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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CALCULATION AND VISUALIZATION OF A BODY MOTION
UNDER THE GRAVITY FORCE AND THE OPPOSING DRAG

Abstract. The article presents the calculations and visualization of a body motion in a gravitational field with
opposing drag force made by using MatLab program. There is the description of the physical phenomenon and its
mathematical model. The differential equations of a body motion are written for the dimensionless quantities that
allow applying them for each body moving in gravitational field. The m-file is developed under the name Gravitation
and the file listing is given for solving the system of differential equations in the Matlab system. The solution of
differential equations is carried out by using the ode45 procedure. Since the calculation accuracy by default (10°) has
been low it is increased up to 10”°. Results of calculations are presented in the form of graphs of a body motion
trajectory and the graphs of x — coordinates versus time , X — components of a body velocity versus time at the drag
coefficient of k1=0, k1=0.5, k1=1 and k1=2. It is discovered that at the action of the drag force of the medium the
body gradually falls toward the attracting center. The article contains the assignments for student’s self-study work.
The results of calculations and visualization of a body motion in a gravitational field with opposing drag force are
applied in classical mechanics.

Key words: gravitational field, orbit, period, trajectory, drag force.

Introduction. Nowadays all educational institutions of Kazakhstan are provided with computer
hardware and software, interactive boards and internet. Almost all teachers have completed language and
computer courses for professional development. Hence the educational institutions have all conditions for
using computer training programs and models for performing computer laboratory works. During several
years we have been conducting the work on organization computer laboratory works on physics with use
of resources of the Fizikon Company [1, 2] which are developed at Al-Farabi Kazakh National University
by V. V. Kashkarov and his group. Some of worksheet templates for computer laboratory works are
introduced in educational process of our university and schools of the Southern Kazakhstan [3-31].
Students of the physics specialties SB060400 and 5B011000 successfully master the discipline “Computer
modeling of physical phenomena” which is the logical continuation of the disciplines “Information
technologies in teaching physics” and “Use of electronic textbooks in teaching physics”. The aim of this
discipline is to study and learn the MATLAB program language [32] system, acquaintance with its huge
opportunities for modeling and visualization of physical processes. The present article is devoted to
calculation and visualization of a body motion in a gravitational field with opposing drag force by using
the package of MATLAB applied programs.

Description of the physical phenomena. Let the material body (the space station) of the mass m to
move through a certain medium under the action of the attracting motionless center O. For example, a
body moves under the action of an attraction force of a celestial body (in particular, the gravitational force
of the Earth). Since the medium opposes the motion of the body, its energy decreases and eventually it
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falls on the attracting center. Hence, the moving body experiences two forces: the gravity force directed
towards the attracting center O
Mm
r
3

F=-G

and the opposing drag force of the medium
F, =k mvo
Differential equation of motion can be derived from the Newton’s second law:
vy = =
m;7=F+E (1)
4

By taking the projections on coordinate axes of all forces, acting on the body we get the following
system of differential equations:

dv
av, =—GM—x 7 — kU 4 :—GM—y 73 +k,uy )
dt (x2+y2) dt (x2+y2)
dx dy
EZUX; E:Uy (221)

The initial conditions are: x(0) = x0, v(0) = 0, y(0) = 0; vy(0) = vO, which mean that the material
body at the initial moment of time is located on the axis Ox at the point x0 and its corresponding velocity
along axis Ox is zero but its initial velocity along axis Oy is equal to vO0.

Formulation of the problem. Work out the program for calculation and visualization of the body
motion in the gravitational field of a massive object by using the MatLab program.

For solving the system of differential equations (2) it is necessary to make these equations dimen-
sionless. As the measurement unit of the distance and time we take the orbit radius R and the revolution
period T, corresponding to the motion of the body along the circle and introduce the variables X = x/R,

t 47°R’ , o
Y =y/R,T= ?, where 17" = W . In the first two terms of the equation (2) the substitution of the

variables X, y, t by the variables X,Y,t gives
d’X 47’ d’y 47’
__ X, =— Y (3)
dr’ 5 5\3/2 dr’ 5 5\3/2
r (X7 +77) T (X777

The equations (3) are universal since they depend neither upon the revolution period around the field
center nor upon the orbit radius. Therefore, the quantity T*/R’ is identical for all bodies moving in a
gravitational field along the closed path. The given relationship is the proof of validity of Kepler’s third
law.

For working out the program for the given problem by using the MatLab system the following
denotations are introduced into the equations (2) and (3):

X=z, Ci,—Xzzz, Y=z, %224
dz, _ dz, dz, 4r’z, dz, 4r’z,

k,z

=z —2=z: _ . —
2° 42 3/2 23 3/2

and m-file under the name Gravitation is created.
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The m-file listing

function dy=Gravitation(t,z)

global k1

dy=zeros(4,1); % input the column-vector with dimension 4x1

dy(1)y=2(2);

dy(2)=-4*pi"2*z(1)/((z(1)"2+2z(3)"2)."1.5) -k1*7z(2);

dy(3)=z(4);

dy(4)=-4*pi"2*z(3)/((z(1)"2+z(3)"2).~1.5)+k1*z(3);

end

At first let the medium drag to be zero (k1=0) and the initial conditions to be x(0) = 0, y(0) = 0,
vx0 = 0, vy0 = 2, i.e. the body doesn’t have the velocity component along the Ox-axis but it has the
velocity component along the Oy-axis. (X0 = v0-cos(a), vy0 = v0-sin(a), VO = 2).

The trajectory of the body motion through medium without drag force. In the command line we
write

>> global k1

>>k1=0;

>>v0=2;

>>x0=1;y0=0;

>> a=pi/6;

>> vy0=2;

>> vx0=0;

>>[t,Y]=ode45('Gravitation',[0:107-5:2.5],[x0 vx0 y0 vy0]);

>> subplot(2,2,1); plot(Y(:,1),Y(:,3));

>> grid on

>> tol=1e-9;

>> [t,Y ]=oded5('Gravitation',[0:10"-5:2.5],[x0 vx0 y0 vy0O],odeset('RelTol',tol));

>> subplot(2,2,2); plot(Y(:,1),Y(:,3));

>> orid on

At the given conditions the body moves along the circle (figure 1). The trajectory blurring (figlA) is
explained by the low calculation accuracy. Therefore, the calculation accuracy is increased up to 10 with
the help of the odeset45 procedure. The result is given in the figure 1B.

A) Y=Y (X) B) Y=Y(X)
0.4 0.4

Figure 1 — The trajectory of the body motion through medium without drag force

The motion of the body through the medium under the action of the gravity force and the
opposing drag force.

>> global k1

>>k1=0.5;

>>tol=1e-9;

>> [t,Y ]=ode45('Gravitation',[0:10"-5:2.5],[x0 vx0 y0 vy0O],odeset('RelTol',tol));

>>plot(Y(:,1),Y(:,3));

>> grid on
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The result is presented in the figure 2.

Figure 2 — The trajectory of the body motion at k1=0.5

>> plot(t,Y(:,1);
>> grid on
The result is presented in the figure 3.

1.2

0.8

0.6

0.4

0.2

-0.2
0

Figure 3 — The graph of the coordinate X versus time at k1 = 0.5

The dependence of x-component of the body velocity upon the time

>> plot(Y(:.3));

>> orid on

The result is presented in the figure 4.

>>k1=1;

>> tol=1e-9;

>>[t,Y]=ode45('Gravitation',[0:10"-5:2.5],[x0 vx0 y0 vy0],odeset('RelTol',tol));
>>plot(Y(:,1),Y(:,3));

>> grid on

The result is presented in the figure 5.
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Figure 4 — The graph of x-component of the body velocity versus time at k1 = 0.5

Y=Y(X)
0.35
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Figure 5 — The trajectory of the body motion at k1=1

>>plot(t,Y(:,1));

>> grid on

The result is presented in the figure 6.
>> plot(Y(:,3));

>> orid on

The result is presented in the figure 7.
>>k1=2;

>> tol=1e-9;
>>[t,Y]=ode45('Gravitation',[0:10"-5:2.5],[x0 vx0 y0 vy0],odeset('RelTol',tol));
>>plot(Y(:,1),Y(:,3));

>> orid on

The result is presented in the figure 8.
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Figure 8 — The trajectory of the body motion at k1
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>> plot(t, Y (:,1));
>> orid on
The result is presented in the figure 9.

X=X(t)

1.2

t
Figure 9 —The graph of the coordinate X versus time at k1 =2

>> plot(Y (:,3));
>> grid on
The result is presented in the figure 10.

Vx=Vx(t)
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Figure 10 — The graph of x-component of the body velocity versus time at k1 =2

There are assignments for self-study:

1. For the case of a body motion under the action of two forces, a gravity force and a drag force,
make the body to fall on the attracting center by increasing its motion time.

2. Perform the experiment for different values of the medium drag coefficient by changing it from
1.00 up to 2.00 with step 0.10 and find at what value of the drag coefficient the body falls on the attracting
center, draw the trajectories of motion, graphs of x-coordinate versus time and of x-component of the body
velocity versus time when the initial conditions and time of motion do not change.

Conclusion. The article presents the calculations and visualization of the body motion through
medium under the action of the gravitational force and opposing drag force. There is the description of the
physical phenomenon and its mathematical model. The differential equations of a body motion are written
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for the dimensionless quantities that allow applying them for each body moving in gravitational field. The
m-file is developed under the name Gravitation and the file listing is given for solving the system of
differential equations. The solution of differential equations is carried out by using the ode45 procedure.
Since the calculation accuracy by default (10°) has been low it is increased up to 10”. Results of
calculations are presented in the form of graphs of a body motion trajectory and the graphs of
x — coordinates versus time , X - components of a body velocity versus time at the drag coefficient of
k1=0, k1=0.5, k1=1 and k1=2. It is discovered that at the action of the drag force of the medium the body
gradually falls toward the attracting center. The article contains the assignments for student’s self-study
work. The results of calculations and visualization of a body motion in a gravitational field with opposing
drag force are applied in classical mechanics.
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K. A. Kaob116exoB, X. K. Aogpaxmanosa, I1. A. Caugaxmertos,
K. M. Mycaes, E. B. Hcaes, X. A. Amup6aeB

M. Oy330B ateinarel OHTYCTiK Kazakcran memitekerTik yauBepcureri, LlpmmkenT, Kazaxcran

JEHEHIH AYBIPJIBIK KOHE KEJEPI'I KYHITEP OCEPIHEH KO3TFAJIBICBIH
ECENTEY )KOHE BEMHEJIEY

AnHotanus. ['paBUTaIUSABIK epicTe KO3FajFaH JCHETe Keaepri KYIIi ocep eTKeH >KaFJailbl ecenTey >KOoHE
OeifHeney ychIHBUIAAB. DU3HMKAIBIK KYOBUIBIC CHITATTAJNBI, MaTEMaTHKAJIBIK MOJIENb KypbUiFaH. JleHe KO3Faibl-
ceiHbIH Au(ddepeHInanablK TeHIeyJep KYHeci eJIeMci3 maManap apKblibl OpPHEKTENreH, MYHIail OpHEKTey Ke3
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KeJreH JCHEeHIH TpaBUTANMSIIBIK OpICTeTi KO3FajbIChl YIIIH KOJJaHyFa MYMKiHAIK Oepeni. [uddepeHmmanmpk
TeHAeYJIep XKYHeciH menty yuria ode45 mporeaypacsl KOIIAHBUTFaH, €CeNTEYAiH ATl (10'6) JKETICIIETeHHEH KeH1H
on nmonxik 10” erin esreprinren. Ecenteysep HoTikenepi JeHe KO3FalbICHIHBIH TPACKTOPHACHI TYpiHIe OeliHe-
JICHT'€H KOHE JICHEHIH X-KOOPHMHATHICHIHBIH, JKbIIAMBIFBIHBIH X-KOMIIOHEHTIHIH yaKbITKa TOYEeNJUTK rpadukrepi
apksutbl Oetinenenred (k1=0, k1=0.5, k1=1 sxone k1=2 mamanaps! yirin). Kemepri Ky acepiHiH HOTHXECIHIC ACHE
TapThUIBIC LEHTPIHE KYJIAHTHIHBI KepceTuireH. ©3 OeTiHIIe OpbIHAayFa apHajFaH TalChblpManap YCHIHBLIFAH.
Ecenrey xoHe OeiiHeney HOTHXKeEpl KJIACCUKAIBIK MEXaHUKA 1A KOJIIaHbLIa bl
Tyiiin ce3mep: rpaBUTALMSIIBIK ©pic, OpOHTA, IEPHOJ, TPASKTOPHS, KEAEPTi KYIII.

K. A. KaobL10ekoB, X. K. A6agpaxmanoBa, I1. A. Caugaxmertos,
7K. M. Mycaes, E. b. Hcaes, X. A. Amiup6aeB

HOxH0-KazaxcraHckuii TOCyJapCTBeHHBIH yHUBEpCcUTeT UM. M.Aya3oBa, [lIsimkenT, Kazaxcran

PACYET U BU3YAJIN3ALUA IBUKEHUSA TEJIA
O JEMCTBUEM CHUJIbI TATOTEHUSA U CUJIBI COMPOTUBJIEHUA CPE/IBI

AnHOTauusA. B cTarbe mpuBeneHbl pacueThl U BU3yalu3allvsl JBIKEHUS Tejla B IPaBUTALMOHHOM IOJE MPH
HAJIMYUM CUJIBI CONPOTHBIEHUs. [laHo onucaHue (PU3NUECKOro SIBJIICHMS, CO37[aHa MaremaThuyeckas Mojeib. Jud-
(hepeHIMATBEHBIC YPABHEHUS JIBIM)KCHUS TEJIa HAIKMCAHBI B Oe3pa3MEepHBIX BEIMYHHAX, YTO IMO3BOJSCT MPUMEHCHUTH
uX A7 Jr000ro Teja, JIBMXKYLIErocsl B IpaBUTalMOHHOM mojie. J{ist pemenus cucreMbl quddepeHnnanbHbIX ypas-
HeHu#l B cucreme Matlab cozmanm-daiin mon nasBanuem Gravitation n maH suctuHr ¢aiina. Pemenne nudde-
PEHIHUANTBHBIX YPaBHEHUH OCYIIECTBICHO C MIOMIIOBIO Mporeaypsl ode45 U Tak KaKk TOYHOCTH BEIYUCIICHHS 110 YMaJI-
YaHUIO (10'6) OKa3ajach HEJIOCTATOYHOM OHAa ITOBBIIIECHA IO 107, PesynbpTaThl BHIYMCIEHUH MPEACTABICHBI B BUIE
rpadUKOB TPACKTOPHUHN IBIKCHUS Tella U TPAPUKOB 3aBUCUMOCTH X-KOOPAWHATHI OT BPEMEHH, X-KOMITOHEHTHI CKO-
POCTH ABFIKCHHS Tejda OT BPEeMEHHU IpH 3HaueHHX Koddduumenra comporusnenus cpeast k1=0, k1=0.5, k1=1 u
k1=2. YcraHoBneHo, 4TO MPH HATHMYUH CHIIBI COMPOTHBICHUS CPEABI TEJIO MOCTETIEHHO MMaJaeT Ha MPUTITUBAIOIINI
neHtp. [IpemmoskeHsl 3agaHus UL CaMOCTOSATENBHOW paOOTHL. Pe3ynbTaThl BBIYHCICHUN W BU3yaTW3aIlH IpHU-
MEHSIOTCSI B KIIACCHYECKOH MEXaHUKE.

KaioueBble ci10Ba: rpaBUTAIMOHHOE T10JIE, OPOUTA, IEPUOJI, TPACKTOPHSI, CHIIa CONPOTHBIICHUSI.
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