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- 1 Definition of curl and div in cylindrical coordi

(%00) done

(%11l) kill(all); numer: false;
(%01) false

~ Curl op.

7 (%i2) curl(v) := [1/r*diff(Vv[3],theta)-diff(v[2],2),
diff(v[1l],z)-diff(v][3],r),
1/r*(diff(r*v[2],r)-diff(v[1],theta))];

(%02) curl(v)::[f:diff(v3,e)—diff(v2,z),diff(vl,z)—diff(vg,r),i

(diff(r vy, r)-diff(vy, 0))]

E Div op.

(%13) div(v) := L/r*diff(r*v[1],r) + 1/r*diff(v[2],theta) + diff(v[3],2)
(%03) div(v)::idiff(r Vi, r)+idiff(v2 ,0)rdiff(vz, z)

- 2 Coordinate transformations

Coordinate Transf. cyl. --> cartesian

(i14) Tc(x) := [x[1]*cos(x[2]),
x[1]*sin(x[2]),
x[311:
(%ho4) To(x):=[xg cos(X2), X1 SIN(X2), X3]

Vector Transf. cyl. --> cartesian

(%15) T(w) == [w[l]*cos(theta) - w[2]*sin(theta),
w[1l]*sin(theta) + w[2]*cos(theta),
w[3]11:

(%05) T(w):=[wy cos(6)-wz sin(6), Wy Sin(e)+w, cos(6),wz ]

[ NN NN

3 vector field v (no radial component, see Marsh)

~ (%i6) depends(B,r);
(%06) [B(r)]

7 (wi7) v: [0, B[theta], B[z]]1:
~ (%o7) [0,B,,B,]

~ Curl of v
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(%18) cv: ratsimp(curl(v));
d
q r (dr Bej+ Be

(%08) [0,- B, - 1

Check of Beltrami condition, per component

"N TN

(%19) az2: cv[2]/v[2];
d
—— B,
(h09) -7

By

7 (%i10) a3: cv[3]/V[3];

d
r TFBG +Be

(%010)
r B,

{f Condition for equal Beltrami scalar function of all components
7

(%i11) E1: a2=a3;
49— d B, [+B
(%o011) are_Tar ™)™
00 - =

By r B,

7 (%i12) E2: E1*B[theta]*r*B[z];
d d
%o12) -r BZ (dr sz: Be [I" (dr Bej+ Bej

7 (%i13) ode2(E2, B[z], r);

BZ
“=(log(r)+1)By+%c

%013) - =
(Ho13) -5 g

7 (%i14) ode2(E2, B[theta], r):

d
2B, Jrz(drszdr +r2 B3

(%old) - 5 =%c

div of v

i15) div(v);
(%015) 0

[ NN

4 vector fTield v (Bessel functions)
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e

e

BN

i16) kill(B);
(%016) done

(%i17) v: B[O]*[0, bessel j(1, kappa*r), bessel j(0, kappa*r)];
(%017) [O0,Bgbessel_j(1,«r),Bgbessel j(0,«r)]

Curl of v

(%i18) cv: ratsimp(curl(v));
(%018) [0,Bgbessel_j(1,«xr)«, -

(Bg bessel_j(2,« r)-Bgbessel _j(0,xr))xr-2Bgbessel_j(1,«r)

"N TN

[ NN

e

(

2r
Check of Beltrami condition, per component

i19) cv[2]/v][2];
(%019) «

7 (»i20) ratsimp(cv[31/VI3D);

(bessel_j(2,« r)-bessel j(O,xr))xr-2bessel j(1,«xr)

(%020) -
2 bessel j(0,xr)r

div of v

i21) div(v);
(%021) 0

5 vector field v (Lundquist solution functions)

i22) v: [%lambda*exp(-%lambda*z)*bessel_j(1, sqrt(alpha”™2+%lambda”2)*r)
alpha* exp(-%lambda*z)*bessel_j(1, sqrt(alpha™2+%lambda™2)*r),
sgrt(alphan2+%lambdan™2)*exp(-%lambda*z)*bessel j(0, sqgrt(alpha

(%022) [bessel j(1,Vo2+r% r)r%e *Z, bessel j(1,Va2+1% r)g%e *Z,

bessel_j(0 ., 02+32 r)\o2+)2 %e™*?]

(%i23) v: ratsubst(kappa, sqrt(alpha™2+%lambda”™2), v);
(%023) [bessel j(1,xr)r%e *%, bessel j(1,xr)o%e *%,bessel j(0,«r)
B K%e‘kz]

Curl of v
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7 (%i24) cv: ratsimp(curl(v));
- (%024) [bessel J(1,xr)ra%e *Z,
(bessel _j(1,« r)«?-bessel j(1,«r)r®)%e 7%, -
((bessel_j(2,« r)-bessel_j(O,xr))axr-2bessel_j(1,xr)g)%he *?
2r

7 (%i25) kappa: sqrt(alpha~2+%lambda”2);

(%025) /2 +7.2

div of v

((bessel_j(2,« r)+bessel_j(O,«x r)irxr-2bessel_j(1,xr)r)%e %
(%026) - 5
r

Check of Check of Beltrami condition, per component

d
( ®i26) ratsimp(div(Vv));
d
e

i27) cv[1]/v][1];
(%027) ¢«

7 (%i28) ratsimp(ev(cv[2]1/v[2]D));
(%028) o

7 i29) ratsimp(cv[31/VI3D);
(bessel_j(2,xr)-bessel_j(O,xr)oxr-2bessel _j(l,xr)aqa

(%029)

2 bessel j(O,xr)xr

7 (%i30) ratsimp(ev(cv[3]1/V[3]));
(%030) —((bessel_j(Z,«n12+x2 r)-bessel _j(0,o?+22 ri)a\ﬁ;iziiwr—Z

bessel_J(1,o2+12 r)a)/ (2 bessel j(0,\a2+22 ra2+22 r)

- 6 Plot data for first layer, X-Y and Z components

7~ (%i31) /*Filebase: "D:/Doc/Artikel-Eck/ECE-Theorie/Paper257/"*/
Tilebase: "F:/Paper258/";

(%031) F:/Paper258/

7 i32) Filename: concat(filebase, '"x2.dat");
(%032) F:/Paper258/x2.dat
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7 (%i33) numer: true:
stream: openw(filename);
printf(stream, "# x1 x2 x3 vl v2 v3 cvl cv2 cv3~%");

(%033) true
(%034) Stream [STRING-CHAR]
(%035) false

7~ (»i36) alpha: 1%
%lambda: 1%
kappa: ev(kappa);

(%038) 1.414213562373095

7 (%i39) x: [r, theta, z];
(%039) [r,0,z]

7 (%i40) Tx: Te(X);
(%040) [r cos(0),r sin(p),z]

Chid1) Tv: T(V)$

%i42) Tcv: T(cv)$

NN TN

(%143) for k:0 thru 2 do (
nf: O,
z: k,
for th:0 thru 7 do (
theta: 0.001+ th*%pi1/4,
for 1:0 thru 11 do (
r: 0.0001+1/2.,
x1: ev(Tx),
vi: ev(Tv),
cvl: ev(Tcv),
/*print (x1,vl,cvl),*/

wl: x1,
w2: vl,
w3: cvl,
nf: nf+l,

wa[nf]: append(wl, w2, w3)
).
for n:1 thru nf do write _data(wa[n], stream),
printf(stream, "~%"),
printf(stream, "~%'")
)

(%043) done

? (%i44) close(stream);
(%044) true




