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B
Expressoes dos elementos da matriz do sistema - Modelo
isotrépico - Formulacao por campos

Neste apéndice sao apresentadas as expressoes dos elementos nao nulos
da matriz do sistema [C][X]=[B], decorrente da aplicacdo do método dos
volumes finitos em meios isotrépicos. Neste modelo as equacoes de Maxwell
sao resolvidas através da formulacao por campos desenvolvida na Secao 3.3.2.

Os elementos C,,,, sao dados por:

~ Param=1i+(j —1)N,+ (k—2)N,N,
Ondei:17"'7Np;j:]-7"'7N¢7;k;:27"',Nz-

1. Paran=1i+(j —1)N, + (k —3)N,N,

i A 1
(iw)Az  \ (fi+1/2,5k—1/2))

2. Paran=1i+(j —2)N,+ (k—2)N,N,

282 (pi — pi) 1 i
Conn = (iw)Ap [(pir1)? — (pi)?] ((M(i+1/2,j—1/2,k)>) (B-2)

3. Paran =i+ (j — 1)N, + (k — 2)N,N,

208z (piy1 — pi) .

1 1
™ (w)Ae [(pisr)? = (pi)?] (<M(z‘+1/2,j+1/2,k)> (H(it1/2,5-1/2.8))

Pit1/20¢p ( 1 1 )
- +
(iw)Az \(par1250-1/2))  (BG+1/2,5k+1/2))
- Pz‘+1/2A80AZ [(U(z’+1/2,j,k)> - (iw)<€(i+1/2,j,k)>] (B-3)

4. Paran =i+ jN,+ (k—2)N,N,

282 (pi — pi) 1 i
O = Gy A o) — () (w(iﬂ/zm/zk») (B-4)

)
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10.

11.

12.

13.

Paran =1+ (j —1)N, + (k — 1)N,N,

ir1/20\ 1
(iw)Az  \ (f(i+1/2,50+1/2))

Paran = (N,Ny(N,—1))+(i—1)+(j—2)(N,~ 1)+ (k—2)(N,~1)N,

B Azp; 2 ]
O = o o yagmayom) <(Pi+1)2 - (m)2> (B-6)

Para n = (N,N,(N. — 1)) +i+ (j —2)(N, — 1) + (k—2)(N, — 1)N,,

Azpin ( 2 )
Cmn:_ - B-7
() (i1 j2g 1) \pn)? — (o) (B-7)

Paran = (N,Ny(N,—1))+(i—1)+(j—1)(N,~ 1)+ (k—2)(N,~1)N,

L Azp; 2 )

O = e sy ruram) ((PM)Q - w) (B-8)

Para n = (N,N,(N, — 1)) +i+(j — 1)(N, — 1)+ (k — 2)(N, — 1)N,,
_ Azpi 2 i

o = ) rers gy <<pi+1>2 - w) (B-9)

Para n = (NpNo(N: = 1)) + (N, = No(N: = 1)) + (i = 1) + (7 =
1)(Np B 1) + (k - 2)(Np o 1)N¢

i A
c. = Pit+1/289 (B—lO)

(iw)</1’(i+1/27j7/€—1/2)>(pi+1 — pi)

Paran = (N,N,(N. — 1))+ (N, = )Ny (N. — 1)) +i+ (j — 1)(N, —
1) + (k — 2)(N, — 1)N,

i A
Cmn = - p +1/2 Ld (B—ll)

(w){fgis1/2,50-1/2)) (Pix1 — pi)

Para n = (NpNo(N: = 1)) + (N, = No(Nz = 1)) + (i = 1) + (7 =
1)(Np B 1) + (k - 1)(Np o 1)N¢

i A
Cmn = - p +1/2 Ld (B—12>

(1w) (te(iv1/2.5,h+1/2)) (Piv1 — Pi)

Paran = (N,N,(N. — 1))+ (N, = )Ny(N. = 1)) + I+ (j — 1)(N, —
1) + (k — 1)(N, — 1)N,,
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N
Cmn: p+1/2 L4 (B—13>

(1w) (p(it1/2,5k41/2)) (Piv1 — pi)

— Param = (N,N,(N,—1))+(i—1)+ (G —-1)(N,—1)+(k—2)(N,—1)N,
ondei=2,---Nyj=1,--- Noyk=2,--- N,

1. Paran=(i—1)+(j — 1)N, + (k — 2)N,N,

_ Az (pi — pi1) 2 )
O = G Bl yam) (W - <pi_1>2) (B-14)

2. Paran=1+(j—1)N,+ (k—2)N,N,

Az (Pi+1 — i) ( 2 )
Con = —— B-15
(ZW)A90<M(1+1/2,J'+1/2,1€)> (Pz’+1)2 — (ps)? ( )

3. Paran=(i—1)+jN,+ (k—2)N,N,

o Az (pi — pi-1) ( 2
T (W) A2, /20) \ (i) = (pic1)?

) (B-16)

4. Paran =i+ jN,+ (k —2)N,N,

Az (piy1 — pi) ( 2
(iw)Ago(u(iH/g,jH/z,kﬂ (Pir1)* = (pi)?

Coo = ) (B-17)

5. Paran = (N,N,(N.—1))+(i—=1)+(j—1)(N,—1)+(k—3)(N,—1)N,

(,Oi+1/2 - 0171/2)
Corn = —— (B-18)
(1w) A2 (i j+1/2.k-1/2))

6. Paran = (N,N,(N.—1))+(i—2)+(j—1)(N,—1)+(k—2)(N,—1)N,

Azp; 1 ( 2 )
Con = —— B-19
@ o pam) NP =) B

7. Paran = (N,N,(N,—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,
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o - Azp; < 2 )
(W) p-1y2g2.) \ (P2 = (pic1)?

10.

11.

12.

13.

Azp; 2
" (1) ((it1/2,5+1/2,8)) ((Pi+1)2 - (Pi)2)
(Pi+1/2 — pi-1/2) n (Pit1/2 — pi-1/2)
(iw)Az{pgjr1/201/2) (W) AZ{lGj11/20-1/2))
— (pir1y2 = pic1y2) Az({0 (12,5 k11/2) — (1) (€Git1/2,k41/2)))
(B-20)

+

Para n = (N,N,(N. — 1))+ T+ (j — 1)(N, — 1) + (k — 2)(N, — 1)N,,

Azpit ( 2 )
Copn = —— B-21
(1w) (pir1/2,5+1/2.0)) \ (Pir1)? — (ps)? (B-21)

Paran = (N,Ny(N.—1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

(:Oi+1/2 - pi—1/2)
Coom = —— (B-22)
(1w) Az (i jr1/2.k41/2))

Para n = (N,N,(N. — 1)) + (N, = )N (N, = 1)) + (i — 1) + (j —
(N, = 1) + (k= 2)(N, — 1)N,

(Pit1/2 — pi-1/2)
(1w) (i j+1/2,6—1/2)) PiAQ ( )

Paran = (N,N,(N, — 1))+ (N, — )N, (N, — 1))+ (i — 1) + j(N, —
1)+ (k - 2)(N, — 1)N,

o (piv1/2 = pi-12) (B-24)
() (g gr1/28-1/2) Pl

Paran = (N,Ny(N, — 1)) + (N, = 1)Ny,(N, = 1))+ (i — 1)+ (j —
DN, = 1)+ (k — (N, - DN,

C = (,Oi+1/2 - pi—1/2) (B-25)
(1w) i r1/2.041/2)) PiAP

Para n = (N,N,(N. — 1))+ (N, = )N, (N. — 1)) + (i — 1)+ j(N, —
1)+ (k= 1N, = N,

(pz’+1/2 - pi71/2>
Crimn = — (B-26)
(M)<M(i,j+1/2,k+1/2)>PiAS0
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~ Param = (N,Np(N. = 1)+ (N, = DN, (N, = 1)+ (i — 1) + (G~ 1) (N, —

1)+ (k- 1)(N, - DN,
ondei=2,--- N;j=1,--- Nyk=1,--- N,
1. Paran=(i—1)+(j—1)N,+ (k —2)N,N,,

ASOPi—l/z

Cmn = 7
(1w) Az {pui-1/2,j,k+1/2))

2. Paran=1i+(j — 1)N, + (k — 2)N,N,

Appia /2
(1) Az th(it1/2,5k+1/2))

Omn:_

3. Paran = (i — 1)+ (j — )N, + (k — 1)N,N,

Appi_1)2

Cmn = — 7
(W) Az{pi-1/2,5,k+1/2))

4. Paran=1i+ (j —1)N, + (k- 1)N,N,

Appii /2

Cmn = 7
(1) Az{pu(iv1/2,5,k+1/2))

(B-27)

(B-28)

(B-29)

(B-30)

5. Paran = (N,N,(N.—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,—1)N,

oo - (Pz‘+1/2—;0i—1/2>
" (W) Az {12,841 /2))

(B-31)

6. Paran = (N,Ny(N,—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,

oo (Pz‘+1/2 - pifl/Q)
mn (iw)AZ<,U«(i,j+1/2,k:+1/2)>

(B-32)

7. Paran = (N,Ny(N,—1))+(i—1)+(j—2)(N,— 1)+ (k—1)(N,—1)N,

oo (,Oi+1/2 - pi—1/2)
m (iw) Az (i j—1/2,k+1/2))

(B-33)

8. Paran = (NPN¢<NZ_1))+(i_1)+<j_1)(Np_1>+(k_1)(Np_1)Nw

oo - (Pz‘+1/2—l)z‘—1/2>
" (W) Az {12,841 /2))

(B-34)
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9. Paran = (N,N,(N, — 1)) + (N, = )N(N, = 1))+ (i —= 1) + (j —
2)(Np - 1) + (k - 1)(Np - 1)N¢>

(,Oi+1/2 - Pif1/2)
Crn = —— B-35
(Zw)piAS0<M(i,j—1/2,k+1/2)> ( )

10. Paran = (N,N (N, — 1)) + (N, = ))N,(N, = 1)) + (i — 2) + (j —
(N, = 1) 4+ (k = 1)(N, — 1)N,

Appi_1/2

Omn =
(iw)(pi + pi—1){ii—1/2,5k+1/2))

(B-36)

11. Paran = (N,Ny(N, — 1)) + (N, = 1)Ny(N, = 1))+ (i — 1)+ (j —
1)(Np B 1) + (k - 1)(Np B 1)Nw

(piv1/2 — Pi-1/2) n (Pit1/2 — Pi-1/2)
(1w)piDo(puiij-1/2k+1/2))  (1W)Pi DO j41/2.k41/2))
+ A90pi+1/2 4 A('Dpi_l/Q
(1w)(pig1 + pi){pv1204172)  (1w) (i + pic1) (Hii-1/2,5k+1/2))
A (Pz‘+1/2)2 - (Pi—1/2)2 )
— Ay 5 ((otigm1/2) — (W)€ snt1/2))

(B-37)

mn —

12. Paran = (N,N,(N. — 1))+ ((N, = 1)N,(N. — 1)) +i+ (j — 1)(N, —
1) + (k — 1)(N, — 1)N,

A@Piﬂ/z
(1w)(pir1 + pi){HGiv1/2,5041/2))

Coan = — (B-38)

13. Paran = (N,N,(N, — 1)) + (N, = )N, (N, — 1)) + (i — 1) + j(N, —
1) + (k— 1)(N, — 1)N,

(Pz‘+1/2 - pi—l/Z)
Crm = —— (B—39)
(1w) Pi AP j+1/2.k+1/2))

Os elementos B,, sao dados por:

I, sen = (NyNp(N. — 1)) 4+ (i = 1) + (j = 1)(N, — 1)
By, = +(k = 2)(N, — 1)N;
0, caso contrario.

onde I ¢ a amplitude da corrente de excitagao. i = 2,---,N,;7 =1, N kb =
27 Y N,
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Neste apéndice sao apresentadas as expressoes dos elementos nao nulos
da matriz do sistema [C][X]=[B], decorrente da aplicacdo do método dos
volumes finitos em meios isotrépicos. Neste modelo as equacoes de Maxwell
sao resolvidas através da formulagao por potenciais desenvolvida na Secao
3.4.2.

Os elementos C,,,, sao dados por:
~ Param=1i+(j —1)N,+ (k—2)N,N,,
ondet=1,---Nyj=1,--- Nyyk=2,--- N,.

1. Paran=1i+ (j —1)N, + (k — 3)N,N,

i A 1
(iw)Az  \ (ig+1/2,5,0—1/2))

2. Paran =1+ (j —2)N, + (k — 2)N,N,

282 (piv1 — pi) 1 i
Comn = (iw)Ap [(pit1)? — (pi)?] (<M(i+1/2,j—1/2,k)>) (©2)

3. Paran=(i—1)+(j—1)N,+ (k —2)N,N,

j i—1/280A
Cmn = - .p+l/2p 1/2 90 - ( 2 2 2) (C-3>
(W>N(z‘,j,lc) (Pit1 — pi) (:01'+1/2) — (p¢_1/2)

4. Paran=1i+ (j — 1)N, + (k —2)N,N,,

co_ 2A% (piv1 — pi) ( 1 n 1 )
T (w) A [(pis1)? — ()] \(ps1/241/20))  (Bas1/2,5-1/20))

Pit1/28¢ 1 1
+ 2 +
(iw)Az \(t1/250-1/2))  (Hei+1/25,k+1/2))

(Pi+1/2)2A‘PAZ ( 2 X 2 )
(1) tgigpy (Pir1 — i) \(Pitr3s2)? — (Piv12)*  (Pir1/2)? — (Pi-1/2)?

— Pit12D@Az [(0(11/2,4k)) — (1) {€ir1/250))] (C-4)

_|_
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d.

10.

11.

12.

Paran=(i+1)+ (j —1)N, + (k—2)N,N,

s /00012 AOA 9
C. = {)+3/20 +1/28pAZ ( . 2) (C-5)
(1)t gp) (Pir1 — pi) \ (Pit3s2)? — (Pis1/2)

Paran =i+ jN, + (k —2)N,N,

o 20z (piy1 — pi) 1 3
O = = ) Ao o — (o)) (<u<i+1/2,j+1/2,k)>) (¢6)

Paran=1i+ (j —1)N,+ (k — 1)N,N,,

i A 1
Clp = — L1227 ( ) (C-7)
(iw)Az <M(i+1/2,j,k+1/2)>

Paran = (N,Ny(N.—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,—1)N,

oo Azp; ( 2 )
" () (przg-1/2k) \(pir1)? = (pi)?
 pix1/2(Pir1y2 — pim12) Az ( 2 ) (C-8)
(@w)niijm (Pt = pi) (piv1/2)* = (pi-1/2)?

Paran = (N,Ny(N,—1))+i+(j —2)(N,— 1)+ (k—2)(N,—1)N,

Azpin ( 2 )
() {ti+1/2,5-1/20) \ (Piv1)* = (pi)?
Pit1/2(Pivss2 — Piv1/2) A% ( 2 ) (C-9)
()i gy (pivs = pi) (Pir3/2)? = (Pita/2)?

Omn:_

+

Paran = (N,Ny(N,—1))+(i—1)+(j—1)(N,~ 1)+ (k—2)(N,~1)N,

o - Azp; ( 2 )
T (w) (i jzge/zm) \(pirn)? = (pi)?
Piv1/2(Pit1/2 — pic1j2) Az < ) (C-10)

+ -
(W)M(zyggk) (pi+1 — pi) (,01'+1/2)2 - (Pz’—1/2)2

Para n = (N,N,(N. — 1)) +i+ (j — 1)(N, — 1) + (k= 2)(N, — 1)N,,

[ — Azpita < 2 )
T (w) (pig2.g41/20) \(Pis1)? — (pi)?
 Pir1j2(Pivsj2 — piv1/2) Az ( 2 ) (C-11)
(i) iy (Pivr — pi) - \(pirs2)® = (piv1y2)?

Para n = (NpNo(N: = 1)) + (N, = No(N. = 1)) + (i = 1) + (7 =
1)(Np — 1)+ (k- 2)(Np o 1)N¢
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13.

14.

15.

16.

17.

Pit1/28¢
(iw)(pgiv1/2,5k-1/2)) (Pir1 — Pi)
pi+1/2AS0

— — C-12
(2w>ﬂ(i,j,k)(pi+l_pi) ( )

Omn =

Paran = (N,Ny(N. — 1))+ (N, — )N, (N. — 1)) +i+ (j — 1)(N, —
1) + (k — 2)(N, — 1)N,,

,Oi—i-l/QASO

Cmn = —
(W><N(i+1/2,j,k—1/2)>(p¢+1 - pi)

Pi+1/2A90

+ —
(W)M(z‘,j,k) (Pz‘+1 - Pz‘)

(C-13)

Para n = (N,N (N, — 1)) + (N, = )N,(N, = 1)) + (i — 1) + (j —
1)(Np - 1) + (k - 1)(Np - 1)N¢>

Pit1/28¢
(1) ((it1/2,50+1/2)) (Pir1 — pi)

Cmn:_

Pi+1/2A§0
(iw) i g k) (Pi1 — pi)

+ (C-14)
Paran = (N,N,(N,—1))+ ((N,—1)N,(N,—1))+i+(j —1)(N, —
)+ (k—=1)(N,—1)N,

Pi+1/2A<P
(iw) {thit1/2,5,k+1/2)) (Pis1 — Pi)
Pi+1/2A90

— — C-15
(W>M(z‘,j,k)(/0z'+1—m) ( )

Omn =

Paran = (N, No(N. 1)+ (N, DNG(N. = 1)) + (N~ DN N.) +
(i =1)+ G = D, = 1)+ (k= 2)(N, - DN,
i+1/280A2 .
Com = L2 55 (06 2a0) = () eaj2n) - (C16)
Paran = (N, N (N 1)+ (N, DNG(N. = 1)) + (N~ DN N.) +
i+ G = DN, = 1)+ (k= 2N, ~ DN,

_Pi+1/2A90AZ

Omn -
(/%'H - pi)

((tisry25m) — (W) €r1/25m))  (C-17)

~ Param = (N,N,(N. — 1))+ (i = 1)+ (j = 1)(N, — 1) + (k= 2)(N, — 1)N,,

Ondei:2’...,Np;j:1,-..’N¢;k‘:27-..’NZ
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1. Paran=(i—1)+ (j —1)N, + (k—2)N,N,

o Bz2lpi—pio) ( 2 >
" (W) Ap(ui-1y24120) \ (i) = (pic1)?
_ Pic12(Pit12 — pic1j2)Az ( 2 ) (C18)
(iw)ﬂ(i,j,k)/%ASO (:Oi+1/2)2 - (pi—1/2)2

2. Paran=1i+(j — 1)N, + (k — 2)N,N,

o Az (pi—i-l - Pi) ( 2 )
" (1) Ap(iiv1/2,541/2.0)) \ (Pir1)? — (pi)?

Pi+1/2(ﬂi+1/2 - pi71/2)AZ < 2 ) (C-19)
(W) (i ey Pi DA (Pir1/2)? = (pic1/2)?

+

3. Paran=(i—1)+jN,+ (k—2)N,N,

o __ A= pin) ( 2 )
" (W) Ap(pagi-1/2,441/2) \(pi)* — (pi-1)?

pi—1/2(piv1/2 — pi—1/2)Az < 2 ) (C-20)
(iw) (i g iy piAp (Pir1/2)? — (pic1/2)?

+

4. Paran =i+ jN,+ (k —2)N,N,

Az (piy1 — pi) ( 2 )
(iw) Ap(tigit1/2,541/2.0)) \(Pit1)? — (p:)?
 Pir12(Pivrj2 — pic12) Az ( 2
(1) (i, j. k) pi D (piv1/2)? — (pic1/2)?

mn:

) (C-21)

5. Paran = (N,N,(N.—1))+(i—1)+(j—1)(N,—1)+(k—3)(N,—1)N,

(Pi+1/2 - Pif1/2)
Con = —— C-22
(1w) Az (i jr1/2,0-1/2)) (©22)

6. Paran = (N,N,(N,—1)+(i—1)+(—2)(N,—1)+(k—2)(N,—1)N,

Cmn:_

(Pz‘+1/2 - Pi—1/2)AZ < 2

(@) pi(Ap)?ti(i g ) (Pz‘+1/2)2—(Pi—1/2)2> (C-23)

7. Paran = (N,N,(N.—1))+(i—2)+(j—1)(N,—1)+(k—2)(N,—1)N,

Azpi 4 ( 2 )
Con = —— C-24
@) sy NP =) (@2
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8. Paran = (N,N,(N,—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,

o Azp; < 2 )
" (iw) (-1 2,541 2.0) \(pi)? — (pi1)?

N Azp; ( 2 )
(i) (Biit1/2,5+1/2.0) \(Pit1)? — (pi)?
(Pz’+1/2 - pi—1/2) 4 (Pi+1/2 - Pi—1/2)
(W) Az (i gr1/2041/2) (W) AZ{0G j11/28-1/2))
2(pit1/2 — pic1/2) Az ( 2 )
(1) pi(A) gy \(piv1/2)* = (piz1/2)?
- (Pi+1/2 - pi71/2)AZ(<U(i+1/2,j,k+1/2)> - (iw)<€(z‘+1/2,j,k+1/2)>)
(C-25)

9. Paran = (N,N,(N,—1))+I+(j—1)(N,—1)+(k—2)(N,—1)N,

Azpin ( 2 )
Con = —— C-26
@)oo oz =) (€20

10. Paran = (N,N,(N. — 1))+ (i—1)+j(N, — 1) + (k= 2)(N, — 1)N,,

Cmn:_

(Pz’+1/2 - Pz‘—1/2)AZ ( 2

(iw)pi(AL)piigr \ (Pit1/2)?* — (pi1/2)2> (C-27)

11. Paran = (N,N (N, —1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

(Pi+1/2 - Pif1/2)
Con = —— C-28
(1) Az (i j+1/2.k41/2)) (C-28)

12. Paran = (N,Ny(N, — 1)) + (N, = 1)Ny,(N, = 1))+ (i — 1) + (j —
1)(Np — 1)+ (k- 2)(Np o 1)Nso

o= (Pz‘+1/2 - Pz‘—l/2> (;Oi+1/2 - Pz’—l/2) (C-29)

(1w) (i gri/2e—1/2)) Pildp (W) g x) i

13. Paran = (N,N (N, — 1))+ (N, — 1)N,(N. — 1)) + (i — 1) + j(N, —
1)+ (k= 2)(N, = )N,

oo (pi+1/2 - pi—1/2) i (Pi+1/2 - pi—1/2) (C—30)
. (1) (i g+1/28-1/2)) PiD (W) j ) pidp

14. Paran = (N,Ny(N, — 1))+ (N, = 1)Ny,(N, = 1))+ (i — 1)+ (j —
1)(Np - 1) + (k - 1)(Np - 1)Nw

. = —— (/Oi+1/2 - Pi—1/2) n <’?i+1/2 - Pi—1/2) (C-31)
(1w) (i jr1/2h+1/2)) PiDp (1) g k) pidp
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15. Paran = (N,N,(N. — 1))+ ((N, = 1)N,(N. — 1)) + (i — 1) + j(N, —
1)+ (k= 1)(N, = )N,

co (Pit1/2 — pi-1/2) (Pij2 = piz12) (C-32)

(1w) (i jr/2 k120 0iDp (1) gy pildp

16. Paran = (N,Ny,(N,—1))+((N,—1)Ny,(N,—1))+((N,—1)N,N.,)+
=1+ =D, = 1)+ (k=2)(N, = )N,

(Pi+1/2 - pi—1/2)AZ
pildp

Crn = (T pptijrizm) — (W) {€pp(ijri/zn))

(C-33)

17. Paran = (NpN¢(Nz—1))+((Np—1)N¢(NZ—1))+((Np—1)NwNz)+
(1 —=1) 4+ (N, = 1) + (k = 2)(N, — )N,
it1/2 = Pi-1/2) A% .
Cun = —21 piApSO ) ((0Gi+1/20) — (W)(€Gj+1/2.0))
(C-34)

~ Param = (N,Np(N. 1))+ (N, = NG(No = 1)+ (i— 1)+ (— 1) (V,
1)+ (k —1)(N, — 1)N,

Ondez':2,~~,Np;j:1,--.7N<p;k;:1’...7]\fz
1. Paran=(i—1)+ (j —1)N,+ (k—2)N,N,

A i — i— A
Cmn = - Ll 1/2 - p 1/2 1 (C—35>
(W)AZ <N(i—1/2,j,k+1/2)> (@W>A2M(i,j,k)

2. Paran=1i+(j—1)N,+ (k—2)N,N,

App; i A
Co = —— LAARTE 4 Py (C-36)
(lw)Az(pii+1/2,4k+1/2) (W) Az k)
3. Paran=(t—1)+(j —1)N, + (k — 1)N,N,
App;_ i—1/20\
(W) Az(pgi-1/2,4k+1/2) (W) AzZHG k)
4. Paran=1i+ (j — 1)N, + (k — 1)N,N,,
App; i A
C. - PPi+1/2 P12 (C-38)

(iw)AZ<N(i+1/2,j,k+1/2)> (W>A2M(i,j,k)
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d.

10.

11.

12.

Paran = (N,N,(N.—1))+(i—1)+(j—2)(N,— 1)+ (k—2)(N,—1)N,

- (pit1/2 — pi-1/2) (Piv1/2 — pi-1/2) (C-39)

(1) Az {pe(ij+1/2,041/2)) (1w) Azpii g k)

Paran = (N,N,(N,—1))+(i—1)+(i—1)(N,—1)+(k—2)(N,—1)N,

o (Pi+1/2 — pi-1/2) i (Piv1j2 = pi-1j2) (C-40)
m (iw) Az (i j11/2,k+1/2)) (1w) Az paigr)

Paran = (N,Ny(N,—1))+(i—1)+(j—2)(N,~ 1)+ (k—1)(N,~1)N,

oo (Pis1/2 — pic1ja) n (Pis1/2 = pi-1/2) C-41)
mn (iw) Az (i j41/2,k+1/2)) (1w) Az paijir)

Paran = (N,Ny(N.—1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

(iW)AZ<M(i,j+1/2,k+1/2)> (W>A2M(i,j,k)

. — (pit1/2 — pi-1/2) (piv1/2 — pi-1/2) (C-42)

. Paran = (N,N,(N, — 1))+ (N, = 1)N,(N, = 1)) + (i — 1) + (j —

D(N, — 1) + (k= 2)(N, - DN,

Ay ((Pi+1/2)2 = (Pi—1/2)2> (C-43)

Para n = (N,N (N, — 1)) + (N, = )N,(N, = 1)) + (i — 1) + (j —
2)(N, = 1) + (k = 1)(N, — 1)N,,

(/)z‘+1/2 - 0171/2)
Coim = —— (C-44)
(ZW)PZASD<M(i,j—1/2,k+1/2)>

Para n = (NpNo(N; = 1)) + (N, = )Np(N: = 1)) + (i1 = 2) + (5 =
1)(Np — 1)+ (k- 1)(Np o 1)N@

Appi_1/2

Omn - 7
(iw)(pi + Pz‘—1)<u(i—1/2,j,k+1/2)>

(C-45)

Para n = (N,N,(N. = 1)) + (N, = DNo(N. = 1)) + (i 1) + (j -
DN, — 1) + (k= 1)(N, - DN,
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C — (:01'+1/2 - Pz’—l/z) (;01'—‘,-1/2 - Pz’—l/z)
n= 7 + =
(w)pi Dol j—1/20+1/2)) (W) PG 172, 8+1/2))
Appit1) Appi_1/2

13.

14.

15.

16.

17.

+ — + —
(iw)(pi1 + pi){v12k4172) (1) (i + pic1) (Hii-1/2,5k41/2))
L 200 ((/)z'+1/2)2 - (:01'—1/2)2)
(iw)(Az)? 1 g x) 2

2 2
— Ay (( — 2 e ) ({Fgmriz) = (w)leiipire)

(C-46)

Para (N,N,(N. — 1)) + (N, = DNo(N. = 1)) +i + (j — D)(N, -
1)+ (k —1)(N, — 1)N,

Appiti/o

Clom = ——
T (Ww) (pirr + i) (i1 /2,041/2)

(C-47)

Paran = (N,Ny(N. — 1))+ (N, = )N (N. — 1)) + (i — 1) + j(N, —
1) + (k — 1)(N, — 1)N,,

(,Oi—|—1/2 - P¢—1/2)
Conn = — 7 (C-48)
(iw) iAo (piij1/2041/2))

Paran = (N,Ny(N, — 1)) + (N, = 1)Ny(N, = 1))+ (i — 1)+ (j —
(N, —1)+k(N, —1)N,

Agp ((Pi+1/2)2 ; (p¢1/2)2> (C-49)

Com = —A ((Pi+1/2)2 g (Pi1/2)2) )

1 .
A—Z(<U<z‘,j,k+1/2)> — (iw) (€@ jhr1/2))) (C-50)

Para n = (N,Np(N. 1))+ (N, ~ )N (No = 1)+ (N, = )N,N.) +
(i = 1)+~ D, = 1) + (k = DN, — DN,

Con = —Ag ((Pi+1/2)2 ; (Pi—1/2)2) _

1 .
E((U(i,j,k+l/2)> — (w){€@jrr1/2))) (C-51)
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~ Param = (N,Np(N: — 1)) + (N, = DN,(N = 1)) + (N, — )N, N2) +
(i - 1) + (] - 1)(Np - 1) + (k - 2)(Np - 1)N¢J
ondei=2,--- Nyj=1,-- Nyk=2--- N,

1. Paran=(i—1)+ (j —1)N, + (k—2)N,N,
Crnn = pis1/280A2((0(1/2,40)) — (W) (€i-1/25k)))  (C-52)
2. Paran=1i+(j — 1)N, + (k — 2)N,N,
Crn = —Pir1/280A2((0(i11/2,5k)) — (W) {€ir1/25k)))  (C-53)
3. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,~1)N,
Crn = (Piv1/2 = pic172) Az2((0 (i j11/2.) — (iW)(€(ij11/2.0))) (C-54)

4. Paran = (N,Ny(N,—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,

Com = —(,Oi+1/2 - Pi71/2)AZ(<U(i,j+l/2,k)> - (iw)<€(i,j+1/2,k)>)
(C—55)

5. Paran = (N,N,(N. — 1)) + (N, = )N,(N. — 1)) + (i — 1) + (j —
(N, = 1) + (k= 2)(N, = 1)N,,

2 2
Pi — \Pi— ;
Coon = Ag (( +1/2) 5 ( 1/2) ) ((0.(2,7j7k+1/2)>—(2u))<€(z’,j,k+l/2)>)

(C-56)

6. Para n = (N,N,(N, — 1)) + (N, = 1)Ny(N, = 1)) + (i — 1) + (j —
(N, = 1)+ (k = 1)(N, = 1)N,

2 2
Pi — \Pi— :
Con = —Ap (( +1/2) 5 (pi-1y2) ) (g r1/2)) — (W) €Gi g k+1/2)))

(C-57)

7. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
(i—=1)+ (G — DN, — 1)+ (k= 3)(N, = 1)N,

oo _% ((Pi+1/2)2 — (pic12)?

Az 2 ) (<‘7(i,j,k—1/2)>—(W)<€(i,g‘,k—1/z)>)
(C-58)
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8. Paran = (NNo(N: 1)+ (N~ D)NG(No = 1) (N, DN,
(= 1)+ (G- 2N~ 1)+ (k— 2)(N, ~ DN,
it1/2 — Pic1/2)Az .
o = B (5 ) = ()osma/2)
(C-59)

9. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
(i=2)+ (G — DN, — 1)+ (k= 2)(N, = 1)N,

_Pz‘—1/2A90AZ

Cmn
(pi - pi71>

(o-1/240)) — (W)(€i-1/248)) (C-60)

10. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
=1+ =D, = 1)+ (k=2)(N, = DN,

Pi+1/2 Pi—1/2
Crn = —ApAz <—( P - ) (Or1/250) + (p——p/-l)<U (i1/2,j,k>>)
(Pi+1/2 - Pz‘—1/2)AZ
Ao ((Gig+172.0) + (O-1/2)))

Ap (Pi 1 2)2 - (Pi—l 2)2
N ( aatl 5 / ((U(i,j,k+1/2)> + <U(i,j,k—1/2)>)

+

+

. Pi+1/2 Pi-1/2
— (iw)ApAz (m<€(i+1/2,j,k)> + m<€(i—1/2,j,k)>)

_ (W> (Pi+1/2 - Pz‘—l/z)AZ
pilg
A ((pi )2—(01'7 )2
_(M)E< = 2 L) (eamrn) + (€an-1/))

(C-61)

((eijri/am) + (€G—1/2.8)))

11. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
i+ (=N, —1) + (k= 2)(N, - )N,

_pi+1/2A80AZ

Omn =
(Piv1 — pi)

((o(ir1/24m) — ((W)(€ir1/258)) (C-62)

12. Paran = (N,Ny,(N,—1))+((N,—1)Ny,(N,—1))+((N,—1)N,N,)+
(i = 1)+ (N, — 1) + (k= 2)(N, — 1)N,
i+1/2 — Pi—1/2 Az .
Cn = UESY > K - 2 (o +1/20) — (iw){€qjt1/2,k)))
(C-63)

13. Paran = (N,Ny,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N.)+
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(i =1+ =D\, = 1) + (k= 1)(N, = )N,

Ay ((pina 2)2 — (pi-1 2)2 .
Crun = =5 | P ) (O agirayo) = (1) (€ anriy)
Az 2
(C-64)
Os elementos B,, sao dados por:
Iy, sen = (N,Np(N, — 1))+ (i = 1)+ ( — 1)(N, — 1)
B, = +(k—=2)(N, — 1)N,;
0, caso contrario.
onde I ¢ a amplitude da corrente de excitagao. i = 2,---,N,;7 =1, N k =

2, N,
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Neste apéndice sao apresentadas as expressoes dos elementos nao nulos da
matriz do sistema [C][X]=[B], decorrente da aplicagdo do método dos volumes
finitos em meios anisotropicos. Neste modelo as equacoes de Maxwell sao
resolvidas através da formulagao por campos desenvolvida na Secao 4.3.1.

Os elementos C,,,, sao dados por:

~ Param=1i+(j —1)N,+ (k—2)N,N,
Ondei:17"'7Np;j:]-7"'7N¢7;k;:27"',Nz-

1. Paran=1i+(j —1)N, + (k —3)N,N,

i A
(iw) Az \ (fpp(i+1/2,5k-1/2))
2. Paran=1i+(j —2)N,+ (k—2)N,N,
202 (piv1 — pi) ( 1 )
Cmn - 7 D-2
(1) Ap [(pir1)? = (0)?] \ (Mzz(iv1/2,j-1/2.0)) (D-2)

3. Paran =i+ (j — 1)N, + (k — 2)N,N,

_ 208z (piy1 — pi)

1 1
(iw)Ap [(pis1)* — (pi)?] (<sz(i+l/2,j+1/2,k)> (Hzz(i1/2,5-1/2.0))

Pit1/20¢p ( 1 1 )
. +
(iw)Az  \(Hopp(it1/25k-1/2))  (Hop(it1/2,5k+1/2))

- Pz‘+1/2A<PAZ [(Upp(z‘+1/2,j,k)> - (W)<€pp(i+1/2,j,k)>] (D-3)

4. Paran =i+ jN,+ (k—2)N,N,

282 (i — i) 1 i
Crmn = (iw)Ap [(pig1)? — (pi)?] ((sz(i+1/2,j+1/2,k)>) (D-4)

)
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10.

11.

Paran =1+ (j —1)N, + (k — 1)N,N,

it1/20\ 1
(1w)Az  \ (Hpp(i+1/2,50+1/2))

Paran = (N,Ny(N,—1))+(i—1)+(j—2)(N,~ 1)+ (k—2)(N,~1)N,

Azp; ( 2 >
(1) (Mez(iv1/2,-1/24)) \ (Pig1)? — (pi)?

1
- ZpiAQOAZ<Up<p(i+1/2,j,k)> (D-6)

Cmn -

Para n = (N,N,(N. — 1)) +i+ (j —2)(N, — 1) + (k—2)(N, — 1)N,,

o - Azpiy ( 2 )
o (i) (zzivryzj—1720)) \(Pit1)? — (pi)?

1

4

PiDNPAZ(Cpp(it1/2,5k)) (D-7)

Paran = (N,Ny(N,—1))+(i—1)+(j—1)(N,~ 1)+ (k—2)(N,~1)N,

o - Azp; ( 2 )
m (W) (fzz(it1/2,541/2.0)) \ (Pix1)? — (pi)?

1
- leiAQDAZ<Up<p(i+1/2,j,k)> (D‘8>

Para n = (N,N,(N. — 1)) +i+ (j — 1)(N, — 1) + (k= 2)(N, — 1)N,,

o Azpi ( 2 )
T (Ww) (i j2gv1/2.0) \(Pir1)? = (pi)?

1
= 1PiBPAZ(0ppi11/250) (D-9)

Paran = (N,Ny,(N, — 1))+ (N, = 1)N,(N, = 1))+ (i — 1)+ (j —
1)(Np - 1) + (k - 2)<Np o 1)Nso

co_ Pi+1/2A<P
" (1w) (it 2,5.6-1/2)) (Pis1 — pi)
1
—ZPi+1/2A¢AZ<0pz(i+1/27jak)> (D-10)

Paran = (N,Ny(N. — 1))+ (N, = )N, (N. — 1)) +i+ (j — 1)(N, —
1) + (k — 2)(N, — 1)N,,
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o _ Pit1/28¢
" (iw) (pp(it1/2.4k-1/2)) (Pit1 — pi)
1
= P12 BPAO (i 2p)  (D-11)

12. Para n = (N,N, (N, — 1)) + (N, = )N,(N, = 1)) + (i — 1) + (j —
(N, = 1) + (k= 1)(N, = 1)N,

Pi+1/2A90
(1) Hpp(i1/2,50+1/2)) (Pi1 — pi)

Cmn: -

1
- ZpiJrl/ZASOAZ<0_pz(i+1/2,j,k)> (D-12)

13. Paran = (N,N,(N. — 1))+ (N, = 1)N(N. — 1)) +i+ (j — 1)(N, —
1)+ (k- 1)(N, — 1)N,

Pi+1/2A%0
(1) (Mpp(i+1/2.4,k+1/2)) (Pit1 — Pi)

Omn =

1
—Zp¢+1/2A¢AZ<0pz<i+1/2,j,k)> (D-13)

— Param = (N,N,(N,—1))+(i—1)+(—1)(N,— 1)+ (k—2)(N,—1)N,
ondei=2,--- Ny;j=1-- Nyk=2,--- N,

1. Paran=(i—1)+(j —1)N, + (k—2)N,N,

oo _ Az (pi — pi-1) ( 2 )
() A (pazio1/2 1 /2.0) \(00)? = (pic1)?
(Pi+1/2 - pifl/Z)AZ

- 1 <‘7¢p(i,j+1/27k)> (D-14)

2. Paran=1i+(j—1)N,+ (k—2)N,N,

o Az (piy1 — pi) < 2 )
" (1) AQ{thzz(it1/2,541/2,6)) \ (Pit1)? — (pi)?

(Piv1/2 — pi12)Az
o : 4 L <Ucpp(i,j+1/2,k)> (D—15)

3. Paran = (i — 1)+ jN, + (k — 2)N,N,

Co - _ Az (pi — pi-1) ( 2 )
" (’iw)A@<Mzz(i—1/2,j+1/2,k)> (pi)? = (pi-1)?

(pi—i—l 2 — Pi—1 2)AZ
— R i 2) (D-16)
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4. Paran =i+ jN,+ (k—2)N,N,

co Az (pit1 — pi) ( 2 )
(1) Ap(paz(ivijzgrryzr) \(Piv1)? — (pi)?
(Pi+1/2 - Pi—1/2)AZ

- 1 <U<pp(i,j+1/2,k)> (D-17)

5. Paran = (N,N,(N.—1))+(i—1)+(j—1)(N,—1)+(k—3)(N,—1)N,

(:01'+1/2 - Pi—1/2)
Com = —— (D-18)
(1) Az{pp(ij1/2,k-1/2))

6. Paran = (N,N,(N,—1))+(i—2)+(j—1)(N,—1)+(k—2)(N,—1)N,

Azpi 4 < 2 )
Con = —— D-19
(iw)(tzza(i-1/2,541/2,6)) \(Pi)* — (pi-1)? (D-19)

7. Paran = (N,N,(N.—1))+(i—=1)+(j—1)(N,—1)+(k—2)(N,—1)N,

o Azp; ( 2 >
T (W) (faagi-1 2,541 2.0) \(0)? = (pie1)?

N Azp; < 2 )
(w){tzz(iv1/2,5+1720)) \ (Pit1)? — (pi)?
(Pz’+1/2 - pi71/2) X (Pi+1/2 - Pi71/2>

+ — .
(1) A2 fpp(ijr1/2,6+1/2) (1) AZ{fhop(ij+1/2.5—1/2))

— (piv172 = Pic1/2) Az((Tpp(irr/2.4k+1/2) — (1W)(€pp(iti/2k+1/2)))
(D-20)

8. Paran = (N,N,(N. — 1)) +i+ (j —1)(N, — 1) + (k= 2)(N, — 1)N,,

Azpit 2

(W)</~bzz(z'+1/2,j+1/2,k)> (pis1)? — (Pz‘)2

) (D-21)

9. Paran = (N,Ny(N.—1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

(Pi+1/2 - pi—1/2)
(ZW)AZ</‘pp(i,j+1/2,k+1/2)>

10. Paran = (N,Ny(N, — 1))+ (N, = 1)Ny,(N, = 1))+ (i — 1)+ (j —
1)(Np — 1)+ (k- 2)(Np o 1)Nw

(Piv1/2 — Pi-1/2)
(1) (op(irjr1/2.k-1/2)) PiDAP
(Piv1/2 — pi-172)Az

- 4 <0-goz(i,j+1/2,k)> (D‘23)

Cmn -
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11. Paran = (N,N,(N. — 1))+ ((N, = 1)N,(N. — 1)) + (i — 1) + j(N, —
1)+ (k= 2)(N, = )N,

o (/Ji+1/2 - Pi—1/2)
T (1w)(Bopig1/2.-172)) Pildp
(Piv1/2 — pi172)A2

— T (Ops(ijrijon) (D-24)

12. Paran = (N,Ny(N, — 1)) + (N, = 1)Ny,(N. — 1))+ (i — 1)+ (j —
1)(Np -1+ (k- 1)(Np o 1)Nso

oo (Pi+1/2 - Pi—1/2)
" (6w) (Lpp(i j+1/2,6+1/2)) PP
(Pz‘+1/2 - pi—l/?)AZ

- T (Tpz(igirjony) (D-25)

13. Paran = (N,N,(N. — 1))+ ((N, = 1)N,(N. — 1)) + (i — 1) + j(N, —
1)+ (k= 1)(N, = )N,

co_ (pz‘+1/2 - Pz’—l/2)
(W)t g1/201/2) PP
(Piv1/2 — pi172)Az

N 4 (Opz(ijri/zr)  (D-26)

— Param = (N,No(N. = 1)) + (N, = 1) N (N> = 1)) + (i = 1)+ (j = 1) (N, —
1)+ (k—=1)(N,—1)N,

ondei=2,--- N,;j=1,--- Nyk=1,--- N,
1. Paran=(i—1)+ (j —1)N,+ (k—2)N,N,

A@Piﬂ/z
(1) A2 {fpp(i-1/2,5k+1/2))

Ap ((pir1)2)® — (pic1y2)?
_T< = 2 / (Tapijrt1/2))  (D-27)

Cmn -

2. Parai+ (j —1)N, + (k—2)N,N,

Appita /2
(1) Az (pp(i+1/2,4k+1/2))

B % (Pz‘+1/2)2 - (Pi—1/2)2
4 2

Omn:_

)<0zp<i,j,k+1/2>> (D-28)
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3. Paran=(i—1)+(j—1)N,+ (k—1)N,N,

Appi_1/2
(1) Az {phpp(i-1/2,5k+1/2))

_ % <(Pz‘+1/2)2 - (pil/2)2>

Cmn:_

(O2pigisry2))  (D-29)
4. Paran =i+ (j — 1N, + (k — 1)N,N,,

Appitr /2
(1) Az (pp(it1/2,5k+1/2))

_ % (Pi+1/2)2 - (Pi71/2)2
4 2

Cmn -

><0zp<z',j,k+1/2)> (D-30)

5. Paran = (N,Np(N:—1))+(i=1)+(j =2)(N,— 1)+ (k=2)(N,—1) N,

oo (/)i+1/2 - Pz’fl/?)
" (iw)AZ<Mpp(i,j+1/2,k+1/2)>
_ Ay ((pi+1/2)2 — (pi-1y2)”

4 2 ) <O-Z(P(i7jzk+1/2)> (D_31>

6. Paran = (N,N,(N.—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,

oo (pi+1/2 - Pi71/2)
mn (iw)Az(upp(i7j+1/2,k+1/2)>
_ Ay (%1/2)2 — (pi12)”

4 2 ) <O-Z(P(i7jzk+1/2)> (D_32>

7. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,— 1)+ (k—1)(N,—1)N,,

o (pi+1/2 - Pz‘fl/?)
mn (iu))AZ</Lpp(i7j—1/2,k+1/2)>
_ Ay ((pi+1/2)2 — (pic12)”

4 2 ) <O-Z(P(i7jzk+1/2)> (D_33>

8. Paran = (N,N,(N,—1)+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

oo (/)z'+1/2 - 0171/2)
(W) Az (ppiig 1 2k41/2)
_ % ((pi+1/2)2 - (Pi—1/2)2
4 2

><0z<p<z‘,j,k+1/2)> (D-34)

9. Paran = (N,Ng(N: = 1)) + (N, = DN(N. = 1)) + (i = 1) + (4 —
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2)(Np - 1) + (k - 1)(Np o 1)N¢

oo (,01'+1/2 - Pz’—l/2)
" (1) pi Do Hppi,j—1/26+1/2))

158

(D-35)

10. Para n = (N,N,(N, — 1)) + (N, = )N, (N, — 1)) + (i — 2) + (j —

DN, = 1) + (k = (N, = )N,

Appi_1/2
(iw)(ps + pic1){fopli-1/2,j,k+1/2))

Omn:_

(D-36)

11. Paran = (N,N (N, — 1)) + (N, = )N (N, = 1)) + (i — 1) + (j —

DN, = 1) + (k = (N, = )N,

o (pi+1/2 — [)1'71/2) i (Pz‘+1/2 - pi71/2)

(1) P D pp(ij—1/2.k41/2)) (1) PO (Upp(ij+1/2,k+1/2))

Appiyi)2 A@Pi—m

+— +—
(iw)(piy1 + Pi)(ﬂw(i+1/z,j,k+1/z)> (iw)(pi + pi_l)(uw(iq/z,j,kﬂ/z))

— Ay ((Pi+1/2)2 — (pic172)”

5 ) ((O2ijhr1/2) — (W) {€2z(igb1/2)))

(D-37)

12. Para (N,N,(N. — 1)) + ((N, — )N,(N. — 1)) +i + (j — 1)(N, —

1) + (k — 1)(N, — 1)N,,

Appitiyo

Cmn - T
(1) (Pit1 + Pi) (pp(i+1/2,5,k+1/2))

(D-38)

13. Paran = (N,Ny(N. — 1))+ (N, — )N (N. — 1)) + (i — 1) + j(N, —

1) + (k — 1)(N, — 1)N,

o (,Oi+1/2 - pi—1/2)
" (1) Dt g 12k 41/2))

Os elementos B,, sao dados por:

Io,sen = (N,No(N, = 1)) + (i — 1) + (j — 1)(N, — 1)

B, = +Hk = (N, ~ DN,;

0, caso contrario.

onde Iy ¢ a amplitude da corrente de excitagao. i = 2,---, N,;7=1,---

2,--- N,

(D-39)

Ny k=

y Ve
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Neste apéndice sao apresentadas as expressoes dos elementos nao nulos da
matriz do sistema [C][X]=[B], decorrente da aplicagdo do método dos volumes
finitos em meios anisotropicos. Neste modelo as equacoes de Maxwell sao
resolvidas através da formulagao por potenciais desenvolvida na Secao 4.4.1.

Os elementos C,,,, sao dados por:

~ Param=1i+(j —1)N,+ (k—2)N,N,
Ondei:17"'7Np;j:]-7"'7N¢7;k;:27"',Nz-

1. Paran=1i+(j —1)N, + (k —3)N,N,

i A
(iw) Az \ (fpp(i+1/2,5k-1/2))
2. Paran=1i+(j —2)N,+ (k—2)N,N,
202 (piv1 — pi) ( 1 )
Cmn - 7 E-2
(1) Ap [(pir1)? = (0)?] \ (Mzz(iv1/2,j-1/2.0)) (E-2)

3. Paran=(i— 1)+ (j — )N, + (k — 2)N,N,

i i—1/20\p/\ 2
. = p +1/2Pi—1/2R3PAZ ( - 2) (E—?))
(W)Mpp(z’,j,k) (piv1 — pi) (Pi+1/2) - (Pz‘fl/z)

4. Paran =i+ (j — 1)N, + (k — 2)N,N,

C 2A% (piv1 — pi) ( 1 i 1 >
T (1w) A [(i+1)? = (P0)?] \ (Beztirrjogarjon))  (Hez(it1/2,j-1/24))

Pi+1/2A80 ( 1 1 )
- +
(Iw)Az  \(fgpp(it1/20-1/2)  (Hopli+1/2,5k+1/2))
(Pz‘+1/2)2A90AZ ( 2 4 2 )
(W)Mpp(i,j,k)(mﬂ — pi) (Pi+3/2)2 - (ﬂz’+1/2)2 (Pz‘+1/2)2 - (Pz‘—1/2)2

— Pir12DQNZ [(Opp(it1/2,5m)) — (W) (Epp(iv1/2,i0))]  (E-4)

+
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5. Paran=(i+1)+(j —1)N,+ (k —2)N,N,,

s opist 1 ANOA 9
. — __PusppinpAph ( : 2) (E-5)
(1) (i) (i1 — pi) \ (Pir3s2)* — (piv1/2)

6. Paran =i+ jN,+ (k—2)N,N,

202 (pi — pi) 1 )
R (75 Y.N (PSNVERPRE) ((uzz(i+1/2,j+1/2,k)>) (E-6)

7. Paran=1+(j—1)N,+ (k—1)N,N,

1 oA 1
(1w)Az \ (fhpp(it1/2.50+1/2))

8. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,—1)N,

o s (=)
mn (iW)(,uzz(iJrl/QJ*l/Zk)) (,01‘+1)2—(Pz‘)2
1
_ ZpiAgOAZ<O-pap(i+1/2ajak)>

Pi+1/2(ﬂi+1/2 - Pi—1/2)AZ 2
- . 2 2 (E_S)
(ZW)Mpp(i,j,k)@iH — pi) (Pi+1/2) - (0171/2)

9. Paran = (N,N (N, — 1)) +i+ (j —2)(N, = 1)+ (k — 2)(N, — 1)N,

c. = Azpi ( 2 )
mn (1) (tzz(it1/2,5-1/2,8)) \(Pit1)? — (pi)?
1
- Z_lpiASOAZ<O—P‘P(i+1/27j’k)>

Piv1/2(Pitsje — Pir1/2) Az 2
. 5 5 (E-9)
(lw)ﬂpp(i,j,k)(mﬂ — pi) (Pi+3/2) - (Pi+1/2)

10. Paran = (N,N,(N,—1))+(i—1)+(i—1)(N,—1)+(k—2)(N,—1)N,,

o Azp; ( 2 )
" (W><Mzz(z'+1/2,j+1/2,k)> (pit1)? — (pi)?
1
= PAPA O ppit1/250)

i it1/2 — Pic1/2)A 2
P+1/2(P+1/2 P 1/2) Z< ) (E-10)

+ —
(M)/Jpp(zymk) (Pz‘+1 - Pz‘) (Pi+1/2)2 - (Pz’—l/z)Q

11. Paran = (N,Ny(N, = 1)) +i+ (j —1)(N, — 1) + (k—2)(N, — )N,
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c _ AZpH-l ( 2 >
) 22(i41/2,j+1/2,k) R
(iw) ) \(pis1)? = (pi)?
1

_ ZpiAgpAZ<O'pgp(i+l/2,j,k)>

i ) — p; Az 2
B p+.1/2(P +3/2 — Pit1/2) ( 3 2) (E-11)

(Zw)upp(i,jk) (Piv1 — pi) (Pz‘+3/2) - (Pz‘+1/2>

12. Paran = (N,N, (N, — 1)) + (N, = )N,(N, = 1)) + (i — 1) + (j —
1)(Np B 1) + (k - 2)(Np B 1)N<p

Pi+1/2A90
(iw)<ucp<p(i+1/2,j,k—1/2)>(Pz‘+1 - pi)

| Piv1/28¢
— _pl 1 2ASDAZ<O- z(i+1/2,5,k > 7
AP p(i+1/2,3.k) (1)t pp(i k) (Pix1 — i)

Cmn =

(E-12)

13. Paran = (N,Ny(N. — 1))+ (N, = DN (N. — 1)) +i+ (j — 1)(N, —
1)+ (k= 2)(N, = )N,

o piv128¢
(W><N<p<p(i+1/2,j,k—1/2)>(,Oi+1 —pi)
1 Pit1/28¢
— = Pi1280AZ(0pa(iv1/2,5k) + 7 E-13
4 Pit1/2 ( P (+1/2]k)> (ZW)Mpp(i,j,k) (ier — 1) ( )

14. Paran = (N,N,(N, — 1)) + (N, = )N,(N, = 1)) + (i — 1) + (j —
(N, — 1)+ (k = 1)(N, — )N,

O —_ Pi+1/2A90
" (1) (tpp(it1/2,5,k+1/2)) (Pis1 — Pi)
1 Pi+1/2A90
— =D ApNAz{0o,,; B T — E-14
4/) +1/28¢ < p (+1/2,],k)> (M)Mpp(z‘,j,k) (pi+1 — pz‘) ( )

15. Paran = (N,N (N, — 1))+ (N, = 1)N(N. — 1)) +i+ (j — 1)(N, —
1) + (k — 1)(N, — 1)N,,

Pz’+1/2A<P

Con = —
(1w) (Ppp(it1/2.4k+1/2)) (Piv1 — pi)

Pi+1/2A90
W)Mpp(z‘,j,k) (piv1 — pi)

1
- Zpi+1/2A§0AZ<Upz(i+1/2,j,k)> - ( (E-15)
16. Paran = (N,N,(N,—1))+((N,—1)Ny,(N,—1))+((N,—1)N,N,)+

1
(i =1+ =D\, = 1) + (k= 3)(N, = )N,
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1
Crnn = Zﬂi+1/2A<P<Upz(z‘+1/2,j,k)> (E-16)
17. Paran = (N,N,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N.)+

18.

19.

20.

21.

22.

23.

24.

i+ =D\, = 1) + (k= 3)(N, = )N,

1
Cron = Zpi+1/2A()0<o-pz(i+1/27j7k)> (E-17)
Para n = (N, No(N:—1))+((N, = )N (N: = 1))+ (N, — 1) N, N, ) +
(i—1)+(j—2)(N, — 1) + (k= 2)(N, — 1)N,
1
Con = 4—ppi+1/2AZ<0pw(i+1/27j7k)> (E-18)

Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
i+ (- 2)(Np — 1)+ (k- 2)(Np o 1)N<P
1

Con = 1 Pit1/202(0 pp(i+1/2,5.k)) (E-19)
Pi+1

Paran = (N,N,(N,—1))+((N,—1)Ny(N;—1))+((N,— 1) Ny N, ) +
=1+ (G-, = 1)+ (k=2)(N, — 1)N,

_ Pi+1/2A<PAZ

Cmn
(Pz’+1 - Pz')

((ppti+1/20)) = (1w)€ppiivijzzmy)  (E-20)
Paran = (N,Np(N.—1))+((N, = 1)Np(N. = 1))+ ((N,— 1) N N2 ) +
i (G~ DN, — 1) + (k= 2)(N, — DN,

_ pir128pAz

Omn =
(i1 — pi)

((Tpptis1/2.5k)) — (WW)eppiiv1/azmy) (E-21)
Paran = (N,N, (N, —1))+((N,— 1) Np(N.—1))+((N,—1)Np N, ) +
(t—1)4+j5(N,— 1)+ (k—2)(N,— 1)N,

1
Cn = = Pit1/282(0 pp(i1/2,.k)) (E-22)

4p;
Paran = (N,Ny(N.—1))+((N,— ) Np(N. = 1)) (N, — 1) N, N.) +
i+Jj(N,—1)+ (k—=2)(N,—1)N,

1

Cmn = -
4pit1

pi+1/2AZ<‘7Pw(i+1/2J}k)> (E-23)

Para n = (N,Np(N. = 1))+ (N, = DN (No = 1)+ (N, = )N,N.) +
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(i =1+ =D\, = 1) + (k= 1)(N, = )N,

1

Crn = _lei+1/2A90<o-pz(i+1/2,j7k)> (E-24)

25. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
i+ (=N, —1) + (k= 1)(N, = )N,

1

Conn = =3 Pir1/280(0pz(it1/25.0)) (E-25)

~ Param = (N,N,(N.— 1))+ (i— 1)+ (j — )(N, — 1)+ (k— 2)(N, — 1)N,,
ondei:z...’]\[p;j:17...7Nw;k;:27...’]\[z

1. Paran=(i—1)+(j—1)N,+ (k—2)N,N,

o Az (pi — pi1) ( 2 )
" (1w) A o121 20) \ (i) — (pi-1)?

(pi+1/2 - 9171/2)AZ
B . (Toplinj+1/2.k))

i— i — pi—12)A 2
P 1/2(P +1/2 — P 1/2) Z ( ~ 2) (E-26)
(1) g (ij,k) PP (pit1/2)? — (pi-1/2)

2. Paran=1+(j—1)N,+ (k—2)N,N,
o Az (piy1 — pi) < 2 )
e (1) AQ{phzz(itr/2,541/2,6)) \ (Pir1)? — (pi)?
(piv1/2 — pi—1/2)Az
s I P (O ppti i /2m)

i i — pi—1/2)A 2
(A B
(ZW)MW(i,j,k)PiASO (Pz‘+1/2) - (Pi71/2)

3. Paran=(i—1)+jN,+ (k—2)N,N,

o Az (pi — pi-1) < 2 )
" (1) A@(pzziizt/2,5+1/2.0)) \ (Pi)? — (Pic1)?

(pi+1/2 - Pi—1/2)AZ

- 1 (O ppij+1/2.0))
i— i — pi—1/2)A% 2
X P 1/2(0 +1/2 — P 1/2) ( _ 2) (E-28)
(ZW)Ncpcp(i,j,k)piASO (pi+1/2) - (Pz‘fl/z)
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4. Paran =i+ jN,+ (k—2)N,N,

co Az (pit1 — pi) ( 2 )
(1) A@(taziivr/2,541/2.0)) \ (Pix1)? — (pi)?

(Pi+1/2 - pi—1/2)AZ

- A (T p(ijt1/2.8))
B Pit1/2(Pit1/2 — pi—1/2) Dz ( 2 ) (5-29)
(iw)ﬂvv(i,j,k)PiASO (Pi+1/2)2 - (Pi71/2)2

5. Paran = (N,N,(N.—1))+(i—1)+(j—1)(N,—1)+(k—3)(N,—1)N,

(/)i+1/2 - 0171/2)
Crip = —— E-30
(1w) Az {ppp(ij+1/2,6-1/2)) (30

6. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,—1)N,

(Pis1/2 — pi—1/2) Az ( 2 )
Con = —— E-31
) B Homirn N — o) E3Y

7. Paran = (N,N,(N.—1))+(i—2)+(j—1)(N,—1)+(k—2)(N,—1)N,

Cmn:_

Azpi_y < 2
(iw)</ﬁzz(i—1/2,j+1/2,k)> (pi)? — (pi_1)?

) (E-32)

8. Paran = (N,N,(N,—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,

o Azp; ( 2 )
" (iw)<ﬂzz(ifl/2,j+1/2,k)> (pi)? = (pi=1)?

n Azp; < 2 )
(W) {tzz(iv1/2,+1720)) \(Pit1)? — (pi)?
(Pz’+1/2 - pi71/2) 1 (Pz’+1/2 - ,01'71/2)
(1) Az{tpp(igr1/2h+1/2)) (W) AZ{pp(igr1/2,k-1/2))
2(pit1/2 — pic1/2) Az ( 2 )
(1) pi(A) i gy \ (Pi1/2)* = (piz1/2)?
- (Pz’+1/2 - pi—1/2)AZ<<U<p<p(i+1/2,j,k+1/2)> - (iw)<€<p<p(i+1/2,j,k+1/2)>)
(E-33)

9. Paran = (N,N,(N, — 1))+ 1+ (j —1)(N, = 1)+ (k= 2)(N, - 1)N,

Azpin < 2 )
Con = —— E-34
(W)<Mzz(z‘+1/2,j+1/2,k)> (piv1)* = (pi)? ( )
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10

11.

12.

13.

14.

15.

16.

Para n = (N,N,(N, — 1))+ (i — 1)+ (N, — 1) + (k= 2)(N, — 1)N,,

(Pz’+1/2 - Pz‘—1/2)AZ ( 2 )
Con = —— E-35
(W)Pz'(AiP)Qﬂw(i,j,k) (Pi+1/2)2 - (0171/2)2 ( )

Paran = (N,N,(N,—1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

(,Oi+1/2 - Pi71/2)
Crm = —— E-36
(ZW)AZ</Lpp(i7j+1/2,k+1/2)> ( )

Para n = (NpNo(N; = 1)) + (N, = No(Nz = 1)) + (i = 1) + (5 =
1)(Np B 1) + (k - 2)(Np B 1)N¢

Co— (Pi+1/2 - pi—l/?) o (Pi+1/2 - P¢—1/2)
" (1w) (Wpptig a1 2k-12) PP (W) Hp(i i) PP
(Piv1/2 — pi172)A2

- 1 (Tpzijrijor) (E-37)

Para n = (NpNy(N. —1)) + (N, = )Np(N: = 1)) + (i — 1) + j (N, —
1)+ (k= 2)(N, - DN,

C - (Piv1/2 = pi-1/2) 4 (Piv1/2 — pi-1/2)
" (1) {tppij+1/2.k-1/2) PP (1W)Hipp(i k) PP
(Pi+1/2 - pi—l/Z)AZ

— 1 (Opeigrizr)) (E-38)

Para n = (NpNo(N> = 1)) + (N, = N(N> = 1)) + (i = 1) + (J -
1)(Np - 1) + (k - 1)(Np - 1)Nw

. (Pi+1/2 - Pi—1/2) (Pi+1/2 - Pi—1/2)
C = _
T (W)t /22 PiDE (1) gl PiAP
(Pz‘+1/2 - pi—1/2)AZ

- 1 (Opa(ijr1/20))  (E-39)

Para n = (NpNy(N. —1)) + (N, = )Np(N: = 1)) + (i = 1) +j (N, —
1)+ (k—=1)(N,—1)N,

oo (Pi+1/2 - pz’ﬂ/z) _ (Pi+1/2 - ,01'71/2)
(1) {tpptijrr/2.k41/2) PP (10) (i, k) PiAP
(Pi+1/2 - pi—l/?)AZ

— T (Opeigrizr))  (E-40)

)N,(N,—1))+((N,—1)N,N,)+
(Np - 1>N@0

—~
.
|
—_
~—
+
—~
.
|
[S—y
~—
—~~
=
|
—_
~—
_|_
—~
o
|
w
~— =
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. = (Pi+1/2 ; Pi—1/2)

(Tpa(ijt1/2,k)) (E-41)

17. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
(= 1)+ (N, — 1)+ (k = 3)(N, — 1)N,,

(Pz’+1 2 — Pi—1 2)
Cmn - / 4 / <0-gaz(i,j+1/2,k)> (E'42)

18. Paran = (N,Ny,(N,—1))+((N,—1)Ny,(N,—1))+((N,—1)N,N.)+
(1 =2)+ (G = DN, = 1) + (k= 2)(N, = )N,

(pi+1/2 - PF1/2)AZ
4(pi — pi-1)

Crun = <U<pp(i,j+1/2,k)> (E-43)

19. Paran = (N,Ny,(N,—1))+((N,—1)Ny,(N,—1))+((N,—1)N,N.)+
(=1 + G-, — 1)+ (k=2)(N, — )N,

(Pz‘+1/2 - pi—l/?)AZ

G = T (Oatiaayam) = (@) Eptiijzn))
B (pit172 — Pi71/2)AZ<U (ij+1/2,)) ( : B : >
1 op(i,j+1/2, (pi — pi=1)  (pig1 — pi)
(E-44)

20. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
i+ (G~ DN, — 1) + (k= 2)(N, ~ DN,
(Pz‘+1/2 - Pi—1/2)AZ

Conn = — T op(irj E-45
4(piy1 — pi) (Feri1/2m) ( )

21. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
(i =2) + (N, = 1) + (k = 2)(N, = 1),

(Pz‘+1/2 - Pz‘—1/2)AZ

Cmn =
4(Pi - pifl)

(Topling+1/2,k)) (E-46)

22. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
(i =1)+ (N, = 1) + (k= 2)(N, = 1)N,,

(Pz’+1/2 - PF1/2)AZ .
Crnp = — PN (Opptijriam) — (W) Eppijr1/2.4)))
(Piv1/2 — pic1/2) A2 (o i) ( 1 1 )
ij+1/2, —
4 PPEITZRIN oy = pict)  (pirr — pi)

(E-47)

_|_
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23. Paran = (N,N,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N,)+
i+ (N, = 1)+ (k=2)(N, = )N,

(pi+1/2 - pifl/Q)AZ

Cmn = -
4(piy1 — pi)

<U<pp(i,j+1/2,k)> (E-48)

24. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
(=140 =D, = 1)+ (k= 1N, = )N,

c = (Pi+1/2 ; Pi—1/2)

<0<pz(i,j+1/2,k)> (E‘49)

25. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
(1 = 1) +3(N, = 1) + (k = 1)(N, = )N,

(,Oi+1 2 — Pi—-1 2)
Con = — / 4 / <U¢Z(i,j+1/2”f)> (E’5O>

~ Param = (N,Np(N, = 1)) 4 (N, — YN, (N. = 1)) + (i 1) + (j ~ 1) (N, -
1)+ (k= 1)(N, — N,

Ondei:27"'7Np;j:17"'7N¢;k:17"',Nz
1. Paran = (i — 1)+ (j — )N, + (k — 2)N,N,

Appi_1/2
(z’w)Az<MW(Z‘_1/2,J‘,I~:+1/2)>
) % ((le/Q)Q _ (Pi—1/2)2) - - pi-1/28p
7 5 2p(i,3,k+1/2) (1) AZptzzij i)
(E-51)

Cmn =

2. Paran=1i+(j —1)N, + (k — 2)N,N,

Appiriy2
(1w) Az {fpp(it1/2.4k+1/2))
_ Ay ((p¢+1/2)2 - (Pi—1/2)2) (Tapis ) + Pit1/20p
4 2 PR (iW)AZMzz(i,j,k)
(E—52)

Omn:_
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3. Paran=(i—1)+(j—1)N,+ (k—1)N,N,

Appi_1/2
(1) Az {phpp(i-1/2,5k+1/2))

Cmn:_

A ((pir12)” = (pic1y2)” (Coni )+ Pi—1/28¢
4 2 2p(i3k+1/2) (1w) Az ftzz i)
(E-53)
4. Paran=i+(j—1)N,+ (k—1)N,N,
oo A@Piﬂ/z
" (1w) Az ki)
A ((pir1j2)* = (pic1p2)? (o - Pit1/20¢@
4 2 2p(bg ki +1/2) (1w) AZ bz (i 1)
(E-54)

5. Paran = (N,N,(N.—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,—1)N,

oo (Pi+1/2—Pi—1/2)
T (W) Az (i g1 /2,641)2))

Ay (pz'+1/2)2 - (ﬂi—1/2)2 (Pz‘+1/2 - Pi—1/2)
" (Capligihrrjz) —
z 7‘7 bl + -
4 2 o (W) Azpizz (i 5.k)
(E—55)

6. Paran = (N,N,(N.—1))+(i—1)+(j—1)(N,—1)+(k—2)(N,—1)N,

o (pz'+1/2 - Pz‘—l/2>
o (1) Az (pp(i,j+1/2,+1/2))

Ay ((Pi+1/2)2 — (011/2)2) (i) + (Pit1/2 — Pi-1/2)
- T zp(,7,k+ .
4 2 R () VST
(E-56)

7. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,— 1)+ (k—1)(N,—1)N,,

o (Pz’+1/2 - Pi71/2)
(iw) Az {ppp(ij+1/2,6+1/2))

_ % ((Pi+1/2)2 - (Pi71/2)2

(Pi+1 2 — Pi—1 2)
1 5 ) (02p(igh+1/2)) + : .

(W) Azpizz i j.k)
(E-57)
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8. Paran = (N,N,(N,—1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

oo (piv1/2 = pi-1/2)
" (1w) Az { (i1 /2 k4+1/2))

Ay ((Pz‘+1/2)2 - (Pi—1/2>2) (o ok 1/2)> (Pz‘+1/2 - Pz‘—l/Q)
- 20(i,j k+ - —
4 2 o (1) AZptzz(i k)
(E-58)

9. Paran = (N,N,(N, — 1)) + (N, = 1)N,(N, = 1))+ (i = 1)+ (j —
1)(Np - 1) + (k - 2)(Np - 1)Nso

Cmn:_

Ap (piv1/2)* = (pic1y2)” ]
(iw)(Az)2ﬂzz(z‘,j,k) < 2 ) (E-59)

10. Para n = (N,N,(N, — 1)) + (N, — )N, (N, — 1)) + (i — 1) + (j —
2)(N, — 1)+ (k — 1)(N, — )N,

(Pz‘+1/2 - P¢—1/2)
Omn - T (E-GO)
(1) Pi DO fhop(i,j—1/2,k+1/2))

11. Para n = (N,N,(N, — 1)) + (N, — )N, (N, — 1)) + (i — 2) + (j —
DN, = 1) + (k= (N, ~ DN,

Appi_1/2
(1w)(pi + Pie1) (pp(i-1/2,jk+1/2))

Com = — (E-61)

12. Paran = (N,Ny(N, — 1))+ (N, = 1)Ny,(N, = 1))+ (i — 1)+ (j —
1)(Np B 1) + (k - 1)(Np B 1)N¢

Co— (Pz’+1/2 - pi—l/?) i (Pi+1/2 - ,01'—1/2)
(W) piDe(pptig-1/2k41/2))  (190) P AP Hppti g 1/2.841/2)

i Appiyi)2 n App;_1/

(1) (pit1 + pi)Heptitt/2gh+1/2) (W) (05 + Pie1) (tppii-1/2,k+1/2))

+ 2A¢ ((Pz’+1/2)2 - (Pi—1/2)2)

(1w) (A2)?t2 (i g k) 2
(Pi+1 2)2 - (pi—l 2)2 .
- ASD ( / B / (<Jzz(i,j,k+1/2)> - (Zw)<€zz(i,j,k+1/2)>)
(E-62)

13. Para (N,N,(N. — 1)) + ((N, — )N,(N. — 1)) +i + (j — 1)(N, —
1) + (k — 1)(N, — 1)N,,

Appin /2

Omn - T
(iw) (i1 + Pi){fopliviy2,jkr1/2)

(E-63)
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14. Paran = (N,N,(N. — 1))+ ((N, = 1)N,(N. — 1)) + (i — 1) + j(N, —
1)+ (k= 1)(N, = )N,

(Pi+1/2 - Pif1/2)
Coin = —— (E-64)
(ZW)Pz’A§0<Mpp(i,j+1/2,k+1/2)>

15. Paran = (N,Ny(N, — 1)) + (N, = 1)Ny,(N, — 1))+ (i — 1)+ (j —
(N, —1)+k(N,—1)N,

Cmn:_

Ap (pir1/2)* = (piz1/2)” ]
(1w) (A2) tz(i g k) < 2 > (E-65)

16. Paran = (N,Ny,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N.)+
=1+ =2)(N, = 1) + (k= 2)(N, = )N,

L ((pis12)® — (pi12)?
Conn = 1 ( : 2 P ) (eptigiryn)  (B-66)

17. Paran = (N,Ny,(N,—1))+((N,—1)Ny,(N,—1))+((N,—1)N,N.)+
(1—=2)+ (=)W, = 1) + (k= 2)(N, — )N,
B Ay (Pz‘+1/2)2 - (Pi—1/2)2 oo i
Cmn - 4(pl — Pz—l) ( 9 ) < zp(z,j,k+l/2)> (E 67)

18. Paran = (N,N,(N,—1))+((N,—

Com = —A ((pi+1/2)2 ; (011/2)2) )

zp(2,7
Y p(3,5,k+1/2) 4 Pi — Pi-1 Pi+1 Pi

1 .
- E((ffzz(i,j,kﬂ/z)) — (w){€22(ik+1/2)))]  (E-68)

19. Paran = (N,Ny(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N.)+
I+ =1D(N, = 1)+ (k= 2)(N, = )N,

Ap (Piv1/2)” = (pi1y2)?
e = = k12 (E-

20. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N.)+
(i - 1) +j(Np - 1) + (k - 2)(Np - 1)N<P

i <<:0i+1/2)2 - (pi71/2>2

Cmn = -

)<o—w<z~,j,k+1/2>> (E-70)
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21. Paran = (N,N,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N,)+

(i =1+ G —=2)(N,— 1)+ (k= 1)(N, — )N,
Chm = 4%1 ((p¢+1/2) ; (pi-i/2) ) (Oop(ijikr1/2) (E-71)
92. Paran = (N, N (N, —1))+((N,— )N (N, —1))+((N,~1)N,N,) +
(i—=2)+ G-I, — 1)+ (k= 1)(N, — )N,
B Ay (piv1/2)” = (pic1/2)” o 3
Conn = 4(p; — pi—1) ( 2 ) (zptigier) (E72)

23. Paran = (NpNy(N:—1))+((N,—1)Np(N.—1))+((N,—1) N, N )+
=1+ = DI, = 1)+ k=D, = HN,

Cmn = _ASD (<pi+1/2)2 ;

[< >1( 1 1 )
Ozp(i,5,k+1/2)) 5 -
puIRTL) 4\ pi — pi-1 Pit1 — Pi

1 .
+ A_Z(<UZZ(i,j,k+1/2)> — (w)(€2z(5k41/2)))]  (E-73)

(Pi—1/2)2> )

24. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N.)+
i+ (] - 1)(Np - 1) + (k - 1)(Np - 1)N<p

Ap (Piv1/2)” = (pic1y2)?
mn = zp(t,7 E-74
¢ A(piv1 — pi) < 2 (0 p(igh+1/2)) (E-T4)

25. Paran = (N,Ny,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
(i—1)+Jj(N,— 1)+ (k— 1)(N 1)N,

+
1 i i—
< )0+1/2 P 1/2) ) <0-zgp(’i7j’k‘+1/2)> (E—75)

— Para m = (N,Ny(N. — 1)) + (N, — 1)N,(N. — 1)) + (N, — 1)N,N.) +
(i—=1)+ G =DV, = 1)+ (k= 2)(N, = )N,
ondei=2-- Nyj=1--Nyk=2---N,

1. Paran=(i—1)+(j —1)N,+ (k—3)N,N,,

Ao ((pit12)* — (pi1/2)?
Con = 1 ( Y 9 / <Uzp(i,j7k*1/2)> (E-76)
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2. Paran=1i+(j —1)N, + (k — 3)N,N,

A ((piz12)* = (pic12)?
- ( = 9 / (C2p(ingk—1/2)) (E-77)

(pz’+1/2 - PF1/2)AZ

Omn = 4 <O-<pp(i,j—1/27k)> (E_78>

4. Paran =i+ (j —2)N, + (k—2)N,N,

(piv1/2 — pi-172)Az
Con = 2 001 20) (E-79)

5. Paran=(i—1)4+(j —1)N,+ (k—2)N,N,,

(Pi+1/2 - Pi71/2)AZ
Cmn = - 4 <U<pp(i,j+1/2,k)>

(piv1/2 — pi-1/2) Az
+ 1 / <Usap(i,j*1/27k)>

A ((pir172)? — (pic1)2)?
- 5 (O2pigk+1/2))

Ap ((piy172)? = (pic1y2)?
T 5 <Uzp(i,j,k—1/2)>

+

+ i 1/280AZ((pp(i-1/2,5.8)) — (1W){€pp(i-1/25.4))) (E-80)

6. Paran=1i+(j—1)N, + (k—2)N,N,

(Piv1/2 — pi172)Az
Cmn = - 4 - <U<pp(i,j+1/2,k)>

(Pi+1/2 - pifl/Q)AZ
+ 4 <O-(‘Dp(i,j—1/2,]€)>

Ay (Pi+1/2)2 - (Pi—1/2)2
_ T 5 <Uzp(i,j,k+1/2)>

Ay (Pi+1/z)2 - (pi—1/2)2
T 2 <O—Zp(i7jrk71/2)>

+
— Pir1/28PAZ((0pp(ir1/2,5k)) — (IW){€pp(it1/2,5k)))  (E-81)

7. Paran=(i—1)+jN,+ (k—2)N,N,

(,Oi—l-l 2 — Pi—1 2)AZ


DBD
PUC-Rio - Certificação Digital Nº 0321246/CA


PUC-Rio - Certificacé@o Digital N° 0321246/CA

Apéndice E. Expressoes dos elementos da matriz do sistema - Modelo
anisotropico - Formulacdo por potenciais 173

8. Paran =i+ jN,+ (k—2)N,N,

(,Oz‘+1 2 — Pi—1 2)AZ
Cmn - - / 4 / <0-g0p(i,j+1/27k)> (E_83)

9. Paran=(t—1)+ (j —1)N,+ (k—1)N,N,

Crnn = _ABp ((pi+l/2)2 — (pi12)?

1 5 ) (Oepligkrijz)  (E-84)
10. Paran =14 (j —1)N,+ (k= 1)N,N,,

Cmn =

Ap ((pis1/2)? — (pic1y2)?
T4 ( +1/ ] / (T2p(ige+1/2)) (E-85)

11. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,—1)+(k—3)(N,~ 1) N,

Cmn

Ap ((piv1)2)” = (pic1y2)?
— T ( +1/ 2 1/ <024P(i,j,k_1/2)> (E_86)

12. Paran = (N,N,(N.—1))+(i—=1)+(j—1)(N,—1)+(k—3)(N,—1)N,

c. = % ((Pz’+1/2)2 _ (Pi—1/2)2

1 5 ) <0—z<p(i,j,k71/2)> (E‘87)

13. Paran = (N,N,(N.—1))+(i—2)+(j—2)(N,—1)+(k—2)(N,—1)N,

pi-1280Az
Con = == =T ppti-1/250) (E-88)

14. Paran = (N,N,(N,—1))+(i—1)+(j—2)(N,—1)+(k—2)(N,—1)N,
_Pi+1/2A90AZ pifl/ZAQPAZ

Crnn = T<0pw(i+1/2ﬂj7k)> + T<‘7pw(i—1/%’f)>

Ap (Pi+1/2)2 - (Pi—1/2)2
_ T 5 <Uz<p(i,j,k+1/2)>

A ((pit1/2)? = (pic1)2)?
T 5 <0-z<p(i,j,k71/2)>

+

+ (piv172 = Pic1/2) Az((Tppijrijzr)) — (W) €pp(ijr/r)))  (E-89)
15. Paran = (N,N,(N, — 1)) +i+(j — 2)(N, — 1) + (k — 2)(N, — 1)N,

_pi+1/2A90AZ

Crn = 1 (Tpp(it1/2,5k)) (E-90)
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16. Paran = (N,N,(N.—1))+(i—2)+(j—1)(N,—1)+(k—2)(N,—1)N,

pi—1/280A2
Crn = /T%w(i—l/zj,k)) (E-91)

17. Paran = (N,N,(N,—1))+(i—1)+(j—1)(N,— 1)+ (k—2)(N,~1)N,
_ Pir12ApAz pi-1/28pAz

Crn = T<JP@(H1/2J7’€)> + T<UW®*1/2’J”’“)>

Ay (pi+1/2)2 - (Pi—1/2)2
-= 5 (Oopigbt1/2))

Ap ((piy1/2)® = (pic1y2)?
T 5 <0z<p(i,j,k—1/2)>

+

— (Pir1y2 = Pic172) A2({Tppijr1/2k)) — (W) (€pp(ijr1/ar)) (E-92)
18. Paran = (N,N,(N, — 1)) +i+(j — 1)(N, = 1) + (k — 2)(N, — 1)N,

piv12DpAz
Con = == pstis1250) (E-93)

19. Paran = (N,N,(N.—1))+(i—1)+(j—2)(N,—1)+(k—1)(N,—1)N,

Cmn =

Ap ((piy1/2)? = (pic1y2)?
4 ( : 2 / <‘72sa(i,j,k+1/2)> (E-94)

20. Paran = (N,Ny(N.—1))+(i—1)+(j—1)(N,—1)+(k—1)(N,—1)N,

o __Av ((Pi+1/2)2 — (pi-1y2)’

- 5 ) (Oepligiriyz)  (E-95)

21. Paran = (N,N, (N, — 1))+ (N, = 1)N,(N, — 1))+ (i — 1)+ (j —
2)(Np B 1) + (k - 2)(Np B 1)N<p

(Pi+1/2 - Pzel/z)AZ

Cmn =
4

(Tpa(i—1/2,)) (E-96)

22. Paran = (N,N, (N, — 1))+ ((N, = 1)N (N, — 1))+ (i —2)+ (j —
1)(Np - 1) + (k - 2)(Np - 1)N¢

_ Pi—1/2A<PAZ

Conn 1 (Op(i-1/2,4.k)) (E-97)

23. Paran = (N,N, (N, — 1))+ ((N, = 1)N (N, — 1))+ (i— 1)+ (j —
1)(Np o 1) + (k - 2)(Np o 1)N¢
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Pz‘+1/2A90AZ ,01‘—1/2A90AZ
Crnn = _T<O-pz(i+l/2,j,k)> + T<0_pz(i—l/27j7k)>

(Pi+1/2 - Pifl/Q)AZ (Pi+1/2 - pi71/2)AZ
— 1 (T pa(ijrijon)+ 1 (Opz(ij—1/20))

(pit1 2)2 — (pi-1 2)2 ;
+ Ay ( / 5 / ((022(,k+1/2) — (W) (€220 k+1/2)))

(E-98)

24. Paran = (N,N,(N.—1))+ (N, = 1)N,(N. — 1)) +i+ (j — 1)(N, —
1)+ (k= 2)(N, = )N,

_ pir1/280A2

Cmn =
4

<0pz(i+1/2,j,k)> (E‘99)
25. Paran = (N,N,(N, — 1))+ (N, — )N, (N, = 1))+ (i — 1) + j(N, —
1) + (k — 2)(N, — )N,
(Pi+1/2 - pifl/Q)AZ

Cmn = - 4 <O-§02(7:7j+1/27k)> (E_100>

26. Paran = (N,N, (N, — 1))+ (N, —1)N (N, — 1))+ (i—1)+ (j —
2)(Np — 1)+ (k- 1)(Np o 1)Nw

(Pi+1 2 — Pi—-1 2)AZ
Crn = / 1 L (Opa(ij—1/2.k)) (E-101)

27. Paran = (N,N,(N, — 1)) + (N, — )N, (N, — 1)) + (i — 2) + (j —
(N, — 1)+ (k — (N, ~ DN,

_ Pi-1/280Az

Cmn
4

(Tpa(i=1/2,j,k)) (E-102)

28. Para n = (N,Ny(N: = 1)) + (N, = 1)Ny(N. = 1)) + (i = 1) + (j —
(N, —1)+ (k—1)(N, - 1)N,
Pir1200Az pi-128pAz
Conn = —%(%muz,j,m) + /TWPZ(H/%W

(Pz‘+1/2 - pi—l/Q)AZ (Pi+1/2 - Pi—1/2)AZ
- 1 (Opa(ir1/om)t I (Ot -1/2,))

(Pis1/2)* — (Piz1/2)? '
— Ay < = 2 / (ezighs1/o) = (W) {€xigmtr/e)

(E-103)

29. Paran = (N,N,(N. — 1))+ (N, = 1)Ny(N. — 1)) +i+ (j — 1)(N, —
1) + (k— 1)(N, — 1)N,
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_ Pit1280Az

Cmn =
4

(Tpa(it1/2,5k)) (E-104)
30. Paran = (N,N,(N. — 1))+ (N, = )N, (N, — 1)) + (i — 1) + j(N, —
1)+ (k—1)(N, — 1)N,

(Piv1/2 — pi172)A2

Crin = — 1 (Ooz(igr1/2.k)) (E-105)

31. Paran = (N,N,(N,—1))+((N,— )N, (N, — 1))+ ((N,~ 1)N,N,)+
(1—=1)+ (= 2)(N, = 1) + (k = 3)(N, — 1)N,
Conn = = s ; 1) (O paii—1/2k))

1 (Pz’ 1 2)2 - (Pz’—1 2)2
1 ( Y 5 / (Oapligi-1/2)) (E-106)

32. Paran = (N,N,(N.—1))+((N,—~1)N,(N.—1))+((N,—1)N,N. )+
(i=2)+ (=D, = 1) + (k= 3)(N, — )N,

Crn = _%<0—pz(i—l/2,j,k)>
Ap (piv1/2)” = (pic1y2)?
T 40— i) < 5 ) (Tap(ijk—172))  (E-107)
33. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,) +
(i =1+ (G — DN, = 1)+ (k= 3)(N, = 1)N,
Ap

Crnn = e (pi+1/2<0pz(i+1/2,j,k)> - pi—1/2<0pz(i—1/2,j,k)>)

(/?‘+1/2 - P'—1/2)
+ = 1 : (<U¢z(i,j+1/2,k)> - <0-<pz(i,jfl/2,k)>)

_% ((Pz’+1/2)2 _ (p¢1/2)2) (T 2p(ijh—1 2)> ( : B 1
4 2 zoligk=1/ (piv1 —pi)  (pi = pi-1)

A@ ((piv12)* — (pi1/2)? .
_ E ( +1/2 5 1/2 (<O'Zz(i,j,k—1/2)> - (ZW) <€ZZ(i7j,k—1/2)>)

(E-108)

34. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N.)+
i+ (= DN, — 1) + (k= 3)(N, = )N,

)
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Pit1/28¢
Ayp <(Pi+1/2)2 - (Pi1/2)2)
+ <Uz i,5,k—1/2 > (E—109>
4 pirs — pi) 9 p(i.j,k—1/2)

35. Paran = (N,N,(N,—1))+((N,— )N, (N, —1))+((N,—1)N,N.)+
(i = 1)+ (N, — 1)+ (k = 3)(N, — 1)N,,

(Pz‘+1/2 - pifl/Q)

Comn = 4 (O pa(ij+1/2.8))
1 ((pivr2)* = (picaye)?
+ 4_,01 < 2 (Tap(ijh-1/2)) (E-110)

36. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
(i=2)+ (= 2)(N, = 1) + (k = 2)(N, — )N,

_Pz‘—1/2AZ

Cmn =
4pi—

(Tpp(i=1/2,0.k))

(pis1/2 — pi—1/2) Az
B 4(p; — pi_1) <U<pp(i,j—1/2,k)> (E-111)

37. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
(i—1)+ (G —2)(N, = 1) + (k= 2)(N, — )N,

Az
1, (17200 ot 172.50)) = Pit1/2{Tppti1/2.50)))

(Pi+1/2 - Pi—1/2)AZ (o s k)> ( 1 1 )
_ o _
4 PPl (piv1 —pi)  (pi — pic1)

1 (Pz’+1 2)2 - (Piq 2)2
4_p- < / 9 / (<Uz<p(i,j,k+1/2)> - <Uz<p(i,j,k—1/2)>)

Cmn: -

_|_

(Pi+1/2 - Pi—1/2)AZ )
- ((Usw(i,j—l/lk» - (Zw)<€e0s0(i,j—1/2,k)>)

pildp
(E-112)

38. Paran = (N,N,(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N,)+
i+ =2)(N, = 1)+ (k=2)(N, - 1)N,,

piv1/2Az
Cmn = W<O’P<P(i+1/2’j’k)>

(Piv1/2 — pi12)Az

+
4(Pi+1 - pi)

(Opp(ij—1/2.k)) (E-113)

39. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N. )+
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(i =2)+ (= D\, = 1) + (k = 2)(N, = )N,

(P¢+1/2 - Pz‘—l/z)AZ

Con = o= ) ((Teptigr1/20) = (Tep(ij-1/2/)))
Ap (piv1/2)” = (pi1y2)?
M=) < 5 ((2p(igr1/2)) = (Ozp(ijho—1/2)))
_ pi—1/280Az

(pi — pi1) (<Upp(i—l/2,j,k)> - (iw)<6pp(i—l/2,j,k)>) (E-114)
40. Paran = (NyNp(N:—1))+((N,—1)Ny(N: — 1)) +((N, —1) N, N. )+
(i—1)+ (G —1)(N, — 1) + (k= 2)(N, — 1)N,,

Pi+1/2 Pi-1/2
Crnn = —ApAz <m<app(i+1/2,j,k)> + m@pp(i—l/mvk»)

(pis1/2 — pi—1/2)Az ( 1 1 >
+ (O oop(injt1/2.k)) -
4 PRI H1/2H) (Pix1—pi)  (pi— pic1)

(pit1/2 — pi-12) Az ( 1 : )
+ <0' i,j—1/2k > a
1 eplij—1/2,k) (pi —pic1)  (piv1 — pi)

(Pi+1/2 - Pz‘—1/2)AZ
pilp

Ay ((,Oi+1/2)2 - (Pi—1/2>2) ( 1 1 )
+_ O-Z 7:7 .’ a
4 2 (Teptinr1/2) (pis1 —pi)  (pi— pi-1)

Ap ((piv1/2)* — (pi-1/2)? 1 1
+T ( 5 <0zp(i,j,kfl/2)> (p -

i — pi,l) (pz'+1 - Pi)
Ap ((piy1/2)? = (pic1y2)?
Az < / 2 P ) (i) + (Ontinnryo)

+

((Oppigr1/2k) T (Tpiij-1/2.k)))

+

. Pit1/2
— (iw)ApAz (ﬁ@pp(m/&j’kﬁ +

i1/2 = pic1ya)A

~ (iw) (Piv1/2 — pic1/2)Az
pildp

LA (:Oi 1 2)2 - (Pz’—1 2)2

- (zw)— ( 1/ 9 / (<€zz(i,j,k+1/2)> + <€zz(i,j,k—1/2)>)

Az
(E-115)

Pi-1/2 ( )
T \€pp(i—1/2,5.k >
(Pz‘ - Pz;l) pAL/2IR)

((€pptigti/2.m) + (€ppii-1/20)))

41. Paran = (N,N,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N,)+
i+ = DN, = 1) + (k= 2)(N, = 1)N,

(/)z‘+1/2 - pi—l/Q)AZ

Conn = — o =) ((Tepti.i+1/20) = (Tpptij—1/2)))
Ap (Pit1/2)” — (piz12)?
T ( 5 ((T2p(ir1/2)) = (Tiop(ijh—1/2)))
_ pir128pAz

(piz1 — pi) <<0pp(i+1/2,j,k:)> - (iw)<€pp(i+1/2,j,k)>) (E-116)
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42. Paran = (N,N,(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N,)+
(i - 2) +j(Np - 1) + (k - 2)(Np - 1)N<P

pi71/2AZ
Cmn = W<O-P<P(i_1/27jak)>
(pis1j2 = pi-1/2) A%

4(Pi - pi71>

+ <0¢p(i,j+1/2,k)> (E-117)

43. Paran = (N,N,(N,—1))+((N,— 1)N,(N,—1))+((N,—1)N,N,) +
(i = 1)+ §(N, — 1) + (k — 2)(N, ~ DN,

Az
Crn = 4p; (pi—1/2<0p<p(i—1/27j7k)> - pi+1/2<0p<p(i+1/27j7k)>)

(piv1/2 — pi—1/2)Az < L ! >
I O op(i,j+1/2,k o
1 (O i j+ / )> (piv1 —pi)  (pi — piz1)
1 ((piv172)” = (pi-1/2)?
B 4p ( / . / (<Uz<p(i,j,k+1/2)> — <0-zg0(i,j7k—1/2)>)

(Pi+1/2 - Pi—1/2)AZ .
- (<‘7s0so(i7j+1/2,k)> - (Zw)<6soso(i,j+1/2,k)>)

pildp
(E-118)

44, Paran = (N,Ny(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
I+ j(N,—1)+ (k—2)(N, - 1)N,

_ Pir12Az

Cmn =
4piq1

<Up<p(i+1/2»j,k)>

(pz'—H 2 — Pi—-1 2)Az
- 4/(p.Jrl — p/A) (Oeptijriam) (E-119)

45. Paran = (N,N,(N,—1))+((N,—1)Ny(N.—1))+((N,—1)N,N.)+
(i =1+ =2)(N, = 1)+ (k= 1)(N, — )N,

(Pz‘+1/2 - Pi—1/2)
Omn - 4 <0802(2'7j*1/2’k)>

i (Pz‘+1/2)2 - (pi71/2>2

+ > <O-z<p(i,j,k+1/2)> (E_120)

46. Paran = (N,N,(N.—1))+((N,—1)N,(N.—1))+((N,—1)N,N.)+
(i=2)+ G =N, = 1) + (k= (N, = )N,

Pi—1/2A<P
Cmn == T <0P2(i—1/27j:k)>

Ap ((:Oi+1/2)2 - (Pz‘—1/2)2
4(pi — pi-1) 2

+ ) <0zp(i,j,k+1/2)> (E-121)
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47. Paran = (N,Ny(N,—1))+((N,—1)N,(N,—1))+((N,—1)N,N.)+
(i—1)+ (G — DN, = 1) + (k= 1)(N, — )N,
Ay
Cran = _T (pi+1/2<0pz(i+l/2,j,k)> — Pi-1/2 <Upz(z'—1/2,j,k;)>)

(Pi+1/2 - Pi71/2)
- 1 ((Opetigerjom) = (Tpeij—1/20)))

Ay (Pz’ 1 2)2 - (Pi—1 2)2 1 1
+T ( 1/ 5 / <0zp(i,j,k+1/2)> ( -

CAp ((pin1y2)® = (pic1y2)”
Az 2

) (<Uzz(i,j,k+l/2)> - (ZUJ) <€zz(i,j,k+1/2)>)
(E-122)

48. Paran = (N,Ny(N,—1))+((N,—1)Ny(N,—1))+((N,—1)N,N.)+
i+ (=W, = 1)+ (k=1)(N, — )N,
Pi Ay
Crn = —%sz(wl/zj,kﬁ

Ag (pit1/2)* = (pim1/2)”
B zp(i,9 E-123
A(pit1 — pi) ( 2 (Taptigrri/n) )

49. Paran = (N,Np(N.—=1))+((N, = 1) Ny (N. = 1)) + (N, = 1) N, N2 ) +
(i - 1) +j(Np - 1) + (k - 1)(Np - 1)N<P

(Pi+1/2 - Pi—1/2)
Omn = - 4 <O—§02(i:j+1/2vk)>

B L (Pz‘+1/2)2 - (Pz‘—1/2)2

)<0’zso(i,j,k+1/2)> (E-124)

Os elementos B,, sao dados por:

Iy, sen = (N,N (N, — 1))+ (i — 1)+ (j — 1)(N, — 1)
B, = +(k —2)(N, — 1)N,;

©s

0, caso contrario.

onde [ ¢ a amplitude da corrente de excitacao. i = 2,---, N,;7 = 1,---, Ny k =
2, -+ N,

Pi+1 — Pi) (Pz’ - ,01'71)
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