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Three-Dimensional Calculation of the Magnetic Field due to
Superconducting Circular Sector at the Critical State

Mohammadzadeh, Batool and Babaei-Brojeny, Aliakbar

Department of Physics, Isfahan University and Technology, Isfahan 84156-8311

Abstract

A magnetic field calculation for a of massive circular sector type-11 superconducting material is presented. The
sample is assumed to be in its critical state. The problem was solved for any point of the space, outside as well
as inside the sample in the frame work of the Bean critical state model , for which the critical current density
Je is considered in taken to be constant. The results are consistent with experimental results. It is predicted that
these calculations can be extended for calculating the magnetic field distributions in the other superconducting
materials with the similar cylindrical symmetry such as a massive superconducting circular washer.

PACSNo .74

awdia 5l S 5 Oy Oy o |y ) odamy (6 4wk L anlad
VO USS ps S pskiles dlis ol ps [Y] 55 4 ele sla
}ﬁ\wﬁjﬁja\)&ﬁ;&ﬁ%}jl&&bwuﬁ
aor bl Ol ilsen sla ly s Sl Ol Jlesl b
faloen OF 5l 1 (4655 oo 5 S5 Lad bl &S s g
Ol gl wsly 5 olas sl adie s Vs s =S
o ol el sl s el 0L S s bl

e 055 Sl e ol s [V Y] il els s 5 L

PRV
Jlash sls 0l 5 Ole 0 Wbl ol gy el (s a3 s
w350 sl e Gl Glas S e ) 4 a5 L el
B Olse @ Ol w58 el Sl 4B S 15 O Kiasy
3 s s bl gl S (ool awdis
b V] il g0 Bl ol Soladas 5 Slas 5500 5 S
Gl awds gl nbliae gla il aile 5 > ol @)l

A s el e Sl OF 51 e b S ol 5 el


http://www.sid.ir

AR

Of ;3 0k > J&s & Been Juw jl eslizad b Jisu opl 53
A 3 oo a5 el by s 0L el et

Dyd oS

IO

Zz_zl)p((pz_(pl)
SaS w0 08 s ) s s Ohx ol Dol LS L
Y sl S8 53 oS sk e ol bt Ol 1 o5
Sl Sis 3l Sl ol s Wl 4 by e glajls sl
S sl g Jio pla3 )8 3 05y e s by ol g
Slaslssei 53 S [\ 5 7] ol eiblite Ol oslne b,

.JﬁjoMU«aY Jg,&

p (M

3R 20)p-

R\"o‘:Rz

3048

3040

H (Micro Tesla)

30324

30244

T T
0o 0z 04 06 08 10

Gama,, (Rad)

.
>
1e004 >R

1.890
1.885

1.880+4

H (Micro Tesla)

1875 ",

1870 T T T T T
oo 02 04 [+ 08

280+ ““-..
2894
288

287

H (Micro Tesla)

285

2854,

oo 0'2 0'4 CIIE DIS 10
GEIITIEu (Rad)
il bla BE 6' Q}b’ A2see [ w..:bbu L).Jv:ﬁ ol .YJSJ

AT Ol Kb il S asbiallis

Z
'S
RI=0.01m I
R2=0.05m Qlag¥er
Z1=0.0m
Z2=0.025m
Pl=00 T
$I=n'4
Rl 222 R 221
o ‘.RJ ol 22 #N(xyz)(pbz) '
RI 9221 B2 — ded B2 91,22

R2.plZ1

Rl g1 21

Al 53 Emmy 3550 4 50l awds ) S
L Cow Shesle gl Jge b SO dsl i 5o Lsd e Olss
slly 53 0L > £33 S 03 Sxd Olyge Oli> S3
Bgh oo dpslee QTJ“.SEWQ\JV:A}U‘}&;)\) CU” wa
3okt 3ol wised 4l asls bl 5o Ol pae SR 02
23 Ol poler i 3 s 050 o bl Lom 5 Dl
st temloe O blite Ole 5 0 3,15 o 4 e bl

el 0 abjjiéﬂs/ﬂ\;.;:ﬁimg;éq).: Dl

$x Jge b idyl S
L)‘ﬁkm}:{ Qyu )\ C)flr L ("i; = Jla BL) Sl o esls
. SRUL S B L ORVYEY ; QU1

. 1 [IxA
W@r;ijgLWN Q)
PQN

j.)}«i’&\—&i)&:w))QQAJ)AJJ}‘)))NM)"&L};
:VJ_)\))W

Fd gl 5 Ok 2 tpys S


http://www.sid.ir

VY

1800
1795+ :
1780 - -

17854 " i

H (Micro Tesla)

17804 [ . E
17754 [ L] B

1,770+ \ _

00 02 04 06 08 10

1.6995 T T T T
1e00] oK, .-“A“w- J
years| % ]

169704 v 4

H (Micro Tesla)

169654 \ 4
16960 1 ]
00 02 04 086 08 10

H (Micro Tesla)

Gama,, (Rad)
Lab Calises bl 55 gl aly aaies cnm i poblise Ol s 8 IS

By o3l Gl asly sl ss e 0L > By

AT Ol Kb il S asbiallis

304 +— Phi=45
+— Phi=90
254 +— Phi=180

—+— Phi=360

H (Micro Tesla)

o
w
n
L

*oooR Tt obeRZbs obs 070 072 0%
ly (M)
Sl sl Gl el aasie ca r pwbline Ol Cld Y IS
REPRRLIPIF)

SFlad sl o wblae Ol Sl YOS s
gl aen sl sl el LA Wsel il 1o 6l s
Olee @ gas 51 OAE 530 by o el & shailes bajls god
Dol (6 asly &8 By LS o o i oo 4y blie
33 Ol ol S pls JulS 15 o i Sl s Y
FES s LS @ a5 Ll 5358 (0 o Wsad S0

o asly bl 3 0L tp e S
b Ok J&s a5 Bean Jus oy e i cnl
BE) Sl 0l u..af% Lf‘.)’u - BE LY 44'_5.4;4' 4 dl.;j} Sl

Dy o3l ps S Gl Cgx

< () A l,
e Py Ry

SR ol aw Jo 9 ) Aol jo B alal, Ol LIE L

55 &S Ml dalgt Cawds pbliie Olde (34 Eg, 4

A

™)

wil) 5 (FPlad ol wlr cm p oS40 5 Y b IS

ol 0 r.wJ 6‘


http://www.sid.ir

£VY

08 : ' T
EG.S— 1
o
= + Phi=45
o 04 —— Phi=90 -
o +— Phi=180
= —=— Phi=360
T 0.2 .

00 . ' '

0.00 0.05 010 015

lo(m)
Sl 4y Gl plad aasie o peblise Olie Sds IS

dA})U (Z)J;u)déj,‘.&)}m 6\:...«1)):@\3Ql{ﬁ ‘_525‘943)@3@}@

g
R'{\%‘(Rz .
404
=
[
)§ i
2
I 204
10 et
00 02 04 06 08
Gama, (Rad)
0354
. l0<RI
03334y
—_ \
o 1\
g ome{ Y
= 0as1
B2
L 03804
= .
T 03894 r
03834 v_a
0387 - - : .
00 02 04 08 08 10
Gama,, (Rad)
0?5".|0sz "
_ .
- -.
— 07504 %, ;
@ o749 s
= Y ;
. ]
g 0748 s s
L] ', :
s Y
T 0747 % s
0745 \/
00 02 04 06 a8 10
Gama,, (Rad)

Las Cilises LU )3 (gl a3l aaisun o poblie Olde ol V(IS

.2}.,.'::&:).} Z)Péb]))éguogﬁkfﬁ}

AT Ol Kb il S asbiallis

50 T T T T T

T Phic45 |
i +—Phi=90
404 +— Phi=180
T ..l —+— Phi=360 |
®
l— a0+ -
O 254 4
| .
2 o i
=3
154
a o
10+ «
5= -

002 000 002 004 005 008 010 012 014 016
lo(m)

Sl 4l 6l plad atin e pblite Ol 5 0SS
S oo 3l sl sy by 53 Lol 0L o (B 4 sed sl
o pblie Ol Sl 55 e L 4l S
Slp @8 Bas &S sl s osdalie el Ol
Olee €gad 31 00 a0 b 3o 0 IS 5 Y] csladlye
Wgad JF15 53 (prmmen 5 AS (0 o Ao e bt
Wl (55 L ol 5 ol Sal L Ols a5 plas s
Sl s 8 5l 6l asls skl 53 0L S S
el 58 L 5l wa ™

Sogee sbwly 53 Ok 2 tpsler S
P N VU s RCI PR U Ve Y L K

3’}*3@3)‘j0‘4ef_j

(e . | .
JAN)=3(p)k= : k™M
( ) ( ) (22 - Zl)p((”z - (01)

35 6 shilen b e s 3l eslizad L) asles s S e
Jlby gas JH s 5 Ol 58 o odalie N ISE (gla il sa
OMee s oo 51 OS5 b wged 2ol 53 530l oglaa

b o RS bl


http://www.sid.ir

Lve

R. Ravaud et al.,”The Three exact components of the magnetic
field created by a radially magnetized tile permanent
magnet”,Progress In Electromagnetics Research, PIER
88(2008) 308.

Yong Li et al.,” Optimum Design of Magnet Shape in
Permanent-Magnet Synchronous Motors”, IEEE
TRANSACTIONS ON MAGNETICS, VOL. 39, NO. 6, NOVEMBER
2003.

AT Ol Kb il S asbiallis

dadas 5 Sl am ) YA &gl 41)\}45513; 3)50 33 eoeed
O35 Jol8 bl ay w508 5550 53 Oln s 1y S 3l S
s OB, 58V ISKE lagls gl 5 5d e i sl OLW

ias e OLE 3 1 el s eeblite Ol kS

S s
Ol s L, 5 eblie Ol Dlsbs =l
awdia sl olad g ol aly sl aae v bl
5O o ml b ) G Wil s S s s
s e VY 0] el Sl s gl s 5 i
oy sl 55 5 edin S5 ol Sl il b oS 353

LSLA);))LS‘))JG.A; jcwéu M}NWWQ‘MQM

S dloe |y S g g

N

Guillem Via et al., “Magnetic and transport currents in thin
film superconductors of arbitrary shape within the London
approximation”J. Appl. Phys. 113, 093905 (2013).

J-F Fagnard et gl., “Magnetic shielding properties of a

superconducting hollow cylinder containing slits: modelling

andexperiment”, Supercond. Sci. Technol. 25 (2012) 104006

pp)-

Jizhong Chen et al., “An improved discrete configuration of a

cylinder magnet for portable nuclear magnetic resonance

instruments”, J. Appl. Phys. 101, 123926 (2007).

I. D. Mayergoyz et al., “The computation of magnetic fields of

permanent magnet cylinders used in the electrophotographic

process”, J. Appl. Phys. 73, 5440 (1993).

Selvaggi J.P., et ql., “Computation of the Three-Dimensional

Magnetic Field From Solid Permanent-Magnet Bipolar

Cylinders By Employing Toroidal Harmonics”, IEEE

TRANSACTIONS ON MAGNETICS.42(2007)3833-3839.

M Vazquez et al., “ A soft magnetic wire for sensor

Applications™, J. Phys. D: Appl. Phys. 29 (1996) 939-949.

Slobodan Babic et al., “New Expressions for Calculating the

Magnetic Field Created by radial Current in massive Disks”,

IEEE TRANSACTIONS ON MAGNETICS.VOL.38, pp.497-

500, MARCH 2002.

Slobodan Babic et al., “New Expressions for Calculating the

Magnetic Field due to Current-Carrying Solid Conductors”,

IEEE TRANSACTIONS ON MAGNETICS.VOL.33, pp.4134-

4136, SEPTEMBER 1997.

Bruno Azzerboni et al., “Three-Dimensional Calculation of the

Magnetic Field Created by Current-Carrying Massive Disks”,

IEEE TRANSACTIONS ON MAGNETICS, VOL. 34, pp.

2601-2604, SEPTEMBER 1998.

10. Edson Sardella et al., “Vortices in a mesoscopic
superconducting circular sector”, PHYSICAL REVIEW B
77(2008)104508.

11. R. Ravaud et al.,”Comparison of the coulombian and AMPER-

RIAN current models for calculating the magnetic field

produced by radially magnetized ARC-Shaped permanent

magnets”,Progress In Electromagnetics Research, PIER

95(2009) 309.

[

[

[hd

[+

[

[

[~

|o0

o


http://www.sid.ir

