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H1E ERANOMD TR

1.1 BERHOWMHRE
1.1.1 Dynamic fields|

Maxwell D 2 FEAVxH =J, +aa—D M3 D rotation ZHL 5 &
t

VXVXHZVXJS+VX@
ot (1.1.1)

15hH, & AT, K & (conductivity)[S/m] & T 4uiX

J, =«xE
DR DD, Ziz Ohm OIERI LS, F7-
D =¢E
B=uH
ThHoHMH
VxJSZKVszlc(—@j:—Ku@
a a (1.1.2)
2
Vx@=8£VxE=8£(—§j:— ‘uO’q;I
ot ot a\ a ot

(1.1.3)
DEHRDEY S22, 2 b Z(LLDKDOAHE~MUAL T

2
0”12“1:0
a (1.1.4)

VxVxH+1<,u%+gu

155, (1.1.4)3NZ2B H 2k B[R curl curl £ (Homogeneous curl curl equation for H)
RS,

T
VxVxH=VVeH-V’H
THH, WE
VOH:iVOB:O
i
T, (.14
2
VZH—Kuﬁ—sué’Iz-Izo
o a (1.1.5)

L7 %, (1.1.5)3 % H ORIk B 52 (Homogeneous wave equation for H) & FE5, UV, &
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EBRFELRVABZEREEZD &

K=0,6=60,p1=p,0) = jo,K, =0 gy HRZEHOBE |y e (500

=g

VH+kH=0

(1.1.6)

L7, ZOHFEAITER E (Wave guide)7 £ D TE (Transverse electric) mode (Z3317F 5 [EA
JE I #(Bigen frequency) 7 £ & KD B 7= DI 5 XBLFEATH 5,

1.1.2  Quasi-static fields|
(1.3.6): N\ CEAEROENEM TX 5 & LT rotation Z 5 &

VxVxH=VxJ, (1.1.7)

L%, 11RO ARIZA1.2)ERAL T

VxV ><H+Ku@ =0
a (1.1.8)

DR ZEFF D,
VxVxH=VVeH-VH
VeH = lV eB=0

u
A 2%
VZH—Ku@ =0

2] (1.1.9)
215 %, (1.1.9F &S H O #2(Diffusion equation) & FE5,

1.1.3  Static fields
R SR Tl

Z -0
o

ThoHND, BARRIL

VxH=J

VeB=0

DB L 725, BHRRIL

VXxE=0

VeD=p

MXEGERE 0D, BRR & BICRITAWVITMNIC R D,
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GIEE [1. 1. 1]
(a) MREERIZEBT S gradient JEIZED X 9127250,
() MIEEEROERIE, FRr,
EOBIOES 2 ThEND .

DAHT -V,
%i'Jr tazjj %fk /9‘\;49

LB I 2 S OB r
SnrO L nar-och s,

o

(b) MIERERICHT 57 LA ~—
\Z%f9° 5 divergence JHFE X ED L 9 1T
72D,

(fi#) PR RICE T A6 VI
V=Ar-rA0-Az
THHND,

. . Az A0 . Az- Ar . Ar - A0
divA = l}r}}[m-me Az A’} ’ grf}hr-me Az AB} i Ln}ol[m A - Az AZ}

1(@ j 1(5 j 0

=—|= | — A4, | +—

o)t e ) T4

L, M. RIS RIC T BIEED AL T — Pkt 5 Laplace O ERIE

r\or @, 0| r 0 oz oz

_éﬂ_:@.iéﬁ ¢
ot

ror oo &k
LA,

(c) ERFEFERIZET D gradient JHEIT ED X S 127250,

(fi7) BRPER R OZENT. ik AEO B L 0P Chimnd (TEDADT— DL,

vg-20; L@ 1 DBy
or r 00 rsin@ op K
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><‘

Lhah, Fnge . smixEnenaEl pimoEsnrd | - niciEgd s A

rsin@

DESHRTSNG Loz pch g

(d) EREEEERICHIT DT bV ATk 5 divergence B IX ED L 512725 D,

(i) BRI B 5 AR v iz = A rAQ rSin0AQ <y 2 s

JivA — l1m( rAQ - rsinOAQ AJ
ar—>0 \Ar - ¥AQ - r sSinOA@
. Ar - rsinBA@
+lim| & :
20->0 \Ar - rA0 - rsinOAp
. Ar-rAO
+ A
lim Ar-rAQ - rsinOAp “’j

Ap—>0

:——r Ar

(i sinf4, + iA j
00 op

FTHEEDAT T —¢ (X7 5 Laplace @ 52X

rsinf

L, M. BRERRIZEI

Vo=t 2 2] (L 2] (z L%
r-\or |or rsinf\ 00 r 00 rsin@\ dp | rsin Jp

_0¢ 20 i@ Lootg®, 1 ¢

@rz ror oo’ r2 5&9 r2 sin® @ dp”

L s,
1.2 BRE OHSER
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1.2.1 Dynamic fields|
Maxwell D 2 H LD rotation ZHL 5 &

VxVxE= —Vxﬁ
o (1.1.10)

155, (1.1.10) DAL

(1.1.11)
EEETE DG, (1.1.10RX

2
0 122 _ 0
o (1.1.12)

VxVxE+uK%+,ug

7%, (1.1.12)3% EZxT AR curl curl J5FE(Homogeneous curl curl equation for

E)Lips, 7o, VXVxE=VVeE-VE e, (1112703

O'E

dz

VZE—;JK%—;JS ~VVeE=0

(1.1.13)
LB TE D, conductor DFFE L 72V H HZEM Tl
K=0,e=¢,1= U, 0/ O = jo,K,=w0\Eu,,VeE = (I/SO)VOD =0

ThHHNH

V’E +x.E=0

(1.1.14)

DOERZES D, (1.1.14)2Ui% Wave guide @ TM (Transverse magnetic) mode (Z 3317 % [ J& K
i (Eigen frequency) % 3K b 5 7= DI 5 B A TH 5,

1.2.2  Quasi-static fields|

(LLINATERER D/ A 2w+
VxﬁzényHzést :,ulc@
a o o a (1.1.15)

L7525, (1115 & (1LL10)KO AT AT HUE

VxVxE+uK@:0
at

(1.1.16)

DOEBESD, £
VxVxE=VVeE-V’E
ZHWT
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VZE—HK@—VV-Ezo
a (1.1.17)

L b B S, HmERE L ez, VoE=(1/8)VeD =0
E

VE-—uk—=20
e

(1.1.18)
7%, (1118 A FER E Ixf T DL A & FES,

1.2.3 Static fields|
ZOHAET
VxE=0
VeD=p
DBELHFFRA L 720, BHRBR LA RITISLIZI 2 5,

GlgE [1. 1. 2]

(a) @i, Potlpsrire o o vmEmso e

E =fi(z=vt)+ f,(z+vt)

Thz g, otns. Exr D ot ek 2ok i L S0,
G 2 SO IEDH I ET BRI 1 % & 2 &

E = f(z—w), vzﬁ

naVxH=D/a& ppz kv
oH | _gﬁEX B gﬁ‘l(z—vt) A(z—vt) . d, (z—vt)

& ‘a Toz-w a oz —v1)
it = v T E)
T

THDH0b, BT LT,

H, = evfi(z—vt) = \/Efl(z—vt)
u

Thbd, EELE (INEEEOEAGERA L E—X U A EMES) 1T
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(b)

L5, w1 B T o iaim Lo 500 bR LR ORIZA L T 5,

WIZ z B DOBR O F AL EBRE IOV T, RREE &[RRI

E = fi(z+1), H, :—\/E S(z+vt)
7

2155, o T, RiEIE

L7y, BREWAOKFZNELR LG, TRk E 2D, LoT, BREW
ROBIFHIZE Z bE L, 2> 0D i ~ted e BRI T B R & AR OAAH S
L<, 2<0  oFm~EGERZITER L BAOMIIESTH D, VWE, z
FHa~ERER D x 515 &

E. :fx(z—ct)\

y il %

E, = f,(z—ct)
CTNE. MAEERLEZDONEROBE LY, WRLEETHL, BRE
BRI AEWVCERE CTh D, LML, bIEEDS, #lzi3z=00n57T,

E s ficen By e

THEINBEMENET S, WE, RICERD x ODHENLRY —Oz,eg
. BROFMITFIC—ELTNWAZ LD, ZOLIICEBROFRNFIC

FLTVNS bR FEER LIS, BRO y kol ngong .| = E. b

D, B ERO x 5 Ex k0 BRI T/ 2 BTN D UL, BRO
REIF—ETHLINFEIT—ETHRLS, BT L LD, 20X RE
e % PR EE R & RS,

BANRAN TR SN D FEEMBE O, 225K5FNTB T DA 2 KD X,

E, :Esina)(t—ij =2.3%107 sin10* t—ij [V / m]

v %
(i) 52 B VT BRI DS ALERNIE z WO IED TN IZTZLT 2005,
Z DERLEIT z Bhoo1E TR ~ETe, £ L CEUL x Bho I 72T RE 2 & 2 18

RORIIL y BT TR S. BR R0, VX E=—(B/A) 1y
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E, CH,

z " a

ThiHND,

H, = —LJ. %, dt =isina)(t—£j
Mo Hov v

LD,

1

vV Ho&o

E=23x10", u,=4nx107,v = =3x10°, 0 =10

ERALT,
fg=61xuwsmuf@—f) [A/m]
%
LD,
(c) BEAOHENKEYL -V O LX—1F, EREHBAICL D= RLERT

Hzbhb,

ThbbH

U:%&F+%uH2 [J/m’]

Thd, LnL, HlE (a) OFERNS,

&
= (2JE
u

N AIVASYINN
1 1
—¢E? = — uH’?
2 o M

Eieh, 6o T, EREEPSHEALERZ 1 EICEET 2 =1L ¥ —1%

LLv:l@£2+uH?)—L—= £E2=J2ﬁ2=E°H [W/m*]
2 \EU u &

Toh b, Z DS % Poyinting Vector I L HFES] & MRS, (E133)AZM, =T, X
B & HILER & 3 ERIBREEIC B 0 | MIER A B KRUZ K DI A 22 o 7o & S HIFR (T

B BricEm g 1em lomass 1 45mI@iET 5 ABHH = 31 % —

(=N

2 .
2.00(cal fem™ minl g5 g LR L OBREFFE L,

10
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(ff) KIGOWEBRPMFBICELZE XX, 22 EHEBEHKE R THLRWL, *
ST L LM EOERE E R A H &THIE, AGICEEZ 1[em?] % 1[s]RC 8
T HTRLF—F

EH = /8—°E2:& [cal cm® s ]
Hy 60

_200x42x10*
60
ThHHNG,

=14x10°  [W/m’]

E = [P x14x10°=55x10°, E=74x10° [V /m]
&y

_14x10°
E

H

19  [4/m]

(d) ¥fa, HARSYUY OEFIR 28R H Y . ZOEKITER 1 2 H

TWD, = OEKICHET LT 1, B EOMEES & 20 EFmm S Sins

A EORA F TRy hvERD, 2O DAV E) &k
X,
() RIFHNLEH Y OB THL N, BRE I
E =RI [V /m]
Thbd, ZOBEBREFHFOHMSGHTHY, £/, EBIL I OIELHER H X

H| = 1 [A/m]
_27rr e

THY., ZOHMFAFEOAE TR THD, ZD=d, RAVF L T_T kv
S=ExH [W/m*]

EFEE S 0B E 20 S b S B Lis\, o Tl
szE%Mh:RL—L~mW=RF [W/ m]

5, 2mr

DBEIPEERDIMUTT A~ TITS 2 & &0 ZHFHEIHERICFE LV,

(e) THRIZTRT LT, BEZELEERPLEROER THELTWD, B2EROMRN 275

11
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v
=

IRy g o e & 5 o RAEXp(JO)) e 12 sk ep ot & i
Syt skib k.
) (1.1.9Fc, F/aA=]jo L«

V’H - joxuH = 0
E/ =S

2

“+ jokuH_ =0
ox’ SOOI
DR SED, T OFHFER DO — RS

[_[Z — Klg, Joxux +K2€_1 Joxux

F#i75, ZZT,

\/7 —L_Fji

2

THoDHND,
H = KlExp(\/—a)gﬂx + j\/ wgﬂxj + KzExp(—\/wgux - j\/ a);,uxj

Lbmits, boac, mRix

x=>0 H=H, X—> H=0
ThHDHND,
H,=K +K,, K =0

Yo, K=H pnmens,

12



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

H;=£QEW{jwr—Jw§ux—ij§”%j

EE, EEH e LT

H—H, [m /a’_gﬂ ]Ep( %j

L%, IHR, HETOMANTHY . Bz J=VxH
17

goo oy o L Josu ) /%j Exp[_ wj
7 ox 2 2 2 2
OKUL T KL
= .JoxkuH, cos| ot — x+—|Exp| -, ——
o ( "2 4] p( 2 j

LD, DT, BREEESIIMANEROMD 1/ e=1/2.71828 L 7¢ 7 Fhgf

% Skin Depth (RZEEZ) &S,

(f) SRR ImOBRERNSAF LI cORMRBBESZRD I, HL, #
DB R

Kk =10"[s/m] gz bt = HolH/m] oy~

(fi#) Skin Depth %

THzxbh,
py=4mrx107, kK =10°
S BIT,

C 10°
a):27rf:27r70:67rx—1

_ -5 _
CHBID. S, =029x10 _2'9[/”"]9:72%’)0

13
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1.3 Scalar potential ¢

Scalar potential ¢ DA HAPEIZIMEE D Scalar potential ¢ gradient TYEHALS Vector L

@ rotation |LFIZFIZ D] ZLicdh b, T7bb,

(1119

1.3.1 Magnetic scalar potential 2

Static 7eRER R CEHRMEE Lk iz VX H =003 0 1o, ft-C, A H %

H=-V¢, (1.1.20)

LERT IR
VxH=-VxV¢ =0
25 H BT & S 415, Magnetic slalar potential P Zefifi o THER O L 72V VEI O SR

B, (112008580 D&M
VeB=VeyH=0
WAL T,

|-Veuve, =0| (1.1.21)

LE6N 5,

1.3.2 Electric scalar potential 2

Static 72 FER R TIE
VxE=0
NENCR Y SED, Z D

E=-Vg, (1.1.22)

LERT IR
Vx(-V¢,)=0

THDIZ
VxE=0

DENED I S 415, Electric scalar potential ¢, Lo o ER R OB AL, 7K

14
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v ozrY D=0 1R e R A LT

|-Veeve, = p|

(1.1.23)
ThHz bR, ol LT,
VxH=1J,
THDHNE
VeVxH=VelJ =VexE =0
ISRV ST, BT DR TR

VeV, =0 (1.1.24)

DB HRAE 725,
plE [1. 1. 3]
(a) BMEOMEd OVATHRF ¥ /& > ZAOWRIZ € OFERPD D & X
R AaY )
DX X NS ACIE
o
d
ThHz2 b5 Z &% Laplace ® HFER A # - TRERAH X,
(fg) TRDO XD REERTEZD &, yz FATITERDFEL 20N S,

ThoNo, BT oE,

V: V.
é)—V = A: Const 1 2
x

S HITHT LT, e
V=A4Ax+B
"L D, EHIT,
x=0 - V=, x=d - V=V
ThiHND,

V, =B, V,=Ad+ B

ESUIN

V,-"n
d
Epb, LZAT, BEREIX

V =

x+V

15
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-

E=-VV =

2
by . EkmErD = E g wmasrme PLC M ica Ly

-7

D=¢E=¢ =p

Y, BATEEY Y OF ¥y N F 2 ClT

=P Fim?

(b) M QA —HRIZ/HM L TV D r OFSNTOEN VRN TEZHND,
P

Arer

Z DFENL V )3 Laplace @ R
eV =0
BT Dl EaER LRI, AL, CIXFEERTHD,
(fiig) FENL VRS MOIIIH L TET 2005, {ifid 3~ & Laplace D AL

7V 20V
E—F+e———=0

or r or

s, BIE (1. 5. 1] (d) 258,
a0 vV _ 20

or Arer®’ a’  Aner’

Thornrb, fRALT,
P 20 —8z 0 =0

Arer® 1 dmer’
THH0 5., Laplace D HFEX AT E T 5,

1.4 Vector potential A

Vector potential A DA FMEIE T{LE D Vector ¢ O rotation TIEHN D Vector Y X €0
divergence [LHIZFL D] ZLiTh b, Thbb,

(1.125)

16
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|1.4.1 Magnetic vector potential A|
Magnetic flux density B 1£(1.3.12)s0 & 0 & ic VO B = 0 crpibpuigze 722vy, ftoC
B=VxA

C Vector potential Z#E AT 2% & VeB=0p4npamicmeshs,

L2 AT, {IEO Scalar P 1oxt LTV xVe =0 AV RVASY )

A=AtVe (1.1.26)
LLTY
B=VxA (1.4.12)

DIEIXR72 CThDH, ZDI LD Vector potential A [T —EHIZIRETE 2N ENiED,

VO pkxsicko THESR & (Boundary condition) - 1ifi & 3% & 9 IZ Vector potential A P

FHERNEALT %, > T, Vector potential Z—EAINIIRET B 7= D IIIMM O RS2
HTHY, ZOREEMHFZ Gauge & FE5,

|1.4.2 Coulomb gauge
Vector potential A @ divergence % 2.5 &
VeA=VeA+Vip

2 _ '
Lh, PHIEORE ChH e Y PV OA a2 @ a5 - L TR B,
DL x
VeA-=0| (1.1.27)

DAL, Z4L% Coulomb gauge & FES, (1.4.12)28 L ON1.4.15)NOFES T CEHA SN
Vector potential A [%(1.4.35) . C/RS 72 L 912, Z @ Coulomb gauge % H B 2T 5,

|1.4.3 Gauge invariance|

Maxwell D 72

VXE=- @
ot
\ZREHEEE B & Vector potential A D Bif%
B=VxA
RN D&

17
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a (1.1.28)

155, ¢6i1’£f§@ Scalar function To 5, (1.1.28)=0iZ(1.1.26) AR AT D &

E=-A v _y,
a a (1.129)

DEURDBK W SLD, 22T
) op
=p+—

=9 ;

T
E:—éi—vw
a (1.1.31)

1%, 7> T, Vector potential %
A=AV
EEW L T-%A S Scalar potential

NG
P=9+—

LR L T2 S bRERIEE B OB E ISR A 5 2720, 21 & Gauge invariance &5 D,

(1.1.30)

1.4.4 Lorentz gauge

(1.1.28);
E:—a—A—V(I)
ot (1.1.28)
#(1.3.6);
VxH:JS+@:JS+£gE
a a (13.6)
WZRAT S L&
VxH:VxlB:VlexA
H H
THoDHND
VlexAst—sﬁ(a—A+V¢)
u o\ o
2155, BHLT

18
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2
V(V0A+ug@j—V2A+u86?:st
2 a (1.1.32)
kb, ZZT
VeA-= —ug@
a (1.1.33)
7255, T/ 5 Lorentz gauge # W5 & (1.1.32)E
2
va—ugaf‘z—st
a (1.1.34)
DELILD, S 5I2(1.1.28)=D divergence & L5 &
VeE= Ve veyg-P
ot £

L0, SRIC(1133) AR AL
<9( 5¢) P9 o P
R e I At e S et
55, o T

o p

2 £

Vip—ue
(1.1.35)

DELND, TDOZ 06, Lorentz gauge W% Z & 12 L o T Vector potential A & Scalar

potential ¢ 2k L CTREFR7Z2 T2 @ Wave equation 235 5415,

|1.4.5 Vector potential equation|
(1.1.28)=\ &
VeD=p, D=c¢E
DRI 5

VeE=-Ve 2 _vevy-L
ot g

2155, #oT
8V0V¢+8V0%= -p

T& 5, Coulomb gauge
VeA=0
ZZOXITHEMT D L

19
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eVeVep=-p
L0 ZORERIT Static 72RO BN (1.1.23) & —E T 5, F 7. Lorentz gauge

op
VeA=—us—
" a

A3 9

52
V%—ﬂ8&f=—£
L ZRIEA.1.35RE —ET D,

wiz

VXH:L+€3, B=uH, VxA=B

DBILRN S

Vx(iijA=Js+@
u ot

%155, Quasi-static 7235 2R E L T
0
ot
T

V><lV><A=JS
H (1.1.36)

L7205, ZORMD Vector potential A & F U 7= Static 7242 D B X TH 5,
SHIZ
J, =«E
L (1.1.28)5
OA
E--2_v
P ¢

Z W T

VlexAﬂcﬁ—A:—KV(b
H a (1.1.37)

155, ZORITEEFFEA(Diffusion equation) Td ¥V | Quasi-static 722D B HFFEXTH
ol
Ei2, (1136, ZhER D/ O s,

20
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J, :KE:—K@—KV(p
ot
D=5E=—5@—5V¢
ot
ZfRAL T
2
VlexA:—KO”—A—Kng—gO” A—SV@
U ot a’ o
wi3n, BHLT
2
VXLVXA+KO”—A+KV¢+80”?+8V@=O
H 2 2 (1.1.38)

L72%, Coulombgauge Y *A=0  z(1.138)XuciH+iE

OA A’ A o
VA - uxk — — ue = ukVo+ usv—
HK— = HE— = H p+u P

5=

(1.1.39)

15, WE, BEZEMEEZ, K=0 L9nuE (1,139
A op
= uevV —
a "a
L 720 FERIK D Wave equation 235 515,
(1.1.38)7X4Z Lorentz gauge

op
VeA=—-us—
"4

V’A - us

A3 9

OA O’A op
VVeA—V*A+ uk — + ukVo + ue +usV-—"—=0
pr— g+u 57 TRV

2
F720%

2

o0 2?20

V(VOA+ugg) —V2A+MK%+HKV¢+;18

ThHHNH

2 s

2
VA - ue 2A = MK(%+V¢) =—uJ

L0, (113K & —8T 5,

GilgE [1. 1. 4]

(a) 2hT—%P _UMAEAETBHEX, WAMBEY ToZ & 2R LA S,

21
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Ve(¢dA)=¢VeA+AeVy
(fi%)

Ve(9a)= S () + 2 (04)+ 5 (o4)

@4 % t%j
a v &

ﬁqﬁA +@A +—A
ox oy oz
=gpVeA+AeVy

(b) 2hT5—%P . _UMAEALTBHEX, WABEY ToZ & 2R LA S,

Vx(gA) =gV xA+VPx A
(%)

i j k

o ¢ o| o o .

V x(¢A) = x5 @ {5(%)—5(%)}1
¢4, ¢4, ¢4

0

o 2t) - 20+ (o) -2 0
RN RANCEIN

+{@AZ—@A }i+{@A —@A}H{@A —@A }k
& &’ & " & ax 7

i j k| |1 j Kk

AN NG A R N Y PN
& & a |l & a
A, A, A| |4, 4, 4

(c) ZIRITRER R Ll FRBE R RICI I 5 X7 MLART > 3 v /11X Coulomb gauge % il /&
THZELEERLRIN,
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() %V ZWEE R OREHREE LYY OB TH Y |
oA

"z .

B:VXA:O”AZ i
ox

YU 2 RO MAETF v At XY 0noBKcH Y 2 FECE

Th b,
- T,

A

VeA=—==0
oz

& 721 . Coulomb gauge 23% Y S7o, [FIERIC, FREEER DM E HIHDORT kLR

Frvan s LEs Lo THY D FIICIE EETH B0

Coulomb gauge Ziiti /&9 %, $720H,
A

VeA-= & =0
o0

Th D,

(d) 2 a ODERIZEWVHEERERICEREE T 232 — 120/ LTl
BIANEI TS EXDORRERY MART v LB TRDR S0,
fR) piE [1. 4. 2] (b) K07 "RT v LILER E R Cdhm

Dk A UnEIE LR, $70. 0y MART v v T 2 S ~—E %

& %5 Coulomb gauge 235% 0 3o, Ko T, MR RO A HFFEARIL, FlE
[1. 1. 1] (b) 3L T,
P4, 104, 1534

+ +— ==
a* r o r o0 o

Laan, AEO HEIc L Th AT h A . BRRICR LT

A 1A
z+_ z — _
o’ r or W
DRV N, EAROSMAITIE
O*A, 104,
+— =0
or’ r or

DIRR Y N, EARF D Poisson D F R A R T A DO IL
A =C/Inr-Cr’

L7 s, ATDE 1 EITEA T =0l AL 2505, O = 0can  woms
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AT S &,
—2C, -2C, = —wJ

o, G ng, o, BENORY PAET LU T

2
Azz—rz%:—it—](lj , I=ma’J
T\a

LB, A HIT
1 1 A, I r .

H=—VxA=—— =——
L u &JS 271'612J9

LI Z, ERS DR TR AR T DM
A =C,Inr+C,
THhD, r=alZBI AR H I

R0 ZHUTERN ORI

:_je

HJ@"”:a 2na

LELL b s, G R CR) Lz g ke b

DRI NVIRT o ILiZr=a TEL WD,

ul

L
dr 2w

PR Y NED, Lo T
c;:ﬁi(ma_ﬁ%
2r 2
EIRDIND,
A :—ﬂ—o[(lnr—lna+&j
2r 2
ELT, BEADNT MART v Vi3 ROO6ND, - T, BENOBRIE
1od ., I
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O

2
VxVxH+r<,u@+gué’EI =
[1] a o BFEME AN,

Vm—mgLﬂlzz
2] a a FHXREN,

VH +xH=0

[3] WeS R D E SRR X 7RI,

VxVxH+Ku@:O
[4] a  EEERARI,

VZH—Ku@ =0
[5] WS OYEE T Rk 2 REXpEW,

2
VxVxE+,u;<@+,ugé’]§:0
[6] a a BEEAS,

2 20
LV E+K]E=0

[7] BARROEE SR BEERIUY,

V xV x E+,u1<@ =0
[8] ot X,
V’E - /uc@ =0
[9] HERRDOILHOITRE 2 X 7RE,

(1014572 BE R D Sealar potential 1= & 5 Kt st~V ® MV Pn = 0 iz o

[11]#972 5 A0 Scalar potential 1= & 3k s ™Y * V0 = P pitgx 7o x 1,

[12]Gauge invariance & |fi[7>, FHI L 72 S\,

[13]Coulomb gauge & 1Hf2>, FBI L2 S0,

[14]Lorentz gauge & (FA7>, @A L72 S0,

[15]Lorentz gauge % fi > T Scalar potential |ZB3 2 KB H XA EH X 72 I\,
[16]Lorentz gauge % fi > C Vector potential |ZB3 2 KB F XA E X 72 S\,

V><lV><A=JS
7 M X R AW,
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VlexAﬂcﬁ—A:—KV(b
sy M A AU S,

[191H R D VX A 2k 7z Sy,

[20]5k R V X A Dz sk e S0,

[21]H E R IZE 1T 5 Laplace D HFEN A E X 72 XUy,
[22]EREERE R IZF5 1T 5 Laplace D HFER A E X 7a XUy,
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2B ERERE L FREDE

2.1 #R B BRI RE

AR5 (Finite Difference Method, B% L C EDM) 1%, 24358 (Varialional
Principle) 723834 LA R%E 374 (Finite Element Method, B L C EEM) 723BH%E &
AL B TR EENICHE D hiETho7c, 2 TH (BIR
DA 2t G - B 2 ITEE R K) TR D CTHM R R-EIC R LTl &
o,

BIRESEDR, WS 2 EE:, AIRESCESHR, WMo ifRae R
BAUERT L2 HETH L, BB HERES TEEHZ 5N D OICIE, fif
L5 Taylor AFWEBHAFIRETH D Z & ZHiTE L L, HITESDNK D D7D
1%, RIEZEM 2 HEEt (Discretize) 3572012, —EDOHAIMELZLE LT 5,
HEBILOBLE PO E XD L, AREFREIIMO TABENE S, HHERBIRIC
RS TE DD, ARESEITBEBILIEDHIKI ) B EMERTRITKIE TR &
MR THDH, EHIT, AREREITERSEM TR Neumann TEEER G588
R 28R CHEBIICHE T 5725, AIRZ01EIT HBIEYIZ[RYK Neumann
FEERE LR, 26D &G, RN EM FEE LT, AR
BRENERTHOEIYRTH S, L, ARERELR, FICESRE, 7
72 BILBAEL (Functional) A E L7204V 6720, ZHUCK LT, AIRZE
5713 Functional 72 £ 3R 2 B 70 <, BUTZHEDS Taylor AREURERH AT 6E & R E T
5 DFHTH Y, Functinal DFFE LZRWREIZK LT, KK E LTI B
Wridvo—HiETH 5,

R.1.1 ARz (Finite Difference) |

2101 2
O
S| e
AxX
(2.12.2) X

(2.1.2.2) B, X#Amomss S0 wmmo ey EE RS T L &

ox
EZ2D,
ST, ¢,=¢(24), ¢, =¢(-Ax), ¢,(Ax), ¢,(2Ax)IL Taylor FREIZJEPH A

REE T T e, =¢(0) & LT
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b—g o, mea¢ (&)

Ox 3 o’
@A za¢<M)6¢ |
¢—1 - ¢0 Ax Ox + 2| (A)C) ox? 3 oy’ (2123)
o, 209, (M) 0%
¢ =@ +Ax— Ox 2|(Ax) ox? 3 ot
b =g, + 200 4 QMY6¢ &) 79,
Ox 3 o’

NELILA,
WE, 2120)R T, ¢ P AR TE B L iE (THY) 0 3858 A 4
T8 B)

¢1 +¢ 1 _2¢0+2( 2l jgﬁb
NI
62¢ ¢71 - 2¢0 +¢1
= 2.1.2b
Ox? Ax? ( )
BIEOND,
4
;@%%Eﬁﬁgv,24@@uiﬁﬁﬁ?%5%@&¢n@
Ax)2 52 At ¢
NP L
2! axz 4! 8x4
2Ax)* 87 2Ax)* o*
bovp -2, 49 O ¢}+2Pﬁ ) ¢}
2 o 4 ot
ToHHND
2 0°¢
¢2 +¢72 _16(¢1 +¢71) = _3O¢0 —12(Ax) ax_z
w135, - T
62¢ _ _¢72 +16¢71 _30¢0 +16¢1 _¢2 (2.1.20)

o 12Ax>
n, HHivd,

ui®%%%*%ML,gfui®ﬁﬁﬁﬁféé%6@,n@®%ﬁmﬁ
X
5D SR
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61 [1 Ax - (a0 ggb

fz: ?2§x:f @A?“ O (2.1.2d)
. . . . . n-1 1 . a”*1¢

AR TS Py

%%%,%,a@m,l aaf%ﬁﬁézkm%ﬁéo@umﬁﬁmmnml
ox (n—1) ox"
EF47401%, Vandermonde (77 »FELTF) BOITHITH H1-8, 1.4 HiTxr
L7e LD ITHTRICEATHNEED Z E N AIRETH D,
ZDOXEIITHREMEIMEEDORE THMANRRITE, (EREOMOZRDD

ZEMTED,

2.1.2 527 % (Boundary Condition)
2
<a>Dirchlet B (EE) FEH&M ::f@mzumm@ﬁﬁf,%?%%ﬁm
X

L7-(2.1.2b)=

82¢ — ¢71 _2¢0 +¢1

ox? Ax?

IZBWT, ¢ BEMEY, Thsd L, ERXice, =¢, ZRAL

¢—1 _Azjé) +¢1 — ¢—1 _ifg +¢b (2'1.3a)
EFTUL L, 7205, Dirchlet ZUEE TG 1T M B 5B & kHIs 7 2 Hi R
T UV WMIRATIIE LV, ZHIEFAREREL 2SR L TH D,
<b>Neumann BERSELMH  Z Z TlE, (2.1.32)X D JFE 5 TRV Neumann % (xF52)

P, Py o
————
Ax Ax
(2.1.32)¥
BERFEAZEAT AL E2E 2 19, [ Neumann S5 1%
9% _y (2.1.3b)

ox
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2, ZAUFEQ2.1.2.a) kY
¢

=~ @, — =0 2.1.3
o ¢ -9, ( c)

0

L, A= B 0 BETIELTE 505
9. =¢ (2. 1.3d)
CTRIE RV L RE®T S, E-oT, (2.1.2b)RT

az¢ _ ¢1 _2¢0 +¢1 _ 2(¢1 _(bo)

(2.1.3¢)
ox* Ax? Ax?
LD,
[FARIZ LT, (2.1.2¢)xzxf L Cix
¢71 :¢1}
2.1.3
¢72 :¢2 ( f)
LELZEIZEHST
82¢ _ _(b-z +16¢—1 _30¢0 +16¢1 _¢2
ox’ 12Ax*
(2.1.3g)
_ _¢2 +16¢1 _30¢0
6Ax*

& LT, [RIWR Neumann BB SAENE S 315,

|2.1.3 Laplace and Poisson Equations|
<a>FHETT R

% Potential, V& HD/XT7 A —4%, I 5T, s% Source Density & LT, fi#
A& B TREAE

o’ o
&1 5,

s (2.1.4a)
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Y
A
t 01
o =11 g 11
A =11 A 11
0
- Ax ' - o X
10 Ay 10
A -1-1 A 1-1
O 44 + 01 T 44
(2.1.42)1%]
(2.1.42) % (2.1.40) K DJFE 0 12O\, ARRZESE CTHERE T
¢—1o _¢o ¢0 _¢—10
2 A=Ay
5 0% _ 07 Ax 0 Ay
o’ Ax

- - 1
22T, ﬂ’lozz(ﬂ’ll-’_ﬂ’l—l)

1
ﬂ'—lo = 5 (1—11 + 1—1—1)

LT, 61

Po1 — O, Py — Py
%1 01 0_%1 0 0-1
Ay Ay

2
ia ¢:
8y2

Ay
1
)*01 = E(ﬂvn + ﬂun)

1
10—1 = 5 (}“1—1 + 1—1—1)

(2.1.4b)

(2.1.4¢)

ETRLTE D LT, (2.1.42):0I2(2.1.4b) L (2.1.4c) K AECAL T
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A+ A A +A A+ A A +A
lészl ! ¢10 + lész = ¢—10 + léAyz = ¢01 + . 12Ay2 = ¢0—1
— (}’IEZX);II + )’lézxﬂgll + }’1;’;}’211 + }’1;’;};11 j(bo

1
= _Z(Gn +o,,+0 ,+0)

X, (2.1.44d)
A A Ax
ﬁ(}m + A0 +ﬁ(ﬂun A )90 +E(}~11 + 2.0

Ax 1{Ay Ax
+ E (A +A )¢ — E(Ey + A_y](}v“ +AL A+ A9,

AxA
-2 (o,+0,,+0,+0 )

55, BHEOTED, Ax=Ay=Ah ETIUT

Ay + A Ay 2
: 2 L By, + 2 o — (A + A+ A A8,

+ A A+,
}“‘11 2ﬂ"ll¢lo+ 112 11¢_10+

2
= _?(011 +o,,+t0 ,+0. )

(2.1.4¢)
LD,

<b>5Ed

2[m] 100[v]

|_) T—— 7

| 100[v] —
7 7 00T

=1 7

1[m]
(2.1.4b)[ (2.1.4¢c)X

1) Laplace RfE ; HARRZBIBE E LT, (2.1.4.0)KNT 3[R A B AR O &
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RS2 FHT . (LADET X B1E K 82> T2 200> Homogeneous
n

Neumann S&fEDEL D L7006, B GMEEIE, G140 ERD, ZDOFRDOXK
fd R

£V = O} (2.1.41)
e=1
Tbh b,
f c
@
a d
v
b e
(2.1.4d)X

ZEM OB 2 (2.1.4d)X D X H 1T 21, Ax=Ay THDHIMH, iSOk L
T

P+ ¢+, + ¢, —44 =0

MRV LD, 61249, =100, ¢, =0, ¢, =¢, =0 (IR Neumann FefF)ZRA L

<

100—4¢ =0 — ¢ =25[V]

2155, BRI LT, BRI

200-4¢, =0 - ¢, =50[V]

BIFEOND, ZTO/RRIL, AR - RERE2L > WEROAFRERES
Vonoroi-Delaunay £ Primal 52 DFER & —H 9 5,

1) Poisson &

HARRY 261 & LT, Q14U ATEMIRICEIEE J 23820 L
THALTND ZIRTCEE B 2 D, BEDKRMED & FHR R G E X (2.1.4.0
[ZRT 1/8 DR L 22 B,
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WE, 214D, .14 D X D ICHEbs e L35, ZORMBED R
FHEAT
1o,
—V?A=-J
L (2.1.4g)
u=1

2m - X
O
[
AX - AY - 1
2
v A,
dd/ion=0 :
A=0
Ay o
od/con=10
® @
(2.1.4H) (2.1.4g)X

@ Poisson HFETH 5, (2.1.40HX O FERI GRAEK N (2.1.4g) XD K 5 IZBfHEL =
NiceE35, 2ok, RO LT, 2.14e) LD

A, +A, +0+A; +4A, :—%

MRV, 4, =0, A4, =4, DFM (AR Neumann &) KV
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2A; +4A, =——
X,
1
-A;+2A, =—
4

DRSNS, FERIC LT, BRolcktL T

2A,+2A, —4A, :—%

MO ST, THI, A, = A, ZRATUS

—A3+A2:%

EEA, BEAOICBWTHEEEC

—2A1—A2+4A3:%

55, B E LT

1
|

1
2 0 -1TA] |4
0 1 —1]A, :%
-2 -1 4|A| |1

2]
/)
[A,A,, A,]=[0.344,0.563,0.438]
2135,
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HIE HREREAM

3.1 =
AREETITERI OBAEFEATIE Tl bSO ILWE RERIEICHOW RS, 2D+
ERANRITILUTOEBY TH D,

3.1 B

3.1.2 25 e

+ Laplace & Poisson ® 72
- P R & e 5 R
* Energy Functiona

3.1.3 A IRATRESE

- BB 2 )7

- NHHRBI%

- LB3%KL

- 2RO

« VAT LA

- SRS

- Laplace D H R DHiE

« Poisson @ SO I

- i o F-E

- WEh RO B

« BORFRARIEIZ K 2 B eIk R 0 A TR ELZE iR
3.1.4 B ZE IR

+ Laplace & Poisson ® 2
- PO R & e 5 R
* Energy Functional

3.1.5 Voronoi-Delaunay @ B bk
* Voronoi-Delaunay ##[X]

* JRPTIE A FEARE R

- NHHRBI%

s ATy AT L FRE

c BIRD VAT AR

- SRS

- Laplace D H A DHiE
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- Poisson @ DI
- i o F-E

- BB S RO F-E

- IR

* Voronoi-Delaunau 2 #&
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32 EnEHE

3.2.1 Laplace & Poisson O 2R

Laplace & Poisson O HFERDEWIFER FRADNFERRGRAMNCH L, E-T, 22
TIFIERR S 2T H 2 Poisson D
AV’h =—c (3.2.1)
IZOWTER S, (32.1) AT

A : Medium parameter
¢ : Potential

o ; Source density

Th b,
ROERFHZEEZ D,
By R 1V2¢ = —o OfFTILEI%L (Functional)

F(g) :%J.[A(ng)z ~24o lis

ERNCTHZ ETHZLND,
Wk, (3.2.1) Xourflfigz

v =¢+ev (3.2.2)
L7456, 322 KT

v o TR

¢ : HOfE

g BUENRT A—X

v 0 FTRE AT OO BA%L

Thd, (322) ROFEPEZIBEEF (@) ITRALT

F(y) :%I{[l[V(ngrsv)]z —2(¢+8v)0}}ds
=— J.{ Vq) —2¢G}ds+8.|.[lv¢ -Vv— va]ds+ SJ.A Vv] ds
:F(¢)+8J.[AV¢-Vv—va]ds+582j-l[Vv] ds

< (3.2.3)
155, (323) XOFE—LESHF=0%2RKDD L, H-L4H1%
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5F:1irr01{F(v¢+gv)_F(¢)} (3.2.4)
&> 8
TERINDLIND
je[ﬂ,V¢.Vv—v0]ds+;gzjl[Vv]z ds
OF =1lim2 8
-0 Fod
:I[EV¢-Vv—va]ds:O
3 (3.2.5)
fl¢+ev)
Sl — — —

X 3.2.1
BF (ot ev) 1Zelldt LT THY ., & DREITHEICIETH D, o T, H—
254y F=0 Ol (Extremum) [FPLEAEKF (o+ev) OE/MEZEW®T 5,
(3.2.5) RELETHT-DICKD Green DEHEE 2 5,

Green O EPE .[V -(WWe)dv :J.qu/) -ds : Gauss DiEH]
v S

EJel s
J.(vvng +Ve¢ -Vv)iv = ijgb -ds (3.2.6)

Vv N

V(W) =Vv-V+W§

Green D EFDO —RITIEIL

[@Vp+Ve-vv)is=[wW¢-di
s e (3.2.7)
ThoHNL, (425 R

[V +Ve-Vols =—[W(AVp+ o Yis+ [ 1(3p/ an)-d
s s c 3.2.8)
L%, Lo,
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OF ==[v(Av¢+ o Yis + [ (0 / on)-d

=0 (3.2.9)
EWL., R
AVh+0=0
&
opl on =0
Z [RIRFIZHG R T 5, 0p/on=0 [T DIER ST M) n ~ Potentialp DEALENEFETHL Z &%
B U, A Neumann 54 (Homogeneous Neumann condition) . F 7= 3%} FREE R S0

(Symmetrical boundary condition) & FEIEZALS,

B.2.2 EBFERLEHSFER

2 (Diffusion equation) & ) 520 (Wave equation) DiE IR D —FEHS 53 2> —

BB T D, Z Z TR D Helmholtz O HFEXEZE % 5,

AV +0p =—-0 (3.2.10)
(3.2.10) T

: Medium parameter
: Potential
: 010t or 0/t

: Source density

e 6

Q

Th b,
(3.2.10) N Z R ToDITIRDE R EE 2 5,

AV’ P + 0 = —o DFFITIR OPLBIEL

F(¢)=%j[z(v¢)?—w¢2—z¢a}h

S
EER/MNITHZETHEZLND,
WE (3.2.10) Ko {Elfig %
Y =¢+ev
LT %, ZOIPEEIBEE (o) IZRALT,
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I{[V(gb +gv)]2 —o(p+ev) -2(¢ +gv)a}ds

N

Af[otsor-ov -0

N

+8£[1V¢ -Vv—wdv —va] ds +%82:[[1 (Vv)2 — oV’ }ds

1, 2 2
:F(¢)+g£[iV¢-Vv—a)(/)v—va]dSﬂLE«? :[[A(VV) B }ds G2.11)

155, (32.11) KL VE L4 F=0%RKRb5D &

§F —lim -9 eV =L ()

>0 Fod

= J.[),ng -Vv—odv—vo |ds

=0

ThHdHE, ZIRITD Green D EH

[V -Vvds= —ij2¢dS+ [W(@p! an)-a1
N S c

il
SF = -[v[AV?g +@¢+ o lis + [ (0! on)-

s e (3.2.12)
b, 1o T, (3.2.11) XoOAUE ZIHT
ACVvY——aw2>>0 (3.2.13)
THBHIRY . H 25 F=0 2HD 2 L1T L - TH LA AEITE/ME & 720
jv[w ¢+a)¢+a]d =0
s (3.2.14)
jzv(@j-cﬂ:o
© \On (3.2.15)

ZEWRL., (3.2.10) Kofignskbonsz b,
(3.2.13) RKOBAREEEDOHFNZOWTHEBR L THD, B o DFFHATHIL (3.2.13)
RITFNCR O SEoZ & s, JEBELOFI & LT, Quasi- static 72BEN-REE 2 D,
V’H - Kua—Hzo
ot

ThHo.,
0 =—KlIL—

Y
ThHI=D, (3.2.13) KROBGENEE ILD, BEBRARICKHLTH

41



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

OFE
VE-—egu—=0
Y
ThHI-O, (42.13) R Y 2o, ROKENHFFEXOHFE L TTE mode %% 5 L
2
0 IZLI 0
ot
THHED
2

0 =—lUE—
H ot?

Thonb, (4.2.13) LR N5, TM mode ([ZHB VT
522E 0
ot
ThHHI=H, (32.12) KDY LD
LLED X 9 ICEBOBRA TIIRES (3.2.13.) ROBEEMNHRE SN0, LB F (¢
+ev) OFE/MEZRD D Z LI K o THER RSB FRAXOMNE LN D,

V’H — us

V’E — us

|3.2.3. Energy functional|
<a>Laplace & Poisson D FRER, #ERROHEE 25 &

: Scalar potential

CHEF e

> S

Q
iy
o
B
PE
o)

WX 20 n, SR RRERIT
V-eVp=-p
LD, ZOLEOBBRLBEREEIT
E=-V¢
D=¢E

=-&V¢
Th b, > TZOHADONEKF (¢) 1

1

F(9)=3 j |£(Ve) ~240 Jds

1
= EJ-[SEZ —2¢G]ds
N
L2 BB NITEE RO Energy & 725
IR R OB EB 25 &
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¢ : Vector potential D—E%5) A,
A RS OWEL (1/w)

o : IR ED—RI) ],

LRI D,
ZDEEOIELHERIL

lV%@z—L

M

Thh, BOREE LRI A, j, kEENEILX, y, z FAROHEMRT fLE LT

B=VxA4k

_OA. i_ﬁAz .
oy 5xJ
H:iB
u

_i_&AZi_l(ﬁéj.
u\ dy M ox )]
THZLND, & DITHAERE L WAIZ L5 Energy I

le-Bds:lji éAZi_éAzj ' ﬁAZi_éAzj s
2y s M

2 | Oy ox oy ox

2 2
:ljl_(ﬁéj +(a¢j "
2 pi\ dy ox

1¢1 2
——[2(va)d
2-!;1( Z) >

(3.2.15)
L7025, 9> 7T, Functional F (A,) 1%
F(A)::lI{l(VAJ2—2AfL}h

2%l 1

1c1

=~ [~ Bds—[ 4.J.ds

24 ) (3.2.16)

EET D, (3.2.16)FTHH S MITEFRESR R D Energy # £ LTV 5,

<b>¥EE TR & BN FFER Quasi- static 72N RE B XD, K37 A—HF X

¢ : Vector potential D—k%5) A,
Ao BEREER OWIEL(1/0)
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i)

o : BIEED ],
AR L R O —FE -« (d/ot)

it

 :

ICERENAIET D, Fio, TR
lvaz -K o4, =J,
U ot (3.2.17)

ThbH, ZOEEDOINEEFE (A) 1X

F(4)=5]

N

:%j[(l/u)Bz +J, A, -24.-J_ lds
S

R R T R VI P
4 é’t 4 4 z

u

(3.2.18)
R
Z ZC. iMEWHEE (Bddy current density) %
J =k (ﬁAz j
ot (3.2.19)
ELTW5,

(32.18) T, AILHE -HITRICEZ DN DBR T R/LF— 5 HUTIMEIC L 2HE%
THNF— E L TEREDHIIAT TR F—ITHIET 5,
WA E R DB & LT, Scalar potentialp TR X415 Dynamic 722 %5 2 5, Z D4
DINT A—=F X

: Scalar potential
bR €

ouet (Yetd)
o : EMEE p

e = B

ERE R L, BRI

2 . 07
V- et o |p=-
(Lo
(3.2.20)
L%,
Z #UiX Scalar potentialp CTZ SN2 ENARATH Y . Z O FBERUTKHET 2L F (o)

=g
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F¢ :%J. 8(V¢)2 +ue’ (%}—2@)}%

5(E2)+,ug2 (5—;}—2¢p}ds

(3.2.21)

Lirn,
o T, AUE-HIIRIEAONIEBR TV F— FHIIEIH TEHET 211
F—, T L TEEDHIIANT=RALF—IZZNENLIET D,

PBIEUT — I =L ¥ =1 L, LB O F/ MEZ R 5 55— 28
NEZRNAX =2 H/MET D Z &b, 2o X 5 B E
TIXT VX — D% KD 5 = & TH LN D i 2 53R KO iR (Weak
solution) & FE5S,
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O

[1]Laplace D H KUK T DI EFZ RSV,

[2]Laplace D SRR T D UL & /M T 5 2 & THEIONDBIMREZ IR S0,
BIADDBEER Gl TR E D IEBHT RO A HEE L I,

[ R U 2B & e/ MZ T2 2 & THE DN D BR 2R~ e S
[S]RIKIE OB By Rt T 2 LS 2 E & 22 X0,

(6] B R AU 3 D ILREER 2 i/ M5 2 & TEON A BRE R~ S0,
[7]Green DEFLZFER L 72 S Uy,

81 A2 TR OB R =R F—IZxHET D 2 L 2R L7230,
[9]Quasi-static 72 R RDPLEIMNER =R AF—ICXHET H I E AR LIRS,
(101554 & X7, BB LR S0y,
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33 =AR—RAFBEZFE (First order triangular fintic elements)

B.3.1 EBHARE X F
TRy TR 2253 TR PRI B D W TiE < i, = b F— 23 2 LP8%k (Functional)
R, ZORBEBIZEPM A RA L, IWBEBOE 25 F=0 MV, 27 L5ERA
wHE, JGONTV AT LR EMRE W T BRAOMEEL 2L kD,
2T, RS A RN IE T A EMN KT THY . RIeEME S ATEESR
(Triangular finite elements) (Z/3fE L., Z D = AILEFHEN TR Lagrange T4 [ BE%%
(Interpolating function) ZUT{ElfiE & LT 2 A —REHRZ AW AREREIZ OV
Tk %, BARMZRFIILL FO®Y Th 5,

a) MIEZEM % = M2 CHtRb 4 2,

b) K =M ERN TR ZET D,

o) K =MAILEROWNEEEERD D,

d) BROBEAEEMNOREOWNEKES D,

e) H—AEyF=0%Y AT LHBRALEL,

f) B SM (Boundary condition) # ANV T AT LA HFRAAEML,

3.3.2 FN#ERE% (Interpolating function) |

I_ ___________ I y

D A w,

A‘ﬁ*@

@

O >

3.3.1 332

XEGFEAE LT, D Helmholtz B % E 2 5,
VP +wp =—c

COHREAITEL SN D Z2EMAK 33.1 O L) I =ARICHBb sz &, HOEED
ZATTK LT 332 IR RFTEE 2R ES 2. 2 D=0 TUrElfigix
Vv =a +a,x+a,y (3.3.1)
LEARDO — IR TRIND D LT D,

AR OKTERIZEIT D Potential 2 vy, v, i & T UL,

— e s mm— e e w— —
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v, I x a

vy =11 X x|
Vs I oxy x| |4 (332)
DY S, (33.2) RoFEMNT 33.1) REeHFEEHET &
"
y=(1 x y)la
_a
I x » B L
:(1 X )’) 1 x, x, v,
by s] s (3.3.3)
&%, (333) X
3
W:ZQW[ (3.4.5)
HL
1
al:E[(xzk_st’z)"'(J’z_J’s)x"'(xs_xz)J’]
1
a2=E (xsyl_x1y3)+(y3_yl)x+(x1_x3)y]
1
a3:E[(xlyz_x2y1)+(y1_y2)x+(x2_xl)y:l

Aa . = A OHIE
LELZEDRHKS,

3.3.3 NEA%K
Helmholtz @ J7 R %04 5 ILEIEE

F(l//):% jl(Vl//)z —oy’ —2y/a}ds
N
THZOLND NG,

3
Vy = Zl//[vai

i=1

DR A HWT,
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(3.3.5)

. [cota, +cot B, —cota, —cot 3,
S, = 7“ —cota, cota, +coty, —coty,
—cot B, —coty, cot 3, +coty,
A 2 11
T'=0,|—=|1 2 1
12
1 1 2

A, : SABOHEH

3.3.4 26DV

D=@)
o @Q}@
@=6

333

U VE Helmholtz D H U L o TR S5 2223 fElka & b D = AIBERITHEI S 41,
333 DLHITHIA L & 4351228 5 AMFEKICIEE & 72> TV D58 OREOINEIEK
ERD D,

FE R DB
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F(v)= ¥[8, - L], - ¥,
1
F;;(V/):E‘"PbT [Sb _E]Tb -¥,'U,

EET MG, MHEEZMED TN L

(el DS 2w

(3.3.6)
ks, ZZ°T
YV, =V,
V,=Vs
THoDHND
vl [ 0 0 O
vl [0 1 0 Ofy,
vl oo 1 oy, v,
l//4:1 0 0 oy, i?‘:!iqlsz‘P
vl P10 oy,
e 10 0 0 1 (3.3.7)

DY SLo, G- T, #1751 (Connection matrix) C %2 VT, SIROPLBIEF (y) 1Tk
DL D,

et |5 S HG 7 Jlenrten ()

1 T[ THSa Oj (Tﬁ Oﬂ } { T(UHH
=—y'|C - Cly-¥"|C

2 0o s ) o T U,
:%‘PT[S—T]‘P—‘PTU

(3.3.8)
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(s
cota, +cot B, —cotq, —cot 3, 0
—cotq, cota, +coty, —coty, 0
—cot ﬂl —coty, cotfB +coty, O
0 0 0
cota, +cot S, —cota, 0 —cot S,
—cota, cota, +coty, O —coty,
0 0 0
—cot ﬂz —coty, 0 cotp, +coty,
2110 210
_— I, 0 C:a)“A” 1 21 0] @A/|1 2 0
0 17, 1211 1 20 12 10 0 0
0 0 00 1 10

THEAbND,

N O = =

1/17/2009  Yoshifuru Saito

PLEDOFEEN NS, X7 "L U bl b e 28 0BERZR AL 5 2 & TEHETX,
1780 S KON T 13X ORIl & 72 2 Hi S BB 2 iz,
SR HER L HEMIOMANIE LW L 7D,

B.3.5 T X7 AHER

BEOPLEE Y (43.8) ML - TRKOBNT=DT,

OTVX?AE$§EAE;E3§J‘< o
1TEN D53 AT

d

4 IXTp)=b
dX

X7 AX] = AX + A"X
dX

wfioT, (3.3.8) &ML

wly)_d {I‘PT[S T|¥ - ‘PTU}
d¥  d¥
1 1 T
—E[S—T]‘P+E[S—T] Y-U
=[S-T1¥-U
=0

51

Hl & 7 B = AIEONIC

BB D R/MEZRD D Z &2 X

(3.3.9)

(3.3.10)



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

155, XoT, VAT AHFREAT
[S-T¥=U (3.3.11)

LA,

3.6 B

Helmholtz T & S5
AV +0p =-0
DI

_1 2 2
F(W)—E.S[[A(Vy/) % —2y/a}ds
THZ2bNZ, LT, ZOHE L5 5F=0, T7abbi/IMi4 R 5 HEF X
[v[AV*¢+wp+0Jds=0

N

| Av(@j :d1=0

. on
FEW L, ZHUE, Helmholtz D H RS HIEZEM Ak & LTI SN 5D Z & & RREIR
Lfop/on=0 NHEHEMIZHE SND I EERLTWD, - T, BERASKMOF T, FREE
REMFIZES 2450, (3311 AUTFAT BRI Potentiale 735 Hi s THEE
DA % B 5 [E B8 5t 45 F (Dirchlet type boundary condition) T %,

¥,
¥= 960 a ¢=0
!'{}2
4.4.5

BAERZp L LT, M3451053T X018 B3.11) ROV AT AHBRROFERKMENE 2
L& T 5,
Tbb
vy @ XFFREESR B Potential
vy @ XFFREESR B Potential
V3=, © [EEBESR S
ve=0 : [EEHE RS
Thod, ZOLIMT ML
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1
Y = 0
v, v, ¢ 0] (3.3.12)
L7 h ., RDDHARX Potential 1L vy, y, DAL D, - T, i< RE AT AHFEAUTR
KD X225,

1{( 2, (cote, +cotB)+4,(cotea, +cot B, ) —1, cota, — 4, cota,
2 —2, cota, — 4, cota, A, (cota, +coty, )+ 4, (cote, +coty,)

1 (2A0A, +0,A) oA, +0,A, Vi
12\ oA, +o,A, 2(0A, +o0,A,))\y,
:l Ao, +Ao, ‘e, A, cot B3, 40 Ay cot B3,
3\A,0,+A0, 2 )\ coty, 2 )\ coty,
1 a)aAa 1 a)aAa
+¢, | — +0| —
12 )\ o, A, 12 )\ w,A,

(3.3.12) KZ&2fEL Z £12 XL - T Potential, v, v, 23:RE D . /& Helmholtz D SFFE D fif
NFHILD,

(33.12)

B.3.7 Laplace D H 2RI
A ]
e=1./ PSE
2@.1mﬂ ;: =1 7
{1k 0[]

PR LN

X 3.3.5
BAREY7ep & LT, X 4.3.5 1S T (Al A RS R OFRER A 2 3R T 5,
3.3.5 T X i & k #lZIh - Top/on =0 DORIFREER LN STon 6| fif < R [
SEIIX R AR O L 72D, 2 OROIEHFEAL
V=0
ThHV., K336 7T L6 HOEMA FA-ABIIHEISNIZLET D,

- 7

(3.3.13)
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3.3.6

(e
S I
= <
T
S
T
< &

THEAbND,

VAT LRI

0 00 0 O

0

0

-1 0 0 -1 0
00 0 O
0 00 0 O

1

0 2

-1

0
0
0
0
0

0
0

-1

0 00 0 O

0

0 00 0 O

1

0 00

0

-1 0 0 -1

2 0

0 0 0 00 0 O

00 0 O

1
0 0 0 00 0 Of+
0 0 0 00 0 O

-1

-1 0

0

1

0 0 00O

0 0 0 00 0 O

0
0
0

-1
0
0

0
0

-1
0 000 O

2 000

0 00 0 O
0 00 0 O

0|+
0
0
0

1

-1 0 0 0
000 O
0 000 O

-1

1

0

¢

¢,

¢

¢,

¢

s

¢,

0 0 0 000 O

-1
0 0 0 0 00 O

-1 00

0 2 0

00 O

0 0 0 0 00 O
0 0 0 000 O

1

-1 0

0

1

-1 0 0 0O

0

+

0
-1
0
0
0
0

1

0 0 00 0 O

0 2 000

-1

0 0 00 0 O
0 0 00 0 O
0 0 00 0 O

0
0

0 0 0 1

-1
-1

000 O

0 0 0 00O
-1 -1

0

0 00

0 2

0 00O
1

1
0
0
0
0

-1
-1
0

0
0

0

0 0 0|+

0 00O
0 00O
0 00O

0

+| 0

[0 00000 0]

EXEN
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SY =U
4 0 -1 0 -1 -2 0 ¢ 0
0 8 22 0 2 21||¢, 0
-1 -2 3 0 0 0 O0]|¢ 0
% 0 2 0 2 0 0 0] 1|=0
-1 0 0 0 1 0 O0/]]é¢ 0
-2 -2 0 0 0 4 O0/|]|¢ 0
0 2 0 0 0 0 0)\g 0 (3.3.14)
&72%, (33.14) ACHEEF RS
¢, = ¢, = 100
ds=0¢=9¢,=0
ZRANLEET D &
2 0) (g 1 01(100 1 1 0 0 50
F3 4 e e e 1 )
I 1 0 1 1){o
(3.3.15)

(3.3.15) &LV =25, ¢,=50 2455, W~ 7T, (3.3.1.4) KD Potential X7 ~/L ¥ |
¥ =[25 50 100 100 0 0 0]

LD, O MANGLIEEERD S &
F(¢) Ly 6875[J/m]

2 (3.3.16)
LD, TOTFAX I 335 EBIRD 1,8 THLINEG, 8§f5LT
l(:(100— 0)° =8x6875[J/m]

2 (3.3.17)
ib\%yﬂv&yxic:mwmkﬁéo:@%ﬁ@%%ﬁims35@wwkﬂﬂﬁ’
BALNDLE R 2 F—IZF L, ZOE R FR/LF—|L Capacitance C IZE X HILDHT
POV, M, ;@;ﬁ@ﬁﬂﬁﬁﬁr \Z K D 7 Z & A Capacitance 13 C=10.2[F/m]

Th. HIREEEIZ LD Capacitance 1T RKE OO (ER) A2 5252 Enbnbd,
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3.3.8 Poisson D FEROHIRE

I<
_ - /
ng J 24)*{ 5 |A=0

MRS /

P8I

e—2M—>

%] 3.3.7
BARR B & LT, X 3.3.7 ISR T ARRRAE R I B S — 12040 L Tt VW 535
BOEER AT ET D, Bk & x ISR U CRIRBEREMED R Ston s, X 437
DEANDFEIR AN G R DKL & 72 D
Z ORI AL
Ry
M

(3.3.19)
LA, fBAL. A7 )L Potential D z RIS T 5,

33.8

[X] 3.3.8 |2/~ & O I BEER 2 B A 50 “ A b S h-bo 35, ok
. FETEERSMEDO N> TWRNY AT A 7RI

56



1/17/2009  Yoshifuru Saito

Ver1.2

Applied Electromagnetics

+ 0 + 0 + O

1
1

J’_

1
1

+ 0 +

1

J’_

1

0O + 0 + 0 +

2

2410 + 0 +

AZ

o oo oo o
T o o o —~ o
o oo o —~ o
T o =~ o —~ o
o oo o ~ o
N o T o T o
+
o oo o o o
T oo T a o
o oo~ T o
o oo oo o
o oo oo o
— o o o T o
L_l
o oo oo o
o oo oo o
o o o oo o
T T N o o o
o~ 7T o o o
— o 7T o o o
— | N

0
0

-1

0

00 0 O0 O

00 0 O0 O

0

0 0

0

00 0 0 O

1
-1

00 0 O

0 0

0

-1

F720%

=U
D TEL &

(3.3.20)

S n o mnm o m
S n S dSm
" 0 N ® N ®
a S A acec
S S oS o I
I
— o~ kngl <t Vel O
NN W W W -
oo T o T o
Too T
o oo —~ 7 o
YT oo 7
o —~ 7T o o o
+ o Yo o
— | N

L7 b, (3.3.20) AT HEEEE AL

:A6:O
AL THERET S &

A4:A 35

(33.21)

T

0

> 3}.{

0

1
2

0 O

M

0.2500
0.0833

0.2500

LA, (3321) XAEfEANT

57



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

A4, =0.35

A4, =0.62

A, =0.46

155, -7, (3.3.20) KOfiF~<7 bW IX

¥ =[035 062 046 0 0 of (3.3.22a)

LB, ZORREH S T ERDS L
F(A)= %‘I’TS‘P YU

= ~0.1271[J/m] (3.3.22b)

Lt ZONBEBOMIEILR DR T RLF—IZE LW D RO EE T R E fE
DYETHHZ LHEEL T,

8(F(A)}=%L12

=11(2x22f
2 (3.3.23)
L0

L =0.0318[H/ m]

BIFHND, ZOROEHRZ L DEGE IR A 47 2 ZADOfEIL L=0.0351[H/m] TdH 5 1>
5, ARBERIBEICEIDAE 7 XL AINEDO (FIR) 25252 ERnbnd,

3.3.9 LB H R OHIE
4] 4.3.7 OFATBRBEMERIC 2T TRO BT T & FIIN L 7=35E O BRI A 4 BRI
RIS LT BT 5, 2 OBE0RE R

lVXVXA-I-Ka—A:—KV(I)
U ot (3.3.24)

TH2bND, WE, ZIRITHETH 5755 Coulomb gaugel ] + A=0 BV 2 H, AT v/
REVINEE G 223

J=kE=k(-V¢)

EFuE, (3.3.24) R
lva_Ké’_A:_J

U ot (3.3.25)
EEREND, (3325) XA 338 ICHSWTHERLT 5L, v 2T o 5BRAUT (43.11)
W)

[S-TI¥Y=U
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¥
7l

HRT

1T51S &7 hrUlx (33200 &L

yy‘(‘\
o = — N

5

E

¢

A
2

DT

)
\O
N
A
on
N
o— o—
O _0_2
T oo T 7
—
(e S — S T s w0
! I TEA
i + o o 7 I
o T o o o -
S N O on O on
~ ~ 28R XRD
< IS 172 acoasag
_ o S oS o o
— |
I Il
n .

THEZBND, 1TAITIE (33.8) kv, 0=0.125 &£ LT

000 O0O0O

1

0

1

0 20
0000 O0O

0 20

1

000 O0O0O0

1

2 00

000 0O0O
000 0O0O

1
1

0

1

2

0 0 2
0 0

000 0O0O

+

1 0 00
1 0 00

2000

1

1

000 0O0O
000 0O0O

0 0O

1

6 0 2 1
0

1

1

6

1

2 0 2

o A2

120 0 0 0 0 O

000000
000000

0 020

1

1

0 00 00O

0

0 2

0

(3.3.27)

BIRDT 2T AR

L%, o T,
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(4 0 2 0 =2 0 6 1 2 1 2 0)](4) (02500
0o 1 -1 0 0 O 1 21 0 00 A4, 0.0833
11-2 -1 4 0 0 -1 +§ Al2 1 6 0 2 1 4, 0.2500
J— —K— . =
200 0 0 1 -1 0 ot 1211 0 0 2 1 0 A4, 0.0833
-2 0 0 -1 4 -1 2 0 2 1 6 1|4 0.2500

| 0 -1 0 -1 2 0 01 01 2_ A, 0.0833
EET D, BEREMIX
A, =4 =4,=0
ThHV ., BER=12/0.125, T7obb kA/12)=x« (0.125/12) =0.1 &THIF, fE &%
T LRI
2 ? _1 4) (6 .1 2 A4 (0.2500
0 = ——=1 +.1 2 1| =1 0.0833

2 2 4 ot 4

: 4) 2 1 .6 4, ) 10.2500
-1 — 2

2
EAl 8
CX+D£X:F

ot (3.3.29)

L7705, (3.3.29) KoM G M OBER L% % Eular % (Backlard Eular method) CHRERH/{LT

B L At Z A AE  (time stepwidth) & LT

AtCX(t + At) + D[X(t + At)— X(1)] = AtF

EAl 8
X(t+ At) =[D + AC] ' [DX(¢) + AtF)

FITT 5 LU TORENRFOND,

(3.3.30)
155, (33300 XKZ2HHME X (0) &2 FTX7 e L, BfAAEIt=[S]1E L CEtHE %

PLEoFER A (3.3.31) K& b3 UL, £ 10 B CE kgl

60

‘ | EEERERERE
BERA t(S]] 1 2 3 4 5 6 7 8 9 VE
At -1408|.2204(. 2692 (. 2999 |.3195]. 3320 |. 3400|. 3451 |. 3484 |. 35
SRS et Al ik —-
A2 019581 3447(. 4445 5089 |. 5508 (. 5775(.5946/.6055(.6125(. 61
e ‘r - —d _1 -
A3 .1696(.2745(.3409.3832|.4103 .4295l.4337 C4457(. 4503 1. 45

TELTWDZ &L,

(3.3.28)
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3.3.10 B F R OBk
s @ @ 5
X
1 2/
@ @ ®©
3.3.10

339

WEBIRD TR LR W ZEH TR AT O Wi IR % F D8 2 BARR 2231561 & L TH
D EF5,

339 [ RTIEPRE TV T, RN B RHRET O A & RIEREE & T HuUT Lv, £z,
B E DS z- 5T, BAS x- y ORI W, 37805 TMmode 25 2 5, Z D6 O3
FHreAux

Py
VIE ~ 7 E=0 (33.31)
THEZONDEMNG, z- FMOEHEERZp L LT, EHREIX

E = E(x,y)exp[j(ot — )] (3.4.53)
LESNSD, 2%, 2= (1Y f. LT (3453) Xz (3331 RUSRALT

VZE+ (0’ e, —BHE=0

EAl
VE+k’E =0 (3.3.54)
155, €T,

ﬁ = Va)zluogo _kcz

(3.3.55)
L=0->w=k, /1/%50 :Cut — off angular frequency

B<0->w<k,/JueE, E=E(xy)expljor— ]

DORRESGS, Loz &b, ZORMEIL (44.54) XOE A (Bigen value) ke %K

HEE 705 Z E0MiR D, 3310 O=AFEZHANTREDL AT LA HBEXEZEL L=
a’8 & LTC,
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2 -1 -1 0 0 O 411200 E,

-1 4 0 -2 0 -1 1 6 0 2 2 1 E,
1 -1 0 2 -1 0 O —sz 1 02100 ' E, o
210 -2 -1 4 -1 O “12/2 21 6 1 0 E,

o 0 o0 -1 2 -1 0 201 41 E;

0 -1 0 0 -1 2 01 0 01 2 E;

- - (3.3.56)
ERD, EEEITESEETHE TS LIRESND, D), EIEORR T, B
IFETH D, HoT, BEREMIE

E,=E,=E,=E =0

Thb, ZOBEREKMEE (43.56) RICRATHIE, k (A/12) =k a%/96=A, & LT

L L

sl Ja)-e
L 121 6)|\E,
L2

N
BINRIEERE
pe)| 1, 5 E,

2 (4.3.57)

L EAEERD B &
0.2826-A1 —0.2174
‘ 0.1304 03696——1‘:
ThodMD
2*—0.65221+0.0761=0  £9WA=05 1=0.152
2155, LoT, BHEOEAFEIZ
k. =~9A/a =6.928/a,3.822/a (3.3.58)
L h, INHOBEAEICKT L FRENDOE— RiL., (4.4.57) RicFhFnoBEAE, A
ZRAL, BEARY bLERDDHZLETHOND,
SEMT AR & 5 8 72 TMnm & — R O EAE X,

k, = \/(nﬁ/Za)2 +(mr /a)

THEZ O, R/NEAMEIT TM), BE— RTH LD

k, = (71'/61)1/(1/2)2 +1°

=3.512/a
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B.3.11 BHEBEIC & 2BIEROARERM

<a>BAEIRRIE 7 ¢ DX VETREOS K LA TR BRI TRE S D BIEREITED., %
<OTEF, BEROREMy HREAXCRE S5 REOHHT IR IEH SN TW\WD, HRE
FEL, TOREWLRMEE L LT, SERFEVPHMICHE SN T-Wbw 2 AT O 7 ¢
— IV REEZREE LTWD, 207D, 74—/ BRI RIZ E T2 5 Bk
BICEZEE A TE 2V, L%, B ROFEMS TR TREINO2MEOLITZD L)
IR A D DT R T 5, FRICEROBI A 2 RS & 2T Tk, Zhivd
RPNBHRERZ AT HMEL RS Z IR T 5, 202 &b ARERELZFERFEIC
JOET 2RAB RSN TWDONRBURTH L, —J7, FHERMEZ & T 2R RERE
DIREB SN, BERBEFRIETHEROERMBZHND 20, R fafns & OmVIERE
WE2ETHBAROMBIITEFEEHATE R, 202 &b, FEFRIEREICEH fTRE7e
A RRELFR L & BRI R ] TR R R B RIEZ S Lo A 7 ) » RIEERRREINT
WD, LNL2RS, WTINOFETHBEBEBMEOFIRERZMAZG D7D, 22720
DI T T I T A LR A TS,

AFTIE, BREBIEZ LR LI PHEBIEIC Lo TR A AsRIcE Xz, 20
PASEI MR I A BRE SR IE A A T 5 HiEE IR~ 5, $ERkOBFEIRFEIZR L CHIREFREE
EHLIET 5 HHEDS L RO TEIG THh > 72Dkt L, M ESIEIMEEO~2 hL >
AV RWSEIEE T Ay & ST A B D 2 EICE B L, 45 % O JF RSy % (85T
R, BEMFERSUEABEREBQIECL > TRETHZ LIk VR 5, FBLIZIER
DIFEE R D HETH D, AR TIE. BERAROMEOF T, BERORENER R T
FRIZBHE CTH D720, F& U THARIZET 2 BHEER IS 2 B gk 2 /P4 %,
<b>M kAR L

(a) B HEf m M)A Em&ES A —¥—m ()R {EmE A # — Y +m

3.3.11

[—%TRIE] —KocRIBETIX, 7« — v R —HF AN Loy L7z [BIEE 5 [k
YIRS O &6 B v—J7 LOMFIE L7, fiE- T, koo ko & -
WZHRRDN, ZOTNTY ZAALFTESTEKFELTH D, M 3311 (a) TRT & DI s
mAHoHELLI, ZOR, B HITERESICETENDZ EIFHLNTHY H=-11U
TR ERTADT—HRT X/l UL 3311 (@) FUIRT O E D, S TRBLfT m
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WXL T—m DA A=Vl x=2L ORI ETHE, AADT—FKR7r v UL, K
33.11 (b) IR TLOIC, x=LDOERETEERD, o5 T, A A—VBi-m ZHETHZ &
T, BASESRRIEIX, x=L 0)'5%3:{);2 B & T UL, T ORAEEER CHRE RS NRE S,
PAREIGRIEE & 72 %, RIS, B m &R U A A — BT m &2 x=2L O SIZAEET UL, K
3.3.11 (¢) IZRT X912, x=L ORI CRFRERSMENRE S, OB IX
PAREIIEIC IR 5, K3.3.11 (b) & (c) ORT I v /LOFEEEK 3.3.11 (a) DRT
VA NgAiE BT A T EE LA A=V OB -m Em B AW B LAY Z &
MHEWGINTHD, WEL K33.11 (b) DA A—VRMIZ L - T x=L O THEERSEM:
AERELTHELNEY AT LA HBRRAERR LT 5,

GX =K (3.3.59)

TIT CoIEREATEL X, 3 EEEROMAS B, S HICF IR m 12 LD AT
7 MVTHD, F2K 3311 (¢) DA A— VB & - T, x=L O CTRIEE RS2 5%
ELBERIE LT By 27 A hBRE R LT 2,

Cll C12 ‘les N F;
Gy Gyl X, [0 (3.3.60)

T TCplE (3.3.59) A& A CHEBIROMREATHI, Cp (=Cs.) 1E x=L O mOfARER
LN 2R SR Copld x=L ROREER EORT v VOZRETHY 512, X
& X I ZENE N FREETFE~ 7 bV T, WEOfEN 7 bV EARFEEER EORT v % LT

%, (33.59), (33.60) XA FLdTHELL
C, G of |x| |E

s

G,y G, 0]x[X, (=10
0 0 G| |X F (3.3.61)

2s

z s

L n, T, PRHZBIEOR~RT it (3.3.60) & (3.3.61) KDfiE~7 ~LdIFH)
THHIND,

N

x') |2 | 2| x
er =0 5 0 |+ X,
X 1o o 1|\ X

(3.3.62)
EIF L, 22T, T4 DW= T RIS E DR 7 SV ERT, (3.3.52)
iﬁ?ﬁ)% WRDERFATHIC 215H T LN TE A,

2 0 -1
cC=(0 2 O
0 0 1 (3.3.63)
Z OFEATHI C TR DR Z it e %,
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X, X
‘XYZ‘Y = XZ,
X X,
(3.3.64)
(3.4.63) ROBEHATINIC L > T, (3.3.61) RFKDOLHIIEHBEIND,
¢, G, o] ]]X F,
c'lc, ¢, ol|cx,|=c'lo
0 0 C, X, 0
(3.3.65a)
i,
2C11 2C12 _Cll ‘Xl’ F;
2C, 2C, -C,|x|x,=]0
-C. -C, C X 0
11 12 11 z (3.3.65b)
(3.3.55b) T, X,=X"+C 'CuX, THhHMNE, (3.3.55b) HiZ
G Cy Xll _‘F;
c, 2C,-C," Clx'l |o
21 2~ L H|IX, (3.3.66)

EHEL T ENTED, (33.66) R MIHAARIEIZ L D RICOFREN R D AT LR
XTHD, oo, =B TIE, (3.3.66) XDORH Cloe Csy, Co BENEIVNMTSI &
20 ABEBER EORT Uy VXY ML ERDIET T, VAT AHFERROBITE -
Te<EUC&ER%D, LnL, ZZTHRY RiF72K 3311 (a) OFITIE, WHRHZRODH AT
T—IRT vy U OFEEENPRE > TORN I EICER LT E e bwn, /Eo T,
T FETH 3.3.11 (a) DA x=0 DRT Uy Llx bz & (3.4.54) XOfiix
==\ RES LD, BIRD Rt/ =Rt K Ol PR E ik, RIEZEM O 7 4 —v
RIRORINE L R DT, BRT VY VOMNEBELEFEETLZ LN CEREa=—Y
IZIRETE D,

[/ =®ahE] X 33.12 () IR T L9, AIRERIECTHERYL LTS b AT:
HOEWRI ZEZ D, ZOBEIIIK LT, FAED DR d ONEIC- (d2) i DA A—VE
EBEST D L3312 () (R T X OICER I 20 Tl B LT, X7 hART v
YA IFFELRD, EoT, ZOMEKET, PRITMOMEEE IX0A/t=0 THHT=D
Fepd, Lo TEWRI A AT a OB ECHEEREHEZRET HZ LT, BAH
W7 4 — v RO AR 2RO D Z LN TED, MEZERFOMOBRICKT L TH,
JFaio & EadM,/ /ERIBESE RN B L 72 D K 9104 A —VEREZEETIUINM L
TR L CH RS & KT MRT Y VERDD ZENTE D, T3,
P CHN DX, K OEERERE L TCOEMITIEL D00, B FOIMI
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WZH DA A—VEMOBMEGFEIZ SR TIT R 5720,
Lo T,

q q
(d /a)i =ay (d /a’)i
Z;p g Z;p g (3.3.67a)

q
=a) (1/r)i =0
,;( 2 (3.3.67b)

WAL SET 72T B0, 2 2°C, qIEEBIROBEER L, d, 131, OEFICKT 51 A
—VEIMOME, S DI 1, (TFA o 1 OEN i, £ TOHMAZET, (3.3.57b) ROFMIE,
JFul o TRY MVKRT Uy v /v ARFELRD I EERT, WRICBRIRE LT, Bt i oK
DY m 213312 (b) IZRTRIICERD, O m s LT, FANGHREd
DALEIZ- (d2) m DA A — VR 2 f8ET 2 &1 3.3.12 (b) TR & 5 IZHAT m 21D
FHFeH, BRET, AW T—RT v IFEER D, (o T, ¥ a Ol ERIAEEE R |
T, B MOBFIIOU,0t=0 Th DT, FLed, ZOM /BRRGUREEFUIR D55 4
HEU=0%X7 NVRT ¥y L TRT LA on=0 OB RASZMITHIET D, Lo T,
Bt 1 A B PT PR a OB BIZB W TR 25 ET 5 2 & T, Bk T «+—
v ROFHT MR E2 RO D Z L NTE D,

A =0

i

Voo
-d

d
f'l

(a) EEARIKTERD LA A - (b) REAEKDERDEA £ =¥
3.3.12

ZRot/ =R O A A= Rt ZIROCTOREEE T —/V F& R 5 FlaE %
B3 TOE27%,

- [REXTPR2E [ 2 A IR EL SR 1 CREBL T 5,

c BB,

7= (3.3.68)
LT DM ERD D,

- (3.3.68) RA&TET HHEIAAFAE LT, MEEEMZERY AT EROM BKEaH <,
CJFERODONRY MVRT VX b A=0 ERE L, DI a O ERIRDFEEE R T A=
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0 DEFERGUHEZHREL THOND VAT AFBRAEMEL & B kS 2 e 3 5 i~
7 MVIRKRE B,

CJRRDONT MVRT v bE A=0 ERREL, S HICHE a O ERIROBRAREESR T
OA/On=0 DOXMFERFUEERE L THOND VAT AHREREMS & BT HRSY % i
BT BT AR RKRED,

- (BRI y & FEEOT 0RO % e 3~ D RS2 NV OSEEIEA . BRFEIR 7 ¢ — L R &
BT LR ML L TRObND, BERMZREET L ITY XA ET—RooMEE £-572<
FALCTHY., FEAOL AT LR L 33.68) XEFo<FAUEE D, WHTEKIC
Btk 2 E A%, (3.3.68) RALD 11T 1 FID/IMTH] CylZBEMHEAR DOBRER &2 8T
AN

MHHEEOEER (W EEOBRK I L0 A — VBARUEAFEER
3.3.12

(BB =R TTRIRE] X7 A —& &0 £ [ESR v, I Z HmeTs (v,
z) OMHBHEERICBWT, ARERETHRIL L T BN D8R i 25[EG MmO
TWbHELEY, K33.12 (a) IR T LI, [EEDENL EEDA A —VERAEBZD
LW i ABY A CHBEG RO MVRT vV AEEERD, T
bbb, W FREEIC BT 2R ORI 33.12 (b) [RTEHIHEAE LS, M
RBR L3S T, AL b/a OMAEIC X > TEROBR AR D, 7o T, Rz T
TRTCOEMICK L THRBEE D2 =— 7 REALLZRE L2 TIE R0, ST, K
33.12 (b) @ rz FH T, ZHERERDAMCH L THEE 22 50 ba 23R L THD &
b/al11.81.4 L 72 5T JRRIC K DWAL DRSS SR T /X7 A —4 L UTRBEFAREN 235 5
NTWD, FEREOKBEFRENL, Btk m=b/a &I

1 m’ 1
Nr_{[2(m21)]}[\/mzlcos (1/m)-1

N, =1-2N, (3.3.69b)
ThHZb65, 22T, No & NJATZENEILEEE £ LG OB R CTh 5, BiEER
Tz Lotk m11.81.4 2 (3.3.69a), (3.3.69b) UITARALTHD &, N,=0.5. N,=0.25

(3.3.69a)
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LD, ZHUXZEA M E r R TTRALD RS SR 3.1 IR TWAH I L2 EW®T 5, 2
X, Zgh & rEh ORI OHMN 3.1 THHZ L ERLTWD, Lo T, @ikt =kt
MiEEIE, X 3.3.12 (b) Ok

b/al11.81.4 (3.3.70)
&7 D REZE M O REW A B FTeAE M OB R 23 . Z OMIBEICEE R & xt
ARG EHRE L THEOND (33.66) XEF—DEOY AT AHEREZMLS Z LI
HTEERD,

[(BIRE] AT, BEERIICIT—%oo, koo, =kJt, & BIZHied PR =Rtz Tk
RN, SR CH D Z &b BARMFIRE L LT, kot & il FR =k oclE 2 B
rFrz Lt d5,

B
.................... 1.8 (TIT

’J

H
J=1000[Am2] 3m 4m Sm 0 7000 (A m]
(a)Blfafny 72 +F L OBERS T (bYET BRI L 2o 860 o fafnds it

3.3.13

X 3.3.13 (a) ([Z=HERLZROREFIY 77 Ao ORISR 2 515 L7l 2 7R,
F72, 3313 (b) ([CHEICERA Lzghbofafigitt2r9, XK33.1.3 (@) T, f@go—
EMZHAND T OEBRERORE 3HEALZ GHRE LR ERLTHLIN, ZbD
RIS ICHE SISO b L FIREALEHR > TS, Lo T, WHEGIEITHA
fFN 2 & T IEIE 2R BRI R RE S L C b — B % 525 Z E MR D,

B4 33.14 12, T IHGER-OMEBERIC, i A Lo BRI U CHREEIERIC
BAGT DRESR DN o Te 56 OB RBER 2R3, 7o, ZOEMRGED Y AT A
FRERIERO L HicEkEnsd,

G, 2C,-G,C Gy (X, ) 0 0)dr(X, 0 (3.3.71)
ZIT. D EEOHEIERT 5115 Th 5, [K33.14 OFFIT (3371 K
Cod
CX,+D—X, =F,
ar (3.3.72a)
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G =G -G, [2C22 - C21C11_1C12 le (3.3.72b)

, _ -1 .
X, :_[2022 _C21C111C12] GiX (3.3.72¢)

EE L. (4.3.72a) KOREHE 7R OB % 1% )7 2515 T1T o7, B 3.3.15 [Z8 RO
B MEZRT, 6T, M 3316 (2, HEREELD . 1 FTEICY—FaA Lazsn
TG ERE L RO EZ T, K 3.3.14-33.16 205, AOFAQIEITBI 23R 12% L
THLWREREG 252 R bnD,

z

T3 &M
a4 m
15c 19cA
(b) BERAt=0.5[ms] (c) BEft=5.0[ns]

(a) @hxiFr@EAIRIE O A
40 AEFE 16. 1[en]
H#E 14, 2[en] | /7 __
gg 12 [en] “7’=
1100 [Turn] |"[{"ﬁ\\
7o HE HEE 6lcn) AW
& & 12[en]
WEE 1.5%x10 [s/nm] (d) BER9t=50.0(ms] (e) Tl
X FRBIRO R B BEHEM. o4 VB CERME) i =1[A]

[X13.3.14
Hax. -0.0284(A] Hin.-0.668(A)  Max.-0.593[A] Hin.-5.927(A)  Hax.-0.0108(A} Hin.-0.109(A]
(a) FFfHt=0. 5 [ms] (b) B§fdlt=5. 0[ms] (c)B5fft=50. 0[ms]
BEd ORBRSTH
X 3.3.15
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REQEY (mV]

a0
0 (8 4 |
cm = SR
o E 55Turn
Icn ta g1 55Turn
Icm F S5Turn
o 1ﬁﬁt[;3j 1 a
(a) & FoH—Fa4 0 FoH—Fa4n
fiffloy—F a4 0 FH—F3 40
(b) EER{ & T HIG O L&
H—F A NEFE - EREELGTHEDBE

%4 3.3.16
VLb, AIRERIETHEN 2 A 2ERA LM 5 51k & LTAEGIEE /I LT,
PAEE RN AL T E R OBSCR 2 0 BT G BIEO MR 2Bl L7y, 2 ORI
RT U VaERT NVRT UV Y VDD AN T —RT VX VICERTHZ L TEOE
FERICKH LT LD Z & & MFE L THL,
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3.4 BRESHRIE

B.4.1 Laplace & Poisson D5
Laplace & Poisson O HFERDEWIFERNIERIR FRANTH D, Z 2 TiE, FERKT
& % RAD Poisson DFHFEAIZSONTE XD,
AV = —
;@jﬁ}fi W LTy IROBREDREAZE R D,
WIS FEL - AV 9 = —o DFFRIZIRD Complementary functional

———j[ (2V9) —25&}3

EERRNICTHZETH L, ( ) ITHEE (prescribed value) % 7R,
VW& Poisson O FEFDITEE %

Y =¢ +8V}
V=¢+ev (3.4.1)
& LT, Complementary functional G((b,a)/\ﬁlﬁ"é &
1 _
:—5 { AV ¢+8V} —2(¢ +8v)0}ds
2
= —Ei[z(lvwz —256}0’5 —8_![},V¢-Vv—va]ds —%!ﬂ,(Vv)z ds
2
:G(¢,¢T)—8“1V¢-Vv—va]ds—%jﬂ,(Vv)z ds
s s (3.4.3)
155, (343) ROH—EHERDD L
G -G(9,
5G—lim{[ (¢ )J}
&0 e
=—J‘[J,V¢-Vv—va]ds
S
=0 (3.4.3)
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G(s+ev $+ev)
3G=01— — —
34.1

1/17/2009  Yoshifuru Saito

Gy, )i s IS LT RBIBTHY . & DRIIIFICATHH0 5, 3G=0 ORREIX
Complementary functional G(y,y )D& KIEZERT 5, (3.4.3) % Green DEHZ AT

BT % &,

o
.S[/IVq’)'Vvds = —!vV2¢ds +£vé’—i'd1

ThHoHMNH,

—![1V¢-Vv—va]ds = !v[lV2¢+G]ds—£vl%.dl

=0

(3.4.4)

Mg BB, 6> T, Complementary functional G(w,y D44y §G=0 ZH Y . H KM

wRDHDH LI
Iv[lV2¢+G]ds =0

S

jm@-aﬂ:o
v on

AER L.
AWV =—c

@ _,
on
DEM% [RIFRF I 2T 5,

B.43 BEBCH R & B H R

JERCOTREA & BB TR D E VTR O — PSR 0 D Nc D 5, ZDTzH, 2

X, RO IEFFE Helmholtz © TR A2 % % 5,
AWVh+0p =—-0

72

(3.4.5)

(3.4.6)

(y
A



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

WIS ERL © AV ) + o = —0o DFFRIZIRD Complementary functional
G(¢.9)=- { (AV) —wp’ 2¢0}ds

ERRKIZTHZETHD, ()ITHEM (prescribed value) Z7~79,
VWE . Helmholtz O X OIT LI 5
=9+ 81

=¢+ev

(3.4.7)

& LT, Complementary functional G((b,a)/\ﬁlﬁ‘é &

Gly,)= —(1/2){ {1 V(g +en)f —0@ + o) -2(F+ gv)o}rs
= —(1/2){ [(1 | D)(AVYY —wd’ —2¢0 Hs— 8.[[1V¢-Vv—a)av—vays
=~ 12 p(v) - ks
= G(¢,$)—Sg { [AVe- Vv - ogy - vo lis - (& /2){ [A(VV)2 — oV ]v’s

(3.4.8)
135, (3.48) ROE—LEnERDL L,

5G = lim {G(w,a)— G(p.9)) g}

=_ ngb-Vv—a)ng—va s
I J

= [v[AV¢ + g + o lis— [vA(@p / an)- a1
s c
_0 (3.4.9)
PFELND,
it > T, Complementary functional G(w,y )DH—44y §G=0 I%

IV[AV2¢+ a)$+ 0"]1 =0

s (3.4.10)

[va(ap ! on)-d1 =
c (3.4.11)

ZEWL, 34.8) ROLLEIHED & DIFENETHHIRY . = OME §G=0 I35 KfH%
LB L E—ET D, 332 T2 K DT & DIRBUTFEBRDO BRI E D K4y TIED R
FED, T, o IZRIEZEM P ORE DALEIZIS 1T D Potential DfEZ R L., 57 (3.4.10)
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F2W7D)
AV3¢ +a)¢7+0 =0
1Ll 7R T d D Helmholtz D X E R UK TH 5,

|3.4.4 Energy functional|
<a>Laplace & Poisson D FRERX #EROHEZEZ 25 L

¢ : Scalar potential

WXHGT 5000, B AR
V-eVp=—p

LD, ZOLEOERLEREEIT
E=-V¢
D=c¢cE

=—eV¢
THD, Wo TZDOHADNEKG (9)

G((b,q;) = —%.ﬂéDz —2(170}15

1/17/2009  Yoshifuru Saito

720 O MNZEFES Energy & 725, 2 2 C, ##% @ Functional (Z #1% Primal Functional

EIES,) Flo) T 5 &

F(¢) =%I[8E2 —2¢p]ds

N

Thb, F(p) &G(h @)t 5L, =HRAF—DAMAOHHBH E Ao TND 2 &

VN S
e~ T,

T ARNVX—F/NR :F (¢) % Primal &

TR F— KR G((b,a)% Complementary 5%

&34, Primal 2 CTO = (/L ¥ —DOFEFE L Complementary 52 T D = R /L X — D HIZ ks

THZLERD,
SR OBZE 2% &

@ : Vector potentil D—F%47 A,
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Witk (l/u)
JED RSy

D BREER D
czﬂéﬁ%

Lxtint b, 2ok xDRE SRR
1

—V?4 =—J,
u
ThO, MREELHEM I i & jxentivx &y FMOBMY fré LT
B=VxA,
5A 04,
é’y ox )
H:lB
u
104, . 104,
Twoy wox!

THZLND, & OITHAERE L AT L5 Energy I

le-Bds=lji PR N T P
25 s M

2 | Oy ox oy ox
2 2
=lji (é’Azj J{ﬁAzj "
2Su_ oy ox
2
=1ji(v,42)ds
251

L%, - T. ZDOHH O Complementary functional G(Az, Zz)!i

G(4.,4.)= %!{;{%VAZT 2A_ZJz}ds

= —lj.,quds "‘IA_szdS
2 s (3.4.13.)

EET S, (3.4.13) KT L NICEREN RO Energy K LT 5, ZOHA O Primal

functional ZFHic 7 5 &,
el ,
F(A )=—|—B'ds—|A4J.ds
4) 2!# !

T %, Primal functional F (A,) & Complementary functional G(AZ, A_Z)@%IE ZHERT D L
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TARNF =D AT OENZT TR AL F—2RKBT 2126, Primal & CIIEEHR
i E B, Complementary &2 TIIER H TRINTRITIIT R RN ERDN5,
<b>HEE TR & BN FFER. Quasi-static 72N R A2 B 2D, K/3NT7 A—H X
¢ : Vector potentil D—F%47 A,
A BB OWEL (1/w)
o : BIEED—47 ]
o HERLEEHO—FEMS S« (0/1)
ZENENIST 5, o, ETREAIT
1 0

—V A kL4 =1,
u ot

Thbd, ZDOHHD Complementary functional G(AZ, A_Z)&:t

2
G(4 ,Z):—l wl 1va | vl d —2a as
z z 2S ‘Ll 4 ﬁt z z z

= MTum g -4 —2 - Jas
2S

(3.4.14)
b, ZTZT, IWEWEE (Eddy current density) %
A
J, =i
ot
EL TV, (34.14) AT, FHIFRIIEA DN IR =RV F—, 8 HITMERIZ

Lok N F— £ L TREDHIIAT =R X—IZHIET 5,
WP E FFE DB & LT, Scalar potential ¢ T3 415 Dynamic 72255 2 5, Z D
BT A =2

: Scalaf potential
bR €

s opet (890)

o : BMEE p

e > 6

WZENERRHS L, BRI
, 0°

a A2
L7 %, ZAUE Scalar potentialp THE I N7-HEN A THY . Z o HFBEAUTHHET S

V¢ — e ==p

Complementary functional G(¢, 5)!3:
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——l 15V¢ + 826—2¢_2—2$p ds
25 ¢ # or*

2
__ ! {1 D] + ug’ 2 9 —¢° —2¢7p}ds
2¢ & or’

(3.4.15)
b, o T, AUEHE-HITRICEZODNLOIER T RVX— 5 _HITKE TERET 5

TRNAX— ZLTEREDHIIAN TRV —ZENETNRIET D,
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Loyt

[1]Laplace ® 202 %45 Complementary functional % X 72 I\,

[2]Laplace ® 2T %}§~ 5 Complementary functional % fx KIZT 5 Z & TEMi 5 BfR &k
NIREY,

[BIATIDEES R TR E B 5RO #2200 Complementary functional % & X 72 ),

(4195 2T %d 5 Complementary functional % e KICT 25 2 & TEMN LD AR A IR~
S,

[S1IRIRTE O P Eh 52U %9 % Complementary functional % 2 X 72 X1,

(6138 52U %Hd 5 Complementary functional % fiz KIZT 25 Z & TENMN L AR A IR~
S,

[71EFR 72 R 112%™ % Complementary functional 2% & D K 9 72D = R /L —( %9 5
MBI SN,

[81EFHY 72 BB RIZXIT % Complementary functional 2% & D K 9 72D = R /L —(Zx T 5
MBI SN,

[9]Quasi- static 72 FE AR D Complementary functional 23 =R /LF—|ZxfGTH 2 & 2R LR
S,

[10]Primal 5% & Complementary functional & fEIZ 31T 5 =R/ ¥ —D A I BHR &2 iR~ 7e X
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3.5 Voronoi — Delaunay D BE#Ei%

B.5.1 Voronoi- Delaunay %X

3.5.1

35T LD, ZEMICHIA - NE2 bz &, FEMAHAICHVIES &, &
Him - 2 LS ATEREREND, ZOZMAE% Voronoi DEAJE & FE5, Voronoi M
AT OFDIC B CEHIR - ZRSEZATBORA v v a MR SN D, 204
J& % Delaunay @ =% & FES, Voronoi 2 Di01% Delaunay = D0 D HH. 2557
L 72 v | Voronoi DZMATEDOTH AT Delaunay O =D IMMIALET D, > T, Delaunay
D ZATE DI L% FES Z L2 &> T Voronoi DZATENIERK S5, Ziuid— 3 E U,
ftt 5 & B ERJISTRIR DN RIE S 40 5 /i FHI B (Geometrical duality) % Voronoi D24 i
& Delaunay O —AENFF->TWAH I EEEKRL TV 5D,

VWE .| Voronoi D MATE O " TH & Delaunay O = A0 “TARN G772 51X 3.5.1 OFHES
DN E—HMOEHRZ L L TEX DL ETEL ZOMIEOFLEFRE T D RPTEAE
TR S 41D, Voronoi — Delaunay #RIXIZ 31T 5 Z OJFETEAM:ZF]H L T, Voronoi
F1Z Complementary 2, Delaunay & (2 Primal 52 D285 R A6 F U TRy 7 RE U i <
71573 Voronoi- Delaunay OBf#{LiETH 5,

B.5.2 JIPTEAEIEH (Locally orthogonal coordinate system) |

4 3.5.2 DJFFTEAERRR T, i 1,2,3.4 (2% LT, ROMMBE%
v =e+f +gy+hxy (3.5.1)
EREL, FEEEORT XV v, v, Vs, Y & T 0UE
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¥V
v,
Vs
Yy

1

C

0

0.

0
0

> 00 - o
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(3.5.2)

MRV AL, Ll (352) AL, BITHOITHKOMEIIFETH L2056, (3.51) Ko
F e figh T —EMICEART ULy, v, Y, Yy CRT I ERTEARN, ZiUX, y-iil
J51i (Delaunay %) & x-fili /i) (Voronoi %) T ALE ISRl M RIS & (e L 78 1 X

RN EEEWT S,

.5.3. PuiEREH

WELX3.52 T il a & b TR STEPEED/NT A —5 hyy Ay, 0, 0 & 51T Source density
Can O, LA LD E L, Delaunay & (2% LTI Primal functional F (@), Voronoi 52 1Z%} LT

I% Complementary functional G(¢, 5)75: WHT 2 b0 L3R, FERKRD Helmholtz 0 52K

AWVh+0p =—-0
IZ%kE4 5 4D Functional 1X

F(9) :Ej[z(w))z - ¢’ ~20¢ |ds

G(¢.9)

N

—% | {%[M]Z —w¢’-20¢ }ds
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THZBIDME, £ % O Functional DALH—HICHER T2 &
Primal functional F () Ti%
T : ik a, b THl

Tho, 7,

Complementary functional T/l
Mo : fHi a, b THiE

ERBRITNITR G720,

<a>Primal (Delaunay) ROMMEEE VW, X352 OFim 1, 2 M THROAHMBEK

v =e+t], (3.5.3)
EIGETDE, Himl, 2ORT U X B gy, ¢, THDHIE

w| 1 a/2|’ |e

v, :‘1 —al2 'LJ (3.5.4)
WELY SO, fiEo T, (3.5.3) i

-1

v=[l f](;}[l f]i %af C/;j

2
2
:ZWiai
- (3.5.5)
THEzbNhb, 22T, a, kX TEz NS,
a1:l+1
2 a
1y
a, =——=—
> 2 a

(3.5.5) ORISR 1,2 23588k a, b OBEFUCALE T 2720, WA Oy 2346w
L 720 | Primal RO ATET D,
<b>Complementary (Voronoi)z DfHIBE &, X 3.52 T, x-fili & y- iDL 0 ORT
YU VE g ETAUR, i 3D A0 F OBk A
Vo, |

=y, +| —2 |x
Va=¥o b (3.5.6)

L. ZEO0MDEIS 4 CTCOMBIEEE

AR
=y, +| H—|x
Ve =¥o c (3.5.7)

ET 5, x-HihE y- BHOZ A 0 T ADy 238f K a, b THul & 72 5720121

Wy Vo
ox Ox
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ThHHING,
AH[WO_V/3:|:%|:‘//4_V/0:|
b c
155, (o T, REDKRT v )by, 1&
}“a )“b
SVt
Vo = b <
A My
b ¢

ThHzbh5, (4.59) K& FHWT, Voronoi >& D B

4
Bk a IR LTy = Y v,

i=3

A A ox
_b b
“ A
7+7

b c
Ay Ay x
_cC c b
“T A
7+7

b c

Ao _Ha X
_b c¢b
ST A
7+7
b ¢
A, A, x
b b
7+7
b ¢

L s,

B.54 BFT AT AHFER(Local system equations)

1/17/2009  Yoshifuru Saito

(3.5.8)

(3.5.9)

(3.5.10)

(3.5.11)

<a>RAr—WItikiE (Locally one dimensional method) Voronoi-Delaunay Bf#t{b% Tl [Fl—
RTREAEIEZ % LT, Voronoi & DA BIEIE x- 7 MK DA TH Y | )7 Delaunay & O 4 i
BIEUX y- TR DA TH D, ZO7H, XEHRENS x-p0 & y-IC B CE % LK

ET D, T72bb,

82



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

2 2
/”té’ 425+/”té’ ¢25+a)1//=—6
ox oy (3.5.12)
o’
AotV =° (3.5.13a)
2
/”ta—q§+la)l// =—la
2yt 2 2 (3.5.13b)

ZOXDIT, x- Fak y- T ERPTEER THolE L T TiEE /T —kooikis
(Locally one dimensional method) & FE55,
<b>Primal system equation [P/ % C—Roofk L7z 3k 530 (3.5.13a) HidZxtd 5

Functional I3

F(¢)=§J{ gf w¢ ¢6}' (3.5.14)

N

ThHZH6TW5a, (3.5.14) D Primal functional (Z%}3 % Delaunay 2 DO i BI% (3.5.5)
K#&(3.5.14) KU FRRA L, ¥ 3.52 OFRHREBICOWTRES L, S/MEEZRD D & kDT A
T LR ESD,

[S,-T, o, =U, (3.5.15)

2, 1 -1
SD{z }(—1 1]

1 75
TDza[a)aAa+a)bAb](5 7}
(I)D:[¢1 ¢2]T
UD:%[Aaaa+A,,ab][1 1]’
A =95 A -4

2 2

<c>Complemetary system equation JRFTJRERRE R T koo b L7- 3 G (3.5.13b) i
%4 % Complementary functional /%

G(WE):_%H%P%} —%Jz—aa}ds (3.5.16)

ThHz b b, (3.5.16) XD Complementary functional (2%} 3% Voronoi 52 DA% (3.5.10) ,
(3.5.11) XAEMRAL, K352 ORFTICOWTRISD L, BAEZ KDDL RO AT A
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HRX x5,
[S, - T, Jo, = U, (3.5.17)
1 1 -1

= 1 (—1 1 j

——cota, +———cota,

22, "

(waAa 0 J
T, =

0 wA,
T

CDU =[¢3 ¢4]
U, =[A0,+A,0, ][0 1]
A= 5 =%

2 2 (3.5.18)
B.5.5 &N AT AHER]

<a>Primal System 353 NIRRT HEIA 123K T DV AT AHBERE2E L2525,
INT A =L

“fA%a: A, o

a a’
=#Ab: 4, 0, o,
“fAfc: A, o, O

c c c

TR a:A, =A, +A,+ A, DA =A,+AL+AL A =ALFA,+ A,

(o)

L%,

353

His 1, 2MTIX
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}“a }“b )“a )“b
—~cota, +—-cota, - cota, +—>cota,
2 2 2 2

)“a }“b )“a )“b
—| —=-cota, +—cota, —~cota, +—cota,
2 2 2 2

L|:7(a)aAa2 +w,Ay) S(@,A, +wab1)ﬂ |:l//1 } 1 |:Aa26a + Ablab:|

_24 Sw,A, +w,A,) T(@,A, +o,A,) v, 2| A0, +A,0,
(3.5.19)
DD SEE, #1388 T
A A A A
—“Zcot S +—-cot —|—2%cotf +—-cot
2 ﬂa 2 ﬁC [ 2 ﬂa 2 ﬂc}
A A A A
—| —2%cotf +—cot “cot S +—=cot
g o | Ao+ Koo,
1 7(a)aAa3+a)cAcl) S(waAa3+a)cAcl) l//l _1 Aa36a+Aclac
24| 5(w, A +o,A,) ToA +oA) || |v,| 2|A 0, +A,0,
(3.5.20)

(3.5.19) K& (3.5.20) KT, HHRAT vy ixmRICIEBETH LN D, WA HE

A Ay A A A Ay
—cota, +—>-cota, +—*cot B, +—cot B, —| —~cota, +—-cota,
2 2 2 2 2 2
A A, A A,
—| —cota, +—cota, —*+cota, +—cota,
2 2 2 2
A A
—| —2cot B +——<cot 0
| et
y) y) ]
—{”cot B, +“cotﬂc}
2 2 . TNo, A, +o,A, +o,A+0,A,) So,A,+o,A,)
0 —a S(w, A, +o,A,) To,A,, +o,A,)
A A T A, +w A 0
{acotﬂa-i-"’cotﬂc} ( a—a? c cl)
2 2 |
S(a)aAa3 + a)cAcl) v/l Aa26a + Ahl(yb + Aa3Ga + Aclac
0 V, |= E A,0,+A,0,
7(a)aAa3 + a)cAcl) I/IS AaSGa + Acldc

(3.5.21)
b, ZhuE, HBEERLHEHAIZEAT A OME E S LETRIED VAT AN
HonsZ LEBEWKRLTWD,
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<b>Complemeltary system 354 IR THIA L, 2, 3T T 5V AT AFBERAAELS Z
LuEEZR DL, HL, NTA—HZIX

=f¥a: 1, o, O,

=#Ab: 4, 0, o,

—“fFc: A, o, O,

Hfa: A, =A, +A,+A; BIA, =A, +AL,+A,, A=A +A,+A,

LT 5,

s 12 BTix

22,7, B 22,4,
A, cota, + A, cota, A, cotar, + 1, cota, oA, 0 v, | |An0,
_ 24,4, 24,4, 0 @Ay ||V, B A0,
A, cota, + A cota, A cota, + A, cota,
(3.5.22)
Y L, HiR 13 T
22,4, B 22,2,
A cot B + A, cotB, A.cot B, + A, cot B, oA, 0 v, | | As0,
_ 22"512“0 2)‘a)‘c 0 a)cAcl l//3 - Aclac
A.cotB, +A, cotB, A cotf, +A cotf,
(3.5.23)

LA,

%] 3.5.4
(3.522) K& (3523) KT, HilAT vy by dmiick@mchrnn, mXziED
VC%< k\
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i 242, N 22,2, B 22,2,
A, cota, +A, cota, A cotf, +A4, cotf. A, cota, + 4, cotay,
22,2, 24,4,
- A, cotar, + A, cotar, A, cota, + A, cota,
B 22,4, 0
| A, cot B, + A, cot B,
20,2, ] ]
et A cotf, | (o, (An+Ay) O 0 [wv,] [A,0,+A,0,
0 - 0 WAy, 0 Vo | = A0,
22’412’0 0 0 wcAcl l//3 Acl(yc
A cot B, + A4, cotf, |

(3.5.24)
Eled, ZhuE, HBEERLHEHAIZEAT A OME E S LETRIED VAT AN
HonsZ LEBEWKRLTWD,

B.5.6 BERZMH

T
a
2
43.5.5

<a>Primal &2 [X] 3.5.5 [ TR T X O ICHMPOERENEE 720 . ARIDSRFRER o723
5o D&, A LIk BEE T EREAT

A 2 1 1
(Tacotaa +7”cotozbj(l//1 —V/z)—ﬁ(%Aa +w,A, ) (T, +51//2):§[GQA“ +0,A, |

(3.5.25)
Tho.,
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b c
—cota, =—, —cota, =—
2 a 2

THDH, ¢—0 & LT

2
5 eota, (v, ~y,)

oA, 1
—7(71//1 +5y,) = EAao-

a

EERSND, ZOHE. oy 0y TH D,

N _v_y
Ox On

Lo T MFFEERRMI BB S D,

1/17/2009  Yoshifuru Saito

(3.5.26)

(3.5.27)

7o, EESERRMIIER LICALE T DR L2 ICEBEELYE v, v 2T L0,

<b>Complementary 5%

2

3.5.6

356 1T L ICHMOEENZEE 720 AP KFRESR o295, 2D L X,

(RN WO S e RPN - VW R S W

2 —
(l//l l//z ) - a)aAal//l = Aaaa
cote,  cota,
)“a }“b

88
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ab 1 b 1 c
,=—,—cota, =—, —cota, =—
2 2 a a
ThoH1B, ¢ >0, w,=y,(0y/d)=0E1T
_a)aAall/l = Aaaa

(3.5.29)
b, (3529) Rk (3.5.28) RUTKIEER G op/on=0oy/ox=0 ZHEAL TH LD,
SPREER R 2R 5, BESERAEMIE. (3.528) AT

c—>0

L,y BEME (BT X- Y SR DR ORT 2 v )UH) |

Y, 2V,

TR, o T, Him AT

2 imVa) ny a g
a—arl a’a

cota, (3.5.30)
L s,

|3.5.7 Laplace @ﬁﬁi@@fﬂﬁ|

<a>Primal % BRG] & U CL X 3.5.7 (3[Rl /4 BE AR R O S B R AR 2 3R 5,
3.5.7 Tx & kT - Top/on=0 OXIFREEAGAED LY S0 6 | il <~ & EEIK
X 3.5.7 OFEI E 70 D, B RE AU

V=0 (3.3.31)
ThHO K357 K DI 6 EOEMA EID =KD Delaunay — I pEI S & T

®

3¢4/3n=0

D

d¢/dn=0

3.5.7
ZOBEDOETEERFMT 03=0,=100, ¢s=0s=0¢;=0 THZ BN D,
Primal 2D > A7 A HFERIT
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4 0 -1 0 -1 =2 0]y,
0 8 2 -2 0 -2 -2y,
-1 2 3 0 0 0 O]y,
o 2 - 2 0 0 ollyl=
2 -1 0 0 0 1 0 O] |y
2 2 0 0 0 4 0fly
0 =2 0 0 0 0 2fjy, (3.5.32)

2

Les, (3.5.32) Ax (
B+ 5 &

2 v, 50
0 gl ol ~ |200| (3.533)
ZIRNT, ¢ =25, y, =50 2155, ILEEOMEA (3.3.16) NEFERKIZLTRD D L, F (v)
=6875[Jm] &t 72D, £lo. ZOZRAF—ELX U H U AERD DL L

W

3.14) e B —ET D, y3=wu=100, ys=ys=y,=0 Z{UAL

- 1/2)100* |=11.0[F
C (8x6875)/K / 2)100 ] O[F /m] (3.5.34)

LD, ZOMEITEHTE C=102[F/mliZxt LT RO & 72 5,

<b>Complementary 5%

dé/dn=0

@
@

© ®

@ 34/8n=0

3.5.8
3.5.8 IZ[X] 3.5.7 |Z/~9 Delaunay @ =AE DL EFES Z LI L > THBH4L5 Voronoi
RDA v 2kmrd, ZDOYHE O Complementary 552D L AT AR

30 -1 -1 =1 ]y]| |0
0 2 -1 0 -1y, |0
1 =1 2 0 of]y=|o
-1 0 0 1 v, |0
-1 -1 0 0 2|y |0 (3.5.34)
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THALND, y;3 =100, yy=ys=0 ZfXA L TEF T I

30wl 1o [ po
|0 j.l//zzl 0 :l ’ :loj
0 (3.5.35)
2155, (3.5.35) NEMNT vy, =33.33..,y,=50 L7225, B G (v) I
30 -1 -1 —1/[33.3
0 2 -1 0 -1{50.0
|G(¢)=/2)33.3 500 100. 0. 0|1 -1 2 0 0}|100.
-1 0 0 1 0[[00
-1 -1 0 0 0.0
= 5833.35[J / m] (3.5.36)
L%, o T, F¥ "V UACIE
C=85f33'35 =9.333[F/m]
—100?
2 (3.5.37)

LD, FERNTRIC L DF v /X Z U A1 C=10.2[F/m] CTh 5 7=, Complementary &2 LD
EIXTIRZ G525 2 Enbhd,
3.5.8 Poisson RIRE D4R
<a>Primal 58 ERRY7Z2 I & U T 3.5.9 (TR MMM R R B —I120574 L T
W OGS DR AT &GRS D,

pi

njan=0
Vi
a7 T
;'/ 7/ @
/ g
v
@ = ©
dAldn=0
X13.5.9
Z ORIEO X E TR
ERV N
7,

ThY, F7z Delaunay D =M %[X 3.59 (T3 T, HEASRMHIT Aj=As=A~=0 THY, &
T L I=22AM | Th 5, ¥ AT LRI
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4 0 =2 0 =2 0|y, 1/8
0 1 -1 0 0 O0f|w,| [1/32
12 -1 4 0 0 -1y, 1/8
200 0 0 1 <1 ollwlT 32
2 0 0 -1 4 -1, 1/8
0 0 -1 0 -1 2f|w| [1/16 (3.5.38)
LD, Ay=As=A=0 ZIRALTEET D L
2 0 —1]14] [0.2500
0 1/2 -1/2[-|4|=1]0.0625
-1 -1/2 2 | |4 ]0.2500 (3.5.39)
2155, (3539 XEMNT, KT vyt
[4 4, 4]=[0344 0563 0.433] (3.5.40)

b, (3.540) ROMEREZHOCTIEHAZ RO S E F (A) =0114[m]& b, A5
2 A%

L=2x8x2M5 0 0288[H/m]

(4x2)

(3.5.41)
B85, ORI L DA &7 % A% L=0.04.51[H/m] T&d 575, Primal R
KDAF B RITROEE G252 Enbind,

<b>Complementary 5%

)4 @
dA/dn=0
Z
& 17619
gA/dn=0
X 3.5.10

3.5.10 12X 3.5.9 @ Delaunay ® =4I %IGT 5 Voronoi RD A » ¥ = &R, B4
HT A=As=0 TH Y . BIREBEIZI=2[AM]TH D, AT LHERIT
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30 -1 =2 ofl4] [1/8

0 1 -1 0 ofl4| [1/8

1 -1 4 0 -2[|4|=21/4 (3.5.42)
2 0 0 2 o0fl4 0

0 0 =2 0 2||4 0

L%, AmAs=0 ZfRALT

30 14| 025

0 1 -l1f-|4]|=[0.25 (3.5.43)
-1 -1 4| |4 10.50

EFFD, (3.543) REMBNTHRT v vrid

[4 4, 4]=[0.188 0.563 0.313] (3.5.44)
L%, (3544) ROMREHOCTHEEZ kDL E G (A) =01713[0/m]L 72D, A%
B AR

L=2x8x 01713 _ 0.0428[H/m]

(4x2)

(3.5.45)
155, ZOMEZMATE L=0.0351[H/m] & teigd % & Complementary RIZE DA &7 X
VAL EROEER G2 DT LD,
3.5.9 LB H R OB
<a.>Primal % 3.3.7 DATEHRBEIERIZ AT > RO Y —BREE T BEIINS 2546 O
IR AT & BRRFIREE LTl BiF 5, ZofMBEom AT (3.325) K
lVZA — Kﬁ_A =
u ot
THZbND, 16> T, RPT—%&olk L7z Primal SR %92 3R 2T
1 V2A_£§_A_ lJ

-J

L 20t 2 (3.5.46)
L7 %, [X3.59 @ Delaunay @ =% VT Primal RO ¥ A7 AR AE &
2 0 -1 (|4, 14 0 5 A 10.2500
0 1/2 -1/2|4,|+x(0.125/24)[0 7/2 5/2|(d/dt)A4,|=[0.0625
-1 -1/2 2 |4 5 5/2 14 A, 10.2500
(3.5.47)

(3.5.47) & «=1.2/0.125, [t=1[sec] & LT, %} Eular {E CHE EIRDFERENE LN D,
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e — - —— . I — 1’ .‘
t (sec)] A | Az Lﬁ& A2

1 0.1356 0.1787| 0.1551

2 0.2132 0.3098‘ 0.2559

3 0.2606! 0.3985( 0.3207

4 0.2905| 0.4567] 0.3624

5 0.3096| 0.4944| 0.3892

6 | 0.3218! 0.5187] 0.4065

7 0.32961! 0.5343) 0.4175

8 0.3347| 0.5444| 0.4247

9 0.3379] 0.5508| 0.4292

10 0.3400| 0.5550 0.4332

<b>Complementary & (3.5.46) #&Z[¥ 3.5.10 D A 3 = % T Complementary & D 3/ A
T LAHRAAEL L

30 -4 10 4| 025
0 1 —1l4]+0.125¢0 1 0o(d/dr)d,|=[0.25
-1 -1 4|4 0 0 4| 050 (3.5.48)

(3.5.48):UT, k=1.2/0.125 & L., & 5IZ0t=1[sec]& L CT# 7 Eular i THE< & IR DOFE RN
BFohs

t (sec) A Az Aa
1 0.0876) 0.1672| 0.1179
2 0.1293| 0.2902| 0.1879

l 3 0.1515) 0.3770) 0.2311
4 0.1644| 0.4369 0. 25387
5 0.17241 0. 47771 0. 2767
6 0. 1775 0.50541 0. 2886
7 0. 1808, 0.5240] 0.2965
4 | 0. 1830 0. 5366 0.301L7
q 0.1845) 0.5451 | 0.3053
10 0. 1854 0.5508] 0.3076

.f
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3.5.10 B F R OBk
e a ———44
> @
’r
Wnzt) | s
Ii,r"f' / jjv_
@ @ ©
7E/dn=0)
% 4.5.11

<a>Primal 52 EAREYZ261 & LT, X439 173 EHEE TTMmode %525, ZDOHED
X EAIE, (3.4.43) K

V’E+k’E=0

THEzZbh5, 3.5.11 |Z Delaunay ;2D = A A v v 2 Zxd, BERASGMIX,. E; =E4=E;s
—E¢=0 Th 5 Z DHAOLEFERIKX L 2%, HL, A=d"/8
1 -1/2|E 5/2||E
|—l/2 2 E} 5/72 14 |E,
(3.5.49) A LEAMERD D &
k,=(1/a)7.045
k,=Q1/a)3.767
L5,
<b>Complementary 5%

|0

—k2(A /24)|

°|
(3.5.49)

3.5.12

[ 3.5.12 |Z[X 3.5.11 @ Delaunay ® =A% 7 5 Voronoi D A > ¥ 2 R d, Z D%
BOYVAT A HEAT
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|3 ~1||E, 2A2 ja j
-1 S5|E| 0 2|E| (3.5.50)
L%, (3.5.50) Kb EAMEEZRD S &

k, =(1/a)4.625
k,=(/a)3.216
LA,

5,11 IR

<a>Laplace & FEM, Primal 35 £ O Complementary |2 L5 =R /LF—LF ¥ /X4 R
DFFHEMRZ K 3.5.1 1TRT,

7 3.5.1
BRI AR FEM Primal [Comple. |(P+C}/2
T & b F — 51000 55000 55000 46668 50834
vy A 10. 2 11.0 11. 0 9.333 10,17

#&3.5. l“C“(P+C)/2 /% Primal & Complementary O -4l % 773, Z DfE R D> FEM & Primal
FIEORREZF D, fABOENE RICEDORITESS 2L ERD, Thbb, =xLF
— I/ NEHERDSER U ST o T D, ZAUTKRE L, Complementary RIFADFRAELZFFHOZ LD =
FNX—JRTHENRRD LN TNDZ EEZER LTS, Primal & Complementary -]
EIFRRZE T O T 72D b MR E R R & 72 D,
<b>Poisson & FEM, Primal 35 & OF Complementary (Z X D= R/VF—L A L H T X U AD
AR R 2R 3.52 1017

#3.52
o R N
L [_hﬁﬂ? - FEM Frlmal !ﬁempln. {P+C /2
lz2n%—  |-1.1232 |-1.0166 | -0.92 | -1.37 | -1.148
1575 %] 0.0351 | 0.0318 | 0.0288 [ 0.0428 | 0.0358

7 3.52 75, FEM & Primal (IR EZHDZR/LF—% 5 % Complementary 21T/ HD
TARNF =" B2 HZ LR DINS, TD5H, FEM & Primal (3= 3%/ ¥ — /R
Complementary (F= R /X —KHIBK D ST-TWDZ ERNDND, TRALF— A H T
2 ADWT LS Primal & Complementary O FHMEIX R WSR2 5 2 5,
<c>Diffusion [ 3.3.9 ® FEM (2L 5% & 3.5.9 < a>? Primal DAl 3.5.9<b>D
Complementary D5 & e U €T, R EFMIZET 2 Z R~ L TWbH, 2l FEM &
\Z X % [E A {E(Time Constant D #0) MNRKEX D DfE%E G 2 5 DIZxf L, Complementary

Primal
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X DEAENNEDDEE G20 L2ERT 5, ZOFERT, RO Wave [HIREOE A A
THERIND,
<d>Wave [ Waveguide DEHERTE T, WTNDOE— NIZET 2 0EEAE XY vz~
2y FLARTERL R, 2O, H/EAMEIZ OV T FEM, Primal, Complementary
IZ R DRERZ T 5,

#1353

‘TMH wiraE | reM |Primal [Comple. | (P+C)/2

’x{lfa} 3.512 19.822 |3.767 (3.216 3. 492

7 3.5.3 X FEM, Primal I3 RE O DEHFE L 72V . Complementary |3/ S 6 D [EAE & 72
%, F7z. Primal & Complementary D VHEIXRAFRFERE G20, LLEORERNG,
Voronoi- Delaunay {%(Z X % J7%(3 Primal & Complementary @ 2 [B|DFHE 2 M8 &5 M3
b BRAF R 5 2 D0 £ OHROBIZEC JAUE, FEM T 100 fislz 42 & 9 5 4573 Primal
& Complementary £ % 10 fiRfRE CTRED Z ENRINTWND, FHEIEE CHKT 25 &9
3.0 fFREOEHRIATE D, HIZ, ZOHOMZEIC LAUX, Voronoi SR DfEHN S Delaunay
R DRREDAFH A5 Voronoi—Delaunay ZEHUEN B SV TW5, RAIXT v 7 7 A0
THZETHD,

3.5.12 Voronoi — Delaaunay Z5#4

<a>EE - BREEHE T DX VHERO RN K &I, AREREEZFO LT
EfEITEIN D RURRESNME S, BR - BRIEE OG- T b IA<TER S D £ 9

272> TWD, FERDFRFE « FEITIEIZLER LT, 7 ¢ X VEHEE AR & 3 2 Bl AT
B, TR O LD 72 WIERIENE £ THEIE LRS- 2 FTRE & 7 5 IR ERE VN
Abhd, W, ARERETIVEELREREFL D LT 2556, LRMICERR TR

TOHBRAEMS Z LI/ L, MR E L TREFHERS A — "—a B a—2 7 Lok
ZIEH L7200 e 6w, 202 &6 Penman 72 EEHFLETH I N—TIT L 5T, K
W53 IR B AT 4 2 HIEDSEREF RISk U CRIE S v, AIREFREN = RV F —K/)h
FHRIZ IS 72D FIHRED ERE 5 2 2 O3t U3 JFREUZEE S < FIRERIEITFIC
RO TIREZ G2 5, 1€> T, WHDMOFEIRRENITHIH LA O el fHx DT 2T

LHBRATNETH->TH, IVBEORHWERSGE LD, ZHNER O Dual Energy
Finite Element Method DJFEECTH 5, L>L. =R/NF—f/NR (Primal System & FE5) &

TRNVF— K% (Complementary System & FES) & TR STZFIHDOR T 2 v V&9

728, {3# D Dual Enefgy Finite Element Method Tl&, #& D&\ Energy Functional %15 %

TEBRTETCHL I A= VR RTRT VXY VORBEE TR ESED 2 ENTER,
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Z DR JEH Dual Energy Finite Element Method D3 K % 7517 TV H R ERBERODO—DEH 2
bIvd, AFTIL, 7€k Dual Energy Finite Element Method DK% #H 9. Voronoi —
Delaunay ##[X| D #(n] 71 B &4 2 FI| | L 72 Dual Energy Finite Element Method Z ik ~7-, Z
@ Voronoi- Delaunay ##[X|{Z%:-3< Dual Energy Finite Element Method (&, Primal & &
Complementary SR (Z[R]—DRT > ¥ /L&A 5 728, FfEE O Energy Functional D #7353
MREDORT oy v EBHEL I EEARIC L, 22T, JREOBSRERLE L
C Primal 5% & Complementary ;2 Dij 5 D 3 AT A FFEN A < 372 < | Complementary 54
(Voronoi &) Dfi#7>0 Primal 5& (Delaunay 52) OfiE3 5-2 5415 Z & Z7x L, Dual Energy
Method 23— A7 LA AFRATEITTEH T &0 6, RO AREFIEITHER U T—HfREE
INEWT AT DBRATREFEORENFOND Z & 2RT,
<b>Voronoi- Delaonay Z#ik
[ZrE5#2] VW& Voronoi 52 & Delaunay 52 OB RILHERIBEICE T 5 v A7 A 5%
Thth
D +E(d/dt)¢g, =F (3.5.51)

D, + E,(d/ dt)p, = F, (3.5.52)
LT 5, (3551) K& (3.5.52) ROKHIZZENZENAS)ROIEH G FEXUIZEET 2 HED
Voronoi 54 & Delaunay 52 D Z 11 52k T 5,

£ RH T — .FLE
_ M L2
Agp =
c . b
My 2

(a) ERFEES B, ( b ) Voronoi ROBAZEN 5 (e ) Delaunays# & Voronoi

LRI EBSH, De | aunaysR D El I ZE B NDEEIR . FREHT > v LA,

Voronoi-DelaunayZE i,

3.5.12
[ Voronoi-Dclaunay Z#2] Voronoi -2 1ZMH29~ % Delaunay O =4 & [ O -CHEML T [0 O
RHZL@EE LCENEZ, Ll K3.5.12 (a) (27 LT D Delaunay O = DOHE R
\ZIEB TR OB ERST By b Voronoi SR DERT ¥ L EBIRIZEEN TS, ZDiE
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MRIT 11353 By (2 B9 2 BEFR ] D BT FRER M 2 i 2 3 % Fii /U3 Delaunay SR O HisllZALEE &5
215720, > T, Voronoi 52 DiE7 K LinG . By AT BT 5 BEEM D5 LS %3 )2
T HRT Y v Vi Delaunay O =T OTA S T Laplace D HFER

o 104] [0 104)_
ox p Ox Oy u oy (3.5.53)

e L2 T U7 B 7e s, SN O IESOMR A B O THITBEIZ Voronoi R D ¥ AT L7
BRIZEEN TS, (3.5.53) RUZITNHITE ENA, Delaunay % ORBEHLIEZ H
WT (3.5.53) RKAEBERE L, X 3512 (b) OHISART v /L A% Voronoi & DfERT
YR ILTRT L,

{icot Q, +Lcot B, } A4, + {Lcota2 +Lcot B, } A4,
Hy Hy 2 Hs

Hy Hy Hy Hs

+ Lcota3 +Lcot ﬂ4:|Anq +|:LCOta4 +LCOt ﬁ5:|Aqr

5 1

5
+ Lcotoa5 +Lcot ﬂl}Akr :{Zi(cotaj +cot 8, ):|A7
j=t

(3.5.54)
LD, ZIZT) AE a-os. BiPs T 3512 (b) WRLTHY ., Ay A Angn Agn Ak
I% Voronoi D% AT & Delaunay = AIEZ N ZENDUDRZRART v L THY | HlZ1E Ay
TR THEZ NS,

_ (C//Jl)Ak + (C / AUZ)AI
T (el )+ (0 w) (3.5.55)
(3.5.54), (3.5.55) X E[AEEIC LT, fthod Delaunay R DOHi SR T > ¥ % L't Voronoi 2D
WM ART v L TREND NS, Delaunay RORT 2 ¥ /L7 bb op (3HEHFTH] C &
KT 2% X7 "L op ZHWT,
¢, =C9, (3.5.56)
LRIND, (3.556) ADOREFEND, (3.5.52) A Delaunay 5% D> 27 L J AL Voronoi
RNUTFTOXSIZEBmIND,

[¢"'D,Ch, +[C"E,CLd 1 dDg, = CTF 5557

% 721X Voronoi % & Delaunay % % &k L T,
D¢, +E(d /dt)¢, = F (3.5.58)
EEITD, TIT,

1 T
[):5{(C‘DDC)+£5] (3.5.59)
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lror
E:E[(C E,C)+E, | (3.5.59b)

1
F= E[CTFD +Dy | (3.5.59¢)

Tho, (355%) - (3.559) KT, A 17213, AT MDD 2 512705720 T
%, (3.5.52) MITEFRM OB TIEM T 0 ORERE L Bn (ZR3 5 S0 20 2 LT
WD DR L (3.5.51) TR M OBLREA THAR T M OBER HAZB 2 S/ F O 2 L
TWo, L, (3558) I OHEFREERRJM 2L L TODDBMHNT FAZDY
D% Voronoi 52 D~ ~v oy Th D, Z D7, Voronoi 52 DEHim & Delaunay & D i s D
HRIEICALET DX MrE oy & LIRO XD ITEFRT 5,
91 = Coudp + Condy (3.5.60)
Z I T, Cpu & Cumlt. ZNZE4 Delaunay 2 DOHis & Voronoi & D Hi D> B A A~D
NIFITSHICTH D . PIXIE (3.5.12) OFHFRT v /b Ag TR THEX 6N D,

4 = A+ A4,
" 2 (3.5.61)
I B2 (3.5.56) XoBfFENG, (3.5.60) =i

¢M = (CDMC + CUM)¢U (3.5.62)

E b EIT B, Delaunay RDRT > ¥ ¥ LT kL op X BB OB IS TR TR OREHR
B By BT D RMFO AR L TWADIZK L, Voronoi SADORT > 3 v L7 KL oyl
TRMOEERFM TR T M OBR HOZET 2822 LT, iE>T, (3.5.60),

(3.5.62) KTHZONDFRMART v 7 bV oy (il OEFEFBER &M% %5 5
L7cbD &L, BEOYEEINTZRY ML ERD,

x—=x FEM e FEM (15H) a =20 [s5.'m]
h—A V-DIEH - V- DR (108E) ao=d 8153501002 {H m]
; — KR J5=E ‘r_'ahm:J
e 21\ = y
] Ay - £
~ 8 — . A=0
50 o=
} g f —-‘_‘_"‘--._ . n
- =~ =
[ I "\‘.\x
; T = b
X : 130 200 b I
{b) el I'.?A.f"'fi'”_—ru = N
F FEIJJ}'M?}{‘D 1{|IF
3.5.13 3.5.14

[ 1R] 35.13 (a) [T LI R e Yy NHOFERSIMICHONTE 2D, ZOREIX
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METH LI, BHEFE w1 I[H/ m[ & EFILINTWD, EERREDOIURYEE R
Functional & fi S DBIfR% X 3.5.13 (b) (T~ 7, £723.513 (¢) 12, Ary NFDORT
VURNGARE T, ek, oo 3.5.13 (b) () FIZH A IREREHE ST
AREFEICL DR LR LTH D, 3.5.13 (b) 75, Voronoi — Delaunay Z=#iiE 30
KROFREREL Y b —HL < DRWEIRBT, AIRERELFFOHEOHREHGD 2
EMARETH DL Z 0D, 61T, M3.513 () DOfEHRIEL Voronoi — Delaunay 2575
DHIEE 10 R CTH OB O T, 15 ROHIR A>T AIREREL Y b EREORKRE 5
ZHZEERLTND,

——— Yoronoi-0elaunay®cid (6
—— HRERE (ZME—NER. 14485)

NN

\\é
; ﬁﬁ ;

.04 [sec) (e) t=0.10[sec] EHH
HREEYE (R DR D R 7 TIEEe BHEIE A At=0. 01seco

3.5.15

KIZT7 = T4 b TELNTZAROBHMEIOFLEIZ AT » 7T OEWREE I, AN
TS B OINVE R BIR AR R OB L LTI B 5, X 3.5.14 (2 OTET NV ERT,
SRR 2 3.5.15 (2", . (3.5.58) XOKFHETHOBEBILIZBRETIT - 1o,

3.5.15 OfEFIL, Voronoi- Delaunay 2D 16 D> A7 LAFREAN, =M - REHR
o TARERIED 144 iR DO AT 2 HBRANS/ONL 0 EREORKREEH A5
ZEMbnd,
<c>¥E & ¥ Z 2 TIE, Voronoi- Delaunay ZEHIEDS, 1ER O =A—IREF Z > - AIRE
FIELD & —MRRED LW 2T LB TRIFOERNGEOND Z & &, RO
FA&HlrE L TR LT, Voronoi- Delaunay ZEHUEII A T T — R T 23 v VRTBEE R E D
FEE— FEITIC B RRICEHA TE 5 2 & 27 L Tk,
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O

[1]Voronoi M%7 & Delaunay ® = OBAMR Z IR~/ S\,

[2]Voronoi DZ M & Delaunay O = TE O 2 JRPTE A ERE R &I G Lg S0y,
BIGLEERTIILT LR —EMICIRE L RWEEN B D 2 & & R E AR 2 H
WTRIB L7z S0y,

(41 AT I AZ AR 5 C AT 258 O B L & DR 2 FF 070>, IR S0,
[5]Primal & DFERHIBIE A KD 7R S,

[6]Primal R DHFFIBEIL E D L 9 REEREM 2 WL T D0, 720,
[7]Complementary & DA BIE A RO 72 S,

[8]Complementary ;2 DAEIBAEUL & D K 5 BREERSGHEETE R T 50, B2 Z 0,
OVRAT—Roe ik L IERITH, B S0,

[10])mPT— W IAkIEIZ L - T, Helmholz @ A FERUTKIT % Delaunay D> A7 A F K%
4521ZOVWTEE RSV,

[11])EFT—&IeAbiEIZ & > T, Helmholz @ FFERIZ X35 Voronoi 52D AT A FREA A X
452(ZOVWTIHE RS,

[12]K 4.5.3.12 79 Hi s 1,2,3.12 %P7 5 Delaunay 52 D 2 AT A FFRNZEE 7p X0

[1.2]1X] 4.5.4 |2/ T HiA 1,2,3.12%F 9% Voronoi AD v AT LA HRER A B X 72 X0,

[1.3.]% 4.5.5 (TR LK ICHMO =ATEOEENFE L 2D . ARDBKHER &R 586,
Hi 1 1Z%F7 % Delaunay & OFi R FRAULED L 9127250,

[1.4]X 4.5.6 \Z-T KO ICHEMO =MAOEMENFE L 20 . HRIBKFRESR & 721254,
s 1 12kF9 % Voronoi & DHiA AR ED K 5127257,

[1.5]Laplace @ FFEUZX}F 5 Delaunay 2 D T A7 A G RENIT = A —IREROFREEE
LRI—&725 2 & 2 BURR 2% & F TR LR S0y,

[1.6]Laplace @ HFEUZKIT D Voronoi RD v AT A FERX A BARK 720 % HIF CEE /2 X
VY,

[18]1X] 4.5.9 IR SNV TW D HIE T, Delaunay SR (2T B ULBAE DEZ R D72 S0,

[19][X] 4.5.10 (TR SN TW A BB T, Voronoi S22 #9 2 ILBEE D Z R ed 72 X0,

2014 4.3.7 OATREIERIZ AT > TAIROE)—EBIRE LM S 756 O FIE T,
Delaunay -& DfEZNIE LWV E 9 DR L2 S0,

[3.1]14 4.3.7 OMIERBEMEMRIC AT » TAIROE)—BREENHII S 256 OBET,
Voronoi & DFEZENIE LW E 9 IR L2 S0,

[22]1%] 4.3.9 |Z7R 935145 C TMmode (253 % Delaunay 52 O BB OEEASIE LD E 9 )5
L7,

[23.]1X] 4.3.9 (/R E 4 C TMmode (Z%}9° % Voronoi 52 DFIREDMEZE B IE LD E H Dok
LW,
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[24]FEM & Primal 2 DFAZEITFIZ KX HIZ TS (Z 1% Upper Bounded Solution & FESY) @
L7228 D, LB E > THAI L2 S0,

[25]Complementary 2 DFAZEILFIZ/NE O TH % (Z 4% Lower Bounded Solution & FE52) D
L7228 D, LB E > THAI L2 S0,
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36 £

A TIE, BHRT CTHET 2R FRNZ EEICE SRR R FIETH D AIRE
FEOR TR OISR A —RER LB Lz, BAENRFEE LT, HNRERR
DD EAEMEE CHER A H DR THMT A2HIEEAZERY Bz, TEICHEE A ST
R IXAREREOM SN R TE 5 L BnET, AREREOIA T a0 /T A%~ T
e - BRZIT O HG . AREREDN IO R THEYIZA =2 —IZfE> TWiid e
WIS EZITIHTOND, ZOXIICLTHRLALIEZZZDEEEHALTVNEDES S
2, WO TERMTH D, FRT, EREEEEZ OWVINBICERE U TN RER N Z O £ 0
BHRERIBHENLHGEGLH L, bbb, BARMEEOLORHEMI N TWRWIEE S
b, TOXIBRMEROZLNIT 0l 7 MIMERH DD TR, 2—F—DOHRER
BT MRS H D, AIREREOFEZ P L T, AIREFEOW R E 21
ELTHHT e 77 MM XETHD, £/2. FRASTHREREO T 1 7 T A
R L LD T2 x1%, AREFREOG & BARR 7 v & R IARFR CHMETE 508,
il BAR B 72 7 v 777 A OREEIECIT A OHIEEICBET 5 kAR EN D 2 & 2 B5E)
DT 5, AREREOBGREICHED S 5 H 3RO LERO L < 3 THIGHY - 27
7R EEER D FH IR O FHEIZR > TV D DIt L AT TIE R ZE 53 R BES® Voronoi- Delaunay
DBEFALIES O BARMIGIE L 52 7= O THERA TR S B C& 72 2 L 2 W51 5, RS
FEAR N IR i AUS R TR D BB R SR O3B EIZ D10 Tl Helmholtz O iEH# 2 F O AUIE
BB T E D 2 & T, S5, REER 1L TH S Voronoi- Delaunay Z54#IC
FnTbSNiz, WTHhIZLA, HOREAREREDOEBENT A Z &2 W2,
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e

REALREME D FBLYE & REE IR DR
H R

BEMERICRBW T, B H, BORUEE B, & SICBME M OBIRIF(1)ANTHX 515,
B= s H+M

(1
o (TR ZEFDOBHERTH D, (1)FUIREHEIRD HFhER p, 2 kK

M
=1+

]

)
THATLILT,
B= 4 #H
= M
®)

LELSZENTED,
(3)A T i EOWKUENRE & EEAMRICHREE B & #1072 Hy OBIRA —BERICIRE S
Hi7e R E B 25 &, DALY Lo,

B
A
(4)
Wi, BRZLE & bR AR EE LD, (DRERM Tl LTI 5 L,
22
-a {g@ ﬂ@]
&odr H dr
5)

DBIRNRG O D, BEAEEORFIZLRITHMERE Y -V OBETH D, E-> T, 5N
OADE 1 EITHAORFMZEIIC L 2EENTHY . WbWwd | BEamaAEE LY T
Do M. 4RXDH 2 HiX, BHEEPARETHY . x HNCH— Bt SN 556, #
b7 RLDMIE x 2% U CRERIZ LT 5 72 ICFBitd 3 2 BB R BE N T 5,

WE, HE dx/dt BRSNS, BRETEXZREEELEY, Z0Ex, O)AND

(6)
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DRSO, pg 1B T 5, (6)Naffio T, 5=\ b LDRFRIZ(LICERT 5
et Ha 1
(5%

_1_[@_ E]
B ™

H,=

| =

(7)
ThHzZbN5, (NARTEALEZART A= s 1T Q/ mORILEFFL, B AT U U AR5 L
M5,
ST, ORI M DRF AL LW EI 2B H 72 5- %, ()= M OIEB)
W 2R Hg 252506, WE OBRBFRRHIAFET 52— &0 72545 OB H 13

H=H,+H,
B 1[JB 7H
=}+E[E_-*“*’E]
(3)
A

)L T = 7 (Chua) -GV FFEET L & FEENL D

WG
@)XDOEEBEABIE LT, K1 DO haA X a7 B 58 i L BOREEAE L DR
REFHET D,
r s A,

(I N=0 O ) =

1O bvaA X a T TEEWEAE, EOMEE, B2 2/ VOERFEZ 2 ZE1 A,
D. N. r &7 %,

&) DM & AT » TR T 5 &

2 B 21[dB 7H
IoHdE=.[o ;-dl-'-.[o ;I:E_-#‘E

©)

ThdHNDL, FHITLLTOLHICER 1 MR A 2o TET S, HL, ZOHITITHER
Funltb AT VAR s 372K THELL —ELT D,
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L eF =g
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EET D, (1) EBAHRERE M=Ne)Z (9)X~EA L, FEHT T
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r[ a;] rsa&[ & ,tAM £+3A1\?a’:5
_A 1d4
=z EE
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LB, LERIZIbOEAEZN AT DA UHE T XA EGHEERTEMBITH D, I HIC
(1)L OF 2 HIFHINEE v W E ) dvdt O ENZE DRIl 205
Sy NV E A C E

oLl
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(13)
ETniE, 12X
2
;w%:;}[;_ %c%
(14)
L%,

(DR ZERRBAZI NN HOWTIRE | Ml L — T Z /T2 X 2a & 2b 12777, [ 2al
WIERE S L TIRWNESETHY L A A —F I3 TERLEN T\ 5, [X2b ik, BREE
R 3R AR N IR E D & LIEIERIE AR TH Y | M L— T DR EEICBLII S
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Linkage flux [Wb]

Ver.1.2  1/17/2009

=00

a.

E [T]

0.15}
i
0.0
Current [&]
:::;igjjjjjﬁfi.S

BIEET A X D01 L—T D

-

2b.

Linkage flux [¥h]

5000

H [&fm]
10000

HEICH - B-H g

0,013
0.0l
D.DD?

-4 -2

—0.01

-0.015

2c.

| ke A Z /27 ® Mathematica Code

Mathematica packages
<<Utilities"MemoryConserve';
$MemoryIncrement;

Off[General::spell,General::spelll,

MemoryConserve::start,MemoryConserve::end];
HRIEE T
- AT OREERETEFRT D,
Imyu0=4.0 3.141592 0.0000001;
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myu=500. myu0;dmyu=50. myu0;paraS=0.1;
areaS=0.0001;magLeng=0.28;turnN=800.;eleR=10.0;

c AT Z A FEMEHEESL, Fy oSz
inducL=(myu areaS/magLeng) (turnN"2);
equivR=(paraS areaS/magLeng) (turnN"2);
equivC=dmyu/(paraS eleR);

- AR EIE, AHER TRELEERT D,
freQ=50.0;
omega=2. 3.141592 freQ;
lasttime=2.5/freQ;

inpV[t_]:=Sqrt[2.] 30. Sin[omega t];
inpdV|[t_]:=omega Sqrt[2.] 30. Cos[omega t];
input[t_]:=(inpV[t]/eleR)+equivC inpdV|t];
< (14) X&M<,
solution=
NDSolve|
{ramuda''[t] equivC+

ramuda’[t] ((1./equivR)+(1./eleR))+

ramuda[0]==0,ramuda'[0]==
2
{ramuda},{t,0,lasttime},
MaxSteps ->5000
|

i =T EHEL,
ParametricPlot|
Evaluate[{(ramuda][t]/inducL)+(ramuda'[t]/equivR),
ramudalt]} /. solution],
{t,0,lasttime},
AxesLabel->{"Current [A]","Linkage flux [Wb]"}
15

110
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HFrEERT D,

(ramuda|t]/inducL)==input[t],

88ramuda ® InterpolatingFunction@880., 0.05<<, <>D<<
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Linkage flux @WoD
0.15

Current @AD

HRIGT 7 L
B w23 XD B-H 652 6015 L3 2,
myuFunc[h_]:=1./((0.1/myu)+Abs[(1/2.3) h]);

nonL[linkFlux_]:=

Block[{perm=myu0},
fluxDen=linkFlux/(areaS turnN);
hField=fluxDen/perm;
perm=myuFunc[hField];
perm (areaS/magLeng) (turnN"2)
15

Plot[h myuFunc[h],{h,-10000,10000},
AxesLabel-=>{"H [A/m]","B [T]"}

Is

B @TD

H @AémD
-10000 -5000 5000 10000

nsolution=

NDSolve|
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ramuda''[t] equivC+
ramuda’[t] ((1./equivR)+(1./eleR))+
(ramuda[t]/nonL[ramuda[t]])==input[t],
ramuda[0]==0,ramuda’'[0]==
b
{ramuda},{t,0,lasttime},
MaxSteps ->5000
|

88ramuda ® InterpolatingFunction@880., 0.05<<, <>D<<
i =T EHL,
ParametricPlot|
Evaluate[{(ramuda[t]/nonL[ramuda[t]])+(ramuda’'[t]/
equivR),ramuda[t]} /. nsolution],{t,0,lasttime},

AxesLabel->{"Current [A]","Linkage flux [Wb]"}];

Linkage flux @WoD
0.015 |

0.01
0.005 ¢

Current @AD

KAREE 2 B ER M
At FE=C

WS H SRR > TV 556 OB RNITI(D)ATEZ bR D,
IZQ)RDIBICET D Z ENbho TS, BQ)XNAEEXHEL T,

H+'#“*E E+1E
5o mosa
2155,

Yoshifuru Saito

=612, (1)X

(15)

(15T, AR ORFMZ(LE dH/dt NEDD TPNINE X py/s ODIENREI OO TREL,

(IS)REDOF 2 HIT—EH Ho2lb & LE S, KoTUsz
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B 1
H+H,=—+-=
2

(16)
LD,
16)RUT KA ORALFE 2 R IR TR TH 5, K1 D b uA Zva7 BMEfi )] H
HROKAEA L LE D, ZOKAAZZLROBERREMEKLES 2L 2ER D,
(16)=X T,

Dl-:iB Dd.ﬁ'
L

"'_[" Naiﬂ

-
D dd
r[" o;]” ;AM’g AN 3

A 1add
L Ear
(17)
EFHUE, AABAE ST ROBREKIIN 4 £ 725,
t
¥ Rz B (M)
X 4. KAWA ZETeBERIEE
7B
X 4 OFERMEIETIE, A7) D
_+;=_+[ .ddi
(18)
NS RIRVASN
()R AMHHLZE L ITHOWTHRE | ih v~ T — N —T &N =B %K 5 12T, K5
X, EREE p 3K 3R TR R S E D & LT IERER R R TH Y | A —T 0
ERRZBRI SN DTIR E 2> TND Z RN D, FEEBRIC L 2 RHREHAIEIT 0.05[Wb]
ELTW5,
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Linkage flumx [Wh]

0. 065
0.0
Ejﬁﬁ?

-0.5 0.3 1 1.5 2 2.5

Current [&]

5. JKABEA DEIRALREE

Pk ABEA D Mathematica Code |
HHRIEET T

© AT OREEREERT D,
myu0=4.0 3.141592 0.0000001;

myu=500. myu0;dmyu=50. myuQ;paraS=0.1;
areaS=0.0001;magLeng=0.28;turnN=800.;eleR=10.0;
- EMPHEER 2 EERT D,
equivR=(paraS$ areaS/magLeng) (turnN"2);
equivCurr=0.5;
- AR EIE, RHER TRELERT D,
freQ=50.0;
omega=2. 3.141592 freQ;
lasttime=2.5/freQ;

inpC[t_]:=Sqrt[2.] 5. Sin[omega t]/eleR;
- BEREEON TRO B-H #5260 D &7 5,
myuFunc[h_]:=1./((1/myu)+Abs[(1/2.3) h]);

nonL[linkFlux_]:=

Block[{perm=myu0},
fluxDen=linkFlux/(areaS turnN);
hField=fluxDen/perm;
perm=myuFunc[hField];
perm (areaS/magLeng) (turnN"2)

Plot[h myuFunc[h],{h,-10000,10000},
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AxesLabel->{"H [A/m]","B [T]"}
I5
B @TD

1.5

0.5
H @AémD

-10000 -5000 5000 10000
-0

-1
-1.5

s R OYIHIEZRD 5,
hCoesive=equivCurr turnN/magLeng;
iramuda=myuFunc[hCoesive] hCoesive areaS turnN
0.0516506
- (18R A&AE<
nsolution=
NDSolve|
{
ramuda'[t] ((1./equivR)+(1./eleR))+
(ramudalt]/nonL[ramuda[t]])=—
ramuda[t]+equivCurr,
ramuda0]==iramuda
2
{ramuda},{t,0,lasttime},

MaxSteps->5000
]

88ramuda ® InterpolatingFunction@880., 0.05<<, <>D<<

c A =T EHEL,

ParametricPlot|

Evaluate[{(ramuda[t]/nonL[ramuda]t]])+
(ramuda’[t]/equivR)-equivCurr,ramudat]+

iramuda}/. nsolution],

{t,0,lasttime},

AxesLabel->{"Current [A]","Linkage flux [Wb]"}

15

115



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

Linkage flux @WoD

0.07
0.065

0.06

v
Current @AD

=
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BMREEOHER I 21— g
FE AR
TENLFBIE AR C & DR R BRI, DL F D~ 27 2w =)L (Maxwell) D 72

V¥ HE=-

o | B

VEH=T

(19)
Lo TR EN D,
ZAUCER EE, B R OBSN &R O R
J=

K
o+ A TH
s

= |
& | By

+1
2

(20)
ZIBML T, MR E2ETROE T REAZEZ 9,
iﬁ_‘:\

?*‘?XE=—§?*BED

1)
ThoH1b, div B=0 OFMFELHHMICHE S 5720, KT MART v L
(vector potential) & E A §~ 5,
B=VxA
(22)
22) XA (19)RUTRA L, 20) RO TR A 224U,

TxE=-B__Foya
4 4
A
E=-—-v
r; #

A
T=m=—i Z+v
"{a *‘7]
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(23)
ROBENEOND, v HTEEOADT—RT v L THY, Oxy=0 L7257 0HI0E
AS N7,
Wz, O OBMER ORI

d | d
v><H+ﬁ’—v><H=vx—v><A+v><ﬁ—va
2 2

ﬂgd
3 dr
)
=|1+E2 |
[+ 3]

=—[1+&%] A{%+vp]

2

=J+—=—J

(24)
LEREND,
QRAXZEH L T, MR EETROIE TR
vxivxa+v>< H ivxa+[1+%%},\%=_[1+i_«f_&] T
(25)
L%,
Ayt

O BIER 2 T DR R EE 25, 2 IRTTZER Tl div A=0 238D 25,
(25, BB 2 L OBEFRITH LT

[ Ly A d]v’A— ri[1 +-%‘%]A= ;{1 +%f%]w

- 3 ar
jv“ﬁ—;ﬂ=f
(26)
LEREND,
6)=izxt LT, WONEEZEE 2 5,
A4y = ;—Hm{vﬂf + /2 +24ffs
27)

Q7RO FEWIL 2 RTZEM S ThDH, ZD2WILZER T, 26)RUTx LT, &2 ¥l

INTA=F B FREREL T HROIEUREEZ D,
A=A+ 25

(28)
28X ZQ7)RUTRA LT, B 1 ENERD,
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Bl = L[] P + B2l
=%L’[aﬂ[ﬂ+ st + A4+ w24+ njf]
=%IﬁTg{?ﬂ)’+,ﬁ+2Af]dS'+ e:‘LTaT."Ao Tt At ’f]:"“g"'g_[ol-aw'ﬁ:‘*ﬁf}ﬁ

(29)
Thdnb, F1 55
e[ AADEB] [ fowos e rgpis-o
(30)
L%,
ZDT, 2IED T U — 2 (Green)DTEHLL, | ZHFE S ZPHTMRyE LT
[Faevms=-[ @i+ masa
(€2Y)
Thdnb, (0)Rx
[lmass ot e = [ oma= A= fis+ [ eaten
aPA- A-f=0, j:m§-a=o
(32)

L5,
32)RUTQRYAXDOWLBEIEDH 1| 2D Z LIZL 2T, ROKERK /A~ RGN
(homogeneous Neumann boundary condition)Z H B)HJIZH T 5 Z & 2 EKT 5,

=ATE 1 KRB Z O TR BE
(26)= L. @7 DOIEIE A~ DT R A RN L B 143 8F=0 # 5 Z LItk » T,
WREINDZ Lnbhrole, TITE K LIRT LI R=MABAT, TfE?
A= g+butey
(33)
whH x Ly ol REBHETHEZGNDELE D,

b
@

(o>
o ) :

1. =MJF 1 IRESR
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M1 O=MEOTERD, O, DEEZ ZNEI, Ky (X2¥2)s (x3,y3) & THUE (33)A»

E\
(A1 [t » n)[e
A=l m om|d
A1 [1 % x] [
ar
@] [tom w4
Bl=[1 % »| |4
el 1o w] |4
(34)
NS AIRTASN
(34)=\& (33)=UfRA L T,
A= iz‘lﬁl-;—
Ji=ﬁ(’EF;‘W:)"'(.&':‘E;)‘C"'(";‘}‘:).?]
i = i[(}%}& BEVAR S E Y R
5= j[(wg = sl )+ (g — i)
(335)
155, AL, ANIZ=ZAROEBTH D,
(35T,
VA= iﬂ.,-‘? i
ThoHrrb, LB
E(A;I B % i z A"{-[:I Vit VJ-_',G}S"]A_,—"'? z ZA'A-".[:I 'II:"“I':'E:SV-'- ZA"'.[:I yifas
- SX[SHTJRARY,
A 1
%[, %- 2,
A 1
cotey +oot by —cotg —cotdy 2 1 1
& =% —cotg cotey Footey —cotey = ;;’1‘&—21 1 21
—cotdy —cote, cotdy +eoote, 11 2
(36)

725, 36):I T, QOXDIEFRWIA £ 1T—EH 1 £ LT3,
W, RIEGISREE Y 1 HO =M TR TERVNG, K2 1R 2 0 =M%
BtTHrZtEEZLD,
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o @ o =@
+ - ®
5 ®
& © 3= ®

Xl 2. 2 E D = A EROBE
X2 T, HimlE4 2L5NENEFNIBETELL2D0E, XD LD,

(A7 1 000
Al o1 oof[4

Al oo 1 ofl4 X,

Ao o of|a] v ]
Al o1 o ofl4

4| |00 0 1]

(37)
i, =MAFEE 1 L2 OB, TIRT 218X 2 0AlO =AFEER 2T L LT,
LFD X HIZET D,

el S 2l HREIE

(38)% (37) D #1741 (connection matrix)C Z > THIEAEHL L, AT v v/ A &
Asn A b AsZFEL ST BITOGRK LICIBIEMG B s,

O R R e |
=%x’[S+T]X+X’f
1 1
PN AR

it 3 |0
1 1
cot e oot by oot —cotdy 1]
o 7 — ooty oot +oote) —cote 0
2 —rcotdy —tote, cotdy +eote, 0
0 0 1] 0
cot &, +oot by —cot i 1] —cothy
+5 —coti cotg +oote, O —cate,
2 0 1] 0 0
—cothy, —cot e, 0 coth, +roote,
2110 21 01
|1 2 10 Ayl 2 D1
=A% 12 o]0 0 0 o
o oo o 11 0 2

(39)
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>R AR

BRI L > T=MAJF | IREFR 2 TR G b7z, Z ORI O 1 2855 (e,
extremum) &5 Z LIZH o TS RET AT AHFBRAALEZ 9,

EF ATINIEET D A

%[X'EX] =m+0%, %[X'Y]ﬂ

(40)
EBRLT, B9)XER7 FL X ICEHLTHY LT Yr & BL,
%ﬁﬂj =%[%X F[S+TP(+ X'rf]
—S[SHTIR+Z[S+T] R 41
[T
=0
(54Tt
(41)

GORADBRL RE VAT A HREALE D, 2OV AT AFBRRUTFEK ) A ~ U BER &M
CRIFRBERSRME) &2 HEINICH R T D, T 1 7 LA (Dirchlet) IR, T 70b b, [EIEEE
REMIBEERICRT vy Ui AN T, @GDRELR L TRTIEMAEORS, 20X
I L TRZSED FIEF=AF 1 WEREZME > - AREIR{E (st order finite element
solution) & L iXi 5,
FrE B

3 DOIE W & FEOREMERIZ Y — 1204 L= ZFiERE ] AlE SN TV LA, ik
KND B-H V—7%FH L X5, L., BEROBSK TR 2 BH L 7-8EE 7 L Cfif
HradTo,

Z ORED 3/ ERIT26)NT, 000=r | /0= E LT,
[Grrefra-foem oo froetdy

(42)
LD, BRFMFIIRMEERER EOBRART vy MT TR TErOEERMR LT 5,
da.b BLO ¢ 1T 3 HFIS/RTALED, O, DICE T DHETT M ORREE & R OBE%%E B-H
I—T TR,
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T
:-:-:':-:-:-:-:':-:-:-:-:':-:':':';-*.'J'r.:“
A
e e

[ 3. IEH W A fr O REPER
E [T]
0. 0015
0. 001
0. 0005
H [&/m]
-3 1 2
-0, 001
—0. 0015
4a. 1O B-H V—7
E [T]
0. 0015
0. 001
0. 000S ﬁjﬁ;;jiﬂﬁ
H [&/m]
R | 1 2
—E s
-0, 001
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E [T]
0.0015
0.0l
0. 0005
H [&/m]
-3 1 b e
—0. 001

—0.0013

4¢c. 1O B-H L —7

VG RREESR D Mathematica Code
BB T

s MER DR ER 2 ERT D,
myu(=4.0 3.141592 0.0000001;

myu=500. myu0;dmyu=50. myu0;paraS=0.0001;
£=50.0;=2.0 3.141592 f;
kapper=1.0 10"6;
deltal.=0.005;=deltal. deltal/2.;
jAmp=1000.0;

¥ LA DRSS AR EET D,
coefl=(1/myu)+omega (dmyu/paraS)I;
coef2=-kapper ((omega)l-(dmyu/paraS) omega”2)*

(deltaS/12.);

inFunc[t_]=-(1.0+(omega)l) jAmp Exp[(omega)l t];

Yoshifuru Saito

< X 3 DOIESGTEME ORER TIE, IFRED S [R5 0 = ATEREBO DU TRET T &

WD, =ATERE X 4 (R TERICOHT 5,
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A
£
=

HFOER

AR R

C@HRO S FFIE L B,

sMatrix=coefl {{2.,0.,-1.},{0.,0.5,-0.5},{-1.,-0.5,2.}};

@)X T 175152 2< %,

tMatrix=coef2 {{6.,1.,2.},{1.,2.,1.},{2.,1.,6.}};

c@DHRDOATIRT bV f 2O B,

fVector[t_|=-inFunc[t] {deltaS,deltaS/3.,deltaS};

* SHT ATHIDWATHN Y ZRtHT 5,

inverseMatrix=Inverse[sMatrix+tMatrix];

- BRMT bV X EFET D,

vectorX[t_|=inverseMatrix.fVector[t];

C 1AM O AR T D,

solution=Table[vectorX]t],{t,0,1/£,0.01 1/f}];

<[X3 T, R 123 OBEEELZHET S,

VA, =i ij
TR
=B,+B,

Thonb, BGERHET 2,

fluxD1=Table[0.0,{100}];

fluxD2=Table[0.0,{100}];

fluxD3=Table[0.0,{100}];

Do|
(
fluxD1[[i]]=(0.0-solution[[i,1]])/deltaL;
fluxD2[[i]]=(solution][[i,2]]-solution[[i,3]])/deltaL;
fluxD3[[i]]=(0.0-solution|[[i,3]])/deltaL
),{i,100}

I;
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L%,

x FAOBEFIL
hField1=Table[0.0,{100}];
hField2=Table[0.0,{100}];
hField3=Table[0.0,{100}];

Dol
(
hField1[[i]]=coefl fluxD1[[i]];
hField2[[i]]=coefl fluxD2[[i]];
hField3[[i]]=coefl fluxD3[[i]]
),{i,100}

I;

THEAbND,

D B-H V—T&Hi <,
bhLoop1=Table[{Re[hField1[[i]]],Re[fluxD1[[i]]]},{i,100}];
bh1=ListPlot[bhLoopl,

PlotJoined->True,

AxesLabel->{"H [A/m]","B [T]"},
PlotRange->{{-3,3},{-0.0015,0.0015}}];
bhLoop2=Table[{Re[hField2[[i]]],Re[fluxD2[[i]]]},{i,100}];
bh2=ListPlot[bhLoop2,

PlotJoined->True,

AxesLabel->{"H [A/m]","B [T]"},
PlotRange->{{-3,3},{-0.0015,0.0015}}];
bhLoop3=Table[{Re[hField3[[i]]],Re[fluxD3[[i]]]},{i,100}];
bh3=ListPlot[bhLoop3,

PlotJoined->True,

AxesLabel->{"H [A/m]","B [T]"},
PlotRange->{{-3,3},{-0.0015,0.0015}}];
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B @TD
0.0015

0.001 |

0.0005

H @2émD

B @TD
0.0015
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Quit[];
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4 FE YREEAEDRBRE Y AT A

4.1 R L 1T
411 FREOSE

BRI, BARR TR Z Dk~ RBLE 2 Bl i« OBIRIT R LIS+ % 2 & TF
EOFYEOBRNINEZ FNTE L RW7E S L7 BRI O o T8RRI R D N2 HUHN 2 fifi
LZDORREFBEZHOL L TEZELS ZERREREHTH DL, £z, FFEOFYM
TRV LRI Z AR DOE TR WV EMERBR2ERORREREZHALNICT L2 L b AR
BroREITth b,

HifliZe 5o —f & LT, BN pian TV 2 ELHRIR OB A 503 FERRIZER Y R EL
BuaBR D, WhWLT T (Ampere) OIEHITH D, & T, EEANEM T2 < H4ER
N—TREMR AT LR TH D & &, ERTOER L GHOFE DS ORERIZE D
KO TEINDLITHAHI N2, 20X )l £7. HRUIEROIRE Z
NaRNLBERPBEIEHR TH L & LT, BROBIEA M E B RO E LTRDS
ZLTmT D, TR, ERORIDBAR AT BEAE IR L LT, BREBAOBKLE L
TRD DI DI SN2 T=DTHA I MP2EZIIMETH D, EIRITER) LIRS
Z L BOITHIESCHIBEI A AIHETH D DITxt LT, RO IR T R U2 F TIA
PO EG I ETOBMGANUEL KRN LITERT 2, ZOBINLH LR E 91T,
% < O HRFF O I7iETmITE & BN R 5 I B 5oe BRaE i & U, JE & il 73 1K # 7
TR AERMERE L TRODIBEATRASND, 20X Ex FTERMLEN S EE
JIE[# 2 (regular or forward problem) & FES, S U2 U, TEHIR & E s BRI 2 Ridg & L
TRFTHE A KD A MEDBNAFECTH 5, Z ONAFEMHTIZ, EHRIR & 5 RsEIs B3
DIERIRBEI Tod 5 0 B RS —ERNCIRE Y | BEIZTER U 7o B 028 8 55 OO et 2 fipr
THMDTHMRFEE LTUEHIND, L, RFTESRZ A & T 2R EE O
RANZE AT 512132 < ORATERRR R BAE N MEL L 720 | MRD TIERERMFER L 72 5,

NERIE: FHR+ERcZEOBR —> RFTHER

H L. AR OB THRICHESR A 5 IHRIE - fIE fJaE ThTIRZ b < Bl SRS DB
ELTRBLENDZ L ERSTZTHAD, UL, EEIFERPISHMT 5 2N 2 HE
TLZLEBARETH DD, RFTRER MDD — BN RERS A VBRZ RO 5
ZEIFREETH A S, DX D ITRETHIE D HAEHRIE 2 KD L R 2 EHEE BT 5
Rl (Inverse source problem , LATF IS BEEIKGE YEFESZ & E L KD,

RHEEICBE4 2 RE: RETEHR + FHREEOER —> HFHRR
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Z OIFRHEEIZBE T o Wi E AT IR, A OB S O KU R N CRTE DR SR A
HEDXIICERZIBEET DA N-CHE AR T UL Va2 kD 53 EH RIS LT
IO THENTH A 9, £, AL~ BRI % fe/IMZ 3 % PCB(printed circuit board) Z: AR
DEEHFHI O ATH A 5, MBEITHERPRIFTITH D7D, D —EHIZIRE 720
HIZ® D,

fih s, W& PTG 5 2 b, BRI EOCEZHEET 2MENEZ LD,
Z ORI & RPTIE A 2 T 21ER] T7eb b IR & JRETHIfE i o K R BER 2 7R
A9~ % 0 F R 2 B I HE @ (2 B9 % i [ (inverse rule problem, VAT, IR [HRE & IEF0) & FES,

MAHEEIZBE S 2 WRE: fFHIR + RPITE®R —> BREOHKA

Bl 21X, & HEWFE A DED G 2 DHE ORISR &2 RAE T 5 BE 2 & Ay 72
i & B OHAMEE BT 2 ETH Y . B4 Y « N— L DOERNTRITERR ORE R
e Z o IR MEICHT 2 Th 5, T7ebb, HAMEEICEE T 20 R8I ERr - &
BRAJHE R 6B 2 1ER &2 R R O 21 ETH 5,

LU b, < 0 BRBFOERNZL, BIZIEWRIE & RATaE M o % ru e s (F
Z LR E) OB T EMEZ SO D EEOMWEITKFET 5, o& X, BZERT, &
MBARDEZ DR RIZB T 5IIeAY - "= OiEHIc L > TRkdD D, L
L. BIEF & AR DNFIET 256, Biilc e 4y « =L OERI BRI
Kb, LIcido T, \RFEHR LHARPEZETHD NI HAE LHEARTHD L
NOGE DR GHEMEEROMEZRET 2 MENE L 6ND, 20X ITIHFHRIR, &
PTEEH & DICTHF R ZEOEAREN G 2 b, HHcERE T I E 2R ET 5
R1RE % I HE (2 B9 2 i [ @ (inverse-parameter-problem, LA T 1P [ & I&F0) & FEIE 5,

BURHEEICE T o WA FHRR + RERER - FREEOEARER-> HE

BUEHEE\ZB T DRI, B R ORBALAFE, FEAEROFERS HICEREERR L
ZHET D RHABANIC A2 5720,

Wil eE
- FHEE B 2 WA - RETER HRREZEOER > FHR
- ARAHEEICEE T 2R - fHRIE+ REE®R > FRcZEo#R
- BUEHEREIC B 5 R - BFRIR - RRTRR R+ EREEOEAER- > HE
ARFEIE, TERDIHTEI N RECHIE N A S B B2 B s & U, AIER N2
HEAZRAERE L TRODME, $720bb JEMEZAHZE L TWL 03 L, fIER
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81 23 FLER A IR B C > 2 R PTROTE 0> O T i, 1 i & s o MRIME, & L T2t
HONT A2 EZTPNTOHNMEEEA LT HRE, $72bb WREIC OV TR~ %5
FIEAMETH 5, S THIE, 1RO BARR AT HR L2 - 7R OSSR N O 1 A
FRRAT - AT T D HERR BRI D OICRAS LTV D, ZHUSH L, FFEDHEHN D,
ROFEH G EREBBENThHI, EDO XD ITREHT & M & IR O K 5
MBI OME 72 £ 2 RENCIRE T 2 Tk e MR T2 0BPAEOANTH L, ZO &
DINEERMN S KETHE~NDEZT;, IR L THERNETTIIES . £46T LM
— OO D 2T The, H<ETHEE DR DT HHIZ IS MW & 7 I
LIENELRDZEaRBLTHEZW,

4.1.2 FRAEDRE |

MBI RO F TR Z 5 < 1823 4£(Z N.-H.Abel 235 2 72 A v -7 T IRHEE R E A e )
Th» 9, An-TRHEEMEL X, BEAEEZ FFORL 1 2 BEO B RIFAR O 2 7 -
TR AT 2 TR, BT8R S £ TORBZEHIIL, 2a-FoRkzRkD L5 &
TH5HDOTHD, Z ORI Abel DFES RO ERGIZ OB Y | Au-TORKEZRD
DT LIRS LTz, L LR, 2ua—7FORRB NN ZESEMERTBIRTH D & &,
HRICBERE B A2 FF OB T OWR A2 28 2 TR, BIF AR D £ CORRFHIICE, fif
Tbb, Au—7ORRIT—EOIZKRES NI & 1976 4FIZ JB.Keller |2 X > TREH
SNTWA[], ZOMBITEMR AR —T 2 iR A0 —7 120 L, fllx OHfie A n
— 7% Abel DFEG HRRAD B RO | BIROFER D DM/ A v — T TR EZ RDIUTIRT 5
CENRGICHMRTELTHA D, WETIUIBEME &2 BT 5 P & M a2 my)icis
RINFEME A —T R —BRUICROOND Z L2 EKRT D, 20X ICEROF
WRBEHEDO AN T — &% R 5 MBEIL AT & I OEHRS ARG D TR
— BN ED Z LI TE S,

BESVE B & WSS ESRIE L, BEEO 20 A g — 7 LT R L X — OBME S E 5= B
T D HARER] & 72 505 Abel ORBEITIVE OTRE RO D IPIE E & 2 5 5, 1P FIEIE.,
—E D RFTRITEHR G DAL B OFENEH T, EALS LTV DIEHOR
F<fl & LT C T(computed tomography)’ & 5, 1917 #4734 Radon 73 IR ICMED TR D3 %t
BORFNOEET — XD —BHIRD b 2 & 2HFZEEH LT, W5 Radon
B CTH 5, 2D, DR RI(GY 1740 =7 )% = 1961 40D Oldendorf <2 1963 40> Kuhl
D FBRAE FAZ H-S T Hounsfield & Anbrose 78 CT MFEBRIZKII L., / —VVEITHEEW = 2
EIFEREICH LV 2],

fth J57.100 4ELL RS 2 FpoufRRE & L CHER S oo B 540 HIE 7> B MIBR O 5 &
RODRER DD, Z ORIEIZE PR & 72 5 MEREE 2 BT 22 B 50 B3R 5 1S [
EThD, ZoIS MEICH LT, 1867 4E0 GG.Stokes, 1875 £ G.V.Schiaparelli,1906 4D
C.Neumann %% HIERIN T O B ) AR RIEDS R AIBE T H D T2 DfRIT —BERIIRD H Z LR T
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ETELOBKRSZEL I L LMD, LOMmERLIZ[1]l, 202 & 2R EHRAR O
B2 BT CHBLE S, WE, BREE T 0040 %25 0A H ORIENHRD 5 IS [
BEEZ D, BIREE ] DEELRWZER OB SA H R B2 b & &, BRAORES
DRI Z RN TIR Y OZEMF R TIZEIEE T MFE LGS & T UX. Z OBEAE SR/ Am
Ze il /S 2 BRI B T IS E L —BEMISRO NN TH A 9, RIZ, FFEDZEMIC
BEIREE ] DWET D EE L Th, EIREE T 2807 D ZZMIN O/ H A HIE TE 72
WERD | T=0xH OBIRD 6 —FANCEREE ] DRETE RN LEHLNTHD, 20D
7esh, IS BRI 100 2L EDOESL 2 KiD1 & 1) b FIRIER R FIEDFENL STV, L
2L BLET, BAROMBEICR- TH, MERE R CTHRIE 1D MCG (L,
Magnetocardiogram) <> AMATHEIZR I CHIE 415 MEG (44, Magnetoencephalogram)
2D NRNER O B FE 2 HEE U | 52272 FER IRAY E 22 WO ikt aE o Mg B & L Z2 1
TE DR I3A5 % B & 9% MRI (Magnetic Resonance Imaging) O Jilifsé =2 A /L fc i B i R
B FERG UG IS 28 D B B hIE = A VEREIRIE S BT 7 7 ¢ 7R Y — /v RO = A v
FLE RSO < O IS MERFET 5, TIEHEBRL T, DX 52T bo I8 FIBITG
ENTVDDOPHATHD Z L3R THKEWZ £ TH S 9, MCG ° MEG FDEFHY
IS FETIEL, Bt L EORKE LT 2 BB (L7IXERER) LR, Eok
IIRFETH —EMITRO b D i b BRI 72 B RIR % 1R 5 FIELERBE T
DV B L, o om»bEELMOBR H OS54, L) bR AnE TRl
EINDICHMET, BIEE I NoMAT 2 CRIEIN EMUE L, I=0xH QK CTHE
MERE T ZHEET D7 ML T u—< v FEEPREINTND, MO = A AELEC
BA4 % IS RIBEOER FIEDZ < I1X, 2 A VELE Z0E LNARE & U CTRE< 2 & TR A
RS, ZOWHKRSMANEEEE T DMK M 8T 2 LD IIEMEE I8 L < Hik
ToH 53],

EARA 2 BLE T 2 X, WRIEIZR S 7o i DR, o 2 HHE, £
LCHERMBIESND AT 4 7T OMEERET B L ERIRD2 THA S, #HIzIE, &
TR OPRRTEEN A 5 AARJEL CHIE SN D EBHEADRFTIEHRTH Y . 2 ORPTHY 72 B
RO AE®RD O IEHIE T 2 BERAIR 2 RAE T 2 TR 2 A RRURETH 5, £
7o R\ Z 31T D o — 0 b5 DAL AR R A b RETHIE R TH D |
Z D BRIREE A0 0 b BN #RIR A2 R T 2 M b AR 2 FETH H, 2D X 5
R ITAEAROTEE) A T = X LB NIEDS 7 B AETE Z2 e 2 OB RJF - i = r L%
—DEREMRRE, WHIREIF OB L 2 2ETH 2,

WO Z < 1X, REFTR7Z2REHRICHS T 2O E 0 & 2 WDIFEIRIC ST 2 KD
Bari oMby 27 L Z 8w %, s, URiEO 27 AR O
LD BRIBOBNEVENSL TR TH D, 0L BRBIEL AT LT, VAT K175
WEFITINTH DT DWATHINEFIRE TE 2\, 20k, WifEO v 27 A HFFRAIT A
)l posed)ZRARIE T AT I ERREAL, TERDFILZE MG T & 22O RS2 H L 72
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WIRY — BRI RN ONRNZ LR bBN TV D,

42 VARATLARER
421 JERTEE

B RTIET T < O L5 BRI 2T AL, 85 7130 B OB A2
KEMLS Z LT T D, 74 VHVEREEZ IR & 3 2 8EMAT Tk, AIRERE, AR
ZiER LUy HRAESE TRE SN DEEBRIEEZ W T, SRR a2 @y 7
Tbb, BBV AT LAFBRROBIIFTHZ LN TEH[4], WE, C X, YEZEREN
AT LFBROBEATH, HIEBICATIRT Mg, A7 L 5RAI,
CX=Y (1)
DBIZEL ZENTE D, —RITHEYNIE N 72()IROREATHI C IZIEHFITHITH W17
Y& R OIERERATHICH B, NERREIE, (HXOZITAREATS C OMITHIERE L, HhH
R MV X EZRODLMETH D, ZO X ITHITHINFHEARET, <7 b X B3—EM
WCHERTEEZR v A T A & U 7+ A 7 Is(well posed linear system) & FES, (1D)ZUTHI /1
7 MVXBEZ BV, AR MLVY RO LMEEE XD, ZOMET BN EZL
NANZRDDMETHLT-OWE LIRS NNAH TH 52, HIZHTIZ FL X Z2(1)
RUIZRALTATIRY ML Y ZROLETH VRIZT—EITROBND, 2O, H
PERT & (direct problem) & FEIZIL 5,

4.2.2 R

<a>ISHIE K 1ITRTE T 4 /L AE IZERNBTEIL TV T, 7 4 VLD EFITALET
57 4 VI AT IR BER OBE R ol 2% %2, BARMN n MEMBCTHESND, 7 4L A
IEERREIZ m B2 oE S, ZOKRICETINTE m SOEREZROLMEEE 25,

nBoRERBIES
{ cf
cfs
J offE PR 2 e B A D

1

R LRERBIE D & B 2 T 5 T T

17C, A H >(=1,2,,n) LEii (j=1,2,.,m) ODEALRIL Ampere DILH
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I
H =5 @
7TI’}j

THEZBND, r IRER H,(=1,2,.,n) LD, (=1,2,.,m) BIOEHETHS,

QAL KAD VAT L FRADT LD,

1 1 1

r T ) T .
(Hi) A TR
o B T I Loy |
|72 Sl om om || 2|,
b 2nm P
\H, ) o o)
'nl 'n2 I'nm
or
X, = DY,
m>n

QRULT v XT OERILHE LD ISHBEO VAT A HREATH D, Iz %n X
D HRIEDOH m 3% <, Q)RDOBREATH D IZEFITHIE 72D . D OWFATHINRD Hiv7e
W, ZOD XD I AT DAY B 2 A T (il posed linear system) & FE.5S,

IR i@ Q)XiZT7 X7 DEAIN /RO, Ll 7o X7 OEINBEM T2 <,
H, H, "B TH %D & EERLMBAMORERAER T NT A =X abed ZRDZV, abed
LB E R DT A—=F ThH D06, WD LD,

fa)
H a by/q i]iQOOEbi
(Hz):(c d)(iz):(o 0 i iz)i c|
\d)
ar
(4
X,= DY

@NXUTE i, i, LS H,,H,BOGREF 537 A =4 abed 25KDD IR D T
T LGB TH D, IR MES NERBIE S AT L2k Z & 1w T 2,
<b>IP & ERR7 B & LT 2 1R IP A E 2 5, M2 T, BREEROBRIL
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11 1 1 1 1
r r r . T, T, T, .
(Hp) 11 12 1m (1) ell el2 elm |y
I P I AU B | L L Lo |
I I & R Y Dm | | 2+ Tepl  Tex2 Teom | | T2,
L.l 2n Lol on |
| B, s Ll S C o i)
I'nl 'no I'rm Tenl Len2 Term
or (5)
X,=DY.+ D. Y
ERDe 1 X H(i=1,2,.,n) LEMET(=1,2,,m) HOEETH 5,
2 [E o RLR R
ar
o Bt £
=B L = e B N R i
!
2. BEEEEVE /A & eI E RIS AR FNREE R A A S 7256 o TP &
flm fEIZE 0B S, BRI K EIZESFI SN D
(5)A BEEMERDFEM AR 7 /L Xom 13,
[ 1
r r r )
B N IF U I e
| | | | l . . . 1] |
!HZe!:ini_T 1 T2 m ilzi
[P . T .
| Hpe / LHH) EES 1 (im)
Tl 2 Trm
1 1 1
Lell Lel2 Telk
1 1 1 (e
_ 1 Te21 Le22 Te2k i ieo i
27 1 1 1 L . J
T, T, r lek
enl en2 enk
or (6)
Ko = Xo - D¥s = De ¥y
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RS ZLIZE Tl OND I EERD, EDIT, KRB FITIERERET DR LYX
—IR & - 7228, RIS D SR

= (7

NS RIRVASN
(7=
() (100 0y
IR
Uik ) \-1 -1 -1 _ljkiek—l’}
or
Y = F¥YNew (8)

ThHoH06, (6)AE

Xym= DY
= De FYNGW
=Dy YNew €)

LD, XN IMBEDOY 2T L2 FEATH S, QXS IMBIED £ 7= RNEb) e ie
VAT LEMS ZEIZmT A Z Ebins,

43 FEY R S R T LR
4.2.1 RO B M

IR, ROM L D RO SRl Y A7 AR EML LIRS,
ZITIE ERLEERHE L TRAEE XD,

ax+by: C
or (10)
(a M(X):WM X =Y
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&
)

3.(10)= D FR E AR
(10)x T, x=0 D & & y=c/b,y=0 D & & x=c/a TH L0, X 3 ITRTHEER EORITT
TAORDMRTH 5,
y=-2x+& (11
b b

ADRIIMBEMREZR L, S x PRENT y PIRED Z L 2E®T 5, #ETHIE. xy
DA 3R FAVUEMITER LTk E D, ZHITEERBEFKTHY . HRETE, KX
DU LW DN —BRICIR TR OIIHER L TIREDH Z L2 EWRT 5,

FERIZ LT, (12)ROBEL AT LEHE 2D,

ax+by+cz =g

dc+e+ fz=h

or

abec (X\ g

(d . f)ky):(h) CX=Y (12)
VA

(12)x0T, ab,cdefITEE. xyz lIARFE, S HIZ ghlZATITHL D, KOEHD 2
E CARENED 3 HORNEE 2T AT L Th 5,

£, axtbytcz=g T, y=z=0 & L T x=g/a, x=z=0 & L T y=g/b, x=y=0 & L T z=g/c 1’15
BB, WIT. dxteytiz=h 725, x=h/d, y=hle. z=h/f B EDBN S, (12)XOMIT, K4 107
T X 912, axtbytcz=g WA T 5 Vi & dxtey+fz=h 23RS 5 Wil DA 2T 5 AKfR AT
T %, ZOXKHEOEEET X, y, z Dfivh 2 HOBEES R EAUTFRD 1 EIZEE LTk
£2,
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| e

=l [t

|

o |omy

B 4.(12) X DfgERE OFR 1)
PLEDOHIN G, AT O% n (5 LVMEBOBER —BERNZRED . £V D mn
E O — BNk E > T2 n HOFEZHER T2 Z Ebnd,

ARETIE, MARROMMBEAF L LCTHY B, WRBEITRED R8I S AT b & fi# <
ZLIRT AL RN, REYIRBRIE S AT LA OO H TN 22 o EE IS L
W b A GIEE VTR LT,

2L Xk

[1]G.Anger,"Inverse Problems in Differential Equations,” (Plenum Press, New York and London,
1990)

RUSIE, M R, CEAEGZEEE -CTMRI 29 & LT-, » (2, 1988
12 420 H)

Bl Ik, R SACRU RN Bl O AR RMmIGE AL 11456 75, FHk6
&£

[4MKHIR, “Mathematica |Z X D EMA T I 2 L—a >0 2 (FRALHRR, 1997 4F)
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42 EBEHDOESHITIEADOEMRE

ARETIL, RAKOENPKXOE Y b EFANCZL W REE RBRTE S AT LOfITEE L
THEA EWATINED R 725 2 FIZHONW TR 5,

AT E WITHNEL AL ST INEA LR L2 FiETH Y | EEOWELR THEIBET 5%
M 22 AT IR TETH D, —RALTEITINEIR O 2 BUE L 722 WL R 722 i
ETHDN, BHAEPATINEIRORAIES 5 Z & TEHMTINEZIRET D5, < OY
HRIZIB T DR O DOFAET 2 22 B O & L TR IN D, B E T
EITARNZEMERE DR & U CREUBBFRECTH 2 Z L 2 RE L., B I 7B 0%k
ERETHZ L TCHMEOMEZSEL HIETH D,

AN, & OEHRANEYRGE S AT LOFEZIRY LT MOBREZEKRT S, K
(2. RO B BN SO 2 E S 2 AT & {751 (Weighted Inverse Matrix, A~ WIM &
BERE) VEZ IR, RO/ L MER WIMIENGET 5 Z L &27R T, E6I1T, EEOY
PR CTHEET L2 AEUMELZIY TP ARETRET 2 WIMIEIZ L DMOMWE 2RI 5,

422 —BALHTHIE

WO % < X, RPT2RERICHRT 208k X 0 & 2 WIERFIC ST 2 Rtk o
Bari oMby 27 L Z 8w %, s, U0 27 A5
BEO BSRABOBNLNHNSFRANTH DL, ZOXI BB AT ML, VAT K175
MNEFITHNITH B IO WTHINFETE R, 207z, WO v AT A F AL
G728 v AT B LRI, PR DOBITEZE MR Tl & O SGEZ A L2 VR Y —
BERBEPELNRN ERNMBR TS,

BEWNII RO AR v AT L EfEL Hike LT {EE THIRm SN TN D, —i%
{EIFATINED —FECTH DI/ /7 v DET W RTERL O RO 72 > AT DO x5 25—
FHiETo D, R/ IVAEORRORFIILTHIHGONLRITH D, LLERL, F
5 AVT SRS ERNAFAE T DM & TZRR & 9 5 DO PG 2 A0 L 72 R 0 52 s
IR TE R,

AT,

1) WREICRT DED A B,

2) B LW REREATE & LT WIM IEO#ZE,
3) WIM JEIZ X D fEOPEE,
WZOWTHRHTT D,

423 B XTI
<a>fEDOBEHE ISR, XKook v REBOL W REY 2 2T AR AR
LT A, T ITIE, BEmasE L TikXEE 2D,
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&
)

X 1.(1) DR E R
(DT, x=0 D & X y=c/b,y=0 D & & x=cla TH DD, M 1 ITRTHEER Lo SITT~
THROETH 5,
a C
y:_BXJrB (2)

QFNIFEEMETR L, T x DRENT y DIREDZ EEZERT D, #E5THUT. xy
DAV — B REFVUIMITIER L TR E D, THNITEEREFRTH Y, HRETE, KX
DI LW DN —BANCR FAUTFE Y ORITHER L CRkEDL Z L2 BT 5,
<b>WIM . (DAL, ROEEA 1, REBOERN 2 THL D, 7 MELTO
L OIRET 2,

[J=[4 I8 3
ZIT ww FEREETH Y . s BEKTH D, QREORA~ATII,
[ab][::]s)=[c] “)

ThHHNDG,
§ =[w a+w, b [c]

or

Y=l s s

[ Jwa s Wbl [

L LTI ARG DBND,
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3R & — A E T,
X=w[cw| 'Y 6

67T, X, Y. ClE, ENEN mKROFERZ v, n IROBEARZ b, E5I2n1Tm
IO AT DMTHITHSH, Wi mAIT nFIOEMTHITH D, m) n ZEHEREE LT 5,

O THRRKOHBESIIEAI TSI W ORDFTHDH, = Z Tl s HMRZEM o OBIEL s(a)
ThY,

S(Q) =Sy +0S; +02 S, + ... v+ 1S, (7

ELTe—plZEmRT,

(NP BIRERT RV X OEFEDN Aa FICHERL S8 & 3,

X
x=| *
X,
10 0 . 0 ?
2 n-1 1
|1 Aa . A N ®
1 m-Dae [M-Dael . [O-1)de]"" SLI
=wS
ThHzbn5,

®)FUIENT A T —fEIREFRE L L TRE L2 EAITH W ZIRET 2 —HIETH D,
Thbb, WIMIEITMEPELNTT A 7—REAFETH Y . HORMIDH n IHE TOMT
fRINRSIND LARET HZENEFTH D,
<c>E/INJ v AR

Yy

A

c

ymjn

a
RGNV N S
B/ v BIRITR 2 \RTRERR B TR B RS B EERE L 23 EVME X i, Ymin 2 (1)ZCOiE
L9 5, BALMNTHEEEL X
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L= \/Xmin2 + len2

ola

ThiHINE, ) VTRNE D,
P~ T, e/ NV ARIZA0)ATEZ B 5,

Xun = LSING
c

a
e +_b;_ \/(§)2+ oy T aib

Yoin = LCOSG
c a

T VEib Jeyieg @D C
VEr+Er

or

(;;):(iﬁ@'b(iﬂﬂ(@

X=C[CC1'Y (10

10)Z 5 /s /7 v BRE ()R OFREL a,b ITRTFE Lox OFR%E a 28y DFRE b (25 L,
wi=a, wy=b & L7TEGATH D, HETHUX, (10)=ix WIM JEIZEBIT 5(3)— (5)RND E A%
&

MR an

LT H D, 1o T, —ALAITHNED —FE T D/ /b DEIXE AT X Wi THIE
D—FETH D,

fEDMEZER TOR)YRD L ST A T — BB ATRE & 40X, WIM JEIC X 2 EAMREUT
W, 1

[%Fh] 12

Ly T MV XX

X

1= bily) e

- 250 a3
L5,
(13) XD 2 (HFURA T U,
ax+by:a[afb]+b[%]:c (14)

Ll IR AR T D 2 E BN,

424 1 KEEHEERE

<R EOWEH ATV — DDA E ) WA TEO AT ) O =~ FEAR
By FENT, BIBRESDICT T T4 v 7 AD Ay r—Ck AND, . Zhbofadit
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BHEEIAND LT —IZRDMBIERTREZ L,

<<Utilities"MemoryConserve’

$MemoryIncrement=100000;

<< LinearAlgebra'MatrixManipulation’;

Off[General::spelll, MemoryConserve::start,MemoryConserve::end];
B EATHNEDREAR Y M AR T 2B EER L TB <,

coefficientVector=

Compile[{{systemMatrix, Real,2},{inPut, Real,1},
{weightMatrix, Real,2}},

Inverse[systemMatrix.weightMatrix].inPut];

Yoshifuru Saito

<b>ETNAVORE 2T K3 IRT LD IR TR ORIEN S EREZRET 55

CINEEEZ LD,

o

- |
A ADEREES
b. T L) G L
ofs (L‘%}ﬁ (L
. S '] 0 o

ERDRNTL S # i

B 3 BRI BITE D O W & AT BT

7 X7 OIERIH=1/Q 02 W T, BT 0 BBE ERT 5, i & jITENEN, 7

4V I EIE S ONLE &5, hiGht (3 v T DE S TH D,

greenFuncComp=
Compile[{i, j, filmSubDiv, measureSubDiv, hiGht},
coeffiCient=hiGht/(2*Pi);

distanceSquared=(j*measureSubDiv-0.5*measureSubDiv -

i*filmSubDiv+0.5*filmSubDiv)”*2 + hiGht*2;

coeffiCient/distanceSquared];

<RV O PRBEROGE  ETENC, SRR EREE A T, ¥—F >
FEWERDORSZZNTH 1.0mET 5, SHIZ, WEREL =5, Z—7 v FO5EIE

I m=20 TH Y, AEH & AIRAEHEOHEEZ ofs=lmm &7 5,

ZOMETIE, ROBITE UWIE S8 0=5 HOMN —EICRE Y . B0 0 15 HOfiE

TR LT E D,
fI=1.0; o0l=1.0; ofs=0.001;

n=5; djMeasure=ol/n;
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m=20; diTarget=fl/m;
ETND VAT DTHIEERT D,
systemMatrix=
Table[greenFuncCompli,j,diTarget,djMeasure,ofs],{j,n},{i,m}];
ETNVOEMIAMDOEEE ERT D,
sourceFunc [X , n_] =Z (ﬁ *

i=1

(-x*t;

B 412 TN — Ao TR
modelFieldSourceOriginal=
Table[sourceFunc|i*diTarget,n],{i,m}];
modelSourceG=
ListPlot[modelFieldSourceOriginal, PlotRange -> All,
Prolog -> AbsolutePointSize[4],
AxesLabel -> {"Pos.", ""Ampere'},
PlotLabel -> "Model source'];

Ampere pModel source
.
0.975
.
8.95
.
0.925¢
.
Pos
2.5 7.9 10 12.5 15 17.5 20
.
0.875 .
.
.
0.85 °
® e, e o *

X 4.7 VEFLIAT
PIE S DR~ T MVEEFR L, K5IC7RT,
fieldH=systemMatrix.modelFieldSourceQOriginal;
measuredFieldG=ListPlot|fieldH,

PlotJoined -> True,PlotRange->All,

PlotLabel->"Measured field" ,AxesLabel->{""Pos.","Field H[A/m]"}];

Field H@aémD
.57

Measured field

.56
.55
.54
.53

.52

©o o o o o o o

.51

Pos.
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4 5. E S 4D SRS
B/ VIR B IV BIETTRE RO THE S,
weightMatrixMN=Transpose[systemMatrix];
Timing[minimumNormSolution=weightMatrixMN.coefficientVector|
systemMatrix,fieldH,weightMatrixMN];]
{0. Second,Null}
FRXZNE T DR ONTNERRDTD, o v 2T L HRAANMUAN LR RKGRZE
EHELTHLI,
Max[Abs[Chop|[fieldH-systemMatrix.minimumNormSolution]]]
0

TR AT DTRAZ R T WA F O TWD, &/ v ARz 6 1R,
solutionMNG=
ListPlot[minimumNormSolution,
PlotRange->All,PlotJoined->True,
AxesLabel->{"Pos."," Ampere"},

PlotLabel->"Minimum norm solution"];

AMPe¥enimum norm solution

6.5/ N/ IV Ifig
4 7 \ZIEfR & /N Vv DRO 2 TR, B/ v MRITIRBI TH 5.
Show|[modelSourceG,solutionMNG;
PlotLabel->"Thin:MN, Bold:Exact"|;

Amperehin:MN, Bold:Exact

X 7.0 (Ry b)) Ll 2 v afg (HIfE ) Ok
WIM fig  F9°. Q)R> TEATHIEIED,
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weightMatrixWIM=Table[0.,{j,m},{i,n}];weightMatrixWIM|[[1,1]]=1.;
Do[weightMatrixWIM[[j,i]]=((j-1) diTarget)"(i-1),{j,2,m},{i,n}];
weightMatrixWIM//MatrixForm

1. 0. 0. 0. 0.
1 0.05 0.0025 0.000125 6.25x10°°
1 0.1 0.01 0.001 0.0001
1 0.15 0.0225 0.003375 0.00050625
1 0.2 0.04 0.008 0.0016
1 0.25 0.0625 0.015625 0.00390625
1 0.3 0.09 0.027 0.0081
1 0.35 0.1225 0.042875 0.0150063
1 0.4 0.16 0.004 0.0256
1 0.45 0.2025 0.091125 0.0410063
1 0.5 0.25 0.125 0.0625
1 0.55 0.3025 0.166375 0.0915063
1 0.6 0.36 0.216 0.1296
1 0.65 0.4225 0.274625 0.178506
1 0.7 0.49 0.343 0.2401
1 0.75 0.5625 0.421875 0.316406
1 0.8 0.04 0.512 0.4096
1 0.85 0.7225 0.614125 0.522006
1 0.9 0.81 0.729 0.6561
1 0.95 0.9025 0.857375 0.814506
WIM i % 5% 95,

Timing|[weightenSolution=
weightMatrixWIM.(orderVector=
coefficientVector[systemMatrix,fieldH,weightMatrixWIM]);]
{0. Second,Null}
4 8 | WIM fif &7~ 9,
solutionWIMG=
ListPlot[weightenSolution,PlotRange->All,
PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},

PlotLabel->""WIM solution'];

WIM solution

Ampere

0.975

95

0.925

0.875

X 8.WIM fi#
X 9 |ZIEfi# & WIM i beiis 2 w7, X 6 D/ 2 L i, X8 D WIM fi. i s
REWET A THHLN, BTNV —RA% Y —ANFETAZER OB THH L LI-T-9,
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fife 2 V) — A ZEH OB TR I ATRE & E L7z WIMEIZIE LWRZ 52 T D,

Show|[modelSourceG,solutionWIMG,
PlotLabel->"Thin: WIM, Bold:Exact"];

Ampemé in:WIM, Bold:Exact

0.975
95
0.925 \
Pos
2.5 7. 10 12.5 15 17.5 20
0.875
0.85

9. 1Efif & WIM fif D b
WIM {E13 %7 A T — R OF 5 IHE T TRIARERERLBEL TV D, HSHET
DK ZRHNTHL I,
Chop|orderVector]|//N
{0.983816,-0.314349,0.180238,-0.120635,0.111111}

BT {1,-1/3,1/5,-1/7,1/9} TH H 036, 1FFET LY —ADBRENELN TV D,
<d>ERREGREE OB E X 10 (2K D RAERRET VY =R 5 B2 %,
modelDiscontinuousFieldSourceOriginal=

Join[Table[0,{i,5}], Table[1,{i,m-10}],Table[0,{i,5}]];
modelSourceG=
ListPlot[modelDiscontinuousFieldSourceOriginal,
PlotRange -> All, Prolog -> AbsolutePointSize[4],
AxesLabel -> {"Pos.", '""Ampere'},
PlotLabel -> "Model source'];

Ampere  yogdel source

1t @ o e 0 @ 0606 0 00

Pos.
2.5 7.5 10 12.5 15 17.5

10. R S & G TeT T VR A
HIE SNDHER7 bV EFE L. 111253,

I fieldH=systemMatrix.modelDiscontinuousFieldSourceOriginal;
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measuredFieldG=ListPlot|fieldH,
PlotRange->All,PlotJoined->True,
PlotLabel->"Measured field" ,AxesLabel->{"Pos.","Int."}];

Measured field

2 3 4 5

1LJE S D REFR oA

/N VIR BN NV RETIRE RO THR L S,

weightMatrixMN=Transpose[systemMatrix];

Timing[minimumNormSolution=weightMatrixMN.coefficientVector|

systemMatrix,fieldH,weightMatrixMN];]

{0. Second,Null}
FRAZNE T DN ONTNERRDTD, e v AT L HTFRAANUAN LR KGR

EHELTHLI,

Max[Abs[Chop|[fieldH-systemMatrix.minimumNormSolution]]]

Yoshifuru Saito

0
BRI S AT DR E MR T 2P 6N T D, I/ Vv A fE R 12 17T,
solutionMNG=
ListPlot[minimumNormSolution,
PlotRange->All,PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"Minimum norm solution"];
ANDP4ES inun norm solution
1
0.8
0.6
0.4
0.2
2.5 7.5 10 12.5 15 17.5 20 Fos:

1250/ v I fig
13 \ZIEff & BN/ )V DRD R 2 7v ™, B/ / V AFRITIRBIFN TH D,
Show[modelSourceG,solutionMNG,

146



Applied Electromagnetics Ver.1.2

PlotLabel->"Thin:MN, Bold:Exact"];

Ampere in:MN, Bold:Exact

Pos.

2.5 7.5 10 12.5 15 17.5 20

13.IEfR GR) &b/ v afig (Ko b)) O
WIM i WIM fif % 35 2,
Timing|[weightenSolution=
weightMatrixWIM.(orderVector=
coefficientVector[systemMatrix,fieldH,weightMatrixWIM]);]

{0. Second,Null}

1/17/2009  Yoshifuru Saito

TR ETW R T DB G ONTNEHND T2, a2 AT DITRRAASUN Ui KGR ZE

EHELTHLI,

Max|[Chop|fieldH-systemMatrix.weightenSolution]]

0

TR EGRE LT D, f/h/ v b2 14 12T,
solutionWIMG=
ListPlot[weightenSolution,PlotRange->All,

PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},

PlotLabel->""WIM solution'];

Rifpe e Wl solubion
1

/4
Poa.

-] 7.3 10 12.5 13 17.3% 20

14.WIM fi#

15 ([ZIEfiE & WIM D el &2 7R, fe/ls /v i, WIM fig, el A e &
LFETH DN, BT IV — A% Y — ANFET D ZEM ORI & E Lz WIM IEIXE D
MWIfRE B2 Tnd, AL, WIM B REReS e Ete Y —A5A, ELWEREY 52

LT EMWTERY,
I Show|[modelSourceG,solutionWIMG,
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I PlotLabel->"Thin: WIM, Bold:Exact"];

PP w5 o TG, Eold:Exack

/4
Poa.

-] 7.3 10 12.5 13 17.3% 20

15.1Ef#( K~ b)) & WIM fiRGIHR) D i
WIM {E13 %7 A T — R OF 5 IHE T TRIARERBERLMEL TV D, HSHET
DK ZRHNTHL I,
Chop[orderVector]//N
{-0.977751,17.1726,-55.4234,78.6253,-41.3817}
R0 FEBDERL TWD EIEE 270,

ARETIFESAMT E WAITHNEORR L T AR, Fio, @i pEE AV Tk i
ISV BIED BN L 72 W iEZ 5 2 HRE T o > TH BEA ZWATHIEILIE LU OiF
252 ERLTZ,

ARETITETINE . FRDIRZEBEEE D R E M TRIAABTH DL L LTEHE W, Z0D
TEF— R TH D EDORAELS , ARBTERWEAERH D, NEL R TH 50
E D INDOFHRIE AR E I DRI DU HFANED B E T E D, 1RO —MAGIFATHI Tl OFF
S RATRECTd D 6 B & WATHIEIT T RIEMEHT OF L TREME 2 £F,

BT EWATHNED AIRIEIL, EATHNOBET, bbb, MR ED LS AR T
JBBHHR D TR FT D, MR RERSZZDSE. 74 7 —RBEANPRIETH DD,
WIM IEIZES ) CTh D, 2D X972 WIM LA #2113 =4 BIE S TR S
N5 ERETDHENEZOND, ST A XDOEEEIZONTHLIZ LT
SYANAN

AREEO HBEHT LD EMEATE T o 2 B AT E 01750175 (weighted inverse matrix
method) DIRE L FHEMIETH D, ZNOHDOHMIIAE TIZTER I N EE XD,
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43 BAEBIE SO X WITHIE

W REREAT I IR A OBDR XD LY 2 WO e v A7 AR EfHE Z &I
T 5, RICRIBEOENPROBE Y L ZWVRIE Y AT AORITERICHEET 5, B
\ZAFAES DR D — B R 2 SR 6D 2 12 DIV & O BREUER VI TH 5, bH%<
EON D REEITIRED ) )V DS E N2 D/ N ) VAEE TR D, ZOX D /v
La /N T DEL BN ) IV EE WD BNV BIEIIERIZIZ Y AT MTEAD
NDTRNX—ZR/NIT DR D Z EIZkHET B0, BIEOMII= 2L X —% F/)
(T DIRTR, FT, e/ IV AEIF Y AT DR OBRBATINCRN K E <IKFET D,
ZOX )RR EERT D HEE LT, 41 TR, BB TS 2 PRIE U 7 AT &
WATHEZRER Uiz, B/ IV DIEDNRD ) v B /& s Z2 80 L= oo xt
L. EHAF & WITHNE AR DR 7T RE 72 fEATHY T 2B Ch 5 & 2 s Stk
ERA L, 5 2 BT, MOMEMTT A 7 IR FRECTH 5 & L TEAME AR
BT D EAE BARG & LTk 7z, MEDRZERICT A 7 — U BA AT RE & ARE L 72 B A
T WATHNEZ, MR O D> CRENTECAREUR B FTRE 22 12 % L TIE LW R E 52 72, L
2L RS AEE R B T BT 3 L CIEIE LUVWRE B2 720,

Z 2 TIE, EATHNEBED B IET D BB E T & W THNEIZ DWW TR~ %, Bk
BRI T & WATHIEIE, B 2 1SN RZERNCRB W T 7 — ) i CRIATRE L L2 A
BB AR TRES NS, o, EAREITILT LS =ABFKO K 5 Al %
ThHUENR HREO X 5 ARG ORIRET 22 L LB TH D,

BB B i & AT A, MRS RIS CRBL S N DA 721 Tre < MM A B EL
ThoTHRUBHRE G252 &EERT,

432 BIBESM X WSRO RE

<a>EZxFH WRIEOE 1L, BEFTIAEBICEIET 250 n L0 b 2O BRI S
T HREBO m OB L AT DB 2 EIRT D, ShUE, BRI E DR
s MAOEERITROR n 105 U<, REBEOHN b RO E B X B L -5 (mn) DR
RO n 12% LWROMERICHER L CRE D, B EL A& T, RO
B BHROKAE 5] X B L 75 (mon) O FESEEE & BT SO R n (0% LUMREIFRICAER LTk
WHDTHRL, ATLPOEETHELTEHZ LY LT 5E2HICESHTWD, HilzIE,
KOB n=1 8, RO m=2 HOHE, —EMITRE ST o=1 ATHY, £V D
FRITOER LTI E S, Zobx, HlARtB TR, —EMckEs | HofL it LT
WEBIEY D 1 HORROM %AT SO CHFI L T2 L5 &4 258 2 57 B &
o X WATHIEDOE T Th 5,

Z Z T

1) BEHUR A & 64T 5135 00 FRAR A LR
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2) BEAHREL Ll AR L2 5 a8 O,
3) MR EARE L LT Walsh (UL =2)B A L7258 Ofif,
WZDOWNWTIHRR %,
<b>Z AR o T EAL EHFTHE KON n, RO LV 2R m & FFO R
B v A7 AL, C % n AT m FIOFRESTH & LT, (DX THEZ BN,
Y=CX €))

(DWRDFRIZIW Z mATn FIOEALITHE LT, fEXT7 MV X PR TH 2 bId ERE
ERAR
X=WS 2)
S iIn RDOIIRT FVTHD,

g2 F L X BQR)ATH X AL, 175 CW BIEFFRATHICH 5556 A WAL
FIRADME 52 %,
X=wicwrly 3)

Q)X THRADMBESIIERITIIWDORD FTH 5, F2E T s HEZERM a DRI s(o)
Ty,
S(a) =sg+asi+osy+ ... +a¥ sy (4)

L7,

ZITIE R s DMRZER o OBITHY | LLTORTEZbND LT D,
s (a) = sg+ s1Cos[a] +s2Sin[a] + s3Cos[2 a]

+s45in[2a] + ... (5)

GNIHER =ABEKOMTEZOND LIRET D Z L 2EWR L, HERKZH->THET

Do b bH,

s (a) = SORe[eiOO(] + S1 Re[(eia] + S2 Im[eio‘] + S3 RE[@izaJ
+sqIm[el®] + ... (6)
i=+/-1
(5) T, MOFIET D22/ Ao FEICHERUL S L7z & 4UE, 2 bV X
(x)
x-| ° |
L Xm }
(1 I 0 I A2
|1 Cosaal Sins[Aa] Cos2Aa] . || 21 !
=1 2
L1 Cositn—1)Aal Sinin—1)Aa] Cos2(n—1)Ad] ')iks‘ }
n-1

I
I
2
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&0 QAN SELBE W PNIRESND,

433 1 KT EHEERE

<HEOWIE A —OLRVERE D BEIE TR0 AT ) O~ FEAR
B HENT. BIRIE BIT ST T 4 9 7 AD Ay e S B ANLD, . LD
BHEEAND LT —ZRDPOERTRE L,

<<Utilities"MemoryConserve’

$MemoryIncrement=100000;
<< LinearAlgebra'MatrixManipulation’;
Off[General::spelll, MemoryConserve::start,MemoryConserve::end];
B EWATINEDREAR Y AR T 2B EER L TBL,

coefficientVector=

Compile[ { {systemMatrix, Real,2},{inPut, Real,1},
{weightMatrix, Real,2}},
Inverse[systemMatrix.weightMatrix].inPut];
<b>ETZTADRE 2T K 1ITRT &9 IHER G MR ORIED & Bl 2 AT 2 641
BEEZD,

o

s EmERERES

o
T

~—
s L L

ofs ¢ g‘ = }é
= (o T o S

EMDAHTL D 7t

X 1LREFE DB RET D ET v
7 X7 OIERI H=1/Q0n 2 W T, BT 0 BBE ERT 5, 1 & jITENEN, 7
A b R OB %777, hiGht (T v TEGOEE Th .,
greenFuncComp=
Compile[{i, j, filmSubDiv, measureSubDiv, hiGht},
coeffiCient=hiGht/(2*Pi);
distanceSquared=(j*measureSubDiv-0.5*measureSubDiv -
i*filmSubDiv+0.5*filmSubDiv)”*2 + hiGht"2;
coeffiCient/distanceSquared];
IR 25 EH 2 52 TR #—F vy FEHIER DR S 2 Z L 1.0mE T2,
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ST, WEREKT =5, ¥—7 v bOSEHEEIT m=30 TH Y | HIEH &SmO
% ofs=lmm & 7%,
HE R n 13, B(even) IR & A7 (odd) BAEN Rl — R ¥ & & 272912, EXCHHEB B+
BOMPEGED D06, WICHHTRIFUTRSRN I LIEBEEZET D,
ZORMETIE, AOEUZE LOHIE RE n=5 B OMER—ERIZIRE D | 580 D 25 [HOfF
PR L CTikE %,
fI=1.0; o0l=1.0; ofs=0.001;
n=5; djMeasure=ol/n;
m=30; diTarget=fl/m;
ETNDY AT DATHVEAERT %,
systemMatrix1=
Table[greenFuncCompli,j,diTarget,djMeasure,ofs],{j,n},{i,m}];
<cEABEDEGRBERCABROEE Q)R> THRMTIIZED,
weightMatrixWIM1=Table[0.,{j,m},{i,n}];
Do[weightMatrixWIM1[[j,1]]=1,{j,m}];
Do|
weightMatrixWIM1[[j,i]|=Cos|[(i/2) (j-1) diTarget 2Pi/fl];
weightMatrixWIM1[[j,i+1]]=Sin[(i/2) (j-1) diTarget 2Pi/fl],
{im},{i,2,n-1,2}];
Chop[weightMatrixWIM1]//MatrixForm
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ENEGEH TRENDBEES T LOERSMOBEE A EHT 5,
sourceFunc[x_]=1-Cos[2Pi x/fl];

X 2 \ZET VY — A A T,

modelFieldSourceOriginal=

modelSourceContG=

Table[sourceFunc[i*diTarget],{i,m}];

ListPlot[modelFieldSourceOriginal, PlotRange -> All,

Prolog -> AbsolutePointSize[4],

AxesLabel -> {"'Pos.", "Ampere'"},

PlotLabel -> "Model source'"];
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Arpere Model source

2 e®%e
° °

1.5 ° °

10 15 20 25
2. T VBN
HE SNDBERAT MAEFHRE L, K3 ITRT,
fieldContl=systemMatrix1.modelFieldSourceOriginal;
measuredField G=ListPlot[fieldCont1,
PlotJoined -> True,PlotRange->All,
PlotLabel->""Measured field",AxesLabel->{"Pos.","Field H[A/m]"}];

Field H@AémD Measured field
2.5
2
1.5
Pos .
2 3 4 5
0.5

3E S DR AT
WIM fif 2 35 %,
Timing[weightenSolutionCont1=
weightMatrixWIM1.(orderVector=
coefficientVector[systemMatrix1,fieldCont1,weightMatrixWIM1]);]
{0.06 Second,Null}
FRXENWET DR ONTNERRNDTD, e v AT L HRAAMUAN LR RKGRZE
EHELTHL D,
Max|[Chop|fieldCont1-systemMatrix1.weightenSolutionCont1]]
0
R~ L VIERENC B 2 DI TRERAETHE LTV 5,
412 T BV BoRT
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solutionContWIMG1=
ListPlot[weightenSolutionCont1,PlotRange->All,
PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"WIM solution"];

Ampere WIM solution
2
1.5
1
0.5
Pos .
10 15 20 25 30

X 4, WIM fi#

1/17/2009

Yoshifuru Saito

X 5 IZFEfiRE WIM fEO i Z 74, X4 O WIMIEIZIEL W R A 52 Tnb Z &0

OYIRVAN
Show[modelSourceContG;solutionContWIMGI,
PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere  Tnin :WIM, Bold :Exact
2

1.5

E

o Pos .
10 15 20 25 30

X 5. 1Efif & WIM fE D g

WIM {£ 138 2 = A B D 2 Ml 0% 5 HE TTRIAAEREKEIEL TV D, 56

S5IHETORKERH~NTHL D,
Chop[orderVector]//N
{1.,-0.978148,0.207912,0,0}
EfRIE{1,-1,0,0,0} TH DD, IZXET VY — XA DRI G

LTV 5,

BHATEGEAE TRINDGE T NVOERIMOKEERT D, K6ITk )R

T T Y — AN EE XD,

155



Applied Electromagnetics Ver1.2  1/17/2009

mm=8§;
modelDiscontFieldSourceOriginal=
Join[Table[0,{i,mm}],Table[1,{i,m-2 mm}],Table[0,{i,mm}]];
modelSourceDiscontG=
ListPlot[modelDiscontFieldSourceOriginal,
PlotRange -> All, Prolog -> AbsolutePointSize[4],
AxesLabel -> {"'Pos.", "Ampere'"},

PlotLabel -> "Model source'"];

Arpere Model source

1 o000 0000000000
0.8
0.6
0.4

0.2

Pos .

10 15 20 25
6. A8 R 2 B L0 T /LRI AT
PIE S DAY MVEFR L, K777,
fieldDiscontl1=systemMatrix1.modelDiscontFieldSourceOriginal;
measuredField G=ListPlot[fieldDiscont1,
PlotRange->All,PlotJoined->True,

PlotLabel->""Measured field",AxesLabel->{"Pos.","Int."}];

Int . Measured field
1.4

1.2

0.8
0.6
0.4

0.2

Pos .

2 3 s 5
708 E DR AR
WIM fif %5535,

I Timing[weightenSolutionDiscont1=
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weightMatrixWIM1.(orderVector=
coefficientVector[systemMatrix1,fieldDiscont1,weightMatrixWIM1]);]

{0. Second,Null}

g7 SRR MR T D0 ERNDTD, T MV E VAT ATRERAASUA

LIk RREEZFITE L TA L D,
Max|[ChoplfieldDiscontl-systemMatrix1.weightenSolutionDiscont1]]
0
MR~ b HBRAEME LT\ D, @7 FLEE 8ITRT,
solutionDiscontWIMG1=
ListPlot[weightenSolutionDiscont1,PlotRange->All,
PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"WIM solution"];

Ampere WIM solution

0.8
0.6
0.4

0.2

Pos .

10 15 20 25 30
0.2

X 8. WIM fi#

X 9 [ZIEfE L WIM fED il 279, WIM fRIZ FBRRA AT 5 Th b0, Rt

Ealey —ADGE, UL D,
Show|[modelSourceDiscontG,solutionDiscontWIMG1,
PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere  Thip :WIM, Bold :Exact
1

0.8
0.6
0.4

0.2

A

Pos .
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9.IEMR( R > F)& WIM BRGHIHER) D Hig
WIM iE13 2 = AR D% 5 THE TTRIAFRERBEEEIUEL TWVDH, 5 5 THE TOR
Ba#~THLI,
Chop[orderVector]//N
{0.566353,-0.639278,0.0671909,-0.212975,0.0452693}
L7220 |  BREOMERMEITIR 2 NN S SRV BIZNOR L TE O TH D, MINDHLnD L)
(20 IEME TRV R RAF et i 2 5 2 T B,
<d>TNEGE R E > LB S HITINE  MBEIRICAAET DAH3EE . MOFET 522
MOMEFABCERILIND, LaL, EEOFHE CIIBERL AT 5 72, BERMER CTiHHA
ENhD, ZOkd, BEHEEE L ORERRBEEEZML S ZENAREL RS, 22T K
10 (273 U /b3 = (Walsh) B # & R BBIER & %,
ListPlot[Table[1,{m}],
PlotJoined->True,AxesLabel->{"Pos.","f[x]"},
PlotLabel->"Function Oth order"];
Do|
ListPlot[Table[Sign[Cos[(i/2) (j-1) diTarget 2Pi/fl]],{j,m}],
PlotJoined->True,AxesLabel->{"Pos.","f[x]"},
PlotLabel->StringForm[ " Function "1 th order even",i/2]];
ListPlot[Table[Sign[Sin[(i/2) (j-1) diTarget 2Pi/fl]],{j,m}],
PlotJoined->True,AxesLabel->{"Pos.","f[x]"},
PlotLabel->StringForm[ " Function "1 th order odd",i/2]],

{i,2,n-1,2}] 5

£@xD Function Oth order
2 L
1.5¢
1 L
0.5r
Pos .
5 10 15 20 25 30
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£@=D Function 1th order even
1,
0.5+
‘ ‘ ‘ ‘ ‘ . Pos .
5 10 15 20 25 30
-0.5
_l L
£@=D Function 1th order odd
1,
0.5+
‘ ‘ ‘ ‘ ‘ . Pos .
5 10 15 20 25 30
-0.5
_l L
£@=D Function 2th order even
1,
0.5+
‘ ‘ ‘ ‘ ‘ . Pos .
5 10 15 0 25 30
-0.5
_l L
£@=D Function 2th order odd
1,
0.5+
‘ ‘ ‘ ‘ ‘ . Pos .
5 10 15 20 25 30
-0.5
_l L
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10 A58 722 R BH(T /L o =) B %R
10 DB AL > THZTH 2R T D,
weightMatrixWIM2=Table[0.,{j,m},{i,n}];
Do[weightMatrixWIM2[[j,1]]=1,{j,m}];
Do|
weightMatrixWIM2[[j,i]]=Sign[Cos[(i/2) (j-1) diTarget 2Pi/fl]];
weightMatrixWIM2[[j,i+1]]=Sign[Sin[(i/2) (j-1) diTarget 2Pi/fl]],
{im},{i,2,n-1,2}];
Chop[weightMatrixWIM2]//MatrixForm

1 1 0 1 O
11 1 1 1
1 1 1 1 1
11 1 1 1
1 1 1 -1 1
1 1 1 -1 1
1 1 1 -1 1
1 1 1 -1 1
1 -1 1 -1 -1
1 -1 1 -1 -1
1 -1 1 -1 -1
1 -1 1 -1 -1
1 -1 1 1 -1
1 -1 1 1 -1
1 -1 1 1 -1
1 -1 1 1 -1
1 -1 -1 1 1
1 -1 -1 1 1
1 -1 -1 1 1
1 -1 -1 -1 1
1 -1 -1 -1 1
1 -1 -1 -1 1
1 -1 -1 -1 1
1 1 -1 -1 -1
1 1 -1 -1 -1
1 1 -1 -1 -1
1 1 -1 -1 -1
11 -1 1 -1
11 -1 1 -1
11 -1 1 -1

BENEGEK TEINDIEE WIMEEZHET 5,

Timing[weightenSolutionCont2=

weightMatrixWIM2.(orderVector=
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coefficientVector[systemMatrix1,fieldCont1,weightMatrixWIM2]);]
{0.06 Second,Null}

FEREZMET D T PABFGONTNETRRDIZD, T MV E v AT LR
KARALEKRREZHR L TR LD,
Max|[Chop|fieldCont1-systemMatrix1.weightenSolutionCont2]]

0

27 FEHENZ B Z DI TR AEH R LTV D,
1112 WIM fif# %7~ 7,
solutionCont2WIMG=
ListPlot[weightenSolutionCont2,PlotRange->All,
PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},

PlotLabel->"WIM solution"];

Ampere WIM solution
2
1.5
1
0.5
1 Pos .
10 15 20 25 30

11.WIM fi#

12 [ZIEfif & WIM fED ik 279, 1) 11 O WIM I R AR 3 2 T 578,
HARE e Nl B L L7c7o, WIM IRIREREB TR SN DO~ 52 5,
Show[modelSourceContGsolutionCont2WIMG,

PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere  Thip :WIM, Bold :Exact
2

1.5
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12.IEfB( R R)E WIM RGO b

WIM &3 2 U v 2 B 5 THE TTRIFERBEM L EL THD HSHET
DB ZRHNTHL I,

Chop[orderVector]//N
{0.865991,-0.753817,0.0529532,0.243735,-0.093579}

ERAEOREUTHFIPOR L T\ o720, iz 52 T D 2 E MR TE D,
fEPTEG R TRINSGEE  WIMMEFHET 5,
Timing[weightenSolutionDiscont2=

weightMatrixWIM2.(orderVector=
coefficientVector[systemMatrix1,fieldDiscont1,weightMatrixWIM2]);]
{0. Second,Null}

TRz E T2~ T MG ENTNERHNDT2D, BT M Lvae U AT LI
~MUALBRKRHAEZFR L TAL I,
Max|[ChoplfieldDiscontl-systemMatrix1.weightenSolutionDiscont2]]

0
BT P HRRR AR LT\ 5, 7 LR 13I8 T,
solutionDinscont2 WIMG=
ListPlot[weightenSolutionDiscont2,PlotRange->All,
PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"WIM solution"];

Ampere WIM solution

0.8

0.6t

0.4+

0.2+

Pos .
10 15 20 25 30

13 A 7R PRz A PAE L LT WIM i
14 [ZIEfEE WIM MO Ll 27~ WIM RIZ G- X b e Nafit § 2 Ch Y | HA
P% e s PR TR L 726 Rl R 2 BRIk L TR 2P E2 52 5,
Show[modelSourceDiscontG,solutionDinscont2WIMG,
PlotLabel->"Thin: WIM, Bold:Exact"];
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Ampere  Thin :WIM, Bold :Exact

1t XXEXX}
0.8t
0.6t
0.4+
0.2+

Pos .

10 15 20 25 30
X 14.1EM#( K~ b)) & WIM fRGIHR) D i
WIM E13ffE Ty 2 B3RO 5 IHE TTRELAMBAREKEREL WD, HSHET
DR TN TH LD,
Chop[orderVector]//N
{0.48707,-0.489897,0.0129254,0.00121913,-0.0112439}
L7200 | R DOMEXHE IR L TV D, - T, X 13,14 OFEIFIELWEB X TR

[
<e>IEAE n O WE R n ZHIN L TROBEN M L35 2 & 2GR T 5,
n=21; djMeasure=ol/n;
ETNDY AT DATHVEAERT %,
systemMatrix2=

Table[greenFuncCompli,j,diTarget,djMeasure,ofs],{j,n},{i,m}];
BEAHBAEEEGREE CARE)  EHIE BN BLORZKEE W TEAM T ZE
g%,
weightMatrixWIM3=Table[0.,{j,m},{i,n}];

Do[weightMatrixWIM3[[j,1]]=1,{j,m}];

Do|

weightMatrixWIM3[[j,i]|=Cos|[(i/2) (j-1) diTarget 2Pi/fl];
weightMatrixWIM3[[j,i+1]]=Sin[(i/2) (j-1) diTarget 2Pi/fl],
{im},{i,2,n-1,2}];
fEPEREE TRINDIGE £ FAONIMADMERET D,
fieldCont2=systemMatrix2.modelFieldSourceOriginal;
WIM i TREZFHR S D,
Timing[weightenSolutionCont3=

weightMatrixWIM3.(orderVector=

coefficientVector[systemMatrix2,fieldCont2,weightMatrixWIM3]);]

{0.05 Second,Null}
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WIM fif 2% 15 (279,
solutionCont3WIMG=
ListPlot[weightenSolutionCont3,PlotRange->All,
PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"WIM solution"];

Arpere WIM solution
2
1.5
1
0.5
Pos .
10 15 20 25 30
15. WIM fi#
E LW E D2 16 12737,
Show[modelSourceContGsolutionCont3WIMG,
PlotLabel->"Thin: WIM, Bold:Exact"];
Ampere  Tnin :WIM, Bold :Exact
2
1.5
1
./‘?
o POs .

10 15 20 25
16.1Ef#( K~ b)) & WIM fiRHIHR) D i

Yoshifuru Saito

WIM 75137 %2 =MD 21 THE TTREARELRBEBKEREL WD, F21HETD

BREAEFTRTH LD,
Chop[orderVector]//N
{1.,-0.978148,0.207912,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}

FHIBEETTREEBIZNGEL TS, - T, WIMAHFIIELWEEZ TRV,
ENTREGREABCTRINDIEGE NEGR Y —AREZDIBA DA ET D,

I fieldDiscont2=systemMatrix2.modelDiscontFieldSourceOriginal;
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WIM 75 T &R %,
Timing[weightenSolutionDiscont3=
weightMatrixWIM3.(orderVector=
coefficientVector[systemMatrix2,fieldDiscont2,weightMatrixWIM3]);]

{0.06 Second,Null}

TR Z R T DR SABGONTINERRDTD, FT Fvie v 2T L7
~MUALBKRAEZFR L TAL I,
Max|[Chop|fieldDiscont2-systemMatrix2.weightenSolutionDiscont3]]

0
TR bVIEE 2 DI RS L TWD, WIM 2 17 1R,
solutionDinscont3WIMG=
ListPlot[weightenSolutionDiscont3,PlotRange->All,
PlotJoined->True,

AxesLabel->{"Pos."," Ampere'},

PlotLabel->"WIM solution"];

Ampere WIM solution

0.8
0.6
0.4

0.2

Pos .

10 15 20 25 30
17385t Bk & A BESL & L7 WIM fi
18 (ZIEME & WIM D bl 2274, WIM I3 5 R A e L, B P2 e B 2 )
SAERL L TW DI b Hb &7 MIE A 0 L 7c WIM SR A Ee R 2 & T oo R4 72T
x5z Tnd,
Show[modelSourceDiscontG,solutionDinscont3WIMG,
PlotLabel->"Thin: WIM, Bold:Exact"];
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ATpere  Thip :WIM, Bold :Exact
1

0.8
0.6
0.4

0.2

Pos .

10 15 20 25 30
18.1EMi#( K~ b)) & WIM fiR(HIHR) D i
WIM 53 ff 2 | EHOE & IE%H . RIEGEDE 10 Rimidli £ TOMTREND EREL T
W5, %21 HETORBERNTHL D,
Chop[orderVector]//N

{0.449385,-0.624229,0.0656091,0.0882653,-0.0187614,0.166232,-0.0540119,-0.0742962,0.0330788,-0.0
657482,0.0379597,0.0569947,-0.0414091,0.019112,-0.0172085,-0.0374627,0.0416065,0.00522044,-0.00
718532,0.019254,-0.0333489}
IESZIE & AR, M BIRBI TH D25, BORL TWD, 6~ T, WIM RSP e L

TRETHDLEEZLND,
HHEEOATREFEHCRINIGE Uy 2 BRI TEM AN ZERT 5.
weightMatrixWIM4=Table[0.,{j,m},{i,n}];

Do[weightMatrixWIM4[[j,1]]=1,{j,m}];

Do|

weightMatrixWIM4[[j,i]|=Sign[Cos[(i/2) (j-1) diTarget 2Pi/fl]];
weightMatrixWIM4[[j,i+1]]=Sign[Sin[(i/2) (j-1) diTarget 2Pi/fl]],
{j,m},{i,2,n-1,2}];
P ERERE TREINDIHEE  WIMETHEZHET 2,
Timing[weightenSolutionCont4=
weightMatrixWIM4.(orderVector=
coefficientVector[systemMatrix2,fieldCont2,weightMatrixWIM4]);]

{0. Second,Null}
WIM fif 2% 19 (277,
solutionCont4 WIMG=
ListPlot[weightenSolutionCont4,PlotRange->All,
PlotJoined->True,

AxesLabel->{"Pos."," Ampere'},
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PlotLabel->"WIM solution"];

Ampere WIM solution
2
1.5
1
0.5
10 15 20 25 \Ao Fos -

19. WIM fi#

IE LW E D2 X 20 (T, EAREEE EGRE TR L T o720, OWRDL
INTRAITH S TE R Lav Ly 1,12 &R dud, JE S5 n ORI O RS & 1) F
SHETWDLZ bbb,

Show[modelSourceContG;solutionContd WIMG,
PlotLabel->"Thin: WIM, Bold:Exact"];

AMpere  Thip :WIM, Bold :Exact

10 15 20 25 % Fos -
20.1EMR( R > b)) & WIM fRGIER) O b
BB ORI X THA L,

Chop[orderVector]//N
{0.953389,-0.743835,0.21003,-0.0125747,-0.0274476,-0.224622,-0.0444744,0.0286574,0.0351698,0.164

539,-0.0313153,0.0361351,0.0551409,-0.108952,-0.030012,0.0258292,0.0518441,-0.01212,0.0129351,-0
.103229,-0.0676328}

R TH LB L TV D, > T, WIMARTIEEMTH D L EX 61D,
ENTNEGEE TRENDOEHE  WIMIETHREZFHET S,

Timing[weightenSolutionDiscont4=

weightMatrixWIM4.(orderVector=
coefficientVector[systemMatrix2,fieldDiscont2,weightMatrixWIM4]);]
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|{0.05 Second,Null}

FERZMET DT MADBFGONTNER D7D, X7 MvE v 2T 551K
~MUAUBRKRAEZFR L TAL D,
Max|[Chop|fieldDiscont2-systemMatrix2.weightenSolutionDiscont4]]

0
THHND, 7 NIV AT L FREREHE L T 5,

WIM fi# % [ 21 127~

solutionDinscont4d WIMG=
ListPlot[weightenSolutionDiscont4,PlotRange->All,
PlotJoined->True,

AxesLabel->{"Pos."," Ampere'},

PlotLabel->"WIM solution"];

Ampere WIM solution
1.2

0.8
0.6
0.4

0.2

10 15 20 25V VAo

X 2 1 AER P 2 AR L L7z WIM fi#

22 [TIEfE L WIM ROk 2 ond, BEATH 2 N B b s | Nl 23
fiftze RO 725G, WIERE n OHINIAAEE DO m FICER > TV D3 AEAISAEREA
(TR 720,

Show[modelSourceDiscontG,solutionDinscont4 WIMG,
PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere  Thip :WIM, Bold :Exact
1.2

1
0.8
0.6
0.4

0.2

V.

Pos .
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22.IEfR( R v b)) & WIM SEGHIRR) oD Lk
fR OB E R~ TH L I,
Chop[orderVector]//N
{0.405318,-0.480154,0.0811994,0.06022,-0.0244777,-0.0200284,-0.0704014,-0.0396302,0.0539748,0.08
08885,0.0296726,0.0718533,-0.0114369,-0.0531337,-0.0182238,0.0105879,0.0656038,0.0137248,0.0187
894,-0.0573925,-0.0730231}

BB THLPMIR L TWDE2 D, TSRO TND Z ENbhd,

ARETIIBIED b HAITHN ZAERR T 5 BB E AT S WATYIE 2R~ T, BB E AT
SWATINEE, NOBUZHE L0 —ENRfRERNHIR ) OER LB THFT L Z L&
HEE LTWD, 2D, AT ZVERT 5 7o 8 O RLEBERU T E#ie PR & At e B AL
AN THERMT DI ENARETH D, L, HEBe MR L Lo H A & 81745
DN RAFZRNORME 27”4 2 L DNERE S vTz,
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44 EHOESHTIEKICET S/ A X0E

WRBITRFT R b AT BEDONRT A =2  S I A DB O ES 2 5
THMETH D, M THRETRRHNITHY T 2R EG0 ZENRIMHETH D, =
KHE &3 2 RFT R IERIIAROIER L TR 2 5FH]. 206, /A ABREAT D,
ZDED IR A XNEH LIAFBRITET 2 BT S WATIREOMOME 2% L, /A X
DI 2 58 % A BB RE AR T 2 D RABEORETH 5,

F A2 | TEAA S WATINED B 2R~ 5 4.3 TIEBEECR D ETHZRET 5 ik
ik, B EPATINEOA MM ZMER Lz, L, BEOWHMZ2ME~ENT 5
(i, EBRICFH S 2 F e miiE & LR IER 6720, EEOMBLROHIE TIERE
DNLIRENTHE S o 6> T, FEERORBEICEAN S WATINEZ BT 21203, AE#EICE
K% /A RS % Tikim e L D 0N D 5, KRETITEST S WITHNEICB T
D /A XD DB E ) A XD~ 2 B2 IR 5 T2 BET 5,

hd2 A X

WL, BT i Rc s T2 0% n L0 & 2 WEFRFUC IS T D RO m
HFFOMIE L AT L& 28R T D, —EBRICIRE DT M OREBITADE n 12
L, RO m SR OH n 25 X H L= H(m-n) B ORI —EMIZRE 572 n f#O
FRIZHEIR LTIk E 5,

n HOERICEE LGD ) A AOHEREMFE -1 RTH D, HlziE, 1 EORHERIITE
BOBRZELNEETE 20, 2 EOFRICITER S 1| BB 2R OF#R L EE TE
R, ZOZ LN B ORI R E T OMRT 2O ERA~ERET 2 HIE T
DH. HROFIULEE (pre-processing) |2 L 5/ A AOHIIE L /) A X&E ATEIERD O iFZ K
O, fENS ) A RO BE BT D % AP (post-processing)VE N E 2 HAVS, (LD HFIEIZE
WTHIFIC EDORRE DGR ZWIFT 20 DI ROBETH 5,

ARTIE. £T. BOICEZONLEROEE n LF~KT D ) A XOEELFT~D,
WAZAE MO FTALEE & RO L5 ) A RO EZHIT 2 FEICOW TR 5,

KON n, RO LY LRI m ZFFORNEE R AT ML, CZ nf T m B0
ZEATHIE LT, )R THEABNLD,

Y=CX )

(HAXDIET W &2 m 1T n FIOELRITHIE LT, X7 MV X BRATEHEZ 61D LAE
T2,

=S 2)
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S iZn RDFIRT MLV TH D,
R~ F L X BQR)RTEHZ B, 178 CW DIERRATIITH DA, B & W 740k
IR D E 525,

X=w[cw]'Y 3)

QRXT, HALNTHERTHDLI T MY B, IELWVEHRNRZ LY, & A AT ML
Y, 575 T, )=

X=W[CW) (Y. + Yy
= X. + X, 3

THoHN6, BATSWATHNEL, BEAEHRRZ PV Y ICEENDEME ) A ARE S
I U TR SV X~ A ADRENRS 5 2 L LD,

443 1 REBREEREICET 5/ A R

<a>FEOEH ATV —OLROEREE S BARTROATY Offia~r e AR
Do BT, BIEREI DT T T4 v 7 ADNy r—Tk ANA, M. 2hbOas
EHIEAND L =5 —2R 2D OEETRE L,

<<Utilities"MemoryConserve’

$MemoryIncrement=100000;
<< LinearAlgebra'MatrixManipulation’;
Off[General::spelll, MemoryConserve::start, MemoryConserve::end];
B EWATHNEDOREAR Y VAR T 2B EER L TBL,
coefficientVector=
Compile[{{systemMatrix, Real,2},{inPut, Real,1},
{weightMatrix,_Real,2}},
Inverse[systemMatrix.weightMatrix].inPut];
<b>ETFADRE 2 TIE K IR T LD ITERTRBR ORED & B2 RAE S 2 4
BEZR D,
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o

s EmERERES

—
=L} L Lt Lt

ofs ¢ g‘ = }é
= (o T o S

EMDAHTL D 7t

X 1REFED DB 2 RET D ET v
7 X7 OVERI H=1/Q2nn) 2 VT, BB 2Bz ERT 5, 1 & jidEnth, 7
A b EE OB %777, hiGht (T v TEGOEE Th .,
greenFuncComp=
Compile[{i, j, filmSubDiv, measureSubDiv, hiGht},
coeffiCient=hiGht/(2*Pi);
distanceSquared=(j*measureSubDiv-0.5*measureSubDiv -

i*filmSubDiv+0.5*filmSubDiv)”*2 + hiGht"2;

coeffiCient/distanceSquared];

IR 2 EH 2 52 TR #—F vy FEER DR S 2 Z L 1.0mE T2,
S bz, WiEm &odRmEM OEREA ofs=lmm &%,
Iﬂ=1.0; 0l=1.0; ofs=0.001;

TT VOB OEEEEERT D,
IsourceFunc[x_]=1-Cos[2Pi x/fl];
<a>/) A ADfF~G 2 5%
HIERENDIRWEES HESE 0 & Y — 2 DBERAUAEEL m B7E S5 n 13, 1B(even)Bi%k &
w(odd)BAEANRl — k& & D7, EEIEHBEEH RO P TH L0 5, HIZ
WETRT R B, 22T WESEKE n=5 &, OB LA m 2 50 &9 5,
ZOG%E, BPFORLRROZARTI - 1=4 RTH S,
n=5; djMeasure=ol/n;
m=50; diTarget=fl/m;
VAT DTINE BHTH ETNDY AT DTHI AR T D,

systemMatrix1=

Table[greenFuncCompli,j,diTarget,djMeasure,ofs],{j,n},{i,m}];
AR E MW TERMTINZAED,
weightMatrixWIM1=Table[0.,{j,m},{i,n}];
Do[weightMatrixWIM1[[j,1]]=1,{j,m}];
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Do| weightMatrixWIM1[[j,i]|=Cos|[(i/2) (j-1) diTarget 2Pi/fl];
weightMatrixWIM1[[j,i+1]]=Sin[(i/2) (j-1) diTarget 2Pi/fl],
{j-m},{i,2,n-1,2}];
ETNVY =R EMROETNY —REER L, K2IZET VY — A0 ERT,
modelFieldSourceOriginal=
Table[sourceFunc[i*diTarget],{i,m}];
modelSourceContG=
ListPlot[modelFieldSourceOriginal,
PlotRange -> All,
Prolog -> AbsolutePointSize[4],
AxesLabel -> {"'Pos.", "Ampere'"},
PlotLabel -> "Model source'"];

Ampere Model source

2F ...ooo...

1.5} . .

0.5+ ° °

® %
le& . . . ... .. ... Teee Pos.
10 20 30 40 50

B 2.7 VB AR
I A REEEROCWIMBE /A X G E R VI RBR 7 PV EFHRT D,
fieldContl=systemMatrix1.modelFieldSourceOriginal;
I A ReEEROVBERANT FLind WIM fastFE L, K3 I127RT,
Timing[weightenSolutionCont1=
weightMatrixWIM1.(orderVector=
coefficientVector[systemMatrix1,fieldCont1,
weightMatrixWIM1]);]
{0.06 Second,Null}
ListPlot[weightenSolutionContl,
PlotJoined -> True,PlotRange->All,
PlotLabel->""Noiseless solution"',

AxesLabel->{"Pos."," Current [A]"}];
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Current @AD Noiseless  Solution
2

1.5

0.5

Pos .

10 20 30 40 50

X 3./ A RE&aE R WIM fig
A RBRIZ LD WIM R IESHABRT bt ) A4 XagE R0 IE LWEER O
KAEHED 10%Z R KRKIERETDH /A Xegtel 35, K 4 ([THEECTIER LT 2 A4 XE7R
7,

noiseFieldContl=

Table[0.1 Abs[Max][fieldCont1]] Random[Real,{-1.,1.}],{n}];
ListPlot[noiseFieldContl,

PlotJoined -> True,PlotRange->All,

PlotLabel->""Noise field",AxesLabel->{""Pos.","Field H[A/m]"}];

Field H@AEmD Noise field
0.6

0.4

0.2

Pos .

-0.2

4 4.7 A RRES
4D A XTI LD WIM % 5t RT 5,
Timing[noiseSolutionCont1=
weightMatrixWIM1.(orderVector=
coefficientVector[systemMatrix1,noiseFieldCont1,
weightMatrixWIM1]);]
{0. Second,Null}
X4 DA ZXBEHIZ LD WIM & X 5 12T,

ListPlot[noiseSolutionContl1,
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PlotJoined -> True,PlotRange->All,
PlotLabel->""Noise field" ,AxesLabel->{""Pos."," Noise source [A]"}];

Noise source @AD Noise field

0.15
0.1
0.05

Pos .
-0.05

-0.1
-0.15

X 5./ A AR & 70 B
X 50/ A ZBEFIE & 72 % Bt O FAEIE
Apply[Plus,noiseSolutionCont1]/Length[noiseSolutionCont1]
-0.00130366

Yoshifuru Saito

THHND, /A XEEFIR L 22 5 BIROFEIT T 2 IEVWEEZ RS Z LR bn D,

A RX%EL WIMME 40D A RXEEG VIR bVEIERT 5,
noisyFieldContl=noiseFieldCont1+fieldContl;
A REE IR D WIM iR % R 5,
Timing[noisyWIMSolutionCont1=
weightMatrixWIM1.(orderVector=
coefficientVector[systemMatrix1,noisyFieldContl,
weightMatrixWIM1]);]
{0. Second,Null}
612/ A REFE IR OEE SN fF~T MV ERT,
solutionContWIMG1=
ListPlot[noisyWIMSolutionContl,
PlotRange->All,PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"WIM solution"];
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Ampere WIM solution

1.75 ¢
1.5¢
1.25

Pos .

10 20 30 0 50
0.75

0.5+
0.25

4 6./ A X% @ ATERESR > HEHR S iz WIM fif
B 7ICIEMR & ) A R & AVTERER D BEHE Sz WIM gD Helk 2 77,
Show[modelSourceContG;solutionContWIMGI,
PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere Thin :WIM, Bold :Exact

2F ...ooo..

® %
le& . . . ... .. ... Teee Pos.
10 20 30 40 50

X 7.0Eff L ) A R B ATERRO
X 7 OFERPBRE R 0 DI S ) A AORETHBH DN EZ BN,
) ARXDE 25 WIM f~DE 5D A REEVEHR D ORIRE ST MEN 7 A4 X
EEERVHEADLEREINTR 3 Ol ) A AR OFR SN S OfOFINZE L
WInERNK D,
Max|[Abs[Chop[noisyWIMSolutionCont1-

weightenSolutionCont1-noiseSolutionCont1]]]

FERIZ ) A REELWER O L DN ) A X BEE LTI D 2 LR TE,
WIS, BFITEEND ) A ADOEIG LIRTETEND ) A AOEIGZ kT 5,

EP0 IELWHER L /A IR TN O E MR B O I
fieldRatiol1=Max|Abs[noiseFieldCont1]]/Max|[Abs|[fieldCont1]]
0.0855694

Th o,
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TR LT, IELWEESR L /A AR T EHITREIRT 2 B D e R xHE o i
sourceRatiol=Max|[Abs[noiseSolutionCont1]]/Max[Abs[weightenSolutionCont1]]
0.0903711
Thod, ZOWMHEDOEP—HELRVOE, —BERIZRE D n=5 HOMIZHERE L T mn=55
EOMERRE SN TNDD T D, Thbb, WRT DMK > T/ A XORENRILK
SNTWD, ZOIKTHEEIE
sourceRatiol/fieldRatiol
1.05611
Th %,
AEREREREM LSS WEREZE n=45 5, OB m Z 50 L35, ZOHE, M
Fr o130 B ROEHRT n-1=44 KTH D
n=45; djMeasure=ol/n;
VAT DTINE BT ETND Y AT DTHIEARRKT D,

systemMatrix2=

Table[greenFuncCompli,j,diTarget,djMeasure,ofs],{j,n},{i,m}];
AR E MW TERMTINZAED,
weightMatrixWIM2=Table[0.,{j,m},{i,n}];
Do[weightMatrixWIM2[[j,1]]=1,{j,m}];
Do|
weightMatrixWIM2[[j,i]|=Cos[(i/2) (j-1) diTarget 2Pi/fl];
weightMatrixWIM2[[j,i+1]]=Sin[(i/2) (j-1) diTarget 2Pi/fl],
{im},{i,2,n-1,2}];
I AREFEROWIMME A AaE OB RN L aitiT 2,
fieldCont2=systemMatrix2.modelFieldSourceOriginal;
A R EERVERNS WIM gz itHE L, X 81T,
Timing[weightenSolutionCont2=
weightMatrixWIM2.(orderVector=
coefficientVector[systemMatrix2,fieldCont2,
weightMatrixWIM2]);]
{0.05 Second,Null}
ListPlot[weightenSolutionCont2,
PlotJoined -> True,PlotRange->All,
PlotLabel->""Noiseless Solution",

AxesLabel->{"Pos."," Current [A]"}];
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Current @AD Noiseless  Solution
2

1.5

0.5

Pos .

10 20 30 40 50

X 8./ A RA&E £ WIM fif

1/17/2009  Yoshifuru Saito

A RBRIZ LD WIM R IESHABRT bt ) A4 XagE R0 IE LWEER O
KHHFHED 10%E R KIEREETD /A4 Xegtel 35, 9 IZELETIERR L7z /A AR

HIRT,
noiseFieldCont2=

Table[0.1 Abs[Max|[fieldCont2]] Random[Real,{-1.,1.}],{n}];
ListPlot[noiseFieldCont2,

PlotJoined -> True,PlotRange->All,

Field H@AEmD Noise field

10

[&)]

L

A8 LT I
I RIVAL

-10

4 9./ A RRES
9D A REERIT LD WIM & 55T 2,
Timing[noiseSolutionCont2=
weightMatrixWIM2.(orderVector=
coefficientVector[systemMatrix2,noiseFieldCont2,
weightMatrixWIM2]);]
{0.06 Second,Null}
9D A AREFUT £ D WIM figZ X 10 (2”7,
ListPlot[noiseSolutionCont2,
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PlotJoined -> True,PlotRange->All,
PlotLabel->""Noise field" ,AxesLabel->{""Pos."," Noise source [A]"}];

Noise source @AD Noise field

10

N B oy ©

/\ \ Aﬂ A

oo

B4 10,/ A AWEFIR & 752 % B
X 10 D/ A ZWEFPR L 70 2 B OV HIfE
Apply[Plus,noiseSolutionCont2]/Length[noiseSolutionCont2]
-0.17651

Yoshifuru Saito

ThodNL, /A RERIRE 72 DB ONEMEIL ) A AR & 72 DB D i RAEIZ 3T L

T/hEW, B DI A XWER O~ 5 BTN S0,
) A X%t WIM ## 9D A ARG NIZHRANT SV EERT 5,
noisyFieldCont2=noiseFieldCont2+fieldCont2;
) A R MR DB WIM g% 3T 5,
Timing[noisyWIMSolutionCont2=
weightMatrixWIM2.(orderVector=
coefficientVector[systemMatrix2,noisyFieldCont2,
weightMatrixWIM2]);]
{0.1 Second,Null}
11T A R G VIR N BEITR ST~ SV &7,
solutionContWIMG2=
ListPlot[noisyWIMSolutionCont2,PlotRange->All,

PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},
PlotLabel->"WIM solution"];
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Ampere WIM solution

10}

7.5 ¢

M/\Amm

11/ A R 2@ ATERESR 0 B R STz WIM fi#
B2 IZIEfR L /A R & AVTERER D B FHR S iz WIM RO i 2 =77,
Show[modelSourceContGsolutionContWIMG2,

PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere Thin :WIM, Bold :Exact

Pos .

B 12.1Eff & ) A R 3 AUTERR O Lk
A ADE2 5 WIM B~DEE X 11 O/ A RGN G RVR STV fin ) A4 X
EEFEROVEADOHEINTZX 8 Off L 7 A XRER M HEAE ST K 10 OFFOFIZEE L
WInERNK D,
Max[Abs[Chop[noisy WIMSolutionCont2-

weightenSolutionCont2-noiseSolutionCont2]]]

BRI A RELELWEROFNC K D0 ) A XeBE LTfRIZRD 2 E PR TE T,
WIS, BFICEEND A ADOEIG LRTETEND ) A AOEIGZ kT 5,

FP. IELWRER L /A IR TN O E MR IO H
fieldRatio2=Max|[Abs[noiseFieldCont2]]/Max|Abs|[fieldCont2]]
0.0993845

Th o,
TR LT, IELWEESR L A XWESR . T EHITREIRT 2 B D A R xHE o i
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sourceRatio2=Max|Abs[noiseSolutionCont2]]/Max[Abs[weightenSolutionCont2]]

5.23508

Thod, ZOWMHEDOEP—HEHLRNOE, —ERIZRE D n=45 HOMEIZHERE LT mn=5
TEHOIENEE L TIRESNDI2D TH D, TR H, BT ML > T/ A XDE)N
RSN TWD, /A ADYLRFRIL

sourceRatio2/fieldRatio2

52.675

THY ., WERE n BNORWGE LB L TR TRE W, WEREKNDRWES EAE
M S 722 DIF, BIE RN LT E@mROEREFFOMPRE SNDRICH D, ]S
FAUX, ZEREEEE DO ) A KNEERE RE~HET D,

<d>7—F ORILE A XE=ETEHERAER 13 1IRT,
noisyFieldModelG=ListPlot[noisyFieldCont2,

PlotRange->All,PlotJoined->True,
AxesLabel->{"Pos.","Field H"},

PlotLabel->""Original noisy field"];

Field H Original noisy field

125

100

75

50
10" 20 30 Y10

4 13,7 A R & A2
BER T — 2 & 2 IRBIEC T+ %,
leastSquares=Fit[noisyWIMSolutionCont2,{1,x,x"2},x]
~0.608405 + 0.192308 x - 0.00404421 x°
N2 RIETERL SRR ZFE L. M 141277,
leastSquaresG=ListPlot[leastData=Table[leastSquares,{x,n}],

Pos .

PlotRange->All,Prolog -> AbsolutePointSize[4],
AxesLabel -> {"'Pos.", "Field H"},

PlotLabel -> "Smoothed by 2nd order LS"];
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Field H Smoothed by 2nd order IS
Q000000
1.5 o "'..
[ ] [ )
[ ] [ ]
[ ]
° [ ]
1 . %
[ ]
. [
[ ]
[ ]
[ ]
0.5 hd °
[ ] [ ]
.. *
5 g Pos
. 10 20 30 40 °
[ ]

X 14. 2 WRES%E Gl S 7= ma st

1/17/2009  Yoshifuru Saito

B/ 2 FIETIRL SRR E X 13 D ) A RGOl %X 15 127, AlHe

IRIRY SR L ST R L o TWD T E DD D,
Show][leastSquaresGnoisyFieldModelG,
PlotLabel->""Bold:LS, Thin:Original"];

Field H Bold :1S, Thin :Original
125

100

75

50

25 °®

..
VAT 20 30

152 BRI S LTzt & ) A X B Lol & o Lk

14 DL SN TR B ER M AT HE T D,
Timing[refinedWIMSolutionPrel=
weightMatrixWIM2.(orderVector=
coefficientVector[systemMatrix2,leastData,

weightMatrixWIM2]);]
{0.05 Second,Null}

16 (2B b SRS N B RHR S T B A & 7~ 7,
refinedWIMSolutionPrel G=
ListPlot[refined WIMSolutionPrel,
PlotRange->All,PlotJoined->True,
AxesLabel->{"Pos."," Ampere'},

PlotLabel->"WIM solution"];
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Ampere WIM solution

10

Pos .
10 20 30 a0 4

16 T8 L SNTCRER D B FHR S vl WIM i
17 \ZIEfR & SR S AUT RS B REHR S Av7e WIM O HLig 2713,
Show[modelSourceContGrefinedWIMSolutionPrel G,
PlotLabel->"Thin: WIM, Bold:Exact"];

Ampere Thin :WIM, Bold :Exact

® Pos .
10 20 30 40 :50

171EfR & ) A R & A TEfR O Lo

16 LIX 17 0D, /A X Gl a i FE L TOE~5 25 ) 4 XOREIT
IR CTERWZ L3b2 s, T72bb, WEICEWT, /A Xz G LBAFERICN 2
ATALBI I ) Th D,
<e>7 — & DEILHE 18 O WIM fif % 3 IREEE T d %,
IsPara=Table[x"i,{i,0,3}];
IsSolution=Fit[noisyWIMSolutionCont2,IsPara,x]
~1.03269 + 0.28746 x - 0.00866267 x* + 0.000060372 x°

18 O WIM fif 2 3 IREA Tl 3 %,
IsPara=Table[x"i,{i,0,3}];
IsSolution=Fit[noisyWIMSolutionCont2,IsPara,x]
~1.03269 + 0.28746 x - 0.00866267 x* + 0.000060372 x°

RN 2 FRIETEB S AR L, X 191277,
leastSquaresG=ListPlot[leastData=Table[IsSolution,{x,n}],
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PlotRange->All,PlotJoined->True,
AxesLabel -> {""Pos.", ""Source [A]"},
PlotLabel -> "Smoothed by 2nd order LS"];
Source  @AD gpoothed by 2nd order IS
1.5

1

0.5

Pos .

10 20 30 40

41 19.2 RBEECCIE Pl S 7z WIM fig
B/ 2 FeE TR S A7 WIM iR & IEfR O beig 4[4 20 (2777,
Show[modelSourceContGleastSquaresG,

PlotLabel->"Bold:Exact, Thin:smoothed WIM"|;

Ampere  py1d :Exact , Thin :smoothed WIM
f o".“...%

1.5¢
1t

0.5+

[ 205/ 2 ik Tl & 407 WIM fig & B & o b
20000, A REFLBANOHE SN LB A IR LT 2% AL, COREE
THERET 2 0NCHENH 25, BB L D bR TH D, /A BRI L 72 5B D
TN S WDHERHEZ & 5005 IR IE e 2 X KR O CIT ) TR E Ly,

Hdd FLD)

o TR & WTRIEIC I B /A KB A LT, B A X
WATHH %) A ALK BIRE 52 5, BT & BTN G2 5 ) A X7 4 —
2 RIRO IR AN S < A KITRO T BB,

)4 BB BHIEE LT, b/ A A% GEBEmil e T 5 imems 4 2 o
N, UL, SIS CHIBIRA ) A DMK S TR 51200, ORI
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DI, T A X ETBEAE R H1G 5N D M2 PR E T D BRAAENE TR RIS
A XD EHTRTE S, ALEE L R, W DFIETH EORET — & 2 bT %
MOIEENFEE T, ZOFRTEEICEME T 2L L 5 &I 2 BAMN S WATHIE
Z FEMWRBBEA~ER T 21203 /A ZLBEITEOMVEP R SN D D 2 fFleiald 2 b7y
Vo ME—DFERHI, WREZRIR Y IR E G 5720 SFIREBNMRIROBER TR E NS Z
ETH D,
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45 BBBEHDOEHTIGEICE D 2 ROBHARREE

B EWATHNEZ, MR 7 — U SR BURB ATRE & ARGE T 2 AR 6 E ) D B
1151 W ha . RIS IR C& 5, BIBONE M W T8 EIE, WIESBIZE L
WO — BN E D fiE A BECCHIR L CH RO L 35 ik Th D, NFT 2% %
AL LS, M7 — U SHREICERTRE L T O MRE A ER L, BEAM &
THNIMN RN DRBEART FVIET =) BB D AT F T LDRES 25X DT LI
AR

TR, fEE T — U TIRBATRE L RE L2 A S E N B BT E V2B
B E T X WATHNEE 2 ot DB RIREAME~CH LeplEEZ R Y BiF 5, 22T
DHARRY 2 B NI EAT E WATHED 2 ROTRBE~O W L Z B IR R A R 408 L C
ATz L TH D,

452 2 WITBBEEAM X HTHIE
<a>BH) WRIEOZ X, BT ERICHET 2RO n L0 2 WIERFICHHET 5
RADE m ZRFOBWE Y AT 2 e Z LR 5, i, —BRICIRE SRR 2 b
NOBEFRFIIROEL n 125 L, RAKOED D RO %5 & H LB (m-n) DR E 1T
DEL n 1T LWBOMBERIZNER L CIRE 5, BB E A & ¥4 751{%(Functional Weighted
Inverse Matrix Method, FWIM & B&GR) 1%, REEDOE 6 XOEZ 5 X 5 L 725 (m-n) D fEEE
FEBMIZKOE n IZFELWREERIZHER L TRO LD TR, [HOREHTHIFAI L T
B2 X5 T 2B HIHEDNTWD, FlxiX, KO n=1 #, RKHEOHD m=2 H oD
Brtr, RN E LRI n=1 HTHY, K OfRITER L TRED, 20L&, Hiffin
R TR, —EMICIRED 1 O LR L TIRE D5 O 1 HOMROE Z A & 22D B
BTHIM L THEZ LD LT 2B2 FMPBEBELN X WITINEDRTh D,

EN NG EN

1) BIBOMEE 2 fh X W1 T8 0D 2 YR e R R~ vk
2) 2 RITHUR BRI G A R o il
[ZOWTIR~ 5,
<b>ZMABKEE o BT EHITINE KON n, KO L0 2RI m & FF oK
YIRBIE Y AT ME, C & nfT m SO E LT, (HRTHZ BN D,
Y=CX (1)

(HXDOMEX W % m AT n FIOEATHIE LT, X7 ML X BPIRATH 2 5 EE
T 5,
X=WS ()

S lIn ROFIRT MLTHD,

fig7 Fv X BR)NTEHZ B, 178 CW BIFFRAITHICTH D556, BAL ZWITHIE
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IR D E 525,
X=wewr'ly A3
Q)N THRARDOHEBEAIZELTHI W ORDF ThH D, i s BMRZER o DB s(w)TH Y |

s (a) =so+asi+a’sy+ ... +atsn (4)
L L7,
ZIZTIE R s DMRZER o OBITH Y | LLTORTEZbND LT D,
s (a) = sp+ s1Cos[a] +s2Sin[a] + s3Cos[2a]
+s848in[2a] + ... (5)
ORI ZABBROTTEZ DD L HET S 2 L2 BR L, HREEEE->THET
Do bbb,

s (a) = soRe[e!™] + 51 Re[e™] + 55 Im[e®¥] + s3Re[e1?]
+sqIm[e’®] + ... (6)
i=+-1
(S)C OIS H 2R OO HERAL ST & FIUE, s b X
[ x
x=| 2|
( Xm }
(1 1 0 I A2
|1 Cos[Aa] Sins[Aq] Cos[2Aa] A 21 !
|1 Cosin=1)Ae] Sinin— 1) Aq] chzol—l)Aa1.Jis‘ j
n-1

=WS
L0 )RS 1 RIChIBE A~ 2 AR W SRES LD,
2 WICRIETIR, ff s BMEZEM o & B OB THY . LLTDOETHE2 bILD,
s (a, B) = sp+s1Cos[a] +s2Sin[a] + s3Cos[B] + s4 Sin[B]
+ s5 Cos[a] Cos[B] + sgCos[a] Sin[fB]
+ s7S8in[a] Cos[B] + sg Sin[a] Sin[B] + ...
Q)Xo FRBOMENL 9 L EOFETRITNIT R B2 LAV 5,

453 2 WITHEHRIREEE R
<> FHEOWHE ATV~ RO E S B FRO AT Ofif =2~ FEAR
B 0T, SRS BITT T T 4 w7 ADA U hARD, W, DO
BEEIAND LT =R DDPLEETRE L,

I<<Utilities‘MemoryConserve‘
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$MemoryIncrement=100000;

<< LinearAlgebra'MatrixManipulation’;

Off[General::spelll, MemoryConserve::start, MemoryConserve::end];

<b>1RILT —F & 2WILT —F BB DB FWIMIEIIHIE > AT L & fif < BTt
WEOME 525, fE>T, fIT 1R~ M TEZOND NG, 2k 2RI T
—HNCEMS DNER DD, ZOTD, —IRILT — X & mx 1T my FD 2 RIET — F (LM
THEN—F L EEET D,

convert2D[1Ddata_,mx_,my_]:=

Table[1Ddata[[i-+((j-1) mx)]],{j,my},{i,mx}];

<c>EHfT E HATFNEDREAN 7 "NV EFHET 5B
coefficientVector=
Compile[{{systemMatrix, Real,2},{inPut, Real,1},
{weightMatrix,_Real,2}},
Inverse[systemMatrix.weightMatrix].inPut];
<d@>¥Ialb—VvarETFTN BEREISMATLHOMEME T TN
targetLengthY,targetLengthX & 9%, £/, ZNENDOHENEEE my & mx & T 5, HUHR
PR 3409 2 TS SEATISALIE S D AU BRI E T Ot & B A4 £ £ sensingLengthY .
sensingLengthX & LU, HESEIIHE ST M Z nx, MEHMZ ny &7 5, DI, BEHBIRS 5
A3 % VAR & O MR R E T ] O i 2 20ff &5,
HERLIE TR &K 91247 9, BlEBUE S A7 U BRI A AT UL T 00 Hb S ALE L,
ZDORE S TR L & ATILTE DR O TEH A 6D, BURBREENHIE S
2 AT E T OB NEAT DT O o ALE S D,
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sensingLengthi

sensing Length¥

>

1 2 T RIS A PR A RE O£ 7L
<e>7 U — B U BRIRES I IHCHBRIE D & O R D 2 I L TRET 5, 22T
12 Z OB8% % greenFunc TEFKT 5.

greenFunc=

targetleng th

Compile[{i,j,nx,mx,
sensingLengthX,sensingLengthY,
targetLengthX targetLengthY,zOff,
dnx,dnx2,dny,dny2,dmx,dmx2,dmy,dmy2},
(
paraX=dmx2+(i-1) dmx-
Floor[(i-1)/mx] targetLengthX-
dnx2-(j-1) dnx+
Floor[(j-1)/nx] sensingLengthX;
paraY=dmy2+Floor[(i-1)/mx] dmy-
dny2-Floor[(j-1)/nx] dny;

1.0/(4Pi (paraX”~2+paraY *2+zOff*2))

I5
<t>x,y FEIE 2 P8 5 B
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xPosition=
Compile[{i,mx,targetLengthX,dmx,dmx2,dmy,dmy2},
paraX=dmx2+(i-1) dmx-Floor[(i-1)/mx] targetLengthX];
yPosition=
Compile[{i,mx,targetLengthX,dmx,dmx2,dmy,dmy2},
paraY=dmy2+Floor[(i-1)/mx]| dmy];
<g>ETNVRHEBRIES M2 52 2B 7 VHHRIES Mz 52 5 BBE U TD LI
ERT Do
radioActiveF=Compile[{x,y,mx,my},
para=Sqrt[(x-(mx/2))"2+(y-(my/2))"2];
1.+Cos|0.5 para]];
<h>fEE2BIRE  HEHRIRS 0407 5 Ofit & A C L Z 4 targetLengthY, targetLengthX &
T2, Flo. TNENORENEEZ my & mx & 5D, BEHBRRA AT D RIS HATICALE
D HCH B B G 1 OME & R A 3L 4L sensingLengthY, sensingLengthX & L. & A4
(IMT % nx, fEGMZny &5, & OIS, BRI A1 2 YAk & O R R E
M D IEREZ 2Off &35,
sensingLengthX=1.0; sensingLengthY=1.0;
targetLengthX=1.0; targetLengthY=1.0;

nx=3; dnx=sensingLengthX/nx; dnx2=0.5 dnx;
ny=3; dny=sensingLengthY/ny; dny2=0.5 dny;

n=nx ny;

7 4=/ RIS E IR RIS A 20 x 20 (ICHEI L CRHET L2 L 8T 5,
mx=20; dmx=targetLengthX/mx;
my=20; dmy=targetLengthY/my;

m=mx my;
zoff=0.05;
213K B R E T VISR AT &~
sourceDistribution=Table[radioActiveF[x,y,mx,my],{y,my},{x,mx}];
modelDistribution=ListPlot3D[sourceDistribution,
PlotRange->All,Mesh->False,

PlotLabel->"Exact field source density distribution'];
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Exact field source density distribution

20
2 ET VBRI AR
VAT DT EFR L TEL,
systemMatrix=
Table[greenFunc[i,j,nx,mx,
sensingLengthX,sensingLengthY,targetLengthX,
targetLengthY,zoff,dnx,dnx2,dny,dny2,dmx,

dmx/2,dmy,dmy/2],{j,n},{i,m}];
2 OFETIVIBEHRIR N E A~ 2 5 BESREER R 21T 5, X 3 BNER THE O
% I RRIRE A TH D,
vectorMeasured=systemMatrix.Flatten[sourceDistribution];
ListPlot3D[convert2D[vectorMeasured,nx,ny],
PlotRange->All,Mesh->False,

PlotLabel->"Measured field distribution"];
Measured field distribution

500
400
300
200

3 JE S NI O RRIREE 3 AR

ORUWE > TETINEED, £T. B x, y FAOZERMABEZERL T 9,
I omegaX=2.Pi/targetLengthX;
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omegaY=2.Pi/targetLengthY;
I, ERTHI OB Z BT D,
weightMatrix=Table[1.0,{j,m},{i,n}];
X, y FIOPEFELE 27 L T <,
weightX=Table[xPosition[j,mx,targetLengthX,
dmx,dmx/2,dmy,dmy/2],{j,m}|;
weightY=Table[yPosition[j,mx,targetLengthX,
dmx,dmx/2,dmy,dmy/2],{j,m}|;
RO BRI R 21T 9,

of

=]

weightMatrix[[j,2]]=Cos[omegaX weightX[[j]]];
weightMatrix[[j,3]]=Sin[omegaX weightX[[j]]];
weightMatrix[[j,4]]=Cos[omegaY weightY[[j]]];
weightMatrix[[j,5]]=Sin[omegaY weightY[[j]]];
weightMatrix|[[j,6]]=weightMatrix|[j,2]]*weightMatrix][[j,4]];
weightMatrix|[[j,7]]=weightMatrix|[j,2]]*weightMatrix][[j,5]];
weightMatrix|[[j,8]]=weightMatrix|[j,3]]*weightMatrix|[[j,4]];
weightMatrix[[j,9]]=weightMatrix][[j,3]]*weightMatrix[[j,5]],
HEUHH
Hik ES > e B AR & X 4 1277,
ListDensityPlot|weightMatrix,Mesh->False];

400 [
300
200
100 + .
—
=
——
ol ~wmmS
0 2 4 6 8
X 4 =AM GAELX INT-EAEK
FWIM fi# % 559 %,
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Timing|[weightedSolution=
weightMatrix.(orderVector=

coefficientVector[systemMatrix,vectorMeasured,weightMatrix]);]

{0.16 Second,Null}

TR T DRGSR D120, a2 2T L TTFRERA~N Ul KidE
EHELTHL I,
Max[Chop|[vectorMeasured-systemMatrix.weightedSolution]]
0

RN R IVITREDNS G- 2 b TR a e LT D, 5 TR T D LT U BRI
Pa KT B
solutionG=ListPlot3D[convert2D[weightedSolution,mx,my],

PlotRange->All,Mesh->False,

PlotLabel->""Computed source distribution"];
Computed source distribution

5.FWIM fi
6 ([ZIEfiE & WIM RO 27797, [ 5 O FWIM EIZIE LWRER A2 52 T\ D 2 &Ab
AR
I Show[GraphicsArray[{modelDistribution,solutionG}]];

st field source density distribution Computed source distribution

6.1Ef% & F WIM f# D i
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RN TH LD,
orderVector
{0.739728,0.119004,-0.125503,0.119004,-0.125503,1.07538,-0.0800058,-0.0800058,-0.00720534}
FWIM i & IEfRE ORI 2 X 7 12R T,
ListPlot3D[sourceDistribution-convert2D[weightedSolution,mx,my],

PlotRange->All,Mesh->False,

PlotLabel->"Error distribution'];
Error distribution

20
7.1Efi# & FWIM fgf ORRZ=/5 45

7026, FWIM BT EMERIICIE LWETH 2508, EENREEMENZ & 23 5,
<i>HIE R n O HEREZEIN L CTREOREEN R L3425 2 & 2R 5,
nx=9; dnx=sensingLengthX/nx; dnx2=0.5 dnx;

ny=nx; dny=sensingLengthY/ny; dny2=0.5 dny;

n=nx ny;
VAT MTHEER L TR L,
systemMatrix=
Table[greenFunc[i,j,nx,mx,
sensingLengthX,sensingLengthY,targetLengthX,
targetLengthY,zoff,dnx,dnx2,dny,dny2,dmx,
dmx/2,dmy,dmy/2],{j,n},{i,m}];
2 OF T IVIESTBRIEDNRE R ~5 2 5 B R R 21T 9, X 8 AHER TH L
2 IEBRIREE AT T D
vectorMeasured=systemMatrix.Flatten[sourceDistribution];
ListPlot3D[convert2D[vectorMeasured,nx,ny],
PlotRange->All,Mesh->False,
PlotLabel->"Measured field distribution"];
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Measured field distribution

500
400

300
200

4 8 JAIZE S A7 R AT
Q)RUHE > TEHAITINEED, £, BALRT L e x, y BEEOALEI A - 72E8 & 1E
Do
unitMatrix=Table[1.0,{j,m}];
weightX=
Table[xPosition[j,mx,targetLengthX,dmx,dmx/2,dmy,dmy/2],{j,m}];
weightY=
Table[yPosition[j,mx,targetLengthX,dmx,dmx/2,dmy,dmy/2],{j,m}];
x T OEHBEEEES,
weightMatrix1=Table[0,{nx-1},{m}];
Do|
weightMatrix1[[i-1,j]]=Cos[(i/2) omegaX weightX[[j]]];
weightMatrix1[[i,j]]=Sin[(i/2) omegaX weightX[[j]]],
{i,2,nx-1,2},{j,m}];
y IO EHBEEEES,
weightMatrix2=Table[0,{nx-1},{m}];
Do|
weightMatrix2[[i-1,j]]=Cos[(i/2) omegaY weightY[[j]]];
weightMatrix2[[i,j]]=Sin[(i/2) omegaY weightY[[j]]],
{i,2,nx-1,2},{j,m}];
X,y FROENG D BEAREEEIESD,
weightMatrix3=

Flatten|Outer|[Times,weightMatrix1,weightMatrix2,1],1];
PIROBEABEAZER L., MZREOTZORIORE X2 M1 5,
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weightMatrix=

Transpose|
Join[{unitMatrix},weightMatrix1,
weightMatrix2,weightMatrix3]];
Dimensions[weightMatrix]
{400,81}
B AEK 9 1TRT,
ListDensityPlot|weightMatrix,Mesh->False];

400

300

200

100

6 2‘0 46 6‘0 86
9 =AREENS AL ST ES B
FWIM fif & 5154 %,
Timing|[weightedSolution=
weightMatrix.(orderVector=
coefficientVector|[systemMatrix,vectorMeasured,weightMatrix]);]
{1.65 Second,Null}
TR T DRGSR DT, a2 2T L TTFRERA~N Ul KidE
EHELTHL I,
Max[Chop|[vectorMeasured-systemMatrix.weightedSolution]]
0

R NVITREDNC B 2 b FREAZHE LT b, K10 I FWIM IEIZ K > TR 5
T U BRIR 040 2 =3
I solutionG=ListPlot3D[convert2D|[weightedSolution,mx,my],
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PlotRange->All,
Mesh->False,

PlotLabel->" Computed source distribution'];

Computed  source distribution

20

10.FWIM fi#
I Show[GraphicsArray[{modelDistribution,solutionG}]];

st field source density distribution Computed source distribution

11.1Efi# & FWIM fif O i

11 \ZIEfiR & F WIM RO Lol 2753, [ 10 O F WIM JEII 72 0 BAFE R4 5 2 T
D ENHD,

AR TH LI,
orderVector
{0.806242,0.306797,-0.050367,0.348058,-0.11736,0.0631314,-0.0414908,0.0185571,-0.038153,0.306797
,-0.050367,0.348058,-0.11736,0.0631314,-0.0414908,0.0185571,-0.038153,0.640636,-0.0989769,-0.3273
79,0.112582,-0.0820763,0.0553495,-0.02524,0.0534803,-0.0989769,0.0152662,0.0524401,-0.0180346,0.
0131713,-0.00888059,0.00406773,-0.00861121,-0.327379,0.0524401,-0.0561821,0.0197415,-0.0163466,
0.0114213,-0.00511058,0.011349,0.112582,-0.0180346,0.0197415,-0.00689095,0.00575267,-0.00397288
,0.00184679,-0.00401695,-0.0820763,0.0131713,-0.0163466,0.00575267,-0.00423574,0.00301018,-0.00
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125522,0.00287984,0.0553495,-0.00888059,0.0114213,-0.00397288,0.00301018,-0.00207088,0.0009433
41,-0.00205032,-0.02524,0.00406773,-0.00511058,0.00184679,-0.00125522,0.000943341,-0.000346325,
0.000873979,0.0534803,-0.00861121,0.011349,-0.00401695,0.00287984,-0.00205032,0.000873979,-0.00
20022}
FWIM fif & IEMRR ORRGE AT 2 X 12 1R,
ListPlot3D[sourceDistribution-convert2D[weightedSolution,mx,my],
PlotRange->All,Mesh->False,

PlotLabel->"Error distribution'];

Error distribution

12.1Efif & FWIM fig [ DFRZES3 A
12 72 B JUE AR DHMAKEE D] EIZEED > TN D Z L 3R T E 72,
<j>BE% B At X WATFREDILA Y A R—DIERE <> TIT - 3R FIEZE - T 2 ot
FIREIZ RS 2 BIROU B 2  WATHNEDIH =2 — RE2AERR L TR Z 9, M7 — U =ik
~JEBAAIEE & ARE U 7o BIEOR B T X WATHINEIS X DI Y v s — 2 LU FIORT, AT,
fREATH| systemMatrix, JHIE 4727 4 —/L KXZ kL measuredVector, x —J5 [\ D5)EI%L
mx, &Iy HFEOSEE my THY ., WM~ 2 L weightedSolution, 7 — U T#k%k
DIFE~27 FL orderVector . & L CRERICMHE - 7= AT weightMatrix Th D, ZD/3y
= xy HRIONEZ D 5 BI%EL xPosition & yPosition, & L CTHREY ML ZFHET
% BAEK coefficientVector &5 ATV D, Z DO Y W A—TIL, MOFIET 5 R G HHEO
X,y DR S ZBAEICIESIEL Th D 2 LITER LT TR 67220,
fWIM2D[systemMatrix_, measuredVector_,mx_,my_,nx_,ny ] :=
Module[{unitMatrix, weightMatrix1, weightMatrix2,weightMatrix3,
systemMat,weightMat,inPut,i,j, m=mx my,mz,
dmx=1./mx,dmx2=0.5 dmx,omegaX=2.Pi,xPosition,xCoord,

dmy=1./my,dmy2=0.5 dmy,omegaY=2.Pi,yPosition,yCoord},
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xPosition=Compile[{i,mz,dmx,dmx2},dmx2+(i-1) dmx-Floor[(i-1)/mz]];
yPosition=Compile[{i,mz,dmy,dmy2},dmy2+Floor|[(i-1)/mz] dmy];
unitMatrix = Table[1., {j, m}];
weightMatrix1 = Table[0., {nx - 1}, {m}];
Do|
xCoord=xPosition[j,mx,dmx,dmx2];
weightMatrix1[[i-1,j]] = Cos[(i/2.)*omegaX*xCoord];
weightMatrix1[[i,j]] = Sin[(i/2.)*omegaX*xCoord],
{i, 2,nx - 1,2}, {j, m}];
weightMatrix2 = Table[0., {ny- 1}, {m}];
Do|
yCoord=yPosition[j,mx,dmy,dmy2];
weightMatrix2[[i-1,j]] = Cos[(i/2.)*omegaY *yCoord];
weightMatrix2[[i,j]] = Sin[(i/2.)*omegaY*yCoord],
{i,2,ny - 1,2}, {j, m}];
weightMatrix3=Flatten[Outer[Times,weightMatrix1,weightMatrix2,1],1];
weightMatrix=Transpose[Join[{unitMatrix}, weightMatrix1,
weightMatrix2,weightMatrix3]];
coefficientVector=Compile[{{systemMat, Real,2},{inPut, Real,1},
{weightMat, Real,2}},Inverse[systemMat.weightMat].inPut];
weightedSolution=weightMatrix.(orderVector=
coefficientVector[systemMatrix,measuredVector, weightMatrix]);
{weightedSolution, orderVector, weightMatrix}];
ZORBAEE ST 739 OREENTHR LS,
Timing[solutionVector=fWIM2D|[systemMatrix,vectorMeasured,mx,my,nx,ny];]
{4.28 Second,Null}
6 BRI DN EAREE AR LK 131279, K9 &R CEREEDFE
Wb TND Z LAV D,
I ListDensityPlot[solutionVector[[3]],Mesh->False]|;
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400

300

200

100

6 26 46 66 86
13 FHRICEE DL EA R
HONE, ZARRKOREEZRY H LUK 14 1277, @BIROBREOEEN NS R0 5
DAV LTV D Z & DV 5,
I ListPlot[solutionVector[[2]],PlotRange->All,PlotJoined->True];

0.8
0.6
0.4
0.2
it NMA ! ﬂ - .
-0.2

X 14 =R OLREK

FREOMEAELLTIORT, Zhb DT 439 THONEE —ET 5 Z L3 H 5,
solutionVector|[[2]]
{0.806242,0.306797,-0.050367,0.348058,-0.11736,0.0631314,-0.0414908,0.0185571,-0.038153,0.306797
,-0.050367,0.348058,-0.11736,0.0631314,-0.0414908,0.0185571,-0.038153,0.640636,-0.0989769,-0.3273
79,0.112582,-0.0820763,0.0553495,-0.02524,0.0534803,-0.0989769,0.0152662,0.0524401,-0.0180346,0.
0131713,-0.00888059,0.00406773,-0.00861121,-0.327379,0.0524401,-0.0561821,0.0197415,-0.0163466,
0.0114213,-0.00511058,0.011349,0.112582,-0.0180346,0.0197415,-0.00689095,0.00575267,-0.00397288
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,0.00184679,-0.00401695,-0.0820763,0.0131713,-0.0163466,0.00575267,-0.00423574,0.00301018,-0.00
125522,0.00287984,0.0553495,-0.00888059,0.0114213,-0.00397288,0.00301018,-0.00207088,0.0009433
41,-0.00205032,-0.02524,0.00406773,-0.00511058,0.00184679,-0.00125522,0.000943341,-0.000346325,
0.000873979,0.0534803,-0.00861121,0.011349,-0.00401695,0.00287984,-0.00205032,0.000873979,-0.00
20022}
WH Y A= b5 b T2 X 15 1R,

solutionGx=ListPlot3D[convert2D[solutionVector[[1]],mx,my],

PlotRange->All,

Mesh->False,

PlotLabel->""Computed source distribution"];

Computed  source distribution

20
15 A Y A= B4F 5 372 FWIM fi#
<> THLNIEE LAY VAR =D G LN RN BT 208 5 0 TAHR LD,
weightedSolution==solutionVector|[[1]]

True

M IIERIC BT D LR TE T,

54 D

AT, T U THIED 2 e RBE IOV TR LT, 2 OREE, FWIM i
(% 2 YRR AT LT b BAF AR A 53 5 2 L SRR T 72, & 5, 2 YRR AT
B PRI S — R LT
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4.6 BEABBEHDOETHITILEICK S 2 ROBHFREFEE

B EWATHNEZ, MR 7 — U SR BURB ATRE & ARGE T 2 AR 6 E ) D B
1151 W ha . RIS IR C& 5, BIBONE M W T8 EIE, WIESBIZE L
WD — BRI E DR A BTN L CHifEOM L 32 HiETh b, NiET 5B%5%
AL LS, M7 — U SHREICERTRE L T O MRE A ER L, BEAM &
TR LN BT ME 7 — ) ZRBEDOART F T LORESE G252 L
AR

AFaTlE, iz 77—V =B FHE & NE L7z = ABEED BE )N 5 EATHZ 7B
B I X WATHNE A 2 RO DOBEFIRERAERE~IGH L7l A Y L %,

4.6.2 2 WICBAERE A4 & WATFIEOBE
<a>Z AR EFE o TmEAFEHITHIE K0 n, KoL 2V R m 2R
UIRIE Y AT Mk, C & n AT m HNOREATHE LT, )R THEZ b5,
Y=CX (1)

(WROIE W % m 1T n FIOERITHIE LT, 7T M X BRATEZ HILD LIRE
T 5,
X=WS (2)

Sitn RDOFNINZ FATHS,

g7 FL X BRIRTEHZ S, 1751 CW RIEFERITHICh 2854, BT X755
IR % 52 %,
X=wicwly ©)

2 RIERIETCIE, iR s BMRZER o & B OB THY . UTFTOETHEZ b,

s (a, B) = sp+s1Cos[a] +s2Sin[a] + s3Cos[fB] + s4 Sin[B]

+ s5 Cos[a] Cos[B] + sgCos[a] Sin[f3]
+ s78in[a] Cos[B] + sgSin[a] Sin[B] + ...

(4)
DS FREOMEENL 9 HLL EOFE TRIT T b2 &35,

4.6.3 2 KITRERIRIEERIE
<a>RIRSME EREERE 2 2 Ol A Ol OB A ET  FIEE R 5,
[IfEE SN
1) 2&cHETH S,
2) WEm & EIRSAME B TFATL TV D,
3) HIE S DMESFTIEE - BIRDAMAEICTEER 2 - FT Th D,
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4) HEHBROERIL x -y FHEICHMAT S,
Thd,
TR
1) V=T EBRETNVERHT S,
2) BROWESHEL Y 2D —TEiiZRD D,
3) FHELEEN NV AEERAT D,
4) BARWZRET R 2R,
Thd,
<b>REFET N ZZ T FRICRT L9, &2 FHERIZOAT 5 EREE T % PR
KEOBARHZNETDHZ LIk > TROLMEEEZ D,

H

1 - TETE R

<NV —7BEREBR T, BREE JITHEAH LR TERST O,
TxH=J ()

o> T, BIREE JITLTIROBEMRZ L L22THIER 5720,
TeTXH=ToJ

=0 (2

QAR OBARITF LE Ry 7OHIFAIEEMTHY . EREELERHICOWVWTHED LD
HRICHMATHEN i TRHERESE LW E2ERT 5, Q=% BEnICH 2T 5 EIR
O—HFIIH 2 IRTERRICIERT 20— 7B | D, THUTERREEONOHES T
LT ADLEE HDERDE LW SICERT D, Z 2 TIEHHEE SN HESE 2 127
TN—TEBRTETMEEND EAET D,
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B2 b -FERIOIES z A OiERH

B2 ONV—T7Ef 1 BN52 5z A MO HIZBa)NTHE X b D[], Ziudn—7
B/ 1 B2 bR, V=T OV —TEICR o T r V=T RPDLOES 2z
BT DERG AT H 37 <7 OWER L REERIE CRHRELRD Z & 2 BT 5,

i

- (35

(r +a) +2°

<d>HMNL—TERETIVL X1 OMEEZM/IN— T EBRTT VCE S Z 5, EBRODAN

T HRGEERE X 31T L) ICVNEFRICHEIL, o8l SN MNESFEOFIZER
N—T B ET D,

SIGI®)
OO
NN

B3 N-TEHmHEEEFIN0oZT R

X 3 OWUNEFENZNEERT S2ERZFRKPIORT AL CEE#: 5, HEL—
TOFRII@GRIZ L > TRD D, DR TREDNV—T 2 a 1FBUNEFHE CTHEBE 235 L
WIEFBICNET 2M2EWT 5, 2056, MENREEREZEL THEELFFOFLEE
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FTAN—=TOHFLR—F L, kbBWVILL 25, LSRR IMNEFETIX, &E
FDOHLE DR TR E DR EFHFOL—TORLE ST 2 L 6RENREED
R EZEHBICER L TEXDLZ LIk D, Eo T, M—TEBIRDAMBEEET VA7
D%, EISNICBUNEBITIE R E T R&ETH D, Ziud, Bl IEMERNE S’
DOYE. MEEMTHEMEEX D Z L TEIIND,

D«

<e>FHEOEMH ATV —DDROEREM ) EAIXTRO AT OfHik= <> FE AR
Do BENT, MIBREBEDICT T 74 v 7 ADRy r—V %k AND, M. 2 b0adiE
BHEEIAILD & error IZ7R DM BIEET R&E Z &,

<<Utilities"MemoryConserve’

$MemoryIncrement=100000;

Off[General::spelll, MemoryConserve::start, MemoryConserve::end];

<< LinearAlgebra'MatrixManipulation’;

<<Graphics'PlotField";

Dy 7 — U AR A~ BR T RE & RE U 72 BB B A A & 1017 51114 (Functional Weighted
Inverse Matrix, LA T, FIWIM &GN L DLH Y A x—Z LU NIRRT, AJE, 50751
systemMatrix, € Z4L72 7 4 —/L KXZ kL measuredVector, x =71 D3EIE mx, S 512
y RO EE my ThH Y HEfEST kL weightedSolution, 7 — U Tk HDIRE~ 2 b
/b orderVector . % L TR - 7 EAATH weightMatrix Th b, ZD/Xy 7 —TF xy
J7 18 DAL E % P8 D BIE xPosition & yPosition, & L CTHRE~7 ML EFE T 2% B
coefficientVector % & A CW\5, Z O Y A N—TIL, OFEET HESFEHEIKO xy 7
ORI ZHEMEICESL Th D 2 LITER LT TR 67220,
fWIM2D[systemMatrix_, measuredVector_,mx_,my_,nx_,ny_ ] :=

Module[{unitMatrix, weightMatrix1, weightMatrix2,weightMatrix3,
systemMat,weightMat,inPut,i,j,m=mx my,mz,
dmx=1./mx,dmx2=0.5 dmx,omegaX=2.Pi,xPosition,xCoord,
dmy=1./my,dmy2=0.5 dmy,omegaY=2.Pi,yPosition,yCoord},

xPosition=Compile[{i,mz,dmx,dmx2},dmx2+(i-1) dmx-Floor[(i-1)/mz]];
yPosition=Compile[{i,mz,dmy,dmy2},dmy2+Floor|[(i-1)/mz] dmy];

unitMatrix = Table[1., {j, m}];

weightMatrix1 = Table[0., {nx - 1}, {m}];

Do|

xCoord=xPosition[j,mx,dmx,dmx2];
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weightMatrix1[[i-1,j]] = Cos|[(i/2.)*omegaX*xCoord];
weightMatrix1[[i,j]] = Sin[(i/2.)*omegaX*xCoord],
{i, 2,nx - 1,2}, {j, m}];
weightMatrix2 = Table[0., {ny- 1}, {m}];
Do|
yCoord=yPosition[j,mx,dmy,dmy2];
weightMatrix2[[i-1,j]] = Cos|[(i/2.)*omegaY*yCoord];
weightMatrix2[[i,j]] = Sin[(i/2.)*omegaY*yCoord],
{i,2,ny - 1,2}, {j, m}];
weightMatrix3=Flatten[Outer[Times,weightMatrix1,weightMatrix2,1],1];
weightMatrix=Transpose[Join[{unitMatrix}, weightMatrix1, weightMatrix2,
weightMatrix3]];
coefficientVector=Compile[{{systemMat, Real,2},{inPut, Real,1},
{weightMat, Real,2}} Inverse[systemMat.weightMat].inPut];
weightedSolution=weightMatrix.
(orderVector=coefficientVector[systemMatrix,measuredVector,
weightMatrix]); {weightedSolution, orderVector, weightMatrix}];
N—TBRBPEDN—THEICERTABRZHE T B v— 7B ML E £
%, FEMBIE z EHEM O L EHRMED BV O TR L7 TRl 2,
bz = Compile[{r,z,rcoil}, Block[{ m1, Im1},
ml=1.- 4.*rcoil*r/((rcoil+r)*2+z”2);lm1=Log[ml];
0.0000002/Sqrt[(reoil+r)"2+z"2] * (
((1.3862943611+m1*(.0966634426+m1*(.0359009238+
m1%(.0374256371+m1*(.0145119621))))) -
(.5000000000+m1*(.1249859360+m1*(.0688024858+
m1%(.0332835535+m1*(.0044178701)))))*Im1) +
((1.0000000000+m1*(.4432514146+m1%(.0626060122+
m1%(.0475738355+m1*(.0173650645))))) -
(m1*(.2499836831+m1%(.0920018004+
m1%(.0406969753+m1*(.0052644964)))))*Im1) *
(reoil*2-r"2-z*2)/((reoil-r)*2+z"2)
)1
hzLoop=
Compile[{i,j,nx,mx,
sensingLengthX,sensingLengthY,
targetLengthX targetLengthY,zOff,
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dnx,dnx2,dny,dny2,dmx,dmx2,dmy,dmy2},
( loopRadius=Sqrt[dmx2 dmy2];
paraX=dmx2+(i-1) dmx-
Floor[(i-1)/mx] targetLengthX-
dnx2-(j-1) dnx+
Floor[(j-1)/nx] sensingLengthX;
paraY=dmy2+Floor[(i-1)/mx] dmy-
dny2-Floor|[(j-1)/nx] dny;
horiDist=Sqrt[paraX”2+paraY~2];
bz[horiDist,zOff,loopRadius]

I;
®7NVERIRS N &5 2 5 B
currentF[x_,y ,mx_,my_J:=
-5. Exp[-(x-mx+2)"2/10 -(y-my+2)"*2/10]+
6. Exp[-(x-mx+8)"2/10 -(y-my+8)*2/10]+
5. Exp[-(x-(mx/2))*2/10 -(y-my+4)*2/10]-
6. Exp[-(x-(mx/2))*2/10 -(y-my+10)*2/10];
1RILT —F % 2IRILT —FICE#T B8 (Partition L[F L)
convert2D[1Ddata_,nx_,ny_|:=
Table[1Ddata][[i+(j nx)]],{j,0,ny-1},{i,nx}];
N—T BT bNEAERRT 5 B
vectorData[scalarData_,nx_,ny_|:=Module[
{dummyData},

(dummyData=Table[{
-scalarData[[i+((j-1) nx)]]-
scalarData[[i+1+((j-1) nx)]]+
scalarData[[i+(j nx)]]+
scalarData[[i+1+(j nx)]],
scalarData[[i+((j-1) nx)]]+
scalarData[[i+(j nx)]]-
scalarData[[i+1+((j-1) nx)]]-
scalarData[[i+1+(j nx)]]},
{j,ny-1,1,-1},{i,nx-1}]
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<>BIE WEmO x, v HAOEIZENLI 10em, BRSMAED x, v HFAOEI HE
NEN 10cm &35,

T I T 5x5=25 SMOBEFURIE s D | 15x15=225 [E DN — T B A RO HMEEE 2 5,
sensingLengthX=0.1 5 sensingLengthY=0.1;
targetLengthX=0.1; targetLengthY=0.1;
offSet=0.001;
nx=>5; dnx=sensingLengthX/nx; dnx2=dnx/2.;
ny==; dny=sensingLengthY/ny; dny2=dny/2.;
mx=15; dmx=targetLengthX/mx; dmx2=dmx/2.;
my=15; dmy=targetLengthY/my; dmy2=dmy/2.;
n=nx ny;
m=mx mys;

wIZ, W 4 ITET WL — T BN OFEmREIRE TR, — 7 EIEMH ok
W TOD 00, BT 5LV —7EIIEICR Y R/, BRN7 MUVide— 7 Eits i
DFEBIIAR > TR TWD Z L &5, o, BARRWT ERWGTZENENA L IEITK
J& L. MR OB BEIE TR 2 1 & LTWD,
currentDist=Table[N[currentF[x,y,mx,my]],{y,mx},{x,my}];
ListContourPlot[currentDist,

PlotLabel->"Exact loop current density map"];

Exact loop current density map

14 +

12+

10+

2 4 6 8 10 12 14
4 EFFNN—TFEHRDA
X 4 ON—TEIRDGAA~EERERE T 2 2 & TIEMOBRZ MLEED . K6 1R T,
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o, K5 L 6 DERNT FTAERVOEANIHES> TWD Z L3005,
ListPlotVectorField[vectorData[Flatten[currentDist],mx,my]/5,

Frame->True,PlotLabel->""Exact loop current vectors"];

Exact loop current vectors

14r/,,,,‘\\f/y‘\
,,,,,,\\\7?4‘\
12"r///‘\\\\"/
"*““\\x;\‘"
10"*¢//‘\TQ\\¢/
oy s e
8,V*\\\1//fA‘<A
v‘\\\\,////,\‘A
6V A4 A =TT - ) s
T U U
Ay » » 7 7 7 ¥ 8 (¢ VvV v VY
L T S A
2 S U U S S T S A A
N T T A T S S Y S 4 ’

2 4 6 8 10 12 14
X5 T NAERNT BVoAR
VAT DATHIEE SN DRNT MV EFET D,
systemMatrix=
Table|
hzLoopli,j,nx,mx,sensingLengthX,sensingLengthY,
targetLengthX targetLengthY,offSet,dnx,dnx2,dny,
dny2,dmx,dmx2,dmy,dmy2
1,{i,n},{i,m}
I;
vectorX=systemMatrix.Flatten[currentDist];

HIE SN NV— T BN bV BT EWATHETRD 5, 6 DR TH
Do ADETNVEZIZFHIL TWD ZERDNDL, MTRERNZ M Thd, K5
LIFF—ET %,

Timing[solutionVector=fWIM2D|[systemMatrix,vectorX,mx,my,nx,ny];]
{1.09 Second,Null}
ListContourPlot[convert2D[solutionVector[[1]],mx,my],

PlotRange->All,PlotLabel->" Computed distribution'];
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Camputed  distribution

14
12 r
10 ¢
8,
6,
4,
2,
2 4 6 8 10 12 14
Bl 6 FWIM IEIZ L D0 — T &
ListPlotVectorField|
vectorData[solutionVector[[1]],mx,my]/5,
Frame->True,PlotLabel->"Computed current vectors"];
Ooxrputed current vectors
14 \ y 4 <« < o - A S \ / O
* r ) A s o Ao :Q Q f v/ \
12 v s - AN \ \ A
- XN \ X~
AR SN
~
B AR N
14 ¥ * ‘ ; vy 7 Y o«
8rv Y * \‘ \ - / / f ) » - »
R R A AP
6l A4 A\ a —=>—=—"T ¥ > » ~ )T
1T A = > 7 7 7 o L 0\ ) a =
4V - e T sy P =~
A B N O T LA I
2« U T D B B A S e
4 N Y Y = e o« a A -~ = - -
2 4 6 8 10 12 14

X7 FWIM {EIZ KX D8~ bVOAR
FREXZMET D FIWM NS LT ERDT-0, ffae v AT LA HFRAA~MUA Uik
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MELFIELTH LD,
Max|[Chop|vectorX-systemMatrix.solutionVector[[1]]]]
0
7 RIVTREDNC G2 b TR EHE LT D, ORI AZH~L720, 1%
BEKRLTHLD,
ListPlot[solutionVector[[2]],
PlotRange->All,PlotJoined->True,

PlotLabel->""Convergence of coefficients'];

Convergence  of coefficients

1.5¢

10 15 0 25
-0.5

8 FRELDIHE
8 D = MAEAB DRI NN L TS 726  FIWM fiRIZIE LWEE B 2 T D Z &3

Do
<g>BIERBOEM  IESEE N U TRROREEN R LT 5008 5 &8 k+ 5,

nx=7; dnx=sensingLengthX/nx; dnx2=dnx/2.;

ny=7; dny=sensingLengthY/ny; dny2=dny/2.;

n=nx ny;
AT DMTANEE SN DR MV EFHET D,
systemMatrix=
Table|

hzLoop[i,j,nx,mx,sensingLengthX,sensingLengthY,
targetLengthX targetLengthY,offSet,dnx,dnx2,dny,
dny2,dmx,dmx2,dmy,dmy2

1,{i,n},{i,m}

vectorX=systemMatrix.Flatten[currentDist];
BIE S NVTCWER D BN — T BT bV E B W TINETRD 5, 9 BHERTH
Do KADETNERRDZ ENDOND, K10 BERST NS TH D, B HIK
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5L —ELARW,

Timing[solution Vector=fWIM2D[systemMatrix,vectorX,mx,my,nx,ny];|
{1.48 Second,Null}
ListContourPlot[convert2D[solutionVector[[1]],mx,my],

PlotRange->All,PlotLabel->" Computed distribution'];

Camputed  distribution

14 +

12+

10+

2 4 6 8 10 12 14
9 FWIM {EIZ X B/Lb— T &/ Ai
ListPlotVectorField|
vectorData[solutionVector[[1]],mx,my]/5,

Frame->True,PlotLabel->"Computed current vectors"];
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Computed current vectors

S &\\,fk/\\/'
12.5 (ﬁi*x\“/\ :§€§
EARINNEIN
A

10

y//k\‘\>

- RN
7.5 ¥\ //(/‘\le

SN S
———— \4//)‘>\‘\<—

RN
NN T DR U -
RN
L e
Y T
0 2.5 5 7.5 10 12.5 15
10 FWIM JEIZ K D@8~ 2 b
SRR AR T D FIWM 5o Nl 5720, iz v 27 KRR~ Lk
REEZHE L TH LD,
Max|[Chop|[vectorX-systemMatrix.solutionVector[[1]]]]
0
B2 SIS G 2 DI RRAE R LTV D, BOGREZH~5720, =M
BB OB Z KR LTAL D,
ListPlot[solutionVector[[2]],

PlotRange->All,PlotJoined->True,

PlotLabel->""Convergence of coefficients'];

Convergence  of coefficients

i
e
.
i

11 fREDE
11 76 = A ORI TN LTV R W= FIWM I IE LR THENZ & 23] 5,
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O X D ITHMZRRE SO, BT L SREEON EABR LRI EICHERE L
FALE e B2, B X WTEINEIIMR O G MR O R DRI CE 5 2 & AV
%=y

<h>PHEEHEOER WEHO x, v HFAOESZZENEN Im, BRSOMAHEO x, v HIA
DEIHLZENEN Im ~EFT 5, X 51T, 9x9=81 SAOBIFRIE S5, 20x20=400 {H D /v
— 7Bz RODMEEE X D,

sensingLengthX=1.0 H sensingLengthY=1.0;
targetLengthX=1.0; targetLengthY=1.0;
offSet=0.001;

nx=9; dnx=sensingLengthX/nx; dnx2=dnx/2.;
ny=9; dny=sensingLengthY/ny; dny2=dny/2.;
mx=20; dmx=targetLengthX/mx; dmx2=dmx/2.;
my=20; dmy=targetLengthY/my; dmy2=dmy/2.;
n=nx ny;

m=mx mys;

WIZ, K12 18F T =T EFGAT OF @R a2 TR TR, A — 7B ot &
W TOD0 0, BT 5L —7EIIEICR Y R/, BR~N7 MUVidL— 7 &
DFEBIIAR > TN TWD Z L &5, o, BARRWT ERWGTZENENA L IEITK
G L, MO HFEE TR 2B & LTnD,

currentDist=Table[N[currentF[x,y,mx,my]],{y,mx},{x,my}];

ListContourPlot[currentDist,

PlotLabel->"Exact loop current density map'];
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Exact loop current density map
20 ‘ : :
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2.5

2.5 5 7.5 10 12.5 15 17.5 20
12 EF L —TERSAG
12 D —TEFRAEREE T 5 2 L CEMOER Y M EED (K13 1077,
Fio. K12 & 13 DB FVITAER VP OIERNIIES TWD Z L3005,
ListPlotVectorField[vectorData[Flatten[currentDist], mx,my]/5,

Frame->True,PlotLabel->"Exact loop current vectors'];
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VAT DATHIEE SNV DRNT MVEFET D,
systemMatrix=
Table|
hzLoop[i,j,nx,mx,sensingLengthX,sensingLengthY,
targetLengthX,targetLengthY,offSet,dnx,dnx2,dny,
dny2,dmx,dmx2,dmy,dmy2
1,{i,n},{i,m}

vectorX=systemMatrix.Flatten[currentDist];

Yoshifuru Saito

HIE ST HN—TERARY MV E B EHITHNETRD 5, 14 BFERTH
5o 12 DETAEZEHRAL WD Z ERbD, 15 BNEHRZ ML TH D,

%D ) A ZXNREND0, K13 LIFE BT L5910 TH S,
Timing[solution Vector=fWIM2D[systemMatrix,vectorX,mx,my,nx,ny];|
{5.16 Second,Null}
ListContourPlot[convert2D[solutionVector[[1]],mx,my],

PlotRange->All,PlotLabel->"Computed distribution'];

Computed  distribution

20

17.5

15

12.5

10

7.5

2.5

2.5 5 7.5 10 12.5 15 17.5 20
14 FWIM JEIZ X D v— 7T BR oA
ListPlotVectorField|

vectorData[solutionVector[[1]],mx,my]/5,

Frame->True,PlotLabel->"Computed current vectors"];

216



Applied Electromagnetics Ver1.2  1/17/2009 Yoshifuru Saito

Computed current vectors

1
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. \ \V ’ \‘V“<))44,\«\>
VY A - v waAa (v - =~ o
2.5 5 7.5 10 12.5 15 17.5

415 FWIM{EIZ K D&~ Fvofh
SRR AR T D FIWM 5o Nl 5720, iz v 27 KRR~ Lk
RELZFRE L TAH LI,
Max|[Chop|[vectorX-systemMatrix.solutionVector[[1]]]]
0

fig s N VIEHEC G2 DR FRRAE LTV D, MOIBRIRI AT 5720, 1%
BEKRLTHLD,
ListPlot[solutionVector[[2]],

PlotRange->All,PlotJoined->True,PlotLabel->"Convergence of coefficients'];

Convergence  of coefficients
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NdD, Zhit, BEATEHITIECBW T EEY VY —EENEET D Z &I b
RN EEERT D,

AFaTld, B & HATHED 2 ot AEICOW TSR LT, ZOfER, FWIM i
X2 OTEFIRIEERBEIC R L TH, it o —BENFET D 2 & 2k,
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