ISSN 2224-5278 Cepus ceonoeuy 1 mexnuueckux Hayx. Ne 4. 2018

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 430 (2018), 87 — 97

IRSTI 531, 530, 532

K. A. Kabylbekov, Kh. K. Abdrakhmanova, M. N. Ermakhanov,
B. A. Urmashey, E. T. Jarkanbayev

M. Auezov South Kazakhstan state University (SKSU), Shymkent, Kazakhstan.
E-mail: kenkab@mail ru, khadi kab@mail.ru

CALCULATION AND VISUALIZATION OF A BODY MOTION
IN A GRAVITATIONAL FIELD

Abstract. The article presents the program for calculation and visualization of a material particle motion
trajectory in a gravitational field of two motionless objects M1 and M2. The system of differential equations of the
particle motion is solved using the ode45 procedure of the MATLAB system. At first the m-file under the title
«f=finit2(t,x)», is created and then it is connected from a command line. Experiments with change of mass of the
second motionless object are made, i.e. at M1=50 for M2=0; 0.2; 1; 2; at M1=49 for M2=0; 1; 2; at M1=47 for
M2=0.5; 1.0. The movement of a point in the field of one motionless object happens along an ellipse, and intro-
duction of other motionless object of small mass leads to perturbation of an orbit and the trajectory isn't closed.
Initial parameters are introduced as global. By changing initial parameters it is possible to get various models of the
particle’s motion in the gravitational field. The results of this study can be used on theoretical mechanics classes of
the higher school.
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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 of professional development. Hence the educational institutions have all conditions for using
computer training programs and models for performing computer laboratory works. In recent years we
conduct work on organization computer laboratory works on physics with use of resources of the Fizikon
Company [1] and [2], 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 [3-29]. Students of the specialties 5SB060400 and
5B011000-physics successfully study 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 program
language of the MATLAB [30] system, acquaintance with its huge opportunities for the modeling and
visualization of physical processes. The MATLAB system is widely applied for calculating and visua-
lization of problems of applied mechanics which are studied by students of specialties 5B070600-Geology
and exploration of mineral deposits, 5B071200-Mechanical engineering, 5B072900-Construction,
5B072400-Technological machines and the equipment, 5B071300-Transport, transport equipment and
technologies, SB070800-0il and gas business, 5B090100-Organization of transportations, movement and
operation of transport.

This article is devoted to calculation and visualization of a body motion in a gravitational field using
MATLAB software package.

Laboratory work “Calculation and visualization of a body motion in a gravitational field of two
motionless objects”.

Aim of the work: to work out the program for calculation and visualization of a body motion in a
gravitational field of two motionless objects.
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Formulation of the problem: A particle of mass m moves in a gravitational ficld of two motionless
objects with masses M1 and M2 (figure 1).
The motion of the particle with mass m is described by the following equation
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Figure 1 — The diagram of a location of the particle with mass m
in gravitational field of two motionless objects with masses M1 and M2

The equation (1) is the second-order differential equation. It can be reduced to the first-order
equation:
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We suppose that motion occurs on the plane and introduce the following denotations:
R=(x1,x2), 7 =(cIx,cly), 7 =(c2x,c2y), V=(x3,x4) (3)
Using these denotations we rewrite the equation (2) as the followings
xl=x3, x2=x4,
_ M 1(x1-clx) M2(x1-c2x) )
X3=-G P N2 p N2
((x]—c]x) +(x2—-cly) ) ((x]—c2x) +(x2-c2y) )
e M1(x2-cly) ~ M2(x2-c2y) _

((x] - c]x)2 +(x2- c]y)2 )3/2 ((x] - ch)2 +(x2- cZy)g)

Without impact on the solution of the problem, we take the value of a gravitational constant to be
equal to G=1 and M1=50. M2=0 (their values can be changed). Also we suppose that coordinates of
motionless objects are cl= (5,0), ¢2= (0,10). Then the system of the equations can be written as m. file
under the title finit2.

Listing of the m. file

=tinit2(t,x)

global M1 M2 clx cly ¢2x c2y

=[x(3):x(4);...

-M1*(x(1)-c1x)/(sqrt((x(1)-c1x)"2+(x(2)-c1y)"2))"3-...

M2*(x(1)-c2x)/(sqrt((x(1)-c2x)"2+(x(2)-c2y)" " 2))"3;

-M1*(x(2)-c1y)/(sqrt((x(1)-c1x)"2+(x(2)-cly) 2))"3-...

M2*(x(2)-c2y )/ (sqrt((x(1)-c2x)"2+(x(2)-c2y) " 2)"3];

end




ISSN 2224-5278 Cepus ceonoeuy 1 mexnuueckux Hayx. Ne 4. 2018

The program of the movement of a particle of mass 7 in the field of one motionless object with mass
M1=50. In the command line of MATLAB we write

>> global M1 M2 clx cly ¢2x ¢2y

>> M1=50; M2=0; ¢c1x=5; cly=0; ¢2x=0; ¢2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=4000; % input of parameter

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>> x=h(;,1); y=h(;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>> plot(x,y) % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

% drawing the location of motionless objects

>> plot(x1,y1,'r+',x2.y2,'t*' 'MarkerSize', 15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);

>> otext('M1=50") % input of the notation in the figure

>> otext('M2=0") % input of the notation in the figure

The result is presented in the figure 2.
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Figure 2 — The trajectory of a particle motion in a gravitational field of one motionless object with mass M1

It is known that the particle in a gravitational field of one motionless object with a certain mass
moves along an ellipse or a circle. In the figure 2 the line trajectory is indistinct. This is due to insufficient
accuracy of the calculation. By default the accuracy of calculation of the ode45 procedure is le-6 which
isn't enough for the considered problem. Therefore, in the ode45 procedure the calculation accuracy is
taken to be le-9.

>> global M1 M2 clx cly ¢2x ¢c2y

>>M1=50; M2=0; c1x=5; cly=0; ¢2x=0; c¢2y=10; % input of parameters

>>x0=0; y0=0; vx0=0; vy0=4.3; T1=4000;

>> tol=1e-9;

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0],odeset('Rel Tol',tol));

>>x=h(:,1); y=h(;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>>plot(x,y) % drawing the trajectory of the motion

>> grid on

>> hold on% drawing the next element

% drawing the location of motionless objects

>> plot(x1,y1,'r+',x2,y2,'t*' 'MarkerSize', 15);

>

>>plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);
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>>gtext('M1=50") % input of the notation in the figure
>> gtext('M2=0") % input of the notation in the figure
The result is presented in the figure 3.
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Figure 3 — The trajectory of a particle motion in a gravitational field of one motionless object with mass M1

Now we have got the perfect picture of the trajectory.

The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=350 and M2=0.2.

>> M1=50; M2=0.2; c1x=5; cly=0; ¢2x=0; c2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>> x=h(;,1); y=h(:;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>> plot(x,y); % drawing the motion trajectory

>> otext('M2=0.2") % input of the notation in the figure

>> otext('M1=50") % input of the notation in the figure

The result is presented in the figure 4.

Figure 4 shows that introduction of the second motionless object with a small mass of M2=0.2 leads
to disturbance of an orbit and the orbit isn't closed.
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Figure 4 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=50 and M2=0.2
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The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=50 and M2=1.

>> global M1 M2 clx cly ¢2x ¢2y

>> M1=50; M1=1; ¢c1x=5; cly=0; ¢2x=0; ¢2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>> x=h(;,1); y=h(;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>> plot(x,y); % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

>> % drawing the location of motionless objects

>> plot(x1,y1,'r+',x2.y2,'t*' 'MarkerSize', 15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);

>> otext('M1=50") % input of the notation in the figure

>> otext('M2=1") % input of the notation in the figure

The result is presented in the figure 3.
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Figure 5 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=50 and M2=1

Figure 5 shows that the increase in mass of the second motionless object leads to a greater distur-
bance of the orbit.

The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=50 and M2=2.

>> global M1 M2 clx cly ¢2x ¢c2y

>> M1=50; M2=2; ¢1x=5; cly=0; c¢2x=0; ¢2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>>x=h(:;,1); y=h(;,2); x1=clx; yl=cly; x2=¢2x; y2=¢2y;

>> plot(x,y); % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

>> % drawing the location of motionless objects

>> plot(x1,y1,'r+',x2,y2,'r*''MarkerSize', 15);

>> plot(x1,y1,'ro',x2,y2,'ro','MarkerSize',15);

>> otext('M1=50") % input of the notation in the figure

>> gtext('M2=2") % input of the notation in the figure

The result is presented in the figure 6.
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Figure 6 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=50 and M2=2

The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=49 and M2=0.

>> global M1 M2 clx cly ¢2x ¢c2y

>> M1=49; M2=0; ¢1x=5; cly=0; ¢2x=0; ¢2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=300; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>> x=h(;,1); y=h(;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>> plot(x,y); % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

% drawing the location of motionless objects

>> plot(x1,y1,'r+',x2.y2,'t*' 'MarkerSize', 15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);

>> otext('M1=49") % input of the notation in the figure

>> otext('M2=0") % input of the notation in the figure

The result is presented in the figure 7.
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Figure 7 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=49 and M2=0
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The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=49 and M2=1.

>> global M1 M2 clx cly ¢2x ¢2y

>> M1=49; M2=1; ¢c1x=5; cly=0; ¢2x=0; ¢2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>> x=h(;,1); y=h(;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>> plot(x,y); % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

>> % drawing the location of motionless objects

>> plot(x1,y1,'r+',x2,y2,'r*' 'MarkerSize',15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);

>> otext('M1=49") % input of the notation in the figure

>> otext('M2=1") % input of the notation in the figure

The result is presented in the figure 8.
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Figure 8 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=49 and M2=1

The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=49 and M2=2.

>> global M1 M2 clx cly ¢2x ¢2y

>> M1=49; M2=2; ¢c1x=5; cly=0; ¢2x=0; ¢2y=10; % input of parameters

>> x0=0; y0=0; vx0=0; vy0=4.3; T1=1000; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation

>> x=h(;,1); y=h(;,2); x1=clx; yl=cly; x2=c2x; y2=c2y;

>> plot(x,y); % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

% drawing the location of motionless objects

>> plot(x1,y1,'r+',x2.y2,'t*' 'MarkerSize', 15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);

>> otext('M1=49") % input of the notation in the figure

>> otext('M2=2") % input of the notation in the figure

The result is presented in the figure 9.

The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=47 and M2=0.5.
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Figure 9 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=49 and M2=2

>> global M1 M2 clx cly ¢2x c2y;

>> M1=47; M2=0.5; c1x=5; cly=0; ¢2x=0; c2y=10; % input of parameters
>> x0=0; y0=0; vx0=0; vy0=4.3; T1=4000; % input of parameters

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation
>> x=h(;,1); y=h(:;,2); x1=clx; yl=cly; x2=¢2x; y2=c2y;

>> plot(x,y); % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

% drawing the location of motionless objects

>> plot(x1,y1,'r+',x2.y2,'t*' 'MarkerSize', 15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize', 15);

>> otext('M1=47") % input of the notation in the figure

>> otext('M2=0.5") % input of the notation in the figure

The result is presented in the figure 10.
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Figure 10 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=47 and M2=0.5

The program of the movement of a particle of mass m in the field of two motionless objects with
masses M1=47 and M2=1.
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>> T1=4000; M1=47; M2=1;

>> [t,h]=ode45(@finit2,[0,T1],[x0,y0,vx0,vy0]); % solution of the differential equation
>> x=h(;,1); y=h(;,2); x1=clx; yl=cly; x2=¢2x; y2=c2y;
>> plot(x,y) % drawing the motion trajectory

>> orid on% drawing the coordinate grid

>> hold on% drawing the next element

% drawing the location of motionless objects

>> plot(x1,y1,'r+,x2,y2,'r*' 'MarkerSize',15);

>> plot(x1,y1,'r0',x2,y2,'ro','MarkerSize',15);

>> otext('M1=47") % input of the notation in the figure
>> otext('M2=1") % input of the notation in the figure
The result is presented in the figure 11.
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Figure 11 — The trajectory of a particle motion in a gravitational field of two motionless objects with masses M1=47 and M2=1

Conclusion. The program allows performing modeling at various initial parameters: for example at
M1=50 and M2=0; 0.2; 1; 2; at M1=49 and M2=0; 1; 2; at M1=47 and M2=0.5; 1.0. Students arc sug-
gested to simulate independently for other various initial parameters by changing calculation accuracy
using the command “odeset ('RelTol', tol)”.

The use of the MATLAB language for simulation of the material particle motion in the gravitational
field of two motionless objects with different masses helps greatly in study of the gravitational field
influence on the particle’s motion.

The movement of the particle in the field of one motionless object happens along an ellipse, and
introduction of other motionless object of small mass leads to perturbation of an orbit and the trajectory
isn't closed.
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K. A. Kaos10exoB, X. A, AjapaxmMaHoBa,
M. H. Epmaxanos, b. A. Ypmames, E. T. /Karkantaen

M. Oyesos areiHAars OHTYCTIK Kazakcran MmemiiekeTTik yHIBepcHTETI, LIIbMKeHT, Kazaxcran
JEHEHIH IT'PABUTAIIMAJIBIK OPICTE KO3FAJIBICHIH ECENITEY MEH BEMHEJIEY

Annoramusa, Exi TeIHBIOTEIKTAFEI M1 sk0oHC M2 OOBCKTIICPAIH TPABHTAMMUIBIK OPICIHAC MATCPHAIBIK
HYKTCHIH TPACKTOPHACHIH €CENTEY MEH OcifHeney ychHbLUTFaHl [pearacTcsl mporpaMMa pactueTa M BU3Y ATM3aLHHH.
Kosramsicteie auddeperunanasik TeHaeyep xyneci MATLAB sxytiecinae oded5 mpoueaypacsiMeH memineai. On
ymiH amgpiH-ama «f=finit2(t,x)» men aramateiH m-Qain skazeriagsl ckoHE 01 MATLAB THIH KOMaHIAIBIK
CTPOKACBHIHAH KOCHUIAABL THIHBINTHIKTAFEl OIpiHIN OOBEKTIHIH MaccachiH e3repried M1=50, THIHBIITHIKTAFbI
eKiHIi 00BEeKTIHIH MaccachiH M2=0; 0.2; 1; 2 mamanapbIHIa ©3repTill IKCTIIEPUMEHTTED KYPIi3UITeH;

Consven Katap M1=49, M2=0, 1, 2; M1=47, M1=0.5,1.0 mamanap OOHWBIHIIA YKCIICPHMCHTTCP KAHTAIAHFAH.
THIHBIITHIKTAFB! Oip OOBEKTIHIH OPICIHAC MATECPHSUIBIK HYKTCHIH KO3FANBICHI 3JUIMIIC OOHBIHIA, all CKIiHII OOBEKT
KOCBUIFAHZA HYKTCHIH TPACKTOPHACHI IIAMAIBI ©3Tepei AC TPAcKTOpus TyHbIKTaaMaiasl. bacramksl mapamerprep
rI00anabl IeN JKapusUlaHFaH. bacTamkpl mapMeTpiepiH e3repTy apKblIbl MAaTCPHATABIK HYKTCHIH TPABUTALMLIBIK
epicTeTi KOZFAIBICHIHBIH Op TYPJI MOJEITIH anyFa O0JIa sl

3epTTCY HOTHKETICPI JKOFaphl OKY OPBIHIAPBIHAAF TCOPHSIBIK MCXAHUKA JOPICTCPIHAC KOIIAHYFa 00IaIbL.

TyiiiH ce3aep: TPAaBUTALMIBIK 6PiC, TPACKTOPH, 63TepTy, odedS mporeaypacsL

K. A. Kaos10exoB, X. A, AjapaxmaHoBa,
M. H. Epmaxanos, b. A. Ypmames, E. T. /Karkantaen

10:xn0-Kazaxcranckuii rocy napcTeeHHbIN yHHBEpCUTET M. M. Ay330Ba, llIsmvkent, Kazaxcran
PACYET U BU3YAIN3ALIUA ABUKEHHUA TEJA B TPABUTAITMOHHOM ITIOJIE

Annotamus., B cTaThe MPHBOAMTCSH PacyueT W BH3YATH3ANHA TPACKTOPHH IBIDKCHUSA MATCPHAIBHON TOUKH B
TPaBHTALMOHHOM IIOJIE IBYX HEMOABIKHBIX 00BeKTOB M1 1 M2. Pemenune cucteMs! au()(pepeHIHATBHBIX ¥ PABCHUH
JBIDKEHUST mpoBoaurcst mpoueaypoit ode4S cmcrembr MATLAB. Crauana cosmaerca m-¢paiia moj Ha3BaHHEM
«f=finit2(t,x)», KOTOPBIH MOTKIIOMACTCA C KOMAHIHOHN CTPOKH. Jlajee MpOBOIUTCA MOICIHPOBAHHC ¢ M3MCHCHHEM
MAaCCHI BTOPOTO HEMOIBIKHOTO 00BCKTA TPH MOCTOSHHON Macce mepBoro o0bsekTa; M2=0; 1; 2 mpu M1=50; M2=0,
1, 2 mpu M1=49; M1=0.5 u 1.0 pu M1=47. JIBIOKCHHC TOUKH B TOJIC OTHOTO HCTIOBIKHOTO OOBCKTA MPOUCXOTUT
TIO JUTHIICY, 4 BBEACHUE APYTOTO HEMOABI)KHOTO 00BEKTA MAJIOH MACCHI TPHBOAHUT K BO3MYIICHUIO OPOHTHI M TPACK-
TOpHUS HE3aMKHyTa. McXOaHbIE mapamMeTpbl OOBABICHBI Kak rioOambHbie. MEHSII HCXOJHBIC MAapaMeTPhbl MOYKHO
TOJTYYHTh PA3HBIC MOJCTH ABIDKCHHUA MATEPUAIBHON TOYKH B TPABUTALIHOHHOM MOTIE.

Pesynbrarsl HCCIETOBAHUS MOTYT OBITH HCITOJIB30BAHBI HA 3AHATHSAX IO TEOPETHUCCKOM MEXAHHUKE B BBICIIHX
YUCOHBIX 3aBCACHHAX.

KimodeBnie CJ10Ba; TPABHTALIMOHHOS ITOJIC, TPACKTOPHSA, BOSMYIICHHE, Tponeaypa ode4S.
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