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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 THE ELECTRIC FIELD OF A SPACE-CHARGED SPHERE

Abstract. The article presents the calculations and visualization of the electric field of a space-charged sphere
(i.e., a sphere charged throughout its volume) done using the MATLAB program. There is the calculation of the
electric fields and potentials inside and outside of a space-charged sphere as a function of the distance from the
center of the sphere. The electric field inside the sphere is proportional to the distance of the field point from the
center of the sphere and the potential inside the sphere is inversely proportional to the squared distance from the
center of the sphere. The electric field outside the sphere decreases inversely proportionally to the square of the
distance from the center of the sphere, and the potential decreases inversely proportionally to the distance from the
center of the sphere. There is the calculation of the electric field and potential at the surface and at the center of the
sphere. The equipotential lines of the electric field outside and inside the sphere are represented in three-dimensional
space and in projection on the X-Y plane.

Key words: visualization, the space-charged sphere, potential, electric field, equipotential lines.

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 [3-28].
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 [29] system, acquaintance with its huge
opportunities for modeling and visualization of physical processes. This article is devoted to organization
of performance of the laboratory work "Calculation and visualization of the electric field of a space-
charged sphere" in the MATLAB language.

q q )

— = is the
V ﬁﬂRS

3

volume charge density of the sphere, then the electric field inside the space-charged sphere according the
Gauss’s theorem will be:

Here is the brief theory of the electric field of a space- charged sphere. If p =

3
47[(7’)2E=im = E(rSR)z ! q—}; or E(rSR):ﬂ (1)
3 g 4re, R 3g,
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and the electric field outside the space-charged sphere will be

R3
E(r>R):47Tzr2 or E(r>R)=3’Ogr2 )
0 0

The potential difference inside the space-charged sphere is given by the expression:

2 2

) R

q 2 2 PR Pr
—\dop=|Edr = -, =———(R"—r") or -, = ——— (r<R 3
[do=] 2~ 8;;50133( ) or ¢,-0, 5o 6s RO

2 r
and the potential difference outside the space-charged sphere is

3

or go(r>R):'0R

R =
go(r> ) 4re,r 3g,r

“4)

In the given formulae p is the volume charge density of the sphere, ¢ is the charge of the sphere, R is
the radius of the sphere, r is the distance from the center of the sphere, & is the electric constant.

The formulae (2) and (4) show that outside the space-charged sphere the electric field and the
potential are the same as if all of the charge were concentrated at the center of the sphere.

Methods. The program for calculation and visualization of the electric field of a space-charged
sphere is written in the MATLAB language. This program calculates the electric fields and potentials of
the field inside and outside of a space-charged sphere and visualizes its equipotential lines.

% The electric field inside a space-charged sphere

>> q=9e-9; % input the charge of the sphere

>> ¢0=8.85¢e-12; % input the electric constant

>> R=0.10; % input the radius of the sphere

>>1=0:0.01*R:0.1*R; % input the radius vector

>> r0=q./(4*pi*R."3./3); % calculation of the volume charge density of the sphere

>> E1=q.*r./(4*pi*e0*R."3); % calculation of the electric field inside the sphere

>> E11=q./(4*pi*e0*R."2) % calculation of the electric field at the sphere surface

E11 = 8.0926e+003% result

>> fil=ro*R."2./(2*e0)-ro.*r."2./(6*e0); % calculation of the field potential inside the sphere

>> plot(r,E1,'k-") % visualization of the electric field inside the sphere

>> plot(r,fil,'’k-") % visualization of the field potential inside the sphere

>> orid on % drawing the coordinate grid

>> xlabel('r,m") % input the name of the axis

>>ylabel('E1,V/m'") % input the name of the axis

>> title('E1=F(r)") % input the name of the graph

The result is presented in the figure 1.

>> fil=ro*R.*2./(2*€0)- ro.*r.”2./(6*e0); % calculation of the field potential inside the sphere

>> plot(r,fil,'’k-") % visualization of the field potential inside the sphere

>> orid on % drawing the coordinate grid

>> xlabel('r,m") % input the name of the axis

>> ylabel('fil,V') % input the name of the axis

>> title('fil=F(r)') % input the name of the graph

The result is presented in the figure 2.

Figure 1 shows that the electric field inside the sphere increases linearly from zero at the center up to
its maximum at the surface of the sphere. But the field potential inside the space-charged sphere falls from
1214 V at its center to 809 at its surface (figure 2).

>> fi10=ro*R.*2./(2*e0) % calculation of the field potential at the center of the sphere

fi10 = 1.2139e+003% result
>>r=R:0.1*R:5*R; % input the vector of the distance
>> fi2=ro*R."3./(3*€0.¥r); % calculation of the field potential outside the sphere
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Figure 2 — The field potential inside the sphere as a function of the distance from the center of the sphere

>> fi22=ro*R."2./(3*e0) % calculation of the field potential at the surface of the sphere
1122 = 809.2624% result

>> plot(r,fi2,'’k-") % visualization of the field potential outside the sphere

>> grid on % drawing the coordinate grid

>> xlabel('r,m") % input the name of the axis

>> ylabel('fi2,V'") % input the name of the axis

>> title('fi2=F(r)') % input the name of the graph

Results. The result is presented in the figure 3.

>> E2=q./(4*pi*e0*r.”2); % calculation of the electric field outside the space-charged sphere

>> plot(r,E2,'k-") % visualization of the electric field outside the space-charged sphere

>> grid on% drawing the coordinate grid

>> xlabel('r,m") % input the name of the axis

>>ylabel('E2,V/m') % input the name of the axis

>> title('"E2=F(r)') % input the name of the graph

The result is presented in the figure 4.

— 203 ——



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

fi2=F(r)
900 T T T T T T T
| | | | | | |
| | | | | | |
| | | | | | |
800k —— - -+ - ——— 4 - —— -~ [ |
l l l l l
| | | | |
700 o [ e
| | | | |
| | | | |
| | | | |
800 A\
| | | | |
| | | | |
P A N S T
hat | | | | |
| | | | |
P — S
l l l l l
101 ] NP e - S S S ——
‘ l l
| | | | |
200 - - - - e - — - — = [Ep———
l l l l l l ‘
| | | | | | |
100 1 1 1 1 1 1 1
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
rm

Figure 3 — The field potential outside the sphere as a function of the distance from the center of the sphere
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Figure 4 — The electric field outside the space-charged sphere as a function of the distance from the center of the sphere

Comparison of the curves given in the figures 3 and 4 demonstrates that the electric field outside the
space-charged sphere decreases with distance quicker than the field potential.

% Visualization of equipotential lines (inside the sphere)

>> q=9¢-9; % input the charge of the sphere

>> e0=8.85e-12; % input the electric constant

>> R=0.10; % input the sphere radius

>> x=-R:0.01*R:R; % input the vector of the coordinate x

>>y=-R:0.01*R:R; % input the vector of the coordinate y

>> [ X,Y ]=meshgrid(x,y); % drawing of a grid at knots of which x and y coordinates are recorded,

% (arrays X and ¥).
>>r1l =((X-0.01* R).» 2 + (Y+0.01*R).* 2).70.5; % calculation of the distance
>>12 =((X+0.01* R)." 2 + (Y-0.01*R).* 2).70.5; % calculation of the distance
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>> r=sqrt(rl.”2+12.72); % calculation of the distance

>> ro=q./(4*pi*R.*3./3); % calculation of the volume charge density
>> fil=ro*R."2./(2*e0)-ro.*1.*2./(6*€0); % calculation of the potential
>> 7=fil; redesignation

>> contour3(X,Y,Z,100); % visualization of equipotential lines

>> xlabel('X,m') % input the name of x axis

>> ylabel("Y,m") % input the name of y axis

>> zlabel('fi2=V") % input the name of z axis

>> title('fi2=F(x,y)") % input the name of the figure

The result is presented in the figure 5.

fi2=F(x,y)

1500

1000

\

500

fi2=

-500
0.1

Figure 5 — Equipotential lines inside the sphere in three-dimensional space
>>view([0 0 100]) % command for drawing the projection on the X-Y plane.
The result is presented in the figure 6.

fi2=F(x,y)
0.1 e S =

t 1 1 1 1 1 7
0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 006 0.08 0.1
Xm

Figure 6 — Equipotential lines inside the sphere in projection on the X-Y plane

% The electric field outside a sphere

% Program of visualization of equipotential lines

>> q=9¢-9; % input the charge of the sphere

>> e0=8.85¢e-12; % input the electric constant

>> R=0.10; % input the sphere radius

>>x=R :0.01*R:5*R; % input the vector of the coordinate x
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>>y=R:0.01*R:5*R; % input the vector of the coordinate y

>> fi2=ro*R."3./(3*e0.*r); % calculation of the potential outside the sphere

>> 7=fi2; % redesignation

>> [X,Y ]=meshgrid(x,y); % drawing of a grid at knots of which x and y coordinates are recorded;
% (arrays X and Y).

>>12 =((X+0.01* R)." 2 + (Y-0.01*R).* 2).70.5; % calculation of the distance

>>1] =((X-0.01* R)." 2 + (Y+0.01*R).” 2).70.5; % calculation of the distance

>> r=sqrt(rl."2+r2.”2); % calculation of the distance

>> ro=q./(4*pi*R.*3./3); % calculation of the volume charge density

>> fi2=ro*R."3./(3*e0.*r); % calculation of the potential outside the sphere

>> 7=1i2; % redesignation

>> contour3(X,Y,Z,100); % visualization of equipotential lines

>> xlabel('X,m") % input the name of x axis

>> ylabel('Y,m'") % input the name of y axis

>> zlabel('fi2=V") % input the name of z axis

>> title('fi2=F(x,y)") % input the name of the figure

The result is presented in the figure 7.

fi2=F(x,y)

fia=v

Figure 7 — Equipotential lines outside the sphere in three-dimensional space

>> view([0 0 100]) % command for drawing the projection on the X-Y plane.
The result is presented in the figure 8.

fi2=F(x,y)

Figure 8 — Equipotential lines outside the sphere in projection on the X-Y plane
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Conclusion. The MATLAB program for calculation and visualization of the electric field of a space-
charged sphere allowed to

1) calculate the electric field and electric potential inside a space-charged sphere as a function of the
distance from the center of the sphere. The electric field inside the sphere is proportional to the distance of
the field point from the center of the sphere and the potential inside the sphere is inversely proportional to
the squared distance from the center of the sphere. (The electric field inside a space-charged sphere
increases proportionally to the distance from zero to E1=8092,6 V/m at its surface (figure 1). The field
potential decreases as the reciprocal of the squared distance from fil0=1213,9 V at the center up to
fi22 = 809.2624 V at its surface (figure 2));

2) calculate the electric field and potential outside a space-charged sphere as a function of the
distance from the center of the sphere. The electric field outside the sphere decreases inversely propor-
tionally to the square of the distance from the center of the sphere (figure 3, and the potential decreases
inversely proportionally to the distance from the center of the sphere (figure 4).

3) draw equipotential lines of the electric field outside and inside the sphere in three-dimensional
space and in projection on the X-Y plane.

The students can be suggested to work out the similar program for calculation and visualization of the
electric fields and electric potentials inside and outside the analogous charged sphere of a certain radius
and charge evenly distributed throughout the volume of the sphere.
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K. A. Kaobu10exoB, X. K. Aogpaxmanosa, I'. lII. Omamosa, b. Kegenoaesn, K. A. A6exoBa
M. Oye3oB atbigaansl OHTYCTiIK Kazakcran memiekeTTik yauBepcureTi, LlIsiMkenT, Kazaxcran
KOJEM/I 3APSIITAJIFAH LIAP OPICIH ECENTEY ’)KOHE BEMHEJIEY

Annortanusi. Kenemni 3apsaranrad map (sSfFHH, map, KeyeMm OolHIIA OipKemKi 3apsATaiFaH) epiciH ecenrtey
MeH OeitHeney MatLab GarmapmaMachiHBIH KeMeTiMEeH OpeIHAaNAbl. KemeMmi 3apsaranrad mapslH iMIiHAET] jKoHE
CBIPTHIHJIAFHI JICKTP OPICIHIH KepHEYIiri MEH MOTEeHIIHANIBl OepiireH HYKTeHIH [Iap HEHTPIHEeH OJIICHTeH apa Ka-
IIBIKTBIKKA TOYyeNiri aHeIKTanFad. [llap imiHmeri KepHeymiK mapAblH LHEHTpiHE NeWH apa KaIIbIKTHIKKA IPOIIOp-
LMOHAJ ©Ce/i, aj MOTEHIMANl COJ apa KalIbIKThIH KBaJpaThiHA Kepi nmponopuuoHanibl kemuai. [1lap ceipThiHIaFbI
AIIEKTP OPICIHIH KepHEYJIIr Map/AblH LEHTPIHEH CaHANFaH apa KallbIKTHIKTHIH KBaJpaThiHa KEPi MPOMOPLIUOHAI Ke-
MU/, aj MOTCHIHAIbI COJI apa KaIIbIKTHIKTBIKKA Kepi mpormonnonan kemumai. 1llap menTpinmeri skoHe OeriHmeri
MOTEHLMA MEH KepHeyiik ecenrtenreH. lllap imiHnel )koHE CHIPTHIHIAFBI IKBUIIOTEHIUAIAAP CHI3BIKTaphl YLI OJ1-
IIeM/Ti KeHICTIKTE Jk0HE X-Y Ka3bIKTHIFbIHAFbI IPOCKIIMICHI OCHHEICHT CH.

Tyiiin ce3nep: OeiiHerney, KoaeMIl 3apsATalFaH 1ap, MOTEHIUAl, KEPHEYIIIK, 3KBUIIOTEHIIUAI/IbI CHI3BIKTAp.
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K. A. Kaobu10exoB, X. K. A6apaxmanosa, I'. III. Omamosa, b. Keneanoaes, K. A. A6exoBa
IOxnbIi KazaxcraHckuii TocyJapCcTBeHHBIH yHUBepcuTeT uM. M. Ayesosa, [lIsmmkent, Kazaxcran

BBIYUCJIEHUE U BU3YAJIN3ALUA DJIEKTPUUYECKOI'O ITOJIA
OBBEMHO-3APS’)KEHHOTI'O IIIAPA

AHHOTanusi. Beluucnenns u BU3yaliu3alus 3JIEKTPUYECKOrO 1ol 0OBEeMHO-3apsDKEHHOro Iapa (T.e., wmap,
PaBHOMEPHO 3apsHKEHHBIN 110 00BbeMY), BBINTOJIHEHBI ¢ moMombio mporpamMmmel MATLAB. TlpoBeaeHo BerunciieHHe
HaNpsDKeHHOCTH M TOTEHIMaNa I0Jisl Kak BHYTPH, TaK U CHapyXH OOBEeMHO-3apsDKEHHOTO Iapa Kak (QyHKIHH
paccTosiHHs OT LeHTpa cdepbl. HarpskeHHOCTD oISt BHYTPH 11apa IMPONOPLHHOHATIbHA PACCTOSHUIO TOYKH OIS, T/1e
OTIpENEIsIeTCs] HANpPSDKEHHOCTh, N0 IIeHTpa cdepsl. [loTeHnnan moss BHYTpH [Iapa OOpaTHO MPOMOPIHOHATICH
KBaj[paTy PacCTOSHUS TOYKHU IOJIS, TAE ONpEenessieTcs] MOTeHIMal, 10 neHTpa cdepsl. HanpsokeHHOCTH BHE mIapa
YMEHBIIAEeTCs] 00paTHO MPONOPIMOHAIFHO KBaJIpaTy PacCTOSHHS OT IEHTpa LIapa, a IOTEHIMAI YMEHBIIACTCS
00paTHO IIPONOPIMOHAIBHO PACCTOSHUIO OT IIEHTpa mapa. Takke BBIYMCICHBI HANPSKEHHOCTh U NMOTEHIUAI OIS
Ha IIOBEPXHOCTH M B LIEHTPE cepbl. DKBUIOTEHIHAIbHBIC JTUHUU JICKTPUYECKOTO IIOJI BHYTPH M CHapyXH IIapa
MIPEACTABICHBI B TPEXMEPHOM IIPOCTPAHCTBE B MIPOEKIMU HA IIIOCKOCTh X-Y.

KaroueBble cioBa: Busyanusanus, 0ObeMHO-3apsDKEHHBIH LIap, MOTEHIMAN, JJIEKTPUUECKOE I10JIe, YKBUIIO-
TEHIMaJIbHbIE TUHUH.
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