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1 Definition of curl in cylindrical coordinates

7 (% 1) curl _r(vr,vth,vz) := 1/r*diff(vz,theta)-diff(vth,z);

1
~ditf(vz, )-diff(vth, z)

(%01) curl _r(vr,vth,vz):=

7 (% 2) curl _th(vr,vth,vz) = diff(vr,z)-diff(vz,r);
(%02) curl _thvr,vth,vz):=diff(vr, z)-diff(vz,r)

7 (% 3) curl_z(vr,vth,vz) := 1/ r*(diff(r*vth,r)-diff(vr,theta));

Ledite(r vih, r)-diff(vr, 9))

(%03) curl _z(vr,vth, vz): :r

2 Exanpl es

< 2.1 linear

7 (% 4) vr: O
(%4) 0

7 (%5) vth: (r/r0)*z0
r zO

%05
( ) ro

%4 (% 6) vz: ((rO-r)/r0)*zO0;

%06
(%06) 0

7 (% 7) cvr: [curl _r(vr,vth,vz), curl _th(vr,vth,vz), curl _z(vr,vth,vz)];

z0 2z0
%o7 0, —,
(Yo7) 1 ro rO]

2.2 quadratic

7 (% 8) vr: O;
(%08) 0

7 (% 9) vth: (r/r0)~2*z0;
r2z0

(%09) 02

r

7 (% 10) vz: ((r0-r)/r0)"2*z0;
(rO-r)ZzO

(%10)
ro?




bel t ram . wxm

(% 11) cvr:

[curl _r(vr,vth,vz),

2(r0-r)z0 3r z0

ro2

[curl _r(vr,vth,vz),

z0

]

((r0-r)/r0)*z0*cos(kappa*z);

[curl _r(vr,vth,vz),

(%11) [0,
ro2
- 2.3 square root
7 (% 12) vr: O;
. (w12) O
7 (%13) vth: sqgrt(r/r0)*z0
r
%913 —
] (% )‘\ro z0
7 (%14) vz: sqrt((r0-r)/r0)*z0;
ro-r
(%14) z0
B ro
7 (%15) cvr:
r
2
(%015) [0, 20
ro-r
210+
| ro
- 2.4 z rotation
7 (% 16) vr: O;
 (w16) 0
7 (% 17) vth: (r/r0)*z0;
 (017) 2O
B ro
7 (%18) vz:
r0-r)co z) z0
(%318)( Jcos(k 2)
B ro
7 (%19) cvr:
co z)z0 2
(%019) [ O, Ax2) , 20
B ro ro
L]

(% 20)
(%20)

VI
ro

ro;

2.5 plane wave

curl _th(vr,vth,vz),

curl _th(vr,vth,vz),

r
—++/— 20
ro

—r0

]

curl _th(vr,vth,vz),

2/ 5

curl _z(vr,vth,vz)];

curl _z(vr,vth,vz)];

curl _z(vr,vth,vz)];
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7 (% 21)
(%021)

7 (% 22)
| (W22)

7 (% 23)

(%023)

7 (% 24)
| (%24)

~ (% 25)

(%025)

7 (% 26)

(%026)

7 (% 27)

(%027)

7 (% 28)

7 (% 29)
(%929)

~ (% 30)
(%930)

7 (% 31)
- (%31)

7 (% 32)
(%32)

vt h: cos(kappa*z);

cos( k z)

vz: O;

0

cvr: [curl _r(vr,vth,vz),
_ cos(k z)

[ksinkz), 0, — —]

vr: O;

0

vth: (r/r0)”"-2*z0;

ro2zo

r2

vz: ((rO-r)/r0)n-2*z0;

ro2zo

(rO-r)2

cvr: [curl _r(vr,vth,vz),

2r02z0 r022z0
[0, - ]

curl (a)

(rO-r)3’ rs

3 Cartesian

= [diff(a[3],y) -
diff(a[1],2) -
diff(a[2],x) -
" (%28) curl(a): =[diff(as, y)-diff(ay, z), diff(ay, z)- diff(as, x),

di ff(ay, x)- di ff(ag, y)]

curl _th(vr,vth,vz),

curl _th(vr,vth,vz),

diff(a[2],z),
diff(a[3],x),
diff(al1],y)];

v: [r*cos(kappa*z),r*sin(kappa*z), 0];
[rcos(kz), rsinNkz), 0]

curl (v);

[-krcos(kz),-krsinkz), 0]

v: [-o*y,o*x,a(x,y)];
[-0y,0x, aAX,Y)]

curl (v);

d d
[de; y)’ 'de; y)’ 20]

3/ 5

curl _z(vr,vth,vz)];

curl _z(vr,vth,vz)];
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-~ 4 General solution

" (% 33)
| (%33)

" (9% 90)

(%990)
(%91)
(%992)

" (% 93)
- (%93)

7 (% 94)
(%094)

" (% 98)

(%098)
(%999)
(%100)

(% 101)
(%0101)

(% 102)
(%102)

depends([TX, TY, TZ],[ X, Y, z]);
[TXXx,y,2z), TXXx,y,2), TAX,y, z)]

BX: T2* sin( T*z) + T3* cos( T*y);
BY: T3* sin( T*x) + T1* cos( T*z);
BZ: T1* sin( T*y) + T2* cos( T*x);

cos(y T) T3+sinzT)T2

sinxT)T3+cos(zT)T1

cos(x T)T2+siny T)T1

curl ([ BX, BY, BZ]);
[TsinzT)T1+Tcos(y T)T1, Tcos(zT)T2+TsinxT)T2, TsinNy T) T3+

T cos( x T) T3]

factor(ratsinp(%);
[ T(sinzT)+co(y T))T1, T(cos(z T)+sinxT)) T2, T

(sin(y T)+cos(x T)) T3]

BX: T2* sin( T*z) + T3* cos(onega*t-kappa*z);
BY: T3* sin( T*x) + T1* cos(onega*t-kappa*z);
Bz: T1* sin( T*y) + T2* cos( T*x);

coS(kKz- wt)T3+sinzT)T2
sinN(xT)T3+cos(kz-wt)T1
cos(x T)T2+siny T)T1

curl ([ BX, BY, BZ] ) ;
[Tcoy T)Tl+ksinkz-wt)TL, -ksSinkz-t)T3+Tcoy(z T) T2+T

7si N(xT)T2, Tcos(x T) T3]

factor(ratsim(%);
[(Tcoy T)+ksinkz-wt)) TL, -

7(Ksir(Kz-wt)TB-Tcos(zT)TZ-Tsir(xT)T2), Tcos(x T)T3]

- 5 Generating B froma potential function

(% 124)

(%0124)

(% 125)
(%125)

depends([phi],[x,y,t]);
[gXx,y,t)]
depends([W,[X,Y,z,t]);

[wWx,y,z, t)]
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7 (% 126) BX: -diff(phi,y);
BY: diff(phi,x);
BZ. w,

d

dy
(%0127) i
d x ¢

(%128) w

(%0126) -

¢

7 (%137) c: curl ([ BX, BY, BZ]);

(%)137)[dw 9w d? +d2 ]
dy " Tdx " dy2 P gx2®

E Bel tram conditions

7 (% 141) c[ 1] =BX;
c[ 2] =BY;
c[ 3] =Bz;
d
dy
(%0142) - d W‘i

d x dx(p

d? d?
(%143) —— @+—— =W

dy2(p ax2?

d
%141) —— w=-
(% )dy [0)

- 5.1 Exanple

?(%197) phi: (cos(x)+sin(y))*cos(t);
 (%@197) cog(t)(sin(y)+cos(x))

7 (%198) w. -phi;
 (%198) - cos(t)(siny)+cos x))

7 (%199) B ev([BX BY,BZ],diff);
 (%199) [ - cos(t)cos(y), - cos(t)sin(x), - cos(t)(siny)+cos(x))]

"~ curl (B)=B

7 (%200) ev(curl ([BX, BY,BZ]),diff);
 (%200) [-cos(t)cos(y), -cos(t)sinx),-cos(t)siny)-cos(t)cosx)]

7 (%201) factor(%;

i (%0201) [ -cos(t)cos(y), -cos(t)sinx), -cos(t)(siny)+cos x))]




