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CALCULATION AND VISUALIZATION OF THE FIELD
OF A COAXIAL CABLE CARRYING A STEADY CURRENT

Abstract. The article presents the calculations and visualization of a magnetic field of the coaxial cable con-
sisting of two concentric conductors carrying a steady current by using the package of MATLAB applied programs.
Calculation of a magnetic field induction as a function of distance is performed for both inside and outside of a cable,
namely: 1) inside the central conductor from its center to its surface; 2) between two concentric conductors from an
external surface of the internal conductor up to an internal surface of the external conductor; 3) inside the external
conductor; 4) outside of the external conductor. There are images of a magnetic field lines depending on the
specified distances. The lines of the magnetic field are drawn in a projection on the X-Y plane. The density of the
magnetic field lines in the picture completely correlates with the calculated values of the magnetic induction within
considered area of its variation. It is shown that the magnetic field outside of a cable is equal to zero.

Results of visualization and calculations of the magnetic field of a coaxial cable are used in a theoretical
electrical engineering.
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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 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 intro-
duced in educational process of our university and schools of the Southern Kazakhstan [3-31]. 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 [32] system, acquaintance with its huge opportunities for
modeling and visualization of physical processes. The present article is devoted to calculation and
visualization of the magnetic field of the coaxial cable carrying a steady current by using the package of
MATLAB applied programs.

For working out the program for calculation and visualization of the magnetic ficld of a long coaxial
cable consisting of two concentric conductors it is necessary to know the sizes of the cable. We take the
sizes to be as followings: the radius of the inner conductor is @ = 6 mm, the internal radius of the external
conductor is b = 10 mm, the external radius of the latter is ¢ = 11.7 mm. These sizes make both conductors
to have identical current densities. The cable carries a steady current of I = 1 A. There is the formulation
of the problem: it is necessary to determine
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1) The magnetic field induction B at the points inside the central conductor (0 <r < a);
2) The magnetic ficld B in the space between two conductors (a <r < b);

3) The magnetic ficld B at the points inside the external conductor (b <1 <c¢);

4) The magnetic ficld B at the points outside the cable (r > ¢).

The cross-section of the cable, consisting of two conductors is shown in the figure 1.

Figure 1 — The cross-section of the coaxial cable, consisting of two concentric conductors carrying a steady current

By applying the Gauss’s theorem and the principle of superposition we derive the magnetic field
induction B at the points inside the central conductor (0 <r <a)
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Then the MatLab program for calculation of the magnetic field at the points inside the central con-
ductor is the following:

>> [=1; % input the electric current

>> m0=4*pi*le-7; % input the permeability of free space

>> a=6¢-3; % input the radius of the central conductor

>>1=0:a/10:a; % input the distance vector

>> B=mO*1 *r./(2*pi*a”"2); % calculation of the magnetic induction inside the central conductor

>> plot(r,B.'k") % visualization

>> orid on% drawing the coordinate grid

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

>> ylabel('B, T') % input the name of the axis y

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

>> B=mO0*1.*6¢-3./(2*pi*a.”2) % calculation of the magnetic induction at the surface of the central

conductor

The result of calculation is presented in the figure 2. It shows, that the magnetic induction inside the
central conductor increases linearly from zero up to 3.33-10” T. B =3.3333¢-005 is the result of calcu-
lation of the magnetic induction at the surface of the central conductor.

Here is the program for visualization of the magnetic field at the points inside the central conductor:

>> x=-a.0.001*a:a; % input the coordinate vector

>>y=-a:0.001*a:a; % input the coordinate vector

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

(arrays X and Y).

>> [=1; m0=4*pi* le-7; % input the current and permeability of free space

>>rl = (X -0.01* a).” 2 + (Y+0.01*a).» 2).70.5; % calculation of the distance

>>12 = (X +0.01* a)» 2 + (Y-0.01*a).” 2).10.5; % calculation of the distance

>> r=sqrt(rl."2+12.72); % calculation of the distance

>> B=mO*1 *r./(2*pi*a”2), % calculation of the magnetic induction as a function of the distance

>> 7=B; % redesignation
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Figure 2 — The induction of the magnetic field of the central conductor versus the distance (0 <r <a)

>> contour3(X,Y,Z,100); % drawing the lines of the magnetic induction
>> xlabel("X,m') % input the name of the axis x

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

>> zlabel('B,T') % input the name of the graph

The result of visualization is presented in the figure 3.

Figure 3 — The lines of magnetic induction inside the central conductor in three-dimensional space

>> view([0 0 50]) % visualization in the projection on the plane XY

The result is presented in the figure 4.

The graph in figure 2 demonstrating that the magnetic induction linearly increases with the distance
from the center of the central conductor towards its surface is confirmed by the picture in figure 4, where
the density of the magnetic field lines increases with a distance from the center of the conductor to its
surface.
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Figure 4 — The lines of magnetic induction inside the central conductor in the projection on the X-Y plane

The magnetic field B in the space between two conductors (@ <t <b):

p=tol
2rr
The MatLab program for calculation of this magnetic field is given below:
>> b=10e-3; % input the inner radius of the external conductor
>> r=a.a/50:b; % input the distance vector
>> B=mO*1./(2*pi.*r) % calculation of the magnetic induction magnitude
>> plot(r,B1,'k-") % visualization
>> orid on% drawing the coordinate grid
>> xlabel('r, m') % input the name of the axis x
>> ylabel('B, T') % input the name of the axis y
>> title('B=F(r)") % input the name of the graph
>> B=mO*[./(2*pi.*a) % calculation of the magnetic induction at the surface of the central conductor
B =3.3333¢-005% the answer

>> B=mO*[./(2*pi.*b) % calculation of the magnetic induction at the inner surface of the external
conductor
B =2.0000e-005% the answer

The result is presented in the figure 5.

The figure 5 shows that the magnetic induction is inversely proportional to the distance r between the
external radius of the central conductor and the inner radius of the external conductor, i.¢. it decreases
from B = 3.33-107 T till 2-10™* T within distances r from @ up to 5.

The program for visualization of the lines of the magnetic induction between the central and external
conductors (a< r < b) is the following:

>> b=10e-3; % input the inner radius of the external conductor

>> x=a:0.001*a:b; % input the coordinate vector

>>y=a:0.001*a:b; % input the coordinate vector

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

% (arrays X and Y).
>> [=1; m0=4*pi*1e-7; ; % input the current and magnetic induction
>>r1l = (X -0.01* a).” 2 + (Y+0.01*a).» 2).70.5; % calculation of the distance
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Figure 5 — The dependence of the magnetic induction on the distance r between the external radius
of the central conductor and the inner radius of the external conductor

>>12 = (X +0.01* a).» 2 + (Y-0.01*a).” 2).10.5; % calculation of the distance

>> r=sqrt(rl.~2+12.72); % calculation of the distance

>> B=mO*[./(2*pi.*r) % calculation of the magnetic induction magnitude

>> 7=B; % redesignation

>> B=mO*1./(2*pi.*a) % calculation of the magnetic induction at the surface of the central conductor
B =3.3333¢-005% the answer

>> B=mO*1./(2*pi.*b) % calculation of the magnetic induction at the inner surface of the external \
conductor
B =2.0000e-005 % the answer

>> contour3(X, Y, Z, 100); % drawing the lines of the magnetic induction

The result is presented in the figure 6.

Figure 6 — The lines of the magnetic induction between the external radius
of the central conductor and inner radius of the external conductor in three-dimensional space
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The picture of the magnetic field lines is not so much informative, for this reason we present it in the
projection on X-Y plane. The program for this task is:

>> view([0 0 100]) % visualization of the magnetic field lines in the projection on X-Y plane

The result is presented in the figure 7.

x 107 B(XY)

Xm x 10°

Figure 7 — The lines of the magnetic induction between the external radius of the central conductor
and inner radius of the external conductor in the projection on X-Y plane

The figures 5-7 show that the magnetic induction between the external radius of the central conductor
and inner radius of the external conductor decreases inversely proportionally to the given distance and the
density of magnetic field lines decreases with approaching the inner surface of the external conductor.

Let us consider the magnetic ficld B inside the external conductor (b <r <c¢):

ol E=r
27r ¢* —b,

Then the program for calculation of this magnetic induction is the following:

>> a=6e-3; % input the radius of the central conductor

>> b=10e-3% input the inner radius of the external conductor

>> c=sqrt(a*a+b*b) % calculation of the external radius of the external conductor ¢ =0.0117% the
answer

>> [=1; m0=4*pi* le-7; % input the current and the permeability of free space

>> 12=b:b/50:c; % input the distance vector

>> B2=mO0*L.*(¢.”2-12.%2)./(2*pi*(c.”2-b."2)); % calculation of the magnetic induction inside the
external conductor

>> plot(r2,B2,'k-") % visualization

>> orid on% drawing the coordinate grid

>> xlabel('r2, m') % input the name of the axis x

>> ylabel('B2, T') % input the name of the axis y

>> title('B2=F(r2)") % input the name of the graph

The result is presented in the figure 8.

— ) ——
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Figure 8 — The magnetic induction versus the distance inside the external conductor

According to the graph in the fig.8 the magnetic induction inside the external conductor monoto-
nically decreases with the distance from the inner surface to the external surface of the external conductor.
The program for visualization of the lines of the magnetic field inside the external conductor (b <1 <¢)
is:
>> a=6¢-3; % input the radius of the central conductor
>>12=b:b/50:c; % input the distance vector
>> c=sqrt(a*a+b*b) % calculation of the external radius of the external conductor ¢ =0.0117% the
answer
>> ]=1; m0=4*pi*le-7; % input the current and the permeability of free space
>> b=10e-3; % input the inner radius of the external conductor
>> x=b:0.001*c:c; % input the coordinate vector
>> y=b:0.001*c:c; % input the coordinate vector
>> [X,Y [=meshgrid(x,y); % drawing the grid at knots of which the coordinates x and y are recorded
% (arrays X and Y).
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Figure 9 — The lines of the magnetic induction inside the external conductor in the projection on the X-Y plane
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>>r]l = ((X-0.01* b)* 2 + (Y+0.01*b).* 2) 10.5; % calculation of the distance

>>12 = (X +0.01* b)."~ 2 + (Y-0.01*b).~ 2).10.5; % calculation of the distance

>> r=sqrt(rl.~2+12.72); % calculation of the distance

>> B=mO*[.*(¢."2-12.72)./(2*pi*(c.”2-b."2)); % calculation of the magnetic induction inside the

external conductor

>> 7=B; % redesignation

>> view([0 0 50]) % visualization of the magnetic field lines in the projection on the the X-Y plane

The result is presented in the figure 9.

The figures 8, 9 tell us that the magnetic induction magnitude inside the external conductor also
decreases with the distance, but more slowly than in the space between two conductors. This is because
the resultant field is produced due to superposition of fields of two currents flowing in opposite directions.

The magnetic ficld B outside the external conductor (r > ¢) is zero. Since the current densities in the
central and external conductors are identical the resultant field outside the external conductor is equal to
the sum of two magnetic inductions with the same magnitude but opposite directions, i.e. B = 0. (It is
supposed that cable consists of two concentric infinitely long conductors)

Conclusion. The package of MatLab applied programs is used for calculation and visualization of the
magnetic field of the coaxial cable consisting of two concentric conductors carrying a steady current. The
four regions of the magnetic field are studied: 1) the magnetic field inside the central conductor as a
function of the distance from its center to its surface; 2) the magnetic field in the space between two
conductors; 3) the magnetic field inside the external conductor; 4) the magnetic field outside the external
field. The following results are obtained:

1) Inside the central conductor the magnetic induction linearly increases with the distance from the
center to its surface. This is confirmed by the density of visualized magnetic field lines which increases
towards the surface of the central conductor.

2) The magnetic ficld in the space between two concentric conductors decreases inversely pro-
portionally to the distance from the external surface of the central conductor to the inner surface of the
external conductor.

3) The magnetic field inside the external conductor also decreases with distance from the inner to the
external surfaces of the conductor but more slowly than between two conductors. This is explained by the
fact that the resultant field is due to superposition of magnetic fields of two currents flowing in opposite
directions.

4) The magnetic field outside the external conductor is zero, because it is assumed that the current
densities in the central and external conductors are identical. It means that the magnetic inductions due to
currents through conductors are of equal magnitudes but have opposite directions. So the resultant
magnetic field taken as the sum of these magnetic inductions is equal to zero.

Each magnetic field is visualized with the help of magnetic field lines. The results of calculation and
visualization of the magnetic field are used in theoretical electric engineering. Students can be suggested
to work out the program for calculation and visualization of a magnetic field of two conductors carrying
currents in the same direction or for two conductors with different current densities flowing in the same
direction and in opposite directions.
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TYPAKTBI TOI'bl BAP KOAKCHAJIbI
KABEJIAIH OPICIH ECENTEY ’KX9HE BEUHEJIEY

AnHoTtamust. Exi KOHICHTPII OTKI3TIMTEPACH TYPATHIH TYPAKTHI TOTHI Oap KOHICHTPII KaOenaiH MAarHHUT
epiciH MATLAB nmporpaMMamibIK OpPTaChIHAA €CENTEY MCH OCHHETICY YChIHBIIFAH:

1) opTamBIK OTKISTIMTIH OCHTPI MCH OHBIH iMIKi OCTIHC ACHIHTI KAIIBIKTHIKKA OAMIAHBICTHI MATHHT OPICIHIH
HMHIYKIOWACH CCENTENTCH JKOHE KYII ChI3BIKTAphl OCHHENTCH, MATHHUT 6pPiCI WHYCIMSCHIHBIH IIAMACHI IICHTPACH
OPTAJbIK OTKIBTIITIH OCTiHE ACHIH CBHI3BIKTHI YIFASITHIHBI AHBIKTAIFAH, WHAYKIOUSHBIH MYHAAH ©3TCpiCiH Kyl
CBI3BIKTAPBIHBIH, THIFBI3IBIFBIHAH 12 OaliKayFa OOIaThIHBI CYPETTE KOPCETIITCH.

2) KOHLEHTPJI OTKITIINTEPAiH AapachIHAAFl MATHUT OPICIHIH HWHIYKIOWICHI CCENTEITCH XOHEC OHBIH KYII
CBI3BIKTAPhl OCHHENCHICH; MATHUT 6pPiCl MHAYKIMICHIHBIH IIAMACHI IMIKI OTKI3TIINTIH CBHIPTKBI OcTiHeH Oacram
CBIPTKBI OTKI3TIMITIH iMIKi OCTIHCH ACHIHTI apa KAIIBIKTHIKKA OAHIaHBICTHI MPOTIOPIIHOHAT 6CCTiHI KOPCCTITCH.

3) CBIPTKBI 6TKITIINTIH IMIKi OETI MEH CHIPTKBI OCTIHE AEHIHT] KAIIBIKTHIKKA OAHIAHBICTBI MATHUT ©PiCi HHIYK-
IUSICHIHBIH X-Y Ka3bIKTHIFBIHA MPOCKIMACH OciiHeIeHTeH. CHIPTKBI OTKITIINTIH MATHUT WHTY KIHSICHIHBIH IAMACHI
apa KanIbIKTHIKKA OAiIaHBICTHI eceni, OipaK 2)-Imi >Karmaiifa CambICTBIPFAHIA a3bIPAK ©CEHl, YHTKEHI KOPBITHIHBI
OpICKE KapaMa-Kapchl JKYPTCH SKi TOKTBIH 6picTepi ocep eTeail.

4) ChIPTKBI OTKIBTIMTIH CHIPTHIHIA MATHHUT 6pici OOMMaiabl, ceb6edi OPTAIBIK OTKI3TIII IIEH CHIPTKBI OTKI3TIII
OOMBIHIAFEI TOK THIFBI3IBIKTAPEL, €CEIl MAPTHI OOMBIHIIA Oipacit OOFAHIBIKTAH, CYTICPIO3HIHS PHHIHIN OOHBIHIIA
KOPBITHIH/IBI OPIC KapaMa-Kapchl KYPIeH TOKTAPABIH OipAcH MArHUT WHAY KIMSUTAPBIHBIH, KOCBIHIBICEIHAH KYPaIaabl
14, epicTep >KOMBLIATBL.

Ecenreynepai OCHHENCY HOTIKEIICPI TCOPCTHKABIK 3TCKTPOTCXHAKAAA KOITAHBLIAIBL.

Tyiiin cezaep: Tapany, kKoakcHaiasl Kabeldb, MAarHUT OPICIHIH MHAYKIMSCHL, CBHI3BIKTApP, TYPAKTHI TOK, TOK
TBHIFBI3/IBIFBL.
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PACYET U BU3YAJIM3AIIUA ITIOJI KOAKCHAJTBHOI'O KABEJIA
IO KOTOPOMY TEYUET NOCTOAHHBIN TOK

AnHOTanmmsi. B cratee IpHBEICHBI PacuCThl M BH3YANM3ALMI MATHUTHOTO TIOJI KOAKCHAILHOTO Kademsd, co-
CTOAMIETO M3 ABYX KOHLIECHTPHYCCKHUX MPOBOJHHKOB, M0 KOTOPBIM TEYET MOCTOSHHBIA TOK, ¢ HCHOJB30BAHHEM IA-
KeTa mpuKIAAHEIX mporpaMM MATLAB. BrruCACHHC 3aBHCHMOCTH WHAYKIHH MATHHTHOTO TOJIA OT PACCTOSHHS
BBITTOJTHCHO KAaK BHYTPH TAaK M CHAPY XM KAaOEIL, 8 UMCHHO: 1) BHYTPH IEHTPAIBHOTO MPOBOJAHUKA OT €TO LEHTPA 10
€r0 MOBCPXHOCTH W MPHBCIACHO H300PAKCHHC COOTBCTCBYIOIIMX JWHHH MATHHTHOTO TIOJIA, 2) MCKAY KOHIICHTPH-
YECKUMH MPOBOJHUKAME OT BHEIIHCH MOBEPHOCTH BHYTPEHHETO MPOBOJHHUKA A0 BHYTPCHHEH MOBEPXHOCTH BHEMI-
HETO MPOBOJHHUKA 3) BHYTPH BHCIIHETO MPOBOJAHUKA 4) CHAPY>KH BHEINHETO IMPOBOJHUKA. JIaHBI M300payKCHHUS IH-
HAM MATHHTHOM WHIYKIWH B 3aBUCHMOCTH OT YKA3aHHBIX PACCTOSIHWH. JIMHMM MAarHUTHOH IO M300paKCHEI B
MPOCKIMH HA IUTOCKOCTh X-Y. ITTOTHOCTh M300paKCHHBIX JMHHUH MATHHTHOTO IOJS NOJHOCTBEO COTJIACYETCSA C
BBIUMCICHHBIMY 3HAUCHUSIMH MATHUTHOW WHAYKIWH B pacCMaTpuBacMol oOmactu ee m3MeHeHms. [lokazaHo, 4To
MAarHHTHOE TI0JIE CHAPY KU KAOEIIs paBHO HYJIFO.

Pesymprarsl BuU3yanmzalmyd M pacudeTOB MATHUTHOTO IO KOAKCHAIBHOTO KaOEIsl MOMHO WCIIOJIb30BATH B
TEOPETHUCCKON MCKTPOTEXHHKE.

KimioueBnbie C/I0Ba: KOAKCHANBHBIN KaOEIb, MATHATHAS HHAYKIHS, JTHHAW MATHATHOTO MOJISL, IOCTOSIHHBIN TOK,
IJIOTHOCTB TOKA.
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