> restart:with(linalg):with(difforms);with(liesynmm:
> setup(x,vy, z,t):defform x=0,y=0, z=0, t =0, UU=0, V=0, f =0, a=const, b=const, c=const, k=const,
mu=const , meconst, al pha=const, bet a=const, n=const, onega=const, kappa=const, epsi | on=const,
pi =const, p=const, e=const, N=const , H=const , Az=0, phi =0, Ax=0, Ay=0, Gamma=const , Onega=const ,
gamma=const, g=const, g=const, si gna=const) ;
[&", d, defform, formpart, parity, scalarpart, simpform, wdegree]

Correlations, and closed Constitutive Currents

Maple Name: Constitutive Currents.mws

R. M. Kiehn

USES HOLDER NORMS, CONSTITUTIVE CURRENTS from D =epsilon E and B=MuH in4D
R. M. Kiehn

from maxwell/mws and maxwellplasma.mws and MapleEM.mws
Updated 12/12/97, 11/5/98, 10/24/2002 Correcting sign of T4 and d(F), 11/09/2003, Nov 22 2008

Last update: Dec 16, 2011,

Overview
On a variety of independent variables (X,y,z,t), consider a 4 component 1-form, Ao, with coefficients Ak = Ax,Ay,Az,phi.

Define the HolderNormN, of signature (a,b,c,e) degree p and homogeneity index N, as the function:
N

p P p A
HolderNormN = (a Ax(x,y,z, )" +b Ay(x, v, z, )" +cAz(x, y, 2z, t)" +ed(x,y, 2 t) )

Define a scaled 1-form AN by dividing the 1-form Ao by the HolderNorm with index N.

AN = Ao/HolderNormN

also define AH=Ao/HolderNormH

Define the Jacobian matrix [J(AN)] of the Coefficents of of the scaled Action 1-form AN

Define the Adjoint matrix [ADJ(AN)] as the matrix of cofactors transposed of the Jacobian matrix computed from [J(AN)]

Define the Adjoint Current as the vector equal |[C> to the product of the Adoint matrix times the vector AH (not necessarily AN).
|C>=[ADJ(AN)]|JAH>

0y

If4-3N-H=0, then |C>=> |[J> AND divergence |J>=0. (A conserved adjoint current !!!)

IF N =1, H=1, and a=b=c=e=1, p=2, then the JAcobian matrix has zero determinant , and the
similarity invariants of the JAcobian matrix can be related to the curvatures of the associated

implicit surface.
The Adjoint current method will be demonstrate in another pdf file.

The 1-form of Action potentials
b I 1 7 |
A=30_ Ap(z,y, z,t)dz" — o(z,y, 2. t)dt = Aodr—odt.

The Engineering vector format of the field intensities
E = —dA/dt — grado. B =curl A = 9A4;/02 — 8A; /8"

The 2-form of Field intensities



F=dA=1{8A,/0z —3A;/82"Vdz’ "da* = Firda’ " da"
k. i ik
= B.dx dy +B,dy dz +B,d: dor + E,dr dit + E,dy dt + E.dz"dt
o o 7 ytey

The Topological Torsion vector, T4,
The 3-form of Topological Torsion (note the minus sign)
and the 4-form of Topological Parity.

Ty, = - ExA+Bg, AcB|
A'dA = (T4,
= Tidy dz"dt — T)dx"dz"dt
1T de " dy dt — Tydx"dy dz.
dA"'dA = 2(EocB) Q= K0,
= {077 /0x + 8T¢ /0y + 8Ty /0= + OT; [0t} Qg

Some additional formulas (note the signs)

The Work 1-form: W =ipVy)dA =4i(J)F
= —{pE+JxBlodr+{JoE}dt
The Lorentz force : — {fr,cn.} © dr component.
The dissipative power : +{Jo E}dt component.

Properties of the Topological Torsion vector T

(T = AdA

N = TydA=0c A
U = T )A=0.
I"I'T;:I"J! = o A

QdQ = LiryA LirydA=0"A"dA+#0,
JAdA = (21) o Q,

NOTES:



The fundamental references are my monographs Voll and Vol4, which can be found at http://www.lulu.com/kiehn

ES

This Maple program computes Maxwell-Faraday formulas from the postulate of potentials F-dA=0.

Given a 1-form of Action on 4D space time, the E and B fields follow by exterior differentiation.

The 2-form F is the set of limit points for the 1-form, A.

The Maxwell Ampere equations are computed from the postulate of charge currents, J-dG=0.

The 2-form density, G, with components D and H, is constructed in several ways

1. The most simple assumption selects the Lorentz-Minkowski vacuum constitutive equations, D = epsilon E B =mu H.

2. A more complicated procedure selects the complex 6x6 constitutive matrix formulated by Post (see Vol 4)

3. Another procedure selects a chiral formulation for a the constitutive matrix. (see Vol4).
The chiral additions to the Lorentz involve adding terms alpha*(g+I*gamma)*sqrt(mu/epsion) The factor alpha is
more than likely equal to 1/(2*fine structure constant), which makes the effective chiral impedance the Hall Impedance ~ 137/2  Free

Space Impedance.

ES

The 1-form of Action not only encodes the electromagnetic potentials,

but also topologically encodes a thermodynamic system. (see Voll).

The Potentials, not the charge current densities, are used as the computational starting point,

with functions defined on a basis variety if 4 dimensions (X,y,zt).

This topological approach is more useful for the constuction of field, not necessarily particle, properties
of Plasma systems, where charge currents can be associated with collective states, not individual particles
k

The program also permits the study of homogeneous systems of various degrees, through the use of

Holder Norm divisors.

%

The procedure starts with the functional input the 4 potential, and computes

E,B, then D,H using a constitutive map, ,Jamperian,Jdisplacement,Jtotal, and the Charge density, rho,

as well as

the Torsion vector = -[ExA+Bphi, AdotB]

the Spin Vector = A x H + Dphi, AdotD,

the First Poincare invariant = F*G -A"J = (BdotH-DdotE) -(AdotJ-rho.phi),

the second Poincare Invariant = FAF = +2EdotB,

the Lorentz Force = - tho E +J x B,

the dissipation = JdotE,

the Poynting vector ExH,

the Topological Torsion, A*F

the Topological Spin A*G,

the 4D interaction energy density, AdotJ - rho phi,

the Work 1-form W =i(J,tho) F,

the internal energy U = AdotJ - rho phi

the Heat 1-form Q=W + dU

The program checks to see if Q*dQ is zero ( hence {J,rho} is a reversible process) or not zero (hence {J,tho} is an irreversible process.
and the similarity invariants of the correlation Jacobian matrix computed from the (possibly scaled and homogeneous) Action 1-form of
Potentials.

If A*F = 0, then the thermodynamic system is of PTD 2 or less

If A”F is not zero, but F/F is zero, then the thermodynamic system is a Closed non-equilibrium system that can exchange mass/energy or
radiation, but not particles with its environment.

If F/F is not zero, then the thermodynamic system is an Open non-equilibrium system that can exchange particles as well as mass/energy
or radiation with its environment

(see vol4)

It is remarkable that a choice of vector and scalar potential functions can lead to charge current 3-forms whose coefficients are
proportional to the the vector and scalar potentials. J = chi A which is the form of a London current.

The are also cases where the Topological Spin current has coefficients that are proportional to the coefficients of the Lorentz force.

BE AWARE The algebra can be overpowering. Thank you Maple.

The main procedure



JCM =proc(Al, A2, A3, phi,a,b,c,e, p,N H CH, signa)

| ocal BFC, TFC, EF1, EF2, EF3, JAC, JDC, SFC, ExBC, S2:
gl obal Alf orm HEL, ExB, NAME, | anbdaN, | ambdaH, ACTI ONN, ACTI ONH, Act i on, Acti onem JACOB, ADJACOB,
ADJQO NT, ADJO NTCURR, Xm Yg, Za, Tk, Edot B, E, EXA, A, AA, BB, Ea, Eg, B, F, Fem Tor si on3_form
Torsion3_formem Parity4 form Q dQ QdQ dQdQ QdQ4, DETJACOB, T3, T4, U, Uch, Uadj , JXB, JXBch, JXBadj ,
Adot T4, DI VT4, DI VADJO NTCURR, Pari t yFFFF, ParityDl V_T4, Parit y2Edot B, Adot J, Adot Jch, Adot Jad] ,
CHECK, CHECKch, CHECKadj , A4, DFcha, HFcha, Jdot E, Jdot Ech, Jdot Eadj , J, Jch, Jadj, rho, rho_ch, rho_adj,
rho_E, rho_Ech, rho_Eadj, dWor k, dWor kch, dWor kadj , Wor k_1f or m Wor k_1f or nch, Wor k_1f or nadj , Wor k,
Wor kch, Wor kadj , DF, DFch, DFadj , HF, HFch, HFadj , EXH, EXHch, EXHadj , CD, CDch, CDadj , JA, JAch, JAadj , JTOT,
JTOrch, JTOradj , DI VITOT, DI VJTOTch, DI FJTOTadj , JD, JDch, JDadj , SP3, SP3ch, SP3adj , SP4, SP4ch, SP4adj ,
dSP4, dSP4ch, dSP4adj , OPT, OPTch, OPTad]j , AXH, AXHch, AXHadj , LAGF, LAGFch, LADFadj , PI, Pl ch, Pl adj , LF,
LFcn, LFadj, SPI N3_form dSPI N3_f or m BH, DE, AJ, r hophi , CCB, AJJJ, AAAA, LONFAC, PTD, AxJ, Zf s, Zf sm Zf se,
LFSPI N, SF, TF:

Compute Holder Norms with N and H homogeneity index. Note N and H can both be zero, But if 4 - 3N - H = 0, then the adjoint current is
closed, dJ = 0.

> | anbdaN: =subs(a=a, b=b, c=b, e=e, p=p, (a*Al*p+b* A2"p+c* A3*p+e* (- phi ) *p) (N p));
> | anbdaH: =subs(a=a, b=b, c=c, e=e, p=p, (a* Al*p+b* A2"p+c* A3*p+e* (- phi)*p)"(H p));

Scale Action 1-forms with Holder divisors, compute Jacobian Correlation matrix of scaled Action and its Adjoint
Compute Action 1-form of Potentials,

the 2-form of field intensities F =dA , giving the E and B fields as coefficients

the 3-form of Topological Torison, A*F,

and the 4-form of Topological Parity.

Compare differential form methods with vector methods for Maxwell-Faraday equations.

> ACTI ONN: =[ A1/ | anbdaN, A2/ | anbdaN, A3/ | anbdaN, - phi /| anmbdaN] ;

> ACTI ONH: =[ A1/ | anbdaH, A2/ | anbdaH, A3/ | anbdaH, - phi / | anbdaH] :

> JACOB: =j acobi an(ACTIONN, [ X, Yy, z,t]):

> ADJO NT: =adj oi nt (JACOB) :

> DETJACOB: =f act or (det (JACOB) ) ;

> Action: =wcol | ect (i nnerprod(ACTI ONN, [d(x),d(y),d(z),d(t)]));

> A =([ACTI ONN[ 1], ACTI ONN[ 2] , ACTIONN[ 3] 1) ;

> A4: =phi /| anmbdaN;

> BB:=curl (A [x,y,2z]);B =[factor(BB[1]),factor(BB[2]),factor(BB[3])];

> Ea:=(-diff(At));CCB: =sinplify(curl (curl (B, [x,y,2]),[%,Y,2]));

> Eg: =eval m(grad(-phi/lanmbdaN, [Xx,y,2]));

> E =([factor(Ea[1] +Eg[ 1] ), factor(Ea[2] +Eg[2] ), factor(Ea[3]+EQg[3])]);

> Edot B: =factor (E[1] *B[ 1] +E[ 2] *B[ 2] +E[ 3] *B[ 3] ) ;

> Actionem =i nnerprod(A [d(x),d(y),d(z)])-phi/lanmbdaN-d(t);

> F:=wcol | ect (d(Action)):

> Fem =E[ 1] *d(x) &\d(t) +E[ 2] *d(y) &\d(t) +E[ 3] *d(z) & d(t) +B[ 1] *d(y) &d(z) +B[ 2] *d(z) & d(x) +B
[3] *d(x) &\d(y);

> Torsion3_form =wcol | ect ((Acti on&F));

> Parity4_form =factor(F&F);

Compute the Topological Torsion vector T4 using T4 = - [ExA + B phi, AdotB]
Compare the Parity coefficients of the 4-form and vector methods.
Note that A*A"F = 0 so that the 4-potentials are orthogonal to T4.



VVVVVVVVVVVVYV

V VYV

EXA: =cr ossprod(E, A);

T3: =([ EXA[ 1] +B[ 1] *phi / | anbdaN, EXA[ 2] +B[ 2] *phi / | anbdaN, EXA[ 3] +B[ 3] *phi /| anbdaN] ) :
HEL: =f act or (i nner prod(A, B));

T4:=-([factor(T3[1]),factor(T3[2]),factor(T3[3]), HEL]);

Adot T4: =f act or (A] 1] * T4[ 1] +A[ 2] * T4[ 2] +A[ 3] *T4[ 3] - phi / | anbdaN*T4[ 4] ) ;

Dl VT4: =factor (di verge(T4,[X,y,z,t])):

ParityDl V_T4: =fact or (Dl VT4);

Parit y2Edot B: =f act or ( 2* Edot B) ;

Pari t yFFFF: =f act or (get coef f (F&'F)) ;

ParityDl V_T4: =fact or (Dl VT4);

Parit y2Edot B: =f act or ( 2* Edot B) ;

Pari t yFFFF: =f act or (get coef f (F&'F)) ;

Tor sion3_formem =T4[ 1] &\d(y) &d(z) & d(t)-T4[ 2] & d(x) & d(z) & d(t) +T4[ 3] & d(x) & d(y) &d
(t)-T4[ 4] & d(x) & d(y) & d(z);

if E=[0,0,0] and B =[0,0,0] then PTD.= 1 else PTD:=2 end if;
if T4[1]<>0 or T4[2]<>0 or T4[3]<>0 or T4[4]<>0 then PTD:.=3 else PTD:= PTD end if;
if ParityFFFF <> 0 then PTD: =4 el se PTD: =PTD end if;

Similarity Invariants of the (scaled) Jacobian matrix

>
>
>
>
>

Xm =factor (trace(JACOB));

S2: =factor(trace(innerprod(JACOB, JACOB))):

Yg: =factor ((-(1/2)*((-trace(JACOB) *trace(JACOB) +S2))));
Za: =factor((trace(adjoint (JACOB))));

Tk: =f act or (det (JACOB) ) ;

Print routines for E and B

>

VYV VVVVY

VVVVY

print(NA'VE)-print(‘********************************* foerentlal Form For-rmt * k *

EE IR IR R I R S R R I I I R ‘)-
’

print( Action 1-form = Action);

print( Intensity 2-formF=dA "= F);

print (" Topol ogi cal Torsion 3-form AMF = (Torsion3_form);

print (" Topol ogical Parity 4-form FAF = (Parityd4 form);
print(‘********************************* LJS' ng EMfOl’I’THt R e R R e R R R R R,

*****‘)-
1

print("Efield = sinplify(E));

print("B field = sinplify(B));

print (" Topol ogi cal TORSION 4 vect or T4 = -[ EXA + Bphi, AdotB] "= T4);
print("Helicity AdotB = HEL);

print(  Poincare Il =2(E. B) = 2*Edot B);

print( coefficient of Topological Parity 4-form > = factor(getcoeff(Fem&Fen)));

print(° Pfaff Topol ogi cal D nension PTD =PTD) ;



\'%

VVVY

print (" x***x*xkxkkrxkkrxkxx Correlation Simlarity Invariants of Jacobi an of
(Ak/lanbda_N) **********************)\-)\-*)\-*‘);

print(’ Xmor |inear (Mean) curvature = = Xn);
print(’ Yg or quadratic (GAUSS) curvature ~ = YQ);
print(° Za or Cubic (Interaction internal energy) curvature °~ = Za);

print(’ Tk or quartic (4D expansion) curvature ~ = Tk);

CONSTITUTIVE CURRENTS FROM D=epsilon E and H = B/mu
LORENTZ CURRENTS use free space impedance

Use the Lorentz constitutive format D = epsilon E, H = B/mu to compute the field Excitations ( D and H).
The use the Maxwell Ampere equations to compute a Closed Current
J=curl H - dD/dt. (partial derivatives).  rho=div D

>
>

VVVVVVVVVVYV vV VYV VVVVVVYV \%

\'%

\'%

Zf sm =(1/epsilon)”(1/2); Zf se: =CH* (mu/ epsi | on) ~(1/ 2) ;

DF: =[factor(epsilon*E[ 1] +Zf se*B[ 1] ), factor (epsi | on*E[ 2] +Zf se*B[ 2] ), fact or (epsi | on*E[ 3] +
Zfse*B[3])];

HF: =[ factor (B[ 1]/ nu- Zf se*E[ 1] ), factor (B[ 2] / nu- Zf se*E[ 2] ), factor (B[ 3] / nu- Zf se*E[ 3] ) ] ;
BH: =f act or (i nner prod(B, HF) ) ; DE: =f act or (i nner prod(DF, E)) ;

EXH: =(crossprod(E, HF));

CD: =fact or (di verge(DF, [ X, Y, 2]));

JAC: =curl (HF, [X,Y, 2]);

JA: =[factor(JAC[1]),factor(JAC[2]),factor (JAC[3])];

JDC. =-[diff(DF[1],t),diff(DF[2],t),diff(DF[3],t)];

JD: =[factor(JDC 1]),factor(JDC 2]),factor(JDC3])];

JTOT: s[factor(factor (JAC] 1] +si gma*E[ 1] ) +factor (JDC[ 1])), factor (fact or (JAC 2] +si gma* E[ 2]
)+factor(JDC 2])),factor(factor(JAC 3] +si gma*E[ 3] ) +factor(JDC3])),factor(CD)];

Adot J: =f act or (i nner prod( ACTI ONN, JTOT) ) ;

Jdot E: =fact or (JTOT[ 1] *si gma* E[ 1] +JTOT[ 2] *si gma* E[ 2] +JTOT[ 3] *si gma* E[ 3] ) ;

J:=eval m([JTOI[ 1], JTOI[ 2],JTOT[ 3]]); AJ: =factor (i nnerprod(A, J)); rhophi:=factor(-JTOT[ 4] *
ACTI ONN 4]) ;

rho: =JTOTI[ 4] ;

rho_E: =sinplify(rho*E);

JXB: =(crossprod(J, B));

LAGF: =f act or (factor (i nnerprod(B, HF))-factor(innerprod(DF, E)));

Adot J: =fact or (i nner prod(JTOT, ACTI ONN) ) ;

Pl : =f act or (LAGF- Adot J) ;

DI VIJTOT: =fact or (di verge(JTOT, [X,Y,z,t]));

AAAA: =i nner prod(A, A ; AJJJ: =i nnerprod(A J);
AxJ:=sinmplify(crossprod([JTOI[1],JTOI[2],JTOI[3]1,[A1],A2],A3]1]));

if AxJ[1] <>0 and AxJ[ 2] <>0 and AxJ[3]<>0 then LONFAC.= 0 end if;

if (AxXJ[1] =0 and AxJ[2] =0 and AxJ[3]<>0) and A[ 1] <>0 then LONFAC: =factor (JTOT[ 1]/ A[ 1])
end if;

if AxJ[1]<>0 and AxJ[2] =0 and AxJ[3]=0 and A[ 2] <>0 then LONFAC. =factor(JTOT[2]/A] 2])
end if;

if AxJ[1]=0 and AxJ[2] <>0 and AxJ[ 3] =0 and A[ 1] <>0 then LONFAC: =factor (JTOI[1]/A[ 1])
end if;

if AxJ[1] =0 and AxJ[ 2] =0 and AxJ[3]=0 and A[ 1] <>0 t hen LONFAC. =+factor (JTOT[ 1]/ A[1])



end if;
compute Topological Spin

AXH: =(crossprod( A, HF));

SP3: =([ AXH[ 1] +DF[ 1] *phi / | anbdaN, AXH 2] +DF[ 2] * phi / | anbdaN, AXH[ 3] +DF[ 3] *phi / | anbdaN] ) :
OPT: =fact or (i nner prod(eval n(A), DF));

SP4: =([factor (SP3[ 1] ), factor(SP3[2]),factor(SP3[3]),factor(OPT)]);

dSP4: =f act or (di verge(SP4,[x,y,z,t]));

SPIN3_form = SPA[ 1] *d(y) & d(z) & d(t)-SP4[ 2] *d(x) & d(z) & d(t)+SP4[ 3] *d(x) & d(y) &\ d(t)-
SP4[ 4] *d( x) & d(y) &\d(z);

dSPI N3_f orm =fact or (wcol | ect (d(SPIN3_form));

VVVVYVY

\'%

\'%

print (" xx**xkkrxx Conmput e Current using from Maxell - Anpere equations for
constitutive equations with chirality CH ***x**x*x*x*"y.-nprint("Chirality factor CH =
Zf se);

print("Dfield = DF);

print("Hfield = HF);

print (" Poynting vector ExH = sinplify(EXH));

print (" Anperian Current 4Vector curl HdD/ dt=J4 "= JTOT);

print( Arerian charge density divD = rho = CD);

print( divergence Lorentz Current 4Vector, 4div(J4) = factor (D VJITOT));
print (" Topol ogical SPIN 4 vector S4° =SP4);

print( Topol ogical SPIN 3-form =SPIN3 form;

print( Spin density rho_spin = factor(SP4[4]));

VVVVVYV

> print( LaGrange field energy density (B.HD.E) = LAGF);
Compute the Work, Heat and Internal Energy for a thermodynamic systems defined by the 1-form of Action, and the Closed Current.
Determine if the process J is reversible or irreversible in a thermodynamic sense.

> Work: =-([factor(factor(rho*E 1])+factor(crossprod(J,B)[1])), factor(factor(rho*Ef 2])+
factor(crossprod(J,B)[2])),factor(factor(rho*E[3])+factor(crossprod(J,B)[3])),-factor

(JdotE)]);

> CHECK: =i nner prod((Wrk), JTOT);

> Work_1f orm =wcol | ect (i nnerprod(Work, [d(x),d(y),d(z),d(t)]));

> dwWor k: =wcol | ect (sinmplify(d(Wrk_1form));

> LF:=-([factor(factor(rho*E[1])+factor(crossprod(J,B)[1])),factor(factor(rho*E 2])+
factor(crossprod(J,B)[2])),factor(factor(rho*E[3])+factor(crossprod(J,B)[3]))]);

> U =Adot J; LFSPI N: =si npl i fy(crossprod(LF, [ SP4[ 1], SP4[ 2], SP4[3]]));

> if LFSPIN 1] +LFSPI N[ 2] +LFSPI N[ 3] =0 and LF[1] <>0 then LFSPI N. =SP4[ 1]/ LF[ 1] el se LFSPI N: =

0 endif;



SF:=-([factor(factor(SP4[4] *E[1]) +factor(crossprod(SP3,B)[1])),factor(factor(SP4[4]*E
[2])+factor(crossprod(SP3,B)[2])),factor(factor(SP4[ 4] *E[ 3]) +f act or (crossprod( SP3, B) [ 3]
IDIDK

TF:. =-([factor(factor (HEL*E[ 1] ) +f act or (crossprod(T3,B)[1])),factor(factor (HEL*E[ 2] ) +
factor(crossprod(T3,B)[2])),factor(factor(HEL*E[ 3])+factor(crossprod(T3,B)[3]))]);

print(’ B.H =BH); print (" D. E =DE) ;

print(’ A J =Ad);print(’ -rho. phi " =rhophi);

print(° Poincare | (B.H- D.E)-(AJ - rho.phi) "= Pl );
print(’ London Coefficient LC =LONFAQ) ;

print (" PROCA coefficient curlcurlB =[factor(CCB[1]),factor(CCB[2]),factor(CCB[3])]);
print("  );

print (" Anperian Current 4Vector curl HdD/dt=J4 "= JTOI);

print(° Lorentz Force 3 vector due to Anpere current FL = -(rho_anpere E + J_anpere Xx
B) ‘= LF);

print( Anperian Dissipation Janpere dot E "= +JdotE );

print(° Lorentz Force Spin factor LFSPIN =LFSPIN); print(> 7);

print (" Topol ogi cal Torsion current 4 vector T4 = -[ EXA + B.phi, AdotB] "= T4);
print(° Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +
J torsion x B) = TF);

print( Torsion Dissipation Jtorsion dot E "= factor(innerprod(T3,E)));

print(° 7);print( Topological Spin current 4 vector TS4 = -[A x H + D. phi, Adot D]
SP4) ;

print(° Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J_spin x B)
= SF);

print( Spin Dissipation J spin dot E "= factor(innerprod(SP3,E)));



> print(° Disspative Force 3 vector =[factor(LF[1]+mu*SF[ 1] +TF[1]), factor (LF[ 2] +mu* SF[ 2]
+TF[2]),factor (LF[ 3] +mu*SF[ 3] +TF[ 3] )1]);
> print(° Dissipation ~=factor(JTOTI[ 4] +nu*SP4[ 4] +T4[1]));

> print(‘****************************** END PR(I:E[IJRE ****************************‘)
1

> end:

Enter the name of the problem, and the components of the 4 potential

> NAME:="- vol 1 p. 397 vol1l p.397- Hedgehog, accretion discs ;rl:=(x"2+y"2);
> G =al pha*z/ (x"2+y"2+e*z"2)"(1/ 2); ALl: =-G*b*(y)/r1l; A2: =G b*(x)/r1,;

> A3:=0; phi:=0/(4*pi*epsilon)*q/ (x"2+y"2+z"2)"(1/2);

Then call the procedure JCM(A

1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamma), 0) :

NAME := - vol I p. 397 voll p.397- Hedgehog, accretion discs
rl=x —|—y2
oz
v s —i—y2 e
azby
VP4 e (¥ 4)7)
oazbx
[T o7 2 47)
A3:=0

0:=0
- vol I p. 397 voll p.397- Hedgehog, accretion discs

G:=

Al = -

A2 =

sk sk s sk sfe sk sk sk sk sfe sk sk sk sk sk s sk sk sk sk sk sk skeosk sk skokesk skok [Eﬁ%renﬁalFbrnzFbrnuU sk sk sk sk sk s sk sk ke sfe st sk sk sk sk ke sk sk sk sk sk sk stk skok sk

skkskk
ozbyd(x) n ozbxd(y)
N xz+yz+ez2 (x2+y2) N, xz+yz+ez2 (x2+y2)

ozb (—xzy2 —2y4+x4+x2e22 —yzezz)
2

Action I-form= -

Intensity 2-form F=dA = 32
(x2+y2+ezz) (x2 +y2)
azbh (2x4-|-x2 el —y — 2622)
_ yoroz -y o) (d(x)) & (d(y)) +
(x2 —|—y2—|-ezz) (xz—i-yz)




obx (dy)) & (d(z))
(x2 -|-y2 +ezz)3/2

Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
sk sk s ske sk sfe sk st st sie sk sfe sk sie st ske sk sfe st sfe sk sk sk s skeosieosiese sk skeoskoskosk U&ﬁ%{Eﬂ4jb”nal sk sk sk st st sie sk sfe sk st st sie sk sfe st ke st ske sk sk st st sieoske sk skeoskeosieosie sk sk skok
E field=10,0,0]
obx oby azb
2, 2 2\32° 2 2 2\32° 2 9 2
(x +y +ez) (x +y +ez) (x +y t+ez
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =2

Fodckickooickickackksorkek Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*¥#skackxsitsiek

sk ke sfe sk sk skeoske sk sk sk

B field=| -

3/2
)

Xm or linear (Mean) curvature =0

(25 —|—2y2 +e) a222 b*
2 2

(x2 +y2 + ezz) (x2 +y2)

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
Fadorkockickx  Compute Current using from Maxell-Ampere equations for constitutive equations with
Chil”alily CH Hxssssrsoksots
Chirality factor CH=0
D field= 0,0, 0]

obx ) aby B azbh
32 2 32 2 3/2
(xz—i-yz—i-ezz) n (xz—i-yz—i-ezz) u (xz—i-yz—i-ezz) u
Poynting vector ExH=EXH

3azby (-1+e) 3oazbx (-1+e)

s 0 502
(F+r+e?) 0 (F+1P+e?)

H field=| -

Amperian Current 4Vector — curlH-dD/dt=J4 = ,0,0

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

2 2
o Zbx o zzbzy

Topological SPIN 4 vector S4 = 2 ) > )
(Z+y+e?) (P n (Pt +ed) (¥ +)7)u




2
bzocz

> >0
(*+y" +e) 1
o AP x &Nd(y), d(2).d(1)) o 2 b2y &MNd(x).d(z),d (1))
Topological SPIN 3-form= - y2 - . + J > :
(P4 +e?) (P +y)u (P +y*+ed) (P +y)u
. o’z &Nd(x), d(y), d(1))
2
(x2+y2+ezz) w

Spin density rho_spin=0
ocz B> (x2 —|—y2 +22)
3
(x2 er2 +e22) w

LaGrange field energy density (B.H-D.E) =

2. 202 2 2
B.Hzab (x +y +Z)

3
(xz—i-yz—i-ezz) u
D.E=0

L 3CEE (e

’ 3
(x2+y2+ezz) u
-rho.phi =0

2.2 2 2 2 5
P b'(-x"—y —4z 43
oincare 1 (B.H - D.E)-(A.J - rho.phi) = - o ( X~y z ez )

3
(xz—i-yz—i-ezz) i
3(-1+e) (¥ +)7)

2
(Z+y +e) 1

London Coefficient LC=

3abx(-1+e) (4 ezz—xz—yz)

PROCA coefficient curlcurlB =

72 ’
(x2+y2+ezz)
3aby(-14e) (4e—x*—3") 3azb(-1+e) (2e2—317—34%)
72 ’ 72
(xz—l-yz—l-ezz) (x2 +y2+ezz)

3azby (-1+e) 3oazbx (-1+e)

5/2 5/2

Amperian Current 4Vector — curlH-dD/dt=J4 =| - ,
(F+r+e?) 0 (F+1P+e?)

,0,0

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J _ampere x B)

_ 30(222b2x(—1+e) 3()(222b2y(—1+e) _30(22b2(—1+e) (x2+y2)

4 4 7 4
(F+y+e) n (P+y+ed) u (¥ 4y +e) 1
Amperian Dissipation Jampere dot E =0



2
1 (x2+y2+ezz)
3 (x2+y2)(—1+e)

Lorentz Force Spin factor LFSPIN= -

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

2
o 22 bzx

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

2 b

(P4 +e) (P +)7)u
) a222b2y bzoczz 0
2 ’ 2

(x2+y2+ezz) (x2+y2)u (xz-l-yz-l-ezz) u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = l

0c3zb3y(x2 +y2+zz) b30632x (x2 +y2+zz)
7/2

,0

(* +)") u
Spin Dissipation J spindot E =0

7/2 >
(x2 +y2+ezz) (x2+y2) n (x2 +y2+ezz)

1

2)15/2

2)7/2
(x2 +y2 +ez

(bzoczz(—3 zx (xz—i-yz—i-ez

Disspative Force 3 vector =

(o +57%)
11 2,2 2\72 5 302, .2 2,72 3.8 5.6
—oaby u—3zx(x +y tez) Yy 43zx (X +)y +e) e—5aby ux"—10aby ux

)7/2 )

—lOocby7pLx4—5ocby9ux2—ocby9uzz—(xbyuxlo—|—3zx (xz-i-yz—i-ez2 ey

—24 ocbysux4ezz— 18 chy3ux4e224— 16 chy7ux2ezz— 18 chysuxzezz4—80cby3uxze3z6
—12 ocby3uz4x4e— 12 chysuz4xze— 12 chy3uz6xzez—40cbyux8622—6(xbyux6ezz4

—40Lbyux4e3z6—ocbyuxze428—40Lbyuz4x6e—6ocbyuz6x4ez—4ocbyu28x2e3

—40Lby9uezz—6(xby7ue224—4(xby5ue3z6—ocby3ue428—40cby3u22x6—60cby5u22x4



—40cby7u22x2—40cby7uz4e—6chysuz6e2—4ocby3u28e3—abyuzloe4—ocbyu22x8

1 7/2

(x2 —|—y2 +ezz)

—160cby3ux6622)), 572 ; <b20c22<—3zy3 (xz—l—yz—l—ezz)

(¥ +57%)
+5 bocxguyz—i- 10b0cx7uy4+ 10bax5uy6+5boaxS},Lyg-l-bocxguzz—l—bocxuylo

+24b0cx5uezzy4+18bocx5uy2ezz4+16bocx3uy6ezz+18bocxsuy4ezz4+8b0cx3uyze3z6
-I—12bocx5],tz4ey2+12bocx3uz4ey4+12bocx3uz6y2e2+4bocxuygezz+6bocxuy6ezz4
+4bocxuy4e3z6+bocxuyze4zg+4bocxuz4y6e+6bocxuz6y4ez+4bocxuzgyze3+b0cx11u
2, .2 2\72 2 302, 2 2,72 9 2 7. 24
—3zy(xX+y +ez) X +3zy (X +y +ez) et+dbox pezr +6boax pez

+4bocx5ue3z6+bocx3ue4zg+4b0cx7u22y2+6bchsuzzy4+4bocx3uzzy6+4bocx7uz4e

+6b0cx5uz6e2+4b0cx3uzge3+bocxuzloe4+b0cxuzzy8+16bocx7uezzy2+3zy (x2

3aizb (-1 4e) (P +)P)
4
(x2+y2+ezz) 18
Dissipation =0

-I-y2 -I-ezz)wzexz) ),




Enter the name of the problem, and the components of the 4 potential
> NAME:="- wvol 1 p. 397 vol4 p.147- Abrikosov Falaco vortex singularities. ;f:=(x"2+

y"2);
> rl:=(f)~(2/2); Al: =1*b*0*(y)/rl; A2: =1*b*(-x)*0/r 1;
> A3:=0; phi:=1/(4*pi*epsilon)*qgl (x 2+y"2+z"2)"(1/ 2);
Then call the procedure JCM(A
1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM AL, A2, A3, phi,1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

sk ok ok ok ok ok ok ok sk ok ok ok ok ok ok R sk ok ok sk ok ok sk ok ok Rk sk ok sk sk ok sk sk Rk sk sk ok sk ok ok sk ok Rk ok Rk ok K

NAME = - vol I p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.

f:=x2 +y2
rl :=x2—i-y2
Al =0
A2:=0
A3:=0
1 q

2 2 2
meN X +y +7z2
- vol I p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.
sk sk st st sfe sk sk st st st sfe she sk st ke st sfe sfe sk st sk st sk sk sk steosieosie sk sk koo DifferentialForm Format sk sk st sk sie she sk s st s sie sk sk sfe st sie sk she sk s st sieosie sk sk skeoskeoskeosk

skoksk sk

Action 1-form= -

gy (d(y)) & (d(1))

1 gx(dx)) & (d(1)
ne (P +2+2)"

1
ne (P42 +7)70 4
gz(d(z)) & (d(1))
T

3/2
€ (x2 —I—y2 —I—22)

Intensity 2-form F=dA =

1
5y
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
sk sk s sk sk sfe st sk st sk sk sfe sie sk st sk sk sfe ste skeoskeoskeo sk sl skeoskeoskeoske sk skeoskokosk USingEMfOl"mat st sk sk sk sk she st sk st sk sk sfe st sk st sk sk sfe st skeoskeoskeo sk sleskeoskeoskeoske sk skeoskoskosk
_[L qx 1 qy 1 qz
e e e+ 4 me (@42 4 me(Prr47)
B field=10,0,0]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =2

3/2



Frscicckicliclioioioskeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %okt
sk sk ko o K oo

Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
sheskeoskeoskeskeskeskeskeskok

Compute Current using from Maxell-Ampere equations for constitutive equations with
Chimlity CH **¥%skkskkx

Chirality factor CH=0
1 qx 1 qy 1 qz
3/2° 3/2°
4 (x —|—y +Z ) 4 (x +y +z )

H field= 0,0, 0]

Poynting vector ExH=EXH
Amperian Current 4Vector

D field =

3/2
i (xz +y2 —l—zz)

curlH-dD/dt=J4 =10,0,0,0]
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector,

1
16

4div(J4) =0
2 x 1 2

Topological SPIN 4 vector S4 = > 1 2’ 14 e

(4 +7) e

2
ﬁ(f+f+f)e

>

16

>

1

16

qz
22222’0
T (¥ +)y +2) ¢

2 A 2 A
TOpOlogicalSP]N.?-form:% q Xf (d(y),d(z),d(1)) _% q yz& (d(x),d(z),d(1))
Tc(x+y+2)8 n(x-l—y-i—z)s
Ll &), d(y). d(1)

2
16 11:2 (x2+y2+22) €

Spin density rho_spin=0

2
LaGrange field energy density (B.H-D.E) = - % q 7 5
e(FP+y+2)n
B.H=0
2
1 q
DE=—
22
16 Mf+f+f)n
AJ=0

-rho.phi =0



2

Poincare 1 (B.H - D.E)-(A.J - rho.phi) = - 1 9

16 2 2

8(x2+y2+zz) i
3(-1+e) (P +57)
2
(Z+y +e) 1
PROCA coefficient curlcurlB= 10,0, 0]

London Coefficient LC=

Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]
Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

2
Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = €L g ,
16 2,2, 2, 22
T (¥ +)y +2) ¢
e g’y e g’z 0
2 2 2 2
16 I8 (x2+y2+22) € 16 I8 (x2+y2+22) €
Lorentz Force 3 vector due to Spin current SF = --(rho _spin E +J spinx B) =10,0,0]
3
Spin Dissipation J spin dot E :6L4 o, q 52 3 2
(X +y +7) me

Disspative Force 3 vector =0, 0, 0]
Dissipation =0

(©))






Example Potentials from the Hopf map

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
NAME: =" Potentials fromthe Hopf Map Chirality 0*(g+l*gamma) :

> Al:=y; A2: =-x; A3: =t ; phi : =z;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi,1,1,1,1,2,0,0, 0%(g+l *gamm), 0) ;

3k sfe sk s sk sk sk sk sk sk sk sk sk sk sk sfeoske sk sk sk sk seoske sk sk sk sk seoske sk sk sk sk sk sk sk sk sk seoske sk sk sk st sk sk sfeoske sk sk sk sk skeskok kosk

Al =y

A2 = -x
A3 =t
0=z

Potentials from the Hopf Map Chirality 0*(gC I*gamma)

sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk ske st st sfeoske sk skeoske sk skeosk sk skosk Lwﬁ%renﬁalFbranbrnun sk sk ke s sfe e s she ke sk she ke sk she ke sk sk ke sfeoske ke seoskeoske skeskeoske skosk

ok ok
Action I-form=y d(x) —xd(y) +td(z) —zd(t)
Intensity 2-form F=dA = -2 (d(x)) & (d(y)) —2 (d(z)) &" (d(t))
Topological Torsion 3-form A"F=-2t&Nd(x),d(y),d(z)) +2z&Nd(x),d(y),d(t)) —2y & (d(x),
d(z),d(1)) +2x &"(d(y),d(z),d(1))
Topological Parity 4-form  F"F =8 &"(d(x),d(y),d(z),d(t))
AR AR R [gino EM format %8s s ook
E field=10,0, -2]
B field=10,0, -2]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =[2x,2y,22z 2]
Helicity AdotB=-21
Poincare Il =2(E.B) =8
coefficient of Topological Parity 4-form =8
Pfaff Topological Dimension PTD =4

kool ok kel ok Correlation Similarity Invariants of Jacobian of (Ak/lambda N) % #¥#kdcideckox

skeoske st skeosieoske sk sk skeoskoskosk
Xm or linear (Mean) curvature =0
Yg or quadratic (GAUSS) curvature =2
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =1
sheskeoskeoskeoskeoskeoskeskeoskosk

Compute Current using from Maxell-Ampere equations for constitutive equations with
chirality CH #**¥¥%%%kkk%

Chirality factor CH=0



D field=0,0, -2 ¢]
H field= [o, 0, - 1]
M

Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =1[0,0,0,0]

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector §4 = ﬁ, l)i, -2¢ez -2te
LU

2x &Nd(y).d(z).d(1)) _ 2y &Nd(x).d(2).d(0)) _ 5, end(x). d(y)
1) [

Topological SPIN 3-form =

d(t)) +2te&™Nd(x),d(y),d(z))
Spin density rho_spin=-21t¢
LaGrange field energy density (B.H-D.E) = - M
1

B.H= 4
u

DE=4¢
AJ=0
-rho.phi =0
4(-1+ep)

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -
u

London Coefficient LC=0
PROCA coefficient curlcurlB= 10,0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =[0,0,0]
Amperian Dissipation Jampere dot E. =0

Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[2x,2y,22z 2]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =[-4y,4x, -41]

Torsion Dissipation Jtorsiondot E =4z



ﬁ, AZ, -2¢€z, —21‘8}
u

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =
w

Lorentz Force 3 vector due to Spin current SF = --(rho spin E +J spinxB) = [ﬂ, - ﬂ, -4 te}
H H

Spin Dissipation J spindotE =4¢€z
Disspative Force 3 vector= 10,0, -4t (eu+1) ]
Dissipation =-2Ute+2x

st st sfe s sfe sk sk sk sk sk st sk sk sfe sk sk sk sk sk ste sk sk sleoskoskok sk ok ko END PROCEDURE st st s sfe sfe sk sk sk sk sk st sk sk sk sk sk skoske sk sk sk sk skoskoskoskokok

Enter the name of the problem, and the components of the 4 potential
> NAME:="- wvol 1 p. 397 vol4 p.147- Abrikosov Falaco vortex singularities. ;f:=(x"2+

yr2);
> r2:=1;rl:=(((f+1*kappa*z+(a*(1))"(2/2))));
> AL =1*b*nr(y)/r2/r1l; A2: =1*b*(-x)*m r2/r1;
> A3:=0; phi:=0/(4*pi*epsilon)*q/ (x"2+y"2+z"2)"(1/2);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM AL, A2, A3, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gammma), 0) :

3k sk 3k sk sk ke sk sk ke sk sk sk sk sk ke sk sl sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk i sk sk sk sk sk i sk sk sk sk sk sk sk sk skoskok skeoskok skoskok

NAME = - vol I p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.
f= 2+ y2
r2:=1
rl :=x2+y2+1<z+a

bmy
2 2
X +y +Kz+a

Al =

bxm
'S +y2 +Kz+a
A3:=0
0:=0
- vol I p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.

sk 3 sfe sk sk s sk sk ke sk sk sk sk s ke sk skeosk sk sk sk sk skok sk

A2 = -

sk ok s sk sfe sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk skeosk sk skokesk skosk l)aﬁ”enﬁalﬁbranb”nat
skoksk sk
bmyd(x) B bxmd(y)
x2+y2+Kz+a xz-l-yz—i-l(z—i-a

Action 1-form=

2 2 2,2
_bm(x y-l—Kz-i-a) _bm( X +y +KZ+a) (d(x)) & (d(y))

Intensity 2-form F=dA = B 2
2,2 2,2
(" +)y +xz+a) (x"+)y +xz+a)

(C))



4 bmyx(d(x)) & (d(z)) _ bxmk(d(y)) & (d(2))
2

(xz—i-yz—i-Kz-i-a)2 (x2+y2+Kz+a)
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
sk sk s sk s sk sk sk sk s st s sk sk sk sk sk s sk sk sk sk sk skeosk skok skokosk Lkh%gEm4]brnnn sk sk s sk s ke sk sk sk st s ke sk sk sk s sk sk sk skosk sk sk skeosk skok skokosk
E field=10,0,0]
B field=| - bxmx - bmyx - 2bm(xz+a) .
(xz—i-yz-l-Kz-l-a) (xz—i-yz—i-Kz-l-a) (xz—i-yz—i-l(z-l-a)
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =10,0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

edckicoioickick ook Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥ Aok

st sk sk sk sk sk ki ke sk sk

Xm or linear (Mean) curvature =0

b* m* (a +Kz—x2—y2)

Yg or quadratic (GAUSS) curvature = 3
(x2 -|-y2 -I-Kz-l—a)

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

ok Compute Current using from Maxell-Ampere equations for constitutive equations with
C/’ll'l”alily CH skt
Chirality factor CH=0
D field=10,0,0]
bxmx bmyx . 2bM(Kz+a)

H field= ,

2 2 2
(x2+y2+1<z—|-a) 08 (xz—l—yz—l—lcz—l—a) 08 (x2+y2+1<z—l—a) o
Poynting vector ExH=EXH

2bmy (4Kz+4a —Kz)
Amperian Current 4Vector  curlH-dD/dt=J4 =

>

(x2+y2+1<z+a)3u

_2bxm(4Kz+4a—K2> 00‘
(x2+y2+1<z+a)3},t o
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0



26 xm’ 26" m’
Topological SPIN 4 vector §4 = xm (kz+a) my (kz+a)

2 >

(x2+y2+l<z+a)3u (x2+y2+1<z+a) u

b m? (x2 +y2)

,0

2+ +xz+a) 1
267 xm’ (kz4a) &Nd(y), d(z),d(1))
2, 2 3
(x +y +Kz+a) n

Topological SPIN 3-form =

28wy (kz+a) &Nd(x),d(z),d(1) B nlx (P +)7) &Nd(x), d(y), d(1))

3 3
(xz—i-yz-l—Kz-I—a) u (x2+y2+Kz+a) w
Spin density rho_spin=0

2 2 2
b* m’ (xZK —|-y2K +4K 2 4+8kza +4a2)

LaGrange field energy density (B.H-D.E) =

(2+ P +xz+a) 1
BH~= b* m’ (x2K2+y2K2+4K222+8K2a +4a2)
(x2+y2+1<z+a)4u
D.E=0
2 2 2 2,2
A= 2b"m <4Kz+4a K)4(x +y)

(x2+y2+1<z+a) i
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi)

_ b2m2(3x2K2+3y2K2+4K222+8Kza+4a2—8x2Kz—8sz2—8x2a—8ay2)
2+ +xz+a) 1

2(4xz+4a—x)

(x2+y2+1<z+a)2u

2bxmx (%) 2bmyx(%1)  4bm(4xz+4a—1P) (@ — 22 + k2 —2)?)

London Coefficient LC=

PROCA coefficient curlcurlB=| -

(x2—|—y2+1<z+a)4, (3’2+)/2+Kz—|—a)4’ (242 +xz+a)
%1=-3K —4> —4)2 +8xz+8a

2
2b 4 44—
Amperian Current 4Vector — curlH-dD/dt=J4 = my ( Kz+4a—x )

3

(x2+y2+1<z+a)3u

3

) 2bxm(4Kz+4a—K2> ’0’0\
(x2+y2+1<z+a) u



Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =

) 46 x m’ (4Kz+4a—1<2) (kz+a) B 4b2m2y (4Kz+4a—1<2) (kz+a)

b 3

(x2+y2+1<z+a)5u (x2+y2+1<z+a) i

200 (4xz+4a—) x (2 +)7)

5
(x2 +y2+1<z+a) n
Amperian Dissipation Jampere dot E. =0

2 2 2
+y +xz+
Lorentz Force Spin factor LFSPIN = - % (x 4 z ‘2’)
4Kz+4a—x

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

26 xm’ (kz+a)
3 b
(x2+y2+1<z+a) u

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

2b2m2y(1<z+a) . bzmzK(xz-i-yz)

,0

3

3 3
(xz—i-yz—i-l(z-l-a) u (x2+y2+1<z+a) i
b3m3y(%]) ~ b3m3x(%l)
R+2+kz+a)n (B4R +xz+a)u

2 2 2
%1 =x" K —|—y21< +4K F+8xkxza+4d

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = 0

Spin Dissipation J spindotE =0

1
5

2 3
(B2 (-16xK 2 —32xKkza—16xa>+4xK z
(¥ +y* +xz+a) p

Disspative Force 3 vector =

+4xK2a+bmyux21<2—I—bmy3ul<2—l—4bmy},t1<222+8bmyuKza+4bmyua2>),

1 2 2 2 2 2 3 2 3.2
- s (b m (16y1<z +32yxza+16ya —4yKz—4yx a+bmx ux

(x2+y2+1<z+a) u

+bmxuy2K2+4bmqu222+8bmquza +4bmxua2)),



2 b% <4Kz+4a—K2) K(xz-i-yz)

5
(x2 —i—y2 —|—1<z-|—a) w
Dissipation =0



Enter the name of the problem, and the components of the 4 potential

> NAME:="- wvol 1 p. 397 vol4 p.147- Abrikosov vortex singularities. ;f:=(x"2+y"2);
> r2:=1;r1:=(((f+0*kappa*z+(a*(0))"(2/2))));

> AL =1*b*mr(y)/r2/r1l; A2: =1*b*(-x)*m r2/r1;

> A3:=0; phi:=1/(4*pi*epsilon)*qgl (x 2+y"2+z"2)"(1/ 2);

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

st sfe s s s sfe sk sk sk sk sk sk sk st ste sk sk sk sk sk sk sk sk sk skeosk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk ki st sk sk sk sk s skoskoskokokoskoskoskokok

NAME := - vol I p. 397 vol4 p.147- Abrikosov vortex singularities.

f:=x2 +y2
r2:=1
rl :=xz—|-y2
Al = -2my
x2+y2
bxm
A2 = - x2+y2
A3:=0
1 q

TEN X +y2+22

- vol I p. 397 vol4 p.147- Abrikosov vortex singularities.

sk sk s sk sfe sk sk sk sk sfe sk sk sk sk sk sk s sk sk sk sk sk sk skeosk sk skokeskoskosk [ﬁﬁ%renﬁalFbrnzFbrnuU sk s sk sk sk sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk skeosk skok sk

skokskosk

1 (g@=gP)d) | bmydx)  bxmd(y)

4 (x2+y2)n€\/m ¥ 4y ¥+

1 gx(dx) & (d1) 1 qy(dy)) & (d())
ne(x2+y2—|-22)3/2 4 ns(x2+y2+22)3/2

qz(d(z)) & (d(1))

TE (x2 -i-y2—|-22)3/2

Action I-form=

Intensity 2-form F=dA =

1
Y

1 bxzmq
& (x2 +y2) TE (x2 +y2+zz)

Topological Torsion 3-form A™F = 372

bmyqz&"d(x),d(z),d(t))

2)3/2

bmy q 1
4 (x2 +y2) TE ()c2 +y2+z

&"(d(x), d(y),d(1)) +

+.

1
n 3/2
4 (x2 +y2) ne(x2 +y2+22)

1 bxmgz&"d(y),d(z),d(1))
4 (x2 +y2) TEe (x2 -|-y2 -|—22)3/2




Topological Parity 4-form  F"F=0
SRR Ugino EM format SR s s ok
qx 1 qy 1 qz
ne(x2+y2+22)3/2, ne(x2+y2+22)3/2’ 4
B field=10,0,0]

1
E field=| —

3/2
4 ne (¥ +12+7)

bxmgqz

Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =| - 1 ,
4 (x2 +y2) TE (xz -i-y2 +22)3/2

1 bmyq:z 1 bmg
e 2, 2, 2320 4 2, 2 23/2’0
(x-l—y)ne(x—l—y—i—z) Tce(x—i-y—i-z)
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =3

kol ek ik ekt Correlation Similarity Invariants of Jacobian of (Ak/lambda N) % F¥#skdackdeciox

sk e sfe sk sk sk skoske sk skosk

Xm or linear (Mean) curvature =0
b mi
2
(+* +5%)

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
ootk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH sheoskeoskeoskeoske s skeskoskeosk sk
Chirality factor CH=0
qx € qy 1 qz
e -I—y2 +22)3/2 S 4 T (x2 +y2 +Zz)3/2 "4 T (x2 +y2 +7
H field=0,0,0]
Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]

Amerian charge density  divD =rho=0

1
D field=| — -
4 on )

divergence Lorentz Current 4Vector, 4div(J4) =0

2 2
1 q x 1 qy
2 2

16 ﬂ:z (x2 +y2+zz) € 16 ﬂ:z (x2 +y2+zz) €

Topological SPIN 4 vector S4 =




2 A 2 A
TOpOlogicalSP]N_?-form:% q x;& (d(y),d(z),d(1)) _% q y;?l (d(x), d(Z),gl'(t))
n (X +y +Zz) € T (P+y+7) e
L L gz&NdR).d(y). d(1))
16 2 2
(o +57 +z) 3
Spin density rho_spin=0
2
LaGrange field energy density (BHDE)——% q 5
(x2+y2+22) T
B.H=0
2
1 q
DE=—
22
6 e (@4 +7) n
AJ=0
-rho.phi =0
2
Poincare 1 (B.H - D.E)-(A.J - rho.phi) = —% 9 5

€ (x2 —|—y2 +Zz) i
London Coefficient LC=0
PROCA coefficient curlcurlB= 1[0, 0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 =1[0,0,0,0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]
Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =

1 bxmgqz 1 bmyqz
3/2° 3/2°
4 (xz—i-y)ne(x +y -I-z) 4 (x2+y)11:8(x +y -I-z)
_l_ b 1 3/2° 0
ne(x +y —I—z)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

2
Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = €L 5 g 7
0 (xz +y2 +22) €




2 2

1 qy 1 q z
2 2 7

16 - (x2+yz+zz) e 16

2 .0

2
L (x2 —|—y2 —I—zz) €
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) =1[0,0,0]
3
Spin Dissipation J spindot E = 61_4 9

5/2
(P+2+2) " n e

Disspative Force 3 vector =0, 0, 0]

Dissipation = - 1 bxmq:z

4

3/2
(x2 +y2) TE (x2 +y2 -l-zz)

sk sk s sk s sk sk sk sk sk sk s sk sk sk sk sk sk sk skeosk sk skokeskokosk

Note that there is a London current factor (an Amperian current proportional to A) and a Spin current with the Lorentz Force proportional
to the Spin current, LF is proportional to Spin

Enter the name of the problem, and the components of the 4 potential
> NAME: =" -- wave rotation vol4 pl59. :

> AX:=(y)*cos(-k*z+omega*t)/ (1+x"2+y"2+z72); Ay: =- x*cos(-k*z+omega*t)/ ( 1+x"2+y"2+z72);
> Az:=k*cos(-k*z+onmega*t); phi:=onega*cos(-k*z+onmega*t);

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM Ax, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

sk sk ko sk sk ok ok sk otk sk okokok sk okok skokokok ko okok skokokok skokokok sk kokok kol kkokok kol sk Rk okok kK

_ yeos(kz—o1)

Ax:
L +x" 4y +2

_xcos(kz—wt)
1+ -|-yz-|-z2
Az =kcos(kz—wt)

Ay =

d=wmwcos(kz—wt)

-- wave rotation vol4 p159.

>k sk s sk sk sk sk sk sk s sk s sk sk s sk s sk sk sk sk sk s skeosk skok skoskosk skock Dif]‘ferentialForm Format >k s s sk sk s sk s ke s sk sk ook s ke s skeosk sk sk sk skosk skok sk

skoksk ok



cos(kz—w1) (-o—ox*—w) —0)di) N yeos(kz—wt) d(x)
l—i-xz-l—yz—l—z2 l—i-xz-l-yz—i-z2

Action I-form=

_ xcos(kz—w1) d(y) n cos(kz—wt) (k+kx*+ky* + k) d(z)
1+xz+yz+z2 1-|-x2+y2+22

_ysin(kz — 0 1) o (d(x)) & (d(1)) + _cos(kz—wt)(l+x2—)z2+zz) + cos(kz—wt)(—l+x2—)zz—zz)
L+22+)7+2 (1+2+2+2) (1+2+)2 +2)
%I1=sin(kz—wt) k+sin(kz— 1) kx* +sin(kz—wt) ky* + sin(k

Intensity 2-form F=dA =

] (d(x)) & (

Topological Torsion 3-form ANF =

2cos(kz — 01) o (1 +2) &Nd(), diy), (1)) 2cos(kz — 0 1) k(1 +22) &N\d(x), dy), d(z)) N [ cos(kz — @)
(142 +)2 +2) (142 +)2 +2)° I+x
%1 =sin(kz—o1t) k+sin(kz— o) kx*+sin(k

Topological Parity 4-form  F"F=0

sk sk s sk s ke sk sk sk s st s sk sk sk sk sk s sk sk sk sk sk skeosk skok skokosk Lkh%gEm4j%rnnn sk sk s sk s ke sk sk sk sfeosie s sk sk sk sk s sk sk sk sk sk sk skosk skok skokosk

Eﬁele[— ysin(/;z—z(ot)z(o, xsin(/;z—zmt)zm,o
L+x"+y +2 1+x"+)y +z
B field=| - x(%1) _ v(%1) 2cos(kz —w1) (1+72)

(1+2+2+2° (14242 +2° (1+2+2+2)
%1=sin(kz—wt) k+sin(kz—wo1) kx> +sin(kz—wt) ky* +sin(kz—wt) k22 +2cos(kz—w1) z

2 cos(kz—(nt)zmxz

Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] = >
(1 +x° —|—y2 +Zz)

3

2cos(kz—0)t)2c0yz 2cos(kz—0)t)20) (1+7) ZCOS(kz—(Dt)zk(l +7)

2 2 2
(1+X2+y2+22) (1+x2+y2+22) (1+x2+y2+22)

2 cos(kz— (ot)zk (147)
(1 + 3 —|—y2 +22)2
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3

ook coiockick ook Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥k

o ke o skeosk ook skoskosk skok

Helicity AdotB= -

2
Xm or linear (Mean) curvature = -sin(kz — w¢) (k2 + o )

cos(kz—o)t)2 (F+y—1-7)

Yg or quadratic (GAUSS) curvature = - 3
(1 +x +y2 +22)

Za or Cubic (Interaction internal energy) curvature



cos(kz—wt)zsin(kz—wt) (x2+y2—1 —7) (k2+(1)2)

3
(1 +x2 +y2 +Zz)
Tk or quartic (4D expansion) curvature =0

Fedckackxsxk  Compute Current using from Maxell-Ampere equations for constitutive equations with

chirality CH **¥¥¥xkskkxk

Chirality factor CH=0

eysin(kz—ot) ® exsin(kz—wt) ®
Dﬁele[— (2 5 )2 ’ (2 . )2 0
L+x +y +2 1 +x"+)y +=z
H field=| - x(%1) _ »(%1) _2c0s(kz—c0t)(1+zz)

(42424200 (1+242+2%  (1+242+2)
9%I1=sin(kz—o1t) k+sin(kz—wt) kx* +sin(kz—o1t) ky* +sin(kz— o) k2 +2 cos(kz— 1) z
2xsin(kz—wt) wcos(kz—wt) (1 +Zz)

3
(1+2+y*+7) 1

Poynting vector ExH =

b

_2ysin(kz—wt) wcos(kz—w1) (1+7) 1
3 ’ 3
(1 +x2+y2+22) u (1 +x2+y2+22) u

(sin(kz—wt) o (sin(kz
— i) k+sin(kz—wt) kx> +sin(kz—w¢) ky* +sin(kz—ot) k2 +2cos(kz—w1) z) (&

+)7))]



9%13=-10 cos(kz— 1) —K cos(kz—wt) =2k cos(kz— 1) x* =2 K cos(kz—w1) y* +4sin(kz—o1) k:

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

1
3

(cos(kz— 1) (2xcos(kz—wt)
(1++y+72)

Topological SPIN 4 vector §4 =
12/ sin(kz—wt) 42 ysin(kz—w01) X +2kycos(kz—0t) z4+2 R ysin(kz—w1) 2
—I—kzysin(kz—o)t) +k2y5 sin(kz—wt) —2¢eysin(kz—w¢) wzuxzzz—l—kzysin(kz—(ot) X

12/ sin(kz—wit) ¥ +2K Y sin(kz—w1) Z+Eysin(kz—o01) 2 +2ky cos(kz—o1) z

+2kycos(kz—wt) 2 +2cos(kz—wt) x> +2kycos(kz—wt) zx* —ey’ sin(kz — w1) (Dzu



—eysin(kz—mt) (Dzu—28y35in(kz—0)t) 0)2},l+2k2ysin(kz—(x)t) 2 —2¢eysin(kz

—ot) wzux2—28ysin(kz—0)t) cozuzz—eysin(kz—(ot) (02},Lx4—28y3sin(kz—0)t) (ozux2

1
(1 +x° +y2+22) 1

—2¢ey’sin(kz—o1) mzuzz —eysin(kz—ot) cozuz4) ), - (cos(kz
—0t) (2B sin(kz—wt) + X sin(kz—wt) —2ycos(kz—wt) +2kxcos(kz—ot) z
+2Kxsin(kz—ot) 2 +2K xsin(kz—w0t) Y + Bxsin(kz—ot) —2exsin(kz
—ot) (1)2 Ltyzz2 —2cos(kz—wt) y22 +2kxcos(kz—wt) zy2+2k2xsin(kz—0)t) yzz2
—ex’sin(kz—w¢) cozu—s,xsin(kz—wt) wzu—2£x3 sin(kz—mt) mzu—28xsin(kz
—wt) (1)2uy2—28xsin(kz—0)t) a)zuzz—2ex3 sin(kz—mt) (ozuyz—28x3 sin(k z

—wt) wzuzz—exsin(kz—wt) 0)2uy4—exsin(kz—0)l) mzuz4+2k2x3 sin(kz—wt) )

12/ sin(kz—wt) 2+ Kxsin(kz—wt) ' +Bxsin(kz—o01) 2 +2kx cos(kz—01) z

1
(1 + i +y2+22) 1

+2kxcos(kz—wt)2)), - (cos(kz—wt) (sin(kz—wt) k+sin(kz

—wt) kx* +sin(kz—wt) ky* +sin(kz—ot) kZ +2cos(kz—w1) z) (x> +57)),

_cos(kz—wt) esin(kz—wt) o (x* +57)

2
(1 5 +y2+zz)
TopologicalSPIN3—form=( ; 12 2)3 (cos(kz—wt) (2xcos(kz—wr) +2 Ky sin(kz
l+x"+y +27) n

—ot) +2k2ysin(kz—0)t) x2+2kycos(kz—cot)z+2k2ysin(kz—wt) zz-l—kzysin(kz

—ot) -I—kzy5 sin(kz—wt) —2¢eysin(kz—w¢) (x)zuxzzz—l—kzysin(kz—o)t) x4—i-2kzy3 sin(k z



—ot) 242 kzy3 sin(kz—ot) 2 +k2y sin(kz—mt) z4—l-2ky3 cos(kz—mt) z+2kycos(kz
—wt) 2 +2cos(kz—wt) xZ +2kycos(kz—wt) zx* —e)’ sin(kz—o1) 0)2},L—8y sin(k z
—t) wzu—2ey35in(kz—mt) m2u+2k2ysin(kz—o)t) “F—2eysin(kz—wi) 032ux2
—2¢eysin(kz—wt) (ozuzz—eysin(kz—mt) mzux4—2£y3 sin(kz—wt) cozux2
—2ey’sin(kz—ot) o pF —eysin(kz—w1) o n) &Nd(), d(z),d(1)))

1

+ 3 (cos(kz—wt) (2 sin(kz—wt) + K sin(kz—wr) —2ycos(kz

(1+x+y"+72)

—wt) +2kxcos(kz—wt) z+2 P xsin(kz—wt) 2 +2 K xsin(kz—o1) y* + P xsin(kz
—ot) —2¢exsin(kz—wt) mzuyzzz—Zcos(kz—(J)t)yzz+2kxcos(kz—(x)t) 2y’
+2k2xsin(kz—0)t) y222—8x5 sin(kz—ot) wzu—stin(kz—(n)t) (1)2},L—2€x3 sin(k z
—ot) (1)2u—28xsin(kz—0)t) (x)zuyz—ZExSin(kz—(Dt) m2u22—28x3 sin(kz—ot) (1)2uy2
—2ex sin(kz—o1) (Dzuzz—exsin(kz—(x)t) (z)zuy4—£xsin(kz—0)t) (1)2uz4+2k2x3 sin(kz
—wt) ¥ +2K8sin(kz—o01) 2+ Bxsin(kz—0t)y +Fxsin(kz—wt) 2 +2 kx cos(kz

1

—wt)z4+2kxcos(kz—w1) 2) &Nd(x),d(z),d(t))) — 5
(1 -I—x2 -|-y2 -I-ZZ) u

(cos(kz

—wt) (sin(kz—w1) k+sin(kz— 1) kx* +sin(kz—wt) ky* +sin(kz—wt) k2 42 cos(kz
—wt)z) (P +)%) &Nd(x),d(y), d(1)))
L cos(kz—or) esin(kz—01) (x* +57) &Nd(x),d(y),d(z))

(1 —|—x2-|-y2-|-22)2

cos(kz—w¢) esin(kz— 1) o (x* +)7)

Spin density rho_spin= - S 5 32

(1+x"+)y +2)

LaGrange field energy density (B.H-D.E) = ! 2 (4 cos(kz—w t)2 +8cos(kz—m t)2 2
(1 +i +y2 -I-zz) u

+8xsin(kz—ot) ky*cos(kz—wt) z+4sin(kz—o1) kx*cos(kz—wt) z+ 4 sin(kz

—ot) ky'cos(kz—wt) z4+4x" sin(kz—o¢) kcos(kz— 1) z+4x° Sin(kz—mt)2k2y222

+4xsin(kz—wt) k2 cos(kz—ot) +4y sin(kz—o1) kcos(kz—o1) z+4) sin(kz

—wt) kP cos(kz— o) +Fsin(kz— o) +Bsin(kz— o) X +2sin(kz— o) £t

+2 sin(kz—wt)2k2y4 +457 cos(kz—o)t)zz2 +x° sin(kz—o)t)zk2 -|—4y2 cos(kz—(oz‘)zz2

440 sin(kz—wt)2k2 +4 cos(kz—(x)t)zz4 +4 sin(kz—(x)t)zkzxzy2 +2 sin(kz—o)z‘)zkzxzz2



+2 sin(kz—(nt)zkzyzz2 +347 sin(kz—wt)2k2y4 +x sin(kz—wt)2k224 +3x sin(k z

—wt)2k2y2 +24 sin(kz—obt)zkzz2 +y7 sin(kz—(ot)zkzz4 +2y sin(kz—(ot)zkzz2
-2 esin(kz—mt)zwzuxzzz -3 esin(kz—(z)t)zmzuxzy4 —4£Sin(kZ—OJZ‘)2(!)2 wxty?

-3 ssin(kz—mt)zcozux4y2 —:3sin(kz—o)t)zcozuz“x2 -2 esin(kz—(ot)zo)zuzzy4

—8sin(kz—(0t)20)2uz4y2 -2 Ssin(kz—wt)2m2 s —2gsin(kz—oot)zo)zuxétz2

—esin(kz—mt)zwzux6 —2 esin(kz—oat)zm2 wxt—2 ssin(kz—wt)2w2 wy' —esin(kz

—o)t)z(ozuy2 —£sin(kz—0)t)2(o2uy6 —£sin(kz—0)t)2(o2ux2 —4esin(kz

- O)t)z(oz},txzzzyz)

B.H= ! 7 (4cos(kz—0)t)2+8cos(kz—oot)zzz+8xzsin(kz—0)t) ky* cos(kz

(1 + +y2+22) w

—wt)z+4sin(kz—ot) kx*cos(kz—wt) z+4sin(kz—o1) ky* cos(kz—wt) z+4x" sin(kz

—ot) kcos(kz—wt) z+4x° sin(kz—wt)2k2y222 +4xsin(kz—ot) k2 cos(kz—m¢)

+aytsin(kz— 1) keos(kz— 1) z+4)2sin(kz—wt) k2 cos(kz— 1) + K sin(kz— o))

+Rsin(kz—w0) P +2sin(kz—w) Bt +2sin(kz—01) By +4Pcos(kz—wi)’ 2

+x° sin(kz—o)t)zk2 +4y7 cos(/’cz—o)t)Qz2 440 sin(kz—mt)2k2 +4 cos(kz—mt)224
+4 sin(kz—o)t)zkzxzy2 +2 sin(kz—mt)2k2x222 +2 sin(kz—mt)2k2y222 +347 sin(k z
—wt)2k2y4 + 57 sin(kz—(ot)zkzz4 +3x sin(kz—(oz‘)zkzy2 +2x sin(kz—mt)2k222
+y7 sin(kz—wt)2k224+2y4 sin(kz—o)t)zkzzz)

esin(kz— o)t)z(so2 (x* +57)

D.E= -
(1 +x2+y2+22)
AJ=- ! 7 (cos(kz—wt) (-10cos(kz—wt) — K cos(kz—wt) —2 i cos(kz
(1 +x2+y2+22) w

E=2K cos(kz—mt) y2 +4sin(kz—wt) kz—2 i cos(kz—mt) 2 —cos(kz—wt) i X

— o)

—cos(kz—wt) ¥y' —cos(kz—w1) 2 +4sin(kz—wt) k22 —2)* cos(kz—wt) —2 x> cos(kz
—ot) —2cos(kz—ot) Z+4x sin(kz—o1t) kz+4y sin(kz—wt) kz—2 cos(kz

—ot) Bx* Y —2cos(kz—wt) Bx*Z —2cos(kz—o1t) )7 +80)200s(kz—0)t) u

+2£0)2cos(kz—0)t) uxz—i-z.smzcos(kz—wt) uyz—i-z.smzcos(kz—wt) uzz—i-emzcos(kz

—ot) ux4+£m2cos(kz—mt) ;,Ly4+80)200$(kz—0)t) ].LZ4+28032COS(kz—O)t) wx’y?



+2¢ 0)2 cos(kz—mt) uxzz2 +2 8(02 cos(kz—mt) uyzzz) (x2 —I—yz) )
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) = ! 7 (-10 cos(kz— t)zy2 — 10 cos(kz
(1 + -|-y2 -I-zz) u

—0)t)2x2 +4 Cos(kz—(z)t)2 +8 cos(kz—(ot)zz2 +16 X sin(kz—w¢) ky*cos(kz—w1) z

+8sin(kz—wt) kx*cos(kz—o1t) z+8sin(kz—wt) ky*cos(kz—mt) z+8x*sin(kz

— 1) keos(kz—w1) z+ 4 sin(kz— 1) B2+ 8 sin(kz—w1) k2 cos(kz— o 1)

+ 8y sin(kz— 1) keos(kz— 1) z+ 81 sin(kz—wt) k2 cos(kz— 1) + K sin(kz— 1))

+Rsin(kz—0) P +2sin(kz—0) Bt +2sin(kz— o) By +25 cos(kz—w1) 7

+x° sin(kz—wt)2k2 -|-2y2 cos(kz—cot)zz2 -I—y6 sin(kz—(ot)zk2 +4 cos(kz—wt)zz4
+4 sin(kz—o)z‘)zkzxzy2 +2 sin(l\‘fz—(oz‘)zkzxzz2 +2 Sil’l(kZ—(l)l‘)zkzyZZZ +3xsin(kz
—wt)2k2y4 +x sin(kz—mt)2k224 +3x° sin(kz—mt)2k2y2 +2x sin(kz—(;)t)zkzz2
¥ sin(kz—w0) BA+2 ) sin(kz—0) BF—2esin(kz—0f) o pt 2 —3esin(kz
—wt)zmzux2y4 —4£sin(kz—0)t)2m2ux2y2 -3 £sin(kz—0)t)20)2ux4y2 —esin(kz

2 2 4

2 2 2 2
wi) o putx¥—2esin(kz—o0r) o pty —esin(kz—wr) o uz'y —2esin(kz

\]
NS}

—oi)
22 . 2.2 42 . 2.2 .6 :
—0t) ® uy 7 —2esin(kz—ot) o ux' z —esin(kz—w?) ® ux —2esin(kz
—oi)

2 2

wt) o px'—2 esin(kz—wt)2w2 wy —esin(kz—wt)2w2 1wy —esin(kz—wt)2w2 1wy®

—Ssin(kz—(z)t)zwzuxz —4.ssin(kz—o)t)zoazuxzzzy2 tdew cos(kz—mt)zuxzzzy2

—4 cos(kz—o)t)zkzxzy2 -2 cos(kz—wt)2k2x222 -2 cos(kz—mt)2k2y222 —3 cos(kz

— (J)t)zkzyc4y2 —2cos(kz— mt)2k2x422 —3cos(kz— wt)2k2x2y4 —cos(kz— mt)2k2x224

2 2 2 2
—2cos(kz—wt) Ky 2 —cos(kz—wt) Ky —dcos(kz—w1) x>y 2 +ew cos(kz

2 2 2 2 2
Wy +2ew cos(kz—mt) ux' +2ew cos(kz—wr) ny’

(
—wt)zuxz-l—emzcos(kz—cot)
2 2 6 2 2 6 2 2 22
+em cos(kz—wt) ux +em cos(kz—wt) uy +4ew cos(kz—wt) ux"y
+2emzcos(kz—(ot)zuxzzz+2e(ozcos(kz—wt)2uyzzz+3emzcos(kz—(ot)2ux4y2
—|—3:3o)zcos(kz—cot)zuxzy“—i—2acozcos(kz—(sa)t)zuac“zz+2eo)zcos(kz—(;)t)zu)f‘z2
+ecozcos(kz—0)t)2uz4x2+ecozcos(kz—0)t)2uz4y2—2cos(kz—0)t)2y4—2005(kz
—0)t)2x4—k2cos(kz—0)t)2x2—kzcos(kz—mt)zyz—200s(kz—mt)2k2x4—2cos(kz

—wt)2k2y4 —cos(kz—wt)2k2x6 —cos(kz—(n)z‘)zkzy6 —4y2 cos(kz—wt)zxz)



London Coefficient LC=0
x(%21)  y(%21)
(1+2+2+2)°% (1 +2+2+2)°

PROCA coefficient curlcurlB= | -

9%21=14sin(kz—o1t) k+20sin(kz— o) kx* +20sin(kz— 1) ky* +4sin(kz—wt) kZ* +56 cos(kz — o



9%13=-10 cos(kz— 1) —K cos(kz—wt) =2k cos(kz— 1) x* =2 K cos(kz—w1) y* +4sin(kz—o1) k:



9%13=-10 cos(kz— 1) —K cos(kz—wt) =2k cos(kz— 1) x* =2 K cos(kz—w1) y* +4sin(kz—o1) k:

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

2 cos(kz—(ot)zcoxz

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =

2
(1 +x2+y2+zz)

2cos(kz—0)t)20)yz ZCOS(kZ—O)t)z(D(l-i-ZZ) ZCOS(kz—(Dt)zk(l-i-Zz) }
2 2 ’ 2
(1+2+)"+7) (1+2+)"+7) (1+ 4+ +7)
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

1
(1+% 4+ +7)

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = (cos(kz

—0t) (2xcos(kz—wt) +2 Ky sin(kz—wt) +2 P ysin(kz—ot) X +2kycos(kz—w1) z



2K ysin(kz—ot) 2+ Kysin(kz—ot) +Ky sin(kz—ot) —2eysin(kz—w1) (z)zuxzz2

+ysin(kz—wt) X +2K )y sin(kz—w1) ¥ +2K ) sin(kz—ot) 2 +Fysin(kz—wt) 2

+2ky3cos(kz—0)t)z+2kycos(kz—0)t) z3+2005(kz—0)t)x22+2kycos(kz—0)t) zx°
5 . 2 . 2 3 . 2 2 .

—ey sin(kz—ot) o p—eysin(kz—wt) ® pn—2ey sin(kz—wt) ® u+24k ysin(kz

—wt) 2 —2eysin(kz—wi) (Dzuxz—Zeysin(kz—ml) (Dzuzz—eysin(kz—mt) 0)2ux4
3 2 2 3 2 2 . 2 4

—2ey’sin(kz—0t) o p¥ —2¢ey’sin(kz—0t) o nZ —eysin(kz—ot) o pzt)),

- I 3 (cos(kz—w?) (2% sin(kz—wt) + K x sin(kz—ot) —2ycos(kz

(1 +x2+y2+22) n

—ot) +2kxcos(kz—w¢) z+2k2xsin(kz—(z)t) 22+2k2xsin(kz—(ot) yz-l—kzxsin(kz
—wt) —2¢exsin(kz—wt) mzuyzzz—ZCos(kz—(Dt)y22+2kxcos(kz—0)l) z)*
+2Kxsin(kz—ot) ' 2 —ex’ sin(kz—o1) wzu—exsin(kz—(ot) (1)2},L—28x3 sin(k z
—wt) oozu—Zstin(kz—mt) (Dzuyz—Zstin(kz—(ot) m2u22—2£x3 sin(kz—mt) oozuyz
—2ex’sin(kz—o1) o)zuzz—exsin(kz—(ot) (ozuy4—exsin(kz—0)t) (1)2uz4—|—2k2x3 sin(k z

—wit) Y2 sin(kz—wt) 2 +Bxsin(kz—wt) v+ xsin(kz— o) 2 +2 kx’ cos(kz

1

P (cos(kz—w1) (sin(kz—w1) k
(1+x+)y +2)

—wt)z+2kxcos(kz—wt) 2)), -

+sin(kz—wt) kx* +sin(kz—wt) ky* +sin(kz—o1) k2 +2cos(kz—wt) z) (F+)7)),



cos(kz—wt) esin(kz—wt) o (2 +)7)
2
(1+x2+12+7)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J spin x B)

= ! (cos(kz—(nt) <4cos(kz—0)t)2zzy3+sin(kz—0)t)2k2y7—2<:os(kz

5
(1+ 4+ +7)

—wt) X sin(kz—wt) —4kx° cos(kz—wt)zz3—4kxcos(kz—0)t)225—2sin(kz
—wt)cos(kz—ot) Fx—4sin(kz—wt) cos(kz—o1) x° —4cos(kz—0)t)2kxz
—8cos(kz—wt) kxZ +2sin(kz—w) By 2 +3sin(kz—w6) Bx*y +3 sin(kz
—wt)2k2x2y5+2 sin(kz—(z)t)zkzysz2 +ysin(kz—0)t)2kzxz+2ysin(kz—(!)z‘)zkzx4
-|—4ycos(kz—(1)t)2zzx2 +ysin(kz—(ot)2k2x6+sin(kz—0)t)2kzz4y3+2cos(kz
. 242 . 2 24

—ot)exsin(kz—ot) ® uy' z +4cos(kz—wt) exsin(kz—wt) ® uy z' —8cos(kz

2 3. 2 . 2022
—ot) kKx sin(kz—wt) Z +8cos(kz—wt) exsin(kz—wt) ® uy z —4cos(kz

2.3 . 2 . 2 2 2 2 . 2 2 4 2
—0t) Kxsin(kz—wt)y"—2¢esin(kz—ot) ® yux z —2¢esin(kz—o0t) ® yux z

. 2 23 22 . 2 2 2 4 3 .
—desin(kz—wt) ® yux z —esin(kz—ot) ® yux"z +4cos(kz—wt) ex sin(kz
—t) ® W2 —6sin(kz—wt) cos(kz—ot) ExzZ —6sin(kz—wt) cos(kz—wt) Bxz

—4sin(kz—o1) cos(kz—wt) Fxy* —2cos(kz—wt) Bxsin(kz—o1)y* —4kxcos(kz

—wt)22y2 —4kxcos(kz—(;\)t)223y2 —4cos(kz—wt) i X sin(kz—wt) ) cos(kz



—ot) Bxsin(kz—wt) 2 —2cos(kz—wt) X sin(kz—ot) 7 +4sin(kz—wt) k) cos(kz
—ot)z+4sin(kz—w¢) kyscos(kz—oat)z+4sin(kz—(ot)2k2xzzzy3+4sin(kz
—ot) kZ cos(kz—mt) y3+2ysin(kz—(,ot)2k2x222+2ysin(kz—0)t)2k2x4zz+ysin(kz
—0)t)2k224x2—esin(kz—mt)zwzyuxz—2£sin(kz—0)t)20)2yux4—4esin(kz
—0)t)20)2y3ux2—£sin(kz—0)t)20)2yux6—3esin(kz—mt)2w2y3ux4—3Ssin(kz
—(Dt)zmzysuxz—28sin(kz—0)t)2(02y3u22—2Ssin(kz—mt)zo)zysuzz—£sin(kz
—wt)2m2y3uz4+2 sin(lcz—u)t)zlczyS+4ycos(kz—(1)t)2—|—8cos(kz—oat)zyz2
+4COS(kZ—(l)l‘)zyZ4+Sil’l(kZ—(l)l‘)2k2y3 +4cos(kz—wt) ex sin(kz— 1) ® 1wy
+ 8 cos(kz—wt) £x sin(kz—ot) wzuzz +2cos(kz—wt) exsin(kz—mt) co2 uy4+4cos(kz
—wt)ex sin(kz—wr) 0)2u24+2cos(kz—0)t) exsin(kz—ot) 0)2uz6+2005(kz
—wt) ex’ sin(kz—wt) m2u22+6 sin(kz—wt) cos(kz—w¢) uxzzem2+6 sin(k z
—wt) cos(kz—wt) uxz4€(02+4sin(kz—(ot) cos(kz—wt) uxy28c02+4 sin(kz

2 23

—u)t)zk 2y —4kx cos(kz—o)t)zz+2 sin(kz—wt) cos(kz—wt) uxe(x)2—|—4sin(kz

—ot) cos(kz—wt) },Lx38(1)2 —8cos(kz—wt) I x sin(kz—mt) yzz2 +2cos(kz



—ot)ex sin(kz—wt) (x)zu—4cos(kz—0)t) xsin(kz—wt) > 2 —2cos(kz
2 42 2 . 2 4 :
—ot) Kxsin(kz—wt)y 27 —4cos(kz—wt) K xsin(kz—wt) y"z +4ysin(kz
—ot) kx* cos(kz—wt) z+4ysin(kz—w¢) kx4cos(kz—0)t) z+4ysin(kz—wt) kZ cos(kz

—wt) X +8sin(kz—wt) kx’cos(kz—o1) 2y —esin(kz—wt)2m2y3u—2£sin(kz

1
(1 +x2+y2+22) n

—oot)zo)zysu—asin(kz—mt)2m2y7u) ), - (cos(kz—w¢t) (4sin(kz

—w1) kX cos(kz—wt) z+4sin(kz— 1) kx cos(kz— 1) z+4sin(kz—wr) B2

+4sin(kz—wt) k2 cos(kz—wt) x° —I—2xsin(kz—(ot)zkzyzz2 —|—2xsin(kz—0)t)2k2y422

+xsin(kz—(z)t)2kzz4y2+4kycos(kz—cot)zz3x2+4cos(kz—(0t) kzy3 sin(kz—wt) 'S
+ 8 cos(kz—wt) kzy3 sin(kz—mt) 22+ZCos(kz—wt) kzy sin(kz—mt) x4+4kycos(kz

2_2 2 3. 4 2 o 6
—ot) zx" +4cos(kz—ot) Ky sin(kz—wt) z+2cos(kz—wt) kK ysin(kz—wt) z
+2cos(kz—wt) ¥y sin(kz—ot) 2 +6sin(kz—wt) cos(kz—wt) Ky +6sin(kz

2 4 . 2 2 . 2 2 5

—wt)cos(kz—wt) K yz +4sin(kz—ot) cos(kz—wt) k' x"y—2¢esin(kz—wt) o ¥ u
2

—esin(kz—(ot)zu)zx7u—esin(kz—mt)2w2x3u—4esin(kz—mt)2(02x3 wy? 2

-2 8sin(kz—o)t)zo)zxuyzz2 -2 esin(kz—(ot)zcozxuy422 —esin(kz—wt)zcozxuyzz4



—I—sin(kz—u)t)zkzx7 —4cos(kz—wt) ey sin(kz—w1) (1)2ux222+sin(kz—0)z‘)2kzx3
+2Sil’l(kZ—(l)l‘)zkzxs+4COS(kZ—(l)t)2ZZX3+4COS(kZ—(l)Z)2XZ4+8COS(kZ—(l)l‘)z)CZZ
—6sin(kz—wt) cos(kz—wt) uyz48(1)2—4sin(kz—(ot) cos(kz—mt) ux2y£w2—6sin(kz
—ot) cos(kz—wt) uyzzemz—Zsin(kz—mt) cos(kz—mt) uyew2—4 sin(kz—ot) cos(kz
—ot) uy3£0)2+4xsin(kz—0)t) ky*cos(kz—wt) z+4xsin(kz—wt) ky*cos(kz—wt) z
+4xsin(kz—wt) k2 cos(kz—o1t) y* +8sin(kz—o1) kx cos(kz—wt) zy* +4 cos(kz
—ot) By sin(kz—wt) ¥ Z+2cos(kz—o1t) Eysin(kz—wt) x* 2 + 4 cos(kz

—wt) Rysin(kz—wt) ¥z —2cos(kz—wt) ey’ sin(kz—wt) (ozu—i- 8 cos(kz

—ot) kzysin(kz—cot) £ 44 cos(kz—a)t)zx —8cos(kz—wt) eysin(kz—mt) co2 uxzz2

—2cos(kz—wt) eysin(kz—ot) o uxtzZ+4 Sin(kz—mt)2k2x3y2 +2sin(kz—wt) cos(kz

—wt) By+asin(kz—o1) cos(kz—w1) By +4cos(kz—wt) kyz+8cos(kz—w1) ky2

+4ky cos(kz—mt)zz+2 cos(kz—wt) Iy sin(kz—wt) +4 k) cos(kz—cot)zz3

+4ky cos(kz—(x)z‘)zz5 +2 sin(kz—(x)z‘)zkz)c322 +3 sin(kz—(x)z‘)zkzxsy2 + 3 sin(kz

—wt)2k2x3y4 +2 sin(kz—mt)2k2x522 +xsin(kz—0)t)2k2y2 +2xsin(kz—0)t)2k2y4



—|—4xcos(kz—0)t)222y2+xsin(kz—0)t)2k2y6+sin(kz—0)t)2kzz4x3—4£sin(kz
—(1)t)20)2x3},ly2—288in(kz—(0t)2(,02x3u22—3Ssin(kz—ml‘)zo)zxsuyz—28Sin(kz
—wt)z(n)zxsuzz—S85in(kz—mt)2w2x3uy4—85in(kz—mt)2w2x3uz4—ssin(kz
—wt)zo)zxuyz—2esin(kz—mt)zwzxuy4—esin(kz—mt)zo)zxuy6—2cos(kz
—wt)eysin(kz—wt) (Dzux4—4cos(kz—(0t) ey sin(kz—wt) (J)Zux2 — 8 cos(kz
—ot) ey sin(kz—wt) (x)zuzz—Zcos(kz—mt) ey sin(kz—wt) (ozu22 — 4 cos(kz

—ot) ey sin(kz—wt) (02u24—2 cos(kz—wt) eysin(kz—wt) 0)2},L26—4cos(kz

1
w(1+x2+)+7)

—wt)eysin(kz—wt) o)zuxzz4)), ((x2+y2) (-esin(kz

4
o) o pP+EBsin(kz—ot) F+Rsin(kz—ot) 2 +Bsin(kz—ot) +Bsin(kz—o1) y
—esin(kz—w¢) mzuyz—esin(kz—mt) mzuzz—esin(kz—mt) m2u+2kcos(kz—oat) z)
cos(kz—w1t) (sin(kz—o¢t) k+sin(kz—wt) kx* +sin(kz—ot) ky* +sin(kz—o1) k2
+2cos(kz—w1) z)) ]

Spin Dissipation J spindot E = - ! 3 ( (x2 —|—y2) ( ~esin(kz—wt) (,o2 uxz

(1+x+1*+72)

+isin(kz—of) X +Esin(kz—o1) 2+ Esin(kz—wo1) +sin(kz—o1) y* —esin(kz
—wt) oozuyz—esin(kz—cot) cozuzz—ssin(kz—wt) w2u+2kcos(kz—0)t) z) cos(kz
— o) sin(kz—0t) 0)

Disspative Force 3 vector = ! 5 (cos(kz—w¢) (4cos(kz—wt) exsin(kz

(1+ 4+ +7)

—ot) (1)2 u2y224+8 cos(kz—mt) exsin(kz—mt) o)2 uzyzz2 —4x cos(kz—mt) Z—4 weos(kz



—ot) Bxsin(kz—wt) 1?2 =2 cos(kz—wt) x +2cos(kz—wt) exsin(kz —w¢) (02},L2y4z2

+4pysin(kz—ot) kx*cos(kz—wt) z—20xcos(kz—wt) —4cos(kz—w¢) xz' —2 cos(kz
—ot) X —4xy2 cos(kz—mt) +4uycos(kz—0)t)2+4uy sin(kz—mt) kx4cos(kz—0)t) z
+4pysin(kz—ot) k2 cos(kz—mt) ¥ +8usin(kz— o) kx*cos(kz—wt) zy’ + 6 sin(kz
—wt) cos(kz—wt) u2x228m2+6sin(kz—0)t) cos(kz—mt) uzxz4£0)2+4sin(kz

—wt) cos(kz—wt) uzxyzeo)z-i-stin(kz—(ot) kz—4cos(kz—wt) ¥xy* —6cos(kz
—ot) BxZ —4cos(kz—o1) By —|—4£0)2c0s(kz—(x)t) uxy2+6eu)zcos(kz—(0t) wxz
+28(02COS(/€Z—O)Z‘) ux+48cozcos(kz—(ot) wx' —24cos(kz—ot) xz* —8xcos(kz

—ot) /c2y222—|-8xy2 sin(kz—mt) kz+8xyzsin(kz—0)t) kZ —2xcos(kz—w¢) kzy422

—4xcos(kz—wi) Ky 2 —4cos(kz—o1t) I x y* 2 +2 e cos(kz— 1) ux +4 psin(kz

—wt)2k2x2y3—esin(kz—mt)2m2y3u2—4ukx3cos(kz—0)t)zz—2ucos(kz

2.5 . 3 2 3 2 5 .
—ot) kKxsin(kz—wt) —4pkx cos(kz—wt) 2 —4ukxcos(kz—wt) 2 —2usin(kz
—ot)cos(kz—o1t) Fx—4usin(kz—ot) cos(kz—wt) ¥x° —4ucos(kz—0)t)2kxz

-8 ucos(kz—cot)zkxz3 +2 usin(kz—(z)t)zkzy3z2 +3 usin(kz—o)t)zkz)c‘ty3 +3 usin(kz



—wt)2k2x2y5 +2usin(kz—(ot)zkzyszz—I—uysin(kz—(;)t)zkzxz+2uysin(kz—0)t)2k2x4

+4 LLycos(kz—(oz‘)zzzx2 +uy sin(kz—mt)2k2x6 —l—usin(kz—(1)t)2kzz4y3 —2e¢sin(kz

—wt)2m2y5 uz —esin(kz—mt)2w2y7 uz +4 ucos(kz—wt)zyz4 +usin(kz—(ot)2k2y3

+2usin(kz—0)t)2k2y5+4ucos(kz—0)t)222y3+usin(kz—0)t)2k2y7—6cos(kz
—wt) ¥x—8cos(kz—wt) BX’ 2 +8x sin(kz—wt) kz—4cos(kz—o1) x° )
2.6 : 5 2 2 2 4

—2xcos(kz—wt) k2 +8xsin(kz—wt) kz —4xy cos(kz—wt) z2=—2xcos(kz—wt) k' y

: 3 3. 3 2 52
+16xsin(kz—wt) kz +8x sin(kz—wt) kz —2cos(kz—wt) k' x’ 27 —4 cos(kz
—wt) B +38 ucos(kz—(l)t)zyz2 +4cos(kz—wt) ex sin(kz— 1) ® uzyzz2

2 4 2 4 . 2.2
+2xem cos(kz—wt) uy +6xem cos(kz—wt) uz —6usin(kz—wt) cos(kz—wt) kK xz
—6usin(kz—wr) cos(kz— 1) Pxzt —4psin(kz—wr) cos(kz— 1) x> +2sin(kz

2 2 , 23 2

—wt)cos(kz—wt) W xew +4sin(kz—wt)cos(kz—wt) W x e —4 pcos(kz
—ot) ¥ sin(kz—wt) ¥ —8pucos(kz—wt) B sin(kz—ot) 22 —2 peos(kz

—ot) Pxsin(kz—wt)y' —4 ukxcos(kz—(z)t)zzy2 —4 ukxcos(kz—mt)ZZSy2 —4pcos(kz

—ot) i sin(kz—ot) £ -2 weos(kz—mt) kzxsin(kz—(z)t) L2 weos(kz



—ot) B sin(kz—wt) 2 +4usin(kz—ot) ky cos(kz—wt) z+4psin(kz—wt) k) cos(kz

—ot) z—|—4usin(kz—cot)zkzxzzzy3 +apsin(kz—wt) k2 cos(kz— 1)y’ +2puysin(kz

—wt)2k2x222 +2uy sin(l\‘fz—(y)t)zkzxétz2 +uy sin(kz—wt)2k224x2 —esin(kz

—o)t)zo)zyuzx2 —2 esin(kz—wt)zmzyu2x4 —4ssin(kz—0)t)20)2y3 uzxz —esin(kz

—wt)zmzyu2x6—3 ssin(kz—wt)2m2y3 u2x4—3 ssin(kz—wt)2m2y5 u2x2—2£sin(kz

2

—t) m2y3 uzzz —Zesin(kz—wt)2m2y5 uzzz —asin(kz—cot)z(ozy3 uzz4 +2 cos(kz

—ot)ex sin(kz—wt) (02u2+4£mzcos(kz—0)t) ux3z4+2£m2cos(kz—(ot) wx 2
+4£(02cos(kz—(ot) ux3y2+88(02cos(kz—(ot) Mx322+2x8(1)200$(kz—(0t) nz’
—4x3cos(kz—(0t) +4x£0)2cos(kz—0)t) uyzz4+2x£wzcos(kz—(1)t) uy4z2
+8xem2cos(kz—0)t) uy222+480)2cos(kz—0)t) wx' y* 2 +4cos(kz—wt) ex sin(kz

Ssin(kz—ot) 0)2}1222 +2cos(kz—wt) exsin(kz

—ot) w2u2y2+8cos(kz—cot)sx
2 2 4 3 . 2 24 .
—ot)® Wy +4cos(kz—wt)ex sin(kz—wt) @ Wz +2cos(kz—wt)exsin(kz

—wt) ® uzz6 +2cos(kz—wt) ex’ sin(kz— o) (ozuzz2 -2 .ssin(kz—o)t)zcozyuzxzz2

. 2 2 2 . 2 2 2 . 2 2 2
—2esin(kz—wt) 0 yW ¥ 2 —desin(kz—o0t) o YU P —esin(kz—0) o yu 2z



—8ucos(kz—wt) Pxsin(kz—wt) ' 7 —4pcos(kz—wt) B sin(kz—ot) y* 2

—2ucos(kz—wt) Pxsin(kz—ot) 7)), - ! 5 (cos(kz
(1+%4+)y+7)
3 2 2.5 2 4
—ot) (4y cos(kz—wt) Z+2cos(kz—wt) Ky +4cos(kz—wt) ux+4cos(kz—wt) yz
—480)2005(kz—0)t) uy3z4—2£mzcos(kz—0)t) uy522—4ew2cos(kz—mt) wx’y?
—830)2cos(kz—0)t) uy322—2y£0)2005(kz—0)t) uz6—2y8mzcos(kz—0)t) uxt
—6y£(ozcos(kz—0)t) wz' +4usin(kz—ot) kx’ cos(kz—wt) z+4 wsin(kz
5 . 22322 . 3 3
—ot)kx cos(kz—wt) z+4usin(kz—wt) kKx zy +4usin(kz—wt) kz cos(kz—wt) x
-|—2uxsin(kz—(z)t)zkzyzzz-|-2uxsin(kz—(;)t)zkzyé‘zz-I—uxsin(kz—(oz‘)zkzz4y2
232 2 3. 2
+4ukycos(kz—wt) zZx +4pucos(kz—wt) Ky sin(kz—wt) x"+8ucos(kz
2 3. 2 2 4 2 5
—ot) Ky sin(kz—wt) Z +2ucos(kz—ot) K ysin(kz—ot) x +4pukycos(kz—mt) zx
+4pcos(kz—ot) Ky sin(kz—wt) 2t +2pcos(kz—wt) Fysin(kz—wt) 2°+2 peos(kz
—ot) By sin(kz—wt) 2+ 6usin(kz—ot) cos(kz—wt) ¥y +6usin(kz— o) cos(kz

—0t) By +4usin(kz—ot) cos(kz—o1t) Ex*y —2sin(kz—wot) cos(kz—wt) uzyeo)z

—4sin(kz—wt) cos(kz—mt) u2y38c02 —2cos(kz—wt) ey sin(kz— 1) (1)2},l2



—4£sin(kz—0)t)2(02x3u2y2—2esin(kz—wt)2m2x3u222—3esin(kz—wt)2m2x5u2y2

4 3 . 2 2 929 . 2 2 94
—4dcos(kz—wt) ey’ sin(kz—wt) o W x 2 —4dcos(kz—wt) eysin(kz—ot) o W xz
-|—4y3 cos(kz—mt) +4yxzcos(kz—(0t) + 8 cos(kz—wt) kzy322—8y3 sin(kz—wt) kz

+4cos(kz—wt) Bx*y +2ycos(kz—wit) K2 —8ysin(kz—wt) k2 +4yx*cos(kz—w1) 2

+2ycos(kz—wt) Bx' —16ysin(kz—wt) k2 =8y sin(kz—wt) kZ +2 cos(kz—wt) ¥y 7

tacos(kz—wt) By A +usin(kz—o6) B2 +2usin(kz— o) B2 +4 pcos(kz
—0)t)222x3 +usin(kz—0)t)2k2x7 +4ucos(kz—0)t)2xz4 + 8 ucos(kz—mt)zxz2 + 6 cos(kz
—wt) ¥yt =2 esin(kz—wt)2w2x5 uzzz -3 ssin(kz—(ot)z(ozx3 u2y4 —esin(kz
—o)t)z(n)zx3 },Lzz4 —esin(kz—(JJt)zcozxuzy2 —2£sin(kz—0)t)2(02xu2y4 —esin(kz
—(Dt)zo)zxuzy6 +2 K cos(kz— 1) y+20ycos(kz—wt) —8cos(kz—wm¢) eysin(kz

—o) o WA —2cos(kz—wt) eysin(kz—01) o W2 —8ysin(kz—wt) kz+4cos(kz
—ot) By +6cos(kz—wt) ByZ +4dcos(kz—ot) £y’ —480)2cos(kz—0)t) wxly

—6£mzcos(kz—0)t) uyzz—Zewzcos(kz—(ot) uy—4€cozcos(kz—0)t) Wy + 24 cos(kz

—wt)yZ —6sin(kz—wt) cos(kz—o1) u2y228w2—6sin(kz—0)t) cos(kz—mt) u2y2480)2



—4sin(kz—wt) cos(kz—wt) uzxzyscoz +4ucos(kz—wt) Bysin(kz—wt) ¥ 2

+8pcos(kz—wt) Eysin(kz—wt) x222—4y80)200s(kz—0)t) },szz4—2y8(ozcos(kz
—ot) ux422—8yemzcos(kz—cot) ux222—4scozcos(kz—0)t) ux2y322—2005(kz
. 2 2 4 3 . 2 29
—ot)eysin(kz—ot) ® W x —4cos(kz—wt) ey sin(kz—wt) ® W x —8cos(kz
3 2 22 5 222
—wt)ey sin(kz—wt) o Wz —2cos(kz—wt) ey sin(kz—wt) o Wz —4cos(kz
3 . 2 24 . 2 26 .
—ot)ey sin(kz—owt) ® Wz —2cos(kz—wt) eysin(kz—wt) ® Wz —4esin(kz
—0)t)2(1)2x3uzyzzz—2E:sin(kz—0)t)2(02xu2yzzz—2Ssin(kz—(z)z‘)zu)zxuzy4z2
. 2 2 2 24 . 2 .
—esin(kz—wt) ® xW y 2z +4uxsin(kz—ot) ky cos(kz—wt) z+4 pxsin(kz
—ot) ky4 cos(kz—wt) z+4uxsin(kz—wt) kZ cos(kz—mt) y2+8 wsin(kz
— i) kx’cos(kz—w1) zy* +4pcos(kz—wt) Ky sin(kz—wt) X2 +2 pcos(kz
—wt) FPysin(kz—wt) X Z24+8ycos(kz—wt) Kx*Z —8yx’sin(kz—wt) kz—8yx*sin(kz
—ot) k2 +2ycos(kz—wt) Bx*Z+4ycos(kz—ot) Bx*z +4cos(kz—wt) Kx*y 7
—2£mzcos(kz—0)t) 1wy —2esin(kz—0)t)2(02x5 },lz—ssin(kz—(ot)zo)zx7u2—I—4p,sin(kz

—wt)2k2x3y2 +2usin(kz—wt) cos(kz—ot) By +4usin(kz—wt) cos(kz—wt) £y’



+4 ucos(kz—(z)t)zkyz+8 ucos(kz—mt)zkyz3 —Ssin(kz—(x)z‘)zu)zx3 uz

+4pky cos(kz—(ot)zz—l—2 weos(kz—ot) Ky sin(kz—wt) +4pky cos(kz—(;)t)zz3

+4 ukycos(kz—o)t)zz5 +2 usin(lcz—o)t)zlczx3z2 +3 usin(kz—(1)t)2kzx5y2 +3 usin(kz

o) B +2usin(kz—0) B A +uxsin(kz— o) Y+ 2 puxsin(kz— o) Byt

+4 uxcos(kz—o)t)zzzy2 +ux sin(kz—mt)2k2y6 +usin(kz—0)t)2kzz4x3) ),

! ((sin(kz—w¢) k+sin(kz—w¢) kx> +sin(kz—wt) ky* +sin(kz

(1 +x2+y2+22) u

—ot) k22+2003(kz—0)t) z) (x2+y2) <2 },Lcos(kz—(ot)zkxzz-l—2ucos(kz—cot)zkyzz
—uz cos(kz—wt) esin(kz—wt) © +2 weos(kz—ot) ¥ x*sin(kz—wt) +2 pcos(kz
—ot) ¥y sin(kz—wt) +pcos(kz—wt) Bx*sin(kz—wt) +2pcos(kz—wt) Fsin(kz
—wt) 2 +pcos(kz—wit) Ksin(kz—wt) 2 +pcos(kz—wt) Ky sin(kz—w1) +10 cos(kz
—t) +Kcos(kz—ot) +2K cos(kz—wt) X +2 kK cos(kz—wt) y* —4sin(kz—w1) kz
+2 /K cos(kz—w1) 242 pcos(kz—w1) Bx*sin(kz—ot) 2 +2pcos(kz— 1) x*sin(kz
—ot) y2+2ucos(kz—(,ot) kzyzsin(kz—cot) 22—2uzcos(kz—0)t) syzsin(kz—(,ot) co2
—uz cos(kz—wt) ey sin(kz—o1) o —2 uz cos(kz—wt) esin(kz—wt) o 7 —uz cos(kz
—ot)esin(kz—wt) (0224—2u2 cos(kz—wt) ex’sin(kz—wt) mz—uz cos(kz
—ot)ex'sin(kz—wt) © +cos(kz—wt) Bx* +cos(kz—wt) By +cos(kz—wt) K2
—4sin(kz—ot) k2 +2y cos(kz—ot) +2x cos(kz—wt) +2cos(kz—wt) 22 —4xsin(kz

— i) kz—4)*sin(kz—ot) kz+2cos(kz—wt) K x*y* +2cos(kz—wt) K x* 2 +2cos(kz

—ot) kzyzzz—scozcos(kz—(ot) u—ZE(x)zCOS(kz—(Dt) uxz—stzcos(kz—a)t) "
—28(02cos(kz—0)t) uzz—s(ozcos(kz—(ot) ux4—8(02cos(kz—o)t) uy4—8c02cos(kz
—t) uz4—2€(z)2cos(kz—mt) uxzyz—zscozcos(kz—mt) uxzzz—Zeo)zcos(kz—(ot) 1wy 2

+2 ucos(kz—(sot)zkz3 +ucos(kz—wt) Ksin(kz—wt) +2 ucos(kz—mt)zkz—Z uz cos(kz



—ot) £x° sin(kz—wt) (;)Zy2 —2 uz cos(kz—mt) £x° sin(kz—ot) 0)222—2112 cos(kz
—ot) 8yzsin(kz—(z)t) (0222))]

cos(kz—wt) o (pesin(kz—wt) 'S +uesin(kz—ot) y2 —2cos(kz— 1) zx)

Dissipation = - 5
(1+x2+2+7)



Enter the name of the problem, and the components of the 4 potential
p-2,n=4

> NAME: = Exanple 7a = Index 1 Irreversible solution EdotB < O (kinematic out) Type 1°;
> AX:=y*z; Ay: =-x*z; Az: =C*t *1; phi : =+Crz*z* 1,

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM Ax, Ay, Az, phi,1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

NAME = Example 7a = Index 1 Irreversible solution EdotB < 0 (kinematic out) Type 1

Ax:=yz
Ay:=-xz
Az =Ct
0=C7

Example 7a = Index 1 Irreversible solution EdotB!
sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk sk steosie sk sk skeoske sk skeosk sk skosk

0 (kinematic out) Type 1

lefél"@l’ltiéll Form Format st st s s ok sk sk ok e sk st sfe s sk sk sk sk ot sk sk sfe s skoskoskoskokok ok
skeskoskosk

Action I-form=yzd(x) —xzd(y) + Ctd(z) — szd(t)
Intensity 2-form F=dA =-2z (d(x)) & (d(y)) —y (d(x)) & (d(z)) +x (d(y)) & (d(z)) + (-C
—2Cz) (d(z)) & (d(1))
Topological Torsion 3-form ANF=27 C&MNd(x),d(y),d(t)) —2Ctz&"Nd(x),d(y),d(z)) + (
yzC(1+22) +CZy) &Nd(x),d(z),d(1)) + (x2C (1 +22) = CFx) &\d(y),d(z),d(t))
Topological Parity 4-form  F"F=4C (1 +2z) z&"™Nd(x),d(y),d(z),d(t))
sk sk sk sk sk sk st sk sk sk sk sk st sk st sk sk sk sk kst sk sk sk skeoskeoskeoske sk skeoskoskosk USingEMfOrmat st sk s sk ske sk st sk st sk sk sk st kst sk sk sk st sk steoskeo sk skeskeoskeskeoske sk skeoskoskosk
E field=10,0, -C (1 +22)]
B field=[x,y, -2 z]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = [zx C(l+z),zyC(l+2),2 Z c2C tz]
Helicity AdotB=-2Ctz
Poincare Il =2(EB)=4C (1 +2z) z
coefficient of Topological Parity 4-form =4 C (1 +2z) z
Pfaff Topological Dimension PTD =4
Fedckickockickackkioriek Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥ #skackxsktsiek

sk sk sfe st sk skeoske sk sk sk

Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =z (z+2 C2)

Za or Cubic (Interaction internal energy) curvature =0



Tk or quartic (4D expansion) curvature =2 2
wekrckxckxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralilfy CH s ke sk skeosk sk skokosk sk
Chirality factor CH=0
D field=[0,0, - C (1 +2z)]
X y _2z
wopoou
Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 = [0, 0,0,-2¢eC ]

H field=

Amerian charge density  divD =rho=-2¢C
divergence Lorentz Current 4Vector, 4div(J4) =0

—2x22+Cty Ctx+2yz2
n ’ i
z(- =P +eCuz+2eCus)
mn

b

Topological SPIN 4 vector S4 = [ -

-Clte(1422)

(-2xZ+Cty) &\d(y).d(2),d(1))
u

Topological SPIN 3-form= -

_ (Cix+2y7) &Nd(x),d(2),d(1))
u

_ 2_ 2 2 A
2 (=P +eCpz+2eCud) &Nd(x),d(y), d(1)) L Pre (1 422) &N, ),

u

d(z))
Spin density rho_spin= - Cre (1 +2z2)

2 2 2 2 2 2. 2
X —)y —4z7+eC u+4eC +4¢eC
LaGrange field energy density (B.H-D.E) = - Al z et £t Bz £t Bz

w
2 2 2
BH=X +y +4z
u
D.E=¢C*(1+22)?
AJ=0

rho.phi=-2 C* ¢
—xz—yz—4zz+£Czu+48(?2uz+6e:CZuz2

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -
u

London Coefficient LC=0



PROCA coefficient curlcurlB= [0, 0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 = [0, 0,0,-2¢C ]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J ampere x B) = [0, 0,

2Ce(14+22)]
Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] = [Zx C(l+2z),zyC(1+z2),2 2 C,
2Ctz]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =[-2C 7 vy (1
+22),2C2x (1+22), -2C 1z (1 +22)]
Torsion Dissipation Jtorsion dot E =2 2 (14+22)

—2xzz+Cty Ctx-l—2yz2
[ [

2

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = l -

z(- =P +eCuz+2eCus)
n

-Clre (1 +22)]

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [

Z(—2Ctx—4y22—y3—yxz—i-yeCzuz—i-ZyaCzuZz)

3

u
z(—xyz—x3+x£C2uz+2x8C2uzz—4xzz+2 Cty)
M b
Ct(eCu+4eCuz+4eCps —x* =)

i
(- =P +eCuz+2eCus) Cc(1+2z)

u
DisspativeForce3vector=[—Z(—4yzz+2y8C2},tzz+4 C22y+y8C2},Lz+2zyC—2 Ctx—y3

Spin Dissipation J spin dot E =

—yxz),z(2x€C2u22—4x22+4szx—l-xSCzuz-l-szC—xyz—x?’—l-ZCty), -C(2eC
+4Cez+Crepn+4Crepz+4Cens —tx* —1y* +2Ctz+4Ct7)]|
Dissipation =—C(2£+Ct£u+2Ct8uz—xz—xZZ)

®)



sk s sk sk sfe sk sk sk sk sk sk sfeoske sk sk sk sk sk sk sk skeoske sk sk skoskosk

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
p.155 vol4

> NAME: =" Exanpl e EVANS B# pl155 vol 4°;

> AX:=y*cos(-kappa*z+onega*t)/ (0+x"2+y"2+1*z"2); Ay: =- x*cos( - kappa*z+onega*t)/ (0+x"2+

yN2+1*z72) ; Az: =0* kappa* cos( - kappa* z+onega*t) ; phi : =0* onmega* cos( - kappa* z+onmega*t) ;
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM Ax, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamm), 0);

sk sk sk sk ok ok skokokok sk ok okok sk ok okok skokokok sk okokok sk okokok skokokok kool sk kol sk kokosk kol sk kR sk ok ok

NAME = Example EVANS B#pl55 vol4

e ycoi(—Kzz—I—(zot)
X +y +z

xcos( -xz+mt)
'S —I—y2 +7
Az =0
0:=0
Example EVANS B#pl55 vol4

sk sfe sk sk sfe ke st sfe sk sk sfe sk st sfe ke sk sfe s sk sfe sk sk sfe sk sk sk skeseosk skeskok

Ay = -

leferential Form Format st st s sfe ok sk sk ol e st st sfe sk sk sk sk sk st sk sk sfe s skoskoskokokok ok

skeskokosk
) ~yeos(-kz4+ 1) d(x) xcos(-kz+mt) d(y)
Action 1-form = ) — )
Xty +z X +y +z
Intensity 2-form Fedd = ysin(-kz + 00 0 (d) & (d0) [ cos(-kz+w1) (2 —;}2-&—22) L cos(-kz+w1) (2 —;2—22) ) & (o))
2?2 (2 +)2+2) (2 +)2+2)

%1 =sin(-xz+wt) kx’ +sin(-kz+wt) k)’ +sin(-kz+01)
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0

sk sk sk sk s ke sk sk sk s s s sk sk sk sk sk sk sk sk sk soskeosk skok skokosk USingEMformat sk sk sk sk s ke sk sk sk sk sk sk sk sk sk sk sk sk skeosk sk sokeosk skosk skokesk

E field [ y51n(2—1<22+ 0)22‘) ® - x51n(2—1<22+ (ozt) ® ’ Ol
X +y +z X +y +z

x(%1) y(%1) 2cos(-kz+ 1) 2

@+2+2F @+2+2F (@42

%1=sin(-kz+wt) k¥ +sin(-kz+ot) k)’ +sin(-kz4+01) K2 —2cos(-kz+w01)z

B field=

Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0



Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

elriclcicl ol sickckekxel ok Correlation Similarity Invariants of Jacobian of (Ak/lambda ) % #¥#sskdckseciox

sk s sk skeosk sk skosk sk skok

Xm or linear (Mean) curvature =0

cos( -xz+ (,ot)2 (x2 -I—y2 —22)

Yg or quadratic (GAUSS) curvature = - 3
(x2 + y2 + Zz)
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0

Fasortckickk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chimlity CH **F%skksckk%

Chirality factor CH=0

eysin(-Kz+wt) ® exsin(-xz+ot) ®
Dﬁeld=[ 2( : 2) - 2( : 2) ’Ol
X +y +z X 4y 4z
H field= x(%61) »(%1) _ 2cos(-Kkz + )2

@+2+2% @42+ (@42 +2 p

9%1=sin(-kz+wt) kx +sin(-kz+ o) k)’ +sin(-xz4+01) K2 —2cos(-kz+w1)z

2xsin(-xz4+ot) wcos(-xkz+mt) 2

3
(¥ 4+ +2)

Poynting vector ExH =

9

: 2
2ysin(-xz+ot) ocos(-xkz+mt) z ’ 1 —(sin(-xz+ 1) o (sin(-xz

3
(x2+y2_|_22) 18 u(xz—l—yz—l—zz)

+ot) kx +sin(-kz+01) k)* +sin(-kz+ot) kZ—2cos(-xz+wt)z) (x¥*+37))

0 0
Amperian Current 4Vector  curlH-dD/dt=J4 = y(%)4) - x(ﬁ4) T 0, 0]
) u

(@2 +2 0 (P22

2
%I=gcos(-Kz+m1) o px

%2=¢cos(-Kz+wt) (ozuy2
%3=gecos(-Kz+ m1) cozuz2
%4=cos(-xkz+wt) K2x2+4sin(—1<z+(x)t) Kz+cos(-kz+w¢) K222+cos(—1<z+cot) K2y2+2cos( -Kz+

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0



2xcos(—Kz+cot)222 2ycos(—Kz+0)t)222

3 , 3
(#*+y*+7) (*+y*+72)

Topological SPIN 4 vector §4 =

! (cos(-kz+w¢) (sin(-kz+wt) kx’ +sin(-xz4+ o) k3> +sin(-kz
i (x2 +y2 +22)

cos(-xz+mt) esin(-kz+w?) (xz-l-yz)

2
(x2 +y2 -l-zz)

+wt) KZ—2 cos(-xz+mt) Z) (X2 +y2) ),

2xcos(-kz+wt) 2 &Nd(y),d(z),d(1))

Topological SPIN 3-form = 3
(4" +2)
22
2 - t &™Nd(x),d
_ 2ycos(zxztoi) 2 (3(x), (2),d(1) + I 3 (cos(-xz+mt) (sin(-xz
(x2+y2_|_22) n u(x2+y2+zz)

+ot) kx +sin(-kz+ o) k) +sin(-kz4+ o) k2 —2cos(-kz+01)z) (¥ +)7) & Nd(x),
cos(-kz+w?) esin(-xz+01) o (X*+17) &Nd(x), d(»),d(z))
(x2+y2+22)2
cos(-kz4 o) esin(-kz+wt) o (x> +37)

2
(x2 —I—y2 +Zz)

d(y),d(t))) —

Spin density rho_spin=

! -sin(-xz4+ ¢ 21(2)c4—2sin -Kz
2, 2, )3
w(x"+y +2)

LaGrange field energy density (B.H-D.E) = -

+0)t)2K2x2y2 — sin( -Kz+0)t)21<2x222 +4sin(-kz+ 1) kx'cos(-kz4+ o) z—sin(-Kz

+0)t)21<2y222 — sin( —Kz+cot)2K2y4—4COS( —Kz+wt)222 +4sin(-kz+ 1) k) cos(-Kkz
+ot) Z+88in(—Kz+(1)t)20)2},lx4+2esin(—Kz—l-(l)t)z(ozuxzyz—l-esin( —Kz—l-o)t)zcozuxzz2

+Ssin(—Kz+0)t)2032},ly4+&‘sin(—Kz—i-(z)l‘)z(l)zuyzzz)

B.H= ! 3 (Sin(—K2+0)t)2K2x4+ZSin(—Kz+0)t)2K2x2y2+sin(—Kz+cot)2K2x222

w (x2 +y2 +22)

—4sin(-xz+01) kx’cos(-kz+wr) z+sin(—Kz+0)t)21<2y222+sin(—Kz+(ot)21<2y4

+4COS(—K2+(01)222—4sin( ~xkz+0t) Ky cos(-kz+wt) z)
e sin ( —Kz+(,0t)20)2 (x> +)7)

2
(x2 —I—y2 —|—22)

D.E=

! (cos(-kz+m¢) (cos(-xz+w¢) K2x2+4sin( -Kz+ot) Kz+cos(-kz
u(xz-l—yz-l-zz)3

+wt) K222+COS( -Kz+mt) K2y2+2cos(—l<z+(1)t) —ecos(-kz+wt) (ozuxz—ecos(—lcz

AJ=



+ot) (Dzuyz—Scos(—Kz-I—wt) (Dzuzz) (x2+y2))
-rho.phi =0
Poincare I  (B.H - D.E)-(A.J - rho.phi) = - I 3 (—sin( —Kz+0)t)21<2x4—2£cos( -Kz
2, 2, 2
u (x +y -I-Z)

+(ot)2(02ux2y2 — & cos( —1<z—|-(ot)2(x)2uzzx2 — g cos( —Kz+cot)2(ozuzzy2 —sin( -xz
+0)t)21<2y4 — 2 sin( —Kz+0)t)2K2x2y2 — sin( —Kz+(0t)2l<2x222 — sin( —Kz+(0t)21<2y222
+8sin(-kz4+01) kx’cos(-kz+wt) z+8sin(-kz+wt) k) cos(-kz+o1) z+2 ¢ sin(
—Kz+0)t)20)2 wx* ¥ 4 & sin( —Kz-i-(Dt)z(DzuszZ + & sin( —Kz+(0t)20)2 Wy 2+ cos( -z
+0)t)2x41<2 + cos( —Kz+0)t)2y41<2 +2 5% cos( —Kz+0)t)2 +237 cos( —Kz+0)t)2 + ¢ sin(
—Kz+(ot)2w2 wx* 4 ¢ sin( —Kz+0)t)2(02uy4 — & cos( -KZ-i-(l)l‘)zOJZ wxt —ecos(-xz
+0)t)2(o2uy4 + 2 cos( -Kz+0)t)2x2 K2y2 + % cos( —Kz+(ot)21<222 + cos( -Kz-i-(ol‘)zl(zyzzz

— 4 cos( —Kz—l—(z)t)zzz)

London Coefficient  LC = : (cos(-kz+ 1) K x> +4 sin( -xz

(x> +1* +7) peos(-xz+wr)

+ot) kKz+cos(-kz+w¢) K222+COS(-KZ-|-(DZ) K2y2+2cos(—1<z+0)t) —gcos(-Kz
+ot) wzuxz—scos(—lcz—i-wt) wzuyz—scos(—lcz—i-wt) wzuzz)

x(%06) v(%66) 2(2x200s(—1<z+0)t) + 422 sin(-xz + ©1) xz — 2 cos( -kz + ® 1) 2 —
@42 42 (24242

PROCA coefficient curlcurlB=

9%1=2x"sin( -
%2=6x" cos( -
9%3=2x"sin( -1
%4=6 cos( -k z
%5=2sin(-Kz

%6=sin(-Kz+wt) K3x4+%]—%2+%3+6Sin(-K2+0)t) Kx* —8cos(-kz+wr) z+6sin(-kz4+m1)



yO) %)
@+2+2Pn @22

2
%I=gcos(-Kz+m1) o px

Amperian Current 4Vector — curlH-dD/dt=J4 =

0,0

%2=¢cos(-Kz+wt) (ozuy2
%3=gcos(-Kz+ m1) cozuz2
%4=cos(-xkz+wt) K2x2+4sin(—1<z+(x)t) Kz+cos(-kKz+w¢) K222+cos(—Kz+mt) K2y2+2cos( -Kz+

2x(%4) cos(-xz+ 00) 2 29(%4) cos(-xz + 01) 2
(@ +2+2) (2 +2+2)

2
%Il=gcos(-kz+mt) o ux’

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J _amperex B) =

%2=gcos(-Kz+w¢) (J)zuy2
%3=¢cos(-kKz+wt) cozuz2
%4=cos(-Kz+wt) K2x2+4sin(—1<z+0)t) Kz+cos(-xz+wt) K222+COS(—KZ
Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN= - (cos(-xz+ 1) (x* +1* +7) )/(cos( -Kz+ot) o2+ 4 sin (
-Kz+ot) Kz+cos(-kz+w¢) 1<222+cos( -Kz+wt) K2y2+2 cos(-Kz+mt) —ecos(-kz

+ot) (Dzuxz—ecos(—l(z—i-wt) (Dzuyz—ecos(—l(z—i-wt) wzuzz)

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

2 x cos( —Kz+0)t)222

3
(P4 +2)

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] =

b

2ycos(—1<z+0)t)222 1

3 b
(x2 +y2+zz) u },L(x2 +y2+zz)

3 (cos(-xz+wt) (sin(-kz+mt) Kx2+sin(—1<z

+ot) k) +sin(-kz+wr) kZ—2cos(-kz+01)z) (F+37)),

cos(-kz4o1) esin(-xz+wt) o (x> +37)
2

(x2 +y2 +Zz)



cos(-xkz + i) y(%11) xcos(-xz+ i)
(2 +2+2) (242 +2

2 2
9%1=2sin(-xz4+m1) K x*)

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J _spinxB) =| -

. 2 2
9%2=sin(-kz+wt) K x*7

%3=4sin(-xz+0t) kx’cos(-Kz+wt) z
%4=sin(—l<z+(0t)21<2y222
%5=4sin(-kz+ wt) Kyzcos(—Kz+0)t)z
%6=£sin(—1<z+cot)2m2ux4
%7=2esin(—1<z+0)t)2(02ux2y2
%8=£sin(—1<z+0)t)20)2ux222
%9=£sin(—1<z+cot)2m2uy4
%10=esin(—Kz-l—(ot)zo)zuyzz2
0611 =-sin(-xkz+ 1) K x*— %1 — %2+ %3 — %4 —sin(-xz+01) Ky —4dcos(-kz+w1) P+ %5+ %
Spin Dissipation J spindot E =0
1
(¥ +)*+2)

(cos(-kz+mt) (25° Zcos(-kz+ 1) K

Disspative Force 3 vector = | -
+8x2ksin(-kz4+mt) +2xz cos(-kz+ 1) K2+2xzzcos( -Kz+o1) K2y2+4cos(—KZ
+ot)Fx—2xFecos(-kz+01) coz},l—2xzzacos(—1<z+(ot) mzuy2—2x24ecos(—1<z
+w¢) O)Zu—uysin(—Kz+(ot)21<2x4—2uy3sin(—Kz+o)t)21<2x2—uysin(—Kz+0)t)21<2x222
+4pysin(-xz+o01) kx¥cos(-kz+wit) z—py’ Sin(—Kz-l-O)t)szZz—uySSin(-Kz+0)t)21(2

—4uycos(—Kz-l—o)t)zzz—i-4uy3 sin(-xz+wt) kcos(-Kz+ w¢) z—i—uzyssin( -Kz

2 2 2 _ 2 2 2 2 2 2 :
to) o xX+2u Yesin(-kz+ot) o W yesin(-kz+01) o X2+ ) e sin(



—Kz+(ot)20)2+u2y3ssin(—Kz+mt)2m222)), ! 7 (cos(-xz+wi) (
(¥4 +2)
—2yzzcos(—1<z+cot) K2x2—8yZ3Ksin(—Kz+0)t) —2yz4cos(—Kz+(x)t) K2—2y3zzcos(—l<z
2 2 2 2 2 32 2

+wt) K —4cos(-xkz+wt)Zy+2yzecos(-kz+wt) @ pux +2y Zecos(-kz+wt) ® U

4 2 5 . 2 2 3 . 2 29
+2yzecos(-kz+wt) ® p—px’sin(-kz+wt) K —2ux sin(-kz+w?) Ky
—ux3sin(—Kz+0)t)21<222+4ux3sin(—1<z+oat)Kcos(—Kz+cot)z—uxsin(—Kz

+0)t)21<2y222—uxsin(—Kz+0)t)21<2y4—4p,xcos(-Kz+0)t)222+4uxsin(—KZ

+ot) Ky cos(-kz+wt) Z+},L2x5£Sin(—Kz+(0t)20)2+2},l2x385in(—Kz+0)t)2(1)2y2

+u2x385in( —Kz—i—(;)t)z(ozz2 +u2xesin( —Kz+(ot)20)2y4+u2xesin( —Kz—i—(ot)zcozyzzz)

). - 1 7 ((cos(-kz+mt) K P +4sin(-xz+w1) kz+cos(~kz+w1) K 2

(xz—l-yz—l-zz) 1
+cos(-Kz+ m1) K2y2+2cos(—1<z+0)t) —¢ecos(-kz+wt) 0)2].J,x2—8COS(—Kz+O)t) (J)Zuy2
—ecos(-kz+w?) wzuzz) (sin(-xz4+ o) kx* +sin(-kz+o01) k)’ +sin(-kz+01) K2
—2cos(-xz+wt)z) (¥ +37))]

: 2, 2
Dissipation = peos(-kz+wt) esin( KZ"'Z(’”) o (x"+)°)
(x2+y2+zz)

> EH =crossprod(E HF): EH 1] ; EH 2] ; factor (EH 3]);
2xsin(-kz+w®t) ocos(-Kz+ wt) 2

3
(x2 —I—y2 +Zz) w

2ysin(-xz+ot) wcos(-xkz+mt) 2
3
(4" +2)

710N\



! 3 (sin(-kz+ o) o (sin(-kz4+01) kx* +sin(-xz+ o) K)* +sin(-kz4+01) k2 (10)
u(x2 +y2+22)

—2cos(-Kz+wt) Z) (x2 +y2) )

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
p=2, n=2, euclidean signature index 0. p160,vol4

> NAME: =" Exanpl e A-- Hopf signature index O or 1. The 1-formis divided by the Hol der
normany p, n=2 EdotB =0 °;

> Ax:=y*1*Orega; Ay: =- x*Orega; Az: =C*t; phi : =z*C,
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM AX, Ay, Az, phi,-1,1,1,1, 2,0, 0, O*al pha*(g+l *gammm) , 0) :

ek skokok sk sk ok ok skokokok sk ok ook skt okok skokokok sk okokok sk okokok kol sk kol kol kokokosk kol sk Rk oksk ok ok

NAME =
Example A-- Hopf signature index 0 or 1. The I-form is divided by the Holder norm any p, n=2 EdotB =

0

Ax =y Q
Ay =-xQ
Az =Ct
0=Cz

Example A-- Hopf signature index 0 or 1. The I-form is divided by the Holder norm any p, n=2 EdotB =0

sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk ske st st sk sk skeoske sk skosk sk skosk DifferentialForm Format sk sk ke s sfe e s she ke sk sk ke sk sk e sk sk ke sfeoskeoske seoskeoske skeoskeoske skosk

stk
Action I-form=y Qd(x) —xQd(y) + Ctd(z) —Czd(1)
Intensity 2-form F=dA =-2Q (d(x)) &" (d(y)) —2 C (d(z)) &" (d(1))
Topological Torsion 3-form  ANF= -2 C1Q &Nd(x),d(y),d(z)) +2 CzQ &\(d(x), d(y), d(t))
—2yQC&Nd(x),d(2),d(t)) +2xQC&Nd(y), d(z),d(t))
Topological Parity 4-form  F'F=8 Q C &\d(x),d(y), d(z), d(1))

AR Ugino EM format %6k skt o ok o o
E field=10,0, -2 C]
B field= 0,0, -2 Q]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =[2xQC,2yQC,2CzQ,2CtQ]
Helicity AdotB= -2 Ct €



Poincare Il =2(E.B)=8 Q C
coefficient of Topological Parity 4-form =8 Q C
Pfaff Topological Dimension PTD =4

elriclcicl ol sickckekxel ok Correlation Similarity Invariants of Jacobian of (Ak/lambda ) % #¥#sskdckseciox

skeske st skeoskeoske sk sk skeoskoskosk
Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature = Qz +

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature = 92 c?
ok Compute Current using from Maxell-Ampere equations for constitutive equations with
C/’liralily CH Hxssssrskksotx
Chirality factor CH=0
D field=1[0,0, -2 ¢ C]
2Q

H field = [o, 0, - —=
u

Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

2xQ2’ ZyQZ’ —2£sz, -2 C%te
u u
2x Q' &Nd(y), d(2),d(1) 2y Q &Nd(x),d(z),d(1))
u W
—2eC*z&Nd(x),d(y),d(t)) +2 Cte &Nd(x),d(y), d(z))

Topological SPIN 4 vector S4 =

Topological SPIN 3-form =

Spin density rho_spin= -2 C’te
4(-Q° +ec?p)

LaGrange field energy density (B.H-D.E) = -

u
2
u
DE=4¢C°
AJ=0

-rho.phi =0



4(-Q" +ec?p)
u

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -

London Coefficient LC=0
PROCA coefficient curlcurlB=10, 0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 =1[0,0,0,0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]
Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[2xQ C,2yQ C,2CzQ,2CtQ]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) = [ -4y Q2 C,
2
4xQ°C, -4 C1Q]

Torsion Dissipation Jtorsion dot E =4 Cc’zQ

2 2
2xQ 2yQ
& , Y ,—28CZZ,

u u

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

2Cte

4yQ3 ) 4xQ3

u u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) =

—4C§t€]

Spin Dissipation J spindot E =4¢ Cz
DisspativeForce3vector=[—4y§22 (-Q +C),4x§22 (-Q+C), -4 C’1 (C8u+Q)]
Dissipation =-2C (Ctep—xQ)

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
p=2, n=4, euclidean signature index 0 p 160 vol4

> NAME: =" Exanpl e A-- Hopf signature index 0. The 1-formis divided by the Hol der norm any
p=2, n=4 °;



> Ax: =y*Onega; Ay: =- x*Onega; Az: =C*t *1; phi : =z*C* 1,

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM AX, Ay, Az, phi, 1,1,1,1, 2,0, 4, 0*al pha*(g+l *gamm), 0) :

sk sk ok sk ok ok skokokok sk ok okok sk ok okokskokokok ko okok skokokok skokokok sk okokok kool kol kol sk kR sk ok ok

NAME = Example A-- Hopf signature index 0. The 1-form is divided by the Holder norm any p=2, n=4

Ax =y Q
Ay = -xQ
Az =Ct
0:=Cz

Example A-- Hopf signature index 0. The 1-form is divided by the Holder norm any p=2, n=4
sk sk sk st sk she sfe st sk st sk sfe st st sk steoskeosfe sk steoskeosteoskeoske s skeoskeoskeske skeoskeoskosk [ﬁﬁ%renﬁalﬁbrnszrnuﬂ sk sk st sk sk ske sk sfe st sk sk ske sk st st skeosieoskeo sk sfeoskeoskeoskeoske sk steoskoskosk

skskoskosk
Action I-form=yQd(x) —xQd(y) +Ctd(z) —Czd(t)
Intensity 2-form F=dA =-2Q (d(x)) & (d(y)) —2C (d(z)) &" (d(1))

Topological Torsion 3-form A"F=-2CtQ &"Nd(x),d(y),d(z)) +2CzQ &"d(x),d(y),d(t))

—2yQC&MNd(x),d(z),d(t)) +2xQC&Nd(y),d(z),d(t))
Topological Parity 4-form F"F=8 Q C &\d(x),d(y),d(z),d(t))
AR AR [gino EM format %588 st o o o o ook
E field=10,0, -2 C]
B field=10,0, -2 Q]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =[2xQ C,2yQC,2CzQ,2 CtQ]
Helicity AdotB= -2 C t )
Poincare Il =2(E.B)=8 Q C
coefficient of Topological Parity 4-form =8 Q C
Pfaff Topological Dimension PTD =4

ook coicckick koot Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥k

sk sk st ks sk sk sk skeoskeoskeosk
Xm or linear (Mean) curvature =0

2
Yg or quadratic (GAUSS) curvature =€ + o
Za or Cubic (Interaction internal energy) curvature =0
2
Tk or quartic (4D expansion) curvature =€ c?

FAdckadkokxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chil”alily CH skt
Chirality factor CH=0



D field=10,0, -2 ¢ C]
H field= [o, 0, - 2
u

Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

ZXQZ, ZyQZ’ —2£C22, -2C%te
W u
2x Q' &Nd(y), d(2),d(1) 2y Q &Nd(x),d(z),d(1))
u u
—2eC*z&Nd(x),d(y),d(t)) +2 CPte &Nd(x),d(y),d(z))

Topological SPIN 4 vector S4 =

Topological SPIN 3-form =

Spin density rho_spin= -2 C’te
4(-Q" +ec?p)

LaGrange field energy density (B.H-D.E) = -

u
2
[y L
u
D.E=4¢C
AJ=0
-rho.phi =0
2
4\ -Q
Poincare I (B.H - D.E)-(A.J - rho.phi) = - ( TE c M)
u

London Coefficient LC=0
PROCA coefficient curlcurlB= 10,0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =[0,0,0]
Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[2xQ C,2yQC,2CzQ,2CtQ]
2
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) = [ -4yQ C,

4xQ°C, -4 Q]



Torsion Dissipation Jtorsion dot E =4 c’zQ

2 2
2xQ , 2yQ ,—28C22,

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = l
[ [

—2C2te

4@ 4xQ’

u u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinxB) =

“4Cte

Spin Dissipation J spindot E =4¢ Cz
2 2
DisspativeFarceSvector=[—4y£2 (-Q+C),4xQ (—Q+C),—4C2t(C€u+Q)]
Dissipation =-2C (Ctepn—xQ)

ook k KRRk Rk Rk Rk Rk Rk Rk k% PN PROCEDURE. #%% %%k skt skt stk ok ok 12)

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
p=2, n=4, Minkowski signature index 1 negative ambiguity p 161 vol4

> NAME: =" Exanpl e B-- Hopf signature index 1. The 1-formis divided by the Hol der norm p=
2, n=4 ";

> AX: =-y; Ay: =+x; Az: =- Ct; phi : =-z*C,
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM AX, Ay, Az, phi,-1,1,1,1, 2,0, 0, 0*al pha*( g+l *ganma) , 0) :

st sfe sk sfe sfe sk sk ske sk sk s sk sk sk st sk ste st she sfe she she sk ske sk sie s sk sk sk st st sk st she sk sk ske sk ske sk sl sk sk sk sk sk ste sk ske sk skeoskeoskoskoskoskoskoskok ok

NAME := Example B-- Hopf signature index 1. The I-form is divided by the Holder norm p=2, n=4

Ax:= -y
Ay =x
Az =-Ct
0:=-Cz

Example B-- Hopf signature index 1. The I-form is divided by the Holder norm p=2, n=4

sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk sk st st sfeoske sk skeoske sk skosk sk skosk Lwﬁ%renﬁalFbranbrnun sk sk ke s sfe e sk she e sk sk ke sk sk ke sk sk ke sfeoske ke seoskeoske skeoskeoske skosk

skeskoskosk

Action I-form=-yd(x) +xd(y) —Ctd(z) + Czd(t)
Intensity 2-form F=dA =2 (d(x)) & (d(y)) +2C (d(z)) &" (d(t))
Topological Torsion 3-form A"F=-2Ct&"Nd(x),d(y),d(z)) +2 Cz&"d(x),d(y),d(t))
—2yC&Nd(x),d(z),d(t)) +2xC &Nd(y),d(z),d(t))
Topological Parity 4-form  F"F=8 C &"(d(x),d(y),d(z),d(t))



sk sk sk sk sk sk st sk sk sk sk sk st sk st sk sk sk st skeoste sk sk sk skeoskeoskeoske sk skeoskoskosk L@ﬁ%gﬁﬂ4jbnnat st sk s sk sk sk st sk st sk sk sk st sk st sk ske sk st sk st sk sk sleoskeoskeoskeoske sk skeoskoskosk
E field=10,0,2 C]
B field= 10,0, 2]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =[2xC,2yC,2Cz 2 Ct]
Helicity AdotB=-2 C't
Poincare Il =2(E.B)=8 C
coefficient of Topological Parity 4-form =8 C
Pfaff Topological Dimension PTD =4
FoAdckcoioick ok koot Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥k

sk sk st sk sieoske s sk skeoskeoskeosk
Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature = ct+1
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =C

FAdckadokxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chil”alily CH skt
Chirality factor CH=0

D field=1[0,0,2 ¢ C]
H field= [o, 0, 2 }
u
Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =1[0,0,0,0]
Amerian charge density ~ divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4 = Q, ﬁ, 2eCz -2Cte
U

Topological SPIN 3-form= 2x&M(d(y),d(2),d(1)) _ 2y &Ndlx),d(z),d(1)) —ZECZZ&’\(d(x),
[ [

d(y),d(1) +2 Cte &N\d(x), d(y), d(z))
Spin density rho_spin= -2 C’te
4(-14+eCp)

LaGrange field energy density (B.H-D.E) = -
w
B.H= 4
u

DE=4¢C°



AJ=0
-rho.phi =0
4(-1+eCp)
u

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -

London Coefficient LC=0
PROCA coefficient curlcurlB=10, 0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 =1[0,0,0,0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]
Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[2xC,2yC,2Cz 2 Ct]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) = [4 yC, -4xC,
4C% 1)
Torsion Dissipation Jtorsion dot E = -4 C’z

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = , 2y ,-2¢ c? z, -2 c? ts]

u

2x
u
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [ _4y , ﬂ, 4C° te}
L
Spin Dissipation J spindot E =-4¢ Cz

Disspative Force 3 vector = [4y (C—1), -4x (C—l),4C2t (Ceu-l-l)]
Dissipation =-2C (Cten—x)

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e la-- Real Linear Polarization AAG>0, A"F = 0 | NBOUND °;
> theta: =(k*z+onega*t);
> Ax:=cos(theta); Ay: =cos(theta); Az: =0; phi : =0;

sk sk ook ok sk ok ok sk ok ks ok ook sk ok ok sk okok kR ks ok okok kR kR ok sk kR sk kosk kR sk kR sk ko ok

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

13)



> JCM A, Ay, Az, phi, 1,1, 1,1, 2,0, 0, 0*al pha*( g+l *gamm), 0) :
NAME = Example la-- Real Linear Polarization A”G <>0, AF' = 0 INBOUND
O =kz+ ot

Ax:=cos(kz+ mt)

Ay =cos(kz+ wt)
Az =0
o:=0

Example la-- Real Linear Polarization A”G! O 0, A"F = 0 INBOUND

>k ok s sk sk sk sk sk sk s sk sk sk sk s sk s sk sk sk sk sk s skeosk sk skoskosk skock

Differential Form Format

>k sk sk sk sk s sk s ke s sk sk s sk s ke s skeosk sk sk ke sk skosk ki sk
skoksk ok

Action I-form=cos(kz+ wt) d(x) +cos(kz+wt) d(y)
Intensity 2-form F=dA =sin(kz+ot) o (d(x)) & (d(t)) +sin(kz+ot) k (d(x)) & (d(z))
+sin(kz+ot) o (d(y)) & (d(t)) +sin(kz+ot) k(d(y)) & (d(z))
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
st s sk sk sk sk sk s sk sk sk sk sk s sk sk s sk sk seosk sk seosk sk sk sk skosk skeoskosk U&ﬁ%{ﬁm4jbnnat sk sk sk sk sk sk sk sk sk s sk sk s sk sk seoske sk seoske sk seosk sk skeosk sk skosk sk sk ok
E field=[sin(kz+wt) o, sin(kz+w?) o, 0]
B field=[sin(kz+wt) k, -sin(kz+ot) k0]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2
okicl ol ciclickckckxel ok Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) *%#¥#kdackckx
skeske st skeoskeoske sk sk sleoskoskosk
Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
skt sieoseske sk koo

Compute Current using from Maxell-Ampere equations for constitutive equations with
ChﬂuﬁD/CY¥ sfeskeoskeoske sk s skeoskoskesk sk

Chirality factor CH=0
D field=[esin(kz+ot) o, esin(kz+wt) ®, 0]



H field— sin(kz+ot) k’ _sin(kz+o1) k’Ol
[ u
2wk(-1 —|—cos(kz—|—(x)t)2)
Poynting vector ExH=| 0 0
1)

Amperian Current 4Vector — curlH-dD/dt=J4 = [%], %1, 0, 0]
2 2
cos(kz+wt) (F—co )
w

%1 =

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
2cos(kz+wt) sin(kz+wt) k

u

Topological SPIN 4 vector §4 = [O, 0, - ,2cos(kz+wt) esin(kz

+w¢) 0)]

2cos(kz+wt) sin(kz+wt) k&Nd(x),d(y),d(t))
v

Topological SPIN 3-form= - —2cos(kz

+wt)esin(kz+wt) o &\Nd(x),d(y),d(z))
Spin density rho_spin=2 cos(kz+wt) esin(kz+ot) ®
2sin(kz+(ot)2 (kz—eo)zu)
u

LaGrange field energy density (B.H-D.E) =

2 sin(kz+0)t)2k2
1l
. 2 2
DE=2¢sin(kz+wt) o

B.H=

_ 2cos(kz+ wt)2 (# e m)
mn
-rho.phi =0

AJ

Poincarel  (B.H - D.E)-(A.J - rho.phi) =

2 (kz—eo)z},t) (cos(kz+wt) —sin(kz+wt)) (cos(kz+wt) +sin(kz+wt))
u

P —e 0)2 1)
w
PROCA coefficient curlcurlB=[sin(kz + o t) k3, -sin(kz+ 1) k3, 0]

London Coefficient LC=



Amperian Current 4Vector — curlH-dD/dt=J4 = [%], %1, 0, 0]
2 2
cos(kz+wt) (F—co )
w

%1 =

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =|0,0,

2cos(kz+wt) (B e W) sin(kz+wt) k
u

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = lO, 0,

2 cos(kz+ot) sin(kz+wt) k

w
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J _spinx B) = [%], %1, 0]

,2cos(kz+wt) esin(kz+ot) 0)]

_ 2cos(kztwt) sin(kz—i—oot)2 (# e m)
n

%1

Spin Dissipation J spindot E =0

Disspative Force 3 vector= %1 R %1 s

2cos(kz + 1) (k2 — ew? u) sin(kz + @) k}
u

%I1=2cos(kz+wt) sin(kz—i—o)t)2 (# —ew m)

Dissipation =2 pcos(kz+wt) esin(kz+mt) ®

> factor(B[3]);
0 as)

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 1b-- Real Linear Polarization AAG>0, A"F = 0 QOUTBOUND ";



> theta: =(-k*z+onmega*t);
> Ax: =cos(theta); Ay: =cos(theta); Az: =0; phi : =0;
Then call the procedure JCM(Ax,Ay,Az,phi,a,b,c,e,p,N,H)

> JCM Ax, Ay, Az,phi, 1,1,1,1,2,0,0, g+l *ganmg, 0) ;

st sfe sk sfe sfe sk sk ske sk sk s sk sk sk st sk ste st she sfe she she sk ske sk sie s sk sk sk st sk sk st she sk sk ske sk ske sk sl s sk sk sk sk ste sk ske sk skeoskeoskoskoskoskoskoskok ok

NAME := Example 1b-- Real Linear Polarization A~G <>0, AN = 0 OUTBOUND
0=-kzt+ot
Ax:=cos(kz—mt)
Ay :=cos(kz—mt)
Az =0
0:=0
Example 1b-- Real Linear Polarization A™G! OO0, A"F =0 OUTBOUND

sk sk s sk sfe sk sk sk sk sfe sk sfe sk sk sk sfe sk sk sk sk sk sk skeosk sk skokesk skosk [ﬁﬁ%renﬁalFbrnzFbrnuﬂ sk sk sk st sfe sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk stk skok sk

skkskk
Action 1-form=d(x) cos(kz—wt) +d(y) cos(kz—wt)
—sin(kz—(ot) o (d(x)) & (d(t)) +sin(kz—0)t) k(dx)) & (d(z))

Intensity 2-form F=dA =
—sin(kz—ot) ® (d(y)) & (d(t)) +sin(kz—ot) k(d(y)) & (d(z))
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
sk sk s ske sk sfe sk st sie sk sk sfe sk sie st ske sk sfe st st sk sk sk s sk sieosie s sk skeoskeoskosk U&ﬁ%{Eﬂ4}brnﬂ” sk st st sie sk sfe sk e sie sk sk sfe sk ke st ske sk s st st sk sk sk s skeosieosie s sk skeokeoskosk
E field= [ -sin(kz—wt) o, -sin(kz—w1t) ®,0]
B field=[sin(kz—ot) k, -sin(kz—wt) k, 0]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =2
Fodckickoickickackxsoriek Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*¥asdackxsktsiek
skeoskeosteoskeoskeoske sk sk skeoskoskosk
Xm or linear (Mean) curvature =0
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

Fedokackxsxk  Compute Current using from Maxell-Ampere equations for constitutive equations with

chirality CH **¥¥¥kskkxk



Chirality factor CH= (g +1v) 1
J €
'I('IS‘D‘H / £ kg— | B ky] sin(kz—ot),1
€ €
_ /K ky] sin(kz—wt),0
€

leow+1 Ll kg

€

D field =

lk+1 [ 2 oug — |/ B wuy] sin(kz—wt)
H field=| - € € ,
i
I -1tk+1 [ & oug — B wuy] sin(kz—mt)
NEE: J €
- ’O
n

2wk (-1 +cos(kz—0)t)2)
i

Amperian Current 4Vector — curlH-dD/dt=J4 = [%], %1, 0, 0]

Poynting vector EXH=| 0 0 -

cos(kz—awt) (K e w
u

%1 =

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
2cos(kz—wt) sin(kz—wt) k

u

Topological SPIN 4 vector S4 = [O, 0, - ,-2cos(kz—wt) sin(kz

—t) eo)l

2cos(kz—wt) sin(kz—wt) k&Nd(x),d(y),d(t))
v

Topological SPIN 3-form= - +2cos(kz

—ot)sin(kz—ot) eo &\(d(x),d(y),d(z))
Spin density rho_spin=-2 cos(kz—mt) sin(kz—ot) e ®
2sin(kz—(ot)2 (kz—eo)zu)
u

LaGrange field energy density (B.H-D.E) =

2sin(kz—(1)t)2k2
1l
. 2 2
D.E=2sin(kz—ot) o ¢

B.H=




_2 cos(kz— 0)1‘)2 (k2 e u)
w
-rho.phi =0

AJ

Poincarel  (B.H - D.E)-(A.J - rho.phi) =

2 (B —eo ) (cos(kz—w1) —sin(kz—o1)) (cos(kz—wt) +sin(kz—wot))
u

P —e 032 1)
w
PROCA coefficient curlcurlB = [k3 sin(kz—wt), K sin(kz—wt), 0]

London Coefficient LC=

Amperian Current 4Vector  curlH-dD/dt=J4 = [%1 , %1, 0, 0]
2 2
cos(kz—wt) (P —cw )
U8

%1 =

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =|0,0,

2cos(kz—wt) (B e W) sin(kz—wt) k
i

Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = lO, 0,

_2cos(kz—o1t) sin(kz—wt) k
u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [%], %1, 0]
. 2(.2 2
_2cos(kz—w¢) sin(kz— i) (F—co )
o8

,-2cos(kz—wt) sin(kz—wt) ew

%1

Spin Dissipation J spindot E =0



Disspative Force 3 vector= %1 R %1 N

2 cos(kz — wt) (k2 —e? u) sin(kz — o t) k}
u

%I1=2cos(kz—wt) sin(kz—wt)2 (k2 —sco2 u)

Dissipation =-2ucos(kz—wt)sin(kz—wt) e



Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 2a-- Real
> theta: =(k*z+onega*t);

> Ax:=cos(theta); Ay: =sin(theta); Az: =0; phi : =0;
Then call the procedure JCM(Ax,Ay,Az,phi,a,b,c,e,p,N,H)

> JCM Ax, Ay, Az,phi, 1,1,1,1,2,0,0, g+l *ganmg, 0) :

Circul ar Polarization AAG=0, AF <> 0 | NBOUND ;

st sfe she sfe sfe sk sk ske sk sk s sk sk sk st sk st she she sfe she she sk ske sk sie s sk sk sk st sk sk st she she sk ske sk ske sk sl sk sk sk sk sk ste sk ske sk skeoskeoskoskoskoskoskoskokok

NAME = Example 2a-- Real Circular Polarization A~G=0, AN <> 0 INBOUND
O =kz+ot
Ax:=cos(kz+ot)
Ay :=sin(kz+wt)
Az =0

0:=0
Example 2a-- Real Circular Polarization A~G=0, A"F! O 0 INBOUND

sk sk s sk sfe sk sk sk sk sfe sk sk sk sk sk sk s sk sk sk sk sk sk skeosk sk skokesk skok Diﬁ’erentialForm Format sk s sk st sk sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk skeosk skoke sk

skokskosk

Action I-form=cos(kz+wt) d(x) +sin(kz+wt) d(y)
Intensity 2-form F=dA =sin(kz+ot) o (d(x)) & (d(t)) +sin(kz+ot) k (d(x)) & (d(z))
—cos(kz+wt) o (d(y)) & (d(t)) —cos(kz+wt) k (d(y)) & (d(z))
Topological Torsion 3-form A™F = ( -sin(kz+ o t)2 ® — cos(kz+ (0t)2 0)) &Nd(x),d(y),d(t)) + (
~sin(kz+ o) k—cos(kz+0) k) &Nd(x), d(y), d(z))
Topological Parity 4-form  F"F=0
sk sk ske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeskoske sk sk sk sk sk USingEMfOI’mat sk sk sk sk skeoske sk sk sk sk sk sk sk sk skeoske st sk sk sk sk sk sk sk skeskeskoske sk sk sk sk sk
E field=[sin(kz+®t) o, -cos(kz+mt) ®,0]
Bfield=[-cos(kz+wt) k -sin(kz+ot) k, 0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = [0, 0, ~® (%1), k(%])]

%]=cos(kz+0)t)2 +sin(kz+ cot)2

Helicity AdotB= -k (cos(kz+ o)’ +sin(kz+ o))
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =3

ook coioiclick ook Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥ Ak



skoskesteoskeoskeoske sk sk skeoskoskosk
Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
sheskeskoskeoskeosk skeskeskok

Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH ¥tk
Chirality factor CH= (g +1vy) [ 1l
€

I[—Iesin(kz—l—wt) o+ B cos(kz+ot) kg— | B cos(kz+mt) ky], ~gcos(kz
€ €

+wt) m— £sin(kz+(ot)kg—l Esin(szr(x)t)k\(,O
NI J o€

cos(kz+wt) k+ B

D field=

sin(kz+ot) opg+1 B

sin(kz+wt) opy
H field= | - € € ,
w
I[—Isin(kz—i—cot)k—l—l / B cos(kz+ot) oug — | B cos(kz—i—wt)wuy]
- € € ,0
w
0k
Poynting vector ExH=| 0 0 - ——
u

2 2
kz+ot) \FF—ecw
Amperian Current 4Vector COS( z ) ( “)

u 3

curlH-dD/dt=J4

sin(kz+wt) (k2 —emzu)
u

,0,0

Amerian charge density  divD =rho=0

divergence Lorentz Current 4Vector, 4div(J4) =0

0.0.1(%1) (%2) (g =) [ £ o -1(%1) (%2) 1z = [ £ &
%Il=cos(kz+mt) +1sin(kz+ w¢)

Topological SPIN 4 vector §4=

%2=-cos(kz+wt) +1sin(kz+mt)



Topological SPIN 3form=1(%1) (%2) (1g —y) | % ® &Nd(x), d), d(1)) +1(%1) (%2) (1g —7) | % k&Nd(x), d(y), d(2))
%Il=cos(kz+ot) +Isin(kz+w1)

%2=-cos(kz+wt) +1Isin(kz+ o)

Spin density rho_spin=-1(cos(kz+wt) +1Isin(kz+wt)) (-cos(kz+wt) +Isin(kz+wt)) (Ig

(kz—acozu) (Cos(kz+0)t)2+sin(kz+0)t)2)
u
k2(cos(kz+0)t)2+sin(kz+0)t)2)
u
2 2 2
DE=¢w (cos(kz+wt) +sin(kz+wt))

LaGrange field energy density (B.H-D.E) =

B.H=

(k2 —8(,02 u) (cos(kz+0)t)2 +sin(kz+0)t)2)

AJ=
u
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) =0
2 2
London Coefficient LC= w
w

PROCA coefficient curlcurlB = [ -cos(kz+ wt) K, - sin(kz+ wt) i, 0]

cos(kz+wt) (K —smzu)
u 2

Amperian Current 4Vector  curlH-dD/dt=J4 =

2
sin(kz+o0t) (F—eco )
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]

,0,0

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] = [O, 0, -~® (%1), k(%])]
2 . 2
%I1=cos(kz+wt) +sin(kz+mt)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0



Topological Spin current 4 vector TS4 = -[Ax H + D.phi, AdotD] =0, 0, 1(%61) (262) (1g — Y) / % o, -1(%1) (%2) (1g — Y) / % k]
%Il=cos(kz+ot) +Isin(kz+wt)
%2=-cos(kz+wt) +1Isin(kz+ot)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinxB) =1[0,0,0]
Spin Dissipation J spindot E =0
Disspative Force 3 vector =0, 0, 0]
Dissipation =-1W (cos(kz+wt) +Isin(kz+ot)) (-cos(kz+wt) +Isin(kz+wt)) (Ig

—y) | — k
€

sk s sk sk sfe sk ske sk sk sk sk sfeoske sk sk sk skeoske sk sk skeoske sk sk skoskosk

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 2b-- Real Circular Polarization AAG>0, AF = 0 COUTBOUND °;
> theta: =(-k*z+onega*t);

> Ax:=cos(theta); Ay: =-sin(theta); Az: =0; phi : =0;

sk sk sk ok ok ok ok o o ok sk sk ok sk sk sk sk sk sk sk sk ok sk sk ok o ok ok sk sk ok sk sk sk sk sk sk sk sk sk sk ok o o sk skoskosk ok skoskoskoskoskoskoskosk sk sk ok
Then call the procedure JCM(Ax,Ay,Az,phi,a,b,c,e,p,N,H)
> JCM AX, Ay, Az, phi,1,1,1,1,2,0,0, al pha, 0):

NAME := Example 2b-- Real Circular Polarization A~G <>0, A"F = (0 OUTBOUND
0=-kz+wot
Ax:=cos(kz—mt)
Ay =sin(kz—wt)
Az =0

¢:=0
Example 2b-- Real Circular Polarization AG! O 0, A"F = (0 OUTBOUND

>k sk s sk sk sk sk sk sk s sk s sk sk s sk s sk sk sk sk sk s skosk sk skoskosk skook Dif]‘ferentialForm Format >k ok sk sk sk s sk s ke sk sk sk s sk s ke s skosk sk sk ke sk skosk ki sk

—_—
Action 1-form=d(x) cos(kz—wt) +sin(kz—wt) d(y)
Intensity 2-form F=dA = -sin(kz—wt) o (d(x)) &" (d(t)) +sin(kz—wt) k (d(x)) & (d(z))
+cos(kz—wt) o (d(y)) & (d(t)) —cos(kz— 1) k (d(y)) &" (d(z2))
Topological Torsion 3-form  A"F=(sin(kz—01) o +cos(kz—w 1)’ ©) &\d(x), d(y), d(1)) + (
~sin(kz—w¢) k—cos(kz— o) k) &Nd(x), d(y), d(z))
Topological Parity 4-form  FNF=0



skokskoskskskoskskoskoskskoskskskosksk skoskskosksksksk sk sksksk ks sksksk ok L%ﬁ%;ﬁﬂl]bnnat skokskoskoskskoskskoskoskskoskskskoskskskosksk sksksksksk sksk sk sk sk sksk sk ok
Efield=|-sin(kz—w1t) 0, cos(kz—wt) ®, 0]
B field=|-cos(kz—ot) k, -sin(kz—ot) k,0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =0, 0, » (%61), k(%1)]

%1=cos(kz—(oz‘)2 —I—sin(kz—o)t)2

Helicity AdotB= -k (cos(kz— o)’ +sin(kz— o))
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3

okriclcicl el sicksickxel ok Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %% #kdackeciox
skeske st skeoskeoske sk sk skeoskoskosk

Xm or linear (Mean) curvature =0
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
sk sk sieoske sk sk skoskok

Compute Current using from Maxell-Ampere equations for constitutive equations with
ChﬂuﬁD/CY¥ sheske sieskeoskeoske sk skeoskeoskosk

Chirality factor CH=q. B

3
D field=|-esin(kz— o) o —o | 2= cos(kz—w1) kecos(kz—ot) ®—a | 2 sin(kz—w?) &
3 €
0
cos(kz—wt) k—a B sin(kz—wt) ou
H field=| - £ ,
u
sin(kz—wt) k+o | B cos(kz—wt) op
- € ,0
u
ok
Poynting vector ExH=| 0 0 ——
u

2 2
Amperian Current 4Vector cos(kz—wt) (k €W H)

u 3

curlH-dD/dt=J4 =




sin(kz—wt) (k2 —emzu)
u

,0,0

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

0,0, o /% o (%]), -a /% k(%)

%]=cos(kz—0)t)2 -I—sin(kz—o)t)2

Topological SPIN 4 vector S4=

Topological SPIN 3-form= -0, | % 0 (%1) &\d(x), d(y), d(1)) + o | % k(%1) &7d(x), d(y), d(z))

%1=cos(kz—(ot)2 —I—sin(/’cz—o)t)2

Spin density rho_spin=-a. B k (cos(kz ) t)2 +sin(kz — 0)1)2)

€
2 2 2
i — kz— in(kz—
LaGrange field energy density (B.H-D.E) = ( £ H) (COS( z=ot) +sin(kz-or) )
1)
2 2 . 2
i (cos(kz—ot) +sin(kz—we)”)

B.H=

u
DE=¢ (cos(kz—o)t)2 +sin(kz—0)t)2)

(# e w (cos(kz—mt)2 +sin(kz— cot)z)

AJ=
1
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) =0
2
I
London Coefficient LC= K TEO M
w

PROCA coefficient curleurlB= | K cos(kz—w1), K sin(kz—ot),0]

cos(kz—wt) (¥ —eo)zu)

Amperian Current 4Vector  curlH-dD/dt=J4 = ,
u

. 2
sin(kz—ot) (P—cw )
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]

;0,0

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0



Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] = [O, 0, (%1), k(%])]
2 . 2
%Il=cos(kz—wt) +sin(kz—mt)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

0,0, -0 /% o(%]), -o /% k(%])]

%l =cos(kz— 1) +sin(kz— 1)’

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) =1[0,0,0]
Spin Dissipation J spindot E =0
Disspative Force 3 vector =10, 0, 0]

2 2
Dissipation = -l o B k(cos(kz—wt) +sin(kz—w1) )
€

Enter the name of the procedure and then the components of the 4 potential

> NAME: =" Exanpl e 3a-- Conpl ex Linear Polarization A°G<>0, AF = 0 | NBCOUND °;
> theta: =(k*z+onega*t);

> Ax:=cos(theta); Ay: =l *cos(theta); Az: =0, phi : =0;

sk sk s ke ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk s sk sk ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk ok ok ok ok ok sk sk skoskoskosk sk sk sk sk sk sk ok
Then call the procedure JCM(AXx,Ay,Az,phi,a,b,c,e,p,N,H)
> JCM Ax, Ay, Az, phi,1,1,1,1, 2,0, 0, gang, 0) :

NAME = Example 3a-- Complex Linear Polarization A~G<>0, A™F = 0 INBOUND
0=kz+ot
Ax =cos(kz+ wt)
Ay :=1Icos(kz+ w¢)
Az =0
0:=0
Example 3a-- Complex Linear Polarization A™G! O0, AF = 0 INBOUND

st st sk sfe sfe sk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk skok sk sk skeoskoskoskok DiﬂerentialForm Format st s s s sk sk sk sk sk sk sk sk sk sk sk sk skoske sk ske sk sk skoskoskokoskokok

ok sk ok

Action 1-form=cos(kz+wt) d(x) +1cos(kz+wt) d(y)
Intensity 2-form F=dA =sin(kz+(x)t) o (d(x)) & (d(t)) +sin(kz+(x)t) k(d(x)) & (d(z))
+Isin(kz+ot) o (d(y)) & (d(t)) +1sin(kz+wt) k (d(y)) & (d(z))



Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
R Ui EM format %6 R s oo s ok
E field=[sin(kz+ot) o, Isin(kz+wt) o, 0]
B field=[Isin(kz+wt) k, -sin(kz+ot) k, 0]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =2

kol sk ok kel ok Correlation Similarity Invariants of Jacobian of (Ak/lambda N) *%F¥#skdacideckox
skoske st skeoskeosk sk sk skeoskoskosk

Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
sfeskeoskeoskeoskeoskeoskeskeoskosk

Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH Hxssssrskkstx
Chirality factor CH="y | M
€

-Isin(kz+ 1) [Iew— B ky],sin(kz—i—mt) [Isw— £ kyJ,O
N J €
- _ /K - _ /K
sin(kz+ot) |1k ouy| Isin(kz+or) |1k ouy
H field= £ £ 0
m

u b
cos(kz+wt) (¥ —e(ozu)
u b

D field=

Poynting vector ExH=EXH

Amperian Current 4Vector — curlH-dD/dt=J4 =

Tcos(kz+w¢) (K e w)
u

,0,0

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4=10,0,0, 0]

Topological SPIN 3-form=0



Spin density rho_spin=0
LaGrange field energy density (B.H-D.E) =0

B.H=0
D.E=0
AJ=0
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) =0
2
London Coefficient LC = @

PROCA coefficient curlcurlB= [Isin(kz+ w 1) k3, -sin(kz+w1) ks, 0]

cos(kz+ot) (B —¢ o m)
Amperian Current 4Vector  curlH-dD/dt=J4 =

b

u
Tcos(kz+w¢) (K —emzu) 0.0
" > U,
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =1[0,0,0]
Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0
Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =1[0,0,0,0]

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) =10,0,0]

Spin Dissipation J spindot E =0
Disspative Force 3 vector =0, 0, 0]
Dissipation =0

sk sk s sk s sk sk sk sk sk sk s ke sk sk sk sk sk sk sk skeosk sk sk skokosk

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 3b-- Conpl ex Linear Polarization AAG= 0, A"F =0
> theta: =(-k*z+onega*t);

> Ax:=cos(theta); Ay: =l *cos(theta); Az: =0, phi : =0;

OUTBOUND' ;

19)



Then call the procedure JCM(AXx,Ay,Az,phi,a,b,c,e,p,N,H)
> JCM AX, Ay, Az, phi,1,1,1,1, 2,0, 0, gang, 0) :

sk ok ok ok ok ok o ok sk ok ok o sk ok ok ok ok ok ok ok sk ok ok ok sk ok ok sk ok ok sk ok ok sk sk ok sk sk ok ks ok ks ok sk ok Rk ok

NAME := Example 3b-- Complex Linear Polarization A™G = 0, A"\F =0 OUTBOUND
0:=-kzt+ ot
Ax=cos(kz—m1)
Ay :=1cos(kz—w¢)
Az =0
0:=0
Example 3b-- Complex Linear Polarization A*G = 0, A"\F =0 OUTBOUND

sk sk st st sk ske sk sk sk st sk she sk sk sk st sk sk sk steskeosteoskeoske sk skeskeskeosk sk skskok Diﬂel’entialFOI’m Format sk ke sk sk ske st sie sk sk sk sk sk sk st skeoske sk skeoske stk sk sk skeoskeoskok sk
* ook %
Action 1-form=d(x) cos(kz—wt) +1cos(kz—wt) d(y)
Intensity 2-form F=dA = -sin(kz—wt) o (d(x)) &" (d(t)) +sin(kz—w¢) k (d(x)) & (d(z))
—Isin(kz—wt) o (d(y)) & (d(t)) +1sin(kz—wt) k (d(y)) & (d(z))
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
sk sk s sk sk sfe st sk st sk sk sfe ste sk st sk sk sfe st skeoskeoskeoske sl skeoskeoskeoske sk skeoskokosk USingEMfOl"mat st sk s sk ske sk st sk st ske sk sfe st sk st sk sk sfe st skeoskeoskeo sk sl skeoskeoskeoske sk skeoskoskosk
E field= [ -sin(kz—ot) o, -Isin(kz—wt) 0,0]
B field=[Isin(kz—wt) k, -sin(kz—w¢) k, 0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =10,0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2
ok coioiclick ook Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*#skackoxskasiek
ook ok Rk Rk K
Xm or linear (Mean) curvature =0
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

Fadckadokak Compute Current using from Maxell-Ampere equations for constitutive equations with

chiraliZy CH F*swsskssdoksts
Chirality factor CH="y |
€



e+ B kvy

€

D field= |1 sin(kz—wt), - sin(kz—wt), 0

e+ B kvy
J €
b Ik+ |/ B muy]
H field= , £ 0

sin(kz—wt) |Tk+ —muy] Isin(kz—wt)
i i ’

€
Poynting vector ExH=EXH

cos(kz—ot) (K —emzu)
u 2

Amperian Current 4Vector  curlH-dD/dt=J4 =

Tcos(kz—mt) <k2 e u)
u

,0,0]

Amerian charge density ~ divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4=10,0,0, 0]
Topological SPIN 3-form=0
Spin density rho_spin=0
LaGrange field energy density (B.H-D.E) =0

B.H=0
D.E=0
AJ=0
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) =0
2
London Coefficient LC= @

PROCA coefficient curlcurlB=|Isin(kz — o t) k3, K sin(kz—mt),0]

cos(kz—wt) (¥ —e(ozu)
u b

Amperian Current 4Vector — curlH-dD/dt=J4 =

2
Teos(kz—wt) (P—ew )
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =1[0,0,0]

,0,0

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]



Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] =1[0,0,0,0]
Lorentz Force 3 vector due to Spin current SF = --(rho _spin E +J spinx B) =10,0,0]
Spin Dissipation J spindot E =0
Disspative Force 3 vector = [0, 0, 0]

Dissipation =0

st st sfe s sfe sk sk ok sk sk st sk sk sfe sk sk sk sk sk ste sk sk sleoskoskok sk ok ko

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 4a-- Conplex Crcular Polarization AAG>0, A'F <> 0 | NBOUND' ;
> theta: =(k*z+onega*t);

> Ax:=cos(theta); Ay: =l *si n(theta); Az: =0; phi : =0;
Then call the procedure JCM(Ax,Ay,Az,phi,a,b,c,e,p,N,H)
> JCM AX, Ay, Az, phi,1,1,1,1,2,0,0,gamms, 0):

st sfe sk sfe sfe she sk ske sk sk s sk sk sk st sk ste st she sfe sfe sk ske sk sk sie s sk sk sk st sk sk st she she sk ske sk ske sk sl sk sk sk sk sk ste sk ske sk skeoskeoskoskoskoskoskoskoskok

NAME = Example 4a-- Complex Circular Polarization A™G <>0, A"F <> 0 INBOUND
0 =kz+ot
Ax:=cos(kz+ot)
Ay :=1Isin(kz+ot)
Az =0

0:=0
Example 4a-- Complex Circular Polarization A™G! O0, ANF'! O 0 INBOUND

sk sk s sk sfe sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk skeosk sk skokesk skosk

skokskosk

Action I-form=cos(kz+wt) d(x) +1Isin(kz+ot) d(y)
Intensity 2-form F=dA =sin(kz+ot) o (d(x)) & (d(t)) +sin(kz+ot) k (d(x)) & (d(z))
—Icos(kz+wt) o (d(y)) & (d(t)) —Icos(kz+wt) k (d(y)) & (d(z))
Topological Torsion 3-form  A"F=(-Tsin(kz+ o) ® —Tcos(kz + 1) ®) &Md(x), d(y), d(1))
+ (-Isin(kz+o1) k—Tcos(kz+ 1) k) &Nd(x), d(»), d(z))
Topological Parity 4-form  FNF =0

sk sk s sk s ke sk sk sk s sie sk sk sk sk sk s sk sk sk sk sk skeosk skok skokesk USingEMfOVmat sk sk s sk s ke sk sk sk sfeosie s ke sk sk sk sk s sk sk skosk sk sk skeosk skok skokosk

E field=[sin(kz+wt) o, -Icos(kz+mt) ®, 0]

Diﬁ’erential Form Format sk sk sk sk sk s sk sk ke sfe st sk sk sk sk ke sk sk sk sk sk sk stk skok sk

(20)



Bfield=[-1cos(kz+wt) k, -sin(kz+ot) k, 0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =0, 0, 1(%1) (%62) o, -1(%1) (%62) k|
%Il=cos(kz+wt) +1sin(kz+ w¢)

%2=-cos(kz+wt) +1sin(kz+ot)

Helicity AdotB=1 (cos(kz+ ot) +Isin(kz+wt)) (-cos(kz+wt) +Isin(kz+wt)) k
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
okiclcicl el cickcickxelok Correlation Similarity Invariants of Jacobian of (Ak/lambdaIN) % #¥#kackciox

sk s sk skeosk sk skosk sk skok

Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

wekrickacickxk Compute Current using from Maxell-Ampere equations for constitutive equations with

C/’liralily CH Hxsssrsrskoksotx
Chirality factor CH="y |
€

-1 (Issin(kz+0)t)0)+ /£ cos(kz+cot)ky],l[—scos(kz—l—mt) o+l | & sin(k z
€ J €

+0)t)ky],0

k=

D field=

I[—COS(kZ-I-O)t) r+1 [ B sin(kz+wt) couy]
H field = £ :

W

I[Isin(kz-i—(nt) r+ |2 cos(kz+mt) muy]
3

,0
v

wk (-1 +2cos(kz+(x)t)2)
u

Poynting vector EXH=| 0 0

cos(kz+wt) (k2 —ea)zu)
u b

Amperian Current 4Vector — curlH-dD/dt=J4 =




Isin(kz+wt) (k2 —emzu)
u

,0,0

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector S4 =0, 0,

I[2Isin(kz+(ot) cos(kz+(ot)k+cos(kz+(ot)2 [ B ouy+ / H sin(kz+(ot)2couy]
€ €
H b
. 2 [ T 2
-1|21Isin(kz+wt) ecos(kz+wt) o +cos(kz+wt) | — ky+ | — sin(kz+wt) ky
€ €

Topological SPIN 3-form = 1 [I (2 Isin(kz+ot) cos(kz+wt) k+cos(kz+ o t)2 B ouy
[ J €

+ £sin(kz—Hnt)Z(om(
J €

—|—cos(kz—|—0)t)2 £ky—i— £sin(kz-l—(y)t)zky

€ €

+1

&Nd(x),d(y),d(t)) 21Isin(kz+mt) ecos(kz+wt) ®

&"(d(x), d(y), d(z))

Spin density rho_spin= -1 [2 Isin(kz+ot) ecos(kz+wt) ®+cos(kz+ t)2 — ky

+ [ B sin(kz+(ot)2kyJ
€

LaGrange field energy density (B.H-D.E) =

(P—ewpn) (cos(kz+wt) —sin(kz+ms)) (cos(kz+ o) +sin(kz+o1))
u
i (cos(kz+wt) —sin(kz4+ot)) (cos(kz+wt) +sin(kz+wt))
u

DE=-ew (cos(kz+wi) —sin(kz+wot)) (cos(kz+wr) +sin(kz+w1))

B.H= -

(F—ew p) (cos(kz+ o) —sin(kz+mr)) (cos(kz+wr) +sin(kz+or))

w
-rho.phi =0

AJ=




Poincarel  (B.H - D.E)-(A.J - rho.phi) =

2 (kz—eo)z},t) (cos(kz+wt) —sin(kz+ot)) (cos(kz+wt) +sin(kz+wt))
i

P —e 0)2 1)
w
PROCA coefficient curlcurlB= -1cos(kz + o t) k3, -sin(kz+ 1) k3, 0]

London Coefficient LC=

cos(kz+wt) (¥ —smzu)

3

Amperian Current 4Vector  curlH-dD/dt=J4 =

u
2
Isin(kz+ot) (F—ew p) 0.0
M > >
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) = |0, 0,

2cos(kz+wt) (k2 —80)2 u) sin(kz+ot) k
u

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] = [O, 0, I(%I) (%2) , —I(%[) (%2) k]
%Il=cos(kz+wt) +1sin(kz+ w¢)

%2=-cos(kz+wt) +1sin(kz+ot)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = |0, 0,

I[zlsin(kz—i-wt) cos(kz—i—oat)l’c-i—cos(l’cz—i-o)t)2 /£ ouy+ | 2 Sin(kz-l-O)t)ZO)uY]
€ €
u b
. 2 [ T 2
-1 2Isin(kz+wt) ecos(kz+wt) o+ cos(kz+ mt) =~ ky+ | = sin(kz+w1t) ky
€ €




Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J spin x B)
| 2cos(kz+wt) sin(kz+ 0)1)2 (kz e u)
) u
~ 2Tcos(kz+ (x)t)2 sin(kz+wr) (£ e m)
uw

9

,0

Spin Dissipation J spindot E =0

Disspative Force 3 vector=|2 cos(kz+ wt) sin(kz+ t)2 (k2 —¢€ (1)2 },L), -2Tcos(kz+ o t)2 sin(k z

2 2 .
tor) (kz_ngu), 2cos(kz+mt) <k E0) u) sin(kz+wt) k]
w

Dissipation =—Iu[21sin(kz+mt) gcos(kz+mt) 0)+cos(kz-|-0)t)2 B ky+ B sin(kz
J € J o€

+0)t)2kyj

sk ok s sk s sk sk sk sk sk sk s ke s sk sk sk sk sk sk skeosk sk skokeskokosk

Enter the name of the problem, and the components of the 4 potential.
> NAME: =" Exanpl e 4b-- Conmplex Circular Polarizati on AAGs>0, AF <> 0 OUTBOUND ' ;
> theta: =(-k*z+onmega*t);

> Ax:=cos(theta); Ay:=-1*sin(theta); Az: =0; phi : =0;
Then call the procedure JCM(Ax,Ay,Az,phi,a,b,c,e,p,N,H)
> JCM AX, Ay, Az, phi,1,1,1,1, 2,0, 0, gang, 0) :

s sk ok ok ok ok ok ok ok sk ok ok o sk ok ok ok ok ok sk ok ok ok sk ok ok sk ok ok sk ok ok sk ok ok sk sk ok sk sk ok sk sk ok sk kR sk kR

NAME := Example 4b-- Complex Circular Polarization A"G <>0, A"F <> (0 OUTBOUND
0:=-kzt+ ot
Ax:=cos(kz—m1)
Ay :=1Isin(kz—ot)
Az =0

0:=0
Example 4b-- Complex Circular Polarization A™G! O0, A"F! O 0 OUTBOUND

sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk ske st st sfeoske sk skeoske sk sk sk skosk DifferentialForm Format sk sk ke s sfe e s she ke sk sk ke sk sk ke sk ske ke sfeoske ke seoskeoske skeskeoske skosk

skeskoskosk

Action 1-form=d(x) cos(kz—wt) +1Isin(kz—wt) d(y)
Intensity 2-form F=dA = —sin(kz—(nt) o (d(x)) & (d(1)) +sin(kz—0)t) k(dx)) & (d(z))

(e3y



+lcos(kz—wt) o (d(y)) & (d(t)) —Icos(kz—w1) k (d(y)) & (d(z))

Topological Torsion 3-form A"F = (Isin(kz —o t)2 0 +Icos(kz - t)2 0)) &MNd(x),d(y),d(t)) + (
Isin(kz—w1) k—Tcos(kz— 1) k) &MNd(x),d(), d(z))
Topological Parity 4-form  F"F=0
st s sk sk sk sk sk s sk sk s sk sk sk sk sk s sk sk seosk sk sk sk sk ke skosk skeskosk U&ﬁ%{ﬁm4jbnnat sk sk sk sk sk sk sk sk sk s sk sk seoske sk seoske sk seosk sk sosk sk skeosk sk skosk sk sk ok
E field=[ -sin(kz—wt) o,Icos(kz—wt) o, 0]
Bfield=[-1cos(kz—wt) k, -sin(kz—wt) k, 0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =0, 0, -1(%61) (%62) o, -1(%1) (%2) k]
%I1=-cos(kz—wt) +1sin(kz—ot)
%2=cos(kz—mt) +Isin(kz—w1)
Helicity AdotB=1(-cos(kz—wt) +1Isin(kz—w¢)) (cos(kz—w¢) +Isin(kz—wt)) k
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
ekl siclciclickckckxelok Correlation Similarity Invariants of Jacobian of (Ak/lambda ) *%#¥#sskdackeckx
sheske st skeoskeoske sk sk skeoskoskosk
Xm or linear (Mean) curvature =0
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
sk skeosieoske sk sk koo

Compute Current using from Maxell-Ampere equations for constitutive equations with

C/’liralily CH skt
Chirality factor CH="y | H
€

I[Iesin(kz—mt)m—y £COS(kZ—(Dl)k],I[ECOS(kZ—O)l)(D+I Ll
€

€

D field=

sin(k z

—wt)ky],o

I[COS(kZ-O)t)k+IY /£ sin(kz—wt) (ou]
H field= | - £

u 9




I|Isin(kz—wt) k—y B cos(kz—mt)mu]
J €
0

u 2

cok(—l +2<:os(kz—0)t)2)
u

Poynting vector ExH=| 0 0 -

cos(kz—ot) (K —emzu)

Amperian Current 4Vector  curlH-dD/dt=J4 = s
u

Isin(kz—wt) (k2 —emzu)
u

,0,0

Amerian charge density ~ divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector S4 =0, 0,

I[2Isin(kz—0)t) cos(kz—(z)t)k—cos(kz—(ot)zy /& ou—ry / B sin(kz—(x)t)zo)u]
€ €
H b
. 2 u T 2
[|2Icos(kz—wt) sin(kz—wt) ew—cos(kz—wt) vy | — k— | — sin(kz—wt) ky
3 3
2

Topological SPIN 3-form = 1 [I (ZIsin(kz—a)t) cos(kz—ot) k—cos(kz—wt)"y B ou
v J €

—vy B sin(kz—(x)t)z(ou
€

—cos(kz—mt)zy By 2 sin(kz—mt)zky
N J €

Spin density rho_spin=1 [2 Icos(kz—t) sin(kz—mt) e(o—cos(kz—(ot)zy B k
€

&A(d(x),d(y),d(t))] —1 [2Icos(kz—0)t) sin(kz—wt) e

&"(d(x), d(y), d(z))

s sin(kz—(ot)zkyJ
€

LaGrange field energy density (B.H-D.E) =



(P—ew p) (cos(kz—wt) —sin(kz—w1)) (cos(kz— 1) +sin(kz—w1))
n
i (cos(kz—o1) —sin(kz—w1)) (cos(kz—wt) +sin(kz—w1))
u
DE=-ew (cos(kz— 1) —sin(kz—wt)) (cos(kz— 1) +sin(kz—w1))

B.H= -

(kz—eo)zu) (cos(kz—wt) —sin(kz—wmt)) (cos(kz—wt) +sin(kz—w¢t))
i
-rho.phi =0

AJ=

Poincarel  (B.H - D.E)-(A.J - rho.phi) =

2 (B—eo ) (cos(kz— 1) —sin(kz—w1)) (cos(kz—wt) +sin(kz—wo1))
u

I —¢ 0)2 u
n
PROCA coefficient curlcurlB=[ -1cos(kz—wt) I, -k sin(kz — 0 ¢), 0]

London Coefficient LC =

cos(kz—mt) (k2 e u)
Amperian Current 4Vector  curlH-dD/dt=J4 =

b

u
. 2
Isin(kz—mt) (kz —E® },L)
,0,0
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =|0,0,

2cos(kz—wt) (B e W) sin(kz—wt) k
u

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] = [0, 0, -1 (%]) (%2) , —I(%]) (%2) k]
%I1=-cos(kz—wt) +1sin(kz—mt)

%2=cos(kz—wt) +1Isin(kz—w¢)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0



Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = |0, 0,

I[2Isin(kz—0)t) cos(kz—wt) k—cos(kz—mt)zy B Ou—y i sin(kz—mt)zwu]
J € J €
M 2
. 2 n T 2
[|2Icos(kz—wt) sin(kz—wt)ew—cos(kz—wt) vy | — k— | = sin(kz—wt) ky
€ €

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J spin x B)

2sin(kz—(ot)2cos(kz—0)t) (kz—e(ozu)

M b
) 2Icos(kz—(:)t)2sin(kz—0)t) (kz—so)zu)
u

,0

Spin Dissipation J spindot E =0

Disspative Force 3 vector =

2 sin(kz—o)t)zcos(kz—wt) (k2 —8(1)2},L), -2 Icos(kz—(;)t)zsin(kz

_ 2 2y
— 1) (kz_ngu)’ 2cos(kz—ot) (P—co ) sin(kz—ot) k]
m

Dissipation =Iu[21005(kz—0)t) sin(kz—wt) em—cos(kz—(ot)zy LA sin(kz
J o€ J €

—(Dt)zkyj

sk ok s sk s sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk skeosk sk skokeskokosk

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 5a-- wavegui de TM node (group kinematic in, wave in);
> theta: =(k*z+onega*t);

> AX: =0; Ay: =0; Az: =f (X, y) *cos(t heta); phi:=-vg*f(x,y)*cos(theta);
Then call the procedure JCM(AXx,Ay,Az,phi,a,b,c,e,p,N,H)
> JCM Ax, Ay, Az, phi,1,1,1,1, 2,0, 0, ganmg, 0) :

sk ok ok ok ok ok ok ok sk ok ok o sk ok ok ok ok ok ok sk ok ok ok sk ok ok ok sk ok ok sk ok ok sk sk ok sk sk ok sk ok ok sk sk ok sk kR sk ko ok

NAME := Example 5a-- waveguide TM mode (group kinematic in, wave in)
0=kz+tot



Ax =0
Ay =0
Az = (x(x,y)2 +y(x,y)2) cos(kz + o t)
0= -vg (x(x, )% +y(x,)?) cos(kz+mt)

Example 5a-- waveguide TM mode (group kinematic in, wave in)
sk s sfe sk sk sk sie sk st sfe sk ske st sie sk sk sfe sk sk sk st sfeoske sl skeoske sk sk sk skosk Diffel’entialFOI’m Format sk sk s sk sfe e sk she ke sk ske ke sk ske e sk sk ke sfeoske ke seoskeoske skeoskeoske skosk

skskskok
Action 1-form= (vg cos(kz+ (ot) x(x,y)2 +vg cos(kz + o t) y(x,y)z) d(t) + (cos(kz + o t) x(x,y)2

+ cos(kz + o t) y(x,y)z) d(z)
0
Intensity 2-form F=dA = (2 vgcos(kz+mt) y(x, ) (a y(x,y) ) +2vgcos(kz+wt) x(x,

0 0
¥) (ax(x,y))) (d(x)) & (d(t)) + (2 cos(kz+wt) y(x,y) (ay
+0)t) x(x,y) (% x(x,y))) (d(x)) & (d(z)) + (2 vgcos(kz-l—oot) y(x,y) (% y(x,y))

0
+2vgcos(kz+wt) x(x,y) (a x(x,y))) (d(y)) & (d(t)) + (2 cos(kz+ wt) y(x,
0

0
¥) (gy(x,y)) +2cos(kz+wt) x(x,y) (@ x(x,y))) (d(y)) & (d(z)) + (sin(kz

+ot) ox(xy) +sin(kz+ot) oy y)? —vesin(kz+ot) kx(x,y
+ 1) ky(xy)?) (d(z) & (d(1))
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0

sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk sk sk sk sk sk sk skeosk skok skokosk USingEMfOrmal sk sk s sk s ke sk sk sk s s s sk sk sk sk sk sk sk sk sk sk sk skeosk skok skokosk

(x,¥) ) +2 cos(kz

)? )2 —vgsin(kz

E field=|2 vg (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) cos(kz+wt),2vg (x(x,y) (% x(x,
y)) +y(x, ) (%y(x,y))) cos(kz+ o), -sin(kz+mt) (x(x, ) +r(x1)?) (-0 +vgk)
B field= |2 (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) cos(kz+wt), -2 (x(x,y) (% x(x,y))

0
+y(x,y) (a y(x,p) ) ) cos(kz+mt), O}
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =1[0,0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0



Pfaff Topological Dimension ~PTD =2
edckicoioickick koot Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*#sckaskoxskaciek

st sk sk sk sk sk ki ke sk sk

Xm or linear (Mean) curvature = —sin(kz + o t) (x(x,y)2 +y(x,y)2) (k + o vg)
Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

Compute Current using from Maxell-Ampere equations for constitutive equations with

Chirality factor CH=" | i
€

0 0 u
D field= ZCos(kz-I-cot) evgx(x,y) (—x(x,y)) +evgy(x,y) (—y(x,y)) +v [ — x(x,
x ax €

») (%x(x,y)) + (%y(x,y))y(x,y)/gv ,
- (%y(w))y(x,y) vge""Y/gx(an’) (—x %)) F x,y))],

-€ sin(kz—i— cot) (x(x,y)2 +y(x,y)2) ( - +vgk)

sk sk sk s skeosk skosk sk

chirality CH **¥¥¥kskkxk

-2 cos(kz+mt) (—8 vg x(x,y) (@ x(x,y))

0 0
H field = -i[zcos(kz+m) [ x(x, ) ( 5 ¥ y)j —y(x, ) (@y(x,y)j +y 4 e

6 1
) ( +Y / — vguy(xy) y(x y))]] E[ZCOS(kZJr(M) [x(xa
0 o 9 o
y)(ax x(x y))+y(xy>( %, ))+v/ : vgux(xy)(ayx(x,y)jﬂ/ s gy

)(a)’( v [ = sin(kz401) (x(x, ) +r(x 1)) (-0 +vgk)
Poynting vector ExH = —i(2 cos(kz+o1) sin(kz+ o) (x(x, ) +r(x1)?) (-0 +vgk) (x(x,
u



V) (%x(x,y)) +y(x,y) (%y(x,y)))), —ﬁ(Z cos(kz—l—(Dt) sin(kz—l—o)t) (x()c,y)2

0

F3(3)) (-0 +vgk) (x(xny) (ax(x,w) + (5, 7) (%y(x,y)))), —i(%os(kz

+or)’vg (x(x,y)2 (& x(w))z +2x(x,y) (% x(x,y>)y<x,y) (%y(x,y)) (0,

)’ (%y(x,y) )2 +x(x,y)’ (% X(x,y))2 +2x(x, ) (% x(x, ) ) y(x,p) (%y(x,y))

L)’ (%y(x’y))zj”

Amperian Current 4Vector  curlH-dD/dt=J4 =

2sin(kz+ot) (k—opevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))

w

2

2sin(kz+wt) (k—opevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))

b

w
1 0 2 o) 9 2
—E[cos(kz—i-(ot) (2 (ax(x,y)) +2x(x,y) (@)c(x,y)j-i-Z (ay(x,y)) +2y(x,

2 2

> 0 & 9
») (yy()@y))-i-z(ax(x,y)) +2x(x,y) (gx(x,w)m(@y(x,y)) +2y(x,

y) (%y(x,y)) +em2ux(x,y)2—ewuvgkx(x,y)z+€0)2My(xay)2—emuvgky(x’y)zj)’

ecos(kz+mt) [2v (ix(x ))2+2v x(x,y) ix(x )| +2v (i (x ))2
g o >V g XX,y axz >V g axy >V

2

0
+2vgy(x,y) (izy(x,y)j +2vg (—x(x,y)) +2vgx(x,y) (iz x(x,y)j +2 (izy(x,
ax 0y dy dy

i 2 2 2 2 2 2 2
y) | y(x,y) vg +2 ( o y(x,y)) vg+kox(x,y)  —kvgx(x,y)  +y(x,y)  ok—k vgy(x,y)

2

0
Amerian charge density divD = rho=¢ Cos(kz + o t) [2 vg (a x(x,y) ) +2vgx(x,y) (iz x(x,

Ox



2 2

») +2vg(iy(xy>) vy [E vy +2vg(ix<xy>j +2vgx(x
ax SN PR g T ’

») (i x(x,y)) +2 [iy(x,w j Y y) vg +2 (iy(x,w )zvg+kmx(x,y)2 — g x(x,y)?
& » o

Fyny)  ok—K vgy(x,y)z]

divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector §4 =

_i(z (x(x, 1) +y(x,»)%) cos(kz—i—oat)2 (-1+vg*ep) (x(x,y) (% x(x,y)) +y(x,
») (%y(x,y)))),
0

L (2 (x(x, )2 +y(x,)?) cos(kz+w1)” (-1 +vgep) (x(x,y) (— x(m)) +y(x,
i dy

0
») (ay(x,y)))),ssin(kzmt) (x(x.)> +y(x)7) (-0 +vgk) vgcos(kz + 1),

2
~(x(x, ) +y(x,)?) cos(kz+wi) esin(kz+01) (-0 +vgk)}
Topological SPIN 3-form= - 1 (2 (x(x,y)2 +y(x,y)2) cos(kz + o t)z ( -1+ vg2 € u) (x(x,
v

») (% x(x,y)j +(x, ) (% () j ) &Nd(y), d(z), d(1) )) + i (2 (x(x, )2 +3(x,

0 0
y)z) cos(kz—l—(;)t)2 ( -1 +vg28u) (x(x,y) (@ x(x,y)) +y(x,y) (ay(x,y))) &Nd(x), d(z),

d(1) )) +esin(kz+o1) (x(x, ) +y(x,y)2)2 (-0 +vgk) vgcos(kz+wit) &Nd(x),d(y),d(1))

+ (x(x,»)? +y(x,y)2)2cos(kz+0)t) esin(kz+wt) (-0 +vgk) &\d(x),d(y),d(z))

Spi . . 2 2\2 )
pin density rho_spin=-(x(x, )"+ y(x, »)") cos(kz+wt) esin(kz+wt) (- +vgk)

0 2 0
LaGrange field energy density (B.H-D.E) = - 1 ( -4 (E x(x,y) ) x(x,y)2 cos(kz+ t)2 —38 ( 5 y(x,
w

0 0 2
y))y(x,y) (@ x(x,y))x(x,y) cos(kz-i—cot)z—4y(x,y)2 (Ey(x,y)) cos(kz+(x)t)2



—4 (% x(x,y))zx(x,y)zcos(kz-i-mt)z —8 (%y(x,y))y(x,y) (% x(x,y)) x(x,

0 2
y) cos(kz—l—o)t)2 —4 (a y(x,y)) y(x,y)zcos(l\‘fz-i-(Dt)2 +4 sucos(kz—l—wt)zvgzx(x,

0 2 0 0
)’ (& X(x,y)) +88u008(kz+03f)2VgZX(x,y) (& X(x,y))y(x,y) (ay(x,y))
0 2 0 2
—|—4.9ucos(kz+(!)z‘)zvgzy(x,y)2 (ay(x,y)) +4Sucos(kz—i-(z)t)zvgzx(x,y)2 (@ x(x,y))

0 0
+8£ucos(kz-|-0)t)2vg2x(x,y) (@ x(x,y))y(x,y) (Ey(x,y)) +4eucos(kz

9 2
-|-0)t)2vg2 (Ey(x,y)) y(x,y)2 -I—z-:usin(kz-l—(Dt)zx(x,y)‘lco2 -2 susin(kz

+ (J)t)zo)vgkx(x,y)4 —|—8usin(kz-I—(J)t)zyc()c,)/)4vg2 +2 eusin(kz—l— 0)t)zx(x,y)zy(x,y)z0)2

—4 Eusin(kz—i- (x)t)2 (J)vgkx(x,y)zy(x,y)2 +2 eusin(kz-i- (,ot)zx(x,y)zy(x,y)zvg2 s

+£usin(kz—l—0)t)2y(x,y)4(z)2 -2 Susin(kz+0)t)2(ovgky(x,y)4 +8usin(kz+(ot)2y(x,
e i)

1 2 ,( 0 2 0 )
BH=—|4 kz+ y — 5 +2 5 P 5 5 P 5
" ( cos( z O)t) (x(x V) ( » x(x y)) x(x,y) ( » x(x y))y(x V) ( » y(x y))

+3(x,)? (%y(x,w)zﬂ(x,y)z (% x(x,y>j2+2x<x,y> (%x(x,y))y(x,y) (%y(x,y))

+y(x,y)° (%y(x,y))z)j

0 2 0
D.E=¢ (4 cos(kz-l-o)t)zvgzx(x,y)2 (a x(x,y)) + 8 cos(kz+ (x)t)zvg2x(x,y) (a x(x,

a 2 2 2 6 2
9 ) ren) (o v | +acos(kz o) vg yix)? (4o vy | 4 cos(kz

0 2 0 0
+0)t)2vg2x(x,y)2 (E x(x,y)) + 8 cos(kz+0)t)2vg2x(x,y) (E x(x,y))y(x,y) (ay(x,

0 2
y)) +4cos(kz+0)t)2vg2 (Ey(x,y)) y(x,y)z+sin(kz+0)t)2x(x,y)40)2—ZSin(kz

2 . 2 . 2 2
—|—(Dt) wvgkx(x,y)4+51n(kz+0)t) x(x,y)4vg2k2+2s1n(kz+0)t) x(x,y)zy(x,y)z(o

—4sin(kz+ o z‘)2 wvg lwc(x,y)zy(x,y)2 +2sin(kz+ z‘)zx(x,y)zy(x,y)2 vg2 + sin(kz



+ (J)t)zy(x,y)4(,o2 -2 sin(kz—i— 0)t)2 (Dvgky(x,y)4 + sin(kz—i— cot)zy(x,y)4vg2 kz)

2 2 2 0 ? &
AJ=- [(x(x,y) +y(x,)°) cos(kz+wt) [2(—x(w>) t2x(xy) (gx(w)]

1
u x

ad 2 9 2

#2 (oot | #2025 oten | +2 (4ot ) +2x00y) (%x(x,y))

2

3]
+2 (5 y(x,y)) +2y(x ) (% y(x,y)j teo px(ny)’—eopuvghr(ny)+ew ny(xy)’

—Swuvgky(x,y)z) )

2

-rho.phi = -vg (x(x,y)2 +y(x,y)2) cos(kz + o 1)2 € [2 vg (% x(x,y) ) +2vgx(x,y) (% x(x,

2 2

0 ) 0
y)] +2vg(ay(x,y)j +2vgy(x,y) (@y(x,y)) +2Vg(@ x(x,y)) +2vgx(x,

0

i il : 2 2 2
— x(x, +2 | — v(x, \ +2 | — yx, +k , —k ,
V) ( 7 x(x y)) [ A y)jy(x y) vg ( y(x y)) vg wx(x,y) vg x(x,y)

+y(x ) ok —kK vgy(x,y>2]
. | 2 3 2 g
Poincare I ~ (B.H - D.E)-(A.J - rho.phi) =-—|2cos(kz+wt) y(x,y)” vg e gy(x,y)
w

+2 cos(kz+0)t)2x(x,y)3vg28u (% x(x,y)) +2 Cos(kz+0)t)2x(x,y)3vg2£u (% x(x,y))

K] 2 ) )2

+2 cos(kz+mt)2x(x,y)2vg28u (ay(x,y)) +2 cos(kz+cot)2x(x,y)2vg2£u (gy(x,y)

0 2
—cos(kz+ (z)t)zx(x,y)“vgz.euk2 +2cos(kz+ o)t)zy(x,y)zvgzeu (a x(x,y)) +2 cos(kz

0 2
+ wt)zy(x,y)zvgzeu (E x(x,y)) —cos(kz+ cot)zy(x,y)4vg28uk2 -2 cos(kz

0 0
+0)t)2x(x,y)280)2 uy(x,y)2 —8 (ay(x,y) ) y(x,y) (g x(x,y)) x(x,y) cos(kz+cot)2

0 2

0
—8 (ay(x,y))y(x,y) (a x(x,y)) x(x,y) cos(kz—l—(;)t)2 +8},lsin(kz+0)t)2x(x,y)40)

+8usin(kz+ (1)t)2y(x,y)4(,o2 +4 cos(kz+ 0)t)zx(x,y)zeo)uvgky(x,y)2 -2 cos(kz



—i—o)t)zy(x,y)3 (%y(x,y)] —cos(kz-l—wt)zx(x,y)4£0)2u—cos(kz+(x)t)zy(x,y)4£0)2u

2 2

0 0
-2 cos(kz+0)t)2x(x,y)2 (ay(x,y)) -2 cos(kz-l-cot)zx(x,y)2 (ay(x,y))

2 2

2
_ycos(kz+wi) y(x,y)z( 0 (x,y))

0
Fet —2cos(kz—l-o)z‘)zy(x,y)2 (—x(x,y))

dy

2 2
—6 (% x(x,y)) x(x,y)zcos(kz—i-oot)z_6)/(?€,y)2 (%y(x,y)) COS(kZ"‘(M)z

2 0 2

—6 (% x(x,y)) x(x,y)zcos(kz+(ot)2—6 (ay(x,y)) y(x,y)zcos(kz-l—mt)z

2
) cos(kz-i-(Dt) x(x,y)2 (%y(x,y)jy(x,y) -2 cos(kz+0)t)2x(x,y)2y(x,y) (%y(x,y)j
X

—2cos(kz+0)t)2y(x,y)2x(x,y) (%x(x,y)) —2cos(kz+0)t)2y(x,y)2x(x,y) (%x(x,y))

—2cos(kz-I—(J)t)zx(x,y)3 (%x(x,y)) +8£ucos(kz+0)t)2vg2x(x,y) (% x(x,y))y(x,

7 (g ren ) +8encosthz+on v xtnn (e |aten (ot

—4 eusin(kz—l— 0)t)2 0)vglwc(x,y)zy(x,y)2 -2 Eusin(kz—l— oot)2 (Dvgky(x,y)4

+2eusin(kz+ (x)z‘)zx(x,y)zy(x,y)zvg2 2 -2 eusin(kz+0)t)20)vgkx(x,y)4

(kz+wi)’ 2 2( 0 2 2, 5 (0 2
+68ucos ZTo vg x(x,y) (ax(x,y)) +68ucos(kz+0)t) vg y(x,y) (ay(x,y))

0 2 0 2
-|—6%:pvtcos(kz-l—o)t)zvgzx(x,y)2 (a x(x,y)) —|—6.E;,Lcos(kz-i-(x)t)zvg2 (ay(x,y)) y()c,y)2

+eusin(kz+ o)t)zx(x,y)4vg2k2 +2 fs},tsin(kz—|—0)z‘)zx(x,y)zy(x,y)z0)2 +eusin(kz

+0)t)2y(x,y)4vg2k2 -2 COS(kZ+(Df)2x(x,y)3 (iz x(x,y)J -2 cos(kz+0)t)2y(x,

»? (%y(x,y)) +2COS(kZ+wt)2y(x,y)3vg2€u (%y(x,y)j +2008(k2+0)t)2x(x,

»ivgen (% y(x, ) ] (xy) +2cos(kz+o1) x(x )  vg ewy(x, y) (% y(x,y)j
X



Amperian Current 4Vector  curlH-dD/dt=J4 =

+2 cos(kz + o t)zy(x,y)2 vg2 eux(x,y) (% x(x,y) ) +2 cos(kz + o z‘)zy(x,y)2 vg2 €Ux(x,
2

¥) (i x(x,y)j +2 cos(kz+O)t)Qx(x,y)4£0)uvgk+2 cos(kz+0)t)2y(x,y)4£0)uvgk

—2cos(kz+® z‘)zx(x,y)2 vg2 € ukzy(x,y)zj

s
London Coefficient LC= Ll A
1)
PROCA coefficient curlcurlB=| -2 cos(kz+0)t) 2 ix(x ) ( i x(x )) + ix(x
[ ( ax 3y ) a)}ax ’y ( aJ} 9
il o 0 0 0
”) [g”’mj +x(x, ) ( oz T | 2 (4 v ) (%y(x,y)j gt
il 0 0 0
y)) [gy(x,y)j +y(x,y) ( oy o yixy) | +3 (@ X(x,y)) (? x(x,y)) +x(x,

») (—3x<x,y)j +3 (4 20 ) [—zy(x,w] +y(6) [—3y(x,y)J —Rx(xy) (&m
2 0 2 0 2 0
9 ) =Ry (ay(x,w)j,uos(kzmt) (—k x(ey) (o ¥ | =Ryl (4o i

. 2 » P
y)j +3 (ax(x,w) (¥x<x,y)j +x(x, ) (§x<x,y>) +3 (ay(x,y)j [§y(x,y)j

o 0 P 0 &
y(x, ) (§y<x,y)) 12 (axmy)) (ayax x(x,y)) + (ax(x,y)) (yxmy)) x(x,

») ( a;ax x(x,y)j +2 (%y(x,y)) (%y(x,y)) + (%y(x,y)) (%y(x,y)j +y(x,

&
») ( ayzaxy(x,mj}O}

2sin(kz+ot) (k—opevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))

w

2

2sin(kz+wt) (k—opevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))

w

b



2

1 0 2 &P 0
—E[cos(kz-l—(;)t) (2 (gx(x,y)) +2x(x,y) (gx(x,y)j +2 (ay(x,y)) + 2 y(x,

2 2

o 0 0 0
) (gy(x,y)j +2 (E x(x,y)) +2x(x, ) (y x(x,y)) +2 (ay(x,y)) +2y(x,
2 —eopvghx(ny)’+eo wyxy)’

y) (%y(x,y)j +8w2ux(x,y —Swuvgky(x,y)sz,

2

2
ecos(kz—l—wt) (2vg(§x(x,y)) +2vgx(x,y) (%x(x,y)j +2vg(%y(x,y))

2

o 0 ha i
+2vgy(ny) | 25 yny) | +2veg [~ x(ny) | +2vex(ny) [ 5 x(ny) | +2 [ pix,
vgy(xy)(axz y(xy)j vg(a x(xy)) Vgx(xy)[azx(xy)j (azy(x

2

d
V) [y vg+2 [ — y(xy) | vg+kox(xy)?
dy

— k2 vgx(x,y)2 —|-y(x,y)2 0k— k2 vgy(x,y)z] l

2cos(kz + w1)? (x()@y) (% X(x,y)) + 1% y) (% y(x,y)))

[

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =



0
L (2 (x(x. )% +y(x0)?) cos(kz+ 1) (-1 +vePep) (x(x,w (— x(x,y)) +y(x,
i

Ox
») (%y(x,y)))),

0
L (2 (x(x,9)% +y(x0)?) cos(kz+ 1) (-1 +vePep) (x(x,y) (— x(x,y)) +y(x,
n dy

¥) (%y(xay)))),esin(kz-i—mt) (x(x,9)> +y(5)7) (-0 +vgk) vgeos(kz + 1),
—(x(x,y)2 +y(x,y)2)zcos(kz+0)t) esin(kz-l-(ot) (—w+vgk)}

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = lO, 0, - 1 ( (x(x, y)2
w

+y(x,)?) cos(kz+wt) (—4 (ix(x y))zx(x y)2cos(kz—l—0)t)2—8 (iy(x y))y(x
b a)/ b b a.)/ b b
0 2 5 ( O 2 2

¥) (a x(x,y)) x(x,y) cos(kz+wt) —4y(x,y) (a y(x,y)) cos(kz+wt)

—4 (% x(x,y) )zx(x,y)zcos(kz—i-oot)2 -8 (% y(x,p) ) y(x,p) (% x(x,y)) x(x,

0 2
¥) cos(kz+0)t)2 —4 (a y(x,y)) y(x,y)zcos(kz-l—0);‘)2 +4 eucos(kz-l—wt)zvgzx(x,

a a a

»)’ (& x(x, ) )2 +8epcos(kz+mr) vgx(x, ) (& x(x, ) ) »(x) (ay(x,y))

0 2 0 2
-|-48ucos(kz—l-o)z‘)zvgzy(x,y)2 (ay(x,y)) -|-4sz;,tcos(kz—l—cot)zvgzx(x,y)2 (5 x(x,y))

0 0
+8£ucos(kz+0)t)2vg2x(x,y) (@ x(x,y))y(x,y) (ay(x,y)) +4eucos(kz
2 2 0 2 2 . 2 4 2 .
+0)t) vg (Ey(x,y)) y(x,p) +8us1n(kz+0)t) x(x,y) ® —2£us1n(kz

+ (Dt)zo)vgkx(x,y)4 —|—8usin(kz-I—(J)t)zx(x,y)‘lvg2 242 eusin(kz+ cot)zx(x,y)zy(x,y)zco2

—4 eusin(kz—l— 0)t)2 0)vglwc(x,y)zy(x,y)2 +2 Eusin(kz—l— oot)zx(x,y)zy(x,y)zvg2 s

+8usin(kz+(ot)2y(x,y)40)2 -2 eusin(kz+0)t)20)vgky(x,y)4 +8},Lsin(kz+(0t)2y(x,

DRra s



0 2
Spin Dissipation J spindot E = - 1 ( (x(x,y)2 +y(x,y)2) cos(kz + o t) vg (—4 (E x(x,y) ) x(x,
u

y)zcos(kz-l-mt)z -8 (%y(x,y) ) y(x,) (% x(x,y)) x(x, ) cos(kz+(x)z‘)2 —4y(x,
R 2 0 2 0

)’ (Ey(x,y)) cos(kz+0)t)2—4 (a x(x,y)) x(x,y)zcos(kz"‘mf)z_g (ay(x,y))y(x,
0 0 ?

9 (g ¥ | xtey) cos(kz+00)" =4 (oo vy | yixy)’ eos(kz + o)’

(kz+w1) 2 2 (0 2 > 9
+48ucos zTo vg x(x,y) (ax(x,y)) +8€ucos(kz+cot) vg x(x,y) (ax(x,

0 R 2
y))y(x,y) (ay(x,y)) —|—48},Lcos(kz-|-o)t)zvgzy(x,y)2 (ay(x,y)) +48ucos(kz

0 2 0
—I—(x)t)zvgzx(x,y)2 (@ x(x,y)) —I—88},Lcos(kz+0)t)2vg2x(x,y) (@ x(x,y))y(x,

0 2 92 0 2 2 . 2 4 2
¥) (ay(x,y)) +4eucos(kz+wt) vg (gy(x,y)) y(x,y)"+eusin(kz+wt) x(x,y)" ®

—2eusin(kz+ wt)2 wvgkx(x,y)* +epsin(kz+ o)t)zx(x,y)“vg2 K +2ewsin(kz

+ (J)t)zx(x,y)zy(x,y)z0)2 —4 susin(kz-i- (Dl‘)z(1)vgkx(x,y)zy(x,y)2 +2 Eusin(kz

+ (1)t)zx(x,y)zy(x,y)zvgzk2 +8usin(kz+ o)t)zy(x,y)é‘(,o2 -2 eusin(kz-i- O)t)z(ovgky(x,y)4
+eusin(kz+ (Dt)zy(x,y)4vg2 k2> )

2eoskz + 002 (103 [& ()| +3t53) (& 60| (%65) 2eo0tkz + 002 (s(x (a% )| +3t53) (a%y
il ’ i

Disspative Force 3 vector=

0 2 0
Dissipation = -¢€ cos(kz + o t) [—2 vg (a x(x,y)) —2vgx(x,y) (% x(x,y)] —2vg (a y(x,



2

a 2
y)) —2vgy(x,y) (%y(x,y)) —2vg($ X(x,y)) —2vgx(x,y) (%x(x,y))
R a 2 2 2 2 2
-2 (yy(x,y))y(x,y) vg —2 (@y(x,y)) vg —kox(x,y)" +k vgx(x,y) —y(xy) 0k

+k2vgy(x,y)2—usin(kz+(ot) x(x,y)4co+usin(kz+(ot) x(x,y)4vgk—2usin(kz
+ (Dt) x(x,y)zy(x,y)zw +2 ],Lsin(kz-i- (x)t) x(x,y)zy(x,y)zvgk— my(x,y)4sin(kz+0)t) 1)
+usin(kz4+ o) y(x,y)* vgk)

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 5b-- wavegui de TM node (group kinematic in, wave out);
> theta: =(-k*z+onega*t);

> Ax:=0; Ay: =0; Az: =f (X, y) *cos(t heta); phi:=-vg*f(x,y)*cos(theta);

Then call the procedure JCM(Ax,Ay,Az,phi,a,b,c,e,p,N,H)

> JCM Ax, Ay, Az, phi, 1,1,1,1,2,0,0, ganmg, 0):

sk sk ook ok sk ok ok sk ok ok sk ok okok sk ok ok sk ok okok koo sk sk okk sk okok kR sk kR Rk ko kR sk kR sk Rk ok

NAME = Example 5b-- waveguide TM mode (group kinematic in, wave out)

0=-kz+ot
Ax =0
Ay =0

Az = (x(x,y)2 +y(x,y)2) cos(kz ) t)

0= -vg (x(x,3) +y(x,)?) cos(kz - w1)
Example 5b-- waveguide TM mode (group kinematic in, wave out)

sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk ske st st sk sk skeoske sk skeosk sk skosk DifferentialForm Format sk sk ke s sfe e sk she ke s she ke sk sk ke sk sk ke sfeoske ke seoskeoske skeoskeoske skosk

skskskok
Action 1-form= (vg cos(kz— (ot) x(x,y)2 +vg cos(kz - t) y(x,y)z) d(t) + (cos(kz - t) x(x,y)2

+ cos(kz ) t) y(x,y)z) d(z)

0
Intensity 2-form F=dA = (2 vgcos(kz—mt) y(x, ) (a y(x,y) ) +2vgcos(kz—wt) x(x,

i) i)
y) (a x(x,y))) (d(x)) & (d(1)) + (2 cos(kz—wt) y(x,y) (ay(x,y)) +2 cos(kz
0 0
00 x(ny) (45w | | (@) & @)+ (2vgeos(kz—00) yixy) 5y

0

+2vgcos(kz—wt) x(x,y) (a x(x,y))) (d(y)) & (d(t)) + (2 cos(kz—wt) y(x,



0 0
») (@ y(x,y)j +2cos(kz—wt) x(x, ) (5 x(x, ) ) j (d(y)) & (d(z)) + (-sin(kz

—0t) ox(x,y)? —sin(kz— o) @y, ) —vgsin(kz—ot) kx(x,y)* —vgsin(kz
— 1) ky(x»)?) (d(z)) & (d(1)

Topological Torsion 3-form A™F =0

Topological Parity 4-form  F"F=0

sk sk s sk s ke sk sk sk s st sk sk sk sk sk s sk sk sk sk sk skeosk skok skokesk Lkﬁ%gEm4]brnnn sk sk s sk s ke sk sk sk sfeosie s ke sk sk sk s sk sk sk sk sk sk skosk skok skokosk

E field=|2 vg (x(x,y) (% x(x,y) ) +y(x,y) (% y(x,p) ) ) Cos(kz - t), 2vg (x(x,y) (% x(x,
9 ) +rix) (%y(x,y))) cos(kz—w1), -sin(kz— 1) (x(x.y)’ +y(x.)?) (0+vgh)
B field= |2 (x(x,y) (% x(x,y)) +y(x,y) (% y(x,y) ) ) cos(kz—wt), -2 (x(x,y) (% x(x,y))

+y(x,y) (% y(x,¥) ) ) cos(kz—wt), O}
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =10,0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

FoAdckcoiockick koot Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥k

o e o skosk sk skoskosk skook

Xm or linear (Mean) curvature = -sin(kz —wt) (x(x,y)2 +y(x,y)2) (k—wvg)
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

Fasotackickk Compute Current using from Maxell-Ampere equations for constitutive equations with

chirality CH ¥k
rali K
Chirality factor CH="y
€

0 0 u
D field= 2cos(kz—0)t) evgx(x,y) (a x(x,y)) +evgy(x,y) (ay(x,y)) +v ; x(x,
0 0 [ u 0
y) ( o x(x,y)) + ( o y(x,y))y(x,y) . Y ,ZCos(kz—(J)t) [Svgx(x,y) ( » x(x,y))




4 (%y(x,y))y(x,y) ng—YEx(x,y) (%x(x,y)) —yEy(x,y) (%y(w))]a

-€ sin(kz - t) (x(x,y)2 +y(x,y)2) (0) +vg k)

1 0

0 u
Hiteld=| | 2cos(kz=01) | x(x.y) (ay x(x y>j+y<x,y) (5y(x,y>)—v = g
/ 1
y) —y [ = vguy(xy) y(x y))]] E[ZCOS(kZ—wt) [x(x,
0 0 9
) (a (xy)) (5, ) (a— (x )) H1 [ B veuaty) (x| y [ et
y)( Y | — sm kz—cot x(xy) +y(xy))((1)+vgk)

Poynting vector ExH = —L(2 cos(kz—(ot) sin(kz—(ot) (x(x,y)2+y(x,y)2) ((0+vgk) (x(x,
u

y) (%x(x,y)) +y(x,y) (%y(x,y)))), —i(Z cos(kz—(nt) sin(kz—(nt) (x(x,y)2

0

F33)) (0 +vgk) (x(xy) (5 #(x3) | + () (% v ) ] - i (4 cos(k z

2

—wt)zvg (X(x,y)2 (%x(x,y)) +2x(x, ) (% X(x,y))y(x,y) (%y(x,y)) +y(x,

»)’ (% »(x, ) )2 +x(x,)? (% x(x, ) )2 +2x(x,y) (% x(x, ) ) »(x, ) (% y(x,y))

e (7))

Amperian Current 4Vector — curlH-dD/dt=J4 =

2sin(kz—wt) (k+opevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))

w




2sin(kz—wt) (k+opevg) (x(x,y) (ix(x,y)) +y(x,y) (%y(x,y)))

_ dy
M
| 9 2 ia 9 ’
- lcos(kz—w1) |2 [ = x(x, 2 s +2 [ — yxy) | +2y0x
. [ cos(kz—mt) ( (ax x(x y)) +2x(x,) ( o2 x(x, y)j (Gx y(x y)) yi(x
2 >
( j (%x(m)j +2x(x,) (%x(”))ﬂ(%y(x,y)j +2p(x

») ( el y)j few px(xy) +ewuvgkx(x,y>2+ew2uy(x,y>2+ewuvgky(x,y>2] )

) 2 P 3 2

—cos(kz—(Dt) € [—2vg (ax(x,y)) —2vgx(x,y) (g x(x, y)) —2vg (gy(x,y))

o 0 2 o R%
—2vgy(ny) [~ yiny) | —2vg (o x(y) ) =2 - —2 [
vg y(x,y) ( " y(x y)j vg ( Py x(x J’)) vgx(x,y) [ (')y x(x, J/)j ( 6y2 y(x

a 2
y) J y(x,y)vg—2 (— y(x,p) ) vg +kox(x,y) +Evgx(xy) +y(xy) ok + i vgy(x,y)zj l

dy
0 2
Amerian charge density ~ divD =rho=-cos(kz—wt) € ( -2vg (a x(x,y) ) — 2 vgx(x,
) ix(x Y| —2v i (x ))2—2v (x,y) i (xpy)| —2v (ix(x ))2
y(axz .y g(axy,y gy ,y[axzy,y g | 5y Xy

0 0 0 2 2
_2 , i . _2 I , , _2 _ , +k ,
vgx(x, ) ( 5 x(x, J’)j ( zy(x y)]y(x y)vg ( d y(x y)) 24 ®x(x,y)

+ k2 vgx()c,y)2 -I—y(x,y)2 0k+ k2 vgy(x,y)zj

divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector §4 =

0
L (2 (x(x, )% +y(60)?) cos(kz—w1)” (-1 +vePep) (x(x,y) (a x(x,y)) +y(x,
m

- i (2 (x5, )2 4306 0)2) cos(kz—w1)* (-1 +vep) (x(x,y) (i

o X(x,y)) +y(x,



0
y) (@J’(x,y)))),ssin(kz—(ot) (x(x,y)z—I—y()c,y)z)2 (o+vgk)vgcos(kz—wt),

2
~(x(x, )2 +y(x,1)?) cos(kz—wt) esin(kz—wt) (o +vgk)}
Topological SPIN 3-form= - 1 (2 (x(x,y)2 +y(x,y)2) cos(kz —o t)2 ( -1+ vg2 € u) (x(x,
1)

0 (g5 o ) +rien (5orn ) ) @dm,de.din) + (2 i

0 0
12 cos(kz—o6) (-1 +veep) (x(x,y) (5 x(x,y)) +y(x,y) (@ (%, ) j ) &A(d(x), d(2),

d(1) )) +esin(kz—o1) (x(x,)? +y(x,y)2)2 (o +vgk) vgcos(kz—wt) & \d(x),d(y),d(1))

+ (x(x,y)2 +y(x,y)2)2cos(kz—0)t) esin(kz—wt) (o0 +vgk) &\d(x),d(y),d(z))

2
Spin density rho_spin= —(x(x,y)2+y(x,y)2) cos(kz—wt) esin(kz—wt) (o +vgk)

] 1 0 2 2 2 0
LaGrange field energy density (B.H-D.E) = - — ( -4 (— x(x,y) ) x(x,y) cos(kz—wmt) —8 (— y(x,
n Ox ox
0 2 a 2 2 2
y))y(x,y) (a x(x,y)) x(x,y) cos(kz—(ot) —4 (ay(x,y)) y(x,p) COS(kZ—(Dt)
~3 (i yexy) | p(x) (i x(x.9) | ¥(x.p) cos(kz—01)” —4y(xy)’ (i yi,
oy oy dy

2 2

y)) cos(kz—wt)2—4 (% x(x,y)) x(x,y)zcos(kz—mt)z+48ucos(kz—0)t)2vg2x(x,

)’ (% *(x, ) )2 +8epcos(kz—w1) v x(x, ) (% x(x, ) ) () (%y(x,y))

0 2 0 2
-|—4%:pvtcos(kz—o)t)zvgzy(x,y)2 (ay(x,y)) -|—4.E;,Lcos(kz—oot)zvgzx(x,y)2 (E x(x,y))

+8£ucos(kz—(ot)2vg2x(x,y) (% x(x,y))y(x,y) (%y(x,y)) +4epcos(kz

0 2
—(1)t)2vg2 (Ey(x,y)) y(x,y)2 +8usin(kz—(1)t)2x(x,y)4(x)2 +2 eusin(kz

— O)t)z(ovgkx(x,y)4 +€usin(kz—(1)t)2x(x,y)4vg2 242 eusin(kz— (x)z‘)z)c(x,y)zy(x,y)z(x)2

+4eusin(kz— (x)t)z0)vgkx(x,y)zy(x,y)2 +2eusin(kz— (Dl)zx(x,y)zy(x,y)zvgz 2

+8usin(kz—0)t)2y(x,y)4m2 +2 eusin(kz—wt)zo)vgky(x,y)4 +eusin(kz—0)t)2y(x,



y)4vg2 kz)
0

1 2 2 2 0 0
B.H=—|4cos(kz— — +2 — —
u( cos(kz— 1) [x(x,y) (ay x(x,y)) x(x, y) (ay x(x,y))y(x,y) (ay y(x,y)j

+ (5, ) (% y(xy) )2 +x(x, ) (% x(x, ) )2 +2x(x,y) (% *(x, ) ) y(xy) (% y(w))

+y(x,y)’ (%y(x,y))zn

0 2
D.E=¢ (4 cos(kz—(JJt)zvgzx(x,y)2 (a x(x,y)) + 8 cos(kz—wt)

0

2
ve? x(x, 7) (& x(x,

0 R 2
y))y(x,y) (ay(x,y)) —i—4cos(kz—(1)t)2vg2y(x,y)2 (ay(x,y)) +4cos(kz

0 2 0 0
_(,)t)zvgzx(x,y)2 (@ x(x,y)) + 8 cos(kz—mt)zvgzx(x,y) (@ x(x,y))y(x,y) (Ey(x,

0 2
y)) +4cos(kz—0)t)2vg2 (ay(x,y)) y(x,y)2 +sin(kz—0)t)2x(x,y)4(x)2 +2sin(kz

- t)2 wvg kx(x,y)4 +sin(kz— o t)zx(x,y)4 vg2 2 +2 sin(kz—® t)zx(x,y)zy(x,y)2 0)2

+4 sin(kz— (1)t)2(,ovgl\‘fx(x,y)zy(x,y)2 +2 sin(kz— (1)t)zx(x,y)zy(x,y)zVg2 2+ sin(kz

- (Dt)zy(x,y)40)2 +2sin(kz— (x)t)2 (1)vgky(x,y)4 +sin(kz— a)t)zy(x,y)4vg2 kz)
2

AJ= _i [(x(x,y)z —|—y(x,y)2) cos(kz—(oz‘)2 [2 (% x(x,J/))

*
" +2x(x,) [g x(%)’)]

2

0 B 2
+2 (gy(x,y)) +2y(x,y) (%y(x,y)) +2 (E x(x,y)) +2x(x,p) (% x(x,y))

0 2 & 2 2 2 2 2
+2($y<x,y)) #2000 (3 | oo iatn)’ oo ki)’ +eo uy(n

tewpvg ky(x,y)zJ j

2
-rho.phi =vg (x(x,y)2 +y(x,y)2) cos(kz - 0)t)2£ (—2 vg (% x(x,y) ) —2vgx(x,y) (% x(x,

0 2 P d 2
y)]—ng(ay(x,y)) —2vgy(x,y) (gy(x,y))—2vg(ax(x,y)) —2vgx(x,

») (iz x(m)j —2 [%y(x,y) j y(x,y) vg —2 (iy(x,y) )ng+kmx(x,y)2 + K vgx(x,y)?
o o W



+y(60)’ 0k + K vgy(x,y)ZJ
Poincare I (B.H - D.E)~(A.J - rho.phi) = i (2 cos(kz—wt) e wpvakx(x, )" +2 cos(kz
—w) eouvgkyx )t +2cos(kz—m1) vt e n kR x(x, ) v )2 +2 cos(kz— o 1) y(x,
y) (% y(x,y) ) x(x,y)2 +2cos(kz—m t)zx(x,y) (% x(x,y) ) y(x,y)2 +2cos(kz— (Dt)zy(x,
y) (% y(x,y)) x(x, )2 +2cos(kz— t)zx(x,y) (% x(x,y) ) y(x,9)* + cos(kz

- O)t)zvgzs},tkzy(x,y)4 +cos(kz— (x)t)zvgzeukzx(x,y)4 —2cos(kz

2 0 2 5 9 2
—wt) vgzﬁu(gy(x,y)) x(x,y)* =2 cos(kz—wt) vgzeu(a x(x,y)) y(x 1)’

2 2 2 2 2 9 0 2 2

+2cos(kz—wt) ew ux(x,y) y(x,y)"—2cos(kz—wt) vg 8“(@ x(x,y)) y(x, )

0 2
-2 cos(kz—(ot)zvgzeu (E y(x,y)) x(x,y)? -|-cos(kz—0)t)280)2 wy(x, v)*

cos(kz—(nt)2 2 ?

2 8 2 2 2 2 6
—b6eu vg x(x,y) (ax(x,y)) —6eucos(kz—(x)t) vg y(x,y) (ay(x,y))
2 5 ,( O 2 2 (0 2 2
—68ucos(kz—0)t) vg x(x,y) (ax(x,y)) —68ucos(kz—(ot) Vg (ay(x,y)) y(x,»)

0

Y gt K —8 sucos(kz—o)t)zvgzx(x,y) (a x(x,y) ) y(x,

—8usin(kz—(ot)2x(x,y

») (%y(x,y)) —SSuCOS(kZ—OJf)ZVgZX(x,y) (% x(x,y))y(x,y) (%y(x,y))

2
t2c0s(kz— 1) x(x, y)° (%x(x,y)) +2cos(kz—0)t)2y(x,y)3 (%y(x,y))

2

2
_|_2cos(kz—0)t) x(x,y)3 (aix(x,y)j —2eusin(kz—(x)t)zmvgkx(x,y)4—28usin(kz
X

— 0)t)zx(x,y)zy(x,y)zvg2 -2 ewsin(kz— 0)t)2 (Dvgky(x,y)4 +2 cos(kz

0 2 2

0
—(Dt)2 (Ey(x,y)) x(x,y)2+2cos(/’cz—o)t)2 (E x(x,y)) y(x, )2 +2 cos(kz



0 2 2

_0”)2 (ay(x,y)) X(X,y)2+2COs(kz—0)t)2 (% x(x,y)) y(x, )% +2 cos(kz

—00) y(x )’ (% y(x,y)] +cos(kz—w1) e @ px(xy)* +4 cos(kz

0 0

—(Dt)zg(1)uvgkx(x,y)zy(x,y)2 +8 (ay(x,y) ) y(x,y) (a x(x,y)) x(x,y) Cos(kz—(x)t)2

+8 (%y(x,y) ) y(x, ) (i x(x,y)) x(x,y) cos(kz— 1) —epsin(kz— 1) x(x ) e’

0y
+6 (%x(x,y))
2

2 2
x(x,y)Qcos(kz—(ot)2+6 (%y(x,y)) y(x,y)zcos(kz—mt)2+6y(x,
2 0 2 2 0 2 2 .
¥) (5y(x,y)) cos(kz—wt)" +6 (@x(x,y)) x(x,y) cos(kz—wt)  —2eusin(kz

— (J)t)zx(x,y)zy(x,y)2 0)2 —eusin(kz— (x)z‘)zy(x,y)‘tvg2 2 —4 eusin(kz— (J)t)zmvgkx(x,

y)zy(x,y)z—Zcos(kz—(Dt) vg eux(x,y) (% x(x, y)]y(x,y)2—ZCos(kz—mt)zvgzeuy(x,

o 22 cos(k 2 fen| & 22 cos(k

V) @)/(x,y) x(x,y)"—2cos(kz—wt) vg epn 6y2 y(x,p) | y(xy) x(x,y)° —2cos(kz

& 2 2 5 3( &

—on) vdenxix,y) (g x(x, y))y(x,y) —2cos(kz—wt) vg euy(x,y) (gy(x,y)
2 2 3( & 2.2 & 3
—2cos(kz—0)t) vg e ux(x,y) (gx(x,y)) —ZCos(kz—wt) vg e (gy(x,y))y(x,y)
—2cos(/\‘fz—(ot)zvgzsux(x,y)3 (%x(x,y)j —Susin(kz—(;)t)zy(x,y)4(02j

2
i —
London Coefficient LC= ﬂ

PROCA coefficient curlcurlB=[—2 cos(kz—(nt) (— x(x,y) ) ( ax ) (% x(x,
& o ? 0
”) [gx(x,wj +x(n,y) ( ool Y ( a0 ) o vt ]+ (5 ot
2 & i) P
») [gy(x,y)j +y(ny) ( o Y | +3 (5 <) Pellt y)) +x(,

s 0 & & 2 9
BREY b +3 o b ) b + b BREY b _k b o b
¥) ( 3 X(x y)) ( ay 7 y)) ( A y)j y(x,y) [ A y)J x(x,p) ( O



y)j — B y(x,y) (%y(w))),zcos(kz—wt) (_kzx(x,y) (%x(x,y)) — By y) (%y(x,

d o > 0 0
y)) +3 (a X(x,y)) (gx(x,y)j +x(x, ) (§ x(x,y)) +3 (ay(x,y)) (gy(x,y)j
o 0 P 0 P
g)’(xay)j +2 (E X(Xay)) (% X(X,y)) + (ax(x,y)) (gx(x,y)j + x(x,
0

») ( @Tax x(x,y)) +2 (%y(x,y)) (%y(x,y)) + (v (%y(x,y)) T

&
») ( 07 i y(x,y))J,O}

+y(x,y) (

Amperian Current 4Vector  curlH-dD/dt=J4 =

2sin(kz—wt) (k+ouevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))

2

u
] 2sin(kz—wt) (k+opevg) (x(x,y) (%x(x,y)) +y(x,y) (%y(x,y)))
. ;
2 0 2

& o
2 x(x, ) (gnx y)j +2 ( - y(w)) +2y(x,

-ﬁ[ cos(kz—wt) (2 (% X(x,y))
D (ot

2

j (ix(x,w)zﬂx(xy) (ix(xw)ﬂ(iy(x,y)j +2y(x,
dy a° dy

¥) ( o y(x, y)j +ew wx(x,y) +ewuvgkx(x,y>2+ew2uy(x,y>2+ewuvgky(x,y>zj),

2 0 2
—cos(kz—wt)8[—2vg(%x(x,y)) —2vgx(x,y) (%x(x y))—2vg(ay(x,y))
2
—2vgy(x,y) (%y(x,y)j —2vg (% X(x,y)) —2vgx(x,y) [% x(x, y)j —2 (%y(x,

(9 : 2, 42 2 2 2 2
y) [ y(xy)vg—2 ( o y(x,y)) vgtkox(x,y) +kvgx(x,y) +y(xy) ok+k vgy(x,y)



2cos(kz — w1)? (x()@y) (% x(x,y)) + 1% y) (%y(x,y))) (

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

[

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

0

L (2 (x(x, )2 +y(x,)?) cos(kz—w1)” (-1 +vgep) (x(x,y) (a X
mn

») (%y(x,y)jj),

(x,y)) +y(x,

0
L (2 (x(x, )% +y(x60)?) cos(kz—w1)” (-1 +vePep) (x(x,y) (— x(x,y)j +y(x,
i dy
0 . 2 242
y) (ay(x,y)))),esm(kz—wt) (x(6, )" +y(x,9)°) (0 +vgk) vgcos(kz—wt),

- (x(x, )? +y(x,y)2)2cos(kz— ot)esin(kz—wt) (o+vgk) }

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [0, 0, - 1 ( (x(x, y)2
w



2

0 0
+y(x,y)2) cos(kz—mt) (—4 (a x(x,y)) x(x,y)zcos(kz—mt)2—8 (ay(x,y))y(x,

0 0 2
y) (ax(x,y)) x(x,y) COS(kZ—wt)2—4 (ay(x,y)) y(x,y)2<:08(kz—wf)2—8 (—y(x,

0 R 2
y))y(x,y) (E x(x,y))x(x,y) cos(kz—o)z‘)z—4y(x,y)2 (@y(x,y)) cos(kz—(x)t)2

) 2
—4 (% X(x,y)) x(x ) cos(kz— 1)’ +4epcos(kz— 1) vg x(x )’ (%x(x,y))

0 0
+88u008(kz—®t)2ngX(x,y) (g x(x,y))y(x,y) (ay(x,y)) +4epcos(kz
0 2 0 2
—W)zvgzy(x,y)2 (gy(x,y)) +4SMCOS(kz—(Dt)ZVgZX(x,y)2 (5 x(x,y))
2 0 0
+8£uCOS(kZ—®f) ngX(x,y) (E x(x,y))y(x,y) (ay(x,y)) +4epcos(kz

0 2
—(J)t)zvg2 (Ey(x,y)) y(x,y)2 +€usin(kz—0)t)2x(x,y)4co2 +2 eusin(kz

— O)t)z(ovgkx(x,y)4 -I-S},tsin(kz—(oz‘)z)c()c,y)41/g2/c2 +2 eusin(kz— (x)t)zx(x,y)zy(x,y)z(x)2

+4eusin(kz—w z‘)2 W vg kx(x,y)zy(x,y)2 +2eusin(kz— o t)zx()c,y)zy(x,y)2 ng I

+eusin(kz—mt)2y(x,y)4m2 +2 Susin(kz—wt)zo)vgky(x,y)4 +eusin(kz—0)t)2y(x,
»he )]

0 2
Spin Dissipation J spindot E = - 1 ( (x(x,y)2 +y(x,y)2) cos(kz - t) vg (—4 (a x(x,y) ) x(x,
u

0 0 0
y)zcos(kz—mt)z—S (ay(x,y))y(x,y) (a x(x,y)) x(x,y) Cos(kz—(x)t)z—4 (ay(x,
2 0

y)) y(x,y)2 cos(kz — (Dt)2 —38 (% y(x,y) ) y(x,y) (g x(x,y)) x(x,y) cos(kz - t)

2 2 2
_4y(x,y) (%y(x,y)) cos(kz—mt)2—4 (% x(x,y)) x(x,y)zcos(kz—o)t)2
2 2
+48ucos(kz—0)t) vgzx(x,y)z(%x(x,y)) +8¢eucos(kz—wt)

2

oD

Vg () (ol
0 2 2 2 0 2

y))y(x,y) (ay(x,y)) +48},Lcos(kz—0)t) vg y(x,y) (ay(x,y)) +48ucos(kz

2
% x(x,y)) +38 eucos(kz—cot)zvgzx(x,y) (i x(x,y) ) (x,

—O)f)zngX(x,y)z( o



2
y) (%y(x,y)) +4£MCOS(kZ_OJf)2Vg2 (%Y(x,y)) Y(x,y)z—I—alvtsin(/’cz—(M)ZX(x,y)“(D2

+2¢eusin(kz— (z)t)2 wvgkx(x,y)4 +eusin(kz— O)t)zx(x,y)4vg2 i +2 eusin(kz
— 0)t)zx(x,y)zy(x,y)2 W +4eusin(kz— (J)t)z0)vgkx(x,y)zy(x,y)2 +2eusin(kz
— 0)t)zx(x,y)zy(x,y)zvg2 s +eusin(kz— (J)t)zy()c,)/)4(11)2 +2eusin(kz— (J)t)zmvgky(x,y)4

+eusin(kz— (Dt)zy(x,y)4vg2 ©#))

2eok 0 (16 [% ()| +3t53) (%y(x,y))) (%3)  2eokz 00’ (12 (a% K| +3t53) (—;

W W

Disspative Force 3 vector=

2 2

0

Dissipation =cos(kz—mt) € 2vg(ix(x y)) +2vgx(x,y) ix(x V) +2vg(— (x y))
x e ox

t2vgy(xy) ( j +2vg (ix(x,y))2+2vgx(x ») [ix(x y)j +2 (izy(
¥ o’ o
2
J’)J)’( x,y) vg + (5 )) vg —kox(x,y)* =K vgx(x, )’ —y(xy) 0k —Kvgy(x, )’

—usin(kz—w1) x(x, )@ —usin(kz—w1) x(x,y) vek—2 usin(kz—wmt) x(6,0) 2 v ) @

-2 usin(kz—wt) x(x,y)zy(x,y)zvgk—wy(x,y)4sin(kz—(ot) u—usin(kz—(ot) y(x,
4
) vg k)

Enter the name of the problem, and the components of the 4 potential.



> NAME: =" Exanpl e 5¢c-- wavegui de TM node phi (group kinematic out, wave in)’;

> theta: =(k*z+onega*t);

> AX: =0; Ay: =0; Az: =f (X, y) *cos(t heta); phi:=+vg*f(x,y)*cos(theta);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi,1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

sk sk s ke ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk ok ok ok ok ok sk sk sk sk skoskoskosk sk sk sk sk sk sk ok

NAME := Example 5c-- waveguide TM mode phi (group kinematic out, wave in)

O=kz+ot
Ax =0
Ay =0

Az = (x(x,1)> +y(x, »)%) cos(kz+mwt)

0 :=vg (x(x,)° +y(x,»)°) cos(kz+ w1)
Example 5c-- waveguide TM mode phi (group kinematic out, wave in)

sk s sfe sk sfe sk sie sk s sfe sk ske st sk sk sk sfe sk ske sk sk sk sk skeoske sk skosk sk skosk Diﬁ"erentialForm Format sk sk sk sk ske s sk sk sk sfe sk ske sk st sk sk sk st sk skeoske sk sk stk skok sk

seskeskosk

Action I-form= ( -vg cos(kz + o t) x(x,y)2 — vgcos(kz—i— () t) y(x,y)z) d(t) + (cos(kz—l— o t) x(x,y)2

+cos(kz+wt) y(x,y)?) d(z)
d

Intensity 2-form F=dA = ( -2vgcos(kz+wt) y(x,y) (a y(x,y) ) —2vgcos(kz+ wt) x(x,

0 0
¥) (ax(x,y))) (d(x)) & (d(t)) + (2 cos(kz+wt) y(x,y) (ay(x,y)) +2 cos(kz
+0)t) x(x,y) (& x(x,y))) (d(x)) & (d(z)) + (—2 vgcos(kz-l—(nt) y(x,y) (%y(x,y))

0
—2vgcos(kz+ wt) x(x,y) (a x(x,y))) (d(y)) & (d(t)) + (2 cos(kz+wt) y(x,

0 0

») (5y(x,y)) +2cos(kz+ 1) x(x,y) (@xu,y))j (d(y)) &" (d(z)) + (sin(kz

+ o t) (Dx(x,y)2 + sin(kz + o t) (1)y(x,y)2 +vg sin(kz + o t) kx(x,y)2 +vg sin(kz
+ 1) ky(xy)?) (d(z) & (d(1)

Topological Torsion 3-form A™F=0

Topological Parity 4-form  F"F=0

3t st st sk sfe sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk s sk skosk sk ke ke skeoskoskosk UsingEMformat sk s sk sk sk sk sk st ste sk s sk sk sk sk sk sk sk sk sk sk sk sk sk kot sk sk skoskoskoskok

0 0
E field=| -2 vg (x(x,y) (ax(x,y)) +y(x,p) (ay(x,y))) cos(kz+mt), -2 vg (x(x,
0 0 . 2 2
9 (g 2@ | 43ty (5 v | feoslhz + 1), sin(kz+ 1) (x4 3x5)7) (o

+vgk)




2 (x(x.9) (%x(w)) +(x,y) (%y(w))) cos(kz +01), -2 x(x.y) (%x(x,y))
+y(x,y) (%y(x,y))) cos(kz-l—(ot),O}

Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =1[0,0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~PTD =2
ok coioiclick kool Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*#sckaskoxskasiek

st sk sk sk sk sk ki ke sk sk

B field =

Xm or linear (Mean) curvature = —sin(kz + o t) (x(x,y)2 +y(x,y)2) (k - vg)
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
ootk Compute Current using from Maxell-Ampere equations for constitutive equations with
Chiralilj/ CH skoskeosteskeoskeoske sk skeskoskosk

Chirality factor CH=0

Dﬁeld=[—2£vg (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) cos(kz—i—mt), -2¢evg (x(x,
V) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz+wt),esin(kz+wt) (x(x,y)2+y(x,y)2) (o
+vg k)
el 2 (x(x,y) (% x(x,y)) +y(x,l);) (%y(x,y))) cos(kz+mt) |
2 (x(x,y) (% x(x,y)) +y(x,y) (&y(x,y))) cos(kz+wt)

_ ,0
u

. 1 . 2 2 0
Poynting vector ExH=| — (2 Sm(kz—i-wt) (x(x,y) +y(x, ) ) (0)+vgk) (x(x,y) (a x(x,y))
w

0
+(x,y) (a (% ) j ) cos(kz+ 1) j i(z sin(kz+of) (x(x,)2 +y(x)2) (0



+vg k) (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz+mt) ), i(4 vg cos(kz

tor)’ (x(x,y>2 (% x(x, ) )2 +2x(x, ) (% *(x, ) ) () (% () ) +y(x,

»)? (% () )2 +x(x, ) (& *(x, ) )2 +2x(x,y) (% *(x, ) ) y(xy) (% y(x,y))

L)’ (%ﬂx’y))zj”

Amperian Current 4Vector  curlH-dD/dt=J4 =

0

2 (x(x,y) (a i

X(X,y)) +y(x, ) (&y(x,y))) sin(kz+wt) (k+oueveg)

w

2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) sin(kz+wt) (k+ouevg)

2

2

W

1 0 2 P R 2
—E[cos(kz—i-(n)t) (2 (ax(x,y)) +2x(x,y) (gx(x,y)j +2 (ay(x,y)) + 2 y(x,

2 0 2

») (%y(x,y)) +2 (%x(x,y)) +2x(x, ) (%X(x y)) +2 (ay(x,y)) T2y,

o 2 2
y) (?y(x,y)j +tew px(x,y)’ +teouvgkx(x,y) +ew uy(x,y)2+8"°uvgky(x’y)2jj’

o o y(x,y))2

2
—Scos(kz-l-cot) [2vg(ix(x,y)) +2vgx(x,y) [%x(x y)j -|-2vg(i

2

P 0 & >
+2 D) | 5 v y) | F2vg | o ox(x, +2 — +2 | —5 y(x,
vgy(x,y) ( o2 Y y)j vg(ay x(x y)) vg x(x, y) [ay x(x, y>) (ayz y(x

0 2
¥) J y(x,y) vg +2 (a y(x,y) ) vg —kox(x,y)’ — K vgx(xy) —y(xy)  ok—iK vgy(x,y)zj l

y) (izx(x,y)j +2 [izy(x,y)jy(x,y) vg +2 (iy(x,y))zvg—k(x)x(x,y)z—kzvgx(x,y)2
o o 4



— vy ok—K vgy(x,y)ZJ

divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector S4 =

_i(z (x(x, )2 +y(x,»)%) cos(kz—l—(;)t)2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,ﬁ)) (

-1 +vg28u)),

0 0

i(z (x(x.9)% +(x,)%) cos(kz+ 1)’ (x(x,y) (gx(x,y)) +y(x,3) (@y(x,y))) (

2
-1+ vg2£ u) ), esin(kz+ 1) (x(x,y)2 +y(x,y)2) (o+vgk)vgcos(kz+wt), (x(x,y)2
2
+y(x,)*) cos(kz+o1) esin(kz+wr) ((x)—l—vgk)}
Topological SPIN 3-form= - 1 (2 (x(x,y)2 +y(x,y)2) cos(kz + o t)2 ( -1+ vg2 € u) (x(x,
w

0 (g5 o ) +rien (5orn ) ) @dm,de.din) + (2 i

0 0
y)z) COS(kZ+(l)l)2 ( -1 —l—vgzi-:u) (x(x,y) (a x(x,y)) +y(x,y) (ay(x,y))) &Nd(x), d(z),

d(1) )) +esin(kz+o1) (x(x, ) +y(x,y)2)2 (o4 vgk) vgcos(kz+mt) &Nd(x),d(y),d(1))

— (x(x,y)2 +y(x,y)2)2cos(kz+0)t) esin(kz+wt) (o0+vgk) &\d(x),d(y),d(z))

. . . 2 22 .
Spin density rho_spin=(x(x, y)" +y(x,y)") cos(kz+wt) esin(kz+wt) (o +vgk)

0 2 0
LaGrange field energy density (B.H-D.E) = - 1 ( -4 (— x(x,y) ) x(x,y)2 cos(kz+ 1)2 —38 (— y(x,

u dx ax
0 2 0 2 2 2
V) ) y(x,y) (a x(x,y) ) x(x,y) cos(kz+0)t) —4 (a y(x,y)) y(x,y) Cos(kz-l- (x)t)
~8 (iyu,y))y(x,y) (i x(x.9) | ¥(x.p) cos(kz+01)” —4y(xy)’ (iy(x,
oy oy dy

2 0 2

y)) cos(kz+0)t)2—4 (@ x(x,y)) x(x,y

)2cos(kz+0)t)2 +4 Sucos(kz-l—wt)zvgzx(x,



)’ (% x(x, ) )2 +38 EMCOS(kZJrW)ngzx(x,y) (% x(x, ) ) y(x,y) (%y(x,y))

0 2 0 2
-|-4i—:ucos(kz—l—(1)t)2vg2y(x,y)2 (ay(x,y)) -|-4eptcos(kz—i—(,v\)t)zvgzx(x,y)2 (5 x(x,y))
2 9 0 0
+88ucos(kz+0)t) vg x(x,y) (E x(x,y))y(x,y) (@y(x,y)) +48ucos(kz
2 2 0 2 2 . 2 4 2 .
—I—O)t) vg (Ey(x,y)) y(x,p) —|—8usm(kz—|—0)t) x(x,y) ® —|—2£usm(kz

2 . .
+ (Dt) (Dvgkx(x,y)4 +£usm(kz+0)t)2x(x,y)4vg2 242 sus1n(kz+ (x)t)zx(x,y)zy(x,y)zo)2

+4 eusin(kz+ cot)2 0)vglm(x,y)zy(x,y)2 +2 susin(kz—l— 0)l)2>c(x,y)2y(x,y)2vg2 2

-I—susin(kz-l—(Dt)zy(x,y)“o\)2 +2 8usin(kz+0)t)20)vgky(x,y)4 +8usin(kz+(1)t)2y(x,
y)4vg2k2)

1 2 5 ( 0 2 d 9
B.H=—|4cos(kz+ 3 — x(x, +2x(x,y) | — x(x, ) | v
u( cos(kz+ 1) (x(xy) (ayx(ij x(x, ) (ayxuy))y(xy) (ayyuy))

+y(x,y)’ (% y(x,p) )2 +x(x,y)’ (% x(x, y) )2 +2x(x, ) (% x(x, ) ) y(x,p) (% y(x,y))

+ (6 9)° (%y(x,y))z)]

0 2 0
D.E=¢ (4 vg2 cos(kz + o t)2 (a x(x,y) ) x(x,y)2 + 8 vg2 cos(kz + o t)zx(x,y) (a x(x,
0 2 2 0 2 2 2
y))y(x,y) (a y(x,y)) +4vg cos(kz+mt) (ay(x,y)) y(x,y)” +4vg cos(kz

) 2 9 0
+ot)’ (5 x(x,y)) (6 )2 + 8 v cos(kz + 1) x(x, y) (5 x(x,y))y(x,y) (Ey(x,y))

2

0
—|—4vg2 cos(kz—l—o)t)2 (ay(x,y)) y(x,y)2 +sin(kz+0)t)2x(x,y)40)2 +2 sin(kz

+ (J)t)zo)vgkx(x,y)4 + sin(kz-l— (Dt)zx(x,y)4vg2 2 +2 sin(kz—I—0)t)zx(x,y)zy(x,y)z0)2

+4 sin(kz + o t)2 wvg kx(x,y)zy(x,y)2 +2 sin(kz + o z‘)zx(x,y)zy(x,y)2 vg2 2+ sin(kz

+ 0)t)2y(x,y)4(x)2 +2sin(kz + (x)t)z(;)vgky(x,y)4 +sin(kz+ (z)t)zy(x,y)“vg2 kz)

AJ=-+ (x(xy)2+J/(xy)2)cos(kz+(ot)2[2(ix(x ))2+2X(X )[ix(x )J
. M ’ ’ ax ’y 9y axz 7y



2

0 B 2
+2 (gy(x,y)) +2y(x,y) (%y(x,y)) +2 (E x(x,y)) +2x(x,p) (% x(x,y))

a 2 & 2 2 2 2 2
+2($y<x,y)) #2000 30 | oo e’ oo ki)’ +eo uyny

+eopvg ky(x,y)zJ j

2
-rho.phi = -vg (x(x,y)2+y(x,y)2) cos(kz+mt)2e [2 vg (% x(x,y)) +2vgx(x,y) ( 6(12 x(x,
Y| +2v (i (x ))2+2v (x,9) i (x,v) | +2v (ix(x ))2+2v x(x
Yy g axy’y gV X,y axzy’y g y > ) g )

y) (%X(x,y)j +2 [%y(x,y)jy(x,y) vg +2 (iy(x,y))zvg—k(DX(x,y)z—kzvgx(x,y)z
o o 4

— vy ok—K vgy(x,y)ZJ

I 0 5
Poi 1 B.H- D.E)-(A.J - rho.phi) = -—| -8 | — , " -— " , k
oincare I ( A< rhophi) == [ ( 5 y))y(x ») ( o X y)) x(x, ) cos(kz

‘HM)Z —38 (% y(x,y) ) y(x, ) (% x(x, ) ) x(x, ) cos(kz—i-(ot)2 +ewsin(kz

0 2
-I—o)t)zx(x,y)“o)2 -I—eusin(kz—I—(J)t)zy(x,y)4032—2cos(kz—i—(x)t)2 (ay(x,y)) x(x,p)?

0 2 0 2
-2 cos(kz+0)t)2 (5 x(x,y)) y(x, y)? =2 cos(kz-l—cot)2 (ay(x,y)) x(x,y)?

) 2
_2cos(kz+(ol‘) (ix(x,y)) y(x,y)2—2cos(kz+0)t)2x(x ¥) [g x(x, y)jy(x,y)z

X
—2cos(kz+0)t)2y(xy ( —5 y(xy) Jx —2005 kz+0)t) x(x,y) (%x(x,y)]y(x,y)2
_2cos(kz+0)t)2y(x y) ( > y(x, ) Jx 2 _4cos(kz+mt) 80)uvglmc(x,y)zy(x,y)2
—6 (ix(x ))2x(x 12cos(kz+mr)” —6y(x, )2 (i (x ))2cos(kz+(ot)2
ay 9y 9y y 9y ay y ’y
0 2 2 2 0 2 ) 2
—6 (a x(x,y)) x(x,y) cos(kz+wt) —6 (ay(x,y)) y(x,y) cos(kz+ wt)

) 9 9
+8epcos(kz+ 1) vo x(x, y) (a x(x,y))y(x,y) (ay(x,y)) +8eucos(kz



a 0

+03t)2vg2X(x,y) (a x(x,y))y(x,y) (ay(x,y)) -|-4%:]vtsin(kz-l—o)t)Q0)vgkx(x,y)zy(x,y)2

+2eusin(kz+ (x)t)zmvgky(x,y)4 +2 eusin(kz+cot)2x(x,y)2y(x,y)2vg2 P +2 eusin(kz

0 2
+(1)t)2(ovgkx(x,y)4 -|-6%:ucos(kz—l—(x)z,‘)zvgzx(x,y)2 (a x(x,y)) +6 8ucos(kz

0 2 By 2
+<Dt)2vg2y(x,y)2 (gy(x,y)) +6EMCOS(kZerf)zngX(x,y)2 (5 x(x,y))

cos(kz-i—o)t)2 2 (9 ? 2 : 2 4 2.2
+6eu vg (ay(x,y)) y(x,y) +8usm(kz+0)t) x(x,y) vg k

+2¢eusin(kz+ (x)1,‘)2x(x,y)zy(x,y)z(x)2 -l-8},Lsin(kz-I-(oz‘)zy(x,y)4vg2k2 —2cos(kz

0 2
-I—(Dt)zswzux(x,y)zy(x,y)z-I—ZCos(kz—i-wt)zvgzsu(Ex(x,y)) y(x,y)2+2cos(kz
2 2 0 2 2 2 2 2 4
+wt) vg eu(ay(x,y)) x(x,y)" —cos(kz+wt) vg enwk y(x,y)" —2cos(kz

+(1)t)2vgzeukzx(x,y)zy(x,y)z—2cos(kz+0)t)280)uvgky(x,y)4+2cos(kz
+or) vden (%y(x,y))y(x,y)3 +2 cos(kz+01) g epx(x )’ (%x(x,y))
cos(kz+ t)z 2 3 (0 2 2 3 (&
+2 1) vgTeuy(x,y) o2 YY) +2cos(kz+wr) vg epx(x,y) o2 )
+2 cos(kz-i-(ot)zvgzeu [% y(x,p) j y(x,y) x(x,y)2 +2 cos(kz—I— (x)t)zvgzeux(x,
0 2 2 o & 2
V) gx(x,y) y(x,y) -I—ZCos(kz-I—(Dt) vg e wx(x,y) (g x(x,y))y(x,y) +2cos(kz

+ (J)t)zvgzeuy(x,y) (% y(x,y) ) x(x,y)2 -2 cos(kz+0)t)2£0)uvgkx(x,y)4 - cos(kz

0 2

+0)t)2vg28},tk2x(x,y)4 +2 cos(kz—i—(ot)zvgzeu (a y(x,y)) x(x,y)2 +2 cos(kz

0 2 )2 )

+0)t)2vg2£u(ax(x,y)) y(x,y —cos(kz-l—(x)t)zemzuy(x,y —cos(kz

+ O)t)zeo)zux(x,y)4 -2 Cos(kz—I— (x)t)zx(x,y)3 (% x(x,y)) -2 cos(kz+ (x)t)zx(x,



)’ (% x(x,y)) —2cos(kz+ 1) y(x, )’ (%y(x,y)] —2cos(kz+ 1) y(x 1)’ [%y(%

y>])

P-cow
London Coefficient LCZﬂ
1)
PROCA ] lcurlB=| -2 k 2 o i 92
coefficient curlcur —[— cos( z+0)t) ( a x(x,y)) ( o ar x(x,y)) + ( & x(x,
A 0 & 0
y)) [g x(x,y)) +x(x, y) ( o a2 x(x,p) | +2 (ay(x,y)) (ﬁy(x,y)) + (gy(x,
&® & 0 &
n) [z 70 | £ (g rwn | +3 (o xten ] (7 wten |+t
) (%x(x,y)j +3 (%y(x,y)) [%y(x,y)J +y(x,y) [—3y(x,y)j — K x(x, p) (%x(x,
0 0 0
y)) —kzy(x,y) (Ey(x,y))),Zcos(kz—i-mt) (—kzx(x,y) (a x(x,y)) — K y(x,y) (ay(x,

d P P 0 ha
y)) +3 (a X(x,y)) (gx(x,y)j +x(x,y) (§ X(x,y)) +3 (ay(x,y)) [gy(x,y)J
R

6x3

0 0
+y(x,y>( y(x,y>j+2(@x<x,y>)( o x(x,y>j+(ax(x,y)j(%x(x,y)jﬂ(x,

dy ox

») ( ay‘fax x(x,y)) +2 (%y(x,y)) (%y(x,y)) + (%y(x,y)) (%y(x,y)) T

y)( o y(x,y)j],O}
&2 ax

Amperian Current 4Vector  curlH-dD/dt=J4 =

0 a

2 (x(x,y) (a x(x,y)) +y(x,y) (ay(x,y))) sin(kz+wt) (k+ouevg)

w
9
ayy
w
2 2

+2x(x,y) ix(x )| +2 i (x,y) | +2y(x
,J’(axz aJ’) (axy’y) Yx,

b

0

2 (x(x,y) (— x(x,y)) +y(x,p) (

o (x,y)))sin(kz—i—mt) (k+opevg)

2

1 d
_E [cos(kz—i—mt) (2 (a X(X,J’))



2

> 0 2 & 9
») (y)’(&y))-ﬂ(ax(x,y)) +2x(x,y) (yx(x,w)ﬂ(@y(x,y)) +2y(x,

o 2 2
) (?nx,y)) +ew px(x,y)’ +teouvgkx(x,y)’ +ew uy(x,y)2+€"’wgky(x’y)2])’

2

-ecos(kz+wt) |2V (ix(x )) +2vgx(x,y) ix(x )| +2v (i (x ))2
2| 5 Xy g,y[ax2 .Y g | 5 vy

2

0
+2vgy(x,y) (izy(x,y)j +2vg (—x(x,y)) +2vgx(x,y) (iz x(x,y)j +2 (izy(x,
ax 0y dy dy

i 2 2 2 2 2 2 2
y) | y(x,y) vg+2 ( o y(x,y)) vg—kox(x,y)  —kvgx(x,y)" —y(x,y) ok—k vgy(x,y)

200s(kz+(ut)2 (x(x,y) (% x()@y)) + (%) (%y(x,y)))

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

u
Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0
Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] =

_i(z (x(x, 1) +p(x,»)%) cos(kz+0)t)2 (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) (



-1 +vg2€u)),

i ﬁ (2 (0?5150 costhz+00) () (% x(x.9) | +5(x.9) (% v ) ]

-1 +vg28M)),Ssin(kz+O)t) (x(x,y)2—|—y(x,y)2)2 (0 +vgk) vgcos(kz+ 1), (x(x,y)z
+3(69)%) cos(kz+ ) esin(kz+ o) ((x)—l—vgk)}

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [0, 0, - 1 (cos(kz
w

2 2 0 2 2 2 0
+0)t) (x(x,y) +y(x,y) ) (—4 (ax(x,y)) x(x,y) cos(kz+0)t) —8 (ay(x,y))y(x,

2
. (%x(x,y))x(x,y) Cos(kz+mt)2—4 (%y(x’y)) y(x’y)zcos(kz+0)l)2_8 (%y(xa

0 F) 2
y)jy(x,y) (E x(x,y))x(x,y) COS(kZ+OJf)2—4y(x,y)2 (ay(x,y)) cos(kz+0)t)2

2
—4 (% X(x,y)) x(x, ) cos(kz+ 1) +4epcos(kz + 1) vg'x(x,y)’ (% x(x’y))

2

0 0
+8£ucos(kz+0)t)2vg2x(x,y) (a x(x,y))y(x,y) (ay(x,y)) +4eucos(kz
2 2 2 a 2 2 2 ) 0 2
+0)t) vg y(x,y) (ay(x,y)) +4€ucos(kz+0)t) vg x(x,y) (ax(x,y))

+ggucos(kz+0)t)2vg2x(x,y) (% x(x,y))y(x,y) (%y(x,y)) +4epcos(kz

0 2
+0)t)2vg2 (Ey(x,y)) y(x,y)2 +eusin(kz+0)t)2x(x,y)40)2 +2 Eusin(kz

+ (Dt)z(ovgkx(x,y)4 -I-Susin(kz-|-(1)1‘)236()c,y)4v,g2/€2 +2 Eusin(kz—i- 0)t)zx(x,y)zy(x,y)z(,o2

+4¢ usin(kz + o l‘)2 O] vgkx(x,y)zy(x,y)2 +2¢ usin(kz + o t)zx(x,y)zy(x,y)2 vg2 IS

+8usin(kz+0)t)2y(x,y)4(02 +2 ausin(kz+mt)20)vgky(x,y)4 +eusin(kz+0)t)2y(x,
g k)]

0 2
Spin Dissipation J spindot E = 1 (vg cos(kz + t) (x(x,y)2 +y(x,y)2) ( -4 (a x(x,y) ) x(x,
w



9
axy

0

y)zcos(kz+0)t)2—8 ( ay(x,

(x,y) ) y(x,y) (% x(x,y)) x(x, ) cos(kz—i—o)t)2 —4 (

2 0 0
y) ) y(x,y)2 cos(kz + o t)2 -8 (a y(x,y) ) y(x,y) (a x(x,y) ) x(x,y) Cos(kz + o t)2

2,9 2 0 2
_4Yxy) (Ey(x’y)) cos(kz+0)t)2—4 (@x(x,y)) x(x,y

0 2 0

2
_|_4£ucos(kz+c0t) vgzx(x,y)2 (ax(x,y)) +88ucos(kz—|-0)t)2vg2x(x,y) (ax(x,

)2 cos(kz+ (1)t)2

0 0 2
y))y(x,y) (gy(x,y)) +4S}LCOS(kz-I-O)t)ngzy(x,y)z (gy(x,y)) +4epucos(kz

2
+0)t)2vg2x(x,y)2 (% x(x,y)) +8£ucos(kz+0)t)2vg2x(x,y) (% x(x,y))y(x,

0 2 9 0 2 2 . 2 4 2
¥) (ay(x,y)) +4epcos(kz+mt) vg (Ey(x,y)) y(x,y) +eusin(kz+wt) x(xy)" ®

+2¢eusin(kz+ (x)t)2 wvgkx(x,y)4 +eusin(kz+ (1)t)2x(x,y)4vg2 i +2 eusin(kz
+ (1)t)zx(x,y)zy(x,y)2 (1)2 +4eusin(kz+ (Dt)z0)vgkx(x,y)zy(x,y)2 +2eusin(kz
+ 0)t)zx(x,y)zy(x,y)zvg2 i +eusin(kz+ mt)zy(x,y)4(02 +2eusin(kz+ (J)t)zmvgky(x,y)4

+eusin(kz+ mt)zy(x,y)4vg2 )

_ _xy(xay))) (%5) ) 2cos(kz + @1)? (x(x,y) (@x(x’y)j (% ) (g

u ’ u

2cos(kz + w1)? (x(x, y) [% x(x, y)) X ) ( aa a

Disspative Force 3 vector=

0 2 0
Dissipation = -¢ cos(kz + o t) [2 vg (a x(x,y)) +2vgx(x,y) (% x(x,y)) +2vg (a y(x,

2

2
y)j +2vgy(x,y) (%y(x,y)) +2Vg(% X(x,y))

P
+2vgx(x,y) (— x(x, ) j
@)2



2

0 0
+2 (yy(x,y))y(x,y) vg +2 (Ey(x,y)) vg—kox(x,y)’ —Kvgx(xy)’ —yxy) 0k
—kzvgy(x,y)z—},lsin(kz+0)t) x(x,y)4(z)—},lsin(kz+0)t) x(x,y)4vgk—2p,sin(kz
+ O)t) x(x,y)zy(x,y)z(z) -2 usin(kz-l— cot) x(x,y)zy(x,y)zvgk— my(x,y)4sin(kz+(ot) 1

—usin(kz+ wt) y(x,y)4vgk)

ok kR kR Rk ok Rk Rk Rk k% DN PROCEDURE. #%% %% %% kst skokokokokok ok okokok ok (25)



Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 5d -- wavegui de TM node (group ki nematic out,
> theta: =(k*z-onega*t);

> AXx: =0; Ay: =0; Az: =f (X, y) *cos(t heta); phi:=+vg*f(x,y)*cos(theta);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi, 1,1,1,1, 2,0,0, 0*al pha*(g+l *ganm), 0) :

3k sie 3k sk sk sk sk sk ke s sk sk sk sk sk sfeoske sk sk sk sk skeoske sk sk sk sk s sk sk sk sk sk sk sk sk sk st seoske sk sfeosie st sk sk sfeosie sk sk sk sk skeskok kosk

NAME = Example 5d -- waveguide TM mode (group kinematic out, wave out)

wave out) " ;

0=kz—ot
Ax =0
Ay =0

Az = (x(x,1)* +v(x,»)?) cos(kz—wt)

d:=vg (x(x,y)2 +y(x,y)2) cos(kz—wt)
Example 5d -- waveguide TM mode (group kinematic out, wave out)

sk s s sk sfe sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk skeosk sk skokesk skosk [ﬁﬁ%renﬁalFbrnzFbrnuﬂ sk sk sk sk sfe sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk skeosk skok sk

skokskosk

Action I-form=(-vgcos(kz— 1) x(x,9)> —vg cos(kz—wt) y(x,y)z) d(t) + (cos(kz— 1) x(x,y)?
+cos(kz—o1) y(x,y)?) d(z)

Intensity 2-form F=dA = (—2 vgcos(kz—mt) y(x,y) (%y(x,y)) —2vgcos(kz—wt) x(x,
0 0
¥) (a x(x,y))) (d(x)) & (d(t)) + (2 cos(kz—wt) y(x,y) (ay(x,y)) +2 cos(kz
— 1) x(x,) (% x(w)j) (d(x)) & (d(2)) + (—2vgcos(kz—cot) () (%y(x,y))
0
—2vgcos(kz—wt) x(x,y) (a x(x,y))) (d(y)) & (d(t)) + (2 cos(kz—wt) y(x,
0 0
) (20 | F2e0s(kz—00) xtep) (x| 1d0) & (di2)) + (-sin(kz

— 1) ox(x, )’ —sin(kz—01) 0y(x,y)> +vgsin(kz—wt) kx(x,y)* + vgsin(kz
2
— 1) ky(x.y)7) (d(z)) & (d(1))
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
RS Ui EM format SR s ok

0 0

E field=| -2 vg (x(x,y) (a x(x,y)) +y(x,y) (ay(x,y))) cos(kz—wt), -2 vg (x(x,




0 0
») (— x(x,y)j + (%) (— (%, ¥) j ) cos(kz—o1),sin(kz—wr) (x(x.»)> +y(x.)?) (-0

dy ay
+vg k)
B field= |2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz—wt), -2 (x(x,y) (% x(x,y))

+y(x, ) (% y(x,y) ) ) cos(kz—wt), 0}
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2
okicl ol el sickckekxekok Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) % #¥#skdackdeckx

sk s sk skeosk sk skosk sk skok

Xm or linear (Mean) curvature = -sin(kz —wt) (x(x,y)2 +y(x,y)2) (k+wvg)
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
ook Compute Current using from Maxell-Ampere equations for constitutive equations with
chirality CH **%#ssksis

Chirality factor CH=0

Dﬁele[—Zevg (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) cos(kz—cot), -2¢evg (x(x,

V) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz—mt),ssin(kz—(nt) (x(x,y)2+y(x,y)2) (—0)

+vgk)
e (x(x2) (%x(x,y)j (5, ) (%y(x,y))) coslkz—0r).

u
2 [xx) (%x(w)) +y(x,7) (%y(x,y))) coslkz o)
w

Poynting vector ExH = i (2 sin(kz —® t) (x()c,y)2 —I—y(x,y)2) ( -o+ vgk) (x(x,y) (% x(x,y) )



0
+y(x,y) (a () j ) cos(kz— 1) ) i(z sin(kz—w1) (x(x,)° +y(x)?) (-

0 0

+vg k) (x(x,y) (E x(x,y)) +y(x,y) (Ey(x,y))) cos(kz—mt) ), i[4 vg cos(kz

~wf)’ (x(x,w2 (% x(x, ) )2 +2x(x, ) (& *(x, ) ) () (% () ) +y(x,
0 2 2 0 0

)’ (Ey(x,y)) +x(x,y)’ (%x(x,y)) +2x(x, ) (5 x(x,y))y(x,y) (ay(x,y))

L)’ (%y(x’y))zj”

Amperian Current 4Vector  curlH-dD/dt=J4 =

2 (x(xy (% x(x.9) | + () (&y(x,y) | | sin(kz=01) (k=opeve)

w

0 a

2 (x(x.7) (5 x(x.9) | + () (@y(x,y) | Jsin(kz—01) (k= oueve)

2

b

w
1 0 2 o) 9 2
_E[COS(kZ_(Dt) (2 (ax(x,y)) +2x(x,y) (@)c(x,y)j +2 (ay(x,y)) +2y(x,
2 0 2

® 0 &
0 (o] +2 (x| 2xt) (gx(x,w)m(@y(x,y)) F2p0,

») (%y(x,y)) +£(J)2lutx(x,y)2 tew Wy(x, »)* —eopvg kx(x, y)? —ewuvgky(x,y)zj )

2 2
—cos(kz—O)t) € [2 vg (% x(x,y)) +2vgx(x,y) [% x(x,y)j +2vg (%y(x,y))

2 62 0

+2vgy(x,y) (%y(x,y)j +2vg (iX(x,y)) +2vgx(x,y) (g x(x,y)j +2 (Ey(x,

dy

2
y)j vg +2 (% Y5 ) ) (5%, 9) vg + ko x(n )2+ ) 0k — Rvgx(xy)? — P vgy(x,y)zﬂ

2

0
Amerian charge density divD = rho= —cos(kz - t) € (2 vg (a x(x,y) ) +2vgx(x,y) (% x(x,



2 2

») +2vg(iy(xy>) vy [E vy +2vg(ix<xy>j +2vgx(x
ax SN PR g T ’

V) (izx(x,y)) +2 (iy(x,y))zvg+2 (izy(x,y))y(x,y) vg+k0)x(x,y)2+y(x,y)2c0k
o W o
)2

— i vgx(x,y)" — s vgy(x,y)zJ

divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector §4 =

0

L (2 (x(x.)2 +y(x,)?) cos(kz—w1)” (-1 +vgep) (x(x,y) (a x(x,y)) +y(x,
i

») (%y(x,y)))),
0

L (2 (x(x, )2 +y(x,)?) cos(kz—w1)” (-1 +vgep) (x(x,y) (— x(m)) +y(x,
i dy

0
y) (a)’(ny)))),ssin(kz—wt) (x(x,y)2+y(x,y)2)2 (-o+vgk) vgeos(kz—w1),

(x(x,y)? —I—y(x,y)z)2 cos(kz—wt) esin(kz—wt) (-o+vgk) }
Topological SPIN 3-form= - 1 (2 (x(x,y)2 +y(x,y)2) cos(kz - t)z ( -1+ vg2 € u) (x(x,
v

») (% x(x,y)j +(x, ) (% () j ) &Nd(y), d(z), d(1) )) + i (2 (x(x, )2 +3(x,

0 0
y)z) cos(kz—(;)t)2 ( -1 +vg28u) (x(x,y) (@ x(x,y)) +y(x,y) (ay(x,y))) &Nd(x), d(z),

d(1) )) +esin(kz—o1) (x(x, ) +y(x,y)2)2 (-0 +vgk) vgcos(kz—wt) &Nd(x),d(y),d(1))

— (x(x,)? +y(x,y)2)2cos(kz—0)t) esin(kz—wt) (-0 +vegk) &\d(x),d(y),d(z))

2
Spin density rho_spin= (x(x,y)2 +y(x,y)2) cos(kz—wt) esin(kz—wt) (-0 +vgk)

0 2 0
LaGrange field energy density (B.H-D.E) = - 1 ( -4 (a x(x,y) ) x(x,y)2 cos(kz—w t)2 —38 ( o y(x,
w

2
y))y(x,y) (% x(x,y))x(x,y) cos(kz—wt)2—4 (%y(x,y)) y(x,y)zcos(kz—(x)t)2



—s % Y52 ) ) (% x(5.9) ) () cos(kz —@1)” 4 y(xy)’ (%W’
2

2
y)) cos(kz—wt)2—4 (% x(x,y)) x(x,y)zcos(kz—(ot)z+48ucos(kz—0)t)2vg2x(x,

)’ (% x(x, ) )2 +8epcos(kz— 1)’ vgx(x, ) (% x(x, ) ) (x5 y) (%y(x,y))

0 2 0 2
—|—4.9ucos(kz—(!)z‘)zvgzy(x,y)2 (ay(x,y)) +4Sucos(kz—(z)t)zvgzx(x,y)2 (@ x(x,y))

0 0
+8£ucos(kz—0)t)2vg2x(x,y) (@ x(x,y))y(x,y) (Ey(x,y)) +4eucos(kz

0 2
—(Df)zvgz (Ey(x,y)) yix,p)? +8usin(kz—0)t)2x(x,y)4co2 —2¢eusin(kz

— (J)t)zo)vgkx(x,y)4 —|—8usin(kz—(J)t)zyc()c,)/)4vg2 +2 eusin(kz— 0)t)zx(x,y)zy(x,y)z0)2

—4 Eusin(kz— (x)t)2 (J)vgkx(x,y)zy(x,y)2 +2 eusin(kz— (,ot)zx(x,y)zy(x,y)zvg2 s

+£usin(kz—0)t)2y(x,y)4(z)2 -2 Susin(kz—(;)t)z(ovgky(x,y)4 —I—Susin(kz—(ot)zy(x,
e i)

1 2 ,( 0 2 0 )
BH= - 4 k —_ N P 5 +2 s P s 5 o s
" ( cos( z O)t) (x(x V) ( » x(x y)) x(x,y) ( » x(x y))y(x V) ( » y(x y))

+3(x,)? (%y(x,w)zﬂ(x,y)z (% x(x,y>j2+2x<x,y> (%x(x,y))y(x,y) (%y(x,y))

+y(x,y)° (%y(x,y))z)j

0 2 0
D.E=¢ (4 cos(kz— o)t)zvgzx(x,y)2 (a x(x,y)) + 8 cos(kz— (x)t)zvg2x(x,y) (a x(x,

0 0 2
y))y(x,y) (ay(x,y)) +4cos(kz—(J)t)zvgzy(x,y)2 (gy(x,y)) +4 cos(kz

2
—wt)zvgzx(x,y)2 (% x(x,y)) +8608(k2—03t)2vg2x(x,y) (% x(x,y))y(x,y) (%y(x,
2 2 0 2 2 ) 2 4 2 .
y)) +4cos(kz—0)t) vg (Ey(x,y)) y(x,y) -I—sm(kz—wt) x(x,y) ® —251n(kz

- t)2 wvg kx(x,y)4 +sin(kz— o t)zx(x,y)4 vg2 F+2 sin(kz—® z‘)zx(x,y)zy(x,y)2 (02

—4 sin(kz - z‘)2 wvg lwc(x,y)zy(x,y)2 +2 sin(kz - z‘)zx(x,y)zy(x,y)2 vg2 + sin(kz



— (J)t)zy(x,y)4(,o2 -2 sin(kz— 0)t)2 (Dvgky(x,y)4 + sin(kz— cot)zy(x,y)4vg2 kz)

0 2
4= —i[(x(x,y)2+y<x,y)2) cos(kz—w1)° [2 (e e ) +2x(x) (iz x(x,y)]
n ax

ad 2 9 2
#2 (oot | #2025 oten | +2 (4ot ) +2x00y) (%x(x,y))

2

3]
12 (— <x,y)) +2y(x ) (%y(x,y)j Few wxn )P +eo wyny)? —eourgkx(x )2

E)-)} y
—Swuvgky(x,y)z) )

2

-rho.phi = -vg (x(x,y)2 +y(x,y)2) cos(kz - 1)2 € [2 vg (% x(x,y) ) +2vgx(x,y) (% x(x,

0 d 2
y)]+2vg(ay(x,y) +2vgyxy ( )+2vg(@x(x,y)) +2vgx(x,

o 0 o
») (—Zx(x,y)) +2 ( y(x, y)) vg+2 ( y(x, y))y(x,y) vg +hkox(xy)’ +yxy)’ 0k
oy ¥ o’
— i vgx(x,y)z—k2 vgy(x,y)z)
Poincarel  (B.H - D.E)-(A.J - rho.phi) = - 1 [2 cos(kz—m t)2 EOUVE kx(x,y)4 +2 cos(kz
1)
—wt)zewuvgky(x,y)4—2cos(kz—0)t)zvgzsukzx(x,y)zy(x,y)z—cos(kz
—mt)zvgzsukzy(x,y)4—cos(kz—cot)zvgzeukzx(x,y)4+2cos(kz

2 0 2 ) 9 2
— ) vgzeu(ay(x,y)) x(x,0) +2 cos(kz—w1) vgzeu(g x(x,y)) y(x,y)?

0 2
-2 cos(kz—(01‘)28(02},Lx(x,y)zy(x,y)2 +2 cos(kz—(ot)zvgzeu (— x(x,y)) y(x,y)2

)=
)=

y(x ] )2+2(:os(kz—(ot) vg eux(x,y) (gx(x,

«S’I@

+2cos(kz—0)t vg et y(x )xxy)2—2cos(kz—cot)2x(xy (—xxy
y(x J X, ) —2cos(kz—0)t)2x(xy [—xxy

—2cos(kz—(0t

(
—2cos(kz—(ot (
)

%N\% @N\%



¥) J y(x, )2 +2 cos(kz— t)zvgze wy(x,y) (% y(x,y) ) x(x, )2 +2 cos(kz

- t)2 vgzeu (% y(x,y) ) y(x,y) x(x,y)2 +2 cos(kz — 0)1)2 vg2£ nx(x,y) [% x(x,

0 2

y)]y(x,y)2 —COS(kZ—wt)zewzuy(x,y)4+6SHCOS(kZ—COt)2Vg2X(x,y)2 (a X(x,y))
) 2 0 2 2 9 ) 0 2
+6£ucos(kz—0)t) vg y(x,y) (ay(x,y)) +6eucos(kz—(x)t) vg x(x,y) (Ex(x,y))

0 2
-|-6:3ucos(kz—c0t)2vg2 (ay(x,y)) y(x,y)2 —|—€usin(kz—(J)t)zx(x,y)“vgzk2

+88u005(’”_"”)2vg2ﬂx,y) (%X(x,y))y(x,y) (%y(x,y)) +8epcos(kz

2 2 a a . 2 4
—ot) vg x(x,y) (5 x(x,y))y(x,y) (ay(x,y)) —2eusin(kz—wt) ovgkx(x,y)

+2eusin(kz— (x)z‘)zx(x,y)zy(x,y)zvg2 -2 eusin(kz—mt)zmvgky(x,y)4 —2cos(kz

2 2
—(1)t)2 (%y(x,y)) x(x,y)2—2 cos(kz—o)t)2 (% x(x,y)) y(x,y)2—2 cos(kz

2 2

0 0
—o0t)’ (ay(x,y)) x(x, )2 =2 cos(kz — 1)’ (g X(x,y)) yix, )

—cos(kz

0
- t)2 € 0)2 p,Lx(x,y)4 +4 cos(kz— o z‘)2 E®UVE kx(x,y)zy(x,y)2 —8 (a y(x,y) ) y(x,

0 0 0
y) (a x(x,y) ) x(x,y) cos(kz - t)2 -8 (@ y(x,y) ) y(x,p) (5 x(x,y) ) x(x,y) cos(kz

2

—wt)2+£usin(kz—mt)2x(x,y)40)2—6 (ax(x,y)) x(x,y)zcos(l’cz—mt)2
0 2 2 2 2 0 2 2
—6 (&y(x,y)) y(x,y) cos(kz—wt)” —6y(x,y) (ay(x,y)) cos(kz—wt)

0 2 2 2 . 2 2 2 2
-6 (EX(X’)})) x(x,y) cos(kz—cot) +28us1n(kz—0)t) x(x, )" y(xpy) o

+eusin(kz— o)t)zy(x,y)“vg2 K —4eusin(kz— 0)t)z(sovgl’cx(x,y)zy(x,y)2 —2cos(kz

2

—t) x(x, )’ [% x(x,y)] —2cos(kz—oazf)zx(x,y)3 (% x(x,y)j —2cos(kz



—(J)t)zy(x,y)3 (%y(x,y)] —2cos(l’cz—(;)t)zy(x,y)3 [%y(x,y)j +eusin(kz

dy

)40)2-|—2cos(/’cz—o)t)zvgze;,ty(x,y)3 (%y(x,y)) +2cos(kz

2
—wt) y(xy
~o) vdenx(xy)’ [% x(x,y)j +2cos(kz— 1) viepn [% (%) j y(x,p)?

2
+ocos(kz—mt) vgzgux(x,y)3 (% x(x,y) )j

R—co
London Coefficient LCZﬂ
i
PROCA ; eurtB=| -2 cos(kz—w1) [2 [ ia Iy
coefficient curlcur —[ coslkz— ot ( o x(x,y)) ( o ax x(x,y)) ( o x(x,
? 5 0 P 5
) [ xwn | x| o < | +2 (o) (a2 ) + (5 v
@ 5 ) P
») [gy(x,y)J +y(xy) ( o Y | 3 (5 xen) (;x(x,y)) +x(x,
0 0
») (%x(x,y)) +3 (@y(x,w) (%y(x,y)J +3(x,) [—3y(x,y)J ~Fxlny) [
0 0 0
y)j —Ry(xy) (@y(x,w)j,zcos(kz—mt) (—kzx(x,w (axu,y)) —Py(xy) (am

0 0
y)) +3 (axu,y)) (%x(x,y)) +x(x, ) (%x(x,y)) +3 (ay(x,w) [%y(m))

R 0 P 0 v
+ (5, ) (gy(x,y)j +2 (axu,y)) (ayax x(x,y)j + (ax(x,m) (gch,y)j +x(x,

») ( o & x(x,y)j +2 (@y(x,y)) (%y(x,y)) + (ay(x,y)) (yy(x,y)j ol

y)( (23 y(x,y))],o}
Q' ax

Amperian Current 4Vector — curlH-dD/dt=J4 =

2 (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) sin(kz—wt) (k—wuevg)

i

3



2 (x(x.7) (ixu,y)) F309) (5ot | | sin(kz—01) (k—opeve)

] o ay
u
1 0 2 P d 2
_E[os(kz—mt) (2 (ax(x,y)) +2x(x,y)(§x(x,y)j+2 (gy(x,y)) +2y(x,
0 2 ® 9 2
+2 = +2 — +2 | — +2
( j (5 )] +2x(p) ( " x(x,y)) (5 v ) +250x

2 2
») ( o y)j +ew px(xy) +eo uy(x,y>2—ewuvgkx(x,y>2—ewuvgky(x,yf]j,

2 2

—cos(kz—(nt) € [2vg (%x(x,y)) +2vgx(x,y) [% x(x, y)j +2vg (%y(x,y))

2

+2vgy(x )(i (x )j+2v (ix(x )) + 2 vg x(x, )[ix(x )j-|-2(i (x
gy X,y axzy’y g EY >V g y Gy y ayy’

2
y) ) vg +2 (% y(x,y) ) y(x%,y) vg +kox(x, ) +yx ) ok—Kvgx(x,y)’ — K vgy(x,y)zJ l

2cos(kz — 1) (JC(x,y) (% X(x,y)j +)xy) (%y(x,y))) (
u

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0



Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

0

L (2 (x(x, )2 +y(x,)?) cos(kz—w1)” (-1 +vgep) (x(x,y) (a X
mn

») (%y(x,y)jj),

(x,y)) +y(x,

0
L (2 (x(x, )% +y(x60)2) cos(kz—w1)” (-1 +vePep) (x(x,y) (— x(x,y)j +y(x,
i dy
0 . 2 242
y) (ay(x,y)))),esm(kz—wt) (x(6, )" +y(x,)) (-0 +vgk) vgcos(kz—w1),

2
(x(x, 1) +(x,)%) cos(kz—wt) esin(kz—wt) (-o+vgk) }
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [0, 0, - 1 ((x(x,y)2
w

0 2 0
+y(x,3)°) cos(kz—o1) (-4 (a X(x,y)) x(x, ) cos(kz—wr)’ -8 (ay(x,y)jy(x,

0 0 2 0

V) (a x(x,y)) x(x,y) Cos(kz—mt)2—4 (ay(x,y)) y(x,y)zcos(kz—(ot)z—S (Ey(x,
0 0 2

y))y(x,y) (@ x(x,y))x(x,y) cos(kz—(oz‘)z—4y(x,y)2 (ay(x,y)) cos(kz—(x)z‘)2
42 et y)2cos(kz— 1)’ +4 (kz—wi)’vg (0 2

(ay x(x,y)) x(x,y) coslkz—m euncoslkz—m vg x(x,y) (ax x(x,y))

0 0
+8£ucos(kz—0)t)2vg2x(x,y) (a x(x,y))y(x,y) (gy(x,y)) +4epcos(kz
0 2 0 2

—wt)zvgzy(x,y)2 (gy(x,y)) +4EMCOS(kZ—O)f)zngX(x,y)2 (5 x(x,y))
+83uc0s(kz—0)t)2vg2x(x,y) (% x(x,y))y(x,y) (%y(x,y)) +48ucos(kz

0 2
—(1)t)2vg2 (Ey(x,y)) y(x,y)2 +8usin(kz—(1)t)2x(x,y)4(x)2 -2 eusin(kz

— O)t)z(ovgkx(x,y)4 +€usin(kz—(1)t)2x(x,y)4vg2 242 eusin(kz— (x)z‘)z)c(x,y)zy(x,y)z(x)2

—4 susin(kz— (x)t)z0)vgkx(x,y)zy(x,y)2 +2 £usin(kz— (Dl)zx(x,y)zy(x,y)zvgz 2



-I—susin(kz—(Dt)zy(x,y)“o\)2 -2 eusin(kz—wt)zo)vgky(x,y)4 +8usin(kz—(1)t)2y(x,
e K))]
2

0
Spin Dissipation J spindot E = 1 ((x(x,y)2 +y(x,y)2) Cos(kz - t) vg ( -4 (a x(x,y) ) x(x,
w

»ieos(kz—w1)’ —8 (iy(x y))y(x y) (ix(x y)) x(x, ) cos(kz — 1)’ —4 (iy(x
ox ’ ’ Oox ’ ’ o >

0

2 0
y)) y(x,y)2 cos(kz — (01‘)2 -8 (a y(x,y) ) y(x,y) (a x(x,y)) x(x,y) Cos(kz - t)z

2 2 2
_4y(x,y) (%y(x,y)) cos(kz—mt)2—4 (% x(x,y)) x(x,y)zcos(kz—(ot)2

0 2 2

2
_|_48ucos(kz—c0t) ve® x(x, y)° (a x(x,y)) +8¢eucos(kz—mt)

0
ngx(x,y) (a x(x,

o +4 (kz—01)’vg (0 “ia (k
y)jy(x,w(axy(x,y)) encos(kz— o) vg y(x,y) (axy(x,w) e weos(kz

0 2 0
—(Dt)zvgzx(x,y)2 (a x(x,y)) +8£ucos(kz—0)t)2vg2x(x,y) (a x(x,y))y(x,
0 2 2 0 2 2 . 2 4 2
¥) (ay(x,y)) +4epcos(kz—wt) vg (Ey(x,y)) yx,p) +epsin(kz—wr) x(x, )" ©
—2eusin(kz—(x)t)zo)vgkx(x,y)4+8usin(kz—O)t)zx(x,y)4vg2k2+28},Lsin(kz

—O)t)zx(x,y)zy(x,y)zo)z—4Sp,sin(kz—mt)zwvgkx(x,y)zy(x,y)z+28usin(kz
2 2 2. 2,2 . 2 4 2 . 2 4
—(J)t) x(x, )" y(x,y) vg k +8p,51n(kz—0)t) y(x,y) ® —28us1n(kz—0)t) ovgky(x,y)

+eusin(kz— (Dt)zy(x,y)4vg2 ©#))



2cos(kz — 1) (x()@y) (% x(x, y)) +1x ) (% y(x,y))) (%5)  2cos(kz —01)? (x()@ ») (a% x()@y)j +(x ) (a%y

Disspative Force 3 vector=

u ’ i

0 2 0
Dissipation =cos(kz— (Dt) € (—2 vg (g x(x,y)) —2vgx(x,y) (% x(x,y)) —2vg (a y(x,

2

2
y)j —2vgy(x,y) (%y(x,y)) —2vg(% x(x,y)) —2vgx(x,y) (%x(x,y)j

0 2
—2 (Ey(x,y)) vg —2 [%y(x,y)Jy(x,y) vg —kox(x,y)> —y(x ) ok+K vgx(xy)?

+ 12 vgy(x,y): —usin(kz— o) x(x, ) 0 +usin(kz—o1) x(x, ) vg k —2 wsin(kz
—t) x(x,y)zy(x,y)2 o+2usin(kz—wt) x(x,y)zy(x,y)zvgk — (:)y(x,y)4 sin(kz—wt) w

+usin(kz—wt) y(x,y)4vgk)

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 6a-- Wave guide TTM (ki nematic in, wave in) ;

> theta: =(k*z+onega*t);

> AX: =0; Ay: =0; Az: =f (X, y) *cos(theta); phi:=-(omegal k) *f(x,y)*cos(theta);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamma), 0) :

st sk sk sfe sk sk sk sk sie sk sk sk sk sk ste sk sk sk sk she sk sk ske sk sie s sk sk sk sk ste sk sk sk sk ske sk sk ske sk sk sk sk sk sk sk sk sk sk skeoskoskoskoskoskoskokoskok ok

NAME := Example 6a-- Wave guide TTM (kinematic in, wave in)
O =kz+wt
Ax =0
Ay =0



Az = (x(x,1)* +v(x,»)?) cos(kz+wt)

0= - o (x(x,y)” +y(x,1)%) cos(kz+mt)
' k

Example 6a-- Wave guide TTM (kinematic in, wave in)
sk s sfe sk ske sk sk ske s she sk sk sk sie sk sk sk sk sk sk st stk sk skeoskeoskeoskeskoskosk skosk [ﬁﬁ%renﬁalFbranb”nat sk sk sk sk sk sk sie sk sk sk sk sk st st skeoske sk skeoske stk sk sk skeoskeoskeok sk

s oksk ok

o (x(x, )2+ y(x, »)?) cos(kz+wt) d(t)
k

20 (%1) cos(kz + o 1) (d(x)) & (d(t))
k

Action I-form= (x(x,y)2 +y(x,y)2) cos(kz + o t) d(z) +

Intensity 2-form F=dA =2 (%1) cos(kz + o 1) (d(x)) & (d(z)) +2(%62) cos(kz + 1) (d(y)) & (d(z)) +

n
%I1=x(x,y) (% x(x,y)) +y(x,y) (%J’(Xa)’))

%2=x(x,7) (%x(w)) +y(x,) (%y(w))

Topological Torsion 3-form A™F=0

Topological Parity 4-form  F"F=0
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk skoske sk skoksk U&ﬁ%gﬁm4jb”nat sk sk sk sk sk she sk sk sk sk sk sk sfe sk sk sk sk sk sk sk sk skeosko sk skeoskosk skosk skok

et~ 2 (x(x,y) (% x(x,y)) +y(x;€y) (% y(x,y) )) cos(kz+0)t) |
2m (x(x,y) (% x(x,y)) +y(x;€y) (% y(x,y) ) ) cos(kz + (ot) r
B field=|2 (x(x,y) (% x(x,y) ) +y(x,y) (% y(x,y) ) ) cos(kz+mwt), -2 (x(x,y) (% x(x,y) )

+y(x,y) (% y(x,y) ) ) cos(kz+mwt), 0}
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~PTD =2
Frsoicclicliclioioieekeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %%kt

st s s ok ok ok ok e ke ke s sk

()c(x,y)2 —I—y(x,y)2) sin(kz + o t) (k2 + (1)2)
k

Yg or quadratic (GAUSS) curvature =0

Xm or linear (Mean) curvature = -



Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
FAdckadokxk  Compute Current using from Maxell-Ampere equations for constitutive equations with

Chirality CH skt
Chirality factor CH=0

2em (x(x,y) (% x(x,y)) +y(x,») (%y(x,y))) cos(kz+mt)

k
0 0

2em (x(x,y) (E x(x,y)) +y(x,y) (ay(x,y))) cos(kz+wt)
k

D field=

b

,0

0 0

2 (x(x,y) (a x(x,y)) +y(x,y) (E y(x,y) ) ) cos(kz+wt)

H field =

>

w

2 (x(x,y) (i x(x,y) ) +y(x,») (% y(x,y) ) ) cos(kz+wt)

_ dx .0

u

0 2 0
Poynting vector ExH = [0, 0, - Lk (4 0 cos(kz + o z‘)2 (x(x,y)2 (@ x(x,y) ) +2x(x,p) (E x(x,
u

y)jy(x,w (%y(w)) + (6, ) (%y(x,y)jzﬂ(x,y)z (%x(x,y))zﬂx(x,y) (% x(x,
3 L0 2
y)jy(x,w (ay(x,w) +3(x,y) (ay(x,mj ])

0 0

Z(X(x,y) (& X(x,y)) + 1% ) [ay(x,y)))sin(ktht) (R —ew?p) Z(x(x,y) (%X(x,y)) +

Amperian Current 4Vector  curlH-dD/dt=J4 = i
u

0 2 0 2 0
%1=(§ x(x,y)) +x(x, ) (% x(x,y)j + (ay(x,y)) +y(x,y) (%y(x,y)j + (5 X(x,y))

2

0
Amerian charge density divD = rho= % [2 € cos(kz + o t) () [ (a x(x,y) ) +x(x,y) (% x(x,

2

3 s d ’ &
y)] + (ay(x,y)) +y(xy) (@y(x,y)) + (ax(x,y)) +x(x, ») (? X(x,y))

2

0
+($y(x,y)j + (% y) (%”’“”)])

divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4



E(Z (x(6, )2 +2(1,)2) cos(kz+ 1)’ (x(x,y) (% x(x,y)) +y(x, ) (ay(x,

0)) (@-eai)).

ﬁ (2 (x(x, )2 +y(x,)?) cos(kz+w1)° (x(x,y) (% x(x, ) ) +y(x, ) (— »x,

y)j) (kz—ewzu)),o,o}

0
Topological SPIN 3-form= # (2 (x(x,y)2 +y(x,y)2) cos(kz + o t)2 (x(x,y) (& x(x,y) ) + y(x,
u

0
») (gy(x,y))) (P-ew ) &A<d<y>,d<z),d(t))j - ﬁ (2 (x(r, )2 +7(x,

12 cos(kz + o)’ (x(x,y) (% x(x,y)j + (5, ) (

%y(x,y)j) (¥ —ew'n) &\(d(x), d(2),
()
Spin density rho_spin=0

LaGrange field energy density (B.H-D.E) = # (4 cos(kz + o z‘)2 (x(x,y)2 (@ x(x,y) ) + 2 x(x,
u

») (% x(x,y)jy(x,,w

( (
») (% x(%, ) ) () (a y(x,y)j + (5, ) (a (x5 y)
5 2

BH=1 (4 cos(kz+wt)
u

+ (5, )? (%y(x,w)zﬂ(x,y)z (%x(m)j +2x(x, ) (%x(x,y))y(x,y) (%y(x,y))

0 2
+y(x, ) (ay(x,y)) )j
0 0
D.E=é(4emzcos(kz+0)t)2 (x(x,y)2 (—x(x,y)) +2x(x,) (ax(x,y))y(xay) (@y(xa
9
Ox

y)j +y(x, ) (

y)j + (5, ) (%y(x,y))zj)



2
dg=-L [2 (x(x, )2 +r(x,)?) cos(kz+w 1) ((ai x(x,y)) +x(x, ) (izx(x’y)j
2% ax

u
2

2 & o P
2 ey ) +xlny) (— *(x, y))
) »

+(%y(x,y)) +y(x, ) (gy(x,y)) +(6y

0 2 v
+($y(x,y)j (5, ) (?”"’y’m

2
-rho.phi = - % (2 0)2 (x(x,y)2 +y(x,y)2) cos(kz+ 0)t)28 ( (i x(x,y)) +x(x,y) (i x(x, y)j
ax a’
0 2 R 0 2 R
+ (ay(x,y)) +y(x, y) (gy(x,y)j + (E x(x,y)) +x(x,y) (¥ x(x,y))

0 2 v
+($y(x,y)j (5, ) (?”"’y’m

Poincarel  (B.H - D.E)-(A.J - rho.phi) = # (2 cos(kz+ t)2 <k2 —¢€ 0)2 ;,L) [3 x(x,y)2 (a x(x,
u

2

i ( y))+3y(x,y)2(%y(x,y)) + 3 x(x,

o dxtoy) (%x(x,y))y(x,y) (gy x,

» )

0 2 0 0 0
= 4 3
») (ayxu,y)) + x(x,y)(ay (xy)jy( y)( yixy) | +3500y) (ayyu,y))
+x(x, ) (—2x<x,y>)+(%y< (% j ) x(60)% 4 x(x,
2
y>3(—2x(xy>)+(%y<xy)) x(6,9)7 +p(x, ) (% j %) +(%x<x,
2 2
7)) 3y +xtxy) (%x(m))yu W+ ( e y)jy(x W+ (%x(x,y)) y(6 )’
+x(x, y) (ﬁzx(x,y)jy(x,y)ery(x,y)3 [%y(x,y)j))
oy oy
P-co
London Coefficient LC = £ —EOH
n
PROCA coefficient curlcurlB=| -2 cos(kz + w t) 2( ) ( ) ( 0 x(x.
o a o
G 5 o
y)) (§ x(x,y)j +x(x, ) ( oy o x(x, ) (g ) ) (gy(x,
G 2 o
») [gy(x,y)j 0 y) ( oo o) +3 (5 xlx ) x(x,



& 0 > 9

) (gx(x,y)) +3 (@y(x,y) ( > V(x%) ] [ y(x, y)j — K x(x, ) (@X(X’
0 0

y)) — K y(x,y) (Ey(x,y))j 2 cos(kz+wt) ( x(x, y)) — K y(x,y) (ay(x,

o 2 P
y)j +3 (ax(x,w) (¥x< y)j +x(x, ) (ax x(x y)) +3 (ay(x,y)j [gy(x,y)j
(5, ) (%y(x,y)) +2 (%X(x,y)) (ayazax x(x,y)) + (%x(x,y)) (%x(x,y)) i

y) ( ay‘fax X(x,y)) +2 (%y(x,y)) (%y(x,y)) + (%y(x,y)) (%y(x,y)) +y(x,

&
») ( ayzaxy(x,y)j],O}

Z(X(x,y) (% X(x,y)) + 1%, 3) (%y(xay)))sin(kﬂrwt) (R —ewp) Z(X(x,y) (%X(x,y)) +

Amperian Current 4Vector — curlH-dD/dt=J4 = .
u

2

0 2 0 0
%h(ax(x,y)) +x(x, ) [%x(x,y)%(gy(x,y)) +y(x, ) (%y(x,y)%(gx(x,y))

0 0
dcoskz + 00 (%61) (st ) 5 0] 3t [ 70

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

wid

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD]

= ﬁ(Z (x(6, ) +2(1,)2) cos(kz+ 1)’ (X(x,y) (% x(x,y)) +y(x, ) (%y(x,

0)) (@-eai)).



7 (2 (x(x,y)2 +y(x,y)2) cos(kz+ t)2 (x(x,y) (
u

y))) (kz—ewzu)),o,o}
1

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = lO, 0, 7 (4 (x(x, y)2
u

+y(x,1)?) cos(kz+01)” (R —ea p) (x(x,y)2 (% x(x,y>)2+2x(x,y) (% x(m))y(x,
y)(%y( )-I—yxyz(a ) +x(x,y)2(%x(xy) +2x(x,y) ( )
y)(aiy(xy)ﬂxyz(a )j)

Spin Dissipation J spindot E = # [4 (x(x,y)2 +y(x,y)2) cos(kz+ t)3 <k2 —¢€ 0)2 ;,L) ™ (x(x,
u

0 2

)’ (% *(x, ) )2 +2x(x, ) (% x(x, ) ) () (5 y(x,y)) +y(x, ) (% y(x,y))

er("’y)2 (% x(x,y))2+2x(x,y) (%x(x,y))y(x,y) (%y(x,y)) +y(x,y)’ (%y(x,

»)))

Disspative Force 3 vector=

dcostkz + 002 (%1) (s [ x(w)j+y(x,y)[%y(x,y)))(kz—ewzu) 4cos(kz+mz)2(%1)(x(x,y)(ix(x
e ’ L

%1=(%x(x,y))

2 2

Dissipation =

VO

0 0
2£cos(kz+0)t) (0] ((a x(x,y)) +x(x,y) (%x(x,y)) + (ay(x,y))

1
k
2

0
x(w)) +x(x, ) (% x(x, y)) 4 (—

2

e 9
+ Ty > + T ) + )
y(x,9) ( L y)) ( y(x y)) y(x

dy
y) (%y(x,y)jn

dy



Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 6b-- Wave guide TTE (ki nematic in, wave out) ;\

> theta: =(k*z-onega*t);

> AX: =0; Ay: =0; Az: =f (X, y) *cos(theta); phi:=-(omegal/ k) *f(x,y)*cos(theta);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

st sk sfe sfe sk sk sk ske sk sk s sk sk sk ste sk sk sk sk she sk sk ske sk sk sie sk sk sk sk sk sk sk sk sk sk sk sk sk ske sk sl sk sk sk sk sk sk sk sk skeoskoskoskoskoskoskokoskosk ok

NAME = Example 6b-- Wave guide TTE (kinematic in, wave out)

O =kz—mt
Ax =0
Ay =0

Az = (x(x,y)2 +y(x,y)2) cos(kz —® t)
0] (x(x,y)2 +y(x,y)2) Cos(kz —t)
q) = k
Example 6b-- Wave guide TTE (kinematic in, wave out)

sk s sfe sk sfe sk sie sk s sfe sk ske st sk sk sk sfe sk ske sk sk sk sk skeoske sk skeosk sk skosk
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Action I-form=(x(x,y)* + y(x,y)?) cos(kz — 1) d(z) + © (x(xy) +y(x,y)k) cos(kz—w1) d(1)

Intensity 2-form F=dA = -2 (x(x, )2 +3(x, )2) sin(kz — 0 1) ® (d(2)) & (d(1)) +2(%61) cos(kz — 0 1) (d(x)) & (d(z)) + 2 (%62) cos(kz — o 1) (d(¥))
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Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
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B field=|2 (x(x,y) (% x(x,y)) +y(x,y) (Ey(x,y))) cos(kz—wt), -2 (x(x,y) (% x(x,y))
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Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2
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Xm or linear (Mean) curvature =

) (x(x,y)2+y(x,y)2) sin(kz—ot) (k—o) (k+ o)
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Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
ootk Compute Current using from Maxell-Ampere equations for constitutive equations with
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divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector §4
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Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0
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Disspative Force 3 vector=
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ha 0 2 ) 9 2
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. (%y(x,y)) — K x(x, ) =K y(x,3)* —psin(kz = 01) kx(x, )" —2usin(kz

— 1) kx(x,y)*y(x,y)> —usin(kz — o) ky(x,y)4) j

st sfe sk st sfe sk sk sfe sk sk sfe sk sk sfe sk sk sfe sk sk sfe sk sk sfeoske sk sk skeskok

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 6¢-- Wave guide TTM (ki nematic out, wave in) ;

> theta: =(k*z+onega*t);

> AX: =0; Ay: =0; Az: =f (X, y) *cos(theta); phi:=+(omegal/ k) *f (x,y)*cos(theta);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamma), 0) :
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NAME = Example 6¢-- Wave guide TTM (kinematic out, wave in)

O=kz4+wt
Ax =0
Ay =0

Az = (x(x,y)2 +y(x,y)2) cos(kz+ wt)
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Example 6¢-- Wave guide TTM (kinematic out, wave in)
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skoksk ok

o (x(x, 1) +y(x,»)?) cos(kz+wt) d(t)
k

Action I-form= (x(x,y)2 +y(x,y)2) cos(kz + o t) d(z) —

Intensity 2-form F=dA =2 (x(x, )% + 3(x, 1)2) sin(kz + 0 ) o (d(z)) & (d(#)) +2(%1) cos(kz + @ 1) (d(x)) & (d(z)) + 2 (%62) cos(kz + w ) (d(y)) &

0 0
%1 =x(x, y) (a x(x, ) ) + (% ) (a e
0 0
%2=x(x, ) (@ x(x, ) ) + (%, ) (@ e

Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0

sk sk s sk s ke sk sk sk s sk s sk sk sk sk sk sk sk sk sk sk sk skeosk skok skokosk U&ﬁ%{Eﬂ4jb”nal sk ke sk sk sk s st s sk sk sk sk sk sk sk sk sosk sk sk sk sk sk sk sk ko skok

0 a

2m (x(x,y) (a x(x,y)) +y(x,y) (ay(x,y))) cos(kz+mt)
X )

20 (x(x,y) (% x(x,y)) +y(x,») (iy(x,y))) cos(kz+mt)

- — 2 (x(x )% +y(x,

E field =

1)) sin(kz+ 1) o

2 (x(x,y) (% x(x,y)) +y(x,») (%y(x,y))) cos(kz+wt), -2 (x(x,y) (% x(x,y))
+y(x,y) (%y(x,y))) cos(kz+mt), 0}

Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =10,0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

FoAdckcoiockick koot Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥k

s e s sk sk sk skoskosk skok

B field =

Xm or linear (Mean) curvature =



(x(x,y)2+y(x,y)2) sin(kz-l—mt) (k—m) (k-l—m)
k

Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

Fedokackxsxk  Compute Current using from Maxell-Ampere equations for constitutive equations with

chirality CH **¥¥¥xkskkxk

Chirality factor CH=0

2em (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) cos(kz+cot)
A )
2em (x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))) cos(kz-i-wt)

- p L 2e (x(x ) +y(x,

D field=

1)?) sin(kz+01) ©

0

x,y)) +y(x,p) (—y(x,y))) cos(kz+mt)

2 (xte) (%’“( o

H field=

b

w

) 2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz+wt)

u

,0

Poynting vector ExH

1 2 N . 0 0
- 4 b + 9 k + 9 N 9 + b N 9
. ( (x(x, )% +y(x, )?) sin(kz +01) o (x(x ») ( — x(x y)) (% ) ( Pt

y))) cos(kz-l—mt)),

1 2 2 . 0 0
=4 (x(x, )2+ y(x, kz+ ) [ — x| +yny) [ — vix,
u( (x(x, 1) +y(x,»)°) sin(kz+ot) © (X(x ) ( 5 x(x y)) y(x, ) ( 5 y(x

2
y))) cos(kz+0)t)), ﬁ [4 wcos(kz+0)t)2 (x(x,y)2 (% x(x,y)) +2x(x,) (% x(x,

») j () (% y(m)) + (5, (% () j2 +x(x, )’ (& x(x, ) )2 +2x(x, ) (% x(x,



y)) y(x,p) (% y(x,y)) +y(x, )’ (%y(x,y))zJ ”

Amperian Current 4Vector  curlH-dD/dt=J4 =

] 2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) sin(kz+(1)t) (k2+80)2u)

Wk ’
] 2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) sin(kz+mt) (k2+80)2u)

wk ’
_i[Z cos(kz+cot) [(% x(x,y))2+x(x,y) (% x(x,y)] + (%y(x’y))2+y(x,

2 2

») (gy(x,y)) + (5 x(x,y)) +x(x, ») (? x(x,y)) + (ay(x,y)) Trxy) [gy(x’

2
y)J +8°)2Hx(x’y)2+8(’)2Lly(x’y)2)j’ _%(2ecos(kz+(x)t) 0] [(& x(x,y)) + x(x,

ha 0 2 o a 2 &
y) (gx(x,y)j + (gy(x,y)) +y(x,p) (gy(x,y)) + (5 X(x,y)) +x(x, ) [? x(x,

0 2 & 2 2 2 2
y)] + (Ey(x,y)) +y(x, ) (gy(x,y)) — kK x(xy)" =K y(xy) )jl

0 2
Amerian charge density divD = rho= - % [2 € cos(kz + o z‘) 0 ( (a x(x,y) ) +x(x,y) (% x(x,

o 2 0 ?
y)] + (ay(x,y)) +y(x,) (%y(x,y)j + (ax(x,y)) +x(x,) (% X(x,y))

2

0
+ (g ren | 4ty (iz y(x,y)j —Rxlx, ) —k2y<x,y)2))
b o

divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4

ﬁ (2 (x(0.3)> +(.9)?) cos(kz + i)’ (X(x,y) (% x(x,y)) +y(x, v) (%y(x,




D)) (@-sai)).

v (2 (x(x, )2 +y(x,)) cos(kz+ 1)’ (x(x,y> (% x(x,y)) +y(x ) (

0
E)’

(x,

.2 (x(x, )

y))) (R —ew p) )’ 2¢e (x(x, )’ +y(x,y)2)2sink(kz+0)t) o cos(kz+ 1)

2
+y(x,9)%) cos(kz+ 1) esin(kz+wt) o

0
Topological SPIN 3-form= # (2 (x(x,y)2 +y(x,y)2) cos(kz + o t)2 (x(x,y) (& x(x,y) ) + y(x,
u

0
») (gy(x,y))) (P-ew ) &A<d<y>,d<z),d(t))j - ﬁ (2 (x(r, )2 +7(x,

y)z) cos(kz+ (1)1)2 (x(x,y) (% x(x,y)) +y(x,y) (% y(x,p) ) ) (k2 —8(02 u) &Nd(x), d(z),
2e (x(x, )2 +y(x,)) sin(kz+ 01) o cos(kz+ o) &Nd(x), d(y), d(1))
k

d(z))j +

—2 (x(x, )2 +y(x ) cos(kz + 1) esin(kz + o 1) © &Nd(x), d(y), d(z))

Spi . o 2 22 :
pin density rho_spin=2 (x(x,y) +y(x,p) ) cos(kz—i—cot) esm(kz—l-(ot) o

2
LaGrange field energy density (B.H-D.E) = # (4 (cos(kz + o t)zkzx(x,y)2 (% x(x,y)) +2 cos(kz
u
2
+0)t)2k2x(x,y) (% x(x,y))y(x,y) (%y(x,y)) -I—cos(kz—l—(x)t)zkzy(x,y)2 (%y(x,y))
2.2 ) 0 2 2.9 0
+cos(kz+cot) kK x(x,y) (a x(x,y)) +2008(kz+0)t) kK x(x,y) (a x(x,y))y(x,

2
») (% yixy) | +eos(kz + @) Ry’ (% yixy) | —e weos(kz+ o) xix

)’ (& x(x, ) )2 ~2e0 peos(kz+ 1) x(x,y) (& x(x,y)jyu,y) (% y(m))
0 2 2 0 )2

—8(x)2ucos(kz-i—cot)zy(x,y)2 (ay(x,y)) —Ee® ucos(kz+(x)t)2x(x,y)2 (E x(x,y)

—Zemzucos(kz-l—mt)zx(x,y) (% x(x,y))y(x,y) (%y(x,y)) —ecozucos(kz



0 2
—I—o)t)zy(x,y)2 (5 y(x,y)) —emQusin(kz-l—(Dt)zkzx(x,y)4 -2 emzusin(kz

+or) Bxixy)’ )2

y(x,y —swzusin(kz—i- O)t)zkzy(x,y)4) )

1 2 5 ( 0 2 0 0
BH=—|4 kz+ — +2 — —
" ( cos(kz+ 1) (x(x,y) ( » x(x,y)) x(x,y) ( » X(x,y))y(x,y) ( » y(x,y))

+y(x,y)’ (% y(x,p) )2 +x(x, )’ (% x(x, y) )2 +2x(x, ) (% x(x, ) ) y(x,y) (% y(x,y))

+ (6 9)° (%y(x,y))z)]

2
(480)2 (cos(kz-l—(x)t)zx(x,y)2 (% x(x,y)) +2cos(kz+0)t)2x(x,y) (% x(x,

1

D.EZF
0 2 2 0 2 2

y))y(x,y) (ay(x,y)) +cos(kz+wt) y(x,p) (ay(x,y)) +cos(kz+wt) x(x,

0 2 0 0
)2 (5 x(x,y)) +2005(kz+0)t)2x(x,y) (E x(x,y))y(x,y) (5y(x,y)) +cos(kz
N 2 2( 0 2 2.2 4 : 2.2 2 2

O)t) y(x,p) (ay y(x,y)) +sm(kz+0)t) K x(x,y) +2 sm(kz—i—(ot) K x(x, )" y(x,y)

+sin(kz+ o t)2 kzy(x,y)4) j

2

0
AJ=-L [2 (x(x.9)2 +(x,)%) cos(kz+ 1)’ ((a x(x,y))

ha
" +x(x, ) (gx(x,y)j

2 2

0 & 0 @
(g @ | ) (§y<x,y)j+(5x<x,y)) +x(x,) (yx(x,w)

2
+ (%y(x,y)) +y(x,y) (%y(x,y)) +80)2Mx(x,y)2+80)2My(x,y)2])

2
-rho.phi = - é (2 0)2 (x(x,y)2 +y(x,y)2) cos(kz + o t)2€ [ (% x(x,y) ) +x(x,y) [% x(x,y) j
2 2

0 & 0 @
+ g y@n | ) (§y<x,y)j+(5x<x,y)) +x(x,) (yx(x,w)

0 2
+ (—y(x,y)) +y(x,) (izy(x,y)) —kzx(x,y)z—kzy(x,y)z))
¥ oy

Poincare 1 (B.H - D.E)-(A.J - rho.phi) = # (2 (cos(kz + o t)zx(x,y)2 kzy(x,y) (% y(x,y) )
u



0 2
—cos(kz—i—(x)t)zx(x,y)zemzu (ay(x,y)) +2 cos(kz—l—0)t)2y(x,y)4k280)2u—cos(kz

2 , 2 0 2 2 , 2 0 2
+ot) yxy) o u(ax(x,y)) —cos(kz+mt) y(x,y) em u(ax(x,y)) + 2 cos(kz

0 2
+0)t)zx(x,y)4k28(02},t—cos(kz+(ot)zx(x,y)ze(ozu (ay(x,y)) —cos(kz+0)t)2y(x,

y)3£0)2u (%y(x,y)) —I—cos(kz—l—(Dt)zx(x,y)zkzy(x,y) (%y(x,y)j —cos(kz
2 2 2 0 2 2.2 o
+0)t) x(x,y)"em uy(x,y) (¥y(x,y)) —cos(kz—l—(nt) yix,y) e® ux(x,y) (g x(x,y)]

- cos(kz + t)zy(x,y)2 € 0)2 nx(x,y) (% x(x,y) j - cos(kz + t)zx(x,y)2 € 0)2 wy(x,

) (%y(x,y)) +4cos(kz+0)t)2k2x(x,y) (%x(x,y))y(x,y) (%y(x,y)) +4 cos(kz

0 0
+o6) K xixy) (& x(x, ) ) () (ay(x,w) ~3ew peos(kz+ 1) x(x,

2 0 2

0
y)2 (a x(x,y)) —380)2ucos(kz+(x)t)2y(x,y)2 (ay(x,y)) —38(02ucos(kz

2 2 0 2 2 2 2 0 2
+ot) x(x,y) (ax(x,y)) —3ew pcos(kz+we) y(x,y) (Ey(x,y))

—2smzusin(kz+0)t)2k2x(x,y)4—2ewzusin(kz+0)t)2k2y(x,y)4+cos(kz+0)t)2y(x,
ha 2 ha

) s x(x,y) (g x(x, y)) +cos(kz+0)t) y(x, ) s x(x,y) (gx(x y)j +cos(kz

2 32 ( & 2 32 ( &
+wt) yxy) k (yy(x,y)] +cos(kz+mt) x(x,y)” k (g x(x,y)) +cos(kz

2 3.0 ( & 2 3,0 ( &
+wt) x(x, )k (g x(x,y)] +cos(kz+wt) y(x,y) k (gy(x,y)) +4 cos(kz
+O)t)zx(x,y)zkze(oz},ty(x,y)z—cos(kz+0)t)2y(x,y)38c02u [%y(x,y)j —cos(kz
+0)t)2x(x,y) €W u(% x(x, y)) —cos(kz+0)t)2x(x,y) EW u(% x(x, y)]

2

0
—4¢ mzp,sin(kz+ 0)1)2kzx(x,y)zy(x,y)2 +3 cos(kz+c0t)2k2x(x,y)2 (a x(x,y))



2

2
+3 cos(kz—I—(J)t)zkzy(x,y)2 (%y(x,y)) +3 Cos(kz+0)t)2k2x(x,y)2 (% x(x,y))

2

2
+3 cos(kz+0)t)2k2y(x,y)2 (%y(x,y)) +cos(kz-|—o)t)zy(x,y)zk2 (% x(x,y))

2 2

(x,y)) -I-cos(kz—i—(!)z‘)zx(x,y)zk2 (iy(x,y)) +cos(kz

+cos(kz—|—0)t)2x(x 2R ( 0
’ ay

a)’

0 2 0 0
+o)t)ZJ’(x,y)2k2 (—x(x,y)) —4ew2ucos(kz+o)t)2x(x,y) (—x(x,y))y(x,y) (ay(x,

ax ax
y)) —4em2ucos(kz+(ot)2x(x,y) (ix(x,y))y(x,y) (iy(x,y)))j
dy dy
P-cow
London Coefficient chw
u
PROCA coefficient curlcurlB=| -2 cos(kz+c0t) 2 ix(x ) ( ¢ x(x )) + ix(x
(Gx Y ) war Y (Gy ’
P d & 0
y)) (§ x(x,y)J +x(x, ) ( oy 02 x(x,y) | +2 (gy(x,y)) ( o ax y(x,y)) + (gy(x,
& > 9 s
») [gy(x,y)j +y(x,y) ( o Y | 3 (5 ) (yﬂx,y)) +x(x,

») (—x(x y)j +3 (4 v ) (%y(x,y)] +y(6) [—3y(x,y>j —Rx(x,y) (%x(x,
; ]
(Gx y(x,

0
y)) —kzy(x,y) (Ey(x,y))j, -2 cos(kz+cot) (kzx(x,y) (a x(x,y)) +k2y(x,y)
5 2 . 5 2
y)j -3 (axu,y)) (¥x<x,y)j —x(x, ) (Qx(x,w) ~3 (ay(x,y)j [gy(x,y)j
— (5, ) (%y(x,y)) —2 (%x(x,y)) (ayazax x(w)) - (%x(x,y)) (%x(x,y)) ~x(x,

y) ( ay‘fax X(x,y)) —2 (%y(x,y)) (%y(x,y)) - (%y(x,y)) (%y(x,y)) —y(x,

%
») ( ayzaxy(x,y)j],O}

Amperian Current 4Vector  curlH-dD/dt=J4 =




0 0
2 (x(x,y) (a x(x,y)) +y(x,y) (ay(x,y))) sin(kz+wt) (k2—|-80)2},l)
—_ uk 2
0 0
2 (x(x,y) (a x(x,y)) +y(x,p) (ay(x,y))) Sin(kz—i-wt) (kz-i-ewzu)
—_ uk b
1 0 2 P 0 2
_E[chS(kZ—i_wt) [(a x(x,y)) +x(x,y) (? x(x,y)] + (ay(x,y)) +y(x,
0> 0 2 0> 0 2 0
») (gy(x,y)j + (5 X(x,y)) +x(x, ) (? x(x,y)) + (ay(x,y)) +y(x,p) (gy(x,

2
y)] +8®2ux(x,y)2+8®2uy(x’y)2jj’ _%[Zecos(kz+0)t) ® [(% x(x,y)) + x(x,

2 0 2

@ 5 @ @
») (¥x<x,y)j +(gy<x,y)) +y(x ) (§y(x,y>) + (5x<x,y>) +x(x,y) [gx(x,

0 2 R P ) 2
y)] - (Ey(x,y)) +y(x,») (gy(x,y)) — K x(x,y)" =K y(x,y) )N

dcos(kz + 0 1)2 (x(w) [% x(x,y>j 305 ) (%y(x,y))) (
w2

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]



Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD]

= ﬁ(z (x(x, )2 +y(x,)?) cos(kz+ 1)’ (x(x,w (%x(x,y)) +y(x, ) (—y(x,

0)) (@-eai)).

E(Z (x(6, ) +2(1,)2) cos(kz+mr)’ (x(x,y) (% x(x,y)) +y(x, ) (%y(x,

J/))) (kz—g(oz H)), 2¢e (X(X,J/)z+J/(x,y)2)zsin(kz+0)t) ® cos(kz+ mt)

2
i )

2 (x(x,y

2
+y(x,1)?) cos(kz+ o) esin(kz+wi) ©

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = lO, 0, - % (4 (x(x,
10

W2 +y(x,)%) cos(kz+wt) (8 (ozusin(kz+ (ot)zkzx(x,y)4 +2 S(x)zusin(kz+ (x)t)zkzx(x,

0 2

)4 —cos(kz+ (Dt)zkzx(x,y)2 (— x(x,y))

Wiy +eo wsin(kz+ o)’ Ryl y .

_zcos(kz-l-())t)zkzx(x,y) (% x(x,y))y(x,y) (%y(x,y)) —cos(kz+0)t)2k2y(x,

2 2

y)2 (%y(x,y)) —COS(kZ+OJt)2k2x(x,y)2 (% x(x,y)) -2 cos(kz+0)t)2k2x(x,

») (i x(x.3) | () (iy(x y) | —eos(kz + @) Ry )’ (iyu ”)
(’:))} b b a)/ b b @} b

0 2 0

2
_|_8(02ucos(kz+o)t) x(x,y)2 (ax(x,y)) +280)2},lcos(kz+(0t)2x(x,y) (a x(x,y))y(x,

2

0 2 2 2
ay(x,y)) +em pcos(kz+mt) x(x,

)’ (% *(x, ) )2 +2e0 peos(kz +o1) x(x,y) (% *(x, ) ) () (% y(w))

0
¥) (ay(x,y)) +80)2MCOS(kZ+C°f)2y(x=y)2 (



2
+€0)2ucos(kz+0)t)2y(x,y)2 (%y(x,y)) j”

Spin Dissipation J spindot E = # (4 (x(x,y)2 +y(x,y)2) cos(kz + o t) O] (8 0)2 usin(kz
u
) )

+ (Dt)zkzx(x,y)4 +2 E(x)zl,tsin(kz-i- (x)t)zkzx(x,y y(x,y)2 +80)2usin(kz+0)t)2k2y(x,y

2
—cos(kz+cot)2k2x(x,y)2 (% x(x,y)) -2 cos(kz+0)t)2k2x(x,y) (% x(x,y) ) y(x,

2
») (% yixy) | —eos(kz + @) Ry )’ (& yixy) | —cos(kzt01) Kl

2

)2 (%xu,y)) 2 cos(kz+w1)  Bxx,y) (%x(x,w)y(x,y) (%y(x,y)) — cos(kz
2.2 2( 0 2 2 2 ,( 0 2

+ot) Kyxy) (Ey(x,y)) +ew pcos(kz+mt) x(x,y) (ax(x,y))

2 0 0
280 peos(kz £ 01) x(xy) (o3t |y (5o ) | +eo peos(kz
0 2 2 2 5 (0 2 2
ay(x,y)) +em peos(kz+wt) x(x,y) (gx(x,y)) +2em pcos(kz

0 0 0 2
+ o)’ x(x,y) (@ x(x.9) ) ¥y (5 y(x,y)) +eo peos(kz+ o) yixy)? (5 y(w)) )

Disspative Force 3 vector=

+03l)2y(x,y)2(

dcoskz + 002 (10 [& ()| +3t53) (& 60| (%65) deostiz + 002 (s(x (a% )| +3t53) (a%y

Wi ’ wid




0 2 P 0
2ecos(kz+wt) ® (—(ax(x,y)) —x(x,y) [g x(x,y)] - (ay(x,y))

P K] 2 P 0 2
— (5, ) (gy(x,y))—(ax(x,w) — x(x, ) (¥x<x,y>)—($y<x,y)) — (s,

») (%y(x,y)) + K x(x, )2+ y(xp)” +usin(kz + o) kx(x,p)* +2 psin(kz

2
Dissipation =

1
k

VO

+ t) kx(x,y)zy(x,y)2 + usin(kz + o t) ky(x,y)4) j

sk s sk sk sfe sk ske sk sk sk sk sfeoske sk sk sk skeoske sk sk skeoske sk sk skoskosk

Enter the name of the problem, and the components of the 4 potential.

> NAME: =" Exanpl e 6d-- Wave guide TTM (kinematic out, wave out) ;

> theta: =(k*z-onega*t);

> Ax: =0; Ay: =0; Az: =f (x, y) *cos(t het a); phi: =+(onmegal/ k) *f (x, y)*cos(t heta);
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM Ax, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

sk sk sk sk ok okok sk ok okok sk ok ook skt okok skokokok sk okokok sk okokok skokokok kool kol ko oksk kol sk kR sk ok ok

NAME := Example 6d-- Wave guide TTM (kinematic out, wave out)

O =kz—ot
Ax =0
Ay =0

Az = (x(x, »)* +y(x, 1)) cos(kz— 1)
0= ® (x(x,9)* +y(x,)*) cos(kz— 1)
' k
Example 6d-- Wave guide TTM (kinematic out, wave out)

sk s sfe sk sfe st sie sk st sfe sk ske st sie sk sk sfe sk sk st st sfeoske sk skeoske sk skeosk sk skosk

lefél"@l’ltiéll Form Format st st s s sk sk sk ok e sk st sfe sk sk sk sk sk st sk sk sfe s skoskoskokokok ok
skeskoskosk

2 2 B
Action 1-form= (x(x,y)2 +y(x,y)2) cos(kz—mt) d(z) — ® (x(x,y) +y(x,y)k) cos(kz O)t) a(t)

) _ A
Intensity 2form F=dA =2 (%1) cos(kz — @) (d(x)) & (d(z)) + 2 (%2) cos(kz — 1) (d(y)) &" (d(z)) — 20 (%1) cos(k ;’t) (d(x)) & (d(?))

%1=x(x,7) (%x(x,y)) +y(x,) (%y(w))

202=x(x,y) (% x(x,y)) +y(x,p) (%y(x,y))



Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0
R Ui EM format %6 R s oo s ok

2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz—mt)

E field= | - i ,
ol (] v (o) otz
B field=|2 (x(x,y) (% x(x,y)) +y(x,y) (%y(x,y))) cos(kz—mt), -2 (x(x,y) (% x(x,y))

+y(x,y) (% y(x,y) ) ) cos(kz—mt), 0}
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2
Frsoicclicliclioiorioskeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %% ¥kt

st s s ok ok ok ok o ke ke s sk

()c(x,y)2 —I—y(x,y)2) sin(kz - t) (k2 + (1)2)
k

Yg or quadratic (GAUSS) curvature =0

Xm or linear (Mean) curvature = -

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
wekrickaciekxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH s ke s skeosk sk skokosk sk

Chirality factor CH=0

b jetd—| - 2e® (x(x,y) (& x(x,y)) +y(:y) (%y(x,y))j cos(kz— 1) |
] 2em (x(x,y) (% x(x,y)) +y();y) (%y(x,y))) cos(kz—w1) ,0‘
H field= ’ (x(x’y) (%X(x,y)) +y(x ) (%y(x,y))) cos(kz— 1) |

w



) 2 (x(x,y) (% x(x,y)) +y(x,p) (&y(x,y))) cos(kz— ) 0
i

Poyntin vectorExH=[O 0 L(4(:)(:os(kz—(x)z‘)2 (x(x )2 (ix(x ))2+2X(x ) (ix(x
3% g s Uy uk .V ay 4 .V ay ,
6 a 2 a 2 a
y)jy(x,w (Ey(x,w)+y<x,y>2(5y(x,y)j +x(x,y>2(ax<x,y)) +2x(x, y) (ax(x’
0 F) 2
0 )rtsn (e rton ) 42w (4 ) ]|

0 0

2(x<x,y) (&x(x,wj + 35 7) [ay(x,wj)sin(kz—wt) (R —e?p) 2(x<x,y) (a%x(x,y)j ]

Amperian Current 4Vector — curlH-dD/dt=J4 =

Wk
0 0 \

0 2 2
%F(ax(x,y)) +x(x, ) (%x(x,y)) +(ay<x,y)) +y(x ) (%y(x,y)J + (@x(x,y)/

2

0
Amerian charge density divD = rho= - 1 [2 X0 cos(kz - t) ( ( a x(x,y) )

*
3 +x(x, ) (@ x(x,

i) 2 9 ?
y)] + (ay(x,y)) +y(x,) (%y(x,y)j + (ax(x,y)) +x(x,) (% X(x,y))

9 2 2
+ (g | o) ( . y(x,y)j])

divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4

9
axx

0

1 (x,y)) +y(x, ) (ay(x,

m (2 (x(x,y)2 +y(x,y)2) cos(kz— 0) t)2 (x(x,y) (

0)) (@-eai)).

ﬁ (2 (x()c,y)2 +y(x,y)2) cos(kz - t)z (x(x,y) (% x(x,y) ) +y(x, ) (

y))) (kz—ewzu)),o,o}

d
a)’

(x’

Topological SPIN 3-form = % (2 (x(x,y)2 +y(x,y)2) cos(kz - z‘)2 (x(x,y) (i x(x,y) ) +y(x,
Wk &
9 220 on L 2
2 (G rten || (B =eo’s) &, dianain) | =5 (2 (n® 4t



12) cos(kz— i)’ (x(x,y) (% x(x,y)j +y(x, y) (% y(%, ) j ) (R —e o 1) & \d(x). d(z).

()
Spin density rho_spin=0

LaGrange field energy density (B.H-D.E) = # (4 cos(kz—m z‘)2 (x(x, y)2 (
u

») (% x(x,y)jy(x,,w

») (% x(x,y)jy(x,w

BH=1 (4 cos(kz—wt)
u

o
—
=
ks
=
/~

| @
=
R
<

~—
+
[\
=
ks
=

%y(x,y))z—FX(X,y)z (% x(x,y))2+2x(x,y) (% X(x,y))y(x,y) (gy(xay))

+y(x,y)° (%y(x,y))z)j

+y(x, )’ (

D.E= é (4 € (02 cos(kz — (J)t)2 (x(x,y)2 (— x(x,y) ) +2x(x,y) (— x(x,y) ) y(x,y) (

y)j +y(x, ) (% () jz +x(x, ) (& *(x, ) )2 +2x(x, ) (% x(x, ) ) () (

y)j + (5, ) (%y(x,y))zj)

2
AJ=- i [2 (x(x, )2 +1(x,¥)?) cos(kz—w t)2 ( (& x(x,y)) +x(x, ) (g x(x,y)j

2 0 2

0 i &
+ g y@n | ) (§y<x,y)j+(@x<x,y)) +x(x,) (yx(x,w)

9 2 &
+ ( o y(x,y)) +y(x,p) ( o y(x,y)j])

2
-rho.phi = - é (2 0)2 (x(x,y)2 +y(x,y)2) cos(kz —o t)2£ [ (% x(x,y) ) +x(x,y) [% x(x,y) j
0 2 P 0 2 P
+ g y@n | ) (¥y<x,y)j + (Em,y)) +x(x, ) (yx(x,w)

9 2 &
+ ( o y(x,y)) +y(x,») ( o y(x,y)j])



. . 1 2 (.2 2 2 (0
Poincarel  (B.H - D.E)-(A.J - rho.phi) = ? 2cos(kz—mt) <k —E® ;,L) 3x(x,y) (a x(x,
u

y>)2 +4x(x,y) (% *(x, ) ) y(xy) (%y(x,y)) +3(x,) (%y(x,y) )2 +3x(x,

0 2

)’ (i x(x,y)) +4x(x, ) (— x(x, ) ) () (@ y(x,y)j +3y(x, ) (

2 )
dy Yy )
2
+x(x )] (% x(x,y)) + (e rten ) ) + ) (%y(x,y)j x4 x(x,
Ox Ox

0 2 0
)’ ix(x,y) + [ — v p) | x(x 1) +(x, ) %y(x,y) x(x, )+ | oo x(x,
o’ o oy ax

2 0 2

y)j Y )2 +x(x,y) (%x(x,w)y(x,y)%y(x,yf (%y(x,y)) + (5x<x,y)) yix,y)?

+x(x, y) (% x(x, ) j y(x ) +y(xy)’ [iz y(x,y) j ) j
ay 0y

2
-
London Coefficient LC= Kk —eop

PROCA coefficient curlcurlB = [2 cos(kz —® t) [ -2 (— x(x,y) )

(

y)) (% x(x,y)j —x(x,y) ( aya;cz x(x,y)j —2 (%y(x,y))
0

)

R
y)j [%y(x,y)j —y(x, ) ( o

> 0 & R 2
DY b _3 P b 5 9 - 2 DY 9 +k b
) ( 5 x(x y)j ( ) y(x y)) ( > y(x y)] y(x, ) [ A y)j x(x, )
0

0
y)) +k2y(x,y) (Ey(x,y))j, -2 cos(kz—cot) (kzx(x,y) (a x(x,y)) +k2y(x,y)
o
NE)

5 y(x,y)j =3 (5, )

. 2 3 P
y)j ~3 (axu,y)) (¥x<x,y)j —x(x, ) (ax x(w)) ~3 (ay(x,y)j [gy(x,y)j

— (5, ) (%y(x,y)) 2 (%x(x,y)) (ayazax x(w)) - (%x(x,y)) (%x(x,y)) ~x(x,

y) ( ay‘fax X(x,y)) —2 (%y(x,y)) (%y(x,y)) - (%y(x,y)) (%y(x,y)) —y(x,

%
») ( ayzaxy(x,y)j],O}




Z(x(x,y) (% x()ey)) + 1%, 3) (%y(x,y)))sin(kz—wt) (R —ew?n) Z(x(x,y) (a%x()ey)) +

Amperian Current 4Vector — curlH-dD/dt=J4 = .
n

2 2 0 \

0 3]
%h(ax(x,y)) +x(5, ) (%x(x,y)) +(§y<x,y)) () (%y(x,y)J + (@x(x,w/

0 0
4cos(kz — w1)? (%1) (X()@ ¥ (a x(x, y)) + 0% ) (a Mx
i

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD]

- ﬁ(z (x(x, )2 +y(x,»)%) cos(kz—o)t)2 (x(x,y) (% x(x,y)) +y(x,¥) (%y(x,
0)) B —edtn))
ﬁ (2 (x(x, ) +y(x,)%) cos(kz—(nt)2 (x(x,y) (% x(x,y)) +y(x,p) (%y(x,

y))) (kz—ewzu)),o,o}

1

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = [0, 0, — (4 (x(x, y)2
[10e

0 2 0
+y(x,3)%) COS(kZ—OJt)3 (kz—ﬁwzlu) (X(x,y)2 (5 X(x,y)) +2x(x,y) (5 X(x,y))y(x,

ad 2 a

») (— y(x,y)) + (6 9)° (— y(x,y)) +x(x, ) (a x(x, ) )2 +2x(x,y) (% x(x, ) ) yix,

») (%y(x,y)j +3(x,)? (&y(x,y))z)j



Spin Dissipation J spindot E = - # (4 (x(x,y)2 +y(x,y)2) cos(kz - t)3 (kz —€ 0)2 u) (6] (x(x,
u

0 2

wz(g;nny02+2xudﬁ(é%xu»n)yudw(E;yudw)+ﬂnyﬁ(

p¥) (% x(x,y))z—i-Zx(x,y) (%x(x,y))y(x,y) (&y(x,y)) +y(xy)? (%y(%
2
2)))

0

Y y(x,y))

- 2(9 X i i - 2 COS\KZ — 2 00 X i X
Disspaive Foree 3 vecton— 4cos(kz — 1) (41)((x,y)(ax x()@j;)ﬂLy()@y)[axy(ny)))(kz Ew u), 4cos(kz — 1) (/1)((x,y)(ayX(
i L
2
%1=(—x(x,y))
Dissipation = -2 (k—)i 2+ & +i 2
issipation = i ewcoslkz— ot ( a x(x,y)) x(x,y) ( o2 x(x,y)] ( ar y(x,y))
0 2 0 2
+qu0(9%quo)+(——mmyﬂ +xudo(9%xudw)+(——ﬂnyﬂ o0,
ax dy dy dy

e

s sk sk ok ok ok ok ok ok sk ok ok o sk ok ok ok ok ok ok sk ok ok ok sk ok ok sk sk ok sk ok ok sk ok ok sk sk ok sk sk ok sk sk ok sk ok ks ko ok

Enter the name of the problem, and the components of the 4 potential
p-2, n=4

> NAME: =" Exanple 7a = Index 1 Irreversible solution EdotB < 0 (kinematic out) Type 1°;
> Hol der: =(x"2+y"2+z72-cN2*t ~2) N (4] 2) ;

> Ax: =y/ Hol der; Ay: =-x/ Hol der; Az: =c*t/ Hol der ; phi : =+c*z/ Hol der;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamma), 0) :

NAME = Example 7a = Index I Irreversible solution EdotB < 0 (kinematic out) Type 1
2
Holder = (x2 +y2 +22 — t2)

Ax = u
(xz -I-y2 +2 -7 t2)

2

X
Ay = -
(x2 -|-y2 +2 -7 tz)

2



ct

Az = 5
(x2+y2+22—02t2)

cz
0= ;
(x2 —l—y2 +72 -7 12)

Example 7a = Index 1 Irreversible solution EdotB !

>k ok s sk sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s skeosk ok skoskosk skook

0 (kinematic out) Type 1

>k sk s sk sk s sk s ke sk sk sk s sk s ke s skosk sk sk ke sk skosk skok sk

Differential Form Format

skskosksk
Action 1-form= - czd({) =+ yd(x) — xd(y) .
(- =22 +3P) (<P =2 +3P) (- =P 24P
ctd(z)

+ (- 2 2 2, 222
X =y —zZ +c t)

2

4 4yct

= | - CZX + 5 zycz - 3](0’()6'))&/\(61(1))
(—x —)y —zZ +c t)

Intensity 2-form F=dA

3
(<R =P —2+3P)

—x2+3y2—22+02t2

n ?))cz—)/z—zz—i-czt2
(-2 —y2—22+c212)3 (-R—P -2+ t2)3
B 4yz n 4ctx
(<= -2+ t2)3 (-2 — =2+ 12)3
B 4czy 4xctt
(_xz_yz_zz+czt2)3 (_xz_y2_22+czt2)3
n 4xz 4dcty
(—xz—y2—22+czt2)3 (—xz—y2—22+02t2)3

c(x2+y2+22+3czt2)

c(—xz—y2+3zz+czt2)
3
(—xz—yz—zz—l-cztz)

3
(-2 =2+ 3P

) (d(x)) & (d(z)) +
J (d(y)) & (d(2)) +

2cz (x2 +y2—22+02t2)

] (d(x)) & (d(y)) + (

] (d(y)) & (d(1))

] (d(z)) & (d(1))

4xc(cty—xz)

Topological Torsion 3-form A"F = S
(

-xT—y —22+c2t2)

4yc(ctx+yz)

( X —y2 —Z 4+ t2)5 b dn.diny

(—xz—yz—zz—l-czz‘z)5

B 2ct(x2+y2—zz+czt2)

(- =P =2+

& (d(x),

dx (-yz+ct 4 ty +
¢ —Axioiieln Lrlertas) Sj&wd(x),d(y),d(z))
(—x -y —z+ct) (—x -y —z—i—ctz)
n 2yc(x2+y2—22—|-c2t2) 4cz(-yz+ctx) _ 4czt(cty—xz)
5 5 5
(-2 —2+32P) (- —2+328) (PP —2+3F)



4czt(ctx+yz) _ 2xc(x2+y2—zz+czt2)

d(z),d(1)) +
(—xz—yz—zz—l-czz‘z)5 (—xz—yz—zz-l-cztz)5

__4dcz(ctytxz) ; ] &MNd(y), d(z),d(1))

(—xz—yz—zz—l—cztz)

8 c&"Nd(x),d(y),d(z),d(t))
(<= -2+ 12)4

sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk skeoske sk skeoskeosk skokoskokosk L&ﬁ%{ﬁﬂ4jbnnat sk sk sk sk sk sfeosie sk sk sk sk sk sk sk sk sk skeosk sk sk sieoske sk skokeosk skosk skok

Topological Parity 4-form  F"F = -

E field = 4clcty—xz) __ dc(ctxtyz) 2¢ (P 4y =F+7) ]
30 3 :
(R -2+20) (R -2+20) (P-p-2+&P)
B field = 4(ctytxz) - 4 (-yztctx) _ 2 (P +)y =2 +7) ]
30 3 -
(= =2+7) (= =2+77) (K= =F+7)
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] = 2xc ,
2 2 2 212 4
(-x —y —zZ t+c )
2yc 2cz 2ct l
4 7 y
(-xZ —y2—22+02t2) (-xz—yz—zz-i-cztz) (_xz_y2_22+czt2)
Helicity AdotB= - 2ct
2 2 2 7 o4
(-x" =y =2 +c7)
Poincare I =2(E.B) = - 8¢ .
(‘Xz—yz—zz-i-cztz)
8¢

coefficient of Topological Parity 4-form = - 2

(-2 =2 =2+ 2P)
Pfaff Topological Dimension ~PTD =4

Frsoiccliclicloiorioskeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) % ¥kt

st s s ok ok ok ok ok ke ke sk

4ctz(1 +cz)
(—xz—y2—22+czt2)

Xm or linear (Mean) curvature = 3

Yg or quadratic (GAUSS) curvature =
3= -3+ +y202—3x2—|-22—3y2

5
(-2 = —2+38)

4ctz(l +02)
7
(—xz—yz—zz-i-cztz)

302

8
(—xz—yz—zz—i-cztz)

Za or Cubic (Interaction internal energy) curvature =

Tk or quartic (4D expansion) curvature = -



Fasortockickk Compute Current using from Maxell-Ampere equations for constitutive equations with

ChimliZy CH **¥%skkskkx

Chirality factor CH=0

D field= dec(cty—xz) - dec(ctx+yz) . 280(x2+y2—22+czi) ]
(- =y =2 +7) (- =y =2 +7F) (- =y =2 +7)
H field= 4(ctytxz) —. - 4 (~yz+cix) —, - 2(x2+y2—22+czt23) ]
(- = =2+ n (= =2+ n (= —2+37)
Poynting vector ExH
B 16cz(x2+y2—22+02t2) tx 1602(x2+y2—22+02t2) ty 3202tz(x2+y2)
| (R =242 (B =24+3A)°n (P2 4D

4 (yx2+y3+y22+5y0212—6ctxz) (SCZLL—I)

Amperian Current 4Vector  curlH-dD/dt=J4 = 2
(—x2 —y2—22+czz‘2) u

>

4 (x3+xy2+x22+502t2x+6ctyz) (Sczu—l)

b

4
(—xz—yz—zz—l—cztz) i
801(2x2+2y2—22+0212) (802M—1)
4
(—xz—y2—22+czz‘2) u

Amerian charge density  divD =rho=0

,0

divergence Lorentz Current 4Vector, 4div(J4) =0
2 (x3+xy2—x22+3cztzx—Zctyz+2ec3utyz—2eczp,xzz)
5
(—xz—yz—zz—l-cztz) u

2 (—3yc2t2—20txz—yx2—y3 +y22+2803utxz+2802uy22)

Topological SPIN 4 vector S4 =

b

b

5
(—xz—yz—zz—l—cztz) i

2z(2y2+2x2+Sczp,x2+£czuy2—£czzzu+£c4ut2) 2£c21(3y2+3x2—22+c212)

>

5 5
(—xz—yz—zz—i-cztz) u (—xz—yz—zz—l-cztz)
Topological SPIN 3-form
_ 2 (x3 +xy2—x22+3 & tzx—2ctyz+2803},ttyz—2eczuxzz) &Nd(y),d(z),d(t))

5
(—xz—yz—zz—l—cztz) u
2(—3yczt2—201xz—yx2—y3 +y22+2£c3utxz+2802uy22) &Nd(x),d(z),d(t))
(- 2 2
X -y
22(2y2+2x2+802ux2+802uy2—80222u+804ut2) &Nd(x),d(y),d(t))

5
—Z+7) 1

5
(—x2 —yz—zz-i-cztz) i



_ 26t (3435 =2 +274) &Nd(x),d(y), d(z))
5
(—x2 —y2—22+czz‘2)

2802t(3y2+3x2—22+02t2)

Spin density rho_spin= 5
( P —y2 AP tz)

LaGrange field energy density (B.H-D.E) =

4 (6y20212+2x222+2y222+6x202t2+x4+2x2y2+y4+z4—2cztzzz+c4t4) (i-:czu—l)
6
(—xz—yz—zz—i-cztz) u

4 (6y2c2t2+2x222+2y222+6x2(:2t2+x4+2x2y2+y4+Z4—202t222+c4t4)

B .H= c
(—xz—y2—22+czt2) u

DE=- 4802(6y202t2+2x222—|—2y222+6x202t2+x4+2x2y2+y4+z4—202t222—I—c4t4)
- 6
(—xz—yz—zz-i-cztz)

4J= 4 (86‘2M—1) 22V 3 4322497 PP+ + P A+ 9l A -2 A A2 )

6
(—x2 —y2 — 7 —I—c2t2) i
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) =

—( o, 12 22)6 (4(802},L—1)(15y202t2+3x222+3y222+15x202t2+2x4
-X =)y —zZ4+cr) U

+4x2y2+2y4+z4—4czt222—|—3c4t4))
London Coefficient LC=0

PROCA coefficient curlcurlB =

24 (3ctyx2+3cty22+7xzczt2+3cty3+503t3y+y22x +x3z+xz3)

5
(-2 =2 —2+38)

2

24 (—7yzczt2+3zzctx+3ctxyz—yzx2+3ctx3+5c3t3x—y3z—yz3)
5
(—xz—yz—zz—i-cztz)

8 (4x2y2+2y4—z4+x222+y222+5c4t4—4c2t222+17x202t2+17y202t2+2x4)

(-2 _yz R 12)5

2

2 3 2 2 2 2
4 +y + +5 —6ct —1
Amperian Current 4Vector  curlH-dD/dt=J4 = (y Ty e — ctxz) (8 c i ) ,

4
(—x2 —yz—zz-l—cztz) u

4 (x3+xy2+xzz+502t2x+6ctyz) (Sczu—l)

2

4
(—xz—yz—zz—l—cztz) i



801(2x2+2y2—22+0212) (802M—1)
4
(—xz—y2—22+czz‘2) u

,0

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B) =

i ( 2 2 12 22)7 (8 (Sczu_l)(x5+2x3y2+14x302f2+xy4+14xy2c2t2—xz4
X =y —Z+cr) u

—8xzzc212+9c4t4x—2ctyzx2—2cty32—2ctyz3+2c3t3yz)),

'( 5 5 12 22)7 (S(SCZu—l)(14czt2yx2+20tx3z+14czt2y3+20tyzzx
X =y —Z+cr)

—802t2y22+20txz3+9c4t4y—2c3t3xz+yx4+2y3x2+y5—yz4)),

16 (SCZM—I)z(xz—i-yz) (x2+y2+1102t2+22)
7
(—x2 —y2—22+0212) i

Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

2xc
(—x2 _y2_22+cz tz)
2yc 2cz 2ct
4 4 4
(—xz—y2—22+czz‘2) (—xz—yz—zz—l-cztz) (_xz_y2_22+02t2)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsion x B)

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =

4°

_ 4yc ~ 4xc 41 ]
6’ 6’ 6
(—xz—yz—zz-l-cztz) (—xz—yz—zz-l-cztz) (—xz—yz—zz—l—cztz)
42

Torsion Dissipation Jtorsion dot E = -

6
(-2 = =2+

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD]
2 (x3+xy2—xzz+3cztzx—2ctyz+2ec3utyz—2802ux22)

2

5
(—xz—yZ—ZQ—I—cztz) i

2 (—3yczt2—2ctxz—yx2—y3+y22—l—2£c3utxz+2802uy22)

2

5
(-2 =y —2+2A) 1



>

22(2y2+2x2+eczux2+802uy2—80222u+£c4ut2) 2£czt(3y2+3x2—zz+czt2) ]

5 5
(—xz—yz—zz—l-cztz) w (—xz—y2—22+czz‘2)

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = l

- ! (4 (ZCtyzzx—4czt2yx2+2ctx3z+4czt2yzz+2ctxz3—2c3t3xz
(—xz—yz—zz—l—cztz)gu

—y5+6£c4ut2y3+2£c6ut4y—4czt2y3—3c4t4y—2yx222—2ac3utxzy2—yx4—2y3x2

—2y322—yz4+6804ut2yx2—2863utx3z—2803utxz3+2865ut3xz—2804uy22t2)),

1
8
(—x2 —yz—zz-l—cztz) u

(4 (—xs—2x3yz—2x3zz—xy4—xz4—2xy222—3c4t4x—4xyzczz‘2

+4xzzczt2—20ty3z—20tyz3+2c3t3yz+6£-:c4ut2xy2+22803ux2ty—4x362t2

+6£c4ut2x3+2£c6ut4x+228c3p,y3t+2£c3z3uty—228c5p,t3y—2£c4ut2x22

1

—2ctyzx2)), - (4ct(6£czux2y2—|-3802},ly4+4£czuy222

8
(_xz_yz_zz+czt2) m
+4£c4uy21‘2+3Eczux4+4Sczuxzzz+4864ux2t2+802uz4—2€c4ut222+8c6ut4—4x2y2
—2x222—2y222—2x4—6x20212—6y202t2—2y4))]

Spin Dissipation J spindot E = ! (4 A’z (6 e n £ y2 +6¢ec n £x'+e ux4

8
(—xz—yz—zz—i-cztz) u

teuy' —2edlurZreduf F2ep A +2eny’F 8y A -8 A teuz +2eux’y’))
1
8
(- =)y —Z2+7) u

2
Disspative Force 3 vector = | - (4 (2 uctyzzx +6 £c4u tzyx2

322

2 2 2 2
—2£c3u tx3z—2803},t tx23+28c5u t3xz—2£c4u y2212+2yc3ux212+2x7—l—4x V' z

+2y4x22—2y224x+26x502t2—10x3c4t4—8x2y30tz+12y22202t2x+8xzc3t3yz—4x4ctyz



—2x5802u22—8x223cty—|—2x3z4802u—6x5802uy2—26x5804ut2—6x3y4802u

-|-10x36‘61‘48LL—2xy68(:2},t-|-2xz6802u—i-18cgt6)c€},t—4},chz‘zyxz—|-2},Lctx3z-|-4ucztzyz2

2 2
+2uctxz3—2uc3t3xz+6€c4u t2y3+2806u t4y—2ycux222+2yc3ut222+8x2y3€c3utz

— 12yzc4t28ux22—8x205t3£uyz+4x4ec3utyz+8x223803uty—uyz4—uyx4— 18 ° £ x

—2uy322—2uy3x2—yscu—14xz4cztz+34xzzc4t4—4ctyzs+803t3yz3—4cst5yz
—4u02t2y3—3uc4t4y—2uyx222—2y3cux2—ycux4+2y3c3ut2—2y3cu22—ycuz4
—ycsp,t4—2x26—uy5—4x3y2802u22—|—4y5£c3utz—2y4€czuxzz—I—8y323803ut

+2y224802ux—8y305t38uz—12x304t28},t22—52x3y2804ut2—26xy4804ut2

+10xyzc6t48u+14xz4804ut2—34xzzc6t48u+4c3ty258u—8cst3y23£u+4c7t5yzsu

+2x522—2x3z4+6x5y2+6x3y4+2y6x+52x3y202t2+26y402r2x—4y50tz—8y3z3ct

2
—10yzc4t4x+8y3c3t3z+12x3021222—2x7802u—2£c3u txzyz)),

_( 2 2 12 22)8 (4(2y7+266’2f2y5—1004t4y3—2yz4x2+4x2y322+2x4yzz—2yz6
-xX =y —Z4+c)

—i—},lxs+80tx32y2—26c4t2y58},l+1006t4y38},l+4cty4zx—l—12czt2y22x2—|-80txz3y2

-|-1808t6y8u—8c3t3xzy2—2yx6802},t—6y3x4802u—6y5x2802u—2y580222},t



+2y324£czu—|-2yz6€czu—14021‘2)/24+34c4t4y22+4ctx25—8c3t3xz3+4cst5xz
+2uxy222+3uc4t4x+4ux302t2+2x3cuy2—2x3c3ut2+2x3cuzz+xcuy4+xcuz4
+xcsut4— 18 c6t6y+2ux3y2+2ux322+uxy4+uxz4+xscu—1204t2yx2822u

—803tx328uy2—4c3 ty4zx£u—803 ty223x£u+8c5t3yzzx£u+4uxy202t2—4ux2202t2

2 2
+2ucty3z+2uctyz3—2uc3t3yz—6£c4u t2x3—2£c6u t4x-|—2)cc},tyzzz—2xc3utzz2

—2xc3uy2t2+6y3x4+2yx6+6y5x2—2y3z4+2y522+520212y3x2+26czt2yx4+4ctxsz

2 2
—i—12c2t2y322+80tx3z3—1004t4yx2—80313x32—2y7802p,—6£c4u tzxy2—2zec3u y3t
42 32

2 2 2
—2ec3z3u ty-I-ZZscS},L t3y+2804},t t2x22+2uctyzx2—26c4t2yx48u—52c ry xen

-|-lOc6t4yx2£u—4c3txszsu—8cstxsz3eu+8cst3x3zeu—12c4t2y3822u+14c4t2yz48u

—34c6t4y22£u—4c3tx258u+8cst3xz38}1—4c7tsxzeu—2yx4eczzzu—4y3x2£czzzu

1
8
(—xz—yz—zz-i-cztz) u

-|—2yz4£-:cz},txz—222—:03 uzxzty)>, - (4 (—16802ux2y223

—40804ux22‘223—40804uy2l‘223—122802Mx4y2—402804},lx4l‘2—122802Mx2y4
+44z€c6ux2t4—4OZec4uy4tz+44z€c6p,y2t4+6c3tuzexzyz+4c3t},t28y222+4c3tu28x222
—802€c4ux2y212+3c3tu2£y4—2cztux2y2+16x2y223+12zx4y2+122x2y4—c6t5u+4zx6
+8y4z3+4y225+8x4z3+4x225+402y40212—44zyzc4t4+4Ozx4czt2—44zxzc4t4
+4Oy223c2t2+40x202t223+c7t5u28—2ctux4—6c3t3ux2—6c3t3uy2—2ctuy4+204t3ux2

222l‘2

—cztux4+2c4t3uy2—cztuy4—|-2c4t3u22—cztuz4+4zy6+802x Yy e —4Z€c*2ptx6

2
—42802},Ly6—88czux4z3—4eczuxzzs—8802uy4z3—4802uy225+405t3u 8y2



2 2 2 2
+3c3tu 8x4+405t3u £x2+c3tu 824—205t3u 822—4ctux2y2—2ctux222—2ctuy222
—2cztux222—2cztuy222))]
2c(3cty28u+3xzcteu—u80t22+ui—:c3t3—x3—xy2—x22+c2t2x)

5
(—xz—yz—zz—l—cztz)

Dissipation =

> NAME: =" Exanple 7b = Index 1 Irreversible solution EdotB < O (kinematic out) Type 1°;
> Hol der: =(x"2+y"2+z"2-c"2*t ~"2) (4] 2) ;

> Ax:=nty/ Hol der; Ay: =- n*x/ Hol der; Az: =-c*t/ Hol der; phi : =z*c/ Hol der;
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)
> JCM AX, Ay, Az, phi,1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

sk sk ok ok sk ok ok sk ok ok sk ok ok sk ok ok sk ok kR sk sk kR sk kR k kR sk Rk ko Rk ko Rk sk Rk ok ok ok

NAME = Example 7b = Index I Irreversible solution EdotB < 0 (kinematic out) Type 1

2
Holder = (x2 +y2 +22 — t2)

Ax = my
: 2
(x2 -I-y2 +2 -7 t2)
mXx
Ay = -
2
(x2 -|-y2 +2 -7 tz)
Az = - ct
: 2
(x2 -|-y2 +22 —02 tz)
_ cz
¢'_' 2

(x2 +y2 +2 =7 tz)
Example 7b = Index 1 Irreversible solution EdotB! 0 (kinematic out) Type [
sk sfe stk sk sfe sk sk sfe sk sk sfe sie sk she sk sk sfe sk sk sfe sk sk sfeoske sk skeoske skeskeosk skeskok Dijferentl‘alForm Format sk sk sk sk ske ke sk ske ke sk ske ke sk sk ke sk sk ke sk sk sk skeoskeoske skeoskosk skosk

skskosksk
Action I-form= - czd(t) -+ myd(x) - mxd(y) :
(—x2 —y2—22+czz2) (—x2 —y2—22+0212) (_xz_y2_22+02t2)
. ctd(z)
2
(‘xz—yz—zz-i-czlz)
; _ _ 4czx 4myczt
Intensity 2-form F=d4A = | - + (d(x)) & (d(1))
(222223 2 2 2, 22)3
X =y =) (X =y = +cr)

(€2Y



2 2 2, 22 _ 2 2_24 27
_m(3zx 2y 2Z +20 t3) - ?;"‘32)/ ZZ ";Ct3)J(d(x))&A(d(y))+(
(—x—y—z—i-ctz) (‘x_y_z_'_Ctz)

+

i Admyz _ dctx ) (d(x)) & (d(z)) +

3 3
(<R =P —2+3P) (-R— P —2+3P)

dczy 4mxct A
) > 2 2, 22\ 2 2 2, 223 (d(y)) & (d(1))
(—x—y—z-i—ct) (—x—y—z—l—ct)

dmxz _ 4dcty
3 3
(—xz—y2—22+czt2) (—xz—yz—zz-l-cztz)

2 2 2, 22 2, 2, 2 22
(X =y 4324 7) (P Hy 4z +3Cf3)](d(z))&A(d(t))

+ ](ﬂﬁ)&wdun+

3
(-2 =2 -2+ (-2 = —2+38)
2 2 2 22
Topological Torsion 3-form A"F = 2czm (x ty —Z el dmxc(mely=xz)
2 2 2, 2233 2_2_p2. 22 5
(—x -y —Z —|—ct) (—x —y —zZ +c )

2ctm(x2+y2—zz+czt2)

5
(-2 =2+ 3P

4myc (mxct+yz)

5
(-2 =y —2+3P)

&"*(d(x),d(y),d(1)) +

4dmx (myz+ctx) __dmy(cty—mxz) &MNd(x),d(y),d(z)) +
RN 22 2, 22y T
(-x—y =2+ 71) (-3 =y =2 +c7)

4myc(czt2+22) n 4dcz(myz+ctx) i 4czt(mcty—xz)
(—x2—y2—22+02t2)5 (—)cz—yz—zz—i-cztz)5 (—xz—y2—22+czt2)5

4czt(mxct+yz) i dmxc (cztz—i-zz)
(—xz—yz—zz—i-cztz)5 (—xz—y2—22+czt2)5
4cz(cty—mxz)

5
(-2 = =2+

] &"(d(x),d(z),

d(t)) +

+ &Nd(y),d(z),d(t))

16me (7 +7) &\d(x),d(y),d(z),d(1))
(—xz—yz—zz-l-czlz)5

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk sk skeoskeosk skok skokosk USingEMformat sk sk sk sk sk sfeosie sk sk sk sk sk sk sk sk sk skeoske sk sk sieosk sk skeokeosk skok skok

Topological Parity 4-form  F\F =

E field = 4cmety —xz) -, - 4c(mxct+yz) - 4e (PP +7) 3]
(_x2_y2_22_|_czt2) (—xz—y2—22_|_czt2) (_x2_y2_22_|_czt2)
B field= | - 4(cty—mxz) -, 4 (myz+ctx) 3,_2m(xz-l-yz—zz—l-czz‘? ‘
(_x2_y2_22+02t2) (—xz—y2—22+czt2) (_x2_y2_22+czt2)
2czm

Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = |0, 0,

4’
(—xz—yz—zz—l-cztz)



2mct

4
(2= -2+

2mct

(—xz—y2—22+czt2)4

16 mc (cztz—i-zz)
(-2 24 12)5

16 mc (cztz—i-zz)
( —x2 —y2 —22 +02 t2)5

Pfaff Topological Dimension PTD =4

Fedckackockick skt Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*¥#skackxstsiek

sk ke sfe sk sk skeoske sk sk sk

Helicity AdotB =

Poincare Il =2(E.B) =

coefficient of Topological Parity 4-form =

4etz(c—1) (1+c)
(—xz—y2—22+czt2)3

Xm or linear (Mean) curvature =

Yg or quadratic (GAUSS) curvature

_ 3c4t2+m202t2—30222+x202+y202—m222+3m2y2+3m2x2

5
(-2 = —2+3P)

dnitctz(c—1) (14¢)

(-2 _yz I t2)7

Za or Cubic (Interaction internal energy) curvature

2 2

Tk or quartic (4D expansion) curvature = 3m ¢
2 2 2, 228
(—x —)y —zZ +c t)

wekrcickaciokxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH s ke s skeosk sk skokosk sk

Chirality factor CH=0

D field 4ec(mcty—xz) 4ec(mxct+yz) 480(02t2+22) ]
leld= - -
32 32 3
(—xz—yz—zz—l—cztz) (—xz—yz—zz—l—cztz) (—xz—yz—zz—l—cztz)
H field=| - 4 (cty—mxz) 4 (myz+ctx) B 2m(x2+y2—22+czt2)
3 2 3 2 3
(—xz—y2—22+czt2) 08 (—xz—yz—zz-l-cztz) n (—xz—yZ—ZQ—I—cztz) u
Poynting vector ExH = I (8c(m2x3ct-|—m2xcz‘y2—mzxct22+m2xc3t3

6
(—xz—yz—zz-i-cztz) i

+myzx2+my3z+myz3+3myzczt2+2c3t3x+2220tx)),

! (8¢ (2c3l‘3y—3m)czczt2-|-2ctyzz—mxz3-|-mzctyxz-|-mzcty3
(-2 —y2—22+czt2)6u



167tz (mzy2 — x4y —y2)

6
(—xz—yz—zz-i-cztz) i

—mzctyzz+mzc3t3y—mx3z—mxz 2)),

1

Amperian Current 4Vector  curlH-dD/dt=J4 = 1 (4 (-my *—m y3 —my 7

(—xz—y2—22+czf2) u

—5mycztz—éctxz-l—eczumyxz+£czumy3+€czumy22+5£c4umyt2—6803utxz))

’_( 5 5 12 22)4 (4(""“53_’”XJ’Z—MXZZ—Smxcztz+6cz‘yz—|—€c2umx3
-X =)y —zZ+ct) U

+£c2umxy2+£c2umxzz+5€c4umxt2+6ec3utyz)),

) 8(:t(—2x2—2y2+ZZ—cztz+£czux2+802uy2+480222u+2804ut2)
(-x*—»?

) 88cz(x2+y2+22+502t2)

b

4
—Z4+7)

4
(-2 = —2+3P)

8£cz(x2+y2+22+502t2)

Amerian charge density  divD = rho= - 1
(- —y2 _ 24 3P
divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector S4

2 (m2x3+m2xy2—m2x22+m2xczt2+2ctmyz+20212x+2£c3zumty—2802ux22)
5
(—xz—yz—zz—l—cztz) u

2 (—2yczt2+2ctmxz—m2yx2—m2y3+m2y22—m2yczt2+2803zumxt+2802},ty22)

2

5 b
(—xz—yz—zz—l—cztz) u
Zzzu) 4802t(m2y2+m2x2+02t2+22)
’ 5
(—xz—y2—22+czz‘2)

(2 (mzx3 +m2xy2—m2x22+m2xczt2+2ctmyz

4z(—m2y2—m2x2+£c4ut2+80
(—xz—yz—zz—l—cztz)su

1

(—xz—yz—zz—i-cztz)su

Topological SPIN 3-form=

+22Px+2 Sc3zumty —ZECzuxZZ) &Nd(y),d(z),d(t) ))

+( S 12 22)5 (2(—2)/022‘2-|-2ctmxz—m2yx2—m2y3+m2y22—m2yczt2
Xy —Z+cr) U

+2 £c3zumxt+2 ec uyzz) &MNd(x),d(z),d(t) ))



4z(-m* Y —mt redult+el ) &Nd(x),d(y), d(1))
(—x2 —y2—22+czz‘2)5u

B d4ectt (mzy2 +m +Zz) &MNd(x),d(y),d(z))

5
(-2 = —2+38)
4ectt (m2y2+m2x2+czt2+zz)

5
(-2 = —2+3P)

Spin density rho_spin=

LaGrange field energy density (B.H-D.E) = - ! 5 (4 ( —4y2 FP—2mt At

(—x2 —y2—22+02t2) i

222 2 2 2 4 222 2222 2 4 2222 2 4 2222
—2myz—4xct2—mx—2myx—2mxct—my—2myct—mz+2mctz

—mzc4t4+4m2yzac4ut2+4802ux222+4m2x2£c4u12+4Sczuy222+48c6ut4+88c4p,t222
+4£czuz4))

B.H= I 5 (4 (4y202t2+2m2x222+2m2y222+4x202t2+m2x4+2m2y2x2

(—xz—yz—zz—i-cztz) u
+2m2xzczt2+m2y4+2m2y202t2+m224—2m202t222+m204t4))
D.E= 16 (m2y202t2+x222+m2x202t2+y222+c4t4+202t222+z4)
(—xz—y2—22+czt2)6
AJ= I (4 (m2y4802u+m2x4802u—2c4t4+2ec4uy2t2+2ec4ux2t2

(—x2 —y2—22+czt2)6u
+8£c4ut222—m2x222—m2y222—m2x4—m2y4+m2y28c2u22+2m2y2802ux2+5m2y2£c4ut2
+m2x2£czuzz+5m2x2804u12+202t222—4x202t2—4y202t2—2m2y2x2—5m2x20212
—5m2y20212+4ec6ut4))
8cFe (x2 —l—y2—|—22+5c2t2)

(—xz—y2—22+czt2)6

1

-rho.phi = -

Poincarel  (B.H - D.E)-(A.J - rho.phi) = - (4 (m2 y4 e’ n+ mxe & 1)

(—xz—y2—22+czt2)6u
—2c4t4+2£c4uy2t2+6802ux222+6Sczuyzzz+2804p,x2t2+268c4p,t222—3m2x222

—3m2y222—m2c4t4—2m2x4—2m2y4—m224+m2y28c2u22+2m2y2£czux2+9m2y2£c4ut2
+m2x2802u22+9m2x2804ut2+2czt222—8x202t2—8y202t2—4m2y2x2—7m2x202t2

—7mzy2(:2t2 +2m262t222+6£czuz4+8 sc6ut4))
London Coefficient LC=0

PROCA coefficient curlcurlB



_| 24 (—mx3z—mxz3+3ctyx2+3ctyzz+3cty3+503t3y—mxzy2—7mxzczt2)

5
(-2 =2+ 3P

2

24 (my3z+myz3+3zzctx+3ctxy2+3ctx3+503t3x+myzx2+7myzczt2)
5 2
(—xz—y2—22+czz‘2)

8m(4x2y2+2y4—z4+x222+y222+5c4t4—4czt222+17x202t2+17y202t2+2x4)

5
(<= —2+3P)

Amperian Current 4Vector  curlH-dD/dt=J4 = I (4 ( -my *—m y3 —my 7
2_2_ 2,22 4
(X =y —z+c ) p

—Smyczt2—6ctxz+802},tmyx2+802},Lmy3+802umy22+5Sc4umyt2—6803},ttxz))

2

( S 12 22)4 (4(—mx3—mxyz—mxzz—Smx02t2-|-6ctyz—|-£-:czumx3
X =y —Z+ct) U

+8czumxy2+8czumx22+58c4umxt2+6ec3utyz)),

_ 801‘(—2x2—2y2—|—22—cztz—l—aczuxz—l-SCzuyz+480222u—|-2804},lz‘2)
(-x2 —)?
) 8£cz(x2+y2+22+5c2t2)

4
(—xz—y2—22+czt2)

2

4
—Zz-i-cztz) i

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J ampere x B) =

- ! (8(—m2x5—4c4t4x+480222uy2x—8xy202t2+4x2202t2
(—xz—y2—22+czt2)7p,

+480222ux3+4£czz4ux—2mcty3z—2mctyz3+2mc3t3yz—6m2xy202t2+4m2x220212
+8czum2x5+4804},Lt2xy2—|-68C4um2x3z‘2+8czum2xy4+2802um2x3y2—2mctyzx2
—|—5£c6um2xt4+6mz£c3ux2ty—£czum2xz4—mzxy4+m2xz4—6mzecsut3y

+6mec3z3uty+6m2803},ty3t+68c4um2xy2t2—48c4um2xzzz‘2—2m2x3y2—6m2x3czt2



—5mzxc4t4—8x3czt2+4£c4ut2x3+8£c6ut4x+36804ut2x22)),

- ! (8(—8cztzyx2+4czt2y22+480222uy3+4£czz4uy—2m2y3x2

7
(—xz—yz—zz-i-cztz) i

—|-mzyz4—m2yx4—6mzyxzcztz—i-4mzyzzczl‘z—i—aczumzys-|-2ctmx32—|-2ctmxz3
—2c3t3mxz+68c4um2yx212—4£c4um2y22t2—6c3t£ux3mz—6c3t823umx

+6cst3eumxz+4804ut2y3+8806},Lt4y—802t2y3—4c4t4y—6m2y3czt2—5mzyc4t4

—m2y5+480222uyx2—6c3t£uy2mxz—€czum2yz4+5£c6um2yt4+8czum2yx4
+2£czum2y3x2—|—6£c4um2y312+2ctmxzy2+4ec4ut2yx2—|—36£c4uy22t2)),
1

- (162(m2y4802u+m2x4802},t—4804uy2t2+2802p,x222
(—xz—y2—22+czt2)7p,

—|—2£czuy222—4804ux2t2+12804},lz‘222—m2x222—m2y222—m2x4—m2y4+m2y2802u22

+2m2y2802ux2+5m2y2804},tt2+m2x2802},t22+5m2x2804ut2—6x202t2—6y202t2
—2m2y2x2—5mzxzcztz—Sm2y262t2+2802u24+ 10806ut4))]
Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0
2czm

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] = |0, 0, ,
2_2_ 2,27 4
(-x"— Yy —z +c )

2mct

(-2 =2 -2+

4

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) = [

B 80m2(02t2+22)y 8cm2(c2t2+zz)x 8mczt(czrz+22)
(—xz—y2—22+czt2)7, (—xz—y2—22+czz‘2)7’ (—xz—y2—22+c2t2)7]
802mz(czt2+22)

(—xz—y2—22+czt2)7

Torsion Dissipation Jtorsion dot E =



Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD]
2 (m2x3+m2xy2—m2x22+m2xc2t2+2ctmyz+202t2x+2£c3zumty—2eczuxzz)
(—xz—y2—22+czt2)5u
2 (—2yczz‘2+20tmxz—m2yx2—m2y3+m2y22—m2yczt2+2ac3zumxt+2£c2uyzz)
(—xz—yz—zz—i-cztz)su

) 4Z(—mzyz—mzxz+£c4ut2+eczzzu) 4862t(m2y2+m2x2+02t2+22)

b

>

b

5 5
(—xz—y2—22+czt2) u (—xz—yz—zz-l-cztz)

Lorentz Force 3 vector due to Spin current SF = --(rho _spin E +J spinx B) = l

- ! 2 (4m(—2m2y322—2czt2yx2+202t2y22—2m2yx222—l—2£czzzuy3

(—xz—yz—zz-i-cztz) u

+280224],Ly—2m2y3x2—m2y24—m2yx4—2m2yx2c2t2+2m2y2202f2—2ctmx3z
—2ctmxz3—|—203t3mxz+48c4um2yx2t2—2c3teux3mz—2c3t823umx—I—2cst38umxz
+4£c6ut4y—202t2y3—2c4t4y—2m2y3czt2—mzyc4t4—m2y5+2€czzzuyx2

—2cSZSuyzmxz+4SC4um2y3t2—2ctmxzy2+108c4uy22t2)),

|
8
(—xz—yz—zz—l-cztz) u

(4m(—m2x5—2c4t4x+2€czzzuy2x—2xyzczt2+2x22c2t2
+280222ux3—|—280224ux+2mcty32+2mcty23—2mc313yz—2m2xy2c2t2+2m2x2202t2
+4ec4um2x3t2+2mctyzx2+2mzec3ux2ty—2m2x322—m2xy4—m2xz4—2mzecsut3y
—|-2m£c3z3uty+2mzec3uy3t+4804um2xy2t2—2m2x3y2—2m2x3022‘2—m2xc4t4

—2x3czl2+4ec6},tt4x+10804ut2x22—2m2xy222)),



! 3 (801(2m2y2€c4u12+2m2x2£c4ut2—I—2£c6ut4—|—4£c4ut222
(—x2 —yz—zz-l-cztz) u

—|—2£c2uz4—2m2y2x2—m2x222—m2y222+2£czux222+2£c2uy222—2x2c212—2y2c2t2

R R P —m2y4—m2y20212))]
Spin Dissipation J spindot E = ! 3 (8 cz(2 m2y2£c4ur2+2m2x2804ut2
(—xz—yz—zz—i-cztz) u
+2£c6ut4+4804ut222+2802uz4—2mzyzxz—mzxzzz—mzyzzz+2€czux222+2862uy222

2R PP 2P PPt PR PP — P — PR P tz))

Disspative Force 3 vector = | - I g (4 (—6eczum2x5y2— 16ec4u12x3y2

(—xz—yz—zz—l—cztz) u

—8<C:c4ul‘2)6)/4—68(:2},Lm2963y4—2802},Lmzxy6—i—4mctyzx4—2muczl‘zyxz—i—2mu(:2t2yz2

2 2
+2mp 80222y3+2mu 80224)/—2m3uyx202t2+2m3uy2202t2—2m2uctx32—2mzuctxz3

2 2
+2m2uc3t3xz+4mu ec6t4y+4m3u ec4y3t2—203m2yux2t2—20m2yux222

+4m’ P EF+10 m2y4czt2x+20x3cztzm2y2—2yzc4t4m2x—8y3c3t3mz+ 16808ut6x

— 10m2x5804p,t2—88c6uy2t4x—2£c2ux522m2+2802p,x3z4m2—72€c4ux322t2

+2£céux3t4m2+56ec6ut4zzx+4m2y22202t2x—8xzc3t3myz—|—2eczuzémzx

—64ec4uz4t2x+IOSCSut6m2x—8806ux3t4+2m2x522—|-16x502t2+2m2xy6
2 222

— 1680222uy2x3—880222uy4x— 16€czz4uy2x+8mcty3zx2+8mctyz3x2+8xy 'tz

—8£czzzux5—16eczz4ux3—880226ux+10m2x502t2—2x3c4t4m2—8yzc4t4x+4mctysz



+8mcty323+4mcty25—8mc313y23+4mcst5yz—6m2xz4czt2—l—18m2xzzc4t4
—2802um2x7—8804ut2x5—2m3uyx222—2muczt2y3—2muc4t4y—2m3p,y3czt2
3222

—m3uyc4t4+2csmzyut4—2cm2y3u22—20m2yuz4+16c4t4x22+32x Vot -|-16xy4021‘2

2.3 22

t2—8xz4czt2+2m2xy422—2m2xz4y2+4m Xy z —107112xc6t6—2m3;,ty3z2

+8x 2
—2m3uy3xz—m3},tyz4—m3uyx4—12.€c3]vtzstmy—12Sc7ut5myz—4z—:c“l,t)/zlzmzxz2
—24£c3uxzz3tmy+24ECSuxzt3myz—2m2u2c3t£y2xz—2c3m2y3ut2—12mz£c3ux4ty
—24mz£c3ux2ty3—10m2y4£c4ut2x—20804},Ly2t2m2x3+2806uy2t4m2x+248c5uy3 £mz
—4802ux322m2y2—4ec4ux322m2t2—2802uy422m2x+2eczp,yzz4m2x—24ec3p,y3z3tm
344

—72£c4uy222t2x+6£c4ut224m2x—18ec6ut4zzm2x+24Scsut323my+2m2x7—8x ct

—m ;,Ly5 —2m2x3z4—8c6t6x+6m2x3y4+6m2x5y2—2m2xz6— 2mzed uyst

2 2 2 2 2
+4m3u £c4yx2t2—2m2u c3t£x3z—2m2u c3t£z3x+2m2u cst3£xz+2mu 80222)/x2

1
(—xz—yz—zz—i-czrz)gu

—2m2uctxzy2+lOmu2£c4yzzt2)>,— (4(16c212yx4

2 3 22

+32czz‘2y3x2—|-80212y322—80212y24+16c4t4y22—l—4m VX Z —2m2yz4x2—I—2m2yx4z2

— 1Om2yc6t6+2m3},tx3zz+m3uxy4+m3},txz4+2m3ux3y2—8c6t4yx28},t+4czt2yzzm2x2



—|—56c6z‘4y22£u—64c4tzyz48u—28c222},ty5m2+2eczz4uy3m2+2m2y26802u

—1Oec4ut2y5m2+28C6ut4y3m2—72c4t2y3822u+10m2y08t68},t+8y203t3mxz

—72c4t2yx2822u—480222uy3m2x2+286224uym2x2—20m2y3x2804ut2+6m2yz4£c4ut2

—lOmzyx4£c4],Lr2—2mzyx4eczzzu+2mzyxzc6t4eu—18mzyzzc6t4£u—24cst3mx3z£u
2.3 42

+24c3tmx3z38u—24c5t3mxz38u+1203tmx25£u+1207t5mxzsu—4m y ot SZZI.,L

+200212y3x2m2+IOcztzyx4m2+4c2t2y322m2—8c6t4y3£u—204t4ym2x2+16c816y8u

—I—8x3c3t3mz—4m2yxzc4z‘2822u—l—1002t2y5m2—2c4t4y3m2—8x204t4y—168c222uy3x2
—1680224uyx2—6eczum2y5x2—8ctmx3zy2—80tmxz3y2—16ec4ut2y3x2—880222uyx4
—2Eczumzyx6—6£czum2y3x4—4ctmxzy4+8cztzyx222—880222uy5—16€czz4uy3
—4m3uzec4x3t2—4muzsc6t4x+2c3m2xuy2t2+2cm2xuy222—2m2u22803x2ty
—8£c4ut2yx4+2muxyzczt2—2muxzzczt2—2mu2£czzzx3—2muzeczz4x—2m2ucty3z
—2m2ucty23+2m2uc3t3yz+2m3uxy20212—2m3ux22c2t2—24cst3mxzy28u
—|-24c3z‘mx23y2£u+2m2y7—2mu280222y2x—2m2p,cty2x2+2m2u22805t3y

2 2 2 2
—2m2},t ec3z3ty—2m2u zec3y3t—4m3u ec4xy2t2—10m},t Sc4t2xzz—8y3c4t4



—880226uy—6m2yz40212+18m2yzzc4t4—2802},lm2y7—4ctmx52—801mx323—4ctmx25
+803t3mxz3—4cst5mxz—8804ut2y5+2m},tc4t4x+2m3ux3czt2+m3uxc4t4+2mux3czt2
+2m3uxy222+203m2x3ut2—205m2xut4+20m2x3u22+2cmzxuz4+24 c3t£ux3mzy2

+12c3t£uy4mxz+6m2y3x4+6m2y5x2—2m2y3z4—2m2yz6+2m2yx6+1602t2y5—806t6y

1

8
(—xz—yz—zz—i-cztz) u

+2m’y 2 +miud + 12 e’ mz) ), -

(8 (102m2x2£c6ut4
+ 1Ozm2yzec6ut4—8m2y223804ut2—8m2xzz3802},ty2—8m2x223804ut2+8m2x223 S

+8m2y22302t2—4802p,y4z3—SSCzuyzzs—20£c4ut225+4806ut4z3—4802ux4z3

— IOzmzyzc4t4-|—2Oz£c8ut6-|-821112x4c2t2-|-82m2y402 t2+24zx202t2y2— 10zm* x>t e

—8£czux225—4cst3u2£zz—2c3tu2£z4+ctum2x4+c3t3um2x2+ctum2y4+c3t3um2y2
+mc4t3ux2+mc4t3uy2+mcztuz4—82m2x4£c4ut2—6zm2x4£c2uy2+16z£c4uy2t2x2
—6zm2y4€czux2—82m2y4€c4ut2—8802},Lx223y2—12804ux223t2—4m2x4802u23

—12ec4p,y2tzz3—4m2y4802},tz3+l6zm2y2x202t2+8zec4ux4t2—282806ux2t4

—2zm2y68c2u—2zm2x68c2u+82804},Ly4z‘2—282806uy214—2m2y225802u

—2mzxzzseczu—2c5t3u2m2y2£—205t3u2m2x28+2ctumzyzxz-i-ctumzxzzz+ctp,m2y222
—2c3tu2£x222—2c3tu2£y222+mcztux222—I—mcztuyzzz—4£czuz7+8m2xzz3y2

+ 12 PP+ 12)/202t223 +6zm2x4y2+6zm2y4x2+ Rz —12z2 0+ 122)/4021,‘2

— 12zyzc4t4—207t5u28+2c3t3ux2—|-2(:3t3uy2—mc6t5u+22m2y6+4m2x423+2m2x225
-|-4mzy423 -|-2m2yzz5 +2zmtx® — 16zmzyzec4ux2 tz))]

Dissipation = - S ! P (480(—2)642—4y2x22—4x223—8czt2x22—2y42—4yzz3
(—x —y —zZ +c t)

—8y202t22—225—8czt223+lOzc4t4—ctum2y2—ctum2x2—c3t3u—ctuzz))




Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
p=2, n=4

> NAME: =" Exanple 8a Index 1 Irreversible solution EdotB >0 (kinematic out) Type 2°;

> Hol der: =(x"2+y"2+z"2-(c*t)"2)"(4/ 2);

> AXx:=c*t*1/ Hol der; Ay: =-z*1/ Hol der; Az: =y* 1/ Hol der ; phi : =+x*c* 1/ Hol der;
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi,1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

sk ok ok ok ok ok ok ok sk ok ok o sk ok ok ok ok ok ok sk ok ok ok sk ok ok sk ok ok ok sk ok ok sk ok ok sk sk ok sk sk ok ks ok sk kR sk ko ok

NAME = Example 8a Index 1 Irreversible solution EdotB >0 (kinematic out) Type 2

2
Holder = (x2 —|—y2 + - 12)

Uy = ct
: 2
(xz—l—yz—i-zz—cztz)
z
Ay = - >
(xz-l-yz—i-zz—c2 tz)
Az = Y 5
(x2+y2+22—02t2)
o= xc

2
(x2 —l—y2 +72 -7 tz)
Example 8a Index I Irreversible solution EdotB O 0 (kinematic out) Type 2

>k sk s sk sk sk sk sk sk s sk sk sk sk s sk s sk sk sk sk sk s skosk sk skoskosk skock [ﬁﬁ%renﬁalFbrnlanvnat >k sk s sk sk s sk s ke s sk sk ook s ke sk skosk sk sk sk skosk skok sk

sk
Action I-form= - xcd() >+ ctd(x) - - zd(y) .
(-2 =P —2+3P) (2= —2+3P) (P2 +EP)
+ yd(z)
2
(‘Xz—yz—zz-i-cztz)
2 2 2 2 2 2 2 2 22
Intensity 2-form F=dA =[- By —sder) | Wiy 793¢ 0) ) 4 a0 )
(= =2+37) (P =247
4 4ct
+[_ 2 2XZ2 20\3 2 26)2} 223J(d(x))&/\(d(y))+(
(-x =y =z +cr) (-x" =y = +c7)

B 4ctz n 4yx
2 2 2, 2233 2 2 2, 2233
(—x —)y —z +ct) (—x —)y —z —|—ct)

) (d(x)) & (d(2)) +

4xcy 4z7t N
) 2 2 2, 223 2 2 2, 223 (d(y)) & (d(2))
(—x—y—z—l—ct) (—x—y—z—l—ct)
—xz—yz—i-322—|-c2t2 n —x2+3y2—22+02t2
3 3
(—xz—y2—22+czt2) (—xz—yz—zz-l-cztz)

+.

] (d(y)) & (d(z)) +




B 4czx n 4yczt
3
(-2 =2+ 3P (-2 = —2+3P)

3 ] (d(z)) & (d(1))

4xc(cty+xz) +220(—x2+y2+22+czt2)

(=% —? (-2 —?

Topological Torsion 3-form A"F= 5 5
-xT—y —22+c2t2) X =y —Zz—l—cztz)

4czt(ctz+yx)

5
(- =P =2+

4y (cty+xz)
5
(—xz—y2—22+czt2)

&MNd(x),d(y),d(1)) +

4z(ctz—yx) +2ct(—x2+y2+zz+czt2)

5 5
(- = =2+ (2= —2+3P)

] &Nd(x), d(y), d(2))

4czt(cty—xz) i 4xc(ctz—yx)

5 5
(-2 = —2+38) (-2 = —2+38)

+

_ 2yc(—x2+y2+22+czt2)

5
(-2 = —2+38)

4yc(ctz+yx)

5
(-2 = —2+3P)

] &Nd(x), d(2), d(1) +

4zc(cty—xz) _ 2xc(—x2+y2+zz+czf2)
(_xz_yz_zz+czt2)5 (_Xz_yz_zz+czt2)5
8 c&MNd(x),d(y),d(z),d(1))

(_xz_y2_22+czt2)4

sk sk sk s s ke sk sk sk s sk sk sk sk sk sk sk sk skeosk sk soskeosk skok skokosk USingEMformat sk sk sk sk s ke sk sk sk sk s sk sk sk sk sk sk sk skeosk sk soskeosk skok skokesk

&"(d(y), d(z),d(1))

Topological Parity 4-form  F"F =

E field = 2e (VP +2+00) dc(ctz+yx) 4c(cty—xz) ]
3 2 30 3
(_Xz_y2_22+02t2) (—xz—yz—zz—l—cztz) (—xz—y2—22+0212)
B field = 2 (- 4y +2 47 4 (ctz—yx) ) 4 (cty+xz) ]
37 B 3
(_xz_y2_22_|_02t2) (—x2_y2_22_|_02t2) (_x2_y2_22_|_czt2)
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =| - Zxc ,
2 2 2, 224
(-x —y —zZ +c t)
_ 2yc ) 2¢z ) 2ct l
4° 4° 2
(-xz—yz—zz—i-cztz) (-xz—y2—22+02t2) (‘xz—y2—22+02t2)
Helicity AdotB = 2ct 7
(—xz—yz—zz—l—cztz)
Poincare Il =2(E.B) = 8c
2 2 2, 224
(-xX"—y =2 +7)

8 c
(-2 _yz _ 24+ 3P
Pfaff Topological Dimension PTD =4

Fodckickockickackksoriek Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*¥#skackxstsiek

coefficient of Topological Parity 4-form = 2



sk ke sfe sk sk skeoske sk sk skeosk

4ctx(1 —I—cz)

3
(—xz—yz—zz—l-cztz)

Xm or linear (Mean) curvature =

Yg or quadratic (GAUSS) curvature =

3c4t2—02t2—3x202+y202+0222+x2—3y2

5
(—xz—y2—22+czf2)

—322

dctx ( 1+ 02)
(<=2 -2+ t2)7
3¢
(—xz—yz—zz—i-cztz)8
Fasortackickk Compute Current using from Maxell-Ampere equations for constitutive equations with

ChimliZy CH **F%skksckk%

Za or Cubic (Interaction internal energy) curvature =

Tk or quartic (4D expansion) curvature = -

Chirality factor CH=0

D field= 280(—x2+y2+22+02§2)’_ 4ec(ctz+yx) - 4ec(cty—xz) 3]
(=P —2+3P) (=P =248 (F=P—2+3P)
H field= 2(—x2+y2+zz+czt§) , 4 (ctz—yx) — - 4 (cty+xz) 3 ‘
(—xz—yz—zz—i-cztz) i (—xz—yz—zz—i-cztz) n (—xz—yz—zz—i-cztz) u
Poynting vector ExH
B 3202tx(22+y2) 1602(—x2+y2+22+02t2) ty 1602(—x2+y2+22+czf2) tz
B (_xz_yz_zz_i_cztz)6M (—xz—yz—zz+c2t2)6u (—xz—yz—zz+c2t2)6u

80t(—x2+2y2+222+02t2) (Sczu—l)
4
(—xz—yz—zz—l—cztz) i

Amperian Current 4Vector  curlH-dD/dt=J4 =

2

4 (xzz+yzz+z3+5202t2+6xcty) (eczu—l)
4 b
(—xz—yz—zz-i-cztz) i

4 (yx2+y3+y22+5y02t2—6ctxz) (80214—1)

4
(—x2 —y2—22+0212) i

,0

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

1x(22 427 —elultelultel? e A UA
Topological SPIN 4 vector S4 = x( Z+2y CRYtECpy rECINFECH )

2

5
(—x2 —y2—22+02t2) i

2 (yxz—y3—yzz—3yczt2—2ctxz+2803utxz+2i—:czuyx2)

b

5
(—x2 —yz—zz-l-cztz) u



2 (3zczt2—2xcty—xzz+yzz+z3+2803uxty—2802ux22)

3

5
(—xz—yz—zz—l—cztz) i

2802t(czt2—x2+3y2+322)

(-2 4 t2)5
Topological SPIN 3-form
2x (22 42y —elful el +elFuted nd) &Ndy), d(z),d(1))
(—xz—y2—22+czt2)5u

2 (yx2 —y3 —y22 —3y02 F—2ctxz+2 Sc3utxz+2 ec uyxz) &Nd(x),d(z),d(t))

5
(—xz —y2—22+02t2) u

2 (3 zcztz—2xcty—x22+yzz+23+2£c3uxty—2802uxzz) &MNd(x),d(y),d(t))

5
(—x2 —yz—zz-l-cztz) n
2elt(FA—F+3)P+37) &Nd(x),d(y),d(z))

5
(-2 = —2+38)

2802t(02t2—x2+3y2+322)

(—)cz—yz—zz—l—c2t2)5

Spin density rho_spin=

LaGrange field energy density (B.H-D.E) =
4 (x4+2x2y2+2x222—2x202t2+y4+2y222+6y202t2+Z4+6czt222+c4t4) (eczu— 1)

(-2 =)

—zz+czt2)6p

PP SO P A o E o S B ool e A o DA o A e Yol S M)
(—xz—y2—22+czt2)6u

= 4ec’ (x4+2x2)’2+2x222—2x202t2+y4+2y222+6y202t2+z4+6c2t222+c4t4)

6
(- = =2+

D.E

4 (sczu—l) (—2x202t2+9y2c2t2+9c2t222+2c4t4—l—x222+2y222+z4—l—x2y2—l—y4)
6
(—xz—yz—zz-i-cztz) u
-rho.phi =0

AJ=

Poincarel  (B.H - D.E)-(A.J - rho.phi) =

—( S, 12 22)6 (4(802}1—1)(x4+3x2y2+3x222—4x202t2+2y4+4y222
Xy —Z+ct) U

—|—15y202t2+224+1502t222+3c4t4))

London Coefficient LC=0



PROCA coefficient curlcurlB =

8 (x2y2+2y4+224+x222+4y222+5c4t4—|—17czt222—4x202t2+17y202t2—x4)

5
(-R— P —2+3P)
24 (3yzzct—7yxc2t2+3ctxzz—yxs—y3x+3ctz3+503t3z—yx22)

5
(2= -2+

>

3

24 (3ctyx2+3ctyzz+7xzczt2+3cty3+503 t3y +yzzx+x3z+xz3)

5
(<= —2+3P)

80t(—x2+2y2+222+02t2) (eczu—l)
4 2
(—xz—yz—zz-i-cztz) i

Amperian Current 4Vector  curlH-dD/dt=J4 =

4 (x22+y22+z3+5202t2+6xcty) (Sczu—l)

4 b
(—xz—yz—zz-i-cztz) u
4 (yx2+y3+y22+5yczt2—6ctxz) (£czu—l)

4
(-2 =y —2+2A) %

,0

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J amperex B) =

J6 (1) x (PP (P11 dP+P) ! (8 (ecn
7 > 7
(_x2 _y2 _ZZ +C2 tZ) M (—xz—y2—22+02 tz) o

—1) (—yx4—802t2yx2+y5—|—2y322+1402t2y3+yz4+14c2t2y22—|—9c4t4y+2ctx32

1
( . 2t2)7 (8 (ECZu—I)(—Scztzxzz
X =y —zZ +c un

—2ctyx3—|-14y202122—2cty3x+14c2t223—2cz‘yx22+9zc4t4+203t3yx—x4z+y4z

+2cty22x+2ctxz3—2c3t3xz)), -

-|-2y223 +ZS) ) |
Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] = | - 2xc ,
(- =P 2437 4
-xT—y —zZ +c t)
B 2yc B 2cz B 2ct l
4° 4 4
(2= —2+3P) (2= —2+3P) (-2 =2 -2+



Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) = [

67
(—xz—y2—22+czz‘2) (—xz—y2—22+czz‘2)
4 x

(—xz—y2—22+czt2)

6 2

477t 4zc 4yc ]
6

(<R =P —2+3P)

Torsion Dissipation Jtorsion dot E = 5

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD]

_ 2x (2242 —elfud+el it el Futectud)

>

5
(-2 =y —2+A) 1

2 (yxz—y3—yzz—3yczt2—2ctxz+2£—:c3utxz+2i—:czuyx2)

b

5
(—x2 —yz—zz-l-cztz) u

2 (3zczt2—2xcty—xzz+yzz+z3+2£c3uxty—2£c2ux22)

2£czt(czt

2

5
(—xz—yz—zz-i-cztz) i

2—x2+3y2+322)

(-2 —

Lorentz Force 3

5
y2 _ 24 3P
vector due to Spin current SF = --(rho_spin E +J spinx B) =

1

2 (4ct(—2£c4ux2t2+4Sc4uy2t2+4ec4ut222+£c6ut4—l—€czux4

(—xz—yz—zz-i-cztz) u
+4£czux2y2+4802ux222+3Sczuy4+6€czuy222—|—3eczuz4—6y202t2—2y4—6c2t222
—224—2x2y2—4y222—2x222)), ! 3 (4(—2ctyx3—2cty3x

(—xz—y2—22+czt2) u

+2c3t3yx+2£c3ux3ty+2£c3uxty3—2£csuxt3y+6z3ec4ut2—y4z—2yzz3—x4z

23

—2x°z —25—|—2z€c6ut4+2803uxty22—2804},Lz‘2x22+6€c4p,tzy22—2ctyxzz—2y2x22

—4021‘223—3zc4t4—4y202t22+4czt2x22)),— ! (4 (ZCtyZZX

—I—4czz‘2yx2

8
(—xz—y2—22+czt2) u

+2ctx32—4czt2y22—l—2ctxz3—263t3xz—y5+6ec4ut2y3+28c6ut4y



—4czt2y3—3c4t4y—2yx222—2803utxzy2—yx4—2y3x2—2y322—yz4—2ec4ut2yx2

—2£c3utx3z—2ec3utxz3+2£c5ut3xz+68c4uy22t2))]

Spin Dissipation J spindot E = ! 3 (4 A x (2 € uyz F—87

(—xz—yz—zz—l—cztz) u

[y

+28ux222+8uz4-|-2Suyzxz+8uy4+6802ut2y2+8ux4—2802ut2x2+Sc4},tt4
+6£czut222))
1

( S, 2[2)8 (4(—40804p,t2x3y2—40804p,t2xy4+422x5
-xT—y —zZ +c i

Disspative Force 3 vector = | -
+824x3+4z6x+44806uy2t4x—40804ux322t2—|—44ec6},tt422x—408c4uz4z‘2x—2ctux222
2 2
—4ctuy222—1680222uy2x3—1280222},Ly4x—1280224uy2x+405 t3p, 822+3c3tu ez

+80xy202t222—480222ux5—8sczz4ux3—4€czz6ux—44yzc4t4x+4xy6—8Sczux3y4

—4x802uy6+4cst3u2£y2+c3tu2£x4+3c3tu28y4—2ctuxzyz+202tux2y2+202tuy222
+1622y2x3+1222y4x+1224y2x+c6t5u—4£czux5y2—205t3u2£x2+2cztux222
—4404149622+40x3y2c2t2-|-40xy4021‘2-|-4Ox322621‘2—|—4Oxz4€212+4c3tu28x222
+603tu28y222—2ctuy4—20413ux2—|—02tux4—2c4t3uy2+czt},ly4—2c4t3uzz+czt},tz4
—80804uy222t2x+c7t5u28—6c3t3uy2+4x5y2+8x3y4+4c3tu28x2y2—6c3t3},t22

|
8
(—xz—yz—zz—l—cztz) u

(4 (—1402t2yx4+ 12 czt2y3x2+52 02t2y322

—20tuz4>), -

+26czt2yz4—1004t4y22+8y223ctx—8y203t3xz+8x3yzctz+2x4y3802u+4y4ctxz



—2y5802ux2+2yx68c2u—34c6t4yx28u+1006t4y228},l—26c4t2yz4€u—52c4t2y3822},l
533

—8x3z3803ut—425803utx+805t3z38ux—4c3tx528p,+8c rx zeu—4c7t5xzep,

2 2
—12c4t2yx2822u+2y7+lOc6t4y38u+1808t6y€u—2£c3u x3ty—2803u xty3

2 2 2
—I—ZSCSu xt3y+2804u t2x22—6£c4u r2y22+2;,Lctyxzz+34x2c4t4y—480222uy3x2

—2£czz4uyx2—12ec4ut2y3x2+2eczzzuyx4+12 cztzyx222—6eczzzuy5—6eczz4uy3
2

—28c3u xtyzz-l-14ec4ut2yx4—2yx6+uzs—8y223£c3utx+8y205138uxz

—8x3y2803utz—4y4803utxz—10y3c4t4—2eczzéuy—26ec4ut2y5—|—422y3x2+2z4yx2

—222yx4+6zzy5+6z4y3+2z6y+26czt2y5—18c6t6y+4ctxsz—803t3x3z+4cst5xz

+2uy2xzz+4ucztzz3 +3 },ch4t4—223cux2—zcux4—2z3cuy2—zcuy4+223 c3ut2

2 2
—zcsut4+2203ux2t2+2uctyx3+2ucty3x—2uc3t3yx—6z3ec4u t2—228c6u /

+4uyzcztzz—4uczt2x22—2zcux2y2+ch3uy212+8x3z3ct+4zsctx—8c3t3z3x

—2y7£c2u—2x4y3+2x2y5+p,y4z+2uy223+ux4z+2uxzz3—zscu)>,

- I < (4 (4c7t5yx8},l+2x42802uy2—2y42802},tx2+4x223y2—8cty3x3

(—xz—yz—zz-i-cztz) i

—4cty5x—|—8031/‘3)/3x—4ctyxs—|—8c3t3yx3—4cst5yx—4},tczr2y3—3uc4t4y—2uyx222

+2y3cux2+ycux4—2y3c3ut2+2y3cu22+ycuz4+ycsut4—2x6z—uy5—6£czuy4z3

—6802uy225—26804},tt225+ 1Oec6ut4z3+2802ux4z3+ 182808},Lt6+ 122x202t2y2



—ZSCzuxzzS—|—8c3tyx3822u+8c3ty3x822u+4c3tyxz4€u—8cst3yx22£u+4c3tyx58u
—|-8c3ty3x38u—8cst3yx38},t+403ty5x8u—8cst3y3x8},t+2y6z—12zec4uy2t2x2
—2£c3u2txzy2—uyx4—2uy3x2—2uy322—uyz4—I—y5cu—2yc3ux2t2—4802ux223y2
—12&36’4ux2232‘2—52£c4u)/22‘2z3-I—14z£c4ux42‘2—342&36’6ux2t4—262{-:c4uy412
+102£c6uy2t4—801yx322—8cty3x22—4ctyxz4+8c3t3yx22+2x62802u—2y6z£czu
+227+2uctyzzx—2£c4u2r2yx2—2803u2tx3z—2803u2tx23+2£c5u2t3xz
+6£c4u2y22t2—2802uz7+12x202t223+52y202t223—14zx4czt2+34zxzc4t4+26zy4czt2
—102y204t4—2x4zy2+2x2y4z+6y225+6y4z3—|—26 PP —10t P -2t P — 18280
+2x225+4ucztzyxz+2uctx3z—4uczt2yzz+2uctxz3—2uc3t3xz+6ec4u2t2y3
+28c6u2t4y+2ycux222—2yc3ptzzz))]

2c(},lec3t3—xzct€u+3£cuy2t+3ctzzeu—l—x3—l—xy2+xzz—czt2x)

Dissipation = 5
(- —2 -2+ 3P

Enter the name of the problem, and the components of the 4 potential.
p=2 n=4
> NAME: =  Exanple 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2 ;

> Hol der: =(x"2+y"2+z"2-(c*t)"2) " (4] 2);

> AXx:=(c*t+y)*1/ Hol der; Ay: =(-2z-x)*1/ Hol der; Az: =(c*t +y) * 1/ Hol der; phi : =(+x+z) *c* 1/ Hol der;
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM Ax, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

sk sk ko sk sk ok ok sk otk sk okokokskokokok skokokok sk okokok skokokok skokokok kool sk ok ko okok kol sk Rk okok kK

NAME := Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2

2
Holder = (x2 —|—y2 + - tz)

Ay = ct+y
: 2
(xz—l—yz—i-zz—cztz)

-z—X

Ay =

2
(x2+y2+22—02t2)

Az = ct+y

2
(x2+y2+22—02t2)



(x+z)c
2
(x2 -|-y2 +7 - t2)
Example 9-- Index 1 Irreversible solution EdotB =0 Type I C Type 2

0:=

sk sk s sk sfe sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk skeosk sk skokesk skosk [Eﬁ%renﬁalFbrnzFbrnuU sk sk sk sk sk sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk stk skokosk

skokoskosk

(-z—=x)d(y)
(—x2 —yz—zz-l—cztz)

(-xc—zc)d(1) n (ct+y)d(x)
(—xz—yz—zz-i-cztz)2 (—xz—yz—zz—l—cztz)

(ct+y)d(z)

Action 1-form= +

2 2

+ 2
(_xz_y2_22+cz A)
Intensity 2-form F=dA = | - c(%]) 3 + %3] (dx) & (d() + | - 70l - %04 .
(-2 -2 -2+22) (22 -2+220 (R-2-2+27)

(d(x)) & (

2 (ct+y) (%])

2(x—|—z)c(%]) i 2(x—|—z)c(%2)

Topological Torsion 3-form ANF = =203 | &Nd(x), d(3), d(1)) + | -

Topological Parity 4-form  F"F=0
RS Ugino EM format s s s s ok

Eﬁwﬁ:2c(ﬁkﬂ9+¥+3f+2cw—2xd 4 (x+z)c(ctty)
2 2 2, 22y N
(- =y =7 +cr) (-x"—y =2 +c71)

20(x2+y2—zz+czt2+20ty—2xz)

3
(<= —2+3P)

2 (—x2+y2+22—|—02t2+2cty+2xz) 4 (ct+y) (-z+x)

3 2 3°
(-2 = —2+38) (-2 = —2+38)

B field =

(R—2-2+22° (R-p-2+22)° (2 2-24+22)°



2 (x2+y2—22+0212+2xz+2cty)
(-2 _yz _AL R t2)3
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

Fascicclicliclioioioekeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %k xskeickeitek

st s s ok ok ok ok ok ke ke sk

4ct(1 +cz) (x+2)
(—xz—yz—22+czz‘2)3

Xm or linear (Mean) curvature =

Yg or quadratic (GAUSS) curvature =
2 (3 6’412—}-4c3ty—021‘2 —I—y202—x202—0222—4xczz—4cty—3y2—4xz—x2—22)
5
(-2 = —2+38)

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
Fadckadokak Compute Current using from Maxell-Ampere equations for constitutive equations with

chiralily CH sk s sk sk sk ok ke sk sk skosk

Chirality factor CH=0
280(—x2+y2+22+0212+2cty—2xz) ) 4e(x+z)c(ct+y)

b

3 3°
(-2 =2 —2+38) (-2 = —2+3P)

D field=

2£c(x2+y2—zz+czt2+20ty—2xz)
3
(—xz—yz—zz—l—cztz)
2( 2 2 2 22
-xX +y +z +ct+20ty+2xz) 4 (ctty) (-z+x)
3 ? 3 7
(—x2 —yz—zz-i-cztz) u (—x2 _y2_22+czt2) u

H field=

2 (x2+y2—22—|—02t2+2xz+2cty)
(—xz—y2—22+c2t2)3u
16c(ct+y)x(%]) 8c(y4—z4—2x222+c4t4+4cty3+4c313y+6yz£2t2—x4) léc(ct+y)z(%1)
(-2 -2+22)°% (-2 -2+22)°% (2-p2-2+22)°%

%]=Zz+20ty+x2+y2+czt2

Poynting vector ExH=

Amperian Current 4Vector  curlH-dD/dt=J4
:l 4 (—2ctx2+4cty2—l—4ctzz+2c3t3+5yczz‘2+yx2+y3+yzz—6ctxz) (aczu—l)

b

4
(-2 —2+2A)



4 (x +2z2) (x2+y2+22+50212+6cty) (Sczu—l)

2

4
(—x2 —y2—22+0212) i

4 (4ctx2+4cty2—2ct22+2c3t3+5yczt2+yx2+y3+y22—6ctxz) (8czu—1)

4 0
(—xz—yz—z2 —I—cztz) u
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

Topological SPIN 4 vector §4 = (2(-3 Eczuxzz—l—x3 ) ctyz

1
5
(—xz—yz—zz—l—cztz) i
+3czt2x—zczt2+x22+6xcty—8c2ux22+2£c3utyz+2£c3uxty+3xy2+3x22—yzz

+£c4uzt2+804},Lz‘2x+802uy22+802uxy2—802},lx3+802uz3)),

4 (ctty) (—yz—c2t2—2cty—2xz+802p,x2+2£c2uxz+£czzzu)

2

5
(—xz—yz—zz—i-cztz) u

(2 (—Eczuxzz—x3—I—z3+6ctyz—czt2x+3zcztz+3xzz—2xcty

1
5
(—x2 —yz—zz-l-cztz) u

—3aczuxzz+2£c3utyz+2803uxty—xy2+x22+3yzz+ec4uzt2+ec4ut2x+£c2uy22

4 (ct-l—y)80(22+20ty+x2+y2+02t2)

+8czuxy2+8czux3—8czuz3)),

2 2 2, 22y

(—x —)y —zZ +c t)
1

5

(—xz—yz—zz—i-cztz) u

Topological SPIN 3-form = (2 (—3 ECzuxzz+x3 ) ctyz+3 R

—zcztz+x22+6xcty—£czux22+2£—:c3utyz+2Sc3uxty+3xy2+3x22—y22+€c4uzt2
+8c4ut2x+802uy22+802uxy2—Sczux3+802uz3) &A(d(y),d(z),d(t)))
4 (ct+y) (—yz—cztz—thy—sz-l—Sczuxz+2802uxz+80222u) &Nd(x),d(z),d(t))

T 5
(—xz—yz—zz—l—cztz) u
+ ! (2(—.Sczuxzz—x3+z3+6ctyz—czt2x+3zczt2+3x22
(—xz—yz—zz-i-cztz)su

—2xcty—3Sczuxzz+2Sc3utyz+2£c3uxty—xy2+x22+3y22+8c4uzt2+£c4ut2x
tedluyzteduxyt+ednx —edfu) &MNdx), d(y),d(1)))



4 (ct+y) Sc(zz-|-2cty-i-x2 +y2+czt2) &MNd(x),d(y),d(z))
(—xz—y2—22+czz‘2)5

4 (ct—i—y)Ec(zz+20ty+x2+y2+czt2)

(—xz—yz—zz—i-cztz)5

8 (22+20ty+x2+y2+02t2)2 (802}1—1)

6
(—xz—yZ—ZQ—I—cztz) i

Spin density rho_spin=

LaGrange field energy density (B.H-D.E) = -

2
8 (22+20ty+x2+y2+02t2)

B.H= 5
(—xz—yz—zz—l-cztz) u
2
DE=- 8802(22+201y+x2+y2+02t2)
= 6
(—xz—yz—zz—l—cztz)
AJ= 1 S (4 (gczu—l)(3x2y2+2y4+z4+2x222+3y222—|—4c4t4
(—xz—yz—zz—i-cztz) i
-I—lOctyxz—i-IOC'ty22—2xzczt2-|—10czfy3—|-1403t3y—|—2y22x—|—7czzf222-i-7x202t2
+18)* A+ +2°z+2x7))
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi) = - ! G (4 (e CzH_ 1) (7x2y2+4y4

(_xz_y2_22+02t2) u

+3Z4+6x222+7y222+6c4t4+180tyx2+18cty22—2xzczt2+18cty3+22c3t3y+2y22x

+1 AP+ 1P +30P A3 +2xz42x7))

London Coefficient LC=0
1

5
(-2 =2+ 3P

PROCA coefficient curlcurlB=| - (8 (x2 y2 +2 y4 +2 4 +4 y2 Z+5f

+9ctyx2+9cty22+21xzczt2+9cty3-|-15(:3t3y+3y22x+17czt222—4x202t2+17y202t2

—x4+3x3z+3xz3)),

24 (-z+x) (yx2+3ctx2+yzz+3cty2+7yczt2+y3+5c3t3+3ct22)

5
(2= —2+3P)

b

1
5
(—xz—y2—22+czz‘2)
222 2 22 222

+21xzczt2+9cty3+1503t3y+3y22x—4c FzZ+17x"ctr+17y ct +2x 3%z

(8 (4x2y2—|-2y4—z4-|-xzz2 —|-y222—|-5(:4t4—|-9cl‘yxz-|-9cl‘yz2



+3xz3))]

Amperian Current 4Vector  curlH-dD/dt=J4
4 (—201x2-|—4ctyz—|—4ctzz-|-2c3t3-I-Sycztz-l-yxz-i-y3 +yzz—6ctxz) (£czu— 1)

4 s
(—x2 —y2—22+0212) i
4 (x+2) (x2+y2+zz+502t2+6cty) (8czu—1)

(-2 =)

b

4
—Z+J378)
4 (4ctx2+4cty2—2ct22+2c3t3+5yczt2+yx2+y3+yzz—6ctxz) (802M—1)

,0

4
(—x2 —y2 — A+ tz) i
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B) = [

- ! 7 (8 (Sczu—l)(xS—|—4x3y2—|—2x322—|—3xy4—|-xz4—i-180tyx3

(—xz—yz—zz—l—cztz) u

-I-18ctyz'x+3Oc3t3yx-|—4xyzzz—|—9c42‘4x—y42—2yzz3-|-3x42+2x223-|—36xy202t2

+ 14xzzczt2—20ty3z—20tyz3+203 t3yz—25 + 18ctyx22+2y2x22+zc4t4—402t2x22

1
7
(—x2 —y2—22+02t2) i

+14x3czt2—2ctyzx2)),— (16 (E:czu—l)(thyzzx

+3cztzyx2+2(:tx3z+3czt2y22+2ctxz3—2c3t3xz+y5+zzc3t3—3Z4ct—2yczt2xz

-|-6y40t-|-16yzc3t3'-|—14czt2y3+9c414y—|-y3xz—|—y3zz-|-3zzcz‘y2+3ctxzy2—6ctxzz2

—3ctx4—|—c3t3x2+2yx32+2y3xz+2yz3x+2cSt5)),

_( 2_ 2 12 22)7 (8(ecfu—1) (X —2xy +2x 7 —xy* +3x —2c1yx’
-X =)y —zZ4+cr) U

—2cty3x—|-2c313yx—|—2xy222+c4t4x+3y4z+4y223+x4z—|—2x223—4x2202t2+180ty32
—|-180tyz3+3Oc3t3yz+25—ZCtyx22+4y2x22+14czt223+9zc4t4+36y202t22
+14czt2x22+180tyzx2))]

Amperian Dissipation Jampere dot E =0



Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = ! 3 (2 (
(—x2 —y2—22+czz‘2) u

—3£czux22+x3—23—2ctyz+3cztzx—zcztz+x22+6xcty—£czuxzz+28c3p,tyz
+2£c3uxty+3xy2+3xzz—y22+£c4uzt2+ec4ut2x+eczuyzz+eczuxy2—eczux3

+8CQM23)) _ 4 (ct+y) (—y2—02t2—2cty—2xz+8czux2+2802uxz+80222u)
b 5 )
(—xz—yz—zz—l—czfz) w

1
5
(—xz—y2—22+czz‘2) u

(2 (—sczuxzz—x3+Z3—|-6ctyz—cztzx+3zczt2+3xzz—2xcty

—3Sczuxzz+2ec3p,tyz+2£c3uxty—xy2+x22+3y22+£c4uzt2+ac4ut2x+8c2p,yzz

2 2 2 2
4(ct+y)ec(Z+2cty+xX +y +7
telunt+redus —edu?)), (ct+y)ec(z cty+x ;’ c )]
( _x2 _y2 _ZZ + CZ t2)
2
0 —
Lorentz Force 3 vector due to Spin current SF = -(rho_spin E +J spinxB) =|-%2, 8 (x+2) (%)1) (662 g 1)

(2-p2-2+22)%

, -%2

%1222+2cty+x2+y2+02t2

2 2
oy 85D (ctty) (eccu—1)

8
(—xz—yz—zz—l—cztz) i

2 2, 2, 222 2
8 2ct ) (eccu—1
Spin Dissipation J spindot E = ¢(x+7) (Z Tlctytx y +¢ ) ( cu )

8
P2+

(-x*—y
1
(—xz—yz—zz—i-czfz)gu

Disspative Force 3 vector = | -

(8 (aczu—l) (—967—5xsy2—3xsz2

—7x3y4—3x3z4—3xy6—xz6 +y6z+3y4z3+3y225—3x6z—5x4z3—x225+uy5



—46xzzyzczt2—i—4cty3zxz—i—4ct)123)cz—4c3 t3yzx2— 18ctyxz4+6y2xzzczt2-|-2ctyzx4

+6uczt2yx2+6uczt2yzz+6},Lzzcty2+6uctx2y2+2uctx222—5xz4y2—y4zx2—2yzz3x2

—5x4zy2—2502t2—Z3c4t4+zc6t6+uyx4+2uy3x2+2uy322+uyz4+ucst5—|—9c6t6x
522 44 3

—10x3y222—13x ct+5ctx —7xy422+z7—36ctyx322—36cty3xzz—12c3t3yxz2

—223y202t2+5uy4ct+10uy203t3+10u02t2y3—|-5},Lc4t4y+2uyx222+uctx4+2uc3t3x2

2

—46x3y20212—26x3zzc 12—33)6)/40212—13)624021‘2—180tyxs—36cty3xS—120313)/363

333

—180ty5x—126 ry x+3005t5yx+27c4t4xy2+5c4t4x22—y4zczt2+7x4zczt2

-|-6xzz3czz‘2-|—20ty52-|—4cty3'z3—4c3z‘3y3z-i-20tyzs—4c3t3yz3+2c5t5yz—520414x2

1 —(8(etu—1) (-2

—zc4t4y2+2uzzc3t3+uz4ct)), -
(—xz—yz—zz—l-cztz) u

33 4 4 33 3 44 522 255 255

—20cty —8zct+10y ct =206y ct—2zct +6z6ct—12y6ct+28y ct

—4uctyx22—4uctyzx2—80ty22x3 —4cz‘y42x—8ctyzz3x-|-803 t3y22x— 12 (:2t2yxzz2

+8yc2t2x3z+8y3czt2xz+8yczt2xz3—4yc4t4xz—4uctyx3—4ucty3x—4uc3t3yx

—6uxy202t2—2ux2202t2—4ucty3z—4uctyz3—4uc3t3yz—6uyzcztzz—2ucztzxzz

—2y3x4—4y522+4c7t7—4y5x2—ux5—uZS— 12 C4t4yx2—4CIXSZ—8CIX3Z3+803 £xz

—12c4t4y22—4ctx25+803t3xz3—4cst5xz—16zzc3t3x2+1824ctx2—18y4ctx2



— 18)/40t22—28yzc3 £x% + 18ctx422—2uxy222—uc4t4x—2uy2x22—2ucztzz3 —uzc4t4

—2ux3czt2—322202t2y3—2822y203t3—6z4yczt2—224y3+18c6t6y—4y3x222+6ctx6

—8c*?’z‘3x4—2c5t5x2—4yxsz—8y3x3z—8yx3z3—4ysxz—8y3xzs—4yzsx—2ux3y2

—2;,Lx3zz—uxy4—uxz4—uy4z—2uyzz3 —ux4z—2ux223 —6¢ tzyx4—32 c2t2y3x2)),

- ! (8 (Sczu—l)(x7+3x5y2—x522+3x3y4—5x3z4+xy6—3xz6

8
(-2 —2+2A) %

—3y6z—7y423 —5)/225—x6z—3x4z3 —3x225+uy5 —|—6x22y2c2t2—36cty32x2—36ctyz3x2
—12¢ t3yzx2+2ctyxz4—46y2xzzczt2— 18ctyzx4+6uczt2yx2+6uczt2yzz+6uzzcty2

+6uctxzyz+2uctx222—5xz4y2—7y4zx2— 10y223x2—5x4zy2— 32 +521

+9zc6t6+uyx4—|-2uy3x2+2uy3zz+},lyz4+ucst5—|—06t6x—2x3y222—x502t2—c4t4x3
—xy422—Z7—|-4ctyx322+4cty3xzz—4c3t3yxzz—46Z3y202t2+5},ty4ct+ 10 uyzc3 r

-I-10u02t2y3+5uc4t4y+2uyx222+uctx4—|-2uc3t3x2—2x3y202t2+6x32202t2—xy402t2

+7xz4czt2+20tyx5+4cty3x3—4c3t3yx3+2cty5x—4c3t3y3x+2cst5yx—c4t4xy2

—504t4x22—33y4202 F—13x'zF—26°2 24— 180ty52—36cty3z3 —12¢ t3y3z

— lSctyzS— 12 c3t3yz3+30 ¢ tsyz+SZc4t4x2+27zc4t4y2+2uzzc3t3+uz4ct))]

4},L(ct—|—y)80(Zz—|—2cty+x2—|—y2+czt2)

Dissipation = 3
(-2 =2 —2+PP)

(34)






Example Saturn's Rings Plasma Accretion Disc Hedge Hog Solution

st sfe sk sfe sk sk sk ske sk sk s sk sk sk ste sk sk she sk she she sk ske sk sk sie sk sk sk sk ste sk sk sk sk sk sk ske sk ske sk stk sk sk sk sk sk ste sk sk skoskoskoskoskokokoskoskokokokok

Enter the name of the problem, and the components of the 4 potential

> NAME: =" Exanpl e 10a Saturns Rings -- a Plasma Accretion disc froma Hedge Hog
solution. p201 vol 4™ :

> Hol der: =(1*x"2+1*y~2+1*c*z"2)~(1/ 2); Hol der 2: =( 1*x"2+1*y"2);

> Al: =(al pha*z*m Hol der 2/ Hol der *(-y)); A2: =(al pha*z*m Hol der 2/ Hol der *x) ;

> A3:=0; phi:=0;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi,1,1,c,1,2,0,0, 0*al pha*(g+l *gamma), 0) :

sk e e ol s e s s e sk oo s e s ok oo o sl ek oo s o ok o e ok e ok o
Holder = x* —i—y2 +7¢
Holder2 = x* + y2
oLzmy
oLzmx

A3 =0

¢:=0
Example 10a Saturns Rings -- a Plasma Accretion disc from a Hedge Hog solution. p201 vol4

>k sk s sk sk sk sk sk sk s sk sk sk sk s sk s sk sk sk sk sk s skosk sk skoskosk skock Dif]‘ferentialForm Format >k sk s sk sk s sk s ke s sk sk ook s ke sk skosk sk sk sk skosk skok sk

Al = -

A2 =

skoksk sk

ozmyd(x) 4 ozmxd(y)
(xz-i-yz) N xz—i-yz—i-zzc (x2+y2) N x2+y2+zzc

2.2 4 2 2, 4 22
o - -2y - +x +
Intensity 2-form F=dA = zm (-x"y Y —Zcey +x tex' )

2 3/2
(x2 +y2) (x2 +y2 +22 c)

Action I-form= -

24+22+ 22 4 2 2 d & (d
- ‘“’"(( . j)zy( e ;)3; ) () & ) + 22 ()3/(22))
X +y X +y +zZc
amx (d(y)) & (d(z))
)3/2

(xz—l—yz—i-zzc

(x2 + y2 +7¢
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0

3t st st sk sfe sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk skosk sk sk ke skeoskoskosk UsingEMformat sk s sfe sk sk sk sk st ste sk s sk sk sk sk ke sk sk sk s sk sk sk sk sk ke sk sk skoskoskokok

E field=10, 0, 0]



oLmx omy ozm
3/2° (

B field = | - >
)

(x2+y2+zzc)3/2, (x2+y2+zzc) xz—l-yz—l-zzc
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

Fascicclicliclioioioekeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %k xskeickeitek

st s s ok ok ok ok ok ke ke sk

Xm or linear (Mean) curvature =0

(2)(2 +2y2+zzc) Oczzzm2
2
(xz —i—y2 —|-ch) (xz +y2)

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = - 5

Tk or quartic (4D expansion) curvature =0
ok Compute Current using from Maxell-Ampere equations for constitutive equations with
C/’ll'l”alily CH Hxsssrsrskoksotx
Chirality factor CH=0
D field=10,0,0]

(04 o o
H field=| - mx - my B zm

32 2 3/2
(xz—l-yz—l—zzc) 1 (x2+y2+22c) n (x2+y2+22c) u]
Poynting vector ExH=EXH

. 3ozmy (-1 +c¢) 3oazmx (-1+c¢) 0.0

52 572
(x2+y2+zzc) u (xz-l—yz—i-zzc) u

Amperian Current 4Vector  curlH-dD/dt=J4 =

Amerian charge density ~ divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

292 2 22 2
o zZmx oz my

h 2 0 2
(x2+y2) (xz—l-yz—l-zzc) u (x2+y2) (xz —|-y2-|-zzc) u

Topological SPIN 4 vector S4 =

o zn 0
2 b
(xz-l-yz—i-zzc) 1
Oﬂzzzmzx&A(d(y) d(z),d(1)) oczzzmzy&A(d(x) d(z),d(t))
Topological SPIN 3-form= - - —— + > -
(x2+y2) (o +y2+zzc) 1) (xz-l-yZ) (x +y2+ch) u

. oz’ &Nd(x), d(y), d(1))

2
(*+1 +7c) 1



Spin density rho_spin=0

Ocz m2 (x2 —I—y2 —I—ZZ)

LaGrange field energy density (B.H-D.E) = 3
(x2 —I—y2 -I—zzc) u

0(2 m2 (x2 +y2 —I—zz)

B.H= 3
(x2+y2+zzc) u
D.E=0
2
4= 3 szz(—l +c)

3
(x2 +y2+zzc) w
-rho.phi =0
Oczmz(—xz—yz—4zz+3zzc)
3
(x2+y2+zzc) 1

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -

3(-1+c¢) (x2+y2)
2
(xz —|-y2-|-zzc) u

London Coefficient LC=

3omx (-14c¢) (4zzc—x2—y2)

PROCA coefficient curlcurlB = o ,

(x2 +y2 +22c)

3oamy (-1+c) (4zzc—x2—y2) 3oazm (-1+c¢) (2220—3y2—3x2)
)7/2 )7/2

(xz—i-yz-l—zzc (x2+y2+zzc

) 3ozmy (-1 +c¢) 3ozmx (-1 +c¢) 0.0

52 2 5/2
(xz—i-yz—i-zzc) i (xz—i-yz—i-zzc) u

Amperian Current 4Vector — curlH-dD/dt=J4 =

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B)

2 2 2
|3 zzmzx(—l-l-c) R0 zzmzy(—l—l—c) 3o zmz(—l-l-c) (x2+y2)
= 2 . 4 s 4
(xz—i-yz—i-zzc) n (x2 +y2+zzc) u (x2 +y2+zzc) u

Amperian Dissipation Jampere dot E. =0

2,2, 2 )2
Lorentz Force Spin factor LFSPIN - L (zx +2y +27¢c)
(x* +5°) (-1 +0¢)

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0




292 2
oz mXx

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = 5

(x2 +y2) (x2 —|—y2 -I—zzc) u

2
oczzmzy o zm
- b 2 90

2
(x2+y2) (x2+y2+zzc) i (x2+y2+22c) u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = l

Oc3zm3y (x2+y2+22) 0c3zm3x(x2+y2+zz)

7/2 ? 7/2
(x2 —|-y2-|-zzc) (x2+y2) n (x2 +y2+zzc) (xz—i-yz) n
Spin Dissipation J spindot E =0

,0

1

15/2
(x2 +y2+zzc) .

(oczzm2 (—3 zZx (xz -|-y2 +ch)7/2y2

Disspative Force 3 vector = o
w (" +y7)

7/2
) cy2—4(xmy9uczz—6ocmy7uczz4

+3z2x° (x2 +y2+zzc)7/zc+3zx (xz —|-y2—|-zzc
—40Lmy5uz6c3—ocmy3uzgc4—4ocmy3uzzx6—6ocmysuzzx4—4ocmy7u22x2—4ocmy7uz4c
—60Lmy5uz6c2—4(xmy3uzgc3—ocmyuzzxg—ocmyuzloc4—160cmy3ux6zzc—ocmy“u
—3zx° (x2 +y2+zzc)7/2—24 Ocmysux4czz— 18 ocmy3ux4czz4— 16 Ocmy7uxzcz2

—18 Ocmysuxzczz4—8(xmy3uxzz6c3— 12 Ocmy3uz4x4c— 12 Otmysuz4xzc

—12 amy3uz6xzcz—4(xmyuxgczz—6(xmy},tx6czz4—4amyux4z6c3—Ocmyuxzzsc4

—40Lmyuz4x6c—6amyuz6x4cz—40cmyuzgx2c3—ocmyuxlo—5amyguxz—SOLmy3ux8

—10 ocmysux6— 10 Ocmy7ux4—ocmy9uzz>),

1

15/2
(x2 +y2 —|-ch)

2
S (0( zm2(160cmx7uyzzzc+0cmxuy10+50(mx3uy8
w(x™+57)



+35 0cmx9uy2+ 10 Ocmx7uy4—|— 10 Ocmxs},ly6+ocmx9},tzz+24 Ocmxsucy4z2

+ 18 Otmxs},tyzczz4+ 16 o.m x° uy6czz+ 18 o x° },Ly4czz4+8ocmx3 uy226c3

+ 12 Omesuz4yzc+ 12 Ocmx3uz4cy4+ Roamx uz6y262+40cmxuygczz+60cmxuy6czz4
+4ocmxuy4z6c3+0cmxuyzzgc4+4ocmxuz4y6c+6ocmxuz6y4cz+4 Ocmxp,tzgyzc3
+40cmx9uczz+6ocmx7uczz4+40cmx5uz6c3+ocmx3uzgc4+4ocmx7uzzy2+6amx5u22y4

+40me3},lzzy6+4Ocmx7},LZ4c+60me5},lz662+406mx3 p28c3 +ocmxu22y8+ocmxuzlo c*

7/2 7/2

7/2
—|-3zy(x2—|-y2—|-zzc) cx2—3zy(x2+y2—|—zzc) x2+3zy3(x2+y2—|-zzc) c

3 zmt (-1 +¢) (2 +)7)
4

7/2
—3zy3 (x2 +y2+zzc) +omx'! u)), -
(*+1*+7¢c) 1

Dissipation =0

st sk sfe sfe sk she sk ske sk sk s sk sk sk st sk sk sk sk she she sk ske sk sk sie sk sk sk sk st sk sk sk sk sk she sk sk ske sk st sk sk sk sk sk sk ste sk sk skoskoskoskoskokokoskoskokokokok

Enter the name of the problem, and the components of the 4 potential

> NAME: =  Exanpl e 10b Dirac Type nmgnetic HedgeHog solution. p201 vol 4 :
> Hol der: =(1*x"2+1*y"2+1*c*z"2)"(2/ 2); Hol der 2: =( 1*x"2+1*y~2) ~O;

> Al: =(al pha*nif Hol der 2/ Hol der*(-y)); A2: =(al pha*nf Hol der 2/ Hol der *x) ;

> A3:=0; phi:=0;ee: =0;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi, 1,1,c,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

sk sk ko sk sk ook sk okokok sk okokok skt okok skokokok sk okokok skokokok skokokok kool sk ok kkokok kol ok Rk okok kK

Holder = x" +y2 +7¢
Holder2 := 1



Ali= -2
X +y +zc
oLmx
xz—l-yz—l—zzc
A3 =0
0:=0

ee: =0

A2 =

Example 10b Dirac Type magnetic HedgeHog solution. p201 vol4

>k ok s sk sk sk sk sk sk s sk sk sk sk s sk s sk sk sk sk sk s skeosk sk skoskosk skock DiﬁferentialForm Format >k sk sk sk sk s sk s ke s sk sk s sk s ke s skeosk sk sk ke sk skosk ki sk
skoksk ok

oamyd(x) n amxd(y)

x2+y2+22c x2+y2+zzc

Action I-form= -

2, 2,2 s s,
PP+ P4+
Intensity 2-form F=dA = moc( y TXx T2z C) n mOC( X +y +z c)

(xz—i-yz-l—zzc)z (xz—i-yz-l—zzc)2 &)
B 2amyzce (d(x)) & (d(z)) + 2amxze (d(y)) & (d(z))
(x2 —|—yz—|-zzc)2 (x2+y2+zzc)2
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0

st st sfe sk sfe sk sk sk sk sk sk ske sk s sk sk sk sk sk sk sk sk sk sk skosk sk sk ke skeoskoskosk UsingEMformat sk s sfe sk sk sk i st ste sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk ke skeoskoskoskoskokok

E field=10, 0, 0]

B field= 2oamxzc 2amyzc 2moc

(x2 -|-y2 —|—ch)2 , (x2 -|-y2 —|—ch)2 , (x2 -|-y2 —|—ch)2
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =2
Fedckickoroickickackxioriek Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **%*¥#skackxsktoiek

sk sk sfe st sk skeoske sk sk sk

Xm or linear (Mean) curvature =0

o n (Fe—x—)P)

Yg or quadratic (GAUSS) curvature = 3
(x2 + y2 + 22 c)
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0



Fasortockickk Compute Current using from Maxell-Ampere equations for constitutive equations with

chirality CH *¥ssssksiorok
Chirality factor CH=0
D field=0,0,0]

H field= 2amxzc 2amyzc 2moc

2 2 2
(xz—i-yz-i-zzc) u (x2+y2+zzc) i (xz—i-yz-i-zzc) u
Poynting vector ExH=EXH
20Lmyc(—x2—y2—422+3zzc)

Amperian Current 4Vector  curlH-dD/dt=J4 =

b

3
(*+y*+7c) 1

) 20cmxc(—x2—y2—422+3zzc) 0.0

3
(x2 —l—yz—l-zzc) i

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

2 2 2 2 2 2 2 2 2, .2
20 mxzc 2o myzZc 200 m ze (x*+)°)

Topological SPIN 4 vector S4 = ,0

3 7 3 2 3
(x2+y2+zzc) 1) (xz—l—yz—l—zzc) 1) (x2+y2+zzc) 1)
2

2ol mtxF e @Nd(), d(2),d(1) 20 ntyFe&Nd(x), d(z),d(1))

Topological SPIN 3-form = 3 3
(Z+y*+7c) (P +)y*+7¢)

2o’ mze (P +)%) &Md(x), d(y), d(1))
(x2 +y2 +ch)3u

Spin density rho_spin=0

2 222(2, 2,2
4
LaGrange field energy density (B.H-D.E) = o m e (x 1y +7)

4
(xz—i-yz—i-zzc) u

4 0(2 m* 2 & (x2 -|-y2 —|-22)

B.H= 2
(x2 —I—y2 -I—zzc) u
D.E=0

A= - 2062mzc (—xz—y2—4zz+3zzc) (x2+y2)

4
(x2 —I—y2 -I—zzc) i
-rho.phi =0
Poincarel  (B.H - D.E)-(A.J - rho.phi)

2
_ 2co (50x222+5220y2+224c—x4—2x2y2—4x222—y4—4y222)

4
(x2 —l—yz—l-zzc) u



2c¢ (—xz—y2—422+3zzc)
(xz—i-yz—i-zzc)zu
Samxzc(%1)  Soamyze(%1)  domce(-8c2 —82c +32A+ 4 +222 + )4 +822 +8)22 —
@242t 2a2+29" (@42 +20"
%I1=37 —3cx’ —3 cy2+2x2+2y2—4zzc

London Coefficient LC= -

PROCA coefficient curlcurlB=

20cmyc(—x2—y2—4zz+3zzc)

Amperian Current 4Vector  curlH-dD/dt=J4 =

2

(x2+y2+zzc)3u
) 2ocmxc(—x2—y2—422+3zzc)

3
(Z+1*+7c) 1

,0,0

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B)

_ 40c2mzxcz(—xz—yz—422-|—3220)z2 40c2mzycz(—xz—yz—422-|—3220)z2
5 ’ 5 ’
(x2+y2+zzc) u (x2+y2+zzc) i

) 4a2m202(—xz—y2—4zz+3zzc)z(x2+y2)

5
(x2 +y2 +zzc) n
Amperian Dissipation Jampere dot E. =0

1 (x2 +y2+220)2
Lorentz Force Spin factor LFSPIN= — 2 2 2 2
2 (=) —4437¢)

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

2 2 2
200 mxz ¢

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =

>

3
(xz—l—yz—l—zzc) 1

2 2
20 mzyzzc 2a mze (x2+y2)

,0

3 7 3
(xz—i-yz—i-zzc) n (x2 +y2+zzc) u
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) = l

_ 40(3m3yzzc2 (x2+y2+22) 40L3m32202x(x2 —|-y2+zz) 0
5 > 5 ?
(x2+y2+zzc) u (x2+y2+zzc) i




Spin Dissipation J spindotE =0
Disspative Force 3 vector

2
40 m (3 cx22—4x22—x3—xyz—ocmyuxz—OcmySu—OLmyuzz)

5 b
(x2 —l—yz—l-zzc) n

2
4o mtté (3zzcy—4y22—yx2—y3+0cmx3u+0cmxuy2+(xmxuzz)

9

5
(x2 +y2+zzc) u

40(2771202 (—xz—y2—4zz+3zzc)Z(x2+y2)

5
(Z+1*+7c) 1
Dissipation =0

sk skokok sk sk ok ok sk skt ook sk ook sk skokokok kot ok koo sk sk okoksk skokokok ook sk ook sk ook sk ook sk Rk sk Rk sk R ok

Enter the name of the problem, and the components of the 4 potential

> NAME: =" Exanpl e 10c Dirac Type nagnetic HedgeHog sol ution. p201 vol 4 :
> Hol der: =(1*x"2+1*y"2+1*c*z"2) ~(4/ 2); Hol der 2: =( 1*x"2+1*y~2) ~0;

> Al: =(al pha*nmtz~2/ Hol der 2/ Hol der *(-y)); A2: =(al pha*ntz~2/ Hol der 2/ Hol der *x) ;
> A3:=0; phi:=0;ee: =0;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3,phi,1,1,c,1,2,0,0, 0*al pha*(g+l *gamm), 0) :

2
Holder = (x2 +y2 + 7 c)
Holder2 =1

Al OmZy

2
(x2 +y2 —|-ch)

2
omz Xx

2

(x2 +y2+zzc)
A3 =0
0:=0

ee: =0

A2 =

Example 10c Dirac Type magnetic HedgeHog solution. p201 vol4

sk sk s sk sk sk sk sk sk s sk sk sk sk s sk s sk sk sk sk sk s skeosk sk skoskosk skook Dif]‘ferential}?‘orm Format >k sk s sk sk s sk s ke s sk sk ook s ke s skeosk sk sk sk skosk skok sk

skoksk ok

Ocmzzyd(x) n Ocmzzxd(y)

2
(x2 -|-y2 +zzc)

Action I-form= - 5
(x2 —i—y2 +7 c)

(36)



Intensity 2-form F=dA = moZ | _3y2 +x +3ZZC) + moz (-3 +y2 +3ZZC) (d(x)) & (d(y))
(xz—l-yz—l—zzc) (xz—l-yz—l—zzc)
_20zmy(fe—2"=)") ([d)) & (d(z) | 20zmx (L= —)") (dly) & (d(2))
(x2 —|—y2—i-zzc)3 (x2 -l-yz-i-zzc)3
Topological Torsion 3-form A™F=0
Topological Parity 4-form  F"F=0

sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk skeoske sk skeoskeosk skokoskokosk L%ﬁ%gﬁﬂ4jbnnat sk sk sk sk sk sk sk sk sk sk sk sk ske sk sk sk sk sk sk skeoske sk skoskeosk skok skokosk

E field =10, 0, 0]

20zmx (ch—x2 —yz) 20zmy (ch—xz—yz) 2mo (ch—x2 —yz)

B field = 3 , 3 , 3
(x2+y2+zzc) (x2+y2+zzc) (x2 +y2+zzc)
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension  PTD =2

ekl siclciclickckckxelok Correlation Similarity Invariants of Jacobian of (Ak/lambda ) *%#¥#sskdackeckx

sk e sk koo sk skosk sk skok

Xm or linear (Mean) curvature =0

0(2m224 ( —3x2—3y2+zzc)

Yg or quadratic (GAUSS) curvature = s
(x2 + y2 + 2 c)
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
Fasortackickk Compute Current using from Maxell-Ampere equations for constitutive equations with
chirality CH *##sskntis
Chirality factor CH=0

D field=10, 0, 0]

20zmx (zzc—x2 —y2) 2ozmy (ch_xz_yz) 2moz (zzc—x2 —y2)

H field= 3 , 3 , 3
(xz—i-yz-i-zzc) u (xz—l-yz—l-zzc) u (xz—i-yz—i-zzc) u
Poynting vector ExH=EXH
20Lmy(%]) B 20me(%])

Amperian Current 4Vector — curlH-dD/dt=J4 =

0,0

@+2+29 @+2+2d%
%12496222-|—4yzzz—8240-|—2x2y2 +y4+x4+3 0224—8cx222—8zzcy2
Amerian charge density  divD =rho=0

divergence Lorentz Current 4Vector, 4div(J4) =0



20(2m224x (ch—xz—yz) 20c2m224y (zzc—xz—yz)

Topological SPIN 4 vector §4 =

3

5 ’ 5
(xz-l-yz-l-zzc) n (x2+y2+zzc) n

) 20(2171223 (zzc—xz—yz) (xz-l—yz)

2, 2. 23 0
(x+y+zc)u

2ol P x (Ze—x —yz) &Nd(y),d(z),d(1))
(x2 +y2 +zzc)5u

Topological SPIN 3-form =

200y (Pe—P—)P) &Nd), d(z), d(1))
(xz —i—y2 +ch)5u

2 a2m223 (Zc— —yz) (¥ +y2) &"Nd(x),d(y),d(1))

5
(xz—i-yz—i-zzc) u

Spin density rho_spin=0

22 2/(2 2 2 2, 2, 2
4 Y
LaGrange field energy density (B.H-D.E) = o Zm (Fe—x y) (x Ty +7)

6
(xz—i-yz—i-zzc) u
2 2
BH- 4o 2 ni (zzc—x2 —yz) (x2 +y2+zz)
' 2, .2, 236
(x +)y +z c) u
D.E=0
2
AT - 200 m (4x222+4y222—8z4c+2x2y2+y4+x4+3czz4—80x222—Schyz) (x2+y2)
’ 6
(xz—i-yz—i-zzc) u
-rho.phi =0
2
Poincarel  (B.H - D.E)-(A.J - rho.phi) = N 21 6 (20( Z (9x4y2—|—6)c4zz-i-6y422
(x +y +z c) u

+9x2y4+3y6+3x6+5xzczz4+5y2c224+12y222x2—24x2y2220—1224cy2+22602

—12cf P —12ex'F—12 cy422))
London Coefficient LC=
2 (4x222+4y222—8z4c+2x2y2+y4+x4+3czz4—80x222—Schyz)
(x2 +y2 —|-ch)2ptz2
8ozmx(%1) Sazmy(%1)  dma(-3x%2 —8A42 842 —32 4 -0 025224 2522
R+2+20° @42+20°
%I = —4x2y2—2y4— 15 0222y2+3 crt—8lt 15227+ 14zzcy2+ 12 ¢

PROCA coefficient curlcurlB= | -




2a0my(%1) 2amx(%1)
@+2+20  @+2+29
%]=4x222-|—4yzzz—824c-|—2x2y2 +y4+x4+3 0224—8cx222—8220y2
42 x(%]) 2 (Pec—2—12) 4d?my(%1) 2(2c-
@+2+29w (@2+2+20
%]=4x222—|-4y222—8240—|-2x2y2 +y4+x4+3 F—8ext—87¢

Amperian Current 4Vector  curlH-dD/dt=J4 =

0,0

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J ampere x B) =

Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN
2
1 2 (xz —|-y2-|-zzc)
2 4x222—i-4y222 —824(:—i-2xzy2 +y4+x4+3 F—8cext —8zzcy2

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

20(2m224x (zzc—xz—yz)

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] =

b

5
(*+1*+7c) 1
20(2m224y (ch_xz_yz) B 20(2mzz3 (zzc—x2 —yz) (x2+y2) 0

2, .2, 2 ° ’ 2, .2, 2 ° ’
(x—l—y—l—zc)},t (x+y+zc)u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J spinx B) =

3 2 3 2
_40( m3z4y(zzc—x2—y2) (x2+y2+22) 4 o m3z4(zzc—x2—y2) x(x2+y2+22) 0
8 > 8 ?
(x2+y2+zzc) n (x2+y2—|—22c) u
Spin Dissipation J spindot E =0
2
Disspative Force 3 vector = ! g (4 o m’ (zzc—xz—yz) (3 xsy2 -|-4x522-|-4xy4z2

(x2 +y2+zzc) 18

+3x3y4+xy6+x7—5x3c224—5xy20224+8x3y222— 14 C'zz)c3y2-|—3c326x—4z4xcy2

2 4 2 2 4 4 2 4
8P x -4l P c—TcFX —Tcz Xy —omyWz cx —Ocmy3uz c—ocmyuz6c



+ocmyu22x4—|-20cmy3uzzx2+ocmyp,z4x2+0cmy5uzz+ocmy3},tz4)),

>
L (4 m2 (Ze—d =) 3¢ +42ya* 1452 1382 40 495
(P 4+ +7c) 1

—5x2yczz4—5y3czz4+8y3x222—14czzy3x2+3c3z6y—4z4y3c—8czz6y—4z4x2yc

—7czzyx4—7czzy5+0cmx3uz4c+Ocmxuz4cy2+ocmxuz6c—Ocmxsuzz—Zocmx3uzzy2

1
7
(x2+y2+zzc) i

2
—Ocmx3uz4—Ocmxuzzy4—(xmxuz4y2)), - (40( m2 (4x222—|—4yzz2

—8ct2x )y Y 43P —8 e =82 cy) z (Fe—x —)P) (x2+y2))

Dissipation =0

ok kR Rk ok Rk Rk Rk k% DN PROCEDURE. #%% %% %5 kst skokokokok ok okokok ok (37)

Enter the name of the problem, and the components of the 4 potential
Q = charge, Omega = strength and sign of rotation

> NAME: =" Exanpl e 1la - An El ectronagnetic Punp vol 6 p. 117 °;
> Al: =0; A2: =- 1/ 2*Bx* z;

> A3: =+1/ 2*Bx*y+Bx*z/ 2; phi:=+0* Ex*x+0* Ez*z+Ey*y;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi,1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

S R
NAME := Example 11a - An Electromagnetic Pump vol6 p. 117
Al:=0
A2 = - 1 Bxz
2
1

_ 1 1
A3 = 5 Bxy + ) Bxz



¢=Eyy
Example 11a - An Electromagnetic Pump vol6 p. 117

sk sk sk sk st sk sk sk sk sk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk Dl_fferentialFOl"m FOVmat sk sk st st sk sk st sk sk sk sk ske sk st s sk sk st sk sk sk sk sk skeoske sk sk sk sk
skskskosk
. 1 1 1
Action 1-form= - B3 Bxzd(y) + B Bxy + B Bxz|d(z) —Eyyd(t)
Intensity 2-form F=dA =Bx (d(y)) & (d(z)) —Ey (d(y)) &" (d(t))

Topological Torsion 3-form A™F = (—EyyBx + % Bx (y +2z) Ey) &Nd(y),d(z),d(t))

Topological Parity 4-form  F"F=0
sk sk s sk sk sfe ste sk st sk sk sfe sie sk st sk sk sfe st skeosteosko sk sl skeoskeosieoske sk skeoskoskosk USingEMfOl"mat st sk s sk ske sk st sk st ske sk sfe ste sk st sk sk sfe ste skeoskeoskeo sk sleoskeoskeoskeoske sk skeoskoskosk
E field= [0, -Ey, 0]
B field=[Bx, 0, 0]

Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =| - % BxEy (y—2z2),0,0,0

Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =3

ekl ek ok kel ok Correlation Similarity Invariants of Jacobian of (Ak/lambda IN) % F¥#skdckdeckox

skeoske st skeosieoske sk sk skeoskoskosk
Xm or linear (Mean) curvature = % Bx
Yg or quadratic (GAUSS) curvature = % B¥

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
wekrckxsckxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH Hxssssskkstx
Chirality factor CH=0
D field= [0, - Ey, 0]

H field= &,0,0}
m

Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0



2 2 2 2
B BxX'z—2¢kFE
XytByz S V1 LBXZ,LBxZEEy

Topological SPIN 4 vector S4 = |0, L )
2 M 2 p 2

2 2 2
B B —2¢kE A
Topological SPIN 3-form= —% (Bey+Bxz ey y1) &Nd(x).d(2).d(1))
i

1 B z&Nd(x),d(
+ P
2 M

y),d(1)) — % Bxze Ey &™Nd(x),d(y),d(z))

Spin density rho_spin= % BxzeEy

2 2
Bx"—¢FE
LaGrange field energy density (B.H-D.E) = oY TER M
u
2
BH-5
u
_ 2
D.E=¢FEy
AJ=0
-rho.phi =0
Bx* — g By u
Poincarel  (B.H- D.E)-(A.J - rho.phi) = 2 R R
w

London Coefficient LC=
2 (4x222+4y222—824c+2x2y2+y4—|—x4—|—3czz4—80x222—Schyz)
(x2 +y2 +ch)2 ;,Lz2
PROCA coefficient curlcurlB= [0, 0, 0]

Amperian Current 4Vector  curlH-dD/dt=J4 =10,0,0,0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J amperex B) =1[0,0,0]

Amperian Dissipation Jampere dot E =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] = [ - % BxEy (y—2z2),0,0,0

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

1 szy—l-szz—ZeEyzyu

Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD] = [0, >
u



2

I Bxz 1

- — B E
2 4 ' xzeLky

Lorentz Force 3 vector due to Spin current SF = --(rho _spin E +J spinx B) = lO,

1 sz(sz—eEyzu) 1 (szy—l—szz—ZeEyZyu) Bx
2 u "2 w

1 (szy +szz—28Ey2y},L) Ey
2 M

Spin Dissipation J spindot E = -

Disspative Force 3 vector = |0, - % Bxz (Bx2 — i—:Ey2 M), % (szy +B¢z—2 £Ey2y u) Bx

Dissipation = % BxEy (enz—y+z)

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.

> NAME: =" Exanpl e 10a -- Plasma Accretion disc -- conplex Hedge Hog sol ution.
> Gamma: =-z*| [ (x"2+y"2) A 1*m (arxM2+a*yr2+crzn2) M1 2) ;

> Ax: =Gamma* (-vy); Ay: =Ganma* x;

> Az:=0; phi:=0;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AX, Ay, Az, phi, 1,1,1,1, 2,0, 0, 0*al pha*(g+l *gamm), 0) :

sk sk ook sk sk ok ok sk okokok sk ok ook sk ok okok skokokok sk okokok skokokok skakokok kokokok kol ko okosk kol sk kR sk ok ok

NAME := Example 10a -- Plasma Accretion disc -- complex Hedge Hog solution.

r=- Izm
(x2+y2) \/x2a+ay2+zzc
Ax = lzmy
(x2+y2) \/xza +ay2+zzc
Ay = - [zmx
(x2 —|—y2) \/xza—i-ayz—i-zzc
Az =0

(33)



Example 10a -- Plasma Accretion disc -- complex Hedge Hog solution.
sk s sfe sk ske st sie sk st sfe sk ske st sie sk sk sfe sk sk st st sfeoske sk skeoske sk skeok sk skosk Lﬁﬁ%renﬁalﬁbrﬂlFbrnuﬁ sk sk e sk sfe e s she e s she ke sk sk e sk sk ke sfeoske ke seoskeoske skeoskeoske skosk

skeskoskosk

Action I-form= Izmyd(x) — Izmxd(y)
(@ +7) VP a+ay +7¢ (P 4+ VPatay +7c
Izm(-Xay —2ay' —Zcy +xta+exS)

2 3/2
(x2 +y2) (xza +ay2 +ch)

Intensity 2-form F=dA =

Izm (2x4a +x2ay2+cx222—ay4—zzcy2)
2 3/2
(x2+y2) (xza +ay2+zzc)
lamx (d(y)) & (d(z))

3/2
(xza +ay2 —I—ch)

_lamy (d(x)) & (d(2))

_|_
3/2
(xza +ay2 +ch)

(d(x)) & (d(y))

+

Topological Torsion 3-form A™F =0
Topological Parity 4-form  FF=0
sk sk s sk sk sfe st sie s ske sk sfe st sk st ske sk sfe st sk skeoskeoske sk skeoskeosieskeske skeoskoskosk Lkh%gEm4]brnnn sk st s ske sk sfe st i st ske sk sfe sie sk sk sk sk sfe st sk sieoskeoske sl steoskeosieoske sk skeoskeoskosk
E field=10,0,0]
lamx lamy lazm
2 2, 2 3\322 2 2,2 3322 2 2, 2
(x atay +z2 c) (x atay +z2 c) (x atay +z2 c)
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

okriclciclciclsickckekxl ok Correlation Similarity Invariants of Jacobian of (Ak/lambda N) *%#¥#skdacksciox

sk e sk koo sk skosk sk skok

B field = 372

Xm or linear (Mean) curvature =0
(2x2a+2ay2+zzc) i
2
(xza —|-ay2 +ch) (xz +y2)

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = 5

Tk or quartic (4D expansion) curvature =0
wekrickacickxk Compute Current using from Maxell-Ampere equations for constitutive equations with

C/’ll'l”alily CH skt
Chirality factor CH=0
D field=10,0,0]



lamx lamy lazm

32 7 32 3/2
(xza-l—ayz—i—zzc) u (xza-l-ayz—i-zzc) u (x2a+ay2+zzc) u

Poynting vector ExH=EXH
3lazmy (a —c) 3lamxz(a—-c)

512 7 52
(xza-l—ayz-i-zzc) w (x2a+ay2+zzc) w

H field=

Amperian Current 4Vector  curlH-dD/dt=J4 =| -

0,0‘

Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

2 2 2 2
Zmxa Zmya

Topological SPIN 4 vector S4 =

2 2 2

2
(x2+y2) (xza—i-ayz—i-zzc) 1 (x2+y2) (xza—i-ayz—i-zzc) u

Zmza
- 5 ,0

(x2a+ay2+zzc) w

Zmxa&Md(y),d(z),d(1))  Zm’ya&Nd(x),d(z),d(1))
(x2+y2) (xza +ay2+zzc)2u (x2+y2) (xza-l—ayz-i-zzc)zu
ozt a &MNd(x),d(y), d(t))

2
(xza +ay2+zzc) u

Topological SPIN 3-form =

Spin density rho_spin=0

a2 m2 (x2 -|-y2 +ZZ)

LaGrange field energy density (B.H-D.E) = - 3
(xza +ay2+zzc) u

2 2 2 2 2
BH=- a m (x +y +z3)
(xza—i-ayz—i-zzc) i
D.E=0
2 2
A= 32 m a(a—-c)

3
(xza +ay2+zzc) w
-rho.phi =0
ant (x2a+ay2+4azz—3zzc)

3
(xza—i-ayz—i-zzc) u

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -

3a(a—c) (x2+y2)

London Coefficient LC= - 5
(¥ a —|—ay2—l—zzc) 1)

B 3I(x2a +ay2—4zzc) (a—c)amx

7/2 ?
(xza +ay2+zzc)

PROCA coefficient curlcurlB =



B 3I(x2a +ay2—4zzc) (a—c)amy 31(3x2a+3ay2—2zzc) (a—c)amz

7/2 7/2
(xza—i-ayz—i-zzc) (xza—i-ayz—i-zzc)

Amperian Current 4Vector  curlH-dD/dt=J4 = 3lazmy(a—c) 3lamxz(a—c)

52 7 52
(x2a+ay2+22c) u (xza—i-ayz—i-zzc) u
0, 0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B)
_ 3 mix (a —c) 3a222m2y(a—c) B 3a22m2(a—c) (x2+y2)
4 > 4 > 4
(xza—l—ayz—l—zzc) i (xza—l-ayz—l—zzc) 1 (x2a+ay2+zzc) i

Amperian Dissipation Jampere dot E =0

2
(xza —I—ayz—i-zzc)

Lorentz Force Spin factor LFSPIN = 1 )
3 (x +y)a(a—c)

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =1[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

2 2
zZ m xa

2
(xz-l—yz) (xza-l—ayz-l—zzc) u

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] =

9

2 2 2
zZmya _ zm a 0
2 2 2 2
(xz—i-yz) (xza—i-ayz—i-zzc) u (xza +ay2+zzc) u

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J spin x B)

I(xz—i-yz—l-zz)yzazm3 ~ I(xz—i-yz—i-zz)xzazm3 0

7/2 7/2
(xza +ay2+zzc) w(-x+1y) (x+1y) (xza +ay2+zzc) LW(-x+1y) (x+1y)

Spin Dissipation J spindot E =0

1

15/2
(xza-l—ayz-l—zzc) n(-x+1y) (x+1y)

Disspative Force 3 vector = (I (4 ym uzg Yac

+6ymux6azczz4+8y3mux2az6c3+ 12y3muz4x4a3c+6ymuz6x4a202+4ymuz4x6a3c

+4ymux8a3zzc+4ymux4az603—I— 12y5mp,z4x2a3c+ 12y3muz6x2a202+ 18y5mp,x2a20224



+l6y3mp,x6a3zzc+16y7mux2a3zzc+18y3mux4a2c224+24y5mux4a3zzc+5y3mux8a4

+IOySm},Lx6a4+10y7mux4a4+y9muzza4+Sygmux2a4+y3muzgc4+ymux10a4

7/2

7/2
+ymuzwc4+31xz(x2a —I—ayz-l-zzc) ay2—3Ixz(x2a —I—ayz-l-zzc) cy2+4y3mu22x6a4

+ymuzzx8a4+6y7muazczz4+4y9mua3zzc+4y7muz4a3c+4y5muaz6c3

+6y5mp,z6a2c2+4y3mu28a03+4y7muzzx2a4+6y5mu22x4a4+ymuxzzgc4+y“mua4

7/2

7/2
+3Ix3z(x2a+ay2+zzc) a—3Ix3z(x2a —I—ayz—i-zzc) c) zazmz),

1 3224

572 (I<—12y2muz4x5a3c—18y4m},txa cz

(x2a+ay2+zzc) LW(i-x+1y) (x+1y)

—16y2mux7a322c—8y2mux3az6c3—l2y4muz4x3a3c—24y4mux5a3zzc
—12y2muz6x3a202—18y2mux5azczz4—4xy8mua3zzc—4xy4muaz6c3—6xy6muazczz4

—4xy6muz4a30—4xy2m},t28ac3—6xy4muz6azcz— 16y6mux3a3zzc—xmuzloc4

—10y6mp,x5a4—10y4mp,x7a4—Syzmux9a4—Sygmux3a4—mux3zgc4—muzzx9a4

7/2 7/2
—xmua4y10 +3 Izy3 (xza —I—ayz—i-zzc) a—3 Izy3 (xza —I—ayz-i-zzc) c+3 Iyxzz (xza

7/2 )7/2 7 22

+ay2+zzc) a—3Iyxzz(x2a +ay2+zzc c—b6bmux ac Z4—4mu28x3ac3

6 5 2 2

—xyzmuzgc4—xy8muzza4—6muz X ac —4y6mptzzx3 4

4
a —4mux5az6c3—4muz X de

—4mux9a3zzc—4y2muzzx7a4—6y4mu22x5a4—mux“ a4) zazmz),



B 3a22m2(a—c) (x2+y2)
4
(xza—i-ayz—l-zzc) i

Dissipation =0

Enter the name of the problem, and the components of the 4 potential

> NAME: =" Exanple 12 -- Black Hole 2 singular vortex ring °;

> phi = 1; Al:=a*y/(x"2+y"2+z"2); A2 : = -a*x/ (x"2+y"2+z"2); A3: =0;
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM AL, A2, A3, phi,1,1,1,1,2,0,0, 0*al pha*(g+l *gamma), 0) :

st sfe sk sfe sfe sk sk ske sk sk s sk sk sk st sk ste st she sfe she she sk ske sk sie s sk sk sk st sk sk st she she sk ske sk ske sk sl sk sk sk sk sk ste st ske sk skeoskeoskoskoskoskoskoskok ok

NAME := Example 12 -- Black Hole 2 singular vortex ring

o:=1
_ ay
Al = ————
x2 +y2-|-22
ax
A2 = -—7T7——
xz—i-yz-l-z2
A3:=0

Example 12 -- Black Hole 2 singular vortex ring

>k ok s sk sk sk sk sk sk s sk sk sk sk s sk s sk sk sk sk sk s skeosk sk skoskosk skook Dif]‘ferentialForm Format >k sk sk sk sk s sk s ke s sk sk s sk s ke s sk sk sk sk ke sk skosk skok sk

skkoskek
. _ (= =) d) ayd(x) axd(y)
Action I-form= 3 ) + > 7 3 3 D)
X +y +z X +y +z Xty +z

a (xz—yz—i-zz) a (xz—yz—zz)
2, 2, 22 + 2, 2, 232

(x +y +z) (x +y +z)
2ayz(d(x)) & (d(z)) 2axz(d(y)) & (d(z))

Intensity 2-form F=dA = (d(x)) & (d(y))

+

2 2
(x2 —I—y2+22) (x2+y2_|_22)
Topological Torsion 3<form  ArF— 242 & d(x), A1), d(1) _ 2ayz&\d(x).d(z).d(1))
2 2
(x2 +y2+22) (x2 +y2+zz)

2axz&"MNd(y),d(z),d(1))

+ 2
(x2 -I—y2 +22)

Topological Parity 4-form  F"F=0

3t st sfe s sfe sk sk sk sk sk st sk sk s sk sk sk sk sk sk sk sk s sk skosk sk ke ke skeoskoskosk UsingEMformat sk s sfe sk sk sk sk st ste sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk ke sk sk skoskoskokok

(39)



E field=10,0, 0]

2
B field=| - 2axz -, - 2ayz -, - 2az :
(x2+y2—|-22) (x2+y2—|-22) (xz—l-yz—l-zz)
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] = 2axz 7 Zayz 7

(x2+y2+22) (x2+y2+zz)
2az2 0
(x2 +y2 +22)2 ’

Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
FoAdckcoioicl ok ook Correlation Similarity Invariants of Jacobian of (Ak/lambda N) **% ¥k
sk sk st sk sieoske s sk skeoskeoskeosk
Xm or linear (Mean) curvature =0

2 (#* +y2 _2)

(x2 + y2 + Zz) ’

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
rAdckadokxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chil”alily CH Hxssssrsoksots
Chirality factor CH=0
D field=10,0,0]

H field=| - 5T S T 5
(F+y+2) . (Pl +d) e (P +7)
Poynting vector ExH=EXH

2ay B 2ax 0.0
2 2 2 b b
(x2 +y2+22) u (x2+y2+22) n

2axz 2ayz 2a ]

Amperian Current 4Vector  curlH-dD/dt=J4 =

Amerian charge density  divD =rho=0

divergence Lorentz Current 4Vector, 4div(J4) =0
2d°x 7 2azyz2 B 2zd (x2+y2)
(x2+y2+22)3u’ (x2 +y2+22)3u’ u (x2 +y2+22)3 ’
2a°xZ &MNd(y),d(2),d(t))  2d°yZ &Nd(x),d(z),d(1))
(x2+y2+22)3},t (x2+y2+22)3},t

Topological SPIN 4 vector S4 =

0

Topological SPIN 3-form=



2za° (P +)%) &Nd(x),d(y), d(t))
w (x2 +y2 +ZZ)3

Spin density rho_spin=0

4 azz2

i (x2 +y2 +22)

LaGrange field energy density (B.H-D.E) = 3

B H= 447
. pt(xz-l—yz-l-zz)3
D.E=0
A= 2 d? (x2 +y2)

3
i (x2 -|-y2 +Zz)
-rho.phi =0
2a2(—222+x2+y2)
3
u (x2 +y2 +22)
2

Poincarel  (B.H - D.E)-(A.J - rho.phi) = -

London Coefficient LC = >

(Z+y+7)

8axz 8ayz 4a(x2+y2—22)

3 3

3
(x2 +y2+zz) (x2 +y2+zz) (x2 +y2+zz)

PROCA coefficient curlcurlB =

2ay B 2ax 0.0
2 b 2 b b
P+ +A)u P+ +A)

Amperian Current 4Vector  curlH-dD/dt=J4 =

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B) = [

44°x7 B 4azyz2 4zd° (x2+y2)

4 4 > 4
(P4 +2) . (Pl (P )
Amperian Dissipation Jampere dot E. =0

Lorentz Force Spin factor LFSPIN = - % ¥ — % y2 — % 7
2axz 2ayz

Topological Torsion current 4 vector T4 =-[ExA + B.phi,AdotB] =

3 3

(x2+y2+22) (x2+y2+zz)

2az2

2
(x2 +y2 +22)

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]




Torsion Dissipation Jtorsion dot E =0

2 2
Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] = 2d xz 7
(4" +2)
2c12yz2 B 2zd° (x2+y2) 0
3 32
P+ +2) 0w w47 +2)
3.2
Lorentz Force 3 vector due to Spin current SF = --(rho _spin E +J spinx B) = 4da yz 7 s
(¥ +)"+2)
47dx

_2224’0
(X +y" +2) u

Spin Dissipation J spindot E =0
4a222(—x+ayp,) _4a222(y+axu) 4za2(x2+y2)

Disspative Force 3 vector =

4 2 4 7 4
(F+yr+2) . (PHid) e (P
Dissipation = Zaxz 5
(x2 +y2 +22)

Enter the name of the problem, and the components of the 4 potential

> NAME: =" Exanpl e 10c -- conplex Dirac Hedge Hog sol ution.
J~A S ~ Lorentz Force °;

> Gamma: =l *nf (1 (2% (x"2+y"2+z72) N1/ 2)));

> Ax: =Gamma* (-y); Ay: =Ganmea* x;

> Az:=0; phi:=0;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM Ax, Ay, Az, phi,1,1,1,1,2,0,0, 0*al pha*(g+!l *ganm), 0) :

NAME = Example 10c -- complex Dirac Hedge Hog solution.
J~A S~ Lorentz Force

— Im




%Imy

N x2 —I—y2+22

% Imx

Az =0
0:=0
Example 10c -- complex Dirac Hedge Hog solution.
J~A S~ Lorentz Force

sk sk s sk sfe sk sk sk sk sfe sk sk sk sk sk sk s sk sk sk sk sk sk skeosk sk skokesk skok [ﬁﬁ%renﬁalFbrnzFbrnuﬂ sk s sk sk sk sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk stk skok sk

Ax = -

Ay =

skskoskosk
1 1
— Imyd(x) Elmxd(y)
Action 1-form= - +
. )c2+)/2+z2 N, x2+y2+z2
%Im(xz—i-zz) %Im (y2+22)
] - = = AN
Intensity 2-form F=dA ( N 1/ + S, Lun (d(x)) & (d(y))
x+y+z) (x+y+z)
1 1
3Imy2(d(X))&A(d(Z)) 31mx2(d(y))&A(d(Z))
o 2 2 9\32 * 5 2 9\32
(x +y +z) (x +y +z)

Topological Torsion 3-form A™F'=0
Topological Parity 4-form  F"F=0

sk st st sfe s sk ok ok sk sk sk sk sk s sk sk sk sk sk sk sk sk s sk sk ok sk ok ke sk skoskosk U&ﬁu;ﬁm4jbnnat sk s sk sk sk ok i st st sk s sk sk sk sk e sk sk sk s sk sk sk sk sk sk sk sk skoskokokok

E field=[0,0, 0]

1 1 1 2, 2,52
) Imxz ) Imy:z ) Im (x +y +27)

P+ +2)7 (P4 +2) (24" +2)
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =0, 0,0, 0]
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension ~ PTD =2

okl cicl ek sickciekxelok Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) % #¥#kdacickx

s s sk ks sk skosk sk skok

B field =

3/2° 3/2

Xm or linear (Mean) curvature =0



2 2
m z

2
x2 -l-y2 +22)

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = - %
(
Tk or quartic (4D expansion) curvature =0

wekrickacickxk Compute Current using from Maxell-Ampere equations for constitutive equations with

C/’ll'l”alily CH skt
Chirality factor CH=0
D fleld= [0, 0, 0]

%Imxz %Imyz %Im (x2+y2+222)
H field= 5 2 32 0 5, 5 532 RN
(X+y+2) n (F+y+27) (X +y +2) 1
Poynting vector ExH=EXH
Amperian Current 4Vector  curlH-dD/dt=J4 =| - Lmy , Lm x ,0,0

3/2 3/2
(x2 +y2 +zz) 1) (x2 —I—y2 —|—22)

Amerian charge density  divD =rho=0

u

divergence Lorentz Current 4Vector, 4div(J4) =0

2 2, .2 2 2 2, .2 2
Topological SPIN 4 vector S4 = —% m”x (4 +§Z) , —% m”y (4 +§Z) ,
(x2+y2+22) i (x2+y2+22) w
1 mzz(xz-l-yz) 0
2 b
PP+
2 2 2\ on
TopologicalSPINS-form=—% mx (x +y +22 ) & (d(zy),d(z),d(t))
(¥ +)*+2)
Ly (P42 2) @Nd).dz).d(0) 1otz (P 4)?) &Nd(x). d (). d(1)
4 2, 2, 2\? 4 2, .2, .2\
(x—l—y-i—z)u (x-l—y-i—z)u

Spin density rho_spin=0

(x2 -|-y2 +422) n
2

(x2 -|-y2 + ZZ) i

1 (x2+y2+422) n

LaGrange field energy density (B.H-D.E) = -

1
4

B.H= -

n 2
Y@+
DE=0
2 2 2
AJ=—%— mn “'*yl
(X +y+27)

-rho.phi =0



1 (x2+y2—422)
Poincare 1 (B.H - D.E)-(A.J - rho.phi) = — 5
(x2 +y2 -I-zz) n

2
(P 4+ +7)

London Coefficient LC =

2, 2, 2
PROCA coefficient curlcurlB = 3lmxz , 3myz , ~ I( 27 +x +y ) m
2 2 2 5/2 2 2 2 5/2 2 2 2 5/2
(x +y +Z) (x +y +Z) (x +y -I-Z)
Amperian Current 4Vector  curlH-dD/dt=J4 =| - Lmy 3 Lmx 35 - 0,0
P+ +2) " n P+ +2)

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J _ampere x B)

1 m x (x2+y2+222) 1 mzy (x2+y2+2zz) mzz(xz-i-yz)
3 ’ 3 3
PR P P ) b ()7 +7)

Amperian Dissipation Jampere dot E. =0

1
2

Lorentz Force Spin factor LFSPIN = - % - % y2 — % 7

Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] =[0,0,0,0]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =1[0,0,0]

Torsion Dissipation Jtorsion dot E =0

1 mzx(x2+y2+2zz)
Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = | - " 3 ,
(¥ +)+2) "

1
4

2+ y2 + ZZ) i
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J spin x B)

%I(xz—i-yz—i-4zz)ym3 %I(xz—i-yz—i-4zz)xm3

= - 0
5/2 ? 5/2 >

) (P 4y +7)

(x2 + y2 +Z
Spin Dissipation J spindot E =0

5/2 5
(m2 (4x3 (x2 +y2+22) +4x (x2 +y2+22)

Disspative Force 3 vector = L 1 11/2
2 2 2
u (x +y +z )

/2 5/2
y2+8x(x2+y2+22) 22+7Iy7mu22+ISIySmuZ4+7Ix6ymuzz+15 Iymux4z4+1y9mu



+4Ix2y7mu+21 Ixzysmuzz+4Ix6y3mu+6lx4y5mu+1ymux8+4Iymu28+13 Iy3muz6

+13Iymuz6x2+21 Ix4y3mu22+301y3mux224)),-—1 1 112 (mz(
2,2, 2
(X +y +2) u

5/2 5/2 5/2
—4y(x2+y2+zz) x2—4y3(x2+y2+22) —8y(x2+y2+22) 22+151x5muz4+1xm},ty8
+7Ixmu22y6+15Ixmuy4z4+301x3mp,z4y2+4Ix7muy2+21Ixsmuzzy2+lmux9
+7Ix7mu22+61x5muy4+21Ix3mu22y4+4lx3muy6+13Ixm],ty226+13Ix3muz6

ez (x2 +y2)
w (x2 -|-y2 +Zz)

+4Ixmuzg)), -

1
2 3

Dissipation =0

sk sk s sk s sk sk sk sk sk sk s sk sk sk sk sk sk sk sk skeosk sk sk skokosk

Enter the name of the problem, and the components of the 4 potential
> NAME: =" Exanpl e 13 -- Batenan;

> phi:=AAa(x,y,z,t); Az:=AAb(X,Yy, z,t); Ax: =0; Ay: =0;

Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM Ax, Ay, Az, phi, 1,1, 1, 1,2, 0, 0, 0*al pha*( g+ *ganma), 0);

sk sk ko sk sk ook ok sk ok ok sk ok ook sk ok sk ook koo sk sk okok kR sk kR sk sk ks Rk ko kR sk kR sk Rk ok

NAME = Example 13 -- Bateman
0 :=AAa(x, y, zt)
Az = AAb(x,y, z t)
Ax =0
Ay =0
Example 13 -- Bateman

sk sfe stk sk sfe stk sk sfe sk sk sfe sk sk sfe sk sk she sk sk sfe sk sk sfe sk sk skeoske skeskeosk skeskok DiﬂerentialForm Format sk sk sk sk ske ke sk ske ke sk ske ke sk sk ke sk skeosie sk sk sk skeoskeoske skeoskosk skosk

ok sk ok

41



Action I-form=AAb(x, y,z t) d(z) — AAa(x, y,z t) d(t)

0 0
Intensity 2-form F=dA = - (d_x AAa(x, y, z, t)) (d(x)) & (d(t)) + (d_x AADb(x, y, z,

0 0
n)mun&Amwn—(ayMMn%znjmwn&Aum>+(§yMMm%z

t)) (d(y)) & (d(z)) + (—(—AAb X, Y, 2, )

- (—AAaxy,Zt))) (d(z)) & (d(1))

ax

0

0 0
Topological Torsion 3-form A"F = (AAb X, V, 2, t) (— AAa(x, y, z, t)) —AAa(x, y, z, t) (& AAb(x, y,
AAa( t AA t 0 AAb
) (5 Adatsorzn | —adateyz (2 Adbiy,

z,t))) &Nd(x),d(z),d(t)) + (AAb X, ¥, 2, 1)
amj}wwwxﬂﬂﬂun

0 0 0
Topological Parity 4-form  F"F =2 ( - (g AAb(x,y, z, t) ) (a AAa(x,y, z t) ) + (@ AAa(x, y, z,

x

sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk sk sk sk sk sk sk skeosk skok skokosk USingEMfOrmal sk sk sk sk sk s st s sk sk sk sk sk sk sk sk sosk sk sk skeosk sk sk sk ko skok

t)) (i AAb(x,y,z t) )) &MNd(x),d(y),d(z),d(t))

E field = [— (% AAa(x, y, z, t)), - (%AAa(x,y,z, t)), - (% AAb(x, y, z, t)) — (%AAa(x,y,z, t)”

9 9
B field = [5 AAD(x, v, 2, 1), - (g AAD(x, . 2, 1) ) o}

0
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = [ (@ AAa(x,y, z, t) ) AAb(x,y, z, t)

0 0 0
— (a AAb(x,y, z, t) ) AAa(x, y, z, t), - (a AAa(x, y, z, t) ) AAb(x, y, z, t) + (a AAb(x, y, z,

1) ) AAa(x, y,zt), 0, O}
Helicity AdotB=0

0 0 0
Poincare Il =2(E.B) =2 (— AAa(x,y, z, t) ) (— AAb(x,y, z, t) ) -2 (— AAa(x, y, z,

dy ox ox
0) (& atsinrn
P x’ b Z’
by y
0 0 0
coefficient of Topological Parity 4-form =2 (5 AAa(x,y, z t) ) (a AAb(x,y, z, t) ) -2 (a AAa(x,

Y,z t) ) (% AAb(x, y, z, t))

Pfaff Topological Dimension ~PTD =4

Frsoicclicliclioioieskeck Correlation Similarity Invariants of Jacobian of (Ak/lambdaN) %% ¥kt



sk ke sfe sk sk skeoske sk sk skeosk

0 0

Xm or linear (Mean) curvature = . AAb(x,y, z, t) — (E AAa(x,y, z, t) )

0 0
Yg or quadratic (GAUSS) curvature = - (E AAb(x, v,z t) ) (E AAa(x,y, z, t) )
+ 0 AAb t 9 AA t
(o Adbtxrzn | (o Adateyzn

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0

wekrickaciokxk Compute Current using from Maxell-Ampere equations for constitutive equations with

Chiralily CH s ke s skeosk sk skokosk sk

Chirality factor CH=0

0 0 0 0
Dﬁeld—[—s (a AAa(x,y, z, Z)), -€ (@ AAa(x,y, z, Z)), -€ (E AAb(x,y,zt) + gAAa(x,y,z,
)]

0 0
— AAb(x, y,z, t) — AAb(x, y, z, t)

H field= s , = x ,0
[ H
9 — z, — z, i Z, i Z, i Z,
Poynting vector ExH=| _ (/1) ( i t)) (/1) ( Adb(n t)j ( ox Adate = t)) ( ox A44b(x 5 2 t)) i ( d Adats s t))
u m u
0 0
%1=— AAb(x,y,z t) + — Ada(x,y,zt)
ot oz
aazax AAb(x,y,z,t) +€ (% AAa(x,y, z, t) ) i
Amperian Current 4Vector  curlH-dD/dt=J4 = 2 ,
u
iAAbxyzt +8(—AAaxyzt))u
Ll o ,i(—(izAAb(x,y,z,t))—(%AAb(x,
u u ax oy
& & [
ez t)) +en ( L Adblx.y.z t)) +en ( T Atalx .20 ) j e ( S Adatx. 0

0 0 0
+ ay2 AAa(x,y,zt) + &% o AAb(x, v,z t) + o7 AAa(x,y, z, t) j }

Amerian charge density divD =rho= -¢ (iz AAa(x,y,zt) + iz AAa(x,y,z,t) + i AAD(x, y,
e dy Oz Ot

z,t) + iz AAa(x, y, z, t)]

0z



divergence Lorentz Current 4Vector, 4div(J4) =0

0 0 0
-AAb(x, y, z, 1) (a AAb(x, y, z, t)) + a(a AAa(x, y, z, t))AAa(x,y, z, )0 AAb(X, Y, z, 1) (6_y AADb(x, y, z, t)) — 8(:
u ’ u
0 0
%1 = o AAb(x, y, z, t) + ™ AAa(x, y, z, t)

Topological SPIN 4 vector S4 =

0 0 0
~AAb(x 3,2, 1) (a— Adb(x . 2 z)j +e ( — Adal 3 2 t)j Ada(x, y, 2, 1 u) &Nd(y), d(z), d(1)) [AAb(x, 2 ) (a— y
Topological SPIN 3-form = - al al — i

w

9
%1 =~ Adb(x.)

0 0
Spin density rho_spin= -AAb(x, y,z t) € (E AAb(x, v,z t) + . AAa(x,y, z, t) )

0 2 0 2
LaGrange field energy density (B.H-D.E) = - 1 ( - (E AAb(x,y, z, t) ) — (a AAb(x, v,z t) )
w

9 2 0 2 0 2
+su(aAAa(x,y,z,t)) +w(@ AAa(x,y,Z,t)) +8u(5 AAb(x,y,z,t))

0 0 0 2
+28u(EAAb(x,y,z,t)) (a—AAa(x,y,z,t)) +8u(EAAa(x,y,z,t)) )
)z

2

(% AAb(x, v, 2, ) ) + (% Adb(x, y, 2, 1) )

2

B.H=

u
2 2 2

9 9 9
+ (5 Ada(x, .z, t)) + (— AAD(x, y, 2, 1) ) 42 (E AAb(x, , 2.

0
DE=¢ ( (a AAa(x,y, z, t) ) ”

) (6 xy,zt))-l-(%AAa(x,y,z,t))zJ

=i( (x,y,21) (—(% AAb(x,y,z,t)j — [%AAb(x,y,z,t)) +£u(iAAb(x,y,z,t))

ron (g wtasnzn ]

-rho.phi = -AAa(x,y,z,t) € (% AAa(x,y,z, t) + % AAa(x, y, z, t) + % AAb(x, v,z t)
X

+ ﬁz AAa(x,y, z, t) j
0z
2

0 0
Poincare 1 (B.H - D.E)-(A.J - rho.phi) = - 1 [ - (@ AAb(x,y,z t) ) — (a AAb(x, v,z t) )
u

2

2 2 2

+£u(iAAa(x V2, t)) +eu(% AAa(x,y,Z,t)) +8M(iAAb<x Y 2, f))
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0 0 0
+28u(—AAb(x V, Z, t)) (EAAa(x,y,z,t)) -H-:u(—AAa(x Y, Z, t)) —AAb(x, y, z,

i i i
t) (g AAb(x,y,Z, t)j —AAb(x,y,Z, t) (y AAb(-x’yaza t)] +AAb(-xayaza t) S (?AAb(X,y,Z,

t) ) + AAb(x, y,z,t) €L (% AAa(x,y, z, t) ) + AAa(x, y,z,t) e (% AAa(x,y, z, t) ) + AAa(x,

V,z, 1) EN (% AAa(x, y, z, t) ) +AAa(x, y,z, t) €L (% AAb(x,y, z, t) ) + AAa(x, y, z,

t) el [% Ada(x, y, z, t)jj

2
(P+y+7)

London Coefficient LC =

PROCA coefficient curlcurlB = [ - ( AAb(x, y,

(x,y,z,t)) — (% AAb(x,y,z,t)J —(
dy

0z

Z, 1) ), & AAb(x, v,z t) + —63 AAb(x, v,z t) & (x,y,21), 0}
2 3 2
0z Ox X 0y~ Ox

aazax AAb(x,y,z,t) +¢€ (% AAa(x, y, z, t)j i
Amperian Current 4Vector  curlH-dD/dt=J4 = z ,
u
ia AAb(x,y,z,t) +¢ (—AAa(x Y,z t)) 1)
L o ,i(—(izAAb(x,y,z,t))—(%AAb(x,
u u O oy
& & [
ez t)) +eu( L Adblx.y.z t)) +eu( T Aalx = t))j, e ( S Adat. 0

i 0 0
+ ay2 AAa(x,y,zt) + &% o AAb(x, v,z t) + o7 AAa(x,y, z, t) j }

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J ampere x B) =

—ie(iAAa(x zt)) iAAa(x z, 1) —I—e(iAAa(x zt)) iAAa(x z.
ax Jy” l"l’ axz Jy” ax ’yJ) !J’ a);z ’yJ)

0 0 0 0>
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0
1)) — (%AAb(x,y,z, t)) (% AAb(x, y, z, t)] — (& AAb(x, y, z, l)) (%AAb(x,y,z, f))

0 P 0 ha
+ ( ™ AAb(x, y, z, t)) e ( o AAb(x, y, z, t)) + ( o AAb(x, y, z, t)) eu ( &% o AAa(x, y, z,

t))], —L[S (iAAa(x,y,z,t)) u(iAAa(x,y,z,t)j +¢€ (iAAa(x,y,z,
i dy a’ dy

0 0 > 0
t)) u(yAAa(x,y,z,t)) +¢e (EAAa(x,y,z,t)) u(%AAb(x Y, Z, t)j +¢€ (@ AAa(x, y, z,

1) ) 0 (% AAa(x,y, z, t) j — (% AAb(x,y, z, t) ) (% AAb(x, y, z, t) j — (% AAb(x, y, z,

0
AAb(x, y, z, t)) e (% AAb(x, y, z, t)] + (E AAb(x, , z,
it

2 0
(—su (g Adalx, .z, r)) (& Adbixnzo)

0
AAa(x, y, z, t) ) 0 Aa(x, y, z, t) ) —Eu (% AAa(x, y, z, t) ) (E AAb(x,y, z, t) )

AAa(x, y, z, t)) _8H(WAA5 (x, 1,2, 1) ) (—AAb X, V, 2, t))

0
AAb(x,y,z,t)) ( AAa(x, y, z, t)) —Su(—AAaxy,zt J —AAbxy,z t))
0

0 0 0
—SM(QAAa(x,y,Z, t)] (EAAa(X,y,Z,t)) + (EAAb(x .z f)) ( 9% o AADb(x,y, z, t))
0 P o
+(aAAb(x,y,z,t))S(EAAa(x,y,z,t)) (@ b(x,y,z1t) ) (az—ayAAbxy,zt))
+(%AAb(x,y,z,t))e(%AA (x y,zt))u”

Amperian Dissipation Jampere dot E. =0
Lorentz Force Spin factor LFSPIN=0



0
Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] = [ (@ AAa(x,y, z, t) ) AAb(x,y,z, t)

0 3] 0
- (5 AAb(x, y, 2, 1) ) Ada(x, y,2,1), - (a Ada(x,, 7, t)j Adb(x, y, 2, 1) + (a AAb(x, y, 2,

1) ) AAa(x, y,zt), 0, O}

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J torsionx B) =0, 0, AAb(x, y,

z, 1) ( (i AAa(x,y, z, t) ) (& AAb(x, y, z, t)) — (i AAa(x, y, z, t) ) (i AAb(x,y, z, t) ) )

X oy dy ax
0 0
Torsion Dissipation Jtorsion dot E = -AAa(x,y,z, t) ( (a AAa(x, y, z, t) ) ( g AAb(x,y, z, t) )

_ (%AAa(x,y,z, z)) (%AAb(x,y,z, t)))

0 0
~Adb(x 3, 7 1 [5 Adb(x 3, 7 t)j e (5 Ada(x 3, 7 1) ) Aalx yz O Al

u

Topological Spin current 4 vector TS4 =-[A x H + D.phi,AdotD] =

0 0
%1 = o AAb(x,y,z, t) + . AAa

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J _spinx B) =

-e(%1) ([% Ada(x, y, z, t))AAb()g oz t) — [% AAb(x, y, 2, t)j AA

0 0
Spin Dissipation J spindot E = 1 [ - (a— AAa(x,y, z, t) ) AAb(x,y, z, t) (a AAb(x,y, z, t) )
M X
2

0 0 0
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2 2

0 0
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0 0 0 2
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u ax A ax
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ﬁAA — iAAb iAAb — iAAb
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2 0 0 2 0
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9 d
Vs Z, t)) + (@ AAa(x, y, z, t)) AAb(x, y,z,t) — (a AAb(x, y, z, 1) ) Ada(x,y,z,t)






