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7 (%11) kill (all);
7(%00) done
7(%i1) cross(a,b) := [a[2]*b[3] - al[3] b[Z],
al3]*b[1] - all]l*b[3],
| alll*b[2] - al[2]*b[1]];
(%Ol) cross(a,b):=[a2 b3—a3b2, a3b1—a1 b3, ai b2_522 bl]
7(%i2) curl(a) := [diff(al3],y) - diff(al2],2z),
diff(al[l],z) - diff(al3],x),
diff(al2],x) - diff(all]l,vy)];
(302 (a):ep O d d @ 4 a4
7(00) cur (a).—[dy as dzaz'dzal 4 x a3,dxa2 ay ai |
?(%i3) grad(psi) := [diff (psi,x), diff(psi,y), diff (psi,z)];
d d d
% v):= v, v, '4
7( 03) grad( ) [dx dy dz ]
] . .
1 Equation set of 7 equations

( ) depends ([omega_0, omega_x, omega_y,omega_z,Q0 x,Q0_vy,Q0 z,Phi], [x,y,z,t]
( ) [wO(XI_YlZI t)rwx(XIYIZIt)lwy(XIYIZIt)IwZ(XIYIZI t)r
O\ X1 Y 2y t), Qy(x, YirZy t), Qz(x,y, Zy t), @(X, YirZy t)]

7(%i6) omega: [omega_x, omega_y, omega_z];
Q: [0x, Oy, Q_z];
) (Wi, Wy, wy]

) [0xs 0,/ 0,]

- 1.1 Eq. (15)

7(%i7) E15: diff (cross(omega,Q),t) = —-omega_0O*curl (Q)-cross (grad(omega_0),C

(
) d d
e () (G o (G (o)
d d d d d
() (o ) o (4 )(dth)wX'—QX(dtwy)—(dtQ)
d d d
wy—i-Qy dth) Qy)wx] (dz wo)_QZ<dywo)_
d d d d d d
ay %274, 2 )wof—Qx< B ) dxwo)_(dz QX_deZ)wO'QX
d
) (Goe) (e e

]

1.2 3 Egs. from Eq. (15)
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7(%i10) El5a: first(lhs(E15))=first (rhs(E15));
El15b: second(lhs (E15))=second(rhs (E15));
E15c: third(lhs (E15))=third(rhs(E15));

d d d d d
(o8l Ty (dt “’z)‘(dt Qy) wat O (dt “’y)*(dt Qz) “r=0 (dz ‘*’0)
d d d
Q2 (dy WO)‘(Y 2T, )

t
d d d
“Op [ owo ) ooy 0k ) wo
B y(dX )(dxydy X)

- 1.3 Egs. (19-22)

7(%113) E19: diff(Q_z,y) - omega_y*Q z = —(diff(Q_y,z) - omega_z*Q V);
E20: diff(Q_x,z) - omega_z*Q_x = —(diff(Q_z,x) - omega_x*Q_z);
E21: diff(Q_y,x) - omega_x*Q vy = —(diff(Q_x,y) - omega_y*Q_ x);
5 d d
(/oOll) @ QZ_QZwy:Qwa_E Qy
d
(5012) E QX_QXwZ:QZwX_a Qy
5 d a d
(%013) dx Qy—Qwa—Qwa—E Oy
L

1.4 Eq. (23)

7(%i14) E23: Q _x*(diff (omega_z,y)-diff (omega_y,z))+0_y*(diff (omega_x,z)-diff
+Q_z* (diff (omega_y, x)-diff (omega_x,vy))
= omega_x*(diff(Q_z,y)-diff(Q_vy,z))+tomega_y* (diff(Q_x,z)-diff(Q_z,x)
+omega_z* (diff (Q_y,x)-diff (Q_x,vy));

X dy 2 qz 7Y Y dz * dx ?° Z dx ¥ dy X
d d d d d d
(dx Y4y Qx) “’z*(dz %" ax Qz) “’y*(dy %274, Qy) “x
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7(%i15) feval (Q_x,0Q0_vy,Q_z,omega_x,omega_y,omega_z,omega_0) := (
print ("E1l5a: ", Rl: ev(Elba,diff)),
print ("E15b: ", R2: ev(Elb5b,diff)),
print ("E15c: ", R3: ev(Elbc,diff)),

(
(
(
print ("E19: ", R4: ev(E19,diff)),
(
(
(

14
print ("E20: ", R5: ev(E20,diff)),
print ("E21: ", R6: ev(E21,diff)),
print ("E23: ", R7: ev(E23,diff)), ""
| )i
(3015) feval(QX,g%” O, Wiy Wy, Wy, Wy )= (

print(El5a: , R1:ev(El5a, diff)), print(E15b: ,R2:ev(El5b,diff)),
print(E15c: , R3:ev(El5c, diff) ,printhl9: ,R4:ev(E19,diff)),
print(E20: ,R5:ev(E20,diff);,print(E2l: ,R6:ev(E21,diff)),
print(E23: , R7:ev(E23, diff)), )

-2 Special cases

2.1 Q (with 3 oscillatory components)

7(%116) kill (omega_0,omega_x,omega_y,omega_z,Q_x,0_v,0_z,Phi,Q_0);

(
(
7Qz(x,yq Z),Phi(x,yq Z)]

7 (%120) QO _x: Q l*cos (3beta*t- (k_x*x+k_y*y+k_z*z));
Q_y: Q_2*cos (%beta*t— (k_x*x+k_y*y+k_z*z));
Q_z: Q_3*cos (%beta*t— (k_x*x+tk_y*y+k_z*z));

(5018) Qjcos(k,z+k, y+k,x-Bt
(5019) Qycos(k,zt+k, y+k,x-Bt
(5020) Q3 cos(k,z+k, y+k,x-Bt

7(%016) done
? $117) depends ([omega_0], [t], [omega_x,omega_y,omega_z,Q_x,Q0_v,Q_z,Phi],
5017) [wo(t), wx(x, Y Z), wy(x, Y Z), wz(x, Y Z), QX(X, Y Z), Qy(x, Y Z),

[x,
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7 (%121) feval (Q_x,0_vy,Q_z,omega_x,omega_y,omega_z,omega_0) ;

El5a: [ Q3wy sin(kz Z—I-kyy—i—kxx—,@ t)—,@ Oy w, sin(kz Z—f—kyy—l-kxx—ﬂ t):—
wy <Q2 k. sin(kz Z—I-kyy—i—kxx—,@ t)—Q3 k, sin(kz Z—I-kyy—i—kxx—,@ t))
E15b: B 0w, sin(kz z+k, y+k,x-p t)—B 05 W, sin(kz z+k, y+k,x-p t):—
wy <Q3 k, sin(kz z+k, y+k,x-f t)—Q1 k, sin(kz z+k, yt+k,x-B t))
El5c: B0y, wy sin(kz Z—f—kyy—l-kxx—ﬂ t)—ﬂ 0 wy, sin(kz Z—f—kyy—l-kxx—ﬂ t):—
wy <Q1 k, sin(kz Z—f—kyy—l-kxx—ﬂ t)—Q2 Ky sin(kz Z—I-kyy—i—kxx—,@ t))

E19: -03k, sin(kz ztk, y+k,x-p t)—Q3 w,, cos(kz z+k, y+k,x-p t)=Q2 k,
sin(kz ztk, y+k,x-p t)+Q2 w, cos(kz ztk, ytkyx-Bt

E20: -01 k, sin(kz ztk, yt+kyx-f t)—Q1 w, cos(kz z+k, y+k,x-p t)=Q3 Ky
sin(kz ztk, y+k,x-p t)+Q3 Wy cos(kz ztk, y+k,x-p t)

E21: -0, k, sin(kz ztk, ytk, x—Bt)-0,w, cos(kz z+k, y+k,x-p t):Ql k,

sin(kz ztk, y+k,x-p t)+Q1 Wy, cos(kz zt+k, yt+kyx-f t)

d d d d
E23: Q1| o o wym o wy cos(kz Z—I-kyy—i—kxx—,@ t)+Q2 e wx—a w,

d
P w JE
dx ¥ dy
0, k, sin(kz z+k, y+k,x-p t)—Q3 k, sin(kz zt+k, y+k,x-f t) +w,
O3 ky sin(kz z+ky, y+ky x-B t)—Ql k, sin(kz z+k, y+ky x-pB t) +w,
01 k, sin(kz z+k, y+k,x-p t)—Q2 Ky sin(kz z4+k, y+k,x-f t)
(%021)

cos(kz ztk, y+k,x-p t)+Q3 Wy cos(kz zt+k, yt+k,x-p t):wx

8
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7(%i28) ratsimp (R1/sin (k_z*z+k_y*y+k_x*x—-%beta*t));
ratsimp (R2/sin (k_z*z+k_y*y+k_x*x—-%beta*t));

ratsimp (R3/sin (k_z*z+k_y*y+k_x*x—-%beta*t));

ratsimp (R4) ;

ratsimp (R5) ;

ratsimp (R6) ;

ratsimp (R7) ;

$022) ,8Q3 wy_,B Q2 wZ:(Q3 ky_QZ kZ)CUO
5023) B Oy w,-B 03 wx:(Ql k=03 kx) wo
$024) B o,w,-B0; wy:(QZ k,—01 ky)wo

%025) —Q3kysin(kzz+kyjh+kxx—ﬂt)—Q3wycos(kZZ+ky)F+kXx—ﬂt):%b
k. sin(kZ z+k, ytkyx—p t)—|— O w, cos(kZ z+k, ytkyx—P t)

(%$026) —Qlstin(kzZ+kyjﬁ%kxx—ﬂt)—Qlwzcos(kzZ+kyjﬁ+kxx—ﬂt):%%
K sin(kZ z+k, ytkyx—p t)—|— O3 Wy cos(kZ z+k, ytkyx—P t)

(%$027) —Q2szin(kzZ+kyjﬁ%kxx—ﬂt)—Q2chos(kZZ+kyjﬁ+kxx—ﬂt):%h

k, sin(kz z+k, ytk,x-p t)—l—Ql wy, cos(kZ z+k, ytkyx—P t)

. d d d d d
(f028) (0| g, Wz )" g W) T g, Wy T g W) T2 g, v

d
~ 05 (dy wy ) ) cos(kZ z+k, y+k,x—f3 t):
((Ql ky -0z kx) wz+(Q3 ky—0q kz) wy+(Q2 k,-0Q3 ky) wx)

sin(kzz+kyyh+kxx—ﬂt)

- 2.2 Q (with 2 osc. components), omega=const.

7(%i29) kill (omega_0, omega_x,omega_y,omega_z,Q _x,0 v,Q_z,Phi,Q _0);
(%029) done

(%$130) depends ([omega_0], [t], [omega_x, omega_y,omega_z,Q_x,Q_vy,0Q0 z,Phi], I[x,
(%030) [wo(t),wx(x,yn z),wy(x,yn z),wz(x,yq Z),Qx(x,yn z),Qy(x,jf,z),
7Qz(x,yn Z),Phi(x,yn Z)]

7 ($133) QO x: O_l*cos (3beta*t— (k_x*x+k_y*y));
Q v: Q_2*sin(%beta*t— (k_x*x+k_vy*v));
| QO_z: Q_3;
(3031) 0O cos(k vtk x— ﬂt)
(3032) -0, sin(kyy+kxx—ﬂ t)
(%033) QO3

7(%i36) omega_x: 0;
omega_y: 0;
omega_z: kappa;

($5034) 0
(%035) 0
(%5036) K
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7 (%137) feval (Q_x,0_vy,Q_z,omega_x,omega_y,omega_z,omega_0) ;
Elb5a: -8B Q2ficos(kyy—|—kxx—,8 t):O

E15b: ﬂansin(kyy+kXx—ﬂ t):o

El5c: 0=-wq <Q1 k, sin(ky v+k,x-p t)—Q2 ky cos(ky v+k,x-B t))
E19: O:—ansin(kyy—i—kxx—ﬁ t)

E20: —ancos(kyy—l-kxx—ﬁ t):O

E21: -0, k, cos(kyy—i-kxx—ﬁ t):Ql k, sin(kyy—i-kxx—ﬁ t)

E23: 0=k (Ql k,, sin(kyy—i-kxx—,@ t)—Q2 k, cos(kyy—i-kxx—ﬁ t))
(5037)

7(%i44) El: ratsimp (R1/cos (k_y*y+k_x*x—-%beta*t))
E2: ratsimp (R2/sin (k_y*y+k_x*x—-%beta*t))
E3: ratsimp (R3/sin (k_y*y+k_x*x—-%beta*t));
E4: ratsimp (R4/sin(k_y*y+k_x*x—-%beta*t));
( ( )
( ( )
( ( )

4

14

4

E5: ratsimp (R5/cos (k_y*y+k_x*x—-%beta*t)
E6: ratsimp (R6/sin (k_y*y+k_x*x—%beta*t)
E7: ratsimp (R7/sin(k_y*y+k_x*x—-%beta*t)

(3038) B0, k=0
($039) B0 k=0
01 ky wo sin(kyy—i-kxx—ﬁ t)—Q2 k, wo cos(kyy—i-kxx—ﬂ t)

sin(ky v+k,x-B t)

14

4

(%040) 0=-

(%041) 0=-0, K
(%042) -0y K=0
05 ki cos(kyy+kx x—f3 t)

(%043) o
Sin(ky}/‘i‘kxx—,@ t) 1Ry
(5044) O::QlkyRSin(kYY+kXX_Bt)_Q2kx“CoS(kYY+kXx—Bt)

sin(ky vtk,x-B t)

" ($145) solve ([E3,E2,E1], [0Q1,02,03]);
(%5045) []

7(%i46) solve ([E1,E2,E7], [k_x,k_vy,k_z]1);
(%3046) [1]

2.3 general Q, omega=const.

7 (% ) kill (omega_0, omega_x,omega_y,omega_z,Q _x,0 v,Q_z,Phi,Q _0);
B (%047) done
7 (%148) depends ([omega_0], [t], [omega_x, omega_y,omega_z,Q0_x,Q_vy,0Q0 z,Phi], I[x,

(%048) [wo(t),wx(x,y, z, t),wy(x,y, z, t),wz(x,y, z, t), QX(x,y, z, t),
7Qy(x,y, z,t), 0,(x,v,2,t),Phi(x,y,z,t)]
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7(%i51) omega_x: 0;
omega_y: 0;
omega_z: kappa;
| (%049) O
(%050) 0
| (%051) K
4 (%152) feval (Q_x,0Q0_v,Q_z,omega_x,omega_y,omega_z,omega_0) ;
| d d d
El5a _(dt Qy) H:_(dy QZ_E Qy) wo
d d d
E15b: qc QX) H:_(dz Qx—a Qz) wo
d d
Elb5c: O:—(dX Qy—@ QX) wq
d
E19: @ QZ—QyK/_iz Qy
d d
B20: Oy~ Oxk=- 0,
d d
E21 a Qy:_di Ok
d d
E23 :<dx Qy—@ QX) K
B (%$052)
- 2.4 Additionally: Q_x = Q_y = f£(t) only
7 ($155) Q_x: g*sin(%beta*t);
QO_y: g*cos (%beta*t) ;
Q_ z: a(t)*x+b (t) *vy;
| ($053) qsin(,@ t)
(%054) qcos(ﬂ t)
| (3055)  b(t)y+a(t)=x
4 (%156) feval (Q_x,0Q0_v,Q_z,omega_x,omega_y,omega_z,omega_0) ;
 El5a: Bk gsin(Bt)=-wyb(t)
El15b ﬂnqcos(ﬁ t):wo a(t)
El5c 0=0
E19 b(t):n qcos(ﬂ t)
E20: -K qsin(,@ t):—a(t)
E21: 0=0
E23: 0=0
| (%5056)
7(%157) Omega: curl ([Q_x,0_v,Q z])-cross([0,0, kappa] [0 %x,0_v,0 z1);
;(%057 [nqcos(ﬂ t)—i—b(t),—nqsuq(ﬂ t) ( )
7 (%$158) ev (Omega, [a(t)=kappa*g*cos (%beta*t), b (t)=-kappa*g*sin (%beta*t)]);
| (%058) [k g cos(,@ t)—l‘é g sin(,@ t), -K g sin(,@ t)—l‘é g cos(,@ t), 0

7

/

8
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(%$159) Omega: (-sgrt(2)*kappa*g*[sin (%$beta*t-%pi/4), sin(%beta*t+%pi/4), 0]

. ™ . e
(5059) [—\/EnqSln(ﬂt—4),—\/§nq31n(ﬂt+4),0]



