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(%i1) kill(all);
(%o0) done

 1 Diff. Operators in Spherical coordinates

(%i1) grad_s(psi) := [diff(psi,r), 1/r*diff(psi,theta), 1/(r*sin(theta))*diff(psi,phi)];

(%o1) grad_s( )Y :=[diff( )Y,r ,
1

r
diff( )Y,q ,

1

r sin( )q
diff( )Y,f ]

(%i2) div_s(a) := 1/r^2*diff(r^2*a[1],r) + 1/(r*sin(theta))*diff(sin(theta)*a[2],theta)
+ 1/(r*sin(theta))*diff(a[3],phi);

(%o2) div_s( )a :=
1

r2
diffæè

ö
ør2 a1,r +

1

r sin( )q
diff( )sin( )q a2,q +
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r sin( )q
diff( )a3,f

(%i3) curl_s(a) := [1/(r*sin(theta))*(diff(sin(theta)*a[3],theta) - diff(a[2],phi)),
              1/(r*sin(theta))*diff(a[1],phi) - 1/r*diff(r*a[3],r),
              1/r*(diff(r*a[2],r) - diff(a[1],theta))];

(%o3) curl_s( )a :=[
1

r sin( )q
æ
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ødiff( )sin( )q a3,q -diff( )a2,f ,

1

r sin( )q

diff( )a1,f -
1

r
diff( )r a3,r ,

1

r
( )diff( )r a2,r -diff( )a1,q ]

(%i4) Delta_s(psi) := 1/r^2*diff(r^2*diff(psi,r),r)
+ 1/(r^2*sin(theta))*diff(sin(theta)*diff(psi,theta),theta)
+ 1/(r^2*sin(theta)^2)*diff(psi,phi,2);

(%o4) Delta_s( )Y :=
1

r2
diff( )r2 diff( )Y,r ,r +

1

r2 sin( )q

diff( )sin( )q diff( )Y,q ,q +
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r2 sin( )q
2
diff( )Y,f,2

(%i5) a_nabla_s_b(a,b) :=[a[1]*diff(b[1],r) + a[2]/r*diff(b[1],theta) + a[3]/(r*sin(theta))*diff(b[1],phi),
                    a[1]*diff(b[2],r) + a[2]/r*diff(b[2],theta) + a[3]/(r*sin(theta))*diff(b[2],phi),
                    a[1]*diff(b[3],r) + a[2]/r*diff(b[3],theta) + a[3]/(r*sin(theta))*diff(b[3],phi)];

(%o5) a_nabla_s_b( )a,b :=[a1 diff( )b1,r +
a2
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diff( )b1,q +

a3

r sin( )q
diff( )b1,f

,a1 diff( )b2,r +
a2

r
diff( )b2,q +

a3

r sin( )q
diff( )b2,f ,a1 diff( )b3,r +

a2

r
diff( )b3,q

+
a3

r sin( )q
diff( )b3,f ]

 2 Diff. equation

  2.1 Definitions and Diff.Eq.
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(%i6) b: [v[r], v[theta], v[phi]];
(%o6) [vr,vq,vf]

(%i7) depends([E,v],[r,theta,phi]);

(%o7) [E( )r,q,f ,v( )r,q,f ]

(%i8) E1: E[phi] = x*a_nabla_s_b(b,[0,0,v[phi]]);

(%o8) Ef=[0,0,
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  2.2 E[phi] of a current loop

(%i9) E[phi]: third(rhs(E1));
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(%i10) v[r]: v[theta]: 0;
(%o10) 0

(%i11) v[phi]: mu[0]*I*a^2*r*sin(theta)/(4*(a^2+r^2)^(3/2))*
(1 + 15*a^2*r^2*sin(theta)^2/(8*(a^2+r^2)^2));

(%o11)

m0 a2 r sin( )q
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3 2/

(%i12) E1: ev(E[phi],diff);
(%o12) 0

 3 Graphics of A[phi], v[phi]
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(%i13) v1: ev(v[phi], [a=1, I=1, mu[0]=1,r=0.5]);
v2: ev(v[phi], [a=1, I=1, mu[0]=1,r=1]);
v3: ev(v[phi], [a=1, I=1, mu[0]=1,r=1.5]);
v4: ev(v[phi], [a=1, I=1, mu[0]=1,r=2]);
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(%i18) wxplot2d([v1,v2,v3,v4], [theta,0,%pi], [ylabel, "v[phi]"],
[legend, "r=0.5", "r=1.0", "r=1.5", "r=2.0"])$

(%t18)


