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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.
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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 5B060400 and 5SB011000 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
opportunitics 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
r

F=-G

and the opposing drag force of the medium
F, =k mo

Differential equation of motion can be derived from the Newton’s second law:

d’r

m =
dt’

F+F, 1)

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

dv X dv y
L=-OGM ———-kuv_; L= GM ————+kuv P
i (x2 +y2)3/2 P " (x2 +y2)3/2 1Yy (2
dx dy
E:Ux, E:Uy (2a)

The initial conditions are: x(0) = x0, v(0) = 0, y(0) = 0; v(0) = v0, 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 vO.

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 7', corresponding to the motion of the body along the circle and introduce the variables X = x/R,

t ’4 °R’
Y=y/RT= ? , where 1" = G—M . In the first two terms of the equation (2) the substitution of the

variables x, v, t by the variables X,Y T gives
d’Xx 4r’ d’y 4r’
2 377X 7= TR (3)
dr” (X7 +7?) ™ (x7+77)

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):

dx dy
XZZI, EZZZ, YZZS, 5224
dz dz dz 47’z dz 4n’z
d_lzzz; d_3:Z4; d2:_ p 213/2_k122; d4:_ . 233/2+k124
€ g 1 (Zl +Z3) 1 (Zl +Z3)

and m-file under the name Gravitation 1s 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)=z(2);

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

dy(3)=z(4);

dy(4)=-4*pi"2*z(3)/((z(1)"2+z(3)"2) M1 .5)+k1*¥2(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. (Lx0 = 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;

>>v(0=2;

>>x0=1,y0=0;

>> a=pi/6;

>> vy0=2;

>>yx0=0;

>> [t,Y |Fode45('Gravitation',[0:107-5:2.5],[x0 vx0 y0 vyO0]);

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

>> grid on

>> tol=1e-9;

>> [t,Y |=ode45('Gravitation',[0:107-5:2 5],[x0 vx0 y0 vy0],odeset('Rel Tol' tol));

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

>> grid 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 107 with
the help of the odeset45 procedure. The result is given in the figure 1B.

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]=oded5('Gravitation',[0:10"-5:2.5],[x0 vx0 y0 vy0],odeset('Rel Tol' 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.
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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));

>> grid on

The result is presented in the figure 4.

>>kl=1;

>> tol=1e-9;

>> [t,Y]=oded5('Gravitation',[0:107-5:2.5],[x0 vx0 y0 vy0],odeset('Rel Tol' 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
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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));

>> grid on

The result is presented in the figure 7.
>>Kk1=2;

>> tol=1e-9;

>> [t,Y]=oded5('Gravitation',[0:107-5:2.5],[x0 vx0 y0 vy0],odeset('Rel Tol' tol));
>> plot(Y (., 1),Y (. 3));

>> grid 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));
>> grid on
The result is presented in the figure 9.
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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.
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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. Kaosi0exon, X. K. Agapaxmanosa, I1. A. Cangaxveros,
K. M. Mycaes, E. b. Hcaes, X. A. Amup0aes

M. Oya3zos areiAars! OHTYCTIK Kazakcran memuekertik yHuBEpcuTeTi, IIpmMkent, Kazaxcran

AEHEHIH AYBIPJIBIK KOHE KEJAEPTT KYHITEP OCEPIHEH KO3FAJIBICBIH
ECENTEY XKXOHE BEUHEJIEY

Annoramus., ['paBHTAIMABIK 6pICTC KO3FANFAH ACHCTC KSACPTi KYMIL OCCp CTKCH JKAFNAHABI CCCNMTCY KOHC
OcliHeney YCHIHBUTAABL. (PH3MKAIBIK KYOBLTbIC CHITATTAJBII, MATEMATHKAIBIK MOJCIb KYPBUIFaH. JleHe KO3Faibl-
ChIHBIH Au(hepeHImamIbIK TEHACYIEp JKYHecl emeMci3 maMaaap apKblIbl OpPHEKTEITCH, MYHIAlH OPHEKTEY Ke3




N E W S of the Academy of Sciences of the Republic of Kazakhstan

KEJITCH JACHCHIH TPAaBUTALMUIBIK OPICTETI KO3FANBICHI YVINIH KOJTAHyFa MYMKiHAIK Oepemi. JduddepeHumanapk
TeHJCY Iep KykHecin memy ymix ode45 mpomeypackl KOIIAHBLUTFAH, ecenTey il monairi (107°) xeTicnereHHeH kel
on mommik 10™ erinm esreprinren. EcenTeynep HOTHKENEpi ACHE KOBFATBICHIHBIH TPACKTOPHACH TYpiHZe OciiHe-
JICHTCH ’KOHE JICHCHIH X-KOOPAMHATHICHIHBIH, >KBIAAMIBIFBIHBIH X-KOMIIOHCHTIHIH YaKbITKA TOVEIALIIK rpadukrepi
apkpLisl 0ciiHenenreH (k1=0, k1=0.5, k1=1 sxone k1=2 mamanaps! ymin). Keaepri Kymn acepiHiH HOTIKECIHAC ACHE
TaPTBHUIBIC LCHTPIHE KYJIAHTBIHBI KOPCETLITeH. ©O3 OCTIHINE OpBIHAAYFA APHAJFAH TAICBIPMANap YCHIHBUIFAH.
Ecentey xoHe OCHHEICY HOTIDKEICP] KITACCHKAIBIK MCXAHHKAAA KOJIIAHBLIAIBL.
Tyiiin ce3aep: TPaBUTALMAIBIK 6PiC, OpONTA, ICPHOA, TPACKTOPHA, KCACPT KYII.

K. A. Kaonui6exos, X, K. AGapaxmanora, IL. A, Cangaxmeros,
7K. M. Mycaes, E. b. Hcaes, X. A. Amup0aes
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. PACYET U BU3YAJIN3ANUA IBUXEHUSA TEJA
NOA AEMCTBHUEM CHJIbI TATOTEHMA U CUJIBI COITPOTHUBJIEHAA CPE/IbI

AHHOTaHI/Iﬂ. B crarse NPUBCACHBI PACUCTBI U BHU3YAIHU3AINA ABHKCHUA TCJIA B TPABHTAITMOHHOM IOJIC MPH
HAJIMYHH CHJIBI COMPOTHUBJICHAA. JlaHO OmucaHwWe (PU3HYECKOTO SABJICHHA, CO3AaHA MareMaTHdyeckas Moienb. Jud-
(I)epeHI.[I/IaJ'II)HBIe YPaBHCHHA OABMOKCHHUA TCJIA HAMUCAHBI B 663p33MepHI>IX BCMYHUHAX, YTO IMO3BOJLICT MPUMCHCHUTD
HX A7 MO00TO Tela, ABHKYIIETOCS B TPABHTAIMOHHOM Tone. I pemeHus cucteMsl Ju(depeHImanbHbIX ypas-
HCHHUH B cucteme Matlab co3marm-¢atin mox Hazpanumem Gravitation w gan muctuHr (paitna. Permenue mude-
PEHIMANBHBIX YPABHCHHUI OCYINECTBICHO C MMOMIIOBIO MPOLEAypsl 0de45 1 Tak Kak TOUHOCTH BBIMUCIICHUS 110 yMaJ-
yanmo (10°) oxasamack HemOCTATOUHOM OHA TOBBIMEHA 10 107, PesyIbTaThl BEIMHCICHHH NMPEACTABICHE! B BHIC
I’pa(l)I/IKOB TPACKTOPHUH ABHKCHHUA TCJIA H I’pa(l)I/IKOB 3aBUCHMOCTH X-KOOPAWHATHI OT BPEMCHHU, X-KOMIIOHCHTBI CKO-
POCTH JBIDKCHHS TEla OT BPEMEHH IPH 3HAUCHWIX Ko3(p¢uuumenra conporusiaeHmst cpeapl k1=0, k1=0.5, k1=1 n
k1=2. YcTaHOBIEHO, UTO MPH HATWYHUH CHIIBI COMPOTHBICHHS CPEIbI TEJIO MOCTEICHHO MATACT HA MPUTSTHBAFOIIHUH
neHtp. [IpeanoxkeHsl 3amaHusg 11 CAMOCTOSTEIBHOW padoTHL. PesynbraTsl BEMHCICHHH M BU3YAIH3AlMH TIPH-
MEHAKTCA B KITACCHYECCKON MEXAHHKE.

KioueBnbie c/10Ba: TpaBUTALMOHHOE TI0JIE, OPOUTA, IEPHO, TPACKTOPHSL, CHJIA COMPOTHBICHHS.
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