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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; *3U and 35U, 5C and [5C; {'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 5B060400 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
opportunitics 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 g, 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.c. 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.¢. isotopes in the mixture.
The charged particles escaping the velocity selector are under the action of the Lorentz force:

ﬁ=q5+q[5§} (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.

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 XY .Z axes are the followings:

m = =q(uyBZ—uZBy), m dty =q(v.B,-v.B,), m = =q(uxBy—usz),
or
de . dl) . dUZ .
- =q(uyBZ —UZBy)/m, dty =q(v,B,—v,B.)/ m; . =q(uxBy —usz)/m,

here %ZUX (we denote it as vx = z2); L L, (we denote it as vy = z4); %:uz (we denote it as

dt
vz = z6); also we introduce the following denotations B, = B(l), 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

. . . : . 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*(2(6)*B(1)-z(2)*B(3)).% y-component of the force
£(5)=2(6);% z-component of the velocity
f(6)=2*pi*(2(2)*B(2)-z(4)*B(1)).% z-component of the force
end

. o . 1 7 3 .
Results. In the program for calculation and visualization of isotopes 1H , 1H , 1H separation the

magnitudes of the charge and mass are taken in dimensionless units, i.c. as ratio of the charge to the
clementary 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

>> q=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 yO0 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
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>> plot3(R(:,1)*2*m/q,R(:,3)*2*m/q,R(:,5)*2*m/q,x0,y0,20,'0','MarkerSize',6).%
(forg=1; m=2, IZH )
>> 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 )
>> grid on% input the coordinate grid
>> gtext('m/q’) % input the text at a chosen place
>> otext('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
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Figure 1 — The motion trajectories of isotopes , H s H s H on the plane

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

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

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].

. T . 235 238
The program for calculation and visualization of isotopes ) U and 92U ;

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

>> [t,R]=ode45('Lorenz’,[0:10/1024:0.5],[x0 vx yO0 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 =92, m=238)
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>> orid on% input the coordinate grid
>> otext('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

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

. T . 12 14
The program for calculation and visualization of isotopes | 2C and ,, 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 yO0 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, 1122 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 g=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.

. C . 20 22
The program for calculation and visualization of isotopes 10N € and 10N e.

>> 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 yO0 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, 125) Ne)
>> view([0 0 100]) % drawing the trajectory on the plane
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Figure 3 — The motion trajectories of isotopes ;, C and 72 C onthe 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

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

>> otext('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.
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Figure 4 — The motion trajectories of isotopes ;, Neand 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 ,]H 5 ,2H 5 ,SH ’ 29325(] 5 2935(] 5 ]IZZC " ]];C ’ ]Zg Ne, 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. Kaosi0exoB, X. K. Aoapaxmanora, I1. A, Cangaxveros,
T. C. Cyaranéer, b. I11. Kegenoaen

M. Oyesos arerHAarsl OHTYCTIH KazakcTan MemiekeTTik yauBepenter, [lIsmvkenT, Kazaxcran

MATLAB )KYHECIH/IE .
«A30TONTAP/BI A’KBIPATY MIPOIECIH ECENITEY MEH BEMHEJIEY»

AHHOTATIHS, IIH . 12H 5 13H p ZS;U 5 ijU 5 JI;C, II;C; Inge, Inge M30TONTAPBIH  AYKBIPATY ABI
eCeNTCY MCH OCHHCICYNIH MPOTpaaManapbl YCHIHBLIAABL 3apsAATAFAH OOMIICKTCPAIH MATHHT OPIiCIHAC KO3Fa-
JBICHIHBIH, KBICKAIIA TEOPHSCH KENTipUIreH. M30TomTapasl aKbIpaTyblH MATEMATHANBIK MOJCTI >Kacajblll, Ol
MATLAB mporpamMMaibIK OpTackiHAa icke achIppiFaH. ExiHII peTTi AupQepeHIMIIBIK TCHACY IEP KYHECIH e
YIIiH omap OipiHmI PETTIK TEHACYJCP JKYHCCIHE KCNTIPIMTCH JKOHC ANIBIMCH KOMAHAAIBIK KATAPAAH KOCBLIATHIH
Lorenz.m arrsr m-¢aiin Qyuxums >xaszeurraH. Teaeynepai meyae MATLAB kyitecinig ode4S mponemypacs
Konmausniagel. EcenmTeynep MCH OCHHENCYIC) HOTIDKCIICPI CyperTepac OOMICKTePAiH TPACKTOPHACH TYpPiHIC
JKa3BIKTBIKTA CaJbIHFAH. M30TONTapabIH Oip-OipiHEH aXKbIpay sl H30TONTAPABIH MEHILIKTI 3apAATaphl SPTYPi 00Ty b
alfHAITy paanyCTapBIHBIH OP-TYPii 00IybIHA OaHTAHBICTEL M30TONTHIH MACCAIBIK CAHBI APTKAH CAMBIH OHBIH MATHUT
epiciHzIEr1 aliHATY PAAMyChl APTATHIHBIH CYPETTEPACH KOpyTre O0Iabl.

Tyiiin ce3jaep: HM30TOI, MEMIKTI 3apsaa, MacC-CIIEKTPOMETP, KbLIIAMIBIK CEJICKTOPHI, aHHANY, TPACKTOPHSA
pagmychl.
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K. A. Kaonuioexos, X, K. Ajapaxmanora, Il A, Cangaxmertos,
T. C. Cyaranéek, b. I11. Kexendaen

I0:xH0-Kazaxcranckuii rocy napcTBeHHBIN yHuBEpcHTeT M. M. Ay33osa, [lIsmvkenT, Kazaxcran

«PACYET U BU3YAJIHN3ALIUA MPOHECCA PA3JIEJEHUA H30TOIIOB»
B CUCTEME MATLAB

Annorammsi. B craree mpencrasiensl mporpammbl MATLAB mia pacuera W BH3yamu3amuy IPOILECca

pa3gciacHHA H30TOIOB 1] H, JZH > JSH > 29325U > 2935 4 ]IQZC: 1124 C, ngN e, szN €. JIpuBeocHBI KpPATKHE
CBCIICHHSA W3 TCOPHH [BWKCHHS 3apPsUKCHHOW YACTHIGI B MArHMUTHOM moje. Iloa aeHCTBHEM MATHHTHOTO IOJII
3apsPKCHHBIC YACTHIBI C PA3NIMMHBIME MACCAMHU JBIDKYTCSA BJOJb OKPY)KHOCTCH Pa3sHBIX pagmycos. I permeHmst
cucrembl IU((EpeHINATBHBIX YPABHCHHUH BTOPOTO MOPSIKA OHH TPHBEACHBI B CHCTEMY YPABHCHHH IICPBOTO
TOPSIIKA M MIPESABAPUTEIBHO CO3aH m-(aiir nox HazBanueM Lorenz.m, KOTOPBIH BBI3BIBACTCS C KOMAHAHOW CTPOKH.
[lpu pemenmn ypaBHEHHH wHcmonb3oBaHa mpoueaypa ode45 cucremsr MATLAB. Pesymsratsl pacueTos mmpen-
CTaBICHBI PHUCYHKAMH, TJC M30TOIBI C PA3HBIMH YACHbHBIMH 3aPSAAMH JBIKYTCS BOJH TPACKTOPHIH C PA3HBIMHA
pazmycaMu BpameHusI. B 3ToM ciryuae TOBOPAT, UTO YACTHIIBI PA3ACIIEOTCS H3-3a PA3IHIHs YACIBHBIX 3apsaoB. Uem
60J1bIIIE MACCOBOE YUCIIO H30TOIA TEM OOJIBIINE ET0 PANyC BPAIICHH.

KioueBbie ciioBa: n30TOI, VACTBHBIA 3apsi, MacC-CIIEKTPOMETP, CEJCKTOP CKOPOCTH, BPANICHHE, PAmHycC
TPACKTOPHUH.

Information about the authors:

Kabylbekov K.A. — cand. phys.-math. sciences, associate professor of the department “Physics” of M. Auezov
South Kazakhstan State University Shymkent, Kazakhstan, the correspondent member of KazNAS; kenkab@mail.ru;
https://orcid.org/0000-0001-8347-4153

Abdrakhmanova Kh. K. — cand. chem. sciences, associate professor of the departments “Physics” of M. Auezov
South Kazakhstan State University, Shymkent, Kazakhstan; khadi kab@mail.ru; https://orcid.org/0000-0002-6110-
970X

Saidakhmetov P. - M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan;
timpf ukgu@mail.ru; https://orcid.org/0000-0002-9146-047X,

Sultanbek T. — M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan; lazzat-kul@mail.ru;
https://orcid.org/0000-0003-0782-7337

Kedelbayev B. — doct. chem. sciences, professor of the department “Chemistry” of M. Auezov South
Kazakhstan State University, Shymkent, Kazakhstan; https://orcid.org/0000-0001-7158-1488

— 225 =——



