386 (5a) .wxm

(%11) kill (all);
0) done

7(%il) cross(a,b) := [a[2]*b[3] - al[3] b[Z],
al3]*b[1] - all]l*b[3],
| all]l*b[2] - al2]*b[1]];
(%Ol) cross(a,b):=[a2b3—a3b2, a3b1—a1b3, a1b2—a2b1]
7(%i2) div(a) := diff(alll,x) + diff(al2],y) + diff(al3],2z);
7 (%02) div(a)' —gf a +-4§f a +-4§f a
| ’ T dx 1 dy 2 dz 3
7(%i3) curl(a) := [diff(al[3],y) - diff(al2],2z),
diff(al[l],z) - diff(al3],x),
diff(af2],x) - diff(all]l,y)];
. . d d d d d d
7(603) curl(a):={ dy BT a2 2 9, Mg B g R, a ]
L] .
2 Antisymm-Eqgs. (6-8)
7 (%i4)  depends([Al, [x,v,z]);
| (%04) [A(x, v, 2)]
7(%i7) E6: diff (A[3],y)-omegal[2]*A[3] = —(diff(A[2],z)-omegal[3]*A[2]);
E7: diff(A[1l],z)-omegal[3]*A[l] = —(diff(A[3],x)-omegall]l*A[3]);
| E8: diff (A[2],x)-omegal[l]*A[2] = —(diff(A[l],y)-omegal[2]*A[1])
d d
(%05) @ A3 —Wy A3:A2 UJ3—E A2
(%06) —EL'A —A Wy3=wq A —Afer
50O gz SlTAwWsTWIL AT A3
(%07) iA—wA—Aw—iA
700 dX212_12dy1
[
3 Eq. (1) -—> (9-11)
(%18) El: curl(A) = —-cross(omega,A);
5 d d d d d d
(%08) [@AB_E A2,EA1—E AB’aAZ_diy Al]:[A2w3—w2A3,w1A3

—-A] w3, A] Wy —w7 AZ]
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2/ 5

7(%ill) E9: first(lhs(El)) = first (rhs(El));
E10: second(lhs(El)) = second(rhs (El));
Ell: third(lhs(El)) = third(rhs(El));
d
%09 —— Ay —— Ay,=A, w3 -wy A
( ) gy 237 g, f2TA2wWsTw2 A
d d
(%OlO) e Al—i A3:(U1 A3 _Al w3
dz dx
d d
(%011) e Az—i A]_:Al Wo —Wq Az
| d x dy
L] .
4 Solve antisymm. eqgs. (6-8)
7(%i12) ESa: solve([E6,E7,E8], [omega[l], omegal[2], omegal[3]]);
(%012) [ [wi=~
A d A +A d A d A +A d A +A d A d A
1 dy 3 2 ax 3 g, 1\ g5 2 3 dx 2 dy 1
Iw2:
2 A, Aj
A d A +A d d A +A A +A Ay + A
1 dy 3 2 ax 3T 4, 1 2 3 274 1
y W3 =
2 Ay Aq
A d A +A d A+ a A +A d A +A A d A
1 dy 3 2\ gx 3T g, 1 1\ g5 2 3 a 274 1 .
2 A A,
[

(%$113)
(%$013)
[

5 Solve egs. (9-11)

ESb: solve([E9,E10,E11], [omega[l], omegal[2], omegal[3]]);
[]

6 Check egs. (18-20)

¥ (5116)

(%5014)
(%5015)

(%$010)
¥ (5117)

(%017)

E18: diff(A[3],y)+diff(A[3],x) = omegal[3]* )
E19: diff(A[l],z)+diff(A[l],y) = omegalll*(A[3]+A[2]);
E20: diff(A[2],x)+diff(A[2],2z) = omegal[2]* )

d
Ag+ — A3:(A2+A1)w3
d x

d
A+ — A =w; (A3+A2)
dy

o o
‘Q N‘Q“K ‘Q

d
A+ — Ay=w, (A3+A1)
dx

(o
N

ESc: solve([E18,E19,E20], [omegal[l], omegal[Z2], omegal3]]);
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O .
7 Choice of A
O .
7.1 Define A
?(%118) A: mu 0*I*a”2/ (4% (x 24y 2+2°2)~(1/2)) *[-y, x, 01;
Ta?pyy T a? pg x
(%018) [ - ’ ;01
i 44/ 2%+ y?+x% 44/ z2?+y?+x?
7($119)  A: mu_0*I*a’2/ (4% (x 24y~242°2)~(3/2))*[-y, %, 01;
Ta’pyy T a? po x
(5019) [~ 3/2 7 52 ' 91
4 (22 +y2+x%) 4 (22 +y2+x%)

" Egs. (6-8)

" Egs.(9-11)

7(%i22) factor (ev(E6,diff)); factor(ev(E7,diff));
I a’ Mo x (w3 z%+3 zZ+ w3 y2+w3 xz)
(%020) 0= 572
4 (22+y2+x2)
T a’ o v (w3 z2+3 z+ w3 y2—|—UJ3 X2)
(%021) 572 =0
4(zz+y2+X2)
I a? Ko (wl x22—22+w1 xy2 —y2+w1 x342 xz)
(%022) - 572 =
4 (22+y2+x2)
I a? Ko (w2 v 22—22+w2 y3+2 y2—|—w2 x? y—Xz)
4(22+y2+X2)5/2

3

/5

factor (ev(E8,diff));

7(%i25) factor(ev(E9,diff)); factor(ev(E10,diff)); factor(ev(Ell,diff));
3Ia2p,0xz w3Ia2uox
(5023) 5/2 3/2
4 (22 +y2+x%) 4 (22 +y2+x%)
3Ira’poyz w3 Ia’pgy
(5024) 5/2 3/2
4 (22 +y2+x%) 4 (2% +y2+x%)
I a2 1226} (2 22 —y2—X2) I a2 Mo (w2 y+w1 X)
(%$025) =
B 4(22+y2+x2)5/2 4(22+y2+x2)3/2
?(%126) ESa: solve([ev (E6,diff),ev(E7,diff),ev(E8,diff)], [omegal[l], omegal2]
solve: dependent equations eliminated: (2)
%rlyzz+%rly3+3y2+x2 erly-3 3z
(%026) [[w:l_: : > 3 ( ),W2:%rl,(.t)3:—222
xz°+xy“+x z:t+y +x

]
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7(%i27) ESb: solve([ev(E9,diff)
solve: dependent equations eliminated:
(%027) [ [wy=
3z
2 2 2]]
| z°ty +x
”(3i28) ESc:
. —z2+2y2—X2
(%028) [ [wy= 5 5 .
xz°+xy“+x
K——> /*ESc:

($129)

(%5029)

(2)

(sr2y+2)z+er2y’-y*+x* (sr2y-1)

,ev(E10,diff)

X 22—|—Xy2+x3

solve ([ev(E18,diff)

z2—|—y2—2 X

r Wo=—

Solution omega for A

omega:

rhs (first (ESc) [31)]);

z2 -2 y2—|—x2

zz+y2—2 x2

y(zerxz)er3 'Y

,ev(E19,diff)

22+y2+x2

factor ([rhs (first (ESc) [1]),rhs (first (ESc) [2]),

3z

[_ r

x(zz+y2+x2)
Other terms

OXA':

3Ia2p,0xz

14
y(22+y2+x2) 22+y2+x2

factor (cross (omega,A));

BIazp,Oyz

I a? Ko (2 z? —yz—xz)

,wzz%rZ,w3:

[_

4 (zz+y2+xz)5/2

CA:
3Ia2p,0xz

; —

4 (zz+y2+xz)5/2

factor (curl (A));

BIazp,Oyz

’

I a? Ko (2 z? —yz—xz)

[
4 (zz+y2+xz)5/2

B: cA-0oxA;
3Ia2p,0xz

’

’

4 (zz+y2+xz)5/2

BIazp,Oyz

4 (22+y2+x2)5/2

I a2 Ko (2 z? —yz—xz)

(
2 (22 +y%+x?)

Tests

cA+0xA;
[0,0,0]

factor (div (oxA)) ;
0

factor (div (B));
0

5/2 7

’

2 (22424 x2)?

2 (224 y2+x2)°"?

4 (22+y2+x2)5/2

]

]

,ev(Ell,diff)], [omegal[l],

solve([ev(E8,diff),ev(Ell,diff),ev(E9,diff)], [omegall],
2
3z

,ev(E20,diff) ], [omegall],

]

5

omega [

omega [ 2

ome
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($136)
(%036)

o\

factor (curl(B));
[0,0,0]

5

/

5



