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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
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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
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CALCULATION AND VISUALIZATION
OF ISOTOPES SEPARATION PROCESS USING MATLAB PROGRAM

Abstract. The article presents the MATLAB program for calculation and visualization of the separation process
ofisotopes |H, ;H and H; ;U and °5U; [5C and iC; }/Ne and ;; Ne.

There is a brief theory of motion of a charged particle in the magnetic field. Due to action of the magnetic field
the charged particles with different masses move along circles of different radius. To solve the system of differential
equations of the second order it is converted into the system of differential equations of the first order and previously
m-file is created under the name Lorenz.m, which is addressed from the command line. The equations are solved by
using the procedure ode 45 of the MATLAB system. The calculation results are presented by diagrams where the
isotopes with various specific charges move along trajectories with different revolution radii. It is said that isotopes
are separated due to specific charges. The more is the mass number of an isotope the greater is its revolution radius.

Key words: isotope, specific charge, mass-spectrometer, velocity selector, revolution, radius of the trajectory.

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 [3-29].
Students of the physics specialties 5SB060400 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 [30] system, acquaintance with its huge
opportunities for modeling and visualization of physical processes. The present article is devoted to
organization of the laboratory work «Calculation and visualization of isotopes separation process » by
using the package of MATLAB applied programs.

Methods. Let’s consider the problem of space separation of nuclei with identical charges ¢, but of
different masses m (mixture of isotopes). From the source (ordinarily it is the velocity selector) the
particles escape in the direction of Y axis perpendicularly to the magnetic field. The magnetic field B is
parallel to Z axis. Particles escape from the selector with initial velocity, identical in magnitude and in
direction, and enter into a transversal magnetic field. (The operation of the velocity selector is described in
our article [4].) Here we just note that to have isotopes entering the magnetic field with identical speeds,
irrespectively of their specific charges, they must pass through crossed electric and magnetic fields. In that
case their speed does not depend on anything, except the ratio of the electric field to the magnetic
induction, i.e. v =E/B).
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It is necessary to carry out calculation and visualization of the motion trajectory of nuclei with
identical charges but different masses, i.e. isotopes in the mixture.
The charged particles escaping the velocity selector are under the action of the Lorentz force:

quE+q[D§] (1)

At the action of the Lorentz force the charged particle entering the magnetic field at right angle
moves along the circle with radius R.

mu m
R :—B is the revolution radius, 7' = 27Z—B is the revolution period, here m is the mass of the
q q
particle, g is the charge of the particle.
The motion equations in the projections on the X,Y,Z axes are the followings:

dv, dv dv, )
m— :q(uyBZ—usz); m_dty =q(v.B,-v,B.); m » :q(uxBy—usz),
or
dv, dv dv. .
» =q(usz—usz)/m; dty =q(v.B,—v.B.)/ m; > =q(UXBy—UyBZ)/m,

here ?:ux (we denote it as vx = z2); —yZUy (we denote it as vy = z4); %zuz (we denote it as
t t

dt
vz = z6); also we introduce the following denotations B, = B(1), B, = B(2), B. = B(3). The initial
conditions for these equations are: x0=0, y0=0, z0=0 (initial coordinates of particles); vx=0, vy=0.1, vz=0

o .. . . . 1 .2 .. 3 .
(initial velocities of particles). The considered isotopes are proton 1H , deuterium 1H , tritium 1H with

masses in dimensionless units m=1, 2*m, 3*m respectively, and g=1 (proton charge).
For solving the differential equations (DE) we create the m-file with title Lorentz.m.
The listing of the m-file
function f=Lorenz(t,z)
global B % input the global variable
f=zeros(6,1);% building the matrix of dimension 6x1
f(1)=2(2);% x-component of the velocity
f(2)= 2*pi*(z(4)*B(3)-z(6)*B(2));% x-component of the force
f(3)=2z(4);% y-component of the velocity
f(4)=2*pi*(z(6)*B(1)-z(2)*B(3));% y-component of the force
f(5)=2(6);% z-component of the velocity
f(6)=2*pi*(z(2)*B(2)-z(4)*B(1));% z-component of the force
end

. o . 1 2 3 .
Results. In the program for calculation and visualization of isotopes ]H , IH , IH separation the

magnitudes of the charge and mass are taken in dimensionless units, i.e. as ratio of the charge to the
elementary charge and the ratio of the mass to the proton’s mass, so g=1 and m=1.

In the command line we write

>> global B; % input the global variable

>>B=[0 0 1]; % input the elements of matrix (B,=0, B,=0, B, =1)

>> x0=0; y0=0; z0=0; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> g=1; m=1; % input the charge and mass of the particle in dimensionless units

>> [t,R]=ode45('Lorenz',[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>> plot3(R(:,1),R(:,3),R(:,5),x0,y0,20,'0','MarkerSize',6);% drawing the trajectory

in three-dimensional space (for g=1; m=1, 'H )

>> view([0 0 100]) % drawing the trajectory on the plane
>> hold on% drawing the next picture

—219=——



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

>> plot3(R(:,1)*2*m/q,R(:,3)*2*m/q,R(:,5)*2*m/q,x0,y0,z0,'0', MarkerSize',6);%
(for g=1; m=2, 12H )

>> plot3(R(:,1)*3*m/q,R(:,3)*3*m/q,R(:,5)*3*m/q,x0,y0,20,'0', MarkerSize',6);%
(for g=1; m=3, H )

>> orid on% input the coordinate grid

>> gtext('m/q') % input the text at a chosen place

>> gtext('2*m/q") % input the text at a chosen place

>> gtext('3*m/q') % input the text at a chosen place

The result is presented in the figure 1.

Figure 1 shows that the charged particles with different specific charges move along different
trajectories since their revolution radii depend upon their specific charges, thus, they are being separated.

0.05
0.045
0.04
0.035
0.03

> 0.025
0.02
0.015
0.01

0.005

It should be noted that all isotopes enter the magnetic field with identical velocities. It is known that

v
the revolution radius also depends upon the particle’s velocity (R zm—B). To have isotopes entering the

magnetic field with identical velocities it is necessary to pass them through the velocity selector. About
the velocity selector used in mass-spectrometers we wrote in [4].

. L . 235 238
The program for calculation and visualization of isotopes ), U and 92 U.

>> olobal B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> q=92; m=235; % input the charge and mass of the particle

>> [t,R]=ode45('Lorenz',[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE
>> plot3(R(:,1)*¥235/q, R(:,3)*235/q, R(:,5)*235/q, x0,y0,20,'0','MarkerSize',6),%

drawing the trajectory in three-dimensional space (for g=92; m=235, 29325 U)

>> view([0 0 100]) % drawing the trajectory on the plane

>> hold on% drawing the next picture

>> plot3(R(:,1)*238/q, R(:,3)*238/q, R(:,5)*238/q, x0,y0,20,'0','MarkerSize',6);%
(for g=92, m=238)
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>> grid on% input the coordinate grid
>> gtext('q/235") % input the text at a chosen place
>> otext('q/238') % input the text at a chosen place
The result is presented in the figure 2.

0.045

0.03
0.025
0.02
0.015
0.01

0.005

. . . . . 235 238
Figure 2 — The motion trajectories of isotopes ¢, U and 92 U on the plane

. D . 12 14
The program for calculation and visualization of isotopes C and 12 C.

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> q=12; m=12; % input the charge and mass of the particle

>> [t,R]=ode45('Lorenz',[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>> plot3(R(:,1)*12/q,R(:,3)*12/q,R(:,5)*12/q,x0,y0,20,'0','MarkerSize',6), ),%
drawing the trajectory in three-dimensional space (for g=12; m=12, ]122 C)

>>view([0 0 100]) % drawing the trajectory on the plane

>> hold on% drawing the next picture

>> plot3(R(:,1)*14/q,R(:,3)*14/q,R(:,5)*14/q,x0,y0,20,'0','MarkerSize',6);%
(for =12, m=14)

>> grid on % input the coordinate grid

>> gtext('q/m=12/12") % input the text at a chosen place

>> gtext('q/m=12/14") % input the text at a chosen place

The result is presented in the figure 3.

. o . 20 22
The program for calculation and visualization of isotopes Ne and 10 Ne.

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> q=10;m=20; % input the charge and mass of the particle

>> [t,R]=ode45('Lorenz',[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE
>> plot3(R(:,1)*20/q,R(:,3)*20/q,R(:,5)*20/q,x0,y0,20,'0','MarkerSize',6), ),%

drawing the trajectory in three-dimensional space (for g=10; m=20, Izg Ne)
>> view([0 0 100]) % drawing the trajectory on the plane
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Figure 3 — The motion trajectories of isotopes ;, C and 12 C on the plane

>> hold on% drawing the next picture
>> plot3(R(:,1)*¥22/q,R(:,3)*22/q,R(:,5)*22/q,x0,y0,20,'0','MarkerSize',6); );%
(for g=10, m=22)

>> orid on % input the coordinate grid

>> gtext('q/m=10/20") % input the text at a chosen place

>> gtext('q/m=10/22") % input the text at a chosen place

The result is presented in the figure 4.

The program given above allows visualizing the motion trajectory of the charged particle in a
magnetic field. For this purpose it is necessary to increase only the time of calculation and to take one of
the components of the particle’s velocity vx or vy if the charge enters the magnetic field at right angle to
the direction of the magnetic induction or both components if the charged particle enters the magnetic
field at a certain angle to the direction of the magnetic field.

In the given programs we have limited the time of calculation so that the particle passes a semi-circle
and it has only one vy component of its velocity.

0.04
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0.015
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0%
0

z

20 22
Figure 4 — The motion trajectories of isotopes ;, Ne and 10 Ne on the plane
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Conclusion. The article offers the programs for calculation and visualization of the separation

process of isotopes IIH, fH, fH; ZS;U, ngU; IIZZC, 1124C; IZgNe, ije. The mathematical
model of motion of charged particles in the magnetic field is developed using the package of MatLab
applied programs. To solve the system of differential equations of the second order it is converted into the
system of differential equations of the first order and previously m-file is created under the name
Lorenz.m, which is addressed from the command line. The equations are solved by using the procedure
ode45 of the MatLab system. Results of calculations are presented in figures 1-4 in the form of motion
trajectories of isotopes as a function of their specific charges. It is seen that isotopes with different specific
charges are separated and move along different circular trajectories. The less is the specific charge the
more is the revolution radius or the more is the mass number of the isotope the greater is its radius of
revolution. The results of calculations and visualization are applied in electrical engineering.
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K. A. KaobL16exoB, X. K. Aoapaxmanosa, I1. A. Caugaxmertos,
T. C. Cyaranbek, b. I1I. Kenenoaen

M. OyesoB atbiHgarsl OHTYCTIH Ka3akcran memiiekerTik yuuBepeuret, [lIbiMkenT, Kazaxcran

MATLAB )KYWECIH/IE .
«M30TONTAPIBI A’KBIPATY MPOLECIH ECENITEY MEH BEUHEJIEY»

AHHOTALMSA. 11H, fH, ,3H; 29325U, ZgjjU; [122C’ f;c; nge, nge W30TOITapblH  aXbIPaTyAbl
ecenTey MeH OelHeseyliH Nporpaamaiapbl YCHIHBUIAIBL. 3apsaTairaH OejIeKTepIiH MarHuT epiciHige Ko3ra-
JIBICHIHBIH KBICKAIlla TEOPHACH KenTipiireH. M3oronTapiabl aXbpIpaTylblH MaTeMaTHAJIBIK MOJENI JKacajblll, Ol
MATLAB nporpaMMansIK OpTackIHIA iCKe achIpbUTFaH. EXiHII peTTi qudepeHInsUIIbIK TeHACyIep KYHECIH et
YIIiH onap OipiHIII peTTiK TeHAeyJep JKyHeciHe KEeNTipiIreH >KOHEe alIbIMEeH KOMaHAAJBIK KaTapIaH KOCBHUIATHIH
Lorenz.m aTttel m-daiin ¢yHKums xa3purFad. Ternmeynepai meyne MATLAB xyiiecinin ode45 mpomemypackt
Konanbuianpl. Ecenrteynep meH OeliHeneyiiep HOTHXKeNEpl cyperTeple OeJIeKTepAiH TPaeKTOPHUSCHl TypiHje
KAa3bIKTBIKTA cayblHFaH. M30TonTapaspiy Oip-0ipiHeH aXkbIpaybl H30TONTAP/AbIH MEHIIIKTI 3apsaTapbl dpTYpIii 60Iybl
aifHaly paflyCTapbIHbIH op-TYpPii OosryblHa GainaHbICThL. M30TONTHIH MaccaibIK CaHbl apTKaH CaliblH OHBIH MAarHUT
epiciHzeri aifHaTy paauychl apTaThIHBIH CYpETTEpJCH Kopyre 0oJa bl

Tyiiin ce3mep: n30TOIN, MEWIKTI 3apsj, Macc-CIIEKTPOMETP, >KbUIIAMIBIK CEJIEKTODBI, allHaly, TPaeKTOpHs
panuycebl.
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K. A. Ka6bL16exoB, X. K. AGapaxmanoBa, I1. A. Caunaxmeros,
T. C. Cyaranoek, b. III. Kenesnoaes

HOxH0-Ka3axcranckuii rocyJapCTBEHHBIH yHUBEpCUTET UM. M. Aya3oBa, llsmvkent, Kazaxcran

«PACYET U BU3YAJIM3ALUA ITPOLUECCA PA3JIEJIEHUS N30TOIIOB»
B CUCTEME MATLAB

AnHoranua. B cratee mpencraenensl nporpammel MATLAB mis pacdera u BU3yanu3alMu Ipoliecca

paszeneHus U30TOIOB 11H 5 12H 5 13H 5 2525 U, 2§§U 5 1122 C, 11; C; 12,? Ne, 125 Ne . IlpuBenensl Kparkue
CBEIICHUS W3 TEOPHUH [BWKCHHUS 3apsHKCHHOW YaCTHIBI B MarHUTHOM Toje. [lox melcTBHEM MarHUTHOTO TOJS
3apsDKEHHBIC YacTHIBI C Pa3sMYHBIMA MAacCaMH JBIKYTCS BIOJb OKPY)KHOCTEH pa3HBIX pammycoB. /i pemreHus
cucreMbl nu((epeHInaTbHBIX YPaBHEHHH BTOPOTO IOpSAKAa OHU MPHBEICHBI B CHCTEMY YypaBHEHHH MEPBOTO
MOpSAZIKA U MPEABAPUTEIHHO cOo3aH m-(ain moj HazBaHueM Lorenz.m, KOTOPBINA BBI3BIBAETCS ¢ KOMAHIHON CTPOKH.
[Mpu pemieHnu ypaBHEHHi Hcmoib3oBaHa mpoueaypa ode4S cucrembt MATLAB. PesynbraTshl pacyeTroB mnpea-
CTaBJIEHBl PUCYHKaMHU, TJI€ M30TOIBI C PA3HBIMH YJCIBbHBIMU 3apsAdaMy JIBIKYTCS BIOJb TPAEKTOPUH C pa3HBIMHU
paanycaMu BpaliCHHU. B sTom CJIydac roBopsT, YTO YaCTUIIbI pa3AaCIA0OTCA U3-3a pa3jiniyus YACIbHBIX 3apsaa0B. Yem
0oJIbIIIe MaCCOBOE YHUCIIO H30TOIA TeM OOJIbLIE €ro Pagnyc BpalleHHs.

KiroueBble cioBa: HM30TON, YAETIBHBIN 3aps, Macc-CIEKTPOMETP, CEJIEKTOpP CKOPOCTH, BpAIlleHHE, PaanycC
TPaeKTOPHUH.
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