] T [s] . //
6  3,130495 2,006072 6,324555 0,992955 o
7 /
] x[m] a [m/fsh2] x[m] a [m/sA2] 0,05
9 | -0,05 -0,49 -0,1 -4 ' ' i ' ' '
B oot | 04 0,09 26 0,055 0,035 0,0 v’ 0,005 0,025 0,045
11| -0,04  -0,392 -0,08 -3,2 e
12| -0,035 = -0,343 -0,07 -2,8 /
13| -0,03  -0,294 -0,06 2,4 835
14| -0,025  -0,245 -0,05 -2 /
15| -0,02  -0,196 -0,04 -1,6 e

-

16| -0,015  -0,147 -0,03 -1,2
17| -0,01  -0,098 -0,02 -0,8
18| -0,005 ~ -0,049 -0,01 -0,4 as
19 0 0 0 0 X
20| 0,005 0,049 0,01 0,4 v=o(x) [m/s"2] 3 /
21| 0,01 0,098 0,02 0,3 /
22| 0,015 0,147 0,03 1,2 is
23| 0,02 0,196 0,04 1,6 ~
24| 0,025 0,245 0,05 2
25| 0,03 0,294 0,06 2,4 ' T T 8 . . .
B 0.0 0,343 0,07 28 0,12 0,08 0,04 0,04 0,08 0,12
27| 0,04 0,392 0,08 3,2 15
23| 0,045 0,441 0,09 3,6 /
29 0,05 0,49 0,1 4 3
30 /
31 45
la2]

Figure-5

Figures 4 and 5 show that any pendulum (mathematical or spring or other type) with free harmonic oscillation for 9=9(x) the
graph of the function is in the form of a circular arc, a=a(x) and the graph of the function is in a linear view.

Thus, we learned how to create graphs of the movement, speed and acceleration of harmonically vibrating bodies using the
Muicrosoft Excel software tool, and we learned that the shape of the graphs does not depend on the type of pendulum. In general, there
are many and various software tools that can be used to create these graphs and calculate various quantities in these oscillatory
processes. However, from the point of view of the fact that it is easier for students of academic lyceums to understand and master, we
chose the software tool "Microsoft Excel".

Advantages of teaching the subject using various modern software tools:

— serves to expand students' thinking and imagination about vibrational processes;
— trains students to use information technologies;

— simplifies calculations and saves time;

— achieved a clear result.
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