> restart:with(linalg) :with({difforms) ;with(liesymm):
> setup(x,y,z,t):defform(x=0,y=0,z=0,t=0,UU=0,VV=0,f=0,a=const,b=const,c=const,
k=const,mu=const,m=const,alpha=const,beta=const,n=const,omega=const, kappa=
const,epsilon=const,pi=const,p=const,e=const,N=const,H=const,Az=0,phi=0,Ax=0,
Ay=0,Gamma=const,Omega=const,gamma=const,q=const,g=const,sigma=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 andB=MuH
in 4D
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,

Last update: November 22, 2008

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
HolderNormN := (a Ax(x, v,z )P + b Ay(x, y, 2 )P + c Az(x, y, , ) P + e d(x, y, 2, 1))

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

current 1)

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
2 L a 7 .
A =% Ar(z,y, z,t)da" — 6(z,y, 2. t)dt = Aodr—odt.

The Engineering vector format of the field intensities

E = —JdA/df — grado. B =curl A = 94;/02" — 8A; /9"



The 2-form of Field intensities
F=dA=18A./8z —9A:/8:"Vdr? "da® = Forda? ~da®
—_— Lo —_— { g k' ol - "y Ij|_.' ﬂ.- }".'—l.--\'l- Lll —_— Jltﬂ{'"'l I\.R
= B.dx dy + B,dy dz + B,dz doe + E,dx dt + E,dy dt + E.dz"dt
o o v iy

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

T, = —[ExA+B¢ AoB|,
AdA = (T,
= Tidy dz"dt — Tjdz"dz"dt
+Tidx " dy dt — Tidz"dy dz.
dA"'dA = 2(EoB) Q4= KQ,.
= {OTy/0x 4+ OTY /Oy + 8Ty /9= + OT; |0t} Q.

Some additional formulas (note the signs)

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

Properties of the Topological Torsion vector T

(T = AdA

N = (TydA=c A
L,-T_i_:,:-l = g A

QE‘EQ = L,:TJ‘].-EEL,:TJ‘]{‘E.FI. = {Z-"gr]JﬁE-LT.-—'l I U
dA"dA = (2!) o Qy

NOTES:



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

*

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 = epsilonE 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 VVol4).
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.

*

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,z,t).

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
*

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 = FAG -A"] = (BdotH-DdotE) -(AdotJ-rho.phi),

the second Poincare Invariant = FAF = +2EdotB,

the Lorentz Force = - rho 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,rho) 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,rho} 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,sigma)

local BFC,TFC,EF1,EF2,EF3,JAC,JDC,SFC,EXBC,S2:
global Alform,HEL,ExB,NAME, lambdaN, lambdaH,ACTIONN,ACTIONH,Action,Actionem,JACOB,
ADJACOB,ADJOINT ,ADJOINTCURR,Xm,Yg,Za,Tk,EdotB,E,EXA,A,AA,BB,Ea,Eqg,B,F,Fem,
Torsion3_form,Torsion3_formem,Parity4 form,Q,dQ,QdQ,dQdQ,QdQ4,DETJACOB,T3,T4,U,Uch,
Uadj ,JXB,JXBch,JXBadj ,AdotT4,DIVT4,DIVADJOINTCURR, ParityFFFF,ParityDIV_T4,
Parity2EdotB,AdotJ,AdotJch,AdotJadj ,CHECK,CHECKch,CHECKadj ,A4 ,DFcha,HFcha,JdotE,
JdotEch,JdotEadj,J,Jch,Jadj,rho,rho_ch,rho _adj,rho E,rho Ech,rho Eadj,dWork,dWorkch,
dwWorkadj ,Work_1form,Work_ 1formch,Work 1formadj ,Work,Workch,Workadj,DF,DFch,DFadj ,HF,
HFch,HFadj ,EXH,EXHch,EXHadj ,CD,CDch,CDadj ,JA,JAch,JAadj ,JTOT,JTOTch,JTOTadj ,DIVJITOT,
DIVJITOTch,DIFJTOTadj ,JD,JDch,JDadj ,SP3,SP3ch,SP3adj ,SP4,SP4ch,SP4adj ,dSP4,dSP4ch,
dSP4adj ,OPT,0PTch,0OPTadj ,AXH,AXHch,AXHadj ,LAGF,LAGFch,LADFadj,Pl,PIch,Pladj,LF,LFcn,
LFadj,SPIN3_form,dSPIN3_form,BH,DE,AJ, rhophi,CCB,AJJJ,AAAA,LONFAC,PTD,AXxJ,Zfs,Zfsm,
Zfse,LFSPIN,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.

> lambdaN:=subs(a=a,b=b,c=b,e=e, p=p, (a*Alp+b*A2p+c*A3"p+e*(-phi)*p)*(N/p));
> lambdaH:=subs(a=a,b=b,c=c,e=e,p=p, (@*A1l™Mp+b*A2*p+c*A3p+e*(-phi)*p)*(H/pP));

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, AF,

and the 4-form of Topological Parity.

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

ACTIONN:=[Al/lambdaN,A2/l1ambdaN,A3/lambdaN, -phi/lambdaN];
ACTIONH:=[Al/lambdaH,A2/l1ambdaH,A3/lambdaH, -phi/lambdaH]:
JACOB:=jacobian(ACTIONN, [x,y,z,t]):

ADJOINT:=adjoint(JACOB):

DETJACOB:=factor (det(JACOB));

Action:=wcollect(innerprod(ACTIONN, [d(xX),d(y),d(z),d(DD):
A:=(JACTIONN[1],ACTIONN[2],ACTIONN[31D:

Ad:=phi/lambdaN;

BB:=curl (A, [X,y.,z]);B:=[factor(BB[1]),factor(BB[2]),factor(BB[3])1:
Ea:=(-diff(A,t));CCB:=simplify(curl(curl (B, [X,Y.,z]),[X,Y.Z]1));
Eg:=evalm(grad(-phi/lambdaN, [X,y,z]));
E:=([factor(Ea[1]+Eg[1]),factor(Ea[2]+Eg[2]),Ffactor(Ea[3]+EgQ[3DD):
EdotB:=factor(E[1]*B[1]1+E[2]*B[2]+E[3]1*B[31]):
Actionem:=innerprod(A, [d(X),d(y),d(z)])-phi/lambdaN*d(t);
F:=wcollect(d(Action)):

Fem:=E[1]*d(x)&Nd () +E[2]*d(y)&Nd () +E[3]*d(2)&Nd () +B[1]*d(y)&Nd(z)+B[2]*d(2)
&N () +B3T*d(x)&NA(Y) ;

> Torsion3_form:=wcollect((Action&"F));

> Parity4_form:=factor(F&"F);

VVVVVVVVVVVVYVYVVYV

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.

vV Vv

VVVVVVVVYVYVY

vV Vv

EXA:=crossprod(E,A);
T3:=([EXA[1]+B[1]*phi/lambdaN,EXA[2]+B[2]*phi/lambdaN,EXA[3]+B[3]*phi/lambdaN]
):

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

AdotT4:=Factor (A[1]*T4[1]+A[2]*T4[2]+A[3]1*T4[3]-phi/lambdaN*T4[4]);
DIVT4:=factor(diverge(T4,[X,y,z,t])):

ParityDIV_T4:=factor(DIVT4);

Parity2EdotB:=factor(2*EdotB);

ParityFFFF:=factor(getcoeff(F&F));

ParityDIV_T4:=factor(DIVT4);

Parity2EdotB:=factor(2*EdotB);

ParityFFFF:=factor(getcoeff(F&F));
Torsion3_formem:=T4[1]&"d(y)&"Nd(2)&Nd (1) -T4[2]&Nd (X)) &Nd(2)&Nd () +T4[3]&Md (X)
&N (Y)&NA(E)-TA4[4]18Nd (X)) &Nd(Y) &N (2) ;

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 else PTD:=PTD end if;

Similarity Invariants of the (scaled) Jacobian matrix

VVVVYV

Xm:=Ffactor(trace(JACOB));
S2:=factor(trace(innerprod(JACOB,JACOB))):
Yg:=factor((-(1/2)*((-trace(JACOB)*trace(JACOB)+S2))));
Za:=factor((trace(adjoint(JACOB))));
Tk:=factor(det(JACOB));

Print routines for E and B

\ VVVVYV \%

\%

R R S R S R R S R R S R R S R R S S R S R S e -
Format );

print(CAction 1-form = Action);

print(C Intensity 2-form F=dA "= F);

print(CTopological Torsion 3-form ANET = (Torsion3_form));

print(CTopological Parity 4-form FAF™ = (Parity4_form));
s

printCE field = simplify(E));
print(CB field = simplify(B));

print(CTopological TORSION 4 vector T4 = -[EXA + Bphi,AdotB] "= T4);
print(CHelicity AdotB = HEL);
print(CPoincare 11 =2(E.B) = 2*EdotB);



\

VVVYV

print(Ccoefficient of Topological Parity 4-form = fTactor(getcoeff(Fem&"Fem))

)

print(C Pfaff Topological Dimension PTD " =PTD);

print(C Correlation Similarity Invariants of Jacobian of
print(C Xm or linear (Mean) curvature -~ = Xm);
print(C Yg or quadratic (GAUSS) curvature ~ = YQ);
print(C Za or Cubic (Interaction internal energy) curvature ~ = Za);

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

CONSTITUTIVE CURRENTS FROM D=gpsilon 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

\

VVVVYVVYV Vv

vV VYV

VVVVVVVYVYVYV

Zfsm:=(1/epsilon)™N(1/2);Zfse:=CH*(mu/epsilon)™(1/2);
DF:=[factor(epsilon*E[1]+Zfse*B[1]),factor(epsilon*E[2]+Zfse*B[2]), factor
(epsilon*E[3]+Zfse*B[3])1:;
HF:=[factor(B[1]/mu-Zfse*E[1]),Factor(B[2]/mu-Zfse*E[2]) , Factor(B[3]/mu-Zfse*E
[31)1;:BH:=Factor(innerprod(B,HF)) ;DE:=Factor(innerprod(DF,E));
EXH:=(crossprod(E,HF));

CD:=factor(diverge(DF,[X,Y,z])):

JAC:=curl (HF,[x,y.,z]1);

JA:=[factor(JAC[1]),factor(JAC[2]),factor(JAC[3D1;
JDC:=-[difFf(DF[1],t),diff(DF[2].,t),difF(DF[3].,1)];
JD:=[factor(JdDC[1]),Factor(JDC[2]),Factor(IDC[3D]:
JTOT:=[factor(factor(JAC[1]+sigma*E[1])+Factor(JIDC[1])), Factor(factor (JAC[2]+
sigma*E[2])+Factor(JDC[2])), factor(factor (JAC[3]+sigma*E[3])+Factor(IDC[3])),
factor(CD)];

AdotJ:=Factor(innerprod(ACTIONN,JTOT));
JdotE:=Factor(JTOT[1]*sigma*E[1]+ITOT[2]*sigma*E[2]+ITOT[3]*sigma*E[3]);
J:=evalm([JTOT[1],JTOT[2],JTOT[3]]);AJ:=Factor(innerprod(A,J));rhophi:=factor
(-JTOT[4]*ACTIONN[4D);

rho:=JTOT[4];

rho E:=simplify(rho*E);

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

LAGF:=factor (factor(innerprod(B,HF))-factor(innerprod(DF,E)));
AdotJ:=factor(innerprod(JTOT,ACTIONN));

Pl :=factor(LAGF-AdotJ);

DIVJITOT :=Factor(diverge(JTOT, [X,Y,z,t]));
AAAA:=innerprod(A,A);AJJJ:=innerprod(A,J);
AxJ:=simplify(crossprod([JTOT[1],JTOT[2],J3TOT[311,[AL[1]1.AL2].AL31D)):;

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



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

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

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

compute Topological Spin

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

> SP3:=([AXH[1]+DF[1]*phi/lambdaN,AXH[2]+DF[2]*phi/lambdaN,AXH[3]+DF[3]*
phi/lambdaN]):

> OPT:=factor(innerprod(evalm(A),DF));

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

> dSP4:=factor(diverge(SP4,[x,y,z,t]));

> SPIN3_form:= SP4[1]*d(y)&"d(2)&Nd(t)-SP4[2]*d(x)&Nd(2)&Nd () +SPA[3]*d (x)&Nd(y)
&NA () -SPA[4]*d (xX)&Nd(y)&Nd(2) ;

> dSPIN3_form:=Factor(wcollect(d(SPIN3_form)));

> pring(CFRrRRRRx Compute Current using from Maxell-Ampere equations for
constitutive equations with chirality CH ******x*x*i*x™3y-print(Chirality
factor CH =Zfse);

> print(CD field = DF);

> print(CH field = HF);

> print(Poynting vector ExH = simplify(EXH));

> print( Amperian Current 4Vector curlH-dD/dt=J4 ~= JTOT);

> print( Amerian charge density divD = rho = CD);

> print("divergence Lorentz Current 4Vector, 4div(J4) "= factor(DIVJITOT));

print(CTopological SPIN 4 vector S4 =SP4);
print(Topological SPIN 3-form =SPIN3_form);
print(CSpin density rho_spin = factor(SP4[4]));

> print( LaGrange field energy density (B.H-D.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*g[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])).,-factor(JdotE)]);

CHECK:=innerprod((Work) ,JTOT);

Work_1form:=wcollect(innerprod(Work, [d(x),d(y),d(z).,d(t)]));
dwWork:=wcollect(simplify(d(Work_1form)));
LF:=-([factor(factor(rho*E[1])+factor(crossprod(J,B)[1])),factor(factor(rho*E
[2])+Tfactor(crossprod(J,B)[2])),factor(factor(rho*E[3])+factor(crossprod(J,B)

VVVYV



B3D)D:

U:=AdotJ;LFSPIN:=simplify(crossprod(LF, [SP4[1],SP4[2],SP4[3]11));

ifT LFSPIN[1]+LFSPIN[2]+LFSPIN[3]=0 and LF[1]<>0 then LFSPIN:=SP4[1]/LF[1] else
LFSPIN:=0 end if;

SF:=-([factor(factor(SP4[4]*E[1])+factor(crossprod(SP3,B)[1])),factor(factor
(SP4[4]1*E[2]) +TFactor(crossprod(SP3,B)[2])),factor(factor(SP4[4]*E[3])+factor
(crossprod(SP3.,B)[31D)HD):

TF:=-([factor(factor(HEL*E[1])+factor(crossprod(T3,B)[1])),factor(factor(HEL*E
[2]) +Factor(crossprod(T3,B)[2])), factor(factor (HEL*E[3])+factor(crossprod(T3,

BYI3D)D:;

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

print(C A.J =Ad);print(C -rho.phi~=rhophi);

print(C Poincare 1 (B.H - D.E)-(A.J - rho.phi) "= PI );
print(C London Coefficient LCT=LONFAC);

print(CPROCA coefficient curlcurlB =[factor(CCB[1]),factor(CCB[2]),factor(CCB
[BDID: printC 7);

print( Amperian Current 4Vector curlH-dD/dt=J4 "= JTOT);

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

print( Amperian Dissipation Jampere dot E "= +JdotE );

print(C Lorentz Force Spin factor LFSPIN =LFSPIN); print(C 7);



> print(Topological Torsion current 4 vector T4 = -[ExA + B.phi,AdotB] "= T4)

> print(C 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(C  T);print(CTopological Spin current 4 vector TS4 = -[A x H + D.phi,
AdotD] "= SP4);

> print(C 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(C 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[31+TF[3D1):
> print(C Dissipation “=factor(JTOT[4]+mu*SP4[4]+T4[1]));

S 14 11} Glaisiaisieiaieioisiaiateiniaieiteiniaioisteintaioiaiaiote END PROCEDURE

e = ) -
’

> end:

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

> NAME:="- wvol 1 p. 397 voll p.397- Hedgehog, accretion discs ;rl:=(x"2+y"2);
> G:=alpha*z/(x"2+y"2+e*z"2)"N(1/2) ;A1 :=-G*b*(y)/r1;A2:=C*b*(X)/rl;

> 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(A1,A2,A3,phi,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

NAME := - vol 1 p. 397 voll p.397- Hedgehog, accretion discs
r1=x —|—y2
oz
NE'S -I-y2 t+e?
ozby
U +y+eZ (¥ +yP)
ozbx
JE+¥+e? (E+yP)
A3:=0
0:=0

G:=

Al = -

A2 =




- vol 1 p. 397 voll p.397- Hedgehog, accretion discs

B R R T R R T R R R S R R S R R S R R S R R S R R T R R T S Diﬁerential Form Format k*kkkhkkkkhkkkkhhkkkihkkkikikkik

*khhkkkhkkhkkkikhkkikkikk

o.zbyd(x) N ozbxd(y)
U +y+e? (C+y)  IX+y¥+e? (¥+y)
ozb (-X2y —2y' +x* +x%e 2 —ye )
(x2—|—y2—|—e22)3/2(x2—|-y2)2
—mb(2X4+X2y2+X2/e222_y4_¥2e22) (d(x)) & (d(y))
C+y?+ed)” (C+y)
n aby(d(x)) & (d(z))  oabx(d(y)) & (d(z))
Rty +e)” 4y +e?)
Topological Torsion 3-form  AF=0

Action 1-form= -

Intensity 2-form F=dA =

Topological Parity 4-form  F"F =0

B R R R R o o e R R R S R R R R R R R R R R R R R R R R R USIng EM format khkhhhrhhkkkhkhkhkhrrrrhkhhhhhhiiiix

E field=[0, 0, 0]
o b x ) oby ) ozb
(X% +y? —Irezz)g/2 | (X +y*+e 22)3/2 | (X +y*+e 22)3/2
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

B field=| -

Pfaff Topological Dimension PTD =2
FhFFF A A I I I I K XX AXH* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

-
Xm or linear (Mean) curvature =0

(2 +2y +e?) 2 o’ b?

(R+y2+e)’ (E+y?)°

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
Fhxkxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **#x*kkkkxk
Chirality factor CH=0
D field=[0, 0, 0]



obx oby ozb

- 32 32 312
(C+y+e?) n (C+y+e?) u (C+y+ed) n
Poynting vector ExH = EXH

3azby(-1+e)

52
(C+y+e)

H field =

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

3azbx(-1+e)

0,0
512 '
(¥ +y+eZ) u ]

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

22,2
Topological SPIN 4 vector S4 = | - ¢z b2 X ,
(X +y*+e?) (¥ +y)u
oczzzbzy bzoczz
- , >—.0

(x2+y2+e22)2(x2—|-y2)u (C+y+e?) 1
ol Zb2x &Md(y), d(2), d(t))
(¥ +y2+e?)’ (F+y) u

ol Zb2y &Md(x), d(2),d(t)) . b2olz&Nd(x),d(y), d(t))
+ 2 + 2

Topological SPIN 3-form= -

d
(X +y) u (X +y*+eZ)
Spin density rho_spin=0

(P +y*+e7)

ol b2 (X2 +v* +7)

LaGrange field energy density (B.H-D.E) = 3
(C+y*+e?) 1

2. 22 2, 2
B.H:ab(x +y +7)

3
(C+y*+e?) 1
D.E=0
a 3oczzzb2(—1+e)
- 3
(C+y*+e?) 1
-rho.phi =0

Al

oczbz(—x2—y2—4zz+3ezz)

Poincare | (B.H - D.E)-(A.J - rho.phi) = - 3
(X +y+ed)

2, 2
London Coefficient  LC = (=1 F€) (x +2y )
(C+y?+ed)




? 2
PROCA coefficient curlcurlB = Sobx(-1+e) (4ez7/2y2 x)
(+y* +e?)
3oby(-14¢e) (4eZ—y*—x*) 3azb(-1+4e) (2eZ2—3y*—3%°)
712 , 712
(X% +y* +e7) (®+y*+e7)

i -1
Amperian Current 4Vector ~ curlH-dD/dt=J4 = 3ozby(-1+e)

512
(C+y+e)
3ozbx(-1+e
(C+y*+e?)

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J_ampere x B)
2
30 Zh%x (-1+e)

3oc222b2y(—1+e) i 30c22b2(—1 +e) (X +y?)
(R+y+ed) ' (C+y+ed)n (C+y+ed) n

Amperian Dissipation Jampere dotE =0

2 2
Lorentz Force Spin factor LFSPIN = - 1 X + yz +ez)
3 (X+Yy%) (-1+e)

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_torsion x B) =[O0,
0,0]

Torsion Dissipation JtorsiondotE =0

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

2 2.2 2 2,2 2 2
o b x oczby b"a z

2 i)
(C+y?+e?) (C+y¥)n  (C+y+ed)

0
2 )
x+y2 (x2+y +e)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = l
ocgzbsy (%2 +y2 +72)

b30c32x(x2+y2+22)
712
(C+y+e?) " (X¥+y)u

712
(x +yV+e?) T (¥ +y)u
Spin Dissipation J_spindotE =0




Disspative Force 3 vector = 115/2 (b2 oz ( 37X (X + y2

(C+y +ed) " u(¢+y)
712 712 712

+eZ) —abytu—3zx (¥ +y*+ed) YV +323 (¥ +y +ed) e

—lOocbysuxﬁ—lOocby7uX4—5ocby3uX8—5ocbyguxz—ocbyguzz—ocbyuxlo
712

+32x (P +y*+e?) ey —24abyuxter—18abyiuxte’ —16aby pxle

—18ocby5ux2e224—8ocby3ux2e326—12ocby3uz4x4e—120cby5uz4x2e

—12ocby3u26x2e2—4ocbyux8ezz—6ocbyuxﬁezz“—4ocbyux4e3z6

—ocbyuxze“zs—4ocbyuz4x6e—6ocbyp,tzﬁx“ez—4ocbyuzsxzeg—4ocbyguez2

—6ocby7ue224—40cby5ue326—0cby3ue428—6ocby5u22X4—4ocby7u22X2

—4ocby3u22x6—4ocby7uz4e—6aby5u2662—4ocby3u28e3—ocbyuzloe4

—ocbyuzzx8—16ocby3ux6e22>),

1
15/2
(X% +y* +e7)

, (bzoczz(10bocx7uy4—|-10bocxsuy6+5bocx9uy2
u (< +y?)

712
+5baxuy’+box’uZ+boaxuy® —3zy  (C+y +e?)  +24bax eyt

+18bocxsuyze2z4+16bocx3uy6ez2+18bocxsuy4e224+8bocxsuyze326

+12bOCXSI,LZ4€y2+12bOCXSMZ4ey4+12baX3u26y282+4b(XXuy8822



+6b(xxuy6€224—|—4bocxuy4e326—l—bocxuyze428+4bocxuz4y6e—|—6b0cxu26y4e2
+4b0cxu28y2e3+4bocxguezz+6bocx7ue224—|—4bocxsueng—i-bocxgueA'zg
—|—6b0cx5u22y4+4bax3u22y6+4b0cx7u22y2+4bocx7uz4e+6bocxsu26e2
—|—4bocx3u28e3+bocxuzloe4+bocxuzzy8—32y(X2+y2+e22)7/2X2+3zy3(x2

712 712
+y+e?) Te+baxtu+16bax peZy +3zy (¥ +y* +e2) exz)),

i 30czzb2(—1+e) (x* +v?)
(x2+y2+e22)4u

Dissipation =0

*hkkkhkhkkkhkhkkkhkhhkkhkhkkhkkikkkhhkkhkihkkhkiikiik END PROCEDURE B R R T R R R R R R R R R P R R S R R S R R P R e (2)

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:=(HN(2/2);A1l:=1*b*0*(y)/r1;A2:=1*b*(-x)*0/r1;

> A3:=0; phi:=1/@&*pi*epsilon)*q/(xX"2+y"2+z"2)N(1/2);

Then call the procedure JCM(A

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

> JCM(A1,A2,A3,ph1,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

*kkhkkkhhkkhkhkkhhkkhhhkkhhhhhkkhhhkkhkhhhkhhhkrhhhhkhhhhhhhhkhhhhhhhhkihkhiikiikk

NAME := - vol 1 p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.
fi=x*+ y2

r1=x —i—y2



Al:=0

A2:=0

A3:=0
1 q
¢'_4

TE x2+yz+z2

- vol 1 p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.

*hhkhrkhkhkkhhkhkhhkdhhkkhhkhhhhihhihiiiiik D if—fe renti al FO rm FO rm at *hkkhkkkkhkhkkikkhkhkkihkkhkikkkx

qd(t)
ney X+ Y+ 7
qx (d(x)) & (d(t)) _|_l qy (d(y)) & (d(t))
2 2 3/2 4 2 2 3/2
ne (X +y° +7) ne (X +y +7)

Action 1-form= - %

Intensity 2-form F=dA = %

1 gz(d(z)) & (d(1))
312
4 ne (X +y* +7)
Topological Torsion 3-form  AF=0

+

Topological Parity 4-form  F"F =0

B R R R R o o e R R S S R R R R R R R R R R R R R R R R R USIng EM format khhhhrkhhkkhkhkhkhirrrhhhhhhhiiiix

*kkk

g X 1 qy 1 qz

E field = 32 4 N
ne (¢ +y2 +7) ne (¢ +y? +7°)

1
4 ne(x2+y2+22)3/21 4 312
B field=[0, 0, 0]

Topological TORSION 4 vector T4 =-[ExXA + 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
FrAFkFFFIFFAF KX I *X*R* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

ek e e ek ek
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
FHkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ***x*skkkkxk

Chirality factor CH=0



o1 g X 1 qy 1 gz
D field = " 312

1+ +2)7" 4 (B2 +A) Y (R4 +7D)
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
divergence Lorentz Current 4Vector, 4div(J4) =0
1 o’ X 1 oy

7 7
16 nz(xz-l—yz-l—zz) ¢ 16 nz(xz—l—yz—l—zz) £

Topological SPIN 4 vector S4 =

1 qzz

— 0
2 i)
16 1t2(x2+yz—|-22) € ]

2 2 A
TopologicaISPINS-form:1—16 g Xf‘/\( (y),d(z), d(1)) _1_16 q y& (d(x), d(2), g(t))
n(x+y+22)£ T (P +y?+7)"¢
1 qz&"(() d(y), ())
16 TC (x +y2+z €
Spin density rho_spin=0
. . 1 q2
LaGrange field energy density (B.H-D.E) = - —
16 ¢ (@4 +A)
B.H=0
1 q2
DE=—
2
6 (21 +2A)° 7
AJ=0
-rho.phi =0
. ) 1 q2
Poincare I (B.H - D.E)-(A.J - rho.phi) TS S, .22

e(X+y +7) ' n
3(-1+¢e) (¢ +y)
(x2+y2+e22)2u
PROCA coefficient curlcurlB=1[0, 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 _ampere x B) =10,
0,0]
Amperian Dissipation JamperedotE =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_torsionxB) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

[ g’ x 1 qQy 1 o’z
- 2 2 2
16 nz(x2+y2+22) ¢ 18 nz(x2+y2+22) ¢ 18 nz(x2+y2+22) €
Lorentz Force 3 vector due to Spin current SF = --(rho_spinE +J_spinxB) =1[0,0,0]

3
s . 1 q
Spin Dissipation J_spindotE = —- 3

8 (R+y+2)7 1

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

,0

Dissipation =0

Khhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkixk EN D PROCEDURE FhAAAAkAAhkAAhkhkihkhkhhhihhihiikiik (3)



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 from the 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(A1,A2,A3,phi,1,1,1,1,2,0,0,0*(g+1*gamma),0);

B R R b e S e S S S S S R R e e

Al:=y
A2 = -X
A3:=t
0=z

Potentials from the Hopf Map Chirality 0*(g +lI*gamma)

B R R T R R T R R R S R R S R R S R R S R R S R R P R R T S Diﬁerential Form Format *kkkhkkkkhkkkkhkhkkkihkkkikkikkik

*khhkkkhkkhkkkikhkkikkikk

Action 1-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= -2t &"(d(x), d(y),d(z)) +2z&"(d(x),d(y), d(t))
—2y&"N(d(x),d(z),d(t)) +2x&"(d(y), d(z),d(t))
Topological Parity 4-form  F F =8 &*(d(x), d(y), d(z), d(t))

Fkkddkkkkkok ko kkokkkkkkkkokkkokkkokkk Using EM format Frdekkekkokkokskokokdokokdokdokok dokokdeok
—
E field=[0, 0, -2]
B field=[0, 0, -2]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =[2x,2Yy,21z 2t]
Helicity AdotB= -2t
Poincare Il =2(E.B)=8
coefficient of Topological Parity 4-form =8
Pfaff Topological Dimension PTD =4
FhkFFF IR K AR F AR KX FX* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
I
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
Fhxkxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **#x*kxkkrk



Chirality factor CH=0
D field=[0, 0, -2 €]
2

HfieId:[O, 0, ——}
n

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

Topological SPIN 4 vector S4 = ﬂ, ﬂ, -2¢ez, -2te
[

2x&MNd(y), d(2),d(t)) _ 2y&"(d(x),d(z),d(t))
u u

—2ez&(d(x),d(y),d(t)) +2te & (d(x),d(y),d(z))

Spin density rho_spin=-2te

Topological SPIN 3-form =

LaGrange field energy density (B.H-D.) = - -2 TER).
mn
BH=2
mn
DE=4¢
AJ=0
-rho.phi =0
Poincare | (B.H - D.E)-(AJ - tho.phi) = - "1 TEW)
mn

London Coefficient LC =0
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_ampere x B) =[0,
0,0]
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[2x,2Y, 21z 2]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsionxB) =

-4y, 4% -41]



Torsion Dissipation JtorsiondotE =4z

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = ﬂ, ﬂ, -2¢€z, -2 ts]

Loou

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = [ﬂ
u

- ﬂ, -4te
u
Spin Dissipation J_spindotE =4¢z
Disspative Force 3 vector = [0, 0, -4t (eu+1) ]
Dissipation =-2pute+2x

khkhkhkhhhhkhkhkkkhhhkhhhhhhkhkhhiiiiix END PROCEDURE khkhhhrhkhkhkhkhkhkhrrrrhhkkhhkhiiiix

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.;
T =(x"2+y"2);

> r2:=1;rl:=(((f+1*kappa*z+(@*(1))"™(2/2))));

> Al:=1*b*m*(y)/r2/r1;A2:=1*b*(-x)*m/r2/rl;

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

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

> JCM(A1,A2,A3,phi,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

*hkkhkkkhhkkhkkhhkkhhkkirhkkhhhihhkkhkhhkkikhirhkhhhkrhhdhhrhhirhhhhrhhihihhihkiiikikkx

NAME :=- vol 1 p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.
fi=x? +y2
r2:=1
— 2 2
ri=x"+y +xz+a
bmy
X+ y2 +Kxz+a
) bxm
2, .2
X +y +xz+a
A3:=0
0:=0

- vol 1 p. 397 vol4 p.147- Abrikosov Falaco vortex singularities.

B R R T R R T R R R S R R S R R S R R S R R S R R P R R T S Diﬁerential Form Format k*kkkhkkkkhkkkkhhkkkihkkikkikkkik

Al =

A2 =

*khhkkkikhkkkikhkkkikk

bmyd(x) _ bxmd(y)
¥y +xz+a X+yY+rxz+a

Action 1-form=

(4)



bm (X —y* +xz+a)
(x2+y2+1<z+a)2

Intensity 2-form F=dA = (_

B bm(-X¥+y+kz+a) N bmyx (d(x)) & (d(z))

(C+y2+xz+a)’

(d(x)) & (d(y))

(% 4y —|—1<z-|—a)2
_ bxmx (d(y)) & (d(2))
(E+y?+xz+a)
Topological Torsion 3-form  A"F =0

Topological Parity 4-form F"F=0

R R R R R R R S R R S R R S R R S R R S R R S R R S S S e > U si n g E M fo rm at *hhkhEhkhkhkkhkhkhkkhhkkhhkhihkhihhihhiiikh

———
E field=1[0,0, 0]
bxmxk ) bmyx __2bm(xz+a)
C+y+xz+a)’  (C+y¥+xz+a)  (C+y¥2+xz+a)
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

B field=| -

Pfaff Topological Dimension PTD =2
FhFFF A A I I I IR KR XAXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

-
Xm or linear (Mean) curvature =0
b?m? (a+ Kz —x* —y?)
(E+y?+xz+a)’
Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature =

Tk or quartic (4D expansion) curvature =0
FhxkxAxAxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****xxkikrx
Chirality factor CH=0
D field=[0, 0, 0]
H field = | - bxmk - bmy x - 2bm(1<z—|—a)2
(C+y+xz+a)u  (C+y+xz+a)n  (C+y+xz+a)u
Poynting vector ExH = EXH




2bmy(41<z+4a—1<2)

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

(+y +xz+a)
) 2bxm(41<z+4a—1<2)

3
(C+y*+xz+a)
Amerian charge density  divD =rho=0

,0,0

divergence Lorentz Current 4Vector, 4div(J4) =0
2b%xm® (xz+a) 2b°m’y (kz+a)

3 3
(C+y+xz+a) p (C+y+xz+a)

Topological SPIN 4 vector S4 =

i b%m? « (X% +y?) 0
(x2+y2+1<z+a)3u1
2b%xm® (xz+a) &\(d(y), d(z),d(t))
2, .2 3
(X +y +xz+a) p
_2p°my (xz+a) &N(d(x),d(z),d(1)  b*m’x (X +y°) &\(d(x), d(y), d(1))
(x2+y2+1<z+a)3p (x2+y2+1<z+a)3u
Spin density rho_spin=0

Topological SPIN 3-form =

b? m? (x21<2+y21<2+41<222+81<za+4a2)
(+y?+xz+a)n

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

2 2 2
B.H= bzmz(sz VK 4K 22—|-81<za+4a2>

(+y2+xz+a)
D.E=0

e 202 (4xz+4a—«) (% +y?)
T 4
(C+y*+xz+a) p
-rho.phi =0

Poincare | (B.H - D.E)-(A.J - rho.phi)

_ b2m2(3x21<2+3y21<2+41<222+81<za+4a2—8x21<z—81<zy2—8x2a—8ay2)

(x2+y2+1<z+a)4u
2 (4xz+4a—x)
(E+y+xz+a)

London Coefficient LC=

2bxmi (-3 —4X —4y*+8xz+8a)

PROCA coefficient curlcurlB=| - 2
(C+y+xz+a)




2bmyx(-3x —4X¥ -4y +8xz+8a)
2, .2 4
(x*+y +xz+a)

i abm(4xz+da—«) (a—2X+xkz—2y?)
(x2—|-y2—|-1<z+a)4

2bmy(41<z+4a—1<2)

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

(E+y+xz+a)n

) 2bxm(41<z+4a—1<2) 0 0\
(x2+y2+1<z+a)3u

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

) 4b2xm2(41<z+4a—1<2) (xz+a) 4b2m2y(41<z+4a—1<2) (kz+a)
(x2+y2+1<z+a)5u (x2+y2+1<z+a)5u

2b2m2(41<z+4a—1<2)1<(x2+y2)
2 .2 >
(X +y +xz+a) u
Amperian Dissipation Jampere dotE =0

2
(¢ +y* +xz+a)
41<z+4a—1<2

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) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

2b%xm? (xz+a)

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

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

20°my (kz+a)  bmix (X +y)

3 3
(C+y+xz+a) n  (C+y’+xz+a)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J_spin x B)

, 0

_ b3m3y(x2K2+y21<2+41<222+81<za—|—4a2)

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



b3m3x<x21<2+y21<2+41<222+81<za+4a2)
_ s .0
(C+y*+xz+a) n

Spin Dissipation J spindotE =0

Disspative Force 3 vector = L 3 (b2 m? ( ~16xK 2 —32xKza — 16 X8>

(C+y*+xz+a) p

+4x1<32+4x1<2a+bmyux2K2+bmy3uK2+4bmyu1<222+8bmyuKza

1

(2 , )5 <b2m2(16y1<222+32y1<za+16ya2
X+y +xz+a) u

+4bmyua2)>, -

—4y1<32—4y1<2a+bmxsuKZ—i—bmxuy2K2+4bmqu222+8bmquza

2 b? m? <41<z+4a—1<2> K(x2+y2)
(E+y?+xz+a)
Dissipation =0

Khhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkixk EN D PROCEDURE FhAkAAAkAAhkAAhkhkihkhkhhkhkihhihiikiik (5)

+4bmxua2)>,



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;rl:=(((f+0*kappa*z+(a*(0))"™(2/2))));

> Al:=1*b*m*(y)/r2/rl1;A2:=1*b*(-x)*m/r2/rl;

> A3:=0; phi:=1/(4*pi*epsilon)*q/(xX"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(A1,A2,A3,phi,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

*hkkhkhkkkhhkhkhkhkkhhkhkhhkkhhkhkhhkhhkhkhhkhkkhhkhhkhkihkhkhhkikhhkhhkhhhkkhhhkhhkhhhkihkhihkkikkx

NAME :=- vol 1 p. 397 vol4 p.147- Abrikosov vortex singularities.
fi=x*+ y2
r2z:=1
ri=x+ y2
AL:= DM
X —|—y2
bxm
X 4y
A3:=0

A2 = -

q)_:—
meN X +y +z

- vol 1 p. 397 vol4 p.147- Abrikosov vortex singularities.
FhIAIAIAIAIAAIAIAAIAAAAAAAAAAAAAAAAAddddx Dlﬁerentlal Form Format *khkhkhkhkhkhkhkhkhhkhhkhkikiikikikx

*khhkkkhkkhkkkikhkkikkikk

2
Action 1-form:% (~ax’ —qy’) d(t) + brr;yd(zx) — bxzmd(y)
(¢ +y?) mey X +y +7 X Ty X+

1 gx(dx) & (dM) , 1 qy(dly)) & (d(1)

n 3/2 3/2
4 e (¥ +y +7) 4 ne (X +y +7)

1 gz (d(z)) &"(d(t))
T 3/2

Intensity 2-form F=dA =

ne (X +y* +7)
bxzmq
(+y?) me (C+y?+7)

3/2

I

Topological Torsion 3-form  AF = [

bqu
¥ +v) e G +y +7)
1 bmyqz&Nd(x),d(2),d(1)) 1 bxmqz&\(d(y),d(),d(1))
+4 2, .2 2 2, 232 4 2 2 243/2
(X +y)me (X +y +7) (+y?) ne (X +y* +7)

+

% ( 7 ] &MN(d(x), d(y), d(t))




Topological Parity 4-form  F"F =0

B R R T R R T R R R S R R S R R S R R S R R S R R T R R T S USing EM format B R R T R R R S R R S R R S R R S R R S e R T R R P e s

*khkk

gx 1 qy 1 gz
372 3/2 312
ne (¢ +y2 +7) 4 e (C+y?+7) 4 ne (¢ +y? +7°)

B field=[0, 0, 0]

=L
E field = 4

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

bxmqz
+v) e (G +y +7)
1 bmg
ne (X 4y +7)

bmyqz
¥ +v) e (G +y +7)

1 1
4 ( 320 4 ( 3/2"

0

3/2

Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
FhFFFA K I K I I I X KX XXX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hkhkhkhhhhhkhkhkkkhhhkiiihikx

Xm or linear (Mean) curvature =0

b® m?
Yg or quadratic (GAUSS) curvature = - >
(x“+y°)
Za or Cubic (Interaction internal energy) curvature =0

2

Tk or quartic (4D expansion) curvature =0
FhxFAxA**E Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH *****kkskkskx
Chirality factor CH=0

D field = 1 qx 1 qy 1 qz
32 32 3/2
4 r (¢ +y2 +7) 4 n (X +y> +7) 4 (¢ +y> +7)
H field=1[0, 0, 0]

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



1 g’ x 1 gy
7 7
16 nz(x2+y2+zz) ¢ 16 nz(x2+y2+zz) £

Topological SPIN 4 vector S4 =

1 qzz

— 0
2 H
16 nz(x2+y2+22) € ‘

iqzx&ﬂ(() d(z),d(t)) 1 qzy&ﬂ(d() d(z),d(t))

Topological SPIN 3-form =

ey 212) e 16 2 (x —|—y2-|—z2 €
1 ¢ z&Md(x), d(y), d(1))
16 2+ +A) e
Spin density rho_spin=0
1 2
LaGrange field energy density (B.H-D.E) = - 7~ 9 —
e (C+y+7)
B.H=0
2
D.E=1—16 “
e (C+y?+7)n
AJ=0
-rho.phi =
. _ 1 02
Poincare | (B.H - D.E)-(A.J - rho.phi) = “16 >

e (C+y?+7)r
London Coefficient LC=0
PROCA coefficient curlcurlB=1[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_amperexB) =[0,
0,0]
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

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

bxmqz
¥ +v) e (G +y +7)
1 bmg
4 e (C+y?+7)

bmyqz
¥ +v) e (G +y +7)

1 1
4 ( 320 4 ( 3/2"

3/2’0



Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion x B) =[O0,

0,0]
Torsion Dissipation JtorsiondotE =0

Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD]
[ o’ x 1 o’y 1 ¢’z
16 7t2 (X2+y2+22)28 - 16 7t2 (X2+y2+22)28 - 16 7t2 (X2+y2+22)28 1
Lorentz Force 3 vector due to Spin current SF = --(rho_spinE +J spinxB) =1[0,0,0]

3
Spin Dissipation J_spin dot E -1 d 52 3 2

64 (C+y+7) "me

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

Dissipation = - 7 bxmgz 37
(% +y?) e (G +y* +7)
KEhEAAAAAAAkAAAAAAAAAAAhhhhhhiiik END PROCEDURE E R R R 2 S S S S S S R S S S S R R R S S S S S S e e (6)

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+z"2) ; Ay :=-x*cos(-k*z+omega*t)/ (1+x 2+y"2+
z"2);

> Az:=k*cos(-k*z+omega*t); phi:=omega*cos(-k*z+omega*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*alpha*(g+l*gamma),0):

khkkhkkkhkhkhkhkhkkhhkhkhhkkhhkhkkhhkhhkhkihkhkkhhkhhkhkihkhkhhkkikhhkhhkhhhkkhhkhkhhkhhhkihkhihkikkx

Ay o ycos(zkz—zoat)2
1+x"+y +z
_xcos(kz—mt)

1+ +y+7

Ay =



Az :=kcos(kz—mt)
d:=mcos(kz—wt)

-- wave rotation vol4 p159.

FhAkAAAkAAhkAAhkArAhkhkrhkhkrhkhkihhkihikiiiikx D iﬁe renti al Fo rm Fo rmat *hhkkkhkkhkkkhkhkkkhkikkkhkikkikkikikk

*hkkkkkkkhkhiik

cos(kz—wt) (-o—oxX -0y —o)dd) N ycos(kz—omt) d(x)

Action 1-form =

1+ +y2 + 7 1+ +y +7
__xcoqkz—wou(uy)_Fcoqkz——mt)(k+kx2+ky2+kzﬂ(uz)
1+ +y + 7 1+ +y +7
1 — N
Intensity 2-form F=dA = - ysin(kz (ot)z(o(d(x))z& (d) +
1+ +y 412
Ccos(kz—ot) (1+X—y*+7) N cos(kz—ot) (-1+x*—y*—7) ]
(1-|—x2-|—y2-|—22)2 (1+X2+y2+22)2
(d(x)) & (d(y)) — L > (x (sin(kz— o t) k+sin(kz— o t) k¥

(1+X%+y?+7)
+sin(kz—ot) ky2+sin(kz—cot) k22+2005(kz—cot) z) (d(y)) & (d(2)))
+ L 5 (y (sin(kz—ot) k+sin(kz—ot) kx’ +sin(kz—ot) ky’
(1+X+y+7)
+sin(kz—wt) k2 +2cos(kz—ot) z) (d(x)) & (d(2)))
xsin(kz—wt) o (d(y)) & (d(t))
+ 2, 2, 2
1+X +y +z

2cos(kz—wt) o (1+72) &\(d(x), d(y), d(t))
(142 +y+2)°

(x),d(y),d(z))

2

Topological Torsion 3-form  AF=

B Zcos(kz—cot)zk(l—i-z) &"\(d

(1 4+ +y*+7)
cos(kz—cot)kysm(kz—mt) 1

1+X+y +7 C (14+R 4+ +7)

—ot) oy (sin(kz—wt) k+sin(kz—wt) kx’+sin(kz—mt) ky* +sin(kz

5 (cos(kz

—wt)kZ+2cos(kz—wt)z))) &\(d(x), d(z),d(t)) +

cos(kz—wt) kxsin(kz—ot) ® 1
_ cos( )2 2( > ) + ; 22(cos(kz
1+X" +y +z (1+X _|_yz+z)



—ot) ox (sin(kz—wt) k+sin(kz—at) kxé+sin(kz—amt) ky? +sin(kz
—wt)kZ+2cos(kz—ot)z))) &\(d(y),d(z),d(t))
Topological Parity 4-form  F"F =0

B R R R R R o e R R S e R R R R R R R S R R R R R R R USIng EM format khkhhhrhkhkkhkhkhkhrrrrihhhhhkhiiiix

*kkk

_ysin(kz—ot) o xsin(kz—ot) o
1+ +y+7 1+ 4y +7

E field = 0

1
(1+x°+y*+7)

2

Bfield:I— > (x (sin(kz—ot) k+sin(kz—ot) kxX’ +sin(kz—ot) ky

1
(1 4+ +y*+7)

+sin(kz—ot) kZZ +2cos(kz—wt) 7)), - 5 (v (sin(kz

—ot)k+sin(kz—wot) kxé+sin(kz—at) ky? +sin(kz—ot) kZ + 2 cos(k z

_2cos(kz—wt) (1+7)
2
(1+x°+y*+7)

—wt) z)),

2cos(kz—(ot)2(oxz

Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = >
(1+X%+y?+7)

2cos(kz—ot) oyz 2cos(kz—ot)’ o (1+7) 2cos(kz—ot)’ k(1+7)
(1+2+y¥+2)° (142 +¥+A)° (142 +y¥+A)
Zcos(kz—a)t)zk (147)
(1 +X2+y2+22)2
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0

Helicity AdotB = -

Pfaff Topological Dimension PTD =3
FhFFF A KA F I I IR KX XX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkhkhhhhhkhkkkkhhhkiiihikx

Xm or linear (Mean) curvature = -sin(kz — mt) <k2 —i—(oz)
cos(kz—wt)’ OE+y2—1—7)
3
(1+x%+y?+7)

Yg or quadratic (GAUSS) curvature = -

Za or Cubic (Interaction internal energy) curvature
_cos(kz—ot) sin(kz—ot) (C+y¥2—1-2) (K+o)
- 3
(1+X%+y*+7)




Tk or quartic (4D expansion) curvature =0
FhkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****xxkdorx
Chirality factor CH=0
_eysin(kz—ot) o exsin(kz—ot) ®
L+ +V+72 | 14X+ +7

Dfield:[ , 0

(x (sin(kz—ot) k+sin(kz—ot) kX’ +sin(kz

1
2

H field=| -
(1+X+y"+2)

—ot) ky? +sin(kz—wt) kZ+2cos(kz—ot) 2)),

. L —(y (sin(kz—ot) k+sin(kz—wt) kx +sin(kz— ot) ky’

(1+X+y"+2)

2cos(kz—ot) (1+7)
2
(L+x+y+7) 1
2xsin(kz—wt) wcos(kz—ot) (1 +7)

+sin(kz—ot) kZ+2cos(kz—wt) z)),

Poynting vector ExH = | - 3
(1+X+y*+7)
_2ysin(kz—wt) mcos(kz—wt) (147) 1 (sin(kz
2 2,23 ’ 2 2, 23
(1+xX+y +7) (1+xX+y +7)

—wt) o (sin(kz—ot) k+sin(kz—ot) kX’ +sin(kz—ot) ky* +sin(kz—ot) kZ
+2cos(kz—ot)z) (¥+y*))]
1

Amperian Current 4Vector  curlH-dD/dt=J4 =| - 3 (y ( 'S cos(kz
1+ +y*+7) 1

—wt) —10cos(kz—ot) —2k cos(kz—wmt) ¥ —2 Kk cos(kz—wt) y* +4sin(kz
—wt) kz—2Kcos(kz—wt) Z —2y*cos(kz—mt) —2x°cos(kz—wt) —2 cos(kz
—wt) Z—cos(kz—ot) Kx*—cos(kz—mt) Ky* —cos(kz—wt) K¥z* +4sin(kz

—wt) k2 +4xsin(kz—wt) kz+4y’sin(kz—ot) kz—2cos(kz—mt) Kx*y?



—2cos(kz—mt) K¥x*Z —2cos(kz—wt) k2y222+ecozcos(kz—wt) u

+28(D2COS(kZ—(1)'[) ux2+2£mzcos(kz—(ot) uy2+2£mzcos(kz—(ot) w7

+eo)2cos(kz—wt) ux"’—i—eu)zcos(kz—(ot) uy4—|—eo)2cos(kz—cot) nz'

+2£0)2cos(kz—0)t) ux2y2+280)2cos(kz—0)t) ux222+2£0)2cos(kz

1
3
(1+X+y+7)

—ot)uy’?)), (x (-Kcos(kz—mt) —10cos(kz—wt)

—2Kcos(kz—ot) x¥* —2Kcos(kz—ot) y* +4sin(kz—ot) kz—2 Kk cos(kz
—wt) Z—2y*cos(kz—mt) —2x°cos(kz—wt) —2cos(kz—mt) 2 —cos(kz
—wt) K¥x*—cos(kz—ot) Ky* —cos(kz—ot) K +4sin(kz—wt) kZ
+4xsin(kz—wt) kz+4y?sin(kz—mt) kz—2cos(kz—wt) K x*y* —2 cos(kz

27 —2cos(kz—ot) k2y222+em2cos(kz—wt) p+2£0)2cos(kz

—ot) KX
2 2 2 2 2 2
—ot)ux"+2ewm cos(kz—wt) uy"+2ew cos(kz—wt) uz +ew cos(kz
—wt)ux4+emzcos(kz—(ot)uy4—|—eco2cos(kz—cot)uz4+28c02cos(kz

—ot)

ot ux2y2+2£cozcos(kz—cot) ux222+280)2cos(kz—mt) wy>7)), 0, 0]
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

1
3

PRI (cos(kz—wt) (2xcos(kz—wt)

Topological SPIN 4 vector S4 =
+2Kysin(kz—ot) +yksin(kz—ot) +2Kysin(kz—wt) x* +2kycos(kz
2

—ot) z+2Kysin(kz—wt) Z+ KBy sin(kz—ot) —2eysin(kz—ot) mzuxzz

+ICysin(kz—mt) X + 2Ky sin(kz—ot) ¥+ 2Ky’ sin(kz—ot) 2 +Kysin(kz



—ot) *+2ky cos(kz—wt) z4+2kycos(kz—ot) 2 +2cos(kz—ot) x 2
+2kycos(kz—ot) zxX’ +2Kysin(kz—wt) ¥ —ey’sin(kz—ot) (ozu
—eysin(kz—ot) (ozu—2£y3sin(kz—(ot) O)Zu—Zeysin(kz—(ot) (1)2ux2
—2¢eysin(kz—ot) mzuzz—eysin(kz—mt) mzux4—28y3sin(kz—0)t) mzux2
—2ey’sin(kz—ot) mzuzz—sysin(kz—cot) cozuz4)),

- L 3 (cos(kz—wt) (2K2x3sin(kz—ot) —2cos(kz—wt) yz

(L+x+y+7) 1

—2ycos(kz—wt) +xksin(kz—wt) +2kxcos(kz—ot) z4+2Kxsin(kz—wot) y?
+2Kxsin(kz—ot) 2 —2exsin(kz—ot) mzpyzzz—i—kzxssin(kz—mt)
+2kxcos(kz—ot) zy* + 2K xsin(kz—wt) Y2 —ex’sin(kz—ot) (ozu
—exsin(kz—ot) mzu—28x3sin(kz—0)t) mzu—28xsin(kz—0)t) mzuy2
—2exsin(kz—ot) cozuzz—z.ngsin(kz—mt) mzuy2—28x35in(kz—(ot) (ozuz2
—exsin(kz—ot) mzuy"'—exsin(kz—mt) w2u24+2k2x3sin(kz—mt) ¥

+2KCsin(kz—wt) 2+ K xsin(kz—amt) y* +Kxsin(kz —ot) 7' + 2 kx® cos(k z

1
(1+X+y+7)

—wot) z+2kxcos(kz—wt) 2)), - (cos(kz—omt) (sin(kz

—wt)k+sin(kz—wot) kx+sin(kz—at) ky? +sin(kz—ot) kZ + 2 cos(kz



_cos(kz—ot) esin(kz—ot) o (X +y)

2
(1+x2+y*+7)

—ot)z) (¢+y?)),

1
3

(cos(kz—wt) (2xcos(kz—mt)
2, 2,2
(1+xX+y +7)

Topological SPIN 3-form =

+2Ky*sin(kz—mt) +yKsin(kz—ot) +2Kysin(kz—wt) X’ +2kycos(kz
—wt)z+2Kysin(kz—ot) 2+ Ky sin(kz—wt) —2eysin(kz—ot) u)zuxzz2
+ICysin(kz—mt) X + 2Ky sin(kz—ot) ¥+ 2Ky’ sin(kz—ot) 2 +Kysin(kz
—wt)+2ky’cos(kz—wt) z+2kycos(kz—wt) 2 +2cos(kz—wt) x 7
+2kycos(kz—ot) zX +2Kysin(kz—wt) ¥ —ey’sin(kz—wt) mzu
—eysin(kz—ot) (ozu—2£y3sin(kz—(ot) (ozu—Zeysin(kz—(ot) (02ux2
—2¢eysin(kz—ot) cozuzz—eysin(kz—(ot) (ozux4—2£y33in(kz—(ot) (ozux2
—2ey’sin(kz—ot) o pnZ —eysin(kz—ot) o wZ) &\(d(y),d(2), dt)))

1

3

(cos(kz—ot) (2K x%sin(kz—wt) —2cos(kz—wt) yz
(1+X+yV+7)

+

—2ycos(kz—wt) +xksin(kz—wt) +2kxcos(kz—ot) z4+2Kxsin(kz—wot) y?
+2Kxsin(kz—ot) Z—2exsin(kz—ot) mzuy222+k2x53in(kz—(nt)
+2kxcos(kz—ot) zy* + 2K xsin(kz—wt) Y22 —ex sin(kz—ot) (nzu
—exsin(kz—ot) mzu—28x3sin(kz—0)t) mzu—28xsin(kz—0)t) mzuy2
—2exsin(kz—ot) cozuzz—Zexgsin(kz—u)t) u)zuyz—ZexSsin(kz—(ot) (1)2uz2
—exsin(kz—ot) (ozuy4—exsin(kz—cot) o)zuz4+2k2x33in(kz—(ot) Y
+2KCsin(kz—ot) Z+ K xsin(kz—ot) y' +Kxsin(kz —ot) 7' + 2 kx® cos(kz

—wt) z+2kxcos(kz—mt) ) &\(d(x),d(z), d(t)))

— cos(kz—wt) (sin(kz—wt) K+sin(kz—wt) KxX"+sin(kz
L K in(k K-+ sin(k K +sin (k

(1+X+y+7)
—wt)ky? +sin(kz—wt) kZ+2cos(kz—ot) z) (X +y?) &\(d(x), d(y), d(t)))
, cos(kz—ot) esin(kz—ot) o (¢ +y?) &\(d(x), d(y), d(2))

(142 +y¥+72)°
cos(kz—at) esin(kz—ot) o O +y?)
(142 +2)

Spin density rho_spin= -



LaGrange field energy density (B.H-D.E) = L 7 (k2 sin(kz— o t)2 X2

(1+X+y*+7) u

+ K

sin(kz—mt)2y2+4cos(kz—wt)2—|—8cos(kz—mt)222+8x25in(kz
—wt) ky’cos(kz—ot) z+4sin(kz—wt) kx’cos(kz—ot) z+4sin(kz
—wt) ky’cos(kz—ot) z+4x" sin(kz—ot) kcos(kz —ot) z+4 X sin(kz

2
k222

wt) Ky 2 +4xsin(kz—wt) kP cos(kz—wt) +4y*sin(kz—wt) kcos(kz

—ot)

—wt)z+4ysin(kz—ot) k2 cos(kz — ot) +23in(kz—(ot)2k2x4+23in(kz
—mt)2k2y4+4x2COS(kZ—c0t)222+X65in(kz—mt)2k2+4yzcos(kz—oot)222
—i—yessin(kz—oot)zkz—|—4sin(kz—mt)2k2x2y2—|—23in(kz—o)t)2k2x222
—i—2sin(kz—(ot)2k2y222+3x23in(kz—(ot)2k2y4+x25in(kz—cot)zkzz4
+3x4sin(kz—(ot)2k2y2+2x4sin(kz—(ot)2k222+y25in(kz—cot)2kzz4
+2y4sin(kz—(ot)2k222+4cos(kz—(ot)224—4.<35in(kz—o)t)zogzuxzy2
—Zesin(kz—mt)zwzuxzzz—Zesin(kz—mt)zmzpyzzz—3esin(kz
—oot)z(nzuxzy“—:»:sin(kz—oot)z(nzuz‘lxz—3ssin(kz—cot)zoozp,tx‘ly2
—Zesin(kz—mt)zmzux"'zz—esin(kz—mt)2m2u24y2—Zesin(kz—mt)2m2u22y4
—4esin(kz—(ot)z(oz},txzzzyz—2ssin(kz—wt)zo)zuxA'—283in(kz—(ot)2co2uy4
—esin(kz—cot)zoazuxe—esin(kz—cot)zoazuyz—esin(kz—a)t)zwzuy6
—esin(kz—o)t)zcozux2>

1

B.H= 2 (kZSin(kZ—(Dt)ZXZ+k25in(kz—0)t)2y2+4COS(kZ—(Dt)2

(1+X+y+7) u

+8cos(kz—(ot)222+8xzsin(kz—(ot) ky?cos(kz—wt) z+4sin(kz

—t) kxcos(kz—ot) z+4sin(kz—at) ky?cos(kz—ot) z+4 X' sin(kz
—wt) kcos(kz—mt) z+4x25in(kz—oot)2k2y222+4x23in(kz—oot) k 2 cos(k z
—wot) +4y*sin(kz—ot) kcos(kz—mt) z+4y*sin(kz—wt) k2 cos(kz— wt)
—|—2sin(kz—(ot)2k2x4+2sin(kz—wt)2k2y4+4x2cos(kz—wt)222+x63in(kz
—wt)2k2+4yzcos(kz—0)t)222+y65in(kz—wt)2k2+4sin(kz—wt)2k2x2y2
+2sin(kz—ot) KA +2sin(kz—ot) Ky 2 +3%sin(kz—ot) Ky

-I—XZsin(kz—oot)2k224-|-3x4s,in(kz—oot)2k2y2+2x‘lsin(kz—oot)zkzz2



+y25in(kz—wt)2k224+2y4sin(k — )2k222+4cos(kz—wt)zz4)

DE= esm(kz—cot (x +y2
(1+x2+y +z)
1
Ald=- 2 (cos(kz—wt) (-K*cos(kz—wt) —10cos(kz—ot)

(1+X+y+7)
—2Kcos(kz—ot) ¥ —2Kcos(kz—ot) y¥* +4sin(kz—ot) kz—2 K cos(kz
—wt) Z—2y*cos(kz—mt) —2x°cos(kz—wt) —2cos(kz—mt) 2 — cos(kz
wt) KKx* —cos(kz—ot) Ky' —cos(kz—ot) K7 +4sin(kz—wt) kZ’
+4xsin(kz—wt) kz+4y*sin(kz—mt) kz—2cos(kz—wt) K x*y* —2 cos(kz

—wt) K¥x¥Z—2cos(kz—ot) k2y222+£(o cos(kz—mt) u+2£m cos(kz

)

—ot) ux toew cos(kz—mt) uy? t2ew cos(kz—mt) uz tew cos(k z

—ot) uxt tew cos(kz—ot) uy* tew cos(kz—wt) uz* toew cos(kz
)

—at) uxly? t2ew cos(kz—mt) uxtz t2ew cos(kz—wt) ny?22) (x2+y?))
-rho.phi =0
. o 1 2 . 2 9
Poincare |  (B.H - D.E)-(A.J - rho.phi) = 7 (k sin(kz—ot) x
(1+¥+y*+7) u

+k25in(kz—cot)2y2—kzcos(kz—wt)2x2+4cos(kz—cot)2—10 cos(kz—(ot)zx2

—10 cos(kz—(ot)zy2+8cos(kz—cot)222+16 xsin(kz—wt) ky’cos(kz—ot) z
+8sin(kz—ot) kx’cos(kz—mt) z+8sin(kz—ot) ky’cos(kz—mt) z
+8x*sin(kz—wt) kcos(kz—mt) z+4x23in(kz—mt)2k2y222+8x23in(kz
—wt) kP cos(kz—wt) +8y*sin(kz—wt) kcos(kz—wt) z+8y?sin(kz

—wot) kPcos(kz—ot) —i—2sin(kz—oat)zkzx"'-|—25in(kz—mt)2k2y4
+2x2cos(kz—(ot)222+x65in(kz—wt)2k2—|—2yzcos(kz—(ot)222—|—y65in(kz
—wt)2k2—I—4sin(kz—cot)2k2x2y2+2$in(kz—0)t)2k2X222+2$in(kz—0)t)2k2y222
+3x%8sin(kz—ot) Ky +XCsin(kz—ot) KK +3x*sin(kz—ot) Ky
+2xtsin(kz—ot) KA +yPsin(kz—ot) K2 + 2y sin(kz—ot) K2

—i—4cos(kz—(nt)224—4z»:sin(kz—oot)z(nzuxzyz—2esin(kz—o)t)zoozp,txzz2

—ZESin(kZ—0)t)20)2uy222—3ESin(kZ—(Dt)z(DZMXZyA'—ESin(kZ—mt)ZOJZMZ4X2



—385in(k2—(1)t)2(02},tx4y2—ZESin(kZ—O)t)Z(DZHX422—ESin(kZ—wt)2w2M24y2
—2£sin(kz—mt)2w2u22y4+4ew2cos(kz—(ot)zuxzzzyz—4esin(kz

—(Ot)z(oz}.LXZZZyZ—4y2COS(kZ—(0'[)2X2—2SSin(kZ—OJt)zmzux4—2SSin(kZ

—oot)z(nzuy4—esin(kz—mt)zmquG—esin(kz—mt)zmzuyz—esin(kz
—ot 2(;)Zuye—:esin(kz—oot)z(nzuxz+:»:oozcos(kz—mt)zuz“yz+:+:oozcos(kz
—(Dt)ZLLZ4X2+280)2COS(kZ—0)'[)qu422+280)2005(k2—03t)2uy422

+28(ozcos(kz—(ot)zuyzzz+3£o)2cos(kz—cot)zux4yZ+3£c02cos(kz
—cot)zuxzy4+4ec02cos(kz—(ot)zuxzyz+28(o2cos(kz—cot)2},tx222
—4cos(kz—(ot)zkzxzyz—Zcos(kz—(ot)zkzxzzz—zcos(kz—oot)zkzyzz2
—3cos(kz—(;)t)2k2x4y2—2cos(kz—oot)2k2x422—3cos(kz—oot)zkzxzy4
—cos(kz—oot)zkzxzz“—zcos(kz—cot)zkzy“zz—cos(kz—oot)zkzyzz4
—4cos(kz—(J)t)2k2x2y222—|—eo)2cos(kz—mt)zux2—|—£o)2cos(kz—o)t)zuy2
—|—2<°,(1)Zcos(kz—cot)zux“—i—2e(ozcos(kz—cot)zuy“+a(02(:os.(kz—cot)zux6
+eo)2cos(kz—cot)zuye—2cos(kz—(ot)2x4—2cos(kz—wt)2y4—k2cos(kz
—(ot)2y2—2Cos(kz—mt)2k2x4—2cos(kz—(ot)2k2y4—cos(kz—(ot)2k2x6

—cos(kz — oot)2 K2 ye)
London Coefficient LC=0

PROCA coefficient curlcurlB = | - L - (x (20sin(kz—wt) ky’ + 14 sin(kz

(1+x°+y*+7)

—wt) k+20sin(kz—ot) kX +4sin(kz—wot) k22 +56cos(kz—ot) z+ k> sin(kz
—wt) +3K%sin(kz—wt) ¥ +3Ksin(kz—wt) Y +3Ksin(kz—ot) 7
+3K3sin(kz—wt) x* +3K3sin(kz—wt) y* +313sin(kz—ot) * + K sin(kz
—ot) X+ KPsin(kz—wt) Y +KCsin(kz—wt) 2+ 12K cos(kz—ot) Z°

+6Kcos(kz—ot) 2 +6ksin(kz—ot) x* +6ksin(kz—wt) y* —10ksin(kz



—wt) +8cos(kz—wt) zx° +8cos(kz—mt) zy* +6 K cos(kz—mt) z
+12ksin(kz—ot) ¥y —4ksin(kz—wt) ¥ —4ksin(kz—wt) Y7+ 6k’ sin(kz
—ot) ¥y +6Csin(kz—wt) ¥ 2 +6Ksin(kz—wot) Y2 +3Ksin(kz—ot) X'y
+3K3sin(kz—wt) X' Z+3K3sin(kz—wt) ¥y +3Ksin(kz—ot) ¥ 7'
+3K3sin(kz—wt) y' 2 +313sin(kz—wt) Y2 +12 K cos(kz — ot) 2%
+12Kcos(kz—wt) zy* + 6K cos(kz—ot) zx* + 12 K cos(kz — ot) 22 X

+6Kcos(kz—ot) zy* +12 K cos(kz—ot) 2y* +8cos(kz—wt) 22 +6 K sin(kz

1
(1+x+y*+7)

—wt) Xy 2+ 12K cos(kz—mt) 2x°y?)), - 4 (v (20sin(kz
—ot)ky?+14sin(kz—ot) k+20sin(kz—wt) kx +4sin(kz—ot) k2
+56cos(kz—ot) z+Ksin(kz—wt) +3K3sin(kz—wt) ¥ +3Ksin(kz—wt) y
+3K3sin(kz—wt) Z+3Ksin(kz—ot) x* +3K3sin(kz—ot) y* +3Ksin(kz
—ot) +KCsin(kz—ot) ¢ +Ksin(kz—ot) Y +Ksin(kz—ot) 2° + 12 k¥ cos(k z
—wt) 2+6Kcos(kz—mt) 22 +6ksin(kz—wt) X' +6ksin(kz—ot) y*

—10ksin(kz—ot) 2* +8cos(kz—mt) zX* +8cos(kz — wt) zy* + 6 k* cos(k z

—wt) z+12ksin(kz—wt) ¥y —4ksin(kz—wt) ¥ 2 —4ksin(kz—at) y* 7



+6KCsin(kz—wt) Xy +6Ksin(kz—ot) 7 +6Ksin(kz—ot) Y7

+3K3sin(kz—wt) X'y +3Ksin(kz—ot) xX*Z +3Ksin(kz—ot) ¥y

+3K3sin(kz—wt) ¥ +33sin(kz—wt) y* 2 +3K3sin(kz—ot) y* 7*
+12Kcos(kz—wt) 2x* + 12K cos(kz — wt) zy* + 6k cos(kz — ot) zx*
+12Kcos(kz—wt) 2x + 6K cos(kz—ot) zy* + 12K cos(kz — ot) 2°y?
+8cos(kz—mt) 2 +6KCsin(kz—wt) ¥y 7+ 12K cos(kz—wt) 2x°y*)),

- L 4(2(k2cos(kz—oot)—i—lOcos(kz—(nt)+2kzcos(kz—co'[) X

(1+x°+y*+7)
+2Kcos(kz—ot) Y —4sin(kz—ot) kz+3k cos(kz—ot) 22 — 16 y* cos(k z

—wt) —16x°cos(kz—wt) —2cos(kz—wmt) X' + 12 cos(kz — wt) ZZ — 2 cos(k z
—wt)y' +2cos(kz—ot) 7' —4cos(kz—ot) ¥y? +cos(kz—mt) K x*+ cos(k z
—wt) Ky +3cos(kz—wt) Kz +cos(kz—wt) K¥2° —8sin(kz—ot) k2
—4ksin(kz—wt) 2 +2cos(kz—mt) Kx*y* +4cos(kz—ot) Kx* 7 +4cos(kz
—ot) KBy Z +cos(kz—wt) KX Z+2cos(kz—ot) Kx7 +cos(kz—ot) Ky*7Z
+2cos(kz—mt) Ky?Z* +4zksin(kz—ot) x* +4zksin(kz—wt) y* + 2 cos(k z

—ot) KXy 7 +8zksin(kz—ot) ¥y))]

Amperian Current 4Vector  curlH-dD/dt=J4 =| - L (y ( NS cos(kz

3
(1+X+y+7) 1

—wt) —10cos(kz—ot) —2k cos(kz—mt) ¥ —2 Kk cos(kz—wt) y* +4sin(kz

—wt)kz—2Kcos(kz—wt) Z—2y*cos(kz—mt) —2x°cos(kz—wt) —2 cos(kz



—wt)Z—cos(kz—ot) K¥x' —cos(kz—ot) Ky*—cos(kz—wt) Kz +4sin(kz
—wt) k2 +4xsin(kz—wt) kz+4y*sin(kz—ot) kz—2cos(kz—mt) Kx*y?
—2cos(kz—mt) K*x*Z —2cos(kz—wt) k2y222+eo)2cos(kz—wt) u
+2£0)2cos(kz—0)t) ux2+28m2cos(kz—0)t) uy2+28m2cos(kz—0)t) w7
—I—acozcos(kz—oot) ux4+emzcos(kz—mt) uy4+£cozcos(kz—u)t) nzt
+280)2008(k2—0)t) MX2y2+280)2008(kZ—0)t) ux222+2£0)2003(kz

1
3

(x (-KPcos(kz—wt) —10cos(kz—t)
2, 2,2
(1+xX+y +7)

—ot)uy’'7)),

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

—wt)Z—2y"cos(kz—mt) —2x°cos(kz—wt) —2cos(kz—mt) 7 —cos(kz
—wt) Kx*—cos(kz—ot) Ky' —cos(kz—ot) K7 +4sin(kz—wt) kZ’
+4xesin(kz—wt) kz+4y?sin(kz—mt) kz—2cos(kz—wt) K x*y* —2 cos(kz

2. .22 22

wt) K22 —2cos(kz—wt) Ky z +£(nzcos(kz—cot) u+28mzcos(kz

—ot)
2 2 2 2 2 2

—ot)ux"+2em cos(kz—wt) uy"+2ew cos(kz—mt) uz +ew cos(kz

—mt)ux4+em2cos(kz—0)t)uy4—|—emzcos(kz—oot)uz4—|—2£oo2cos(kz

2 2
—ot) uly+2ew cos(kz—mt) uxtZ+2ew cos(kz—wt) nuy’2)),0,0]
Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E +J_ampere x B)

= L 5 (2x (-K2cos(kz—ot) —10cos(kz—mt) — 2k cos(k z

(1+X+y+7) 1

—wt) ¥ —2Kcos(kz—wt) Y’ +4sin(kz—wt) kz—2k cos(kz—wt) 7

—2y?cos(kz—ot) —2xcos(kz—mt) —2cos(kz—ot) Z—cos(kz—mt) K x*



—cos(kz—wt) Ky* —cos(kz—ot) Kz +4sin(kz—wt) k2 +4Xsin(kz—ot) kz
+4y?sin(kz—wt) kz—2cos(kz—ot) K¥x°y* —2cos(kz—wt) K x* 7 — 2 cos(kz
—ot) k2y222+ec02cos(kz—(ot) u+28w2cos(kz—(ot) ux2+28c02cos(kz

—ot) uy2+2£mzcos(kz—oot) uz2+em2cos(kz—wt) px4+eoo2cos(kz

—wt) uy4+emzcos(kz—mt) uz4+2£(nzcos(kz—cot) MX2y2+28(DZCOS(kZ

—ot) ux222+2£oozcos(kz—mt) wy? ) cos(kz—ot) (1+7)),

1
5

P, (2y (-KPcos(kz—ot) —10cos(kz—wt) —2 K cos(kz—ot) X°
(1+x+y +2)

—2Kcos(kz—ot) y* +4sin(kz—ot) kz—2k cos(kz—ot) Z—2y?cos(kz— wt)
—2x°cos(kz—ot) —2cos(kz—wt) Z —cos(kz—ot) K¥x* —cos(kz—mt) Ky*
—cos(kz—ot) Kz +4sin(kz—wt) k2 +4xXsin(kz—ot) kz+4y*sin(kz
—wt)kz—2cos(kz—ot) K¥xXy* —2cos(kz—wt) K¥x*Z —2cos(kz—ot) Ky 7
—I—acozcos(kz—u)t) u+2£c02cos(kz—oot) ux2+2£c02cos(kz—oot) wy?

+280)2COS(kZ—(Dt) u22+sc02cos(kz—mt) ux4+eoazcos(kz—cot) wy’

+eo)2cos(kz—wt) uz4+28w2cos(kz—(ot) ux2y2+28w2cos(kz—(ot) w7



12ea cos(kz—wt) py?2) cos(kz—wt) (1 +7)), - (1+x2+1yz+22)5u((

K cos(kz—wt) —10cos(kz—mt) —2k?cos(kz—wt) X* —2 k¥ cos(kz — wt) y?
+4sin(kz—ot) kz—2K cos(kz—ot) Z—2y?cos(kz—wt) —2x*cos(kz—ot)
—2cos(kz—mt) 2 —cos(kz—wt) K¥x* —cos(kz—ot) Ky* —cos(kz—ot) K7
+4sin(kz—ot) k2 +4x%sin(kz—ot) kz+4y*sin(kz—wt) kz—2cos(kz
—wt) KXy —2cos(kz—mt) K¥x*Z —2cos(kz—wt) Ky 7 tew cos(kz—mt)
+280)2008(k2—0)t) ux2+280) cos(kz—mt) uy2+28m2cos(kz—0)t) nz
—i—emzcos(kz—mt)ux"’—i—(c,(nzcos(kz—o)t)uy"’—|—eo)2cos(kz—mt)uz4
+28(02C03(kz—(ot)ux2y2+28(1)2003(kz—(ot)ux222+28(02(:os(kz

—ot) uy?Z) (sin(kz—ot) k—i—sin(kz—cot) kx? +sin(kz—ot) ky? +sin(kz

—ot) kZ+2cos(kz—wt) z) (C+y?))]
Amperlan Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

2COS(kZ—(Dt)2(1)XZ

(1+x%+y*+7)

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

ZCOS(kZ—(Dt)Z(DyZ 2 cos(kz—cot)zu) (1+7) 2cos(kz—oot)2k (1+7) ]
(1% +y¥2+A)° (12 +y¥+A)° (14242 +2)
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsionx B) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

= L 3 (cos(kz—wt) (2xcos(kz—wt) +2Ky3sin(kz—ot)

(1+X+y+7) 1

+ykesin(kz—mt) +2Kysin(kz—ot) ¥ +2kycos(kz—ot) z+2 K ysin(kz

—wot) Z+Ky’sin(kz—ot) —2eysin(kz—ot) wzuxzzz—i-kzysin(kz—cot) x*



+2Ky*sin(kz—ot) ¥ + 2Ky sin(kz—wt) Z +Kysin(kz—ot) 7' + 2 ky’ cos(k z
—wt)z+2kycos(kz—mt) 22 +2cos(kz—mt) xZZ +2kycos(kz—wt) 2x°
+2KPysin(kz—ot) 7 —ey’sin(kz—ot) wzu—eysin(kz—(ot) (ozu
—2¢ey’sin(kz—ot) mzp—Zeysin(kz—mt) oozuxz—Zeysin(kz—mt) oozuzz

—eysin(kz—ot) mzux4—2£y3sin(kz—mt) mzux2—2£y3sin(kz—cot) cozuz2

1

(cos(kz—mt) (2K x¥sin(kz
1+ +y*+7)

—eysin(kz—ot) (ozuz4)), -
—wt) —2cos(kz—mt) yZ—2ycos(kz—mt) +xksin(kz—ot) +2kxcos(kz
—wot)z+2Kxsin(kz—ot) Y+ 2K xsin(kz—wt) Z—2exsin(kz—ot) (1)2uy222
+Ix°sin(kz—wt) +2kxcos(kz—ot) zy* + 2K xsin(kz—wt) Y22 —ex sin(kz
—wt) cozu—exsin(kz—(ot) wzu—28x3sin(kz—(ot) (ozu—Zexsin(kz

—wt) oozuyz—Zaxsin(kz—oot) m2u22—28x3sin(kz—mt) mzuy2—28x3sin(kz
—ot) wzuzz—exsin(kz—(ot) (ozuy4—£xsin(kz—cot) cozuz4+2k2x3sin(kz

—ot) Y +2K3sin(kz—ot) Z+KExsin(kz—ot) y* +Kxsin(kz—at) 2*

1
(1+X+y*+7)

+2kx3cos(kz—ot) z+2kxcos(kz—ot) 2)), - (cos(kz

—wt) (sin(kz—wt) k+sin(kz—awt) kx’ +sin(kz—ot) ky* +sin(kz—ot) k7



cos(kz—wt) esin(kz—wt) o (X +y?
)Z) (x2+y2)),— ( ) 2( 2)2 ( y)
(1+X+y+7)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J_spin x B)

+2cos(kz— ot

= L 5 (cos(kz—wt) (4cos(kz—mt)222y3—65in(kz

(1+X+y+7) 1

—wt) cos(kz—ot) K¥xZ—6sin(kz—wt) cos(kz—ot) Kxz* —4sin(kz

—wt) cos(kz—mt) k2xy2+4sin(kz—mt)2k2x222y3+4sin(kz—mt) kZ* cos(k z
—wt) Y +4sin(kz—ot) ky’cos(kz—ot) z+2ysin(kz—o)t)2k2x222
+2ysin(kz—mt)2k2x422+ysin(kz—(ot)zk224x2+4sin(kz—(ot) ky® cos(k z
—wt)z—2cos(kz—mt) Kx’sin(kz—wt) Z —2cos(kz—wt) Kxsin(kz—ot) 2°
—4cos(kz—mt) KxCsin(kz—wt) * —4 kxcos(kz—mt)223y2—4kxcos(kz
—mt)zzyz—Zcos(kz—mt) K xsin(kz—mt) y* —4cos(kz—wt) K xsin(kz
—wt)y’—8cos(kz—ot) KX sin(kz—mt) Z+4cos(kz—mt) ex’sin(kz
—ot) u)zuyzzz—2esin(kz—mt)2m2y5u—esin(kz—mt)2m2y7u—esin(kz
—cot)z(o2y3u—4esin(kz—(ot)2w2y3uxz—esin(kz—(ot)2w2yux6
—3£sin(kz—o)t)z(ozyg},tx4—3esin(kz—cot)zcozysuxz—Zesin(kz

—mt)zmzy?’uzz—Zssin(kz—mt)2m2y5uzz—esin(kz—mt)2m2y3pz4+4sin(kz



—wt) cos(kz—mt) uxy2£0)2+4cos(kz—(ot) ex3sin(kz—wt) mzuy2+8cos(kz
—wt) ex’sin(kz—wt) w2u22+2005(kz—(ot) exsin(kz—ot) (ozuy4+4cos(kz
—wt) ex’sin(kz—wt) o)zuz4+2005(kz—(ot) exsin(kz—ot) (ozu26+2cos(kz
—wt) ex’sin(kz—wot) w2u22+65in(kz—0)t) cos(kz—mt) uxzzem2+6sin(kz
—wt) cos(kz—mt) uxz4em2+4sin(kz—oot) cos(kz—mt) ux3eoo2+25in(kz
—wt) cos(kz—wt) uxscoz—4cos(kz—0)t) K xsin(kz—wmt) y*z2* —2 cos(kz
—wt) Kxsin(kz—wot) y*Z —4cos(kz—mt) Kx3sin(kz—wt) y* 7 — 8 cos(k z
—wt) Kxsin(kz—wt) y"Z+2cos(kz—mt) ex’sin(kz—wt) w2u+4ysin(kz
—wt) k2 cos(kz—wt) ¥ +4ysin(kz—ot) kx cos(kz—wt) z+8sin(kz

—wt) kx’cos(kz—ot) zy* +4ysin(kz—ot) kx’cos(kz—mt) z—4sin(kz
—wt)cos(kz—ot) KX —2sin(kz—wt) cos(kz— ot) k2x—4cos(kz—mt)2kxz
—SCOS(kZ—O)t)ZkXZ3—4 kX3COS(kZ—(Dt)223—4kXCOS(kZ—O)t)ZZS—ZCOS(kZ
—wt) K¥xsin(kz—ot) —4kXSCOS(kZ—(ot)ZZ—I—ZSin(kz—mt)2k2y322

—i—3sin(kz—(ot)zkzx“y?’+3sin(kz—(ot)2k2x2y5+Zsin(kz—(ot)2k2y5z2



+sin(kz—ot) Ky +ysin(kz—ot) KX +2ysin(kz—ot) Kx*
+4ycos(kz—cot)222x2+ysin(kz—wt)2k2x6+4sin(kz—cot)2k2x2y3
—2£sin(kz—wt)2(o2yux222—2esin(kz—(ot)zcozyux422—4esin(kz
—mt)zmzy?’uxzzz—gsin(kz—(nt)zmzyuxzz“—gsin(kz—mt)zmzyux2
—Zesin(kz—mt)zmzyux4+8cos(kz—mt) exsin(kz—omt) mzuy222+4cos(kz
—ot) exsin(kz—wt) wzuy224+2005(kz—u)t) exsin(kz—omt) mzuy“z2
+800$(kz—mt)2y22+4ycos(kz—mt)2+4cos(kz—mt)2yz4+sin(kz
—wt)2k2y3+2sin(kz—wt)2k2y5+sin(kz—o)t)2k2y7)),

1 . 2 :
- : (cos(kz—ot) (4sin(kz—wt) KX 2y +4sin(kz

(1+x+y?+7)

—wt)kPcos(kz—wt) X +4sin(kz—wt) kx’cos(kz—ot) z+2xsin(kz
—mt)2k2y222+2xsin(kz—cot)2k2y422+xsin(kz—oot)2kzz4y2+4sin(kz

3 232 2.5
—ot) kx’cos(kz—wmt) z+4kycos(kz—mt) z°x"+2cos(kz—wt) k" y’sin(kz

—wt)Z+2cos(kz—wt) Kysin(kz—wt) 2 +4cos(kz—ot) Ky’ sin(kz—ot) z*

—|—4kycos(kz—wt)22x2+2cos(kz—(ot) Kysin(kz—mt) X" +4 cos(k z



—wt) Ky sin(kz—ot) ¥ +8cos(kz—mt) Ky sin(kz—wt) 7 +6sin(kz
—wt)cos(kz—ot) K¥yZ+6sin(kz—wot) cos(kz—ot) Kyz+4sin(kz
—ot)cos(kz—wt) k2x2y+8cos(kz—wt)2x22+4cos(kz—(ot)2xz4—2cos(kz
—ot)eysin(kz—ot) mzux422—25in(kz—mt) cos(kz—mt) uyem2—4sin(kz
—wt) cos(kz—mt) uy3eoo2+4xsin(kz—cot) kz*cos(kz—mt) y* + 4 xsin(kz
—wt) ky*cos(kz—ot) z+8sin(kz—wt) kx’cos(kz—ot) zy* + 4 xsin(kz
—wt) ky?cos(kz—ot) z+4cos(kz—wt) Kysin(kz—ot) x¥*z* + 2 cos(k z
—wt) Kysin(kz—wt) X' +4cos(kz—mt) Ky sin(kz—wot) x* 7 + 8 cos(k z
—wt) Kysin(kz—wt) ¥ —2cos(kz—mt) ey’ sin(kz—wt) w2u+sin(kz
—mt)2k2x3+2sin(kz—mt)2k2x5+4cos(kz—mt)222x3—4esin(kz
—(x)t)ZOJZXg}LyZZZ—2SSiI‘l(kZ—CO'[)ZQ)ZXM)IZZZ—ZSSin(kZ—u)t)ZOJZXMy4ZZ
—esin(kz—cot)zmzxuyzz4+sin(kz—mt)2k2x7—4cos(kz—(ot) eysin(kz
—ot) cozux224—4cos(kz—(ot) ey3sin(kz—wt) mzuxzzz—Scos(kz

—ot)eysin(kz—ot) (1)2ux222—|—4cos(kz—cot)2kyz—|-8cos.(kz—cot)zkyz3



+2sin(kz—ot) cos(kz—mt) Ky +4sin(kz—wot) cos(kz—ot) Ky

—i—4sin(kz—(ot)zkzx?’yz+2sin(kz—(1)t)2k2x‘°’22+3$in(kz—(ot)2k2x5y2
—|—3sin(kz—wt)2k2X3y4+2sin(kz—(ot)2k2X522+sin(kz—cot)2k224X3
—|—xsin(kz—o)t)zkzyz—i—2xsin(kz—(;)t)zkzy"'-|—4xcos(kz—mt)zzzy2
+xsin(kz—mt)2k2y6+2003(kz—(ot) Ky’ sin(kz—ot) +4 ky3cos(kz—o)t)223
+4kycos(kz—cot)225+4 ky3cos(kz—mt)zz+4cos(kz—cot)2x—2003(kz
—wt) ey’sin(kz—wt) m2u22—4cos(kz—mt) ey3sin(kz—wt) m2u24—2cos(kz
—ot)eysin(kz—ot) (02},L26—2(:os(kz—cot) eysin(kz—ot) u)zux4—4cos(kz
—wt)ey’sin(kz—wt) cozuxz—Scos(kz—cot) ey’ sin(kz—ot) w2u22—6sin(kz
—ot)cos(kz—mt) uyzzemz—Gsin(kz—mt) cos(kz—mt) pyz4em2—4sin(kz
—wt) cos(kz—mt) uxzyacoz—4ssin(kz—mt)2c02x3uy2—2esin(kz
—oot)z(ozxguzz—3asin(kz—cot)zoozxsuyz—Zesin(kz—mt)2m2x5u22
—388in(kz—mt)2m2x3uy4—ssin(kz—mt)2m2x3uz4—£sin(kz—(ot)zo)zxuyz

—2£sin(kz—0)t)2(ozxuy4—esin(kz—cot)z(o2xuy6—£sin(kz—(ot)2c02x3u



—Zssin(kz—mt)2m2x5u—ssin(kz—mt)2m2x7u)), L 4( X
w(1+xX+y?+7)
+v?) (Ksin(kz—wt) X —esm(kz—mt)m ux —esin(kz—ot) o u+kzsm(kz
—wt) +Ksin(kz—ot) Y —esin(kz—ot) o nZ +Ksin(kz—wt) Z +2kcos(kz
—ot) z—esin(kz—wt) (ozuyz) cos(kz—mt) (sin(kz—wt) k+sin(kz—wt) kx
+sin(kz—ot) ky> +sin(kz—ot) k22 +2cos(kz—wt) z)) |

1

Spin Dissipation J_spindotE = - 3 ( (x —i—y2 (k sin kz—mt)
(1+X+y+7)

—esin(kz—wt) o)zuxz—esin(kz—(ot) m2u+kzsin(kz—(ot) +Ksin(kz—ot) y?
—esin(kz—ot) m2u22+k23in(kz—oot) 7 +2kcos(kz—wt) z—esin(kz

—wt) oozuyz) cos(kz—wt) sin(kz—ot) ®)

(cos(kz—wt) (-2¢sin(kz

Disspative Force 3 vector = L :

(1+X+y"+2)
—cot)z(ozysuz—esin(kz—wt)2w2y3u2+8cos(kz—(ot)exsin(kz—cot) (;)Zuzyzz2
: 2,26 . 22923 . 2 2.7 2
+uysin(kz—ot) kX +4usin(kz—ot) kKxy’—esin(kz—ot) o y' u
—4xcos(kz—wt) KBy’ 7' +8xy*sin(kz—ot) k2 —2xcos(kz—ot) Ky* 7
— 4 cos(kz mt)k2x3y222+2£co cos(kz—mt) ux® +8xy?sin(kz—wt) kz
—8xcos(kz—wt) KKy’ Z—4psin(kz—wt) cos(kz—ot) KX —2 usin(kz
—ot)cos(kz—mt) k2x—4ucos(kz—(ot)zkxz—8ucos(kz—cot)2kxz3

—4ukx?’cos(kz—(ot)223—4ukxcos(kz—u)t)225—2ucos(kz—(ot) K x° sin(k z

—ot) —4ukx3cos(kz—mt)zz+2usin(kz—wt)2k2y322+3psin(kz



—wt)2k2x4y3+3usin(kz—mt)2k2x2y5+2usin(kz—o)t)2k2y522+usin(kz
—wt)2k224y3+uysin(kz—cot)2k2x2+8xsw2cos(kz—(ot) uy222+4ecozcos(kz
—ot) ux3y222+2xeo)zcos(kz—wt) uy422+4xe(ozcos(kz—cot) wy? 7t + 4 sin(kz
—ot)cos(kz—mt) uzxyzemz—Zesin(kz—mt)zmzyuzxzzz—2£sin(kz

2 2 2 : 2 232 : 2 2 2
—ot) oy x*Z—desin(kz—ot) o Yl —esin(kz—ot) o yu ¥

+4cos(kz—wmt) ex’sin(kz—wt) m2u2y2+8cos(kz—cot)sx3sin(kz—(ot) 032;1222
. 2 2 4 3 . 2 24

+2cos(kz—wt) exsin(kz—ot) ® Wy +4cos(kz—wt) ex’sin(kz—wt) ® Wz
. 2 2.6 5 . 2 22

+2cos(kz—wt) exsin(kz—ot) ® Wz +2cos(kz—wt) ex’sin(kz—wt) ® W z

—4pcos(kz—ot) Kxsin(kz—ot) 7' —2pucos(kz—wt) Kxsin(kz—wot) y* 7

—4pcos(kz—ot) KBxsin(kz—wt) y*ZZ2—8pcos(kz—ot) K¥xsin(kz—ot) y* 7
+4pysin(kz—ot) kBcos(kz—mt) ¥ +4pysin(kz—at) kx*cos(kz—ot) z
+8usin(kz—wt) kx’cos(kz—ot) zy> +4pysin(kz—wt) kx’cos(kz—ot) z

+6sin(kz—wt) cos(kz—mt) u2x22£m2+63in(kz—cot) cos(kz—mt) u2x248w2

+2cos(kz—mt) exsin(kz—ot) w2u2y422—i—usin(kz—cot)2k2y3—|—2usin(kz



—wt)2k2y5+4ucos(kz—mt)222y3+usin(kz—mt)2k2y7—6cos(kz—cot) ke x 2*

+8xsin(kz—wt) k> —4xy*cos(kz—ot) 2 —2xcos(kz—wt) K z° — 4 cos(kz
—wt) KX +8xsin(kz—wt) kZ® —2cos(kz—ot) KX —2xcos(kz—wt) Ky
+16xsin(kz—ot) k2 +8x°sin(kz—ot) kz—4cos(kz—mt) K¥x°y* — 8 cos(kz
—ot) k2x322+8ucos(kz—mt)2yzz+4ucos(kz—mt)2y24+4£0)2003(kz
—wt) ux3y2+8ecozcos(kz—oot) ux322+2xe(ozcos(kz—oot) nz
+2xec02cos(kz—mt) uy4+6xeoazcos(kz—cot) uz4+2£cozcos(kz—cot) wx 2
+4e(ozcos(kz—(ot) Wzt —6usin(kz—ot) cos(kz—mt) K xz* —6 usin(kz
—wt)cos(kz—ot) K¥xzZ' —4psin(kz—wt) cos(kz—wt) K xy* +4sin(kz
—ot)cos(kz—mt) u2x3em2+25in(kz—0)t) cos(kz—mt) uzxemz

222y +apusin(kz—ot) kBcos(kz—ot) y? +4 usin(kz

+4usin(kz—mt)2k
—wt) ky’ cos(kz—ot) z+2uysin(kz—oot)zkzxzzz-|—2uysin(kz—mt)zkzx“z2
4.2

+uysin(kz—ot) K% +4usin(kz—ot) ky’cos(kz—ot) z+2 cos(k z

—wt) ex’sin(kz—wt) w2u2—2ucos(kz—cot) K x°sin(kz—wt) 7 —2 pcos(kz



—wt) Kxsin(kz—wt) 2 —4pucos(kz—wt) Kx3sin(kz—ot) 7'
—4pkxcos(kz—wt)223y2—4ukxcos(kz—cot)zzyz—Zucos(kz—cot) K x sin(k z
—wt)y'—4pcos(kz—wt) K¥xPsin(kz—ot) y¥* —8pucos(kz—ot) kx> sin(kz
—ot) zz—esin(kz—mt)zmzyuzxz—2esin(kz—mt)zwzyu2x4—4esin(kz
—mt)2w2y3u2x2—ssin(kz—(ot)zcozyuzxﬁ—i%esin(kz—mt)2m2y3u2x4
—3esin(kz—mt)2m2y5u2x2—Zssin(kz—mt)2w2y3u222—Zesin(kz
—wt)2m2y5u222—esin(kz—mt)zwzySuzz"’+2uysin(kz—wt)2k2x4
+4uycos(kz—(ot)222x2—2kzcos(kz—(ot) x —4x>cos(kz—wt) Z —4xy* cos(kz
—ot) +4uycos(kz—(ot)2—4cos(kz—(ot) xz* —20xcos(kz—wt) + 4 cos(kz
—wot) ex’sin(kz—ot) m2u2y222—2cos(kz—0)t) K x® +8xsin(kz—mt) kz
—4cos(kz—wt) Kxy* —6cos(kz—wt) K¥xZ2 —4cos(kz—wt) k2x3+4ec02cos(kz
—wt) uxy2+6£(ozcos(kz—cot) ux22+28m2cos(kz—0)t) ux+4eoozcos(kz

—wt) ux®—24cos(kz—wt) xZZ2—4x cos(kz—wt) +4cos(kz—mt) exsin(kz

1

; . (cos(kz—wt) (-8ysin(kz—ot) kzZ°
(1+X+y*+7) 1

—ot) o 1y 7)), -




+4yxicos(kz—mt) Z+2ycos(kz—ot) 2L +4cos(kz—wt) Ky} 7' —8ysin(kz
—wt)kZ+2cos(kz—ot) KBy Z+2ycos(kz—ot) K¥x' —16ysin(kz—ot) k2’
—8y’sin(kz—wt) kz+4cos(kz—ot) K¥x°y> +8cos(kz—wt) Ky 7
—i—usin(kz—(J)t)2k2x3+2usin(kz—mt)zkzxs—|—4ucos(kz—mt)222x3
—I—usin(kz—mt)zkzx?+8ucos(kz—mt)2x22+4ucos(kz—cot)zxz4+6005(kz
—wt) k2y24—4yacozcos(kz—oot) Wtz +apuxsin(kz—wt) k2 cos(kz—t) y?
+4pxsin(kz—ot) ky'cos(kz—wt) z+8pusin(kz—ot) kxcos(kz—mt) zy?

+4pxsin(kz—ot) ky’cos(kz—wt) z+4pcos(kz—ot) Kysin(kz—ot) X7

+2pcos(kz—ot) Kysin(kz—ot) xX*Z+4pucos(kz—wt) Ky?sin(kz—ot) ¥ 7

+8pucos(kz—wt) Kysin(kz—wt) x¥*Z —2cos(kz—wt) ey’sin(kz—wt) o)zuzz2
—4cos(kz—mt) ey’ sin(kz—wt) m2u224—2005(kz—mt) eysin(kz—mt) 032;1226
—2cos(kz—mt) eysin(kz—ot) m2u2x4—4cos(kz—(ot) eysin(kz

—ot) w2u2x224—2005(kz—u)t) gysin(kz—ot) m2u2x422—4cos(kz

—wt)ey’sin(kz—wt) wzuzxzzz—Scos(kz—(ot) gysin(kz—ot) oazuzxzz2



—4cos(kz—wt) ey’ sin(kz—wt) mzuzxz—Scos(kz—cot) ey3sin(kz—wt) 032;1222
—6sin(kz—wt) cos(kz—mt) uzyzzecoz—Gsin(kz—cot) cos(kz—mt) u2y24sw2
—4sin(kz—wt) cos(kz—wt) uzxzye(oz—4ssin(kz—(ot)z(ozxg’uzyzz2
—Zesin(kz—mt)zmzxpzyzzz—2£sin(kz—mt)2m2xu2y4zz—esin(kz
—mt)zmzxu2y224+4y3003(kz—oot) +24cos(kz—wt) yZ+2K cos(kz—wmt)y
—8yeoozcos(kz—mt) ux222—4eoozcos(kz—(ot) ux2y322—2yeoozcos(kz
—wt)ux*Z+20ycos(kz—mt) +4ycos(kz—wt) K¥x*zZ —8ysin(kz—ot) kz
+4cos(kz—mt) KxPy+6cos(kz—wt) K¥yZ +4cos(kz—ot) k2y3—4ec02cos(kz
—ot) },szy—68(o2(:os(kz—cot) uyzz—Ze(ozcos(kz—(ot) uy—4eco2cos(kz
—ot) uy3+4cos(kz—mt)2ux +4y3cos(kz—wt) Z+2cos(kz—ot) KBy
+4yxicos(kz—mt) +4cos(kz—ot) yz —8yxisin(kz—wmt) k2 + 2y cos(kz

—ot) K¥x*Z+4cos(kz—ot) k2x2y322—2£oozcos(kz—mt) ny’ —8yx*sin(kz

2.2 2

—ot)kz+8ycos(kz—mt) k" x°z +4ucos(kz—(ot)2kyz+8ucos(kz

—cot)zkyz‘°’+2usin(kz—wt) cos(kz—wt) Ky +4psin(kz—wt) cos(kz



—ot) k2y3—esin(kz—o)t)2w2x3u2+4usin(kz—mt)2k2x3y2+2usin(kz
—wt)2k2x322+3usin(kz—(ot)zkzxsyz+3usin(kz—cot)2k2x3y4+2usin(kz
—wt)2k2x522+usin(kz—wt)2k224x3—l—uxsin(kz—cot)zkzyz+2uxsin(kz
—mt)2k2y4+4uxcos(kz—mt)222y2—|—uxsin(kz—mt)2k2y6—|—2ucos(kz
—t) Ky’sin(kz—ot) —i—4p,tkygcos(kz—(nt)ZZS—|—4ukycos(kz—mt)225
+4Mky3COS(kZ—(Dt)ZZ—2SSin(kZ—(Dt)z(DZXSMZ—ESin(kZ—(Dt)Z(DZXYMZ
—4sm2cos(kz—mt) ux2y3—88m2cos(kz—oat) uy322—2ysw2cos(kz—oat) nz
—2ysw2cos(kz—(ot) ux4—6y8(ozcos(kz—cot) uz4—2£co2cos(kz—wt) ny 7
—4eu)zcos(kz—(ot) uygz"'+4usin(kz—mt)2k2x322yz+4usin(kz
—wt)kPcos(kz—wt) X +4pusin(kz—wt) kx’cos(kz—wot) 242 pxsin(kz
—mt)2k2y222+2uxsin(kz—mt)2k2y422+pxsin(kz—mt)2kzz4y2+4usin(kz
—at) kxcos(kz—ot) z+4ukycos(kz—wt)223x2+2ucos(kz—oot) K% y° sin(k z

—wt)Z+2ucos(kz—wt) Kysin(kz—wt) 2 +4pcos(kz—mt) Ky sin(kz

—ot) 24+4ukycos(kz—(ot)zzxz—l-Zucos(kz—(ot) Kysin(kz—amt) x*



+4pcos(kz—omt) KBy’ sin(kz—wt) ¥ +8pucos(kz—wt) Ky sin(kz—ot) 7
+6usin(kz—wt) cos(kz—ot) yZ+6usin(kz—wt) cos(kz—ot) Kyz’
+4psin(kz—wt) cos(kz—ot) Kx%y —2sin(kz—ot) cos(kz—wt) uzysco2
—4sin(kz—wt) cos(kz—wt) u2y3£m2—2cos(kz—mt) ey’ sin(kz—ot) mzuz
—4esin(kz—mt)2m2x3u2y2—Zssin(kz—mt)2w2x3u222—3esin(kz
—mt)2m2x5u2y2—2£sin(kz—mt)2m2x5u222—3esin(kz—mt)2m2x3u2y4

—esin(kz—mt)2w2x3u224—ssin(kz—mt)zmzxuzyz—Zesin(kz—mt)zmzxu2y4

1

TP ((sin(kz—t) k+sin(kz

—esin(kz—wt)zwzxu2y6>),

—ot) kx+sin(kz—wt) ky? +sin(kz—ot) kZ+2cos(kz—wt) z) (¥

+v?) (K cos(kz—ot) +10cos(kz—mt) +2 K cos(kz—wt) X’ + 2 K cos(k z
—wt)y'—4sin(kz—wt) kz+ 2K cos(kz—wt) Z + 2y cos(kz—mt) +2x°cos(kz
—wt) +2cos(kz—mt) Z+cos(kz—wt) K¥x* +cos(kz—ot) kKy* + cos(kz

+2cos(kz—mt) KxPy? +2cos(kz—ot) B2 +2cos(kz—mt) Ky 7

—ot) K —4sin(kz—ot) k2 —4xXsin(kz—ot) kz—4y’sin(kz—ot) kz

(
+2pcos(kz—ot) Ksin(kz—wt) Z+pcos(kz—wot) kK¥sin(kz—amt) z* + pcos(k z
—wot) K¥x*sin(kz—ot) +2pcos(kz—mt) K¥x’sin(kz—wt) +2pcos(kz
—cot)zkzyz—uzcos(kz—(ot) esin(kz—wt) (02+ucos(kz—cot) K¥sin(kz—ot) y*
+2pcos(kz—ot) Ksin(kz—wot) y2+2ucos(kz—cot)zkxzz—i-Zucos(kz
—cot)zkz+2ucos(kz—mt)2k23+ucos(kz—mt) Ksin(kz—ot) —scozcos(kz

—wt) u—Zuzcos(kz—cot) ex’sin(kz—wt) m2y2—2u2cos(kz—oot) e X sin(kz



—ot) wzzz—Zuzcos(kz—cot) gsin(kz—wt) (02y222—28(02(:os(kz—0)t) e

—2£u)zcos(kz—(ot) uy2—2£mzcos(kz—(ot) uzz—ecozcos(kz—(ot) wx
—eo)zcos(kz—(ot) uy4—sm2cos(kz—(ot) uz4—2£m2cos(kz—cot) ey
—2£mzcos(kz—(nt) uxzzz—Zsmzcos(kz—cot) uy222—2uzcos(kz—mt) esin(kz
—ot) oozyz—uzcos(kz—mt) esin(kz—wt) m2y4+2ucos(kz—mt) K% sin(k z
—ot) yzzz—uzcos(kz—mt) exX'sin(kz—ot) 0)2—2u2cos(kz—mt) ex?sin(kz
—ot) wz—Zuzcos(kz—cot) esin(kz—wt) (ozzz—uzcos(kz—cot) gsin(kz

—ot) co224+2ucos(kz—(ot) K xesin(kz—wt) y* +2pcos(kz—wt) k¥ xsin(kz

~ot)7))]

Dissipation =

_cos(kz—wt)  (nesin(kz—wt) X +uesin(kz—wt) y* —2cos(kz—ot) zx)
2
(1+x°+y*+7)

khkhkhkhhhhkhkhkkkhkhhkhihhhhkhkhhiiiiix END PROCEDURE khkhhhrhkhkhkhkhkhkhrrrrhhkhkhhhiiiix (7)



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

> NAME:="Example 7a = Index 1 Irreversible solution EdotB < 0 (kinematic out)
Type 17;

> AXIzy*z;Ay:i=-X*z;Az:=C*t*1;phi:=+C*z*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*alpha*(g+l*gamma),0):

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

AX:=yz
Ay = -xz
Az:=Ct
q>::Cz2

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

FhAkAAAkAAhkAAhkAArAhkhkrhkhkhhhkihhkihikihikikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkkhkkkhkhkkkhkikkkhkikkikkiikk

*khkhkkkhkhkkkhkhkkkiikk

Action 1-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—=2C2z) (d(z)) & (d(t))
Topological Torsion 3-form A"F:ZZSC&"(d(x),d(y),d(t)) —2Ctz&"(d(x),d(y),d(z))
+(-yzC(1422) +CZy) &\(d(x),d(2),d(t)) + (xzC (1 +22)
—C7x) &\(d(y), d(2), d(1))
Topological Parity 4-form  FF=4C (1 +2z) z&"(d(x),d(y), d(z),d(t))

B R R R R R o R R R R R S R R R R R R R R R R R R R R R R R USIng EM format khkhhhrhhkkhkhkhkhrrrrhhhhhhhiiiix

*kkk

E field=[0,0, -C (1 +272)]
B field=[x,y, -2 2]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =[zxC (1 +2),zyC (1 +12),
27°C,2Ctz]
Helicity AdotB=-2Ctz
Poincare Il =2(E.B)=4C (1+22) z
coefficient of Topological Parity 4-form =4C (1 +22) z

Pfaff Topological Dimension PTD =4

FRFFAF I I AR I AR FAxFF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******



*kkkhkkhkkikkhkkikkkhkkhkhkkikhkkiikkk
Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature =z (z +2 C?)
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =2 2 C?
Fhxkxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****kxkikorx
Chirality factor CH=0
D field=[0,0, -eC (1 +22)]
Xy 2z
TR }
Poynting vector ExH = EXH

Amperian Current 4Vector  curlH-dD/dt=J4 =[0,0,0, -2¢C]|

H field =

Amerian charge density  divD =rho=-2¢C
divergence Lorentz Current 4Vector, 4div(J4) =0
—2x22—|—Cty Ctx+2yz2

[ [
22 2 2 2
Cz(-y*—x*+eC’uz+2eCu7) Cte(1422)
u

Topological SPIN 4 vector S4 = [ -

(-2xZ +Cty) &\(d(y), d(2), d(t))

Topological SPIN 3-form= -

w
_ (ctx+2y7) &\(d(x),d(z),d(t))
w
2 (- =% +eC?uz+2eC*uz?) & \(d(x), d(y), d(t))

— +C%te (1422) &\d(x),
u

d(y), d(z))
Spin density rho_spin= -C’te (1+22z)
—x2—y2—422+802u+48C2uz+4£C2u22

u

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

x2—|-y2—|-4z2
u

D.E=eC? (1 +22)?

AJ=0

B.H=



-rho.phi = -2 c*Ze
Poincare | (B.H - D.E)-(A.J - rho.phi) =
—x2—y2—422+802u+4£C2uz+68C2u22

u

London Coefficient LC =0
PROCA coefficient curlcurlB =10, 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 xB) = [0,
0,-2C%e (1+22)]

Amperian Dissipation JamperedotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[zxC (1 +2),zyC (1
+72),22°C,2Ctz]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsionxB) =
-2CAy(1+212),2CAx(1+212), -2C°tz(1+22)]
Torsion Dissipation JtorsiondotE =2 2 c? (1+22)

) -2xZ +Cty
u

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

Ctx+2yz2 . Z(—yz—xz-l—eCzuz—i-ZeCzuzz)
W M

,—C2t£(1+22)]

Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J_spinxB) = [

z(-2Ctx—4yZ—y —yx*+yeCiuz+2yeC?uz)

n
2(-xy? =X +xeC’uz+2xeC’u? —4x2+2Cty)
M )
Ct(eC’u+4eCiuz+4eC?uz?—x*—y?)

mn
2(-y"—x*4+eC*uz+2eC?uz) C (1 +22)
n

Spin Dissipation J_spindotE =



Disspative Force 3 vector = [—z(—4y22+2y£C2u22+4C22y+y£CZuz+2zyC
—2Ctx—y}—yx®), 7 (2xeCPu —4xP +4CEAx+xeC?uz4+22xC—xy? —x°
+2Cty),-C(2eC+4Cez+C%tep+4C%tenz+4C*tenZ —txl —ty?*+2Ctz
+4Ct7)]

Dissipation =-C (2e+Ctep+2Ctepz—xz—x7)

*hkkkhkhkkkhkhkkkhkhhkkhkhkkhkkikkkihkkhkihkhkkihkiik END PROCEDURE B R R T R R R R R R R R R P R R S R R S R R P R e (8)

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
p.155 vol4
> NAME:="Example EVANS B# pl155 vol4~;

> Ax:z=y*cos(-kappa*z+omega*t)/ (0+x"2+y"2+1*z"2) ; Ay :=-x*cos(-kappa*z+omega*t)/(0+
XN2+yN2+1*z72) ; Az - =0*kappa*cos(-kappa*z+omega*t) ; phi :=0*omega*cos(-kappa*z+
omega*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*alpha*(g+lI*gamma),0);

B R e R S S S 2 S S S e S e

NAME := Example EVANS B# p155 vol4

ycos(-kz+ wt)
AX = > >
X4y 417
_xcos(-kz+ot)
f+f+f
Az =0
0:=0
Example EVANS B# p155 vol4

*hhkhErkhkkhhkhkkhhkdhhkhkhhkhhhhihhihiiiiik D if—fe renti al FO rm FO rm at *hkkhkkkkhkkhkkikkhkhkkkihkkhikikx

Ay =

*khkhkhkhhhhkhkkkkk

Action 1-form = ycos(-xz+ot)d(x)  xcos(-kz+at) d(y)

X +y +7 4y + 7
in( - A
Intensity 2-form F=dA = y sin( KZ+(’32t)(’32(d()2())& (d(t)) "
X +y +12

_cos(-kz+ot) (x2—2y2+22) N cos(-kz+mt) (x2—2y2—22) ] (dx) & (dy))
(% +y* +7) (% +y*+7°)
— L 2(x(—sin(—1<z+oot)1<x2—sin(—1<z+oot)1<y2—sin(—1<z
(% +y* +7)




1
(X +y?+7)
“kz+wot) kX —sin(-kz+ot) kY’ —sin(-kz+ot) k2 +2cos(-kz+ot) 2)
xsin(-kz+wt) o (d(y)) & (d(t))
X4y 47
Topological Torsion 3-form  AMF=0

+ot) kZ+2cos(-xz+ot)z) (d(y)) & (d(z))) + > (y (-sin(

(d(x)) & (d(z))) —

Topological Parity 4-form F"F=0

FhAkAAAkAAhkAAhkArAhkhkrhkhkrhkhkihhkihikiiiikx U Si n g E M fO rm at FhAkAAhkAAhkAkiAhkkkrhkhkrhkhkihkhkihiiiixkx

*kk*k

ysin(-xz+wot) ®  xsin(-xz+ot) ®
Ay +7 4y +7

Efield:[ , 0

1
(% +y?+7°)

B field = l— > (x (-sin(-xz+ot) kX —sin(-xz+ ot) ky’ —sin(-kz

1
(* +y* +7)

+ot)kZ+2cos(-xz+wt)z)), - > (y (-sin(-xz+ot) kX

—sin(-xz+ot) ky? —sin(-kz+ot) kZ +2cos(-kz+wt) z)),

_2cos(-kz+ot) 7

(X +y* + 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
FhkFF A K I K I I I XK XXX H* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
I
Xm or linear (Mean) curvature =0

cos(-kz+wt)’ (C+y —7)

(X +y*+7) ’
Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
FHAAxxsAx Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ***x*kxkxkx
Chirality factor CH=0



eysin(-xz+wt) o exsin(-xkz+wt) o

X4y + 7 ’ X +y 47

Dfield:[ , 0

1

(242 2)2 (x (-sin(-kz+ot) K¢ —sin(-kz+ot) ky* —sin(-kz
XT+y +27) u

Hfield:l—

1
2
(X 4y +7)

2

+ot)kZ+2cos(-xz+0t)z)), - (y (-sin(-xz+ot) xx

—sin(-kz+wt) Ky’ —sin(-kz+wot) kZ+2cos(-kz+wt) z)),

_2cos(-xz+mt) 7
(x2+y2+22)2u
2xsin(-xz+ot) mcos(-kz+wt) 7
(x2+yz—|—22)3u

2ysin(-kz+ot) mcos(-kz+ot) 7 ) 1

3 )
(X +y+7) w(C+y +7)

Poynting vector ExH =

5 (sin(-xz+ot) o (

—sin(-kz+ot) kX —sin(-kz+ot) Ky —sin(-xz+ot) k7 +2 cos(-kz
+ot)z) (¢ +y))]
1

Amperian Current 4Vector  curlH-dD/dt=J4 =| - 5 (y(—cos(—Kz
(X +y+7)

+wt) K2x2—4sin(—1<z+oot) KzZ—cos(-kz+wt) KZZZ—COS(—KZ-i-(DT) szz

—2cos(-kz+wt) +ecos(-kz+mt) cozux2+ecos(—1<z+cot) cozuy2+ecos(—1<z

1

iy 2)2 (X(-COS(-KZ+OJt)K2X2—4Sin(-KZ
X+y +77) u

+wt) wzuzz)),

+wt) xz—cos(-kz+mt) KZZZ—COS(—KZ-i-(Dt) KZyZ—ZCOS(—KZ-i-CO'[) + & cos(

-kZ+ot) (nzuxz-i—ecos(—lcz—i—mt) (nzuyz-i—ecos(—lcz—i—mt) m2u22)),0,0]
Amerian charge density  divD =rho=0

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

2xcos(—1<z+cot)zz2 2ycos(—1<z+cot)222

(x2+y2+22)3u | (x2+y2+22)3u

Topological SPIN 4 vector S4 =



1
(e +y+7)

5 (cos(-xz+ot) (-sin(-xz+ot) kX —sin(-xz+ot) ky’

—sin(-kz+ot) kZ+2cos(-kz+ot) z) (C+y)),

cos(-kz+mt) esin(-kz+wt) o (¢ +y°)
(x2+y2+22)2
225
Topological SPIN 3-form = 2xcos(-xztot) Z& (ds(y),d(z),d(t))
(C+y*+7)
 2ycos(-kz+wt) 2&Nd(x), d(2), d(1))

1
C+y+72)’u w(E+y +7)°
+ot) (-sin(-kz+ot) kKx* —sin(-kz+ot) ky* —sin(-kz+ot) kZ + 2 cos(-kz
+ot)z) (¢ +y) &\(d(x), d(y), d(1)))

(cos(-xz

_cos(-xz+ot)esin(-kz+ot) (x2+y2) &MNd(x), d(y), d(z))
(x2-|—y2—|r22)2

- 1 p— 2
Spin density rho_spin= cos(-xz+mt) esin( Kz—i—g)t) o (3 +vy°)
O +y* +7)

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

uw (O +y*+7)

—Kz+03t)21<2x2y2+sin(—1<z+0)t)21<2x2

3 (sin(—1<z+oot)21<2x4—|—25in(

Z—4sin(-kz+wt) kX cos(-kz+ot) z
+ sin( —1<z+0)t)21<2y222+sin( —Kz+0)t)21<2y4+4cos( —Kz+0)t)222—4sin(—1<z
+aot) ky’cos(-kz+ ot) z—ssin(—1<z+oot)2m2ux4—2£sin(—1<z+oot)2m2ux2y2

—SSin(-KZ+0)I)20)2},LX222—£Sin(—KZ+0)t)20)2My4—ESin( -KZ

+cot)2(02uy222)
B.H= 1 3(sin(—1<z—|—oot)21<2x4+23in(—1<z+o)t)21<2x2y2+sin(—1<z
(e +y?+7)

+cot)21<2x222—4sin(—1<z—|-oat) KX cos(-kzZ+wt) z—i—sin(—1<z—|-(ot)21<2yzz2
+sin(—Kz+wt)21<2y4+4cos(—Kz+oat)222—4sin(—1<z+cot) Ky? cos( -k z
+ot)z)



DE=

e sin( —KZ+(l)t)2(l)2 (¢ +y?)
(xz—i-y2+zz)2
1

AJ=- 3 (cos(—1<z+cot) (—cos(—1<z+cot) K2x2—4sin(—1<z+o)t) Kz
(e +y+7)

—cos(-xkz+mt) KZZZ—COS(—KZ-l-COt) 1<2y2—2005( -kz+ot) +ecos(-xz

+ot) (DZMXZ-i-SCOS(—KZ-i-(Dt) oozuyz—l—acos(—Kz—i-a)t) oozuzz) (+vy?))
-rho.phi =0
1

Poincare | (B.H - D.E)-(A.J - rho.phi) =
uw(C+y?+7)

3 (sin(—1<z+cot)21<2x4+sin(

—Kz+mt)21<2y4—2x2cos( —Kz+mt)2—2y2cos(—Kz+mt)2—ssin(—1<z
+cot)2(02ux4—esin( —Kz+(ot)2w2uy4+ecos(—Kz+cot)2(02ux4+scos( -KZ
+cot)2c02uy4—cos(—Kz+0)t)2x41<2—cos(—Kz+o)t)2y41<2—8sin( -KZ

+ot) kxfcos(-kz+ot) z—8sin(-kz+mt) ky*cos(-kz+wt) z—2esin(
—1<z-|—0)t)2oo2ux2y2—asin(—Kz—i—oot)z(ozuxzzz—ssin(—1<z+cot)2u)2uy222

+ 2 £ cos( —Kz+0)t)2a)2ux2y2+acos(—Kz+a)t)2m2uzzx2+ecos( -KZ
+mt)2m2uzzy2+25in( —Kz+0)t)21<2x2y2+sin(—1<z+03t)21<2x222+sin(—1<z
+cot)21<2y222—2(:os( -KZ+(1)t)2X2K2y2—XZCOS(—KZ-l-O)t)ZKZZZ—COS( -KZ
—|—wt)21<2y222+4cos(—1<z+(ot)222)

1
(X% +y*+7) ncos(-xz+mt)

London Coefficient LC = - (-cos(-xz+mt) KX

—4sin(-xz+ot) xz—cos(-xz+wt) KZZZ—COS(—KZ-i-(Dt) KZyZ—ZCOS(—KZ
+ot) +ecos(-xz+ot) mzux2+ecos(—1<z+mt) oozuyz—i—ecos(—lcz
+wt) wzuzz)

1
(X +y?+7°)

- : 3
PROCA coefficient curlcurlB = | - 3 (x (-sin( ~kz+wt) K X'+ 6% cos( -z

+ot) K2Z—2X25in(—KZ+0)t) K322—2X25in(—KZ+0)t) K3y2—63in(—1<z

+ot) k¥ —2sin(-xz+ot) K3y222+105in(—1<z+0)t) k72 + 6 cos( -z



+ot) K22y2+8005(—1<z+03t) z—sin(-kz+wt) 1<3y4—sin(—1<z+mt) K7

—6sin(-kz+wt) Ky’ +6cos(-kz+wt) KZZS)),- L 3(y(—sin(
(X +y*+7)

-KZ+ot) 1<3x4+6xzcos(—1<z+mt) K22—2x23in(—1<z+oot) K322—2x23in(—1<z
+ot) KSyZ—GSin(—KZ—F(D'[) Kx2—2sin(-kz+wt) K3y222+105in(—1<z+03t) e

+6cos(-kz+mt) K22y2+8COS(-KZ+(1)t) z—sin(-kz+wt) K3y4—sin(—1<z

+wt) K324—63in(—1<z+u)t) Ky? +6cos(-kz+ot) 1<223)),

- L 3(2(x2cos(—1<z+cot) K222—4x25in(—1<z+cot)1<z—2x2cos(—1<z

(x®+y* +7°)

+ot) —2y*cos(-kz+wt) +cos(-kz+mt) 1<224+Cos(—1<z+0)t) 1<2y222
—4y?sin(-xz+ot) kz+ 48 «sin(-xz+ot) +2cos(-xz+ot) 7)) ]

Amperian Current 4Vector  curlH-dD/dt=J4 =| - L 5 (y(—cos(—Kz

(C+y*+7)

+ot) 1<2x2—4sin(—1<z+cot) Kkz—cos(-kz+ wt) Kzzz—cos(—KH—(ot) 1<2y2

—2cos(-kz+wt) +ecos(-kz+wt) cozuxz+ecos(—1<z+wt) cozuy2+ecos(—1<z

1
2
(¥ +y*+7) "

+ot) wzuzz)), (x (-cos(-xz+ot) K2x2—4sin(—1<z

+wt) xz—cos(-kz+mt) KZZZ—COS(—KZ-i-(Dt) szz—ZCOS(—KZ-I-CO'[) + € cos(
-KZ+wt) (nzuxz-l-scos(—Kz-i-mt) (nzuyz-l-scos(—Kz-i-mt) mzuzz)),0,0]
Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E + J_ampere x B)

= 1 2 (2% (-cos(-xz+ot) K2X2—4Sin(—KZ+(0t)KZ—COS(—KZ

(C+y*+7) u




+ot) KZZZ—COS(—KZ—I—(Dt) K2y2—2cos(—1<z+u)t) +ecos(-kz+wt) u)zux2

+ecos(-kz+ mt) cozuy2+ecos(—1<z+cot) wzuzz) cos(-xz+ot) 7),

1
4
(C+y*+7) u

(2y (-cos(-xz+ot) K2X2—4Sin(—KZ+(,0t) Kz —cos(-Kz

+ot) KZZZ—COS(-KZ-l-O)t) K2y2—2cos(—1<z+mt) +ecos(-kz+ mt) mzux2

+ecos(-xkz+wt) mzuyz—l—acos(—Kz—i-oot) oozuzz) cos(-kz+wt) 72),

- L 2 ((-cos(-xz+mt) K2X2—4Sin(—KZ+(Dt)KZ—COS(—KZ

(X 4y +7)

+ot) KZZZ—COS(-KZ-i-(Dt) szz—ZCOS(—KZ-l-(,Ot) +ecos(-kz+mt) cozux2
+ecos(-kz+mt) cozuy2+ecos(—1<z+cot) wzuzz) (-sin(-kz+wt) kx* —sin(
~xz+ot) kY’ —sin(-xz+ot) kZ+2cos(-xz+ot) z) C+y?))]

Amperian Dissipation JamperedotE =0

Lorentz Force Spin factor LFSPIN= (cos(-xz+ot) (¢ +y* +7)) / (-cos(-xz

2

+ot) K2X2—4Sin(-KZ+(Dt) Kkz—cos(-kz+ wt) Kz —cos(-xkz+mt) 1<2y2

—2cos(-kz+wt) +ecos(-kz+wt) cozuxz+ecos(—1<z+wt) cozuy2+ecos(—1<z

+wt) wzuzz)

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_torsion x B) =[O0,

0,0]
Torsion Dissipation JtorsiondotE =0

2 x cos( —1<z+o)t)2z2

3
(X +y+7) p

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

2ycos(—1<z—|-(ot)222 ) 1 2

T 5 (cos(-xz+wt) (-sin(-xz+ot) xx
(C+y*+7) w(x®+y?+7)




—sin(-kz+ot) Ky —sin(-kz+ot) kZ+2cos(-kz+wt) z) (F+y)),

cos(-kz+ot) esin(-kz+ot) o (x*+y°)
(x2+y2+22)2

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

= L 2 (COS(-KZ+(0t)y(Sin(-KZ+(1)'[)2K2X4+ZSin(—KZ

(C+y*+7) u

+0)t)2K2X2y2+Sin(—KZ+0)'[)2K2X222—4Sin(—KZ+(,0t)KXZCOS(—KZ-i-(,O'[)Z
. 2 2 2 . 2 24 2 9 .
tsin(-kz+ot) Ky 2 +sin(-kz+ot) Ky +4cos(-kz+ot) Z —4sin(-kz

+aot) ky’cos(-kz+ot) z—ssin(—1<z+oot)2m2ux4—2£sin(—1<z+oot)2m2ux2y2

—asin(—Kz+mt)2m2ux222—£sin(—1<z+oot)2m2uy4—esin( -KZ

1
(X +y+7)

(xcos(-xz+ot) (sin( —1<z+oat)21<2x4

+ot) o ny?)), -

2 2

+25in(—Kz+mt)21<2x2y2+sin(—Kz+mt)21<2x 7 —4sin(-xz+ot) kX’ cos(-kz

+ot) z+sin(—1<z—i—(ot)21<2y222+s.in(—Kz—|—(ot)21<2y4—|—4cos.(—1<z—|-(ot)222

—4sin(-kz+wt) Ky’ cos(-kz+mt) z—esin(—Kz+cot)2w2ux4—2s:sin(—1<z

2—esin(—1<z+o)t)zcozuy"'—.gsin(

+(ot)2032ux2y2—ssin(—Kz+mt)2co2ux22
—1<z+0)t)2oo2uy222>),0]

Spin Dissipation J _spindotE =0

1
4

(cos(-xz+mt) (-2x3Zcos(-kz+ot) K
(X +y+7)

Disspative Force 3 vector =

—8xZksin(-kz+mt) —2xz cos(-kz+wt) K2—2X22COS(-KZ+(1)'[) K2y2

—4cos(-kz+ot) Zx+2x Fecos(-kz+ot) m2u+2xz2ecos(—1<z—|—wt) o)zuy2



+2xtecos(-kz+mt) m2u+uysin(—Kz+wt)21<2x4+2uySSin(—Kz+o)t)21<2x2

+uysin(—Kz+o)t)21<2x222—4uysin(—Kz—I-(ot) KX cos(-kzZ+wt) z

—|—uy3sin(—Kz—i—cot)szzz—i-uyssin( -KZ+(1)I)2K2+4},LyCOS( —1<z—|-(ot)222

—4py’sin(-xz+ot) kcos(-kz+ot) z—uzyesin(—Kz—i—mt)z(nzx4

2 _ 2 2 2 2 2 2 .
—2u ylesin(-kz+ot) o ¥ —uyesin(-kz+ot) o X¥Z—u yesin(-«z

1

(x2+y2+22)4u (cos(—Kz

+mt)20)2—u2y3£sin(—1<z+u)t)2m222)),—
2 2.2 3 4 2
+ot) (2yZcos(-xz+ot) K ¥ +8yLxsin(-kz+wot) +2yztcos(-kz+mt) «
3.2 2 2 2 2 2
+2y’7cos(-kz+wt) K +4cos(-kz+wt) Zy—2yzecos(-kz+mt) ® ux
3 2 2 4 2 5 . 2 2
—2y’Zecos(-xkz+ot) ® p—2yzZ ecos(-kz+wt) ® p+ux’sin(-xkz+ot) «
3 . 2 2 3 . 2 29 3.
+2udsin(-kz+ot) K Y +udsin(-xz+ot) K Z—4pxsin(-kz
. 2 2 29 . 2 2 4
+ot) kcos(-kz+wt) z+uxsin(-kz+ot) K Yz +uxsin(-kz+ot) Ky
+4uxcos(—Kz+mt)222—4uxsin(—1<z+cot)Kyzcos(—Kz-i-(nt)z
—u2x5£sin(—Kz+cot)2m2—2u2x335in(—1<z+03t)2c02y2—u2x3esin(—1<z

+cot)2(0222—uzxesin(—Kz+0)t)2c02y4—u2xesin(—Kz-l—(ot)z(ozyzzz)),



- L 2 ((-COS(—KZ+O)'[) K2X2—4Sin(—KZ—+—(Dt)KZ—COS(—KZ

(X 4y +7)

+ot) KZZZ—COS(-KZ-l-(Dt) K2y2—2cos(—1<z+mt) +ecos(-kz+ mt) mzux2

+ecos(-kz+mt) cozuy2+ecos(—1<z+cot) wzuzz) (-sin(-kz+wt) kx* —sin(

xz+ot) kY —sin(-xz+ot) kZ+2cos(-xz+ot) z) (C+y?))]

weos(-kz+ot) esin(-kz+ot) o (6 +y?)
(X2+y2+22)2

*hhkkkhhkhkkhhhkkhhhkkhkhkhkkhkhhkhkhhhkhhhkiiik EN D PROCEDURE *hhkhkErAhkhkkhkhkhkhhkkkhhkhkihhihhiiiiiik (9)

Dissipation =

> EH:=crossprod(E,HF):EH[1];EH[2];factor(EH[3]);

2xsin(-kz+ot) mcos(-kz+ot) 7

3
(X +y+7)

2ysin(-xz4+ot) wcos(-kz+wt) 7

3
(C+y*+7)
_ (5 12 2)? (sin(-xz+ot) o (-sin(-xz+ot) kX —sin(-xz+ot) ky’—sin(  (10)
wix +y +z

-KZ+wt) K22+2003(—1<z+oot) 7) (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:="Example A-- Hopf signature index O or 1. The 1-form is divided by the

Holder norm any p, n=2 EdotB =0 ~;

> Ax:=y*1*0Omega;Ay:=-x*Omega;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,-1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

*hkkhhkhkkhkkhhkhkkhhkhkkhhkkhhkhkhhkhhkhkihhkhkkhhkhkhkhkihkhkhhkhhhihkhkhhkihkhkhhkhkhhkihkiihkkikikx

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



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

B R R T R R T R R R S R R S R R S R R S R R S R R T R R T S Diﬁerential Form Format k*kkkhkkkkhkkkkhhkkkihkkkikikkik

*khhkkkhkkhkkkikhkkikkikk

Action 1-form=y Qd(x) —xQd(y) +Ctd(z) —Czd(t)
Intensity 2-form F=dA =-2Q (d(x)) &* (d(y)) —2C (d(z)) & (d(t))
Topological Torsion 3-form ANF=-2CtQ &"(d(x),d(y),d(z)) +2CzQ &"(d(x), d(y),
d(t)) —2yQC &*(d(x),d(z),d(t)) +2xQC &*(d(y), d(z),d(t))
Topological Parity 4-form  F*F=8 Q C &*(d(x), d(y), d(z), d(t))

B R R R R R o R R R R R S R R R R R R R R S R R R R R R R R USIng EM format khkhhhrhkhkkhkhkhkhrrrrhhhhhhkhiiiix

—

E field=[0,0, -2 C]

B field=[0, 0, -2 Q]
Topological TORSION 4 vector T4 = -[EXA + Bphi,AdotB] =[2xQC,2yQC,2CzQ,

2CtQ]
Helicity AdotB= -2 CtQ
Poincare Il =2(E.B)=8QC
coefficient of Topological Parity 4-form =8 Q C

Pfaff Topological Dimension PTD =4
FhFFF A AF IR I KR XAXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hkhkhkhkhkhkhkhkhkhkhkhkhhhiiiik
Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature = Q2 +C?
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =Q° C?
KAk Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****#*xxxdkxx
Chirality factor CH=0
D field=[0,0, -2&C]|
H field = [o, 0, - Ql
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

2 2
Topological SPIN 4 vector S4 = 2xQ , 2yQ ,-2eC%z -2C%te
[ u
2 N 2 N
Topological SPIN 3-form = 2xQ &"(d(y),d(2),d(t)) _ 2yQ &"(d(x),d(z), d(t))
[ u

—2eC?z&MNd(x), d(y),d(t)) +2 C’te &\(d(x), d(y), d(2))
Spin density rho_spin=-2 C’te
4 (—Qz—i-eczu)
u

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

D.E=4¢C?
AJ=0
-rho.phi =0
4 ( —QZ +eC? u)
w

Poincare | (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 =10,0,0,0]
Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E +J _ampere x B) =[0,
0,0]
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[2xQC,2yQC,
2CzQ,2CtQ]

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion xB) = [
4y Qic,4xQ’C, -4C%tQ]

Torsion Dissipation JtorsiondotE =4 Cc’zQ



2xQ° 2y’
Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD] = , Y

[ u
-2eC%z, -2 czte]
4yQ°
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = [ Y ,
v
3
4xQ
S2X Ly C3t£]
W

Spin Dissipation J_spin dot E =4¢C%;
Disspative Force3vector:[—4y92(—Q+C),4xQZ(—Q+C), -4C%*t(Cep+Q)|
Dissipation =-2C (Ctep—xQ)

*hhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE FhAkAAAkAAhkAAiAhkhkihkhkihhkihhihiikiik (11)

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:="Example A-- Hopf signature index O. The 1-form is divided by the Holder
norm any p=2, n=4 °

> Ax:=y*Omega;Ay:=-x*Omega;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,ph1,1,1,1,1,2,0,4,0*alpha*(g+l*gamma),0):

B e o R R A R AR A AR R A R R AR R AR R SR R R R R A e e e

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

Ax:=yQ
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

B R R R R R o R R R S S R R R R R R R R S R R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkkhhhkiiiix

*kkkhkkkkikhkkkikkk

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



Topological Torsion 3-form  AF=-2CtQ &"(d(x), d(y),d(z)) +2CzQ & (d(x), d(y),
d(t)) —2yQC &*(d(x),d(z),d(t)) +2xQC &*d(y), d(z),d(t))
Topological Parity 4-form  F*F=8 Q C &*(d(x), d(y), d(z), d(t))

B R R R R R o R R R R R S R R R R R R R S R R R R R R R R USIng EM format khkhhhrhkhkkhkhkhkhrrrrhhhhhhkhiiiix

E field=1[0,0, -2 C]
B field=[0, 0, -2 Q]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =[2xQC,2yQC,2CzQ,
2CtQ]
Helicity AdotB= -2 CtQ
Poincare Il =2(E.B)=8QC
coefficient of Topological Parity 4-form =8 Q C

Pfaff Topological Dimension PTD =4
FhkFFAK I K I I I XK XXX H* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
*kkkhkkkkhkkhkkikkkhkkhkhkkikhkkikik

Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature = Q2 +C?
Za or Cubic (Interaction internal energy) curvature =0

, _ )
Tk or quartic (4D expansion) curvature =Q° C?
Fadkkkxadk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH #***#xsdkrx

Chirality factor CH=0
D field=[0,0, -2&C]|
H field = [0, 0, —Z—Ql

1

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

2xQ° 2yQ°
TR
2xQ &N (d(y), d(2),d(1)  2yQ° &\(d(x), d(2),d(1))
M M

Topological SPIN 4 vector S4 = , —2¢€ c? z, -2 C’te

Topological SPIN 3-form =



—2eC?z&MNd(x), d(y),d(t)) +2 C’te &\(d(x), d(y), d(2))
Spin density rho_spin= -2 C’te
4 (—Qz—i-eczu)
v

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

D.E=4¢C?
AJ=0
-rho.phi =0
4 ( —QZ +¢C? u)
w

Poincare | (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 =10,0,0,0]
Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E +J _ampere x B) =[0,
0,0]
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[2xQC,2yQC,
2Cz2Q,2CtQ]

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion xB) = [
4y Qic,4xQ’C, -4C%tQ]

Torsion Dissipation JtorsiondotE =4 Cc’zQ

2xQ° 2y
Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD] = [ , Y ,

u u

~2¢eC%z -2C%te

3
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = l 4yQ :

u




4xQ°

W

,—4C3t8

Spin Dissipation J_spindotE =4¢ c3z

Disspative Force 3 vector = [—4yQZ(—Q+C),4xQZ(—Q+C), -4C*t(Cep+Q)|
Dissipation =-2C (Ctep—xQ)

khkhkhkhhhhkhkhkkkhhhkhrhhhhkhhhiiiiix END PROCEDURE khkhhhrhkhkhkkhkhkhkhirrrhhkhxhhkhiiiix (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:="Example B-- Hopf signature index 1. The 1-form is divided by the Holder

norm p=2, n=4 °

> AX:I=-y;Ay:=+X;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,pht1,-1,1,1,1,2,0,0,0*alpha*(g+1*gamma),0):

B o o R A R AR R R R R R A R AR R AR R S AR R R R e R e e e

NAME =
Example B-- Hopf signature index 1. The 1-form is divided by the Holder norm p=2, n=4
Ax:= -y
Ay =X
Az:=-Ct
6:=-Cz

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

B R R R R R o R R R R S R R R R R R R R R R R R R R R R R R lefel’entla| Form Format *hkhkhkhhhhkhkhkkkkhhhiiiikx

*khkhkhkhhhhhkkkkk

Action 1-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= -2 Ct&"(d(x), d(y),d(z)) +2Cz&"(d(x),d(y), d(t))
—2yC&MNd(x),d(z),d(t)) +2xC & (d(y),d(z),d(t))
Topological Parity 4-form  F"F =8 C &*(d(x), d(y), d(z), d(t))

B R R R e S S R S R R R e S S S S S e USing EM format B R R R R e e S S S R R R R e S S S S e e e
N———
E field=10,0,2C]
B field=[0, 0, 2]
Topological TORSION 4 vector T4 =-[ExA + Bphi,AdotB] =[2xC,2yC,2Cz2Ct]
Helicity AdotB=-2Ct
Poincare Il =2(E.B)=8C
coefficient of Topological Parity 4-form =8 C



Pfaff Topological Dimension PTD =4
FrkFkFFFIFFAF KX I *X** Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hhkkkhkkhkkkhkhkkkhkhkkkhkikkhkikkik

Xm or linear (Mean) curvature =0

Yg or quadratic (GAUSS) curvature = c’+1

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature = c?

FHkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations

with chirality CH *ssskiskk
Chirality factor CH=0

D field=[0, 0,2 C]

H field = |0, 0, 3}

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

Topological SPIN 4 vector S4 = ﬂ, ﬂ, —28022, -2C%te
LU,
Topological SPIN 3-form = 2X&(d(y). d(2).d(1)) _ 2y &\d(x),d(z), d(1))
[ [

—2eC*z&M(d(x),d(y),d(t)) +2C?te & \(d(x), d(y), d(2))
Spin density rho_spin= -2 C’te

_ 2
LaGrange field energy density (B.H-D.E) = - 4(-1+eCy)
u
BH=2
w
D.E=4¢C?
AJ=0
-rho.phi =0
_ 2
Poincare | (B.H - D.E)-(AJ - rho.phi) = - — (-1+eCy)
w

London Coefficient LC =0
PROCA coefficient curlcurlB=1[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 _ampere xB) =[0,

0,0]
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[2xC,2yC,2Cz2Ct]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J_torsion x B)

=[4ycC, -4xC, 4C?*t]
y

Torsion Dissipation JtorsiondotE = -4 C?z
. . _ . _[2x 2y 2
Topological Spin current 4 vector TS4 =-[AxH + D.phi,AdotD] =| —, —*, -2¢eC"g
[,
-2C%t e]
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = [ - ﬂ,
v
ﬂ, 4 C3ta}
u

Spin Dissipation J_spindotE = ~4¢C%;
Disspative Force 3 vector = [4y (C — 1), -4x (C—1),4C*t (Cep+1) ]
Dissipation =-2C (Ctep—x)

khkhkhkhhhhkhkhkkkhkhhkhhhhhhkhkhhiiiiix END PROCEDURE kkhkhhhrhkhkhkkhkhkhkhirrrhhhkhhhihiiix (13)

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

> NAME:="Example la-- Real Linear Polarization A"NG<>0, AF = 0 [INBOUND

> theta:=(k*z+omega*t);
> Ax:=cos(theta);Ay:=cos(theta);Az:=0;phi:=0;

AAAKAAAAAKAKAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAA A AR A AAAAAAhhhiiiiik
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*alpha*(g+l*gamma),0);
NAME := Example la-- Real Linear Polarization A*"G < >0, A"F =0 INBOUND

0 =kz+ ot



Ax:=cos(kz+ wt)
Ay:=cos(kz+ wt)
Az:=0
0:=0
Example 1a-- Real Linear Polarization A*"G <>0, A°\F =0 INBOUND

FhAkAAAkAAhkAAhkAkrAhkhkrhkhkhhhkihkhkihikihiikx D iﬁe renti al Fo rm Fo rm at *khhkkkhkkhkkkhkhkkkhkhkkkhkikkikkikk

*khhkkkhkkhkkkikhkkikkikk

Action 1-form=cos(kz+ ot) d(x) +cos(kz+ wt) d(y)
Intensity 2-form F=dA =sin(kz+ot) o (d(x)) & (d(t)) +sin(kz
+wt) k(d(x)) & (d(z)) +sin(kz+ot) o (d(y)) & (d(t)) +sin(kz
+ot) k(dy)) & (d(2))
Topological Torsion 3-form  A"F =0
Topological Parity 4-form F"F=0

*hhkhkrkhkhhhkhhhkdhhkhkkhhhhhhihihhiiiiik U si n g E M fo rm at *hhkhEhkhkhkkhkhkkkhhkkkhhkkhhkhihhiiiiiikh

*kkk

E field=[sin(kz+ot) o, sin(kz+ ot) o, 0]
Bfield=[sin(kz+ot) k, -sin(kz+ot) k 0]
Topological TORSION 4 vector T4 =-[ExXA + 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
FrkFkFFFIFFAF KX I *X** Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
ek e e ek
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
FHkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****xxkdorx

Chirality factor CH=0
Dfield=[esin(kz+ ot) o, esin(kz+ wt) w, 0]
sin(kz+wt) k  sin(kz+wt) k

H field = , 0
u u




2wk (-1 +cos(kz+mt)2)
i

Poynting vector EXH=| 0 0

cos(kz+ wt) (kz—umzs)
u

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

cos(kz+ mt) (kz—ua)zs)
mn

o

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

W

Topological SPIN 4 vector S4 = [O, 0, - , 2 cos(kz

+wt) esin(kz+ot) col

2cos(kz+ot) sin(kz+mt) k& (d(x),d(y),d(t))
u
—2cos(kz+wt) esin(kz+wt) o &\(d(x),d(y),d(z))

Topological SPIN 3-form= -

Spin density rho_spin=2cos(kz+ ot) esin(kz+ot)

25in(kz+mt)2 (kz—uoo23>
i

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

_2sin(kz+ 0t)’ K
mn
: 2 2
D.E=2¢sin(kz+ot) o

B.H

2 cos(kz—l-(ot)2 (kz—u(oze)
1)
-rho.phi =0
Poincare | (B.H - D.E)-(A.J - rho.phi) =

AJ

2 (kz—umza) (cos(kz+mt) —sin(kz+mt)) (cos(kz+mt) +sin(kz+wt))

u
: — u(oz €

o

PROCA coefficient curlcurlB = [sin(kz + @ t) K, -sin(kz+ wt) k, 0]

London Coefficient LC



cos(kz+ mt) (kz—u(oze)
u

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

cos(kz+ mt) (kz—ucoze)
n

"

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_amperexB) =10,

0 2cos(kz+mt) (kz—umza) sin(kz+ot) k ]
u
Amperian Dissipation JamperedotE =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) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

_2cos(kz+wt)sin(kz+ot) k

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

,2cos(kz+wt) esin(kz+ot) ml

B ZCos(kz—i-mt)sin(kz—i—mt)Z(kZ—ua)ze)
) n
2cos(kz+mwt) sin(kz—i—mt)Z(kZ—ua)Ze)
i
Spin Dissipation J spindotE =0

)

, 0

Disspative Force 3 vector = [2 cos(kz+ wt) sin(kz+ o t)2 = p,(oz e), 2 cos(kz

2cos(kz+mt) (kz—u(oze) sin(kz+ot) k
u
Dissipation =2 pcos(kz+wt) esin(kz+ot) o

khkhkhkhhhhkhkhkkkhhkhkhrhhhhkhhhiiiiix END PROCEDURE khkhhhrhkhkkkhkhkhkhirrrhhhkhhhihiiix (14)

+wt) sin(kz-l—oot)2 (kz—ucoze),



> factor(B[3]):
0 (15)

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

> NAME:="Example 1b-- Real Linear Polarization ANG<>0, AF = 0 OUTBOUND ~;
> theta:=(-k*z+omega*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+1*gamma,0);

kkkhkkkhhkkhkhhkkhhkkhkkrhkkhhhkirhkkhhhkrhkhhhkkhkhhkrhkhdhhrhhdhhhhhrhhihihhkihkiihkkikikx

NAME := Example 1b-- Real Linear Polarization A*"G < >0, A*\F =0 OUTBOUND
0:=-kz+ot
Ax:=cos(kz—wt)
Ay:=cos(kz—wt)
Az:=0
0:=0
Example 1b-- Real Linear Polarization A*G <>0, A*\F =0 OUTBOUND

FhAkAAAkAAhkAAhkAArAhkhkrhkhkhhhkihhkihikihikikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkkhkkkhkhkkkhkikkkhkikkikkiikk

*khkhkkkhkhkkkhkhkkkiikk

Action 1-form=d(x) cos(kz —mt) +d(y) cos(kz—wt)
Intensity 2-form F=dA = -sin(kz—wt) o (d(x)) & (d(t)) +sin(kz
—ot) k(d(x)) & (d(z)) —sin(kz—wot) o (d(y)) & (d(t)) +sin(kz
—ot) k(d(y)) & (d(2))
Topological Torsion 3-form  A"F =0
Topological Parity 4-form  F*F =0

B R R R R R o R R R R R S R R R R R R R R R R R R R R R R R USIng EM format khkhhhrhhkkhkhkhkhrrrrhhhhhhhiiiix

—
E field=[ -sin(kz—ot) o, -sin(kz—ot) o, 0]
Bfield=[sin(kz—wt) k, -sin(kz—mt) k 0]

Topological TORSION 4 vector T4 =-[ExXA + 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
FAFFAFAFFAIIAFFAxFF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hhkkkhkkhkkkhkhkkkhkkhkkkhkikkhkikkikk



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
FhxkxAxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****skxkikorx

Chirality factor CH= (g +1v) | =
€
- _ . B _ ﬁ E e B )
D field=[Isin(kz—ot) [lew—1 kg + kyl, -Isin(kz—ot) | -lew®
€ €
B g B kyJ,O
€ €
Isin(kz—oot) (—'k—l / 2 oug + §a2 (DM,Y]
H field = £ v €

u

Isin(kz—ot) (Ik—l ﬁmug—i— ﬁwuyJ
NEE: NEE: i

M )

Poynting vector ExXH=| 0 0 -

2(ok(—1+cos(kz—(ot)2) }
u

cos(kz—mt) (kz—u(oze)

Amperian Current 4Vector  curlH-dD/dt=J4 = :
u

cos(kz—mt) (kz—u(oze)
n

e

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

u

Topological SPIN 4 vector S4 = [0, 0, - , -2 cos(kz

—ot)sin(kz—wt) ecol

2cos(kz—mt) sin(kz—mt) k& (d(x), d(y), d(t))
u
+2cos(kz—wt) sin(kz—wt) e & (d(x), d(y),d(z))

Topological SPIN 3-form= -



Spin density rho_spin=-2cos(kz —ot) sin(kz—ot) e ®

Zsin(kz—mt)2 (kz—uoo28>
i

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

_ 25in(kz—mt)2k2
m

: 2 2

D.E=2sin(kz—ot) ® ¢

B.H

_ 2cos(kz—(ot)2 (kz—u(oze)
u
-rho.phi =0

Al

Poincare | (B.H - D.E)-(A.J - rho.phi)

2 (kz—ucoze) (sin(kz—wt) —cos(kz—mwt)) (sin(kz—wt) +cos(kz—wt))
i

— u(oz €
i
PROCA coefficient curlcurlB = [K*sin(kz — wt), -K*sin(kz—wt), 0]

London Coefficient LC =

cos(kz—mt) (kz—u(oze)
u

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

cos(kz—mt) (kz—ucoze)
n

, 0, 0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_amperexB) =10,

0,

2cos(kz—mt) (kz—umza) sin(kz—mot) k ]
u
Amperian Dissipation JamperedotE =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) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0



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

_2cos(kz—wt)sin(kz—ot) k
v
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J_spin x B)

,-2cos(kz—mt) sin(kz—mt) e

| 2cos(kz—mt) sin(kz—mt)2 (kz—uoo28>
M )
2cos(kz—mt) sin(kz—mt)2 (kz—uoo28>
n

, 0
Spin Dissipation J spindotE =0

Disspative Force 3 vector = {2 cos(kz — wt) sin(kz — th)2 (k2 — umze), 2 cos(kz

2cos(kz—mt) (kz—u(oze) sin(kz—ot) k
u

Dissipation =-2pcos(kz—wt) sin(kz—ot) e®

khkhkhkhhhhkhkhkkkhhhhhhhhhhhkhhiiiiix END PROCEDURE khkhhhrhkhkhkkhkhkhkhirrrhhkhxhhkhiiiix (16)

—wt) sin(kz—oot)2 (kz—ucoze),



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

> NAME:="Example 2a-- Real Circular Polarization ANG=0, AF <> 0 INBOUND";
> theta:=(k*z+omega*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+1*gamma,0):

*kkhkhkhkhhkhkhkhkkhhkhhhkkhhkhkkhhkhkhkhkhhkhkkhhkhhkhkkihkhkhhkihhhhkhkhhkihkhkhhkhhhkihkhihkkikik

NAME := Example 2a-- Real Circular Polarization A"G=0, A"F <> 0 INBOUND
0:=kz+ ot
Ax:=cos(kz+ wt)
Ay:=sin(kz + ot)
Az:=0
0:=0
Example 2a-- Real Circular Polarization A*\G=0, A°\F <> 0 INBOUND

B R R R R R o R R R R S R R R R R R R R S R R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkkhkhkhiiiikx

Action 1-form=cos(kz+ ot) d(x) +sin(kz+wt) d(y)
Intensity 2-form F=dA =sin(kz+ot) o (d(x)) & (d(t)) +sin(kz
+wt) k(d(x)) & (d(z)) —cos(kz+wt) o (d(y)) & (d(t)) —cos(kz
+ot) k(d(y)) & (d(2))
Topological Torsion 3-form  A"F = ( —sin(kz+mt)2m—cos(kz+mt)2m) &N(d(x), d(y),

d(t)) + (-sin(kz+ot) k—cos(kz+ot) k) &\(d(x), d(y), d(2))
Topological Parity 4-form  F*F=0

FhAkAAAkAAhkArhkArhkhkihkhkrhhkihhihikihiikx U Si n g E M fO rm at FhAkAAhkAAhkAkrhhkkkrhkkkihhkihikihiiiixkx

E field=[sin(kz+ot) o, -cos(kz+ot) o, 0]
B field=[-cos(kz+ wt) k -sin(kz+wt) k 0]
Topological TORSION 4 vector T4 = -[EXA + Bphi,AdotB] = [0, 0, - (cos(kz —i—cot)2
—|—sin(kz-|—cot)2),k(cos(kz—l—wt)2+sin(kz+(ot)2)]

Helicity AdotB = -k (cos(kz + ot)” +sin(kz + ot)°)
Poincare Il =2(E.B)=0
coefficient of Topological Parity 4-form =0



Pfaff Topological Dimension PTD =3
FhFFFAF SRR IR RxAxA* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
ke e e e e ek ek
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
FhkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **#x*skkkkkk

Chirality factor CH= (g + 1y) B
J €

Dfield:l—l[Iesin(kz+mt)m—l Ecos(kz+cot)kg+ Ecos(szrcot)ky],
€ €
-ecos(kz+wt) o — B sin(kz+ot) kg—1 ® sin(kz+ot) ky, 0
€ €
cos(kz+mt) k+ ﬁsin(kz—i-(ot)(oug—i-l Esin(kz—i-(ot)(om(
. € 3
H field=| - ,
mn
I(Isin(kz+mt)k—l B cos(kz+ot) opg + / H cos(kz+(ot)(ouy]
3 € 0
mn
. ok
Poynting vector ExH=|{ 0 0 - —

w

cos(kz+ mt) (kz—u(oze)
u

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

sin(kz+ot) (kz—umze)
u

,0,0

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

Topological SPIN 4 vector S4 =10, 0, | (cos(kz+wt) +Isin(kz+wt)) (cos(kz+ wt)

—1sin(kz+ot)) (-1g+7) /f o -1(cos(kz+mt) +1Isin(kz+wt)) (cos(kz



+ot) —Isin(kz+ot)) (-1g+7) /% k]

Topological SPIN 3-form=1(cos(kz+ ot) +Isin(kz+wt)) (cos(kz+ wt) —Isin(kz

+ot)) (-lg+7) | £ 0& dx), d(y),dt) +1 (cos(kz+wt) +Isin(kz
€

+wt)) (cos(kz+wt) —Isin(kz+wt)) (-1g+7y) B k&(d(x),d(y),d(z))
J €

Spin density rho_spin= -1 (cos(kz+ ot) +Isin(kz+wt)) (cos(kz+wt) —Isin(kz

+wt)) (—Ig—l—y)Ek

(kz—ua)28> (cos(kz-l-(ot)z+sin(kz+a)t)2)

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

k2(cos(kz+0)t)2+sin(kz—|—mt)2)
m

2 2 2

DE=w & (cos(kz+ot) +sin(kz+wt))

B.H=

B (kz—u(oze) (Cos(kz+cot)2+sin(kz+(ot)2)

AlJ=
n
-rho.phi =0
Poincare | (B.H - D.E)-(A.J - rho.phi) =0
2 2
London Coefficient  LC = < M@ €
u

PROCA coefficient curlcurlB = [ -cos(kz + @ t) K, -sin(kz + o t) K 0]

cos(kz+ wt) (k2—p032£)

Amperian Current 4Vector curlH-dD/dt=J4 = :
u

sin(kz+ot) (K —uu)ze)
n
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J _ampere xB) =0,
0,0]

"

Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0



Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] = [0, 0, -o (cos(k z+ cot)2

+sin(kz —|—cot)2), k (cos(kz —i—cot)2 +sin(kz —I—cot)z)]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsionx B) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

Topological Spin current 4 vector TS4 =-[AxH + D.phi,AdotD] =0, 0, 1 (cos(kz+ mt)

+1sin(kz+ot)) (cos(kz+wt) —Isin(kz+wt)) (—Ig+7)Em, -1 (cos(kz

+ot) +lIsin(kz+wt)) (cos(kz+wt) —Isin(kz+wt)) (-1g+7) % k

Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J_spinxB) =1[0,0,0]
Spin Dissipation J_spindotE =0
Disspative Force 3 vector = [0, 0, 0]
Dissipation =-1u (cos(kz+wt) +1sin(kz+wt)) (cos(kz+wt) —Isin(kz+wt)) (

-lg+vy) / % k

*hhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE FhAkAEAAkAAhkAArhkhkihkhkihkhkihiihiikiik (17)

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

> NAME:="Example 2b-- Real Circular Polarization ANG<>0, AF = 0 OUTBOUND ~;
> theta:=(-k*z+omega*t);
> Ax:=cos(theta);Ay:=-sin(theta);Az:=0;phi:=0;

*kkhkhkkkhhkhhkhkkhhkhkhhkkhhkhkkhhkhhkhkhhkhkkhhkhhkhkkhhkhkhhkkhhhkhhkhhhkkihhkhhkhhhkihkhihkikik

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,alpha,0):
NAME := Example 2b-- Real Circular Polarization A°\G < >0, A*\F =0 OUTBOUND
0:=-kz+ ot

Ax:=cos(kz—mt)
Ay:=sin(kz—ot)
Az :=0
$:=0



Example 2b-- Real Circular Polarization AG <>0, A\F =0 OUTBOUND

B R R T R R T R R R S R R S R R S R R S R R S R R T R R T S Diﬁerential Form Format k*kkkhkkkkhkkkkhhkkkihkkkikikkik

Action 1-form=d(x) cos(kz —wt) +sin(kz—wt) d(y)
Intensity 2-form F=dA =-sin(kz—ot) o (d(x)) &" (d(t)) +sin(kz
—wt) k (d(x)) & (d(z)) +cos(kz—ot) o (d(y)) & (d(t)) — cos(kz
—ot) k(d(y)) & (d(2))
Topological Torsion 3-form  A*F = (sin(kz —(ot)z(o +cos(kz—(ot)2co) &MN(d(x), d(y),

d(t)) + (-sin(kz—ot) k —cos(kz — o t)° k) &\(d(x), d(y), d(2))
Topological Parity 4-form F"F=0

*hhkhrkhkhkkhhkhkhhkdhhkkhhkhhhhihhihiiiiik U si n g E M fo rm at *hhkhkkhkhkhkkhkhkkkhhkkkhhkkhhkhihhihiiiikh

S—_—
E field=[ -sin(kz—ot) o, cos(kz—wt) o, 0]
B field=[-cos(kz—wt) k, -sin(kz—wt) k 0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = [0, 0, ® (cos(kz—o)t)2
+sin(kz—mt)2),k(cos(kz—oot)2+sin(kz—mt)2)]

Helicity AdotB = -k (cos(kz — oot)2 +sin(kz — mt)z)
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
FhFFF A A K I I IR KR XAXH* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
ek e e ek
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
Fhkkxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH *¥*x*kkkkxk

Chirality factor CH =« B
€
D field= | -esin(kz—ot) o — B cos(kz—mt) k ecos(kz—mt) o

€



—o | & sin(kz—wt) k, 0

3
-cos(kz—ot) k+a / £ sin(kz—ot) ou
H field = 2 ,
u
sin(kz—ot) k+o ﬁcos(kz—(ot)(ou
_ € 0
u
: ok
Poynting vector ExH=| 0 0 —
mn

cos(kz—mt) (kz—u(oze)
" :

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

sin(kz—ot) (kz—u(oze)
u

,0,0

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

0,0 -0 /& o (cos(kz—cot)z+sin(kz—(ot)2),

€

Topological SPIN 4 vector S4 =

o [ k(cos(kz—oot)2+Sin(k2—wt)2)]

€
Topological SPIN 3-form= -, B m(cos(kz—wt)2+sin(kz—mt)2) &N d(x), d(y),
3
n 2 . 2
d(t)) +o /| — k(cos(kz—(ot) +sin(kz—ot) )&"(d(x),d(y),d(z))
€

Spin density rho_spin= -a B k(cos(kz—mt)2+sin(kz—cot)2>
3

kz—ucoz.s) (cos(kz—(ot)2+Sin(kz—cot)2)

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

K2 (cos(kz—mt)2+sin(kz—mt)2)
n
DE=w0¢ (cos(kz—mt)2+sin(kz—mt)2)

B.H=




(kz—u(oze) (cos(kz—cot)2-l—sin(kz—(ot)2)

Ald=
1)
-rho.phi =0
Poincare | (B.H - D.E)-(A.J - rho.phi) =0
2 2
London Coefficient  LC = < M@ €
1)

PROCA coefficient curlcurlB = [ -k} cos(kz — o t), -K*sin(kz —ot), 0]

cos(kz—mt) (kz—umzs)
u

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

sin(kz—ot) (K —pmze)
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_ampere xB) =10,
0,0]

D

Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] = [0, 0, ® (cos( kz—w t)2

+sin(kz —cot)z), k (cos(kz —cot)2 +sin(kz —cot)z)]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion xB) =0,
0,0]
Torsion Dissipation JtorsiondotE =0

0,0,

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

€

-0 Eco(cos(kz—(nt)z+sin(kz—oot)2),—oc B k(cos(kz—oot)2
J €

+sin(kz—wt)2)

Lorentz Force 3 vector due to Spin current SF =--(rho_spin E +J_spinxB) =1[0,0,0]
Spin Dissipation J spindotE =0
Disspative Force 3 vector = [0, 0, 0]



Dissipation =-p o B k(cos(kz—mt)2+sin(kz—mt)2)
N

*hhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE FhAkAAAkAAhkAAiAhkhkihkhkihhkihhihiikiik

Enter the name of the procedure and then the components of the 4 potential

> NAME:="Example 3a-- Complex Linear Polarization ANG<>0, A”F = O INBOUND
> theta:=(k*z+omega*t);
> Ax:=cos(theta);Ay:=l*cos(theta);Az:=0;phi:=0;

AAAKEAAAAAKAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A AR AR A AAAAAAhhhiiiiik
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,gamma,0):
NAME := Example 3a-- Complex Linear Polarization A*G < >0, A°\F =0 INBOUND

0:=kz+ ot
Ax:=cos(kz+ wt)
Ay :=lcos(kz+wt)
Az:=0
0:=0
Example 3a-- Complex Linear Polarization A*G <>0, A"F =0 INBOUND

R R R R R R o R R R R S S R R R R R R R R R S R R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkkhkhkiiiiikx

Action 1-form=cos(kz +mt) d(x) +1cos(kz+ wt) d(y)
Intensity 2-form F=dA =sin(kz+ot) o (d(x)) &* (d(t)) +sin(kz
+wot) k(d(x)) & (d(z)) +Isin(kz+wt) o (d(y)) & (d(t)) + Isin(kz
+ot) k(d(y)) & (d(2))
Topological Torsion 3-form  AMF=0

Topological Parity 4-form  F"F =0

B R R T R R T R R P S R R S R R S R R S R R S R R P R R T S USing EM format B R R T R R R R R R S R R S R R S R R S e R P R R P e s

E field=[sin(kz + ot) o, Isin(kz+»t) w, 0]

B field=[lIsin(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

(18)



Pfaff Topological Dimension PTD =2
FhFFFAF SRR IR RxAxA* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
ke e e e e ek ek
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
FhkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **#x*skkkkkk

Chirality factor CH =1y il
J €
Dfield:llsin(kz+mt) [—ISOH— [ & ky], ~sin(kz+ot) [—lsm+ /B kyJ,O]
£ 3
i i} [ B _ il
Ik + couyJ Isin(kz4+ot) | -1k+ oouy]
. € €
H field = | - . J

sin(kz+ot)
u

Poynting vector ExH = EXH
cos(kz+ot) (K —uu)ze)
v

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

lcos(kz+mt) (kz—ucoze)
u

"

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 =



Poincare | (B.H - D.E)-(A.J - rho.phi) =0
2 2
London Coefficient LC = K-noe
v
PROCA coefficient curlcurlB = [Isin(kz + wt) K, -sin(kz +wt) k*, 0]

cos(kz+ wt) (kz—umze)
. :

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

lcos(kz+ot) (K —uoozs)
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_amperexB) =[0,

0,0]

,wl

Amperian Dissipation Jampere dotE =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_torsion x B) =[O0,

0,0]
Torsion Dissipation JtorsiondotE =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =[0,0,0,0]
Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J spinxB) =1[0,0,0]
Spin Dissipation J _spindotE =0
Disspative Force 3 vector = [0, 0, 0]

Dissipation =0

*hkkkhkhkkkhkhkkkhkhhkkhkkhkkhkikkhkkikkhkkihkhkihkiik END PROCEDURE B R R T R R R R R R R R R P R R S R R S R R P R R e (19)

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

> NAME:="Example 3b-- Complex Linear Polarization AG = 0, AF =0 OUTBOUND ™ ;
> theta:=(-k*z+omega*t);

> Ax:=cos(theta);Ay:=l*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,gamma,0):

*kkhhkhkhhkhkhkhkkhhkhkkhhkkhhkhkhhkhhkhkihkhkkhhkhkhkhkihkhkhhkihhhhkhkhhkkihhkhhkhhhkihkiihkkikikx

NAME := Example 3b-- Complex Linear Polarization A*\G = 0, A\F =0 OUTBOUND
0:=-kz+ot



Ax:=cos(kz—wt)
Ay:=lcos(kz—wt)
Az:=0
0:=0
Example 3b-- Complex Linear Polarization A*G = 0, A\F =0 OUTBOUND

FhAkAAAkAAhkAAhkArAhkhkrhhkrhhkihhkihikiiikikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkkhkkkhkhkkhkikkkhkikkikkikk

*khhkkkhkkhkkkikhkkkikk

Action 1-form=d(x) cos(kz—mt) +1cos(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)) —Isin(kz—wt) o (d(y)) & (d(t)) +Isin(kz
—ot) k(d(y)) & (d(2))
Topological Torsion 3-form  A"F =0
Topological Parity 4-form F"F=0

folaishaiaishaiaiaiaiaiaialalialaiiaiaiaialaiaiaiabaialabalalatall U 10T I =11V i (o] 1111 | Sikaiaiaiaiabaisiabaiaiaiaiohaialshaialaiaiaiaiaiohaialalolel
—
E field=[-sin(kz—ot) o, -Isin(kz—wot) o, 0]
Bfield=[Isin(kz—wt) k, -sin(kz—ot) k, 0]
Topological TORSION 4 vector T4 =-[ExXA + 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
FrkFkFFFIFFAF KX I *X** Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
ek e e ek
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
FHkAxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****xxkdorx

Chirality factor CH =y il
€
Dfield:[lsin(kz—mt) lew+ Ek«y],—sin(kz—mt) lem+ Eky],O‘
€ €




k+ [ 2 oouy] Isin(kz—wt) | 1k+ B couyj
H field = £ , 0

sin(kz—ot)
€
u m ’

Poynting vector ExH = EXH

cos(kz—mt) (kz—umzs)
u

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

Icos(kz—mt) (kz—umzs)
u

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
Poincare | (B.H - D.E)-(A.J - rho.phi) =0
2
London Coefficient LC = %

PROCA coefficient curlcurlB = [Isin(kz —wt) K, -K*sin(kz—ot), 0]

cos(kz—mt) (k2—p032£)
u

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

lcos(kz—mt) (K —ucoze)
u
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J _ampere xB) =[0,
0,0]

"

Amperian Dissipation Jampere dotE =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_torsion xB) =0,



0,0]
Torsion Dissipation JtorsiondotE =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] =[0,0,0,0]
Lorentz Force 3 vector due to Spin current SF = --(rho_spinE +J_spinxB) =1[0,0,0]
Spin Dissipation J spindotE =0
Disspative Force 3 vector = [0, 0, 0]

Dissipation =0

*hhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE B R R R R R R R R R S R R S R R S S R S e R e e e (20)

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

> NAME:="Example 4a-- Complex Circular Polarization ANG<>0, A <> 0 INBOUND ™ ;
> theta:=(k*z+omega*t);

> Ax:=cos(theta);Ay:=I*sin(theta);Az:=0;phi:=0;

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,gamma,0):

*kkhkhkkkhhkkhkhkhkkhhkhkhhkkhhkhkkhhkhhkhkhhkhkkhhkhhkhkkihkhkhhkkihhkhhkhkhhkihhkhhkhhhkihkhihkkikikx

NAME := Example 4a-- Complex Circular Polarization A°\G <>0, A\F <>0 INBOUND
0:=kz+ ot
Ax:=cos(kz+ wt)
Ay :=lsin(kz+ ot)
Az:=0
0:=0
Example 4a-- Complex Circular Polarization A°G <>0, A"F <>0 INBOUND

B R R R R R o R R R R R S R R R R R R R R R R R R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkhkhhhkiiiix

Action 1-form=cos(kz + ot) d(x) +Isin(kz+wt) d(y)
Intensity 2-form F=dA =sin(kz+ ot) o (d(x)) & (d(t)) +sin(kz
+wt) k(d(x)) & (d(z)) —lcos(kz+wt) o (d(y)) & (d(t)) — I cos(kz
+ot) k(dy)) & (d(2))
Topological Torsion 3-form  A"F = ( —Isin(kz+mt)2m—Icos(kz+mt)2m) &\(d(x),

d(y), d(t)) + (-Isin(kz+ot) k—lcos(kz + ot) k) &\(d(x), d(y), d(2))
Topological Parity 4-form  F"F =0

FhAkIAAAkAAAkAAAkAAhkhrhhkrhhihhihikihikikx U Si n g E M fO rm at FhAkAAhkAAhkkkhhkkkrhkhkrhkhkihikihikiiixk



*kkk

E field=[sin(kz+ ot) ®, -l1cos(kz+ ot) o, 0]
Bfield=[-lcos(kz+wt) k, -sin(kz+mt) k 0]
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] =[0,0, -1 (cos(kz+ wt)
+1Isin(kz+ot)) (cos(kz+wt) —Isin(kz+ot)) o, 1 (cos(kz+wt) + Isin(kz
+ot)) (cos(kz+wt) —Isin(kz+ot)) k]

Helicity AdotB=-1(cos(kz+wt) +1Isin(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
FhFFFAF A K I I I XK XXX H* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
I
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
FhxHkxAxAxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **#x*kxkkrk

Chirality factor CH=y |
€

D field= [ I(Iesm (kz+ot) o+ B cos(kz—i—mt)kyJ,—I(ecos(kz—l—mt)m
€
—I sin( kz—|-(ot)ky]
I[cos (kz+ot) k—1 B sin(kz+mt)muy]
H field = = ,
u
I Ism(kz—i—mt)k—i— £ cos(kz—i—mt)muy]
€ 0
mn
: (ok(—1+2cos(kz+mt)2)
Poynting vector EXH=| 0 0
mn




cos(kz+ mt) (kz—u(oze)
" :

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

Isin(kz+ot) (kz—u(oze)
u

’wl

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

0,0,l[l
u

—i—oot)2 B ouy+ B sin(kz+mt)2muy
J € J €

+ot) m—i—cos(kz—i—mt)2 /& ky+ / B sin(kz—i—mt)zky)]
e 3

Topological SPIN 4 vector S4 = 21sin(kz+ot) cos(kz+mt) k + cos(k z

], -1 [2|sin(kz+cot) g cos(kz

Topological SPIN 3-form = ES [I (2 Isin(kz+wt) cos(kz+ wot) k4 cos(kz
u
2 [ u [T 2
+wt) —~ ouy+ / — sin(kz+ot) ouy| &\(d(x),d(y),d(t))
3 €
+1 2Isin(kz—|—03t)ecos(kz—i—mt)o)—l—cos(kz—l—o)t)2 B ky+ B sin(k z
3 3
+wt)2kv] &\(d(x),d(y), d(2))
: : . . 2 [
Spin density rho_spin=-1|2Isin(kz+ot) ecos(kz+ot) o +cos(kz+wt)” /| — ky
€
+ ﬁsin(kz—i—mt)zky)
3

LaGrange field energy density (B.H-D.E) =
(kz—um23> (cos(kz+wt) —sin(kz+ot)) (cos(kz+wt) +sin(kz+wt))
u
k¥ (cos(kz+mt) —sin(kz+wt)) (cos(kz+wt) +sin(kz+mt))
u

DE=-0¢ (cos(kz+wt) —sin(kz+ot)) (cos(kz+wt) +sin(kz+wt))

BH=-




A= <k2—uc028> (cos(kz+mt) —sin(kz+wt)) (cos(kz+mt) +sin(kz+wt))

1)
-rho.phi =0
Poincare | (B.H - D.E)-(A.J - rho.phi) =
2 (kz—umza) (cos(kz+mt) —sin(kz+mt)) (cos(kz+mt) +sin(kz+wt))
u

: — u(oz €
u
PROCA coefficient curlcurlB= [ -1cos(kz + mt) K3 -sin(kz+ mt) k3 0]

London Coefficient LC

cos(kz+ wt) (k2—p032£)
u

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

Isin(kz+ot) (kz—u(oze)
u

"

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_amperexB) =10,

o, 2cos(kz+ot) (R—po'e)sin(kz+ot) k ]

w
Amperian Dissipation Jampere dotE =0

Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[0, 0, -1 (cos(kz+ wt)
+1sin(kz+ot)) (cos(kz+wt) —Isin(kz+wt)) o, 1 (cos(kz+wt) +Isin(kz

+ot)) (cos(kz+wt) —Isin(kz+ot)) k]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

0,0, l[I (2 Isin(kz

u
2 [ u [T 2
+wt) cos(kz+wt) k+cos(kz+mt) ~ ouy+ / — sin(kz+ot) ouy| |,
£ 3



-1 [2|sin(kz+mt):+:cos,(kz+oot)oo-l—cos(kz+oot)2 = ky+ / B sin(kz
€ €

+mt)2ky]

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

_l 2cos(kz+mt) sin(kz—i—(nt)2 (kz—um23>
m
2 Icos(kz+wt)zsin(kz+(ot) (kz—u(oze)

v
Spin Dissipation J_spindotE =0

, 0

Disspative Force 3 vector = |2 cos(kz + m t) sin(kz—Hnt)2 (K —umzs), -2 1cos(kz

2 2 .
—|—mt)25in(kz+mt) (kz—uwze), 2cos(kz+mt) (K—po e)sin(kz+ot) k]

u
Dissipation :—Iu(ZIsin(kz—i—wt)ecos(kz+(ot)(o+cos(kz+(ot)2 B ky
€
+ £sin(kz+mt)2ky
€

*hhkkkhhkkkhkhkkkhkhkkhkhkkhkikkhkhkkhkikkhkiikkikk EN D PROCEDURE FhAkAAAkAAhkAArAhkhkhhkhkihkhkihiihiiiik (21)

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

> NAME:="Example 4b-- Complex Circular Polarization ANG<>0, AN <> 0
OUTBOUND™ ;

> theta:=(-k*z+omega*t);

> Ax:=cos(theta);Ay:=-I1*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,phi1,1,1,1,1,2,0,0,gamma,0):

NAME := Example 4b-- Complex Circular Polarization A°\G <>0, A\F <>0 OUTBOUND
0:=-kz+ ot
Ax:=cos(kz—mt)
Ay :=lsin(kz—wt)
Az:=0



0:=0
Example 4b-- Complex Circular Polarization A*G < >0, A\F <>0 OUTBOUND

B R R R R o o R R R R S R R R R R R R R R R R R R R R R R lefel’entla| Form Format *hkhkhkhhhhkhkhkkkhkhkhiiiikx

Action 1-form=d(x) cos(kz —mt) +Isin(kz—mt) d(y)
Intensity 2-form F=dA =-sin(kz—ot) o (d(x)) &" (d(t)) +sin(kz
—ot) k(d(x)) & (d(z)) +1cos(kz—wt) o (d(y)) & (d(t)) —Icos(kz
—ot) k(d(y)) & (d(2))
Topological Torsion 3-form  AMF = (Isin(kz—mt)2m+Icos(kz—mt)zm) &M (d(x), d(y),

dt)) + (-Isin(kz—wt) k—lcos(kz — o t)*k) &Md(x), d(y), d(2))
Topological Parity 4-form  F*F =0

FhAkAAAkAAhkAAhkAArAhkhkrhkhkhhhkihhkihikihikikx U Si n g E M fO rm at FhAkAAhkAAhkAkiAhkkkrhkhkihkhkihhkihikiiixk

Efield=[-sin(kz—ot) o, Icos(kz—ot) ®, 0]
B field=[-Icos(kz—mt) k, -sin(kz—wt) k, 0]

Topological TORSION 4 vector T4 = -[EXA + Bphi,AdotB] =[0,0, I (sin(kz—mt)
—lcos(kz—mt)) (sin(kz—wt) +1cos(kz—wt)) o, 1 (sin(kz—wt) —Icos(kz
—ot)) (sin(kz—wt) +1cos(kz—mwt)) k]

Helicity AdotB= -1 (sin(kz—wt) —Icos(kz—mt)) (sin(kz—wt) +lcos(kz—mwt)) k
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
FFAFAFAF AR IR RxAxA* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

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

FHAARxsAx Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH *H*skxskxsk

Chirality factor CH =y il

€



Dfield:l—esin(kz—mt)m—ly B cos(kz—wt) k lecos(kz—wt) o — Esin(kz
3 £
—wt) ky0
-lcos(kz—mt) k+7vy ﬂsin(kz—cot)cou
H field = = ,
i
sin(kz—wt) k+1y ﬁCOS(kZ—(Dt)(DM
_ £ 0
u
2
Poynting vector EXH=| 0 0 - ok (2cos(kz—wt) —1)

u

cos(kz—mt) (k2—p032£)
. :

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

Isin(kz—mt) (kz—u(oze)
u

"

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

0,0, —i[l (—Zlcos(kz—wt) sin(kz—wt) k

u

+v B cos(kz—cot)zmqusin(kz—cot)zy B mu]],—l[—Zlcos(kz
€ J €

—ot)sin(kz—ot) eo+y B cos(kz—cot)zk+sin(kz—cot)2 B ky”
€ 3

I[—2Icos(kz—(ot)sin(kz—(ot)k—i—y B cos(k z
N

Topological SPIN 4 vector S4 =

Topological SPIN 3-form= - 1

mn
—ot)op+sin(kz—ot)’y [ & mu) &Md(x), d(y), d(t)) | +1| -2 1cos(kz
€
—ot)sin(kz—ot) eo+y B cos(kz—cot)zk+sin(kz—cot)2 L ky]
€ €

&Md(x), d(y), d(z))



Spin density rho_spin= -1 [—2 Icos(kz—mt) sin(kz—ot) em+7y = cos(kz—cot)zk

€
—|—sin(kz—mt)2 i ky)
3
LaGrange field energy density (B.H-D.E)
(k2—p032£) (sin(kz—wt) —cos(kz—wt)) (sin(kz—wt) +cos(kz—mwt))
mn
K (sin(kz—ot) —cos(kz—ot)) (sin(kz—mt) +cos(kz—mt))
mn
DE=w¢ (sin(kz—wt) —cos(kz—wt)) (sin(kz—wt) +cos(kz—mwt))

B.H=

Al= - (kz—u(oze) (sin(kz—wt) —cos(kz—wt)) (sin(kz—wt) +cos(kz—mwt))

w
-rho.phi =0
Poincare | (B.H - D.E)-(A.J - rho.phi)

2 (kz—ucoze) (sin(kz—wt) —cos(kz—mwt)) (sin(kz—wt) +cos(kz—mwt))
) u

: kz—u(nza

T

PROCA coefficient curlcurlB= [ -1cos(kz —mt) K3 -K3sin(kz — ot), 0]

London Coefficient LC

cos(kz—mt) (k2—p032£)
. :

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

Isin(kz—wt) (kz—u(oze)
u

, 0, 0]
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_amperexB) =10,

0,

2cos(kz—mt) (kz—u(oze) sin(kz—ot) k ]
w
Amperian Dissipation Jampere dotE =0

Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =[0, 0, I (sin(kz— 1)



—lcos(kz—mt)) (sin(kz—wt) +1cos(kz—wt)) o, I (sin(kz—wt) —lcos(kz
—ot)) (sin(kz—wt) +1cos(kz—mt)) k]
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsionx B) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

0,0, —i(l [—ZIcos(kz

u
: u 2 : 2 u
—ot)sin(kz—ot) k+y /| — cos(kz—wt) opu+sin(kz—ot) vy /| — op| |,

3 3
—I[—Zlcos(kz—wt)sin(kz—wt)ew+y i cos(kz—(ot)zk—i-sin(kz
3
—oot)2 Ek\(}
3

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J_spin x B)
B [ 2cos(kz—mt) sin(kz—mt)2 (K2 —uoo28>
) u
2 Icos(kz—mt)zsin(kz—mt) (kz—umza)
u
Spin Dissipation J spindotE =0

)

,0

2cos(kz—mt) sin(kz—o)t)2 (kz—umze), -2 lcos(kz

Disspative Force 3 vector =

2cos(kz—mt) (kz—u(oze) sin(kz—ot) k ]
u

—mt)zsin(kz—mt) (kz—ucoze),

Dissipation :—Iu(—Zlcos(kz—mt) sin(kz—ot)eo+y £ cos(kz—mt)zk

€

€

kkhkhkhkhhhhkhkhkkkhhhhhhhhhkhkhhiiiiix END PROCEDURE kkhkhhhrhkhkkhkhkhkhirrrhhkhkhhhihiiix (22)

—|—sin(kz—cot)2 L] kyJ

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



> NAME:="Example 5a-- waveguide TM mode (group kinematic in, wave in) ;

> theta:=(k*z+omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta);phi:=-vg*f(Xx,y)*cos(theta);
Then call the procedure JCM(AX,Ay,Az,phi,a,b,c,e,p,N,H)

> JCM(AX,Ay,Az,phi1,1,1,1,1,2,0,0,gamma,0):

B o R R A R A R R R R R R AR R R R AR R S AR R R R A R e e

NAME := Example 5a-- waveguide TM mode (group kinematic in, wave in)

0 =kz+ ot
Ax:=0
Ay:=0

Az:= (x(x y)2+y(x y)?) cos(kz+ ot)

0= -vg (x(x, ¥)2+y(x y)?) cos(kz+ ot)
Example 5a-- waveguide TM mode (group kinematic in, wave in)

B R R R R R o e R R S e R R R R R R R S R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkhkhkhkikiiiikx

Action 1-form= (vg cos(kz + mt) x(x, y)? +vgcos(kz + ot) y(x y)?) d(t) + (cos(k z

+ot)x(xy)2+cos(kz+wot) yxy)?) d(z)
0
Intensity 2-form F=dA = (2 vgcos(kz+mt) y(x,y) (& y(X, y)) +2vgcos(kz+wt) x(x,

) (% x(x,y)j) (d(x)) & (d(1)) + (Zcos(kzmt) y(%y) (& y(x,y))

0
+2cos(kz+mt) x(x,y) (& x(x,y))) (d(x)) & (d(z)) + (2vg cos(kz+wt) y(x,

) | — y(xy) | +2vgcos(kz+mt) X(X,y) | — X(X, Y) (d(y)) & (d(t))
a

+ (2 cos(kz+mt) y(x ) (% y(x,y)) +2cos(kz+mt) x(x,y) (E X(X,

y))) (d(y)) & (d(z)) + (sin(kz+ ot) @x(x, y)?+sin(kz+ot) @y y)?

—vgsin(kz+wt) kx(x y)2 —vgsin(kz+wt) ky(x, y)2) (d(z)) & (d(t))
Topological Torsion 3-form  AMF=0
Topological Parity 4-form  F"F =0
FrhIAIAIAAIAIAIAIAIAAAAAAAAIAAAALAAALAALALddd Kk USIrlg EM format FrhIAIAAAIAIAAIAIAAAAAAAAAAAAAALAddx

*khkk

E field = [2 vg (x(x,y) (% x(x,y)) +y(%Y) (% y(x,y))) cos(kz+mwt), 2 vy (x(x,
y) (% X(X,y)j +y(XY) (% y(X,y))) cos(kz+ot), -sin(kz+ot) (x(xy

)2



+y(xy)?) (- +vg k)]

B field = [2 (x(x,y) (% X(x,y)) +y(XY) (%

y) (& x(x,y)) +y(XY) (& y(x,y))) cos(kz+(ot),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

y(x,y))) cos(kz+mt), -2 (x(x,

FhkFKd KA x AR FI KR XX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
*hkkkhkhkkkhkhkkkhkhkhkhkhkhkhkihhkiikx

Xm or linear (Mean) curvature = -sin(kz + mt) (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
-

Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH ****xkkrkrk

Chirality factor CH =y il
J €

. 0
Dfle|d:l2COS(kZ+(0t) (evgx(x,y)(ax X(X, y)) (—yxy ) Y(X Y)vge

0
X(%,Y) (EX(X’”) 7 [ 2 yny) ] 2 cos(k

0
+0)t) (evgx(x,y) (E x(x,y)) +evgy(xy) ( oy Y(X, y)j Y % X(X,

d d /
y) (& x(x,Y)j - (& y(x,y))y(x,y) % vj, ~esin(kz+ot) (x(6y)* +y(x

¥)2) (-o +vgk)

+v

o =




1 0

H field = —[Zcos(kz+mt) [ X(X, Y) ( 0
u oy

—Y /] VgMXXy) _X(X y) -/ VgMyXy) y(X Y) )]
1
——(Zcos kz+cot)((xy ( xy)-l—y -l—y — vg ux(x
i J
0 0 .
W (7 <060 )+ [ vuyoey) (—y(x,y)jJ],v [ £ sin(kz+ot) (x(xy)?
€ ay £

+y(x y)?) (-o+vg k)‘

X(x, y)) +Y(%y) ( y(% y))

Poynting vector ExH = -i(z cos(kz+ wt) sin(kz+ mt) (x(%, y)2 +y(x y)?) (-o

u

+vgk) (X(x,y) (& X(x,y)) +y(xy) (& y(x,y)))), -i(ZCOS(kZ

0
+ot)sin(kz+ot) (x(xy)2+yxy?) (-0 +vgk) (x(x,y) (E X(x,y)) +y(X,

y) (% y(x,y)))), —i(4 cos(kz+u)t)2vg (x(x,y)2 (% x(x,y))2+2x(x,

2

y(x,y)j +X(% y)° (% X(X, y))

2

y) (% X(X,y)) y(XY) (% y(x,y)) Fy(xy)2 (%

0 0 0 2
+2%(% ) (&xmy))y(x,y) (& y(x,y)) +y(xy)> (& y(x,y)) m

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

2sin(kz+ot) (k—opevy) (x(x,y) (& x(x,y)) +Y(XY) (& y(x,y)))

w

2sin(kz+wt) (k—opevg) (x(x,y) (%

X(X,y)) +y(Xy) (% Y(X,y)))

w



2 2

0

1 0 i
-E(cos(kz—i—mt) [2 (& x(x,y)) +2X(X,Y) (y x(x,y)j +2 (& y(x,y))

+2y(x y)[iy(x y))+2(ix(x y)j2+2xxy (— ]
Tled T y oy

2

9
+2 (W y(x,y)) +2y(x ) (% y(x,y)j +ea ux(x y)2 —eouvgkx(x y)2

R 2
+80)2uy(x,y)2—80)qu ky(x,y)zjj,ecos(kz-l—mt) [ng (& x(x,y)j

# # 0 2
F2ux00y) (o x0xn) | +2 5 v | yoen va 2 (5o v ) v

2

0 R 0 2
+2V9(EX(X’W) +2VvgX(X,Y) (yx(x,y)J+2vg(Ey(x,y)) +2vgy(X

y) (% y(x, y)j +x(xy)? 0k =K vgx(x, y)* +koyx y)? =K vgy(x, y)zj

0 2
Amerian charge density ~ divD =rho=¢cos(kz+ wt) (2 vg (— X(X, y)) + 2 vg X(X,

? ? 0 2
y) (y x(x,y)j +2 (y y(x,y)] y(X y) vg +2 (& Y(X,y)j V9

2

9 i d
+2vg (E x(x,y)j +2 Vg X(XY) (? x(x,y)) +2vg (E

2
y(x,y>) +2vgy(x,

y) (% y(x,y)j +x(x,y)2mk—k2vgx(x,y)2+kmy(x,y)2—k2"9y(x’y)2]

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

Topological SPIN 4 vector S4 = | - 1 (2 (x(x, y)% +y(x y)?) cos(kz+ cot)2 (-1

i
+vgle ) (x(x,y) (&x(x,y)) +y(%y) (% y(x,y))j), i(z (x(x,y)?

0 0
+y(xY)?) Cos(kz+mt)2(—l +vglep) (x(x,y) (E x(x,y)) +y(%Y) (E

y)))),esin(szr(ot) (x(x,y)2+y(x,y)2)2(—(o+vg k) vgcos(kz+ mt),

y(X,

—(x(x,y)2+y(x,y)2)zcos(kz+cot) esin(kz+ot) (-o+vg k)]

Topological SPIN 3-form = - 1 (2 (x(x, )2 +y(x y)?) cos(kz -l—(nt)2 (-1+vgep) (x(x,
mn



) (& x(x,y)j +Y(%y) (& y(x,y))) &A(d(y),d(z),d(t))) +i(2 (x(x,y)?

0 0
+y(xy)?) cos(kz+oot)2 (-1 +vgiep) (x(x,y) (E x(x,y)) +y(xy) (E y(X,

2
y))) &™(d(x), d(2), d(t))) +esin(kz+ot) (xxy)2+yx )’ (-

2 2)2
+vg k) vgcos(kz+mt) &(d(x), d(y), d(t)) + (x(x y) +y(xy)") cos(kz
+wt) esin(kz+ot) (-o+vgk) &\(d(x),d(y),d(z))

Spin density rho_spin= - (x(x, y) +y(x, y)z)zcos(kz-l—mt) esin(kz+ot) (-o+vgk)

0 2
LaGrange field energy density (B.H-D.E) = - 1 ( -4 (E X(X, y)) x(x, y)%cos(kz + o)t)2
i

—8 (% y(x,y)) y(X,Y) (% x(x,y)) X(X,Y) Cos(kz+oat)2—4 (% Y (X,

2 0 2

0

y)) y(x,y)zcos(kz+0)t)2—4 (& x(x,y)j x(x,y)zcos(kz+mt)2—8 (& y(X,
0 0 2

0 | y0uy) (e x0en) ) xxy) cos(kz+ot)’ —ayxy)* (50 vxy) | coslkz

0 2
—i—mt)z—i—4ugcos(kz—|—mt)2vgzx(x,y)2 (& x(x,y)) +8uecos(kz+mt)2vg2x(x,

2

y) (iX(x,y)) y(Xy) (& y(x,y)) +4pecos(kz+ot)’vg? (& y(x,y)) y(xy

2
o )

0 2
+4uecos(kz+(ot)2vg2x(x,y)2 (E x(x,y)j +8ue cos(kz+cot)2vg2x(x,
2

) (%x(x,y)j y(%y) (% y(x,y)) +4pecos(kz+ot) vgly(x y)? (% y(x,y))

+uesin(kz+mt)2x(x,y)4u)2—2uesin(kz+oot)2mvg kx(x y)* +pesin(kz
—i—mt)zx(x,y)“vg2 k2+2uesin(kz+0)t)2x(x,y)2y(x,y)2m2—4uesin(kz
+cot)2(ovg kX(x y)2y(xy)2+2ue sin(kz+o)t)2x(x, )2y (X, )% vg? K
+uesin(kz+u)t)2y(x,y)4c02—2uesin(kz+cot)2(ovg ky(x,y)* +pesin(kz

2
+ot) yxy) vg? k)

1 2 2 0 2 0

BH=—|4 kz+ ot , -— , + 2 X(X, — ) )

“( cos(kz+wt) (x(x y) (ay X(X y)) X(X,y) (ay X(x y))y(x
2 2

y) (% y(x,y)j +y(xy)? (% y(x,y)) +x(x y)? (& X(x,y)) +2x(x



y)(ix(xy)j( ( youy) | +yxy) (axy(xy)jzj)

DE=¢ (4cos(kz+(ot VgZX(X, y)?

0
xyj +8cos(kz+wt) vgzx(x,

2

(&
y)(&X(x,y)jy( (—yxy)+4cos kz+ot)” gz(%wx,y)) y(x y)°

2

+4cos(kz+03t) Vg2 X(X, y) (E X(X, y)) +8cos(kz+ mt) vgzx(x,y) (% X(X,

2

0
y(x,y)) +sin(kz

y)) y(%y) (—

0
oy y(x,y>) +4cos(kz+ot) vgly(x y)? (_

ay

+a)t)2x(x v o —23|n(kz+cot) oovgkx(x,y)4+sin(kz+oo'[)2x(x,y)4vgzk2

+25in(kz+mt)2x(x, V)2 y(x, y)zm2 —4sin(kz+mt)2mvg kx(x, y)2y(x y)°

+2$in(kz+(ot)2x(x,y)2y(x,y)2vg2k2+sin(kz+(ot)2y(x,y)4(02—25in(kz
+u)t)2(ovgky(x,y)4+sin(kz+mt)2y(x,y)4vgzk2)
0 2
AJ= —i[(x(x,y)2+y(x,y)2) cos(kz+o)t)2 (2 (— x(x,y)) +2x(x,Y) [iz X(X,
n O X
2 2

) +2(iy<xy)) 2y [ yixy) +2(ix(xy)) +2x(x
ax T SERP R ay % :

0> 0 2 Rz 2 2
1 +2 - y +2 , _— , + ,

y) ( o X(x y)j ( & y(X Y)) y(XY) ( o y(X y)) em Wx(xy)

—eopvgkx(xy)?+e ny(xy)?—couvg ky(x,y)z)]

2

-rho.phi = -vg (x(x, )% +y(x, y)?) COS(kZ+COt)28 (2 vg (% X(X, y)) + 2 vg X(X,

? ? 0 2
y) (y x(x,y)j +2 (y y(x,y)] y(X,y) vg +2 (& Y(Xd’)) vy

2 2

0 R 0
+2V9(EX(X’W) +2VvgX(X,Y) (yx(x,y))+2vg(5y(x,y)) +2vgy(X

y) (% y(x y)j +x06y) 2 0k =K vg x(x, y)° +koyx y)? =K vgy(x, y)zj

2
Poincare |  (B.H-D.E)-(A.J - rhophl)———( 6Yy(XY) (&y(x,y)) cos(kz—l—oot)2
i



2 2

0 2 2_ (0
6 ( o x(x,y)) X(x,y) cos(kz+mwt)” —6 ( o y(x,y)) Y(X,y

)Zcos(kz—l—mt)2

2

—6 (% x(x,y)) X(X,y)ZCOS(kZ-i-(D'[)z—ZCOS(kZ+0)t)2X(X,y)3 (% X(X,Y))

—2cos(kz—i-(ot)2y(x,y)3 (% y(x,y)j —2cos(kz—|-(ot)2y(x,y)3 (% y(x,y)j

—2cos(kz +(nt)2x(x, y)® (% X(X, y)j +2 cos(kz+mt)2x(x, y)2vg e my(x,

y) (% y(x,y)j +2cos(kz+ot) x(x y)?vgPep (% y(x,y)) y(X,y)
2 2.2 02 2
t+200s(kz+ot) Y(X Y) Vg eux(x,y) (y x(x,y)j +2cos(kz+mt) y(x,

y)zvgzeux(x, y) [i X(X, y)) —2cos(kz +mt)2x(x, y)2sm2uy(x, y)2 + 2 cos(kz

oy°

2 2.2 0 2 2 2.2 0 2
+wt) X(XYy)“vg 8l«l(& y(x,y)) +2cos(kz+mt) x(x,y)“vg SM(E y(x,y)j

0 2
—cos(kz+cot)2x(x,y)4vg28uk2+2cos(kz—i—cot)zy(x,y)zvgzeu (& x(x,y))

R 2
+2cos(kz+(ot)2y(x,y)2vg28p (E x(x,y)j —cos(kz—i—mt)zy(x,y)“vgzssuk2

0 2 d 2
—2003(kz+(nt)2x(x,y)2 (& y(x,y)) —ZCOS(kZ+O)t)2X(X,y)2 (E y(x,y)j

0 2

2
—2cos(kz—i-(ot)2y(x,y)2 (& x(x,y)) —2cos(kz—|-(ot)2y(x,y)2 (% x(x,y)j

—2cos(kz—|—mt)2x(x,y)2y(x,y) (% y(x,y)j —2cos(kz—i—(nt)2y(x,y)2 (% X(X,

y)) X(X, Y) —2003(kz+mt)2y(x,y)2 (% x(x,y)] X(X,y) +6uecos(kz

2

2
0 (x,y)) +6uecos(kz+(ot)2vg2(&y(x,y)) Y(X,y

—|—cot)2vg2x(x,y)2 (&x )2
2

0
—|—6usgcos(kz-|—0)t)2vg2x(x,y)2 (E x(x,y)j +6uecos(kz—|—mt)2vg2y(x,

R 2
y)z(ay(x,y)) +uesin(kz+ot) xx ) vg? kB +2pesin(kz+ot) x(x,



y)zy(x,y)2(92—i—usssin(kz—i—(nt)zy(x,y)"'vg2 k2—cos(kz+mt)2x(x,y)4em2u

0
—Cos(kz+wt)2y(x,y)48(02u+8uecos(kz+0)t)zvg2X(x,y) (& x(x,y)) Y(X,

y)(i (X )j+8 acos(kz+mt)2v2x(x )(ix(x )) (X )(i (X ))
E)Xy’y [ g Y dy W Y) P YIXY ayy’y
—4usssin(kz—i—o)t)zoovgkx(x,y)2y(x,y)2—2uesin(kz—i—mt)zmvgky(x,y)4
+2uesin(kz+o)t)2x(x,y)zy(x,y)zvgzkz—2ugsin(kz-l—(ot)zo)vgkx(x,y)4
+4cos(kz+0)t)2x(x,y)zacouvgky(x,y)2+2008(kz+0)t)2X(x,y)4£couvgk

—2cos(kz +(nt)2x(x, V)2vg?e wkly(x, y)% + 2 cos(k z +mt)2y(x, y)*e @pvgk

-8 (% y(x,y)) y(XY) (% x(x,y)) X(X,Y) cos(kz+wt)2—8 (& y(x,y)) y(X,

0
y) (& x(x,y)j X(X, Y) cos(kz+a)t)2+u£sin(kz+mt)2x(x,y)4oo2+uasin(kz

+mt)2y(x,y)4m2+2cos(kz+mt)2x(x,y)3vgzeu (% x(x,y)j + 2 cos(kz
X
+wt)2x(x,y)3vgzeu (% x(x,y)] +2cos(kz+(ot)2y(x,y)gvgzeu (% y(x,y)j

+ 2 cos(kz +0)t)2y(x, y)}vg’ep (% y(X, y)j —2cos(kz +cot)2x(x, )2y (X,

ia
0 (L))

: kz—u(nza
u

London Coefficient LC

0
PROCA coefficient curlcurlB = [2 cos(kz+wt) (—2 (& x(x,y)) (

.
5o x(x,y)j

0 Ra o3 ad
~ [y X0 [z X0 | —xuw . ) | =2 (5 e

n) (% youy) | - (% youy) ) [% y(x,y)j —y(%,) [aya;z y(x,y)j




0 R R 0 ha
3 (EX(X’V)) [yx(x,y)) —X(%,Y) [yx(x,w) 3 (E y(x,y)j (? y(x,
y)) —y(x,y) (% y(x,y)] I X(%, ) (%x(x,y)) +Ky(x, ) (% y(w))),

0 0 0
2cos(kz+mt) (—kzx(x,y) (& x(x,y)j —K2y(x,y) (& y(x,y)) +3 (& X(X,

v (%x(x,y)j £ X(x,Y) (%x(x,y)j +3 (& youy) ) [% y(x,y>) +y(%
y)((,f: y(x y)j (%x(w)) (ayf)ZaX x<x,y))+(%x<x,y)) (%x(x,y)j
X6 Y) ( ay(fax x(x,y)] +2 (%y(x | (a%xy %y )+ (& V(X

) (% y(x,y)j Fy(xy) ( ayi’sax (x,y)j),O}

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

2sin(kz+ot) (k—opevg) (x(x,y) (& x(x,y)) +y(XY) (& y(x,y)))

i
) 2sin(kz+ot) (k—opevy) (x(x,y) (% x(x,y)) +Yy(XY) (% y(x,y)))
i

2 2

0

_l(cos(kz—kmt) [2(& x(x,y)) +2X(%Y) (% X(X, y)j 2(& y(x,y))

w

+2y(x y)(iy(x y))+2(ix(x y))2+2xxy (— ]
Tlad T y Ve

0 2
+2 (E Y(X,Y)) +2y(x,y) (% Y(X,Y)j tew MX(X,Y)Z—S(DMngX(X,Y)Z

2 2 2 0 2
+ew uy(x,y) —eouvgkyx,y)“| |, ecos(kz+wt) 2vg(&x(x,y)j

4 4 9 2
+2vg><(x,y)( 2X(x,y)jJrZ( 2y(x,y)]y(x,y)vg+2(&y(x,y)) vg
ox ox



0 2 0 2
+2V9(EX(X’W) +2 Vg X(X,Y) (%x(x,y))—i—ng(Ey(x,y)) +2vgy(X,

y) (iz y(X, y)j + X(X, y)2c0 k — k? Vg X (X, y)2 +koy(x, y)2 — k2vg y(X, y)zj l

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

-i(Zcos(kz—i—mt)2 (X(X,Y) (%x(x,y)) Tyxy) (%y(x,y))) (

2 2

0 0
—2(&x(x,y)) —2x(%,y) [%x(x,y))—Z(&y(x,y)) —2y(x,y) [%y(x,

)2 )2

0P 2 2
Yy) (—2 y(x,y)j —E® ux(x,y)2+2£mpvgkx(x,y —E® LY(XYy

2

d
+2£muvgky(x,y)2+2vgzeu(& x(x,y)j +2vgzeux(x,y) (% x(x,y)j

2 4 2 0 2 2 0 2
+2vg eu[y y(x,y))y(x,y) +2vg eu(&y(x,y)) +2vg eu(g X(x,y))

0 2
+2vg e WX (X, y) [% X(x,y)) +2vg28u(5 y(x,y)) +2vg e py(x,

y) (iz Y(X,Y)) —ngeukzx(x,y)2—vgzauk2y(x,y)2j), -i[z cos(kz

+ot)’ (x(x,y) (% x(x,y>) +Y(%,Y) (% y(x,y))) [—2 (& x(x,y)j —2x(x,



2

P 0 2 i 0
y) (y x(x,y)j —2 (& y(x,y)) —2y(xy) [? y(X,W) —2 (EX(X’W)
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+2pe0kfx(xy) v —2pe o kx(x )2y )2 -2 pe kv x(x y)2y(x y)2
2

0
+2usmk2y(x,y)4vg +2uevg x(x,y)2 (& x(x,y)) m—|—2uevg2x(x,

,( 0 2 0 2 ) ,( 0
y) (—X(x,y)) k— ZMSVQ(—X(X y)) y(xy)"o+2uevg (—X(x,
ox ox
2 2 2 2 2 2 3 62
y)) y(X y) k+4peok x(X y) y(Xy) vg +2pevg x(x,y) [—62 X(x,y))k
X
+2u£vgzy(x,y)3(—;22 y(X,Y)jk—ZMSVgX(X,y)3 —;; X(%y) | @

o 3,2 3( &
+2ua[¥y(x,y)Jy(x,y) Vg Kk —2 pevgx(xy) y yje
E oy o

oy’

3
+2uevg? X% Y) (% x(x,y)j k—2uevgy(xy)®

0 0
X x,y)) y(% y) (— Y%

—2u8[%y(x,y))y(x,y)3vgw+8wu8vg><(x,y) (@ ( oy

2

y))+8muavgx(x,y)(%xxy ) ( j—4kx(x,y)2(%x(x,y))
2

—4KY(X1Y)2(%y(x,y))2—4kx(x V) (& X(X, y)j _4ky(x,y)2(% y(x,y))zJ

Amperian Dissipation JamperedotE =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) = [0,

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

0,0]
Torsion Dissipation JtorsiondotE =0

1 (2 (x(x y)* +y(x
i
0 0
y)?) cos(kz+o)t)2(—1 +vglep) (x(x,y) (& x(x,y)j +y(XY) (& y(X,
1 2 2 2 2 0
-2 (k)2 +y(x, kz+wt)” (-1+ ) [ o x(x,
y)))) M( (x(x, y)+y(xy)) cos(kz+mt) ( vgTe ) (X(X y) ( oy X(X

y)) +Y(XY) (% y(x,y)))j,esin(kzmt) (xx 92 +y(x )2’ (-0

2
+vgk) vgcos(kz+at), - (x(x y)2+y(x y)%) cos(kz+ot) esin(kz+wt) (-o
+vgk) |
Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J_spinxB) = lO, 0,

2
—l((x(x,y)2+y(x,y)2) cos(kz+ mt) [—4 (i x(x,y)) x(x,y)zcos(kz+cot)2
i oy

0

—8 (% y(x,y)) y(XY) (% x(x,y)) X(X,Y) cos(kz+cot)2—4 (E y(X,
2 9

2
y)) y(x,y)zcos(kz+(ot)2—4 (i x(x,y)j x(x,y)zcos(kz+(ot)2—8 (& V(X

OX

il k t)> —4 2( 9 i K

y))y(x,y) ( o x(x,y)JX(x,y) cos(kz+wt) —4y(xy) (ax y(x,y)) cos(kz
2 2 0 o ( 0 2 2.2
+wt) +4pecos(kz+mt) vg x(x,y) (& x(x,y)) +8uecos(kz+mt) vg”x(x,

2

y) (& X(x,y)) y(x,y) (& y(x,y)) +4pecos(kz+ot)’vg? (% y(x,y)) y(xy)?
2

0
—|—4usgcos(kz-|—o)t)2vg2x(x,y)2 (E x(x,y)j +8uecos(kz—|—mt)2vg2x(x,

2

) (%x(x,wj y(%y) (% y(x,y)) +4pecos(kz+ot) vl y(x y)? (% y(x,y))



+uesin(kz+u)t)2x(x,y)4c02—2uesin(kz+cot)2(ovg kx(x,y)* +pesin(kz
+cot)2x(x,y)4v92 k2+2uesin(kz+(ot)2x(x,y)zy(x,y)2w2—4uesin(kz
+(ot)2(ovg K X(X, y)zy(x, y)2+2ussin(kz+mt)2x(x, y)2y(x, y)2vg2 K2
+uesin(kz+mt)2y(x,y)4u)2—2uesin(kz+oot)2mvg ky(x, y)* +pesin(kz

+ot) y(xy) ' v? k) ]

0
Spin Dissipation J spindotE = - 1 ( (x(x, )2 +y(x y)?) cos(kz+mt) vg (—4 (E X(X,
n

2

0 0
y)) X(x,y)ZCOS(kZJrOJt)z—S (E y(x,y)j y(XY) (E x(x,y)) X(x, y) cos(kz
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2 0 2
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0
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2

2
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0 0
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Disspative Force 3 vector = | - 1 [2 cos(kz+ t)2 (x(x, y) (& X(X,Y) ) +Y(X,
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y) (% x(x,y)j y(XY) (% y(x,y)) +8sin(kz+wt) kx(x,y) (& x(x,y))y(x,
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Dissipation =cos(kz+ wt) € (2 vg (& X(X, y)) +2 Vg X(X,Y) [% X (X, y))

2 0 2

2 Ll 2 o 2 — 2
#2(7 Y0u |yon v +2 (v | va2vg (0w |+ 2w

i 0 2 o 2

— X(X, +2 — Y(X +2 : — Y(X, + X(X, k
y)(ay2 X(x y)j vg (57 Y0 | +2vayx y)(a};y(x y)] x(x )20
— BV x(x )2+ koy(x y)> —Kvgyx y)> +usin(kz+ot) x(x, y)* o —usin(kz
+ot)x(xy)*vgk+2pusin(kz+ot) x(x y)2yx y) o —2usin(kz+ot) x(x,

VI2y(x y)2vgk +pusin(kz+ot) yx y)* o —psin(kz+ot) y(x, y)* vg k)

*hhkkkhkhkhkkhkhkkhhhkkhkhhkkhkhhkhkhhhkihhkiihik EN D PROCEDURE *hhkhkAhkhkkhkhkhkhhkkkhhkhihhihhiiiiiik (23)

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

> NAME:="Example 5b-- waveguide TM mode (group kinematic in, wave out) ;
> theta:=(-k*z+omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta);phi:=-vg*f(Xx,y)*cos(theta);

Then call the procedure JCM(AX,Ay,Az,phi,a,b,c,e,p,N,H)

> JCM(AX,Ay,Az,phi1,1,1,1,1,2,0,0,gamma,0):

B o R R R A R AR A AR R R R A AR AR AR R R AR R R R A R e e

NAME := Example 5b-- waveguide TM mode (group kinematic in, wave out)
0:=-kz+ ot
Ax:=0
Ay:=0



Az := (x(x, )2 +y(x y)?) cos(kz—wt)

0= -vg (x(x, ¥)2+y(x y)?) cos(kz—ot)
Example 5b-- waveguide TM mode (group kinematic in, wave out)

R R R R R R o R R R R R S R R R R R R R R R R R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkhkhkhkikiiiikx

*hkkkhkhkkkhkhkkkikhkhk
Action 1-form = (vg cos(kz — ot) x(x, y)? +vgcos(kz — wt) y(x y)?) d(t) + (cos(k z
—ot) x(x, y)2+cos(kz—wt) y(x, y)%) d(z)

0
Intensity 2-form F=dA = (2 vgcos(kz—mt) y(x,y) (& Y(X, y)) +2vgcos(kz—mt) x(x,

0 0
y) (& x(x,y))) (d(x)) & (d(t)) + (2 cos(kz—mt) y(x,y) (& y(x,y))

0
+2cos(kz—mt) x(x,y) (& x(x,y))) (d(x)) & (d(z)) + (2vg cos(kz—mt) y(x,

0 0
) (E y(x,y)j +2vgcos(kz —ot) X(x,Y) (Ex(x,w)) (d(y)) & (d(t))

+ (2 cos(kz—mt) y(xy) (% y(x,y)) +2cos(kz—mt) x(x,y) (% X(X,

y))) (d(y)) & (d(z)) + (-sin(kz—wt) cox(x,y)z—sin(kz—mt) o)y(x,y)2
)2 —vgsin(kz—ot) ky(x y)?) (d(z)) & (d(t))
Topological Torsion 3-form  AF=0

—vgsin(kz—wt) kx(xy

Topological Parity 4-form  F"F =0

B R R R R o o R e R R S S R R R R R R R S R R R R R R R R USIng EM format khkhhhrhhkkkhkhkhkhrrrrhhhhhhkhiiiix

*kkk

E field= [2 Vg (x(x, y) (% X (X, y)) +y(X,Y) (% y(X, y))) cos(kz—mt), 2vg (x(x,

d 9
y) (E x(x,y)j +y(XY) (E y(x,y))) cos(kz—wt), -sin(kz—t) (x(x y)*

+y(xy)2) (o +vg k)]

B field = [2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) cos(kz—mt), -2 (x(x,

) (&x(x,y)j +Y(%y) (& y(x,y))) cos(kz—mt),O]

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
FhFFF A A I I I FIFIXAXH* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hhkkkhkkhkkkhkhkkkhkkhkkkhkikkhkiikkik

Xm or linear (Mean) curvature = -sin(kz—mt) (x(x, y)* +y(x y)?) (k

—wvg)
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
N

Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH #***#xikrx

Chirality factor CH=y |
€

D field = [Zcos kz—wt) (evgx(x,y)(%x(x y)) (axyxy ) y(X Y)Vvge
T / y))+v/£y(xy ]2cos
€
_ il
ot) (evgxxy X(x, y))+evgy(x,y)(ayy(x N - o

0 )
y) (—x(x y)j (ax (x,y))y(x,y) % y], -gsin(kz—wt) (x(x,y)2+y(x,

¥)?) (o +vgk)

1 0 0
Hfield=|—| 2 kz— ot
ie H[ cos(kz m)[(xy)( (xy))+y(xy)(ayy(xy))

-/ VgMXXy) _X(XY) -Y/ VgMyXy) axy(XY) )]
-i(ZCOS kz—wt) ( X(X, Y) —xxy)—i—y )( -l—y/ Vg LX(X
m
0 Mmoo 2
( +y = vguy(xy) y(x y)j v sin(kz—ot) (x(x,y)



+y(x ¥)%) (o +vgk)

Poynting vector ExH = —1(2 cos(kz—mt) sin(kz—mt) (x(x, y)> +y(x y)?) (o

1
+vgk) (X(x,y) (% X(x,y)) +y(xy) (% y(x,y)))), -i(ZCOS(kZ

d
—wt)sin(kz—aot) (x(xy)*+yxy)?) (o+vgk) (x(x,y) (W X(x,y)) +y(x,

2

y) (% y(x,y)j)), —i(4 cos(kz—mt)zvg (x(x,y)2 (% x(x,y)j + 2 (X,

2

) (% x(x,y)j y(%y) (% y(x,y)) +y(%, y)? (% y(x,y)j +X(%,y)? (& x(x,y))2

+2x(%,Y) (% x(x,y)) y(xy) (% y(x,y)) +Y(x,y)? (%W’y))zm

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

2sin(kz—ot) (k+opevy) (x(x,y) (% x(x,y)) +y(XY) (% y(x,y)))

i
0 0
2sin(kz—ot) (k+opevy) (x(x,y) (E x(x,y)) +Y(XY) (E y(x,y)))
) W
1 0 2 P 9 2
_E(cos(kz—mt) [2 (& x(x,y)) +2X(XY) (y x(x,y)j +2 (& y(x,y))

0 2
+2y(xYy) (% y(x,y)) +2 (—X(x,y)j +2X(%Y) (ix(x,y)J

dy oy
0 2
+2 (5 y(x,y)) +2y(xy) (% y(x,y)j Few ux(xy)2+eouvgkx(x y)’

0 2
+ac02uy(x,y)2+acouvg ky(x,y)z)],acos(kz—mt) [ng (& x(x,y)j



14 14 0 ’
+2vgX(X,Y) (—2 x(x,y)j +2 (—2 y(x,y)] y(X,y) vg +2 (—y(x,y)j vg
o O o

2 2

) P 9
+2V9(EX(X,)’)) +2VvgXxX(XY) (yx(x,y))+2vg(ay(x,y)) +2vgy(x,

y) (% y(x, y)j —x(x Y) ok =K vgx(x,y)* —koy(x y)* =K vgy(x, y)zj

0 2
Amerian charge density ~ divD =rho=¢cos(kz — wt) (2 vg (& X(X, y)) + 2 vg X(X,

& 4 4 i
y) ( " x(x,y)j +2 ( o y(x,y)Jy(x,y) vg +2 ( o Y(X,Y)j Vg
2

0 R 0 2
+2V9(EX(X’W) +2VvgX(X,Y) (yx(x,y)J+2vg(Ey(x,y)) +2vgy(X

y) (% y(x, y)j —x(xy)? ok =K vgx(x y)* —koyx y)? =K vgy(x, y)zj

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

Topological SPIN 4 vector S4 = | - 1 (2 (x(x, )2 +y(x y)?) cos(kz — cot)2 (-1

u
+vgep) (X(x,y) (% X(x,y)) +y(xy) (% y(x,y))j), i(Z (x(x,y)?

9 9
+y(xy)?) cos(kz—ot)’ (-1 +vg?ep) (X(x,y) (E X(x,y)) +y(XY) (E y(X,

y)))),ssin(kz—mt) (x(x,y)z-i-y(x,y)z)2 (w+vgk) vgcos(kz—wt),
—(x(x,y)2+y(x,y)2)2cos(kz—cot) esin(kz—wt) (o +vy k)}

Topological SPIN 3-form = - 1 (2 (x(x, )2 +y(x y)?) cos(kz —(ot)2 (-14vg’ep) (x(x,
mn

) (& x(x,y)j +Y(%y) (& y(w))) &A(d(y),d(z>,d(t))) +i(2 (x(x,y)?

0 0
+y(xy)%) COS(kZ—wt)2 (-1+vg®ep) (X(x,y) (E x(x,y)) +y(xy) (E y(X,

2
y))) &A(d(x),d(z),dm)) +esin(kz—ot) (x(x y)2+yx )’ (o

2 212
+vgk) vgcos(kz—mt) & (d(x), d(y),d(t)) + (x(x,y)*+y(x y)) cos(kz
—ot) esin(kz—ot) (o+vgk) &\(d(x),d(y),d(z))



Spin density rho_spin= - (x(x, y)® +y(x, y)z)zcos(kz—(ot) esin(kz—ot) (o+vgk)

0 2
LaGrange field energy density (B.H-D.E) = - 1 ( -4 (& X(X, y)) X(X, y)zcos(kz — (1)t)2
U

0 0 2
—8 (& y(x,y)) y(XY) (— X(X, y)) X(x,y) cos(kz—wt)” —4y(x,

y)? (% y(X,y) )2c08(kz—wt)2 —8 (% y(X, y)j y(Xy) (% X(X, y)j X(X,

2 2
y) cos(kz—wt)2—4 (% y(x,y)) y(x,y)zcos(kz—wt)2—4 (% x(x,y)) X(X,

0 2
y)zcos(kz—(ot)z+4sucos(kz—mt)zvgzx(x,y)2 (& x(x,y)) +8¢epucos(kz

0 0
—mt)zvgzx(x,y) (& x(x,y)) y(X,Y) (& y(x,y)j +4¢eucos(kz

0 2 0 2
—oot)zvg2 (& y(x,y)) y(x,y)2+4(+:ucos(kz—o)t)zvgzx(x,y)2 (E x(x,y))

+88ucos(kz—mt)2vg2x(x,y) (% x(x,y)) y(%Y) (% y(x,y)) +4¢epcos(kz

0 2
—cot)zvgzy(x,y)2 (E y(x,y)) +eusin(kz—wt)2x(x,y)4co2+28usin(kz

—(ot)z(ovg kx(x,y)4+8usin(kz—mt)2x(x,y)4vgzk2+28usin(kz—o)t)2x(x,
y)zy(x,y)2m2+4ausin(kz—oot)2(nvg Kx(x, y)2y(x y)2 +2eusin(kz
—oot)zx(x,y)zy(x,y)zvg2 k2+ausin(kz—mt)2y(x,y)4u)2+2£usin(kz

—mt)zmvgky(x,y)4+eusin(kz—mt)2y(x,y)4vg2k2>
1 2 2 0 2 0
BH=—=|4cos(kz—wt)" | x(X,y) (—x(x,y)) +2X(XY) (Ex(x,y))y(x,
u

oy
y) (% Yoy | +y06y)? (% y(x,y))2+x(x,y)2 (& x(x,y))2+2x(x,
(s e () ot ()
D-E=8(4005(k2—®t Vg X(x, Y 2( % xx y)j +8cos(kz—wt) vgx(x,
y) (%x(x N yony ( %y) | +4cos(kz— o) vg2(§ y(x,y))zy(x,y)2
+4cos(kz—ot) vgx(x,y) (EX(X y>)2+8cos(kz—wt) Vg X (X, Y) (%x(x,



2

0 0
y)) y(XY) (E y(x,y)) —|—4cos(kz—mt)2vg2y(x,y)2 (E y(x,y)) +sin(kz

—cot)zx(x,y)40)2+2$in(kz—0)t)2wvg kx(x,y)4+sin(kz—cot)2x(x,y)"’vg2 K2

+2 sin(kz—(ot)zx(x, )2y (X, y)z(o2 +4 sin(kz—(ot)2covg kXx(x ¥)2y(x y)?

—|—23in(kz—(nt)2x(x,y)zy(x,y)zvg2 k2+sin(kz—(ot)2y(x,y)4m2+25in(kz

—oot)z(ovg ky(x,y)4+sin(kz—mt)2y(x,y)4vg2 k%)
2

1 2 2 ot (24 o
AJ= " [(x(x,y) +y(x,y)°) cos(kz—mt) (2 ( ™ X(X,Y)) +2X(XY) [axz X(X,

2 2

y) +2(iy(xy)) +2y(XY) iy(xy) +2(iX(xy)) + 2 X(x
ox ’ al oy ’

2

& 0 a2 T
, +2 | — , +2 , — , + ,
y) ( ayz X(X y)j ( y(X Y)) y(X,y) ( ayz y(X Y)) EW WX(XY)

dy

+eouvgkx(x y)2+eo nyxy)? +eouvgkyx y)z)j

2
-rho.phi = -vg (x(x, y)2+y(x, y)z) cos(kz—cot)ze (2 Vg (& X (X, y)) + 2 vg X(X,

& & 2 vy
9 [ X000 | 2 25y |y v +2 0 v ) vg
2 2

0 R 0
+2vg(ax(x,y)) +2VvgX(XY) (yx(x,y))+2vg(ay(x,y)) +2vgy(X

y) (% y(x,y)j —x(x Y2 ok —Kvgx(x y)2 —koyxy)> —Kvg y(x,y)zj

0
Poincare |  (B.H - D.E)-(A.J - rho.phi) = - 1 (6 epcos(kz— cot)zvgzx(x, y)? (& X(X,
u
2 2 0 2
2 2
y)) +6euncos(kz—mt) vg (& y(x,y)) y(x,y)“+6¢epcos(kz

2

0 0
—o)t)zvgzx(x,y)2 (E x(x,y)) +6.<3ucos(kz—(ot)zvgzy(x,y)2 (E y(x,y))

2

+eusin(kz—(ot)2x(x,y)4vg2 k2+2<°,usin(kz—(ot)2x(x,y)zy(x,y)z(o2

+eusin(kz—mt)2y(x,y)4vg2 kZ—ZCos(kz—mt)zx(x,y)%mpvgk—Zcos(kz



—mt)zx(x,y)zvg2euk2y(x,y)2—2cos(kz—mt)2y(x,y)4emuvgk—8 (% y(X,
0 2 0 0
y)) y(XY) (& x(x,y)) X(X,y) cos(kz—mt) —8 (E y(x,y)) y(XY) (E X(X,

y)) X(X,Y) cos(kz—o)t)z—i—eusin(kz—(ot)zx(x,y)4c02+eusin(kz—(ot)2y(x,

) 2 d 2
e —6 (& X(x,y)) X(x,y)2c05(kz—wt)2—6y(x,y)2(& y(x,y)) cos(k z
2 2
—mt)2—6 (% y(x,y)) y(x,y)zcos(kz—mt)z—ﬁ (% x(x,y)) x(x,y)zcos(kz

—cot)2+2003(kz—o)t)2y(x,y)zvgzeux(x,y) (i x(x,y)) +2 cos(kz

oy’
—mt)zx(x,y)2vg2eu (% y(x,y)] y(XY) +2cos(kz—(ot)2x(x,y)2vg28py(x,
y) (iz y(x,y)j +2cos(kz—cot)zy(x,y)zvgzsux(x,y) (iz x(x,y))
dy ox
(kz—ot)’ 3uley [ o)
+ 2 C0s Ot) x(x,y)°vg en " X(X,y) | +2cos(kz—mt) x(x,
y)3vg28u[ix(x,y))—i—2cos(kz—03t)2y(x,y)3vg2ssu(i2 y(x,y)j
oy o
(kz—ot) 3oy O 2. 2
+2C0S\KZ—=m1) y(x, y)°vg en o y(X,y) | +8eucos(kz—mt) vg°x(x,
o o ot rin [
M (50 X |y (5 y(x,y>) +8epcos(kz—t) vg?x(x ) (ay X(x,

y)) y(XY) (% y(x,y)) +4eusin(kz—mt)2wvg kx(x, y)2y(x y)® —2 cos(kz

—0t) x(x y)2y(x,y) [iz y(x,y)j —2cos(kz— 0 t)*x(x )2y (x, y) (iy(x,y)]
ox oy’
2 2 62 2 2
—2cos(kz—mt) y(x y) X(XY) (y x(x,y)j —2cos(kz—mt) y(x y) X(X
y) (% x(x,y)j —2cos(kz—ot) y(x y)? [% y(x,y)) —2cos(kz—t) x(x,
X

y)® (% x(x,y)) —2cos(kz—ot) y(xy)® [% y(x,y)) —2cos(kz— 1) x(x,



2
y)3(ﬁ )—Zcos(kz—mt) X(X,Y) ( 0 y(X, y)) —2cos(kz—03t) X(X,
a)( aX
R 2

( ) — 2 cos( kz—oot) y(X,y) (& X(X, y))z—Zcos(kz—mt) y(X

(—x (X, ) ) —2cos(kz—mt) x(x,y)zs(nzuy(x,y)2+2003(kz—oot)2x(x,

2 0 2

y)2vg eu( ™ y(X, y)) +2cos(kz—mt) x(x,y)zvg2eu(a y(x,y)) —cos(kz

2

0
—wt)zx(x,y)4vg28uk2+2cos(kz—(ot)2y(x,y)zvgzeu (& x(x,y))

2

9
y(x y)’vg’ e (— X(X, y)j —cos(kz—wt) y(x y) vale u K

2
4 ocos(kz—mt)
oy

—4cos(kz—(ot)2x(x,y)zeo)uvg ky(x,y)2+28usin(kz—cot)2(ovg kx(x, y)*
—i—2:+:usin(kz—cot)zx(x,y)zy(x,y)zvg2 k2+2£usin(kz—0)t)2covg ky(x y)*

—cos(kz—oot)zx(x,y)4em2u—cos(kz—mt)zy(x,y)4sm2u]

kz—u(oze
v

London Coefficient LC=

0
PROCA coefficient curlcurlB = [2 cos(kz—mt) (—2 (& x(x,y)) (

o K B o

( o X(x,y)) (axz X(x,y)] X(X,Y) ( oy 02 X

o (9 K _ i
y)(ayaxyxy)) (ayy(x,y))(axzy(x,y)) y(x,y)(ayaxzy(x,y))

. (0 i _ Kis . (0 K
3 (4 xx) (ayz x(x,y>) X(4Y) [ayg x(x,y>) 3 (5 vy (ayz yx

s i) B
Y)) —Yy(Xy) (5 y(x,y)] +KEX(X, Y) (E X(x,y)) +K2y(x,Y) (E ))j

ayazx x(x,y)j

0 0 0
2cos(kz—ot) (_kzx(x,y) (&x(x,y)j —y(xy) (& y(x, y)) +3 ( o X(x
Kl Kid 9 Kl
n) (axz x(x,y>] X6 Y) ( o y>j +3 (v | [axz y(x,y>) Ty

) (% y(x,y)j +2 (%x(x,w) (ay(’)ZaX x(x,y)) + (&x(x,y)) (%x(x,y)j




+ X(X,
y) ( v,

| (% y(x,y)] +y(xy) ( ayfax y(x,y)]),o}

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

2sin(kz—ot) (k+opevy) (x(x,y) (ix(x,y)) +y(%Y) ( 0 (x,y)))

) o o )
i

) 2sin(kz—ot) (k+opevy) (x(x,y) (% x(x,y)) +y(XY) (% y(x,y)))
i

2

-l(cos(kz—mt) [2 (% X(X,Y))

@ 9
+ 2 X(X, — X(X, +2 | — y(x
. o0y (25 %00 | 2 (50 v

0 2
+2y(xYy) (% y(x,y)) +2 (—X(x,y)j +2X(%Y) (ix(x,y)J

dy oy
0 2
+2 (5 y(x,y)) +2y(xy) (% y(x,y)j Few ux(xy)2+eouvgkx(x y)’

2
+ac02uy(x,y)2+acouvg ky(x,y)z)J,acos(kz—mt) [ng (& x(x,y)j

+2vgXx(xY) ix(x )| +2 i(x) (X,y)vg + 2 i(x )2v
g ’y(axz ,YJ (axzy,)’)y,yg (axy’ng

2 2

0 R 0
+2vg(ax(x,y)) +2VvgX(X,Y) [yx(x,y))+2vg(ay(x,y)) +2vgy(X

) (% y(% y)j —x(% )2 ok =K vgx(x y)* —koyx )~k vgy(x y)zj l

Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E +J_ampere xB) =

0

_i(z(;os(kz—cot)z (xxy) (&x(x,w) +Y(%,y) [—y(x,y))) (



g (% y(x y)j —e0 ux(xy)’ —2e@pvgkx(x y)’ —e o py(x y)?

R 2
—2eouvgky(x, y) +2vg ep(—x(x y)j +2vg2eux(x,y) (%x(x,y)j

2 o 2 0 2 2 0 2
+2vg eu[y y(x,y)Jy(x,y) +2vg eu(&y(x,y)) +2vg 8”(@ X(x,y))

2

0
+2vg eEUX(XY) [% )+2vg eu( y(x,y)) +2vgzeuy(x,

ay

y) (% y<x,y)j —vgzeukZX(x,y)z—vgzeukzy(x,y)z]), -i[ZCOS(kZ

~ot)’ (x(x,y) (% x(x,y)) +Y(%y) (i y(x,y))) [—2 (& x(x,y)j —2x(x,

2

_ F (2 _ K 2 2
2X(X,Y) (af ) Z(ayy(x,y)j 2y(x,y)(afy(x,y)] £0 UX(X,Y)

0 2
—2e0pvgkx(xy)2 —eo py(xy)? —2eopvgky(xy)? +2vglep (& X(x,y))



+2V928MX(X,)’) [% X(X,y)) +2vg eu(sxz y (X, y))Y(X,Y)

0 2 0 2
+2vgzeu(& y(x,y)) +2vgzeu(ax(x,y)j +2vgP e px(x, y) (% x(x,y))

2
+2vg28u(% y(x,y)) +2vg®epy(x y) [% y(x,y)) —vg’ ek x(x, y)°?
—vgzepkzy(x,y)zj), l(sin(kz—mt) cos(kz—mt) [2 LE VY X(X, Y) (% X(X,
w
2 o 2 ha
y))y(x,y) 0 +2pevgx(x y) [yx(x,y))y(x,y) m+2ue(¥ y(x,y))y(x,
2 2 o 2 2 ha
y) Vg~ X(X, Y) k+2u8(¥ y(x,y)]y(x,y) VO X(X, Y)° ®+2 pevgTx(x, y) (y X(%,
2 2 P 2 R
y))y(x,y) K+2pevg y(xy) [—y(x,y))X(x,y) k+2unevgy(xy) (—2 y(X,
oy’ oy
y)) X(% )% ® +2 nevg (% y) (% X(x, y)j yOx )2k — e o kx(x y)*
—pelvgx(x Y e ky(x y) — e kPvely(x y)* —8kx(x y) (% X(X,

y)) y(%y) (% y(x,y>) —8Kx(x ) (% x(x,y>) y(%y) (% y(x,y>)

0 2 0 2
+2ue (& y(x,y)) vgx(x y)2o+2 e (& y(x,y)) Vg x(x, )2k

2 2

—2uevgy(x (—yxy w—|—2uevgyxy (—yxy k

X(X, y 2 2
—2uevg (—xxy) m—|—2usvgxxy ( xy)) k

0 0
+2uevg(ay X(% y)) Y% y) 2o +2 e v (ay X(% y)) y(x )2k

0 2 2 > ( O
—|—2uevg(—y(x,y)) X(XY) " ®w+2uevg (—

2
o & y(x,y)) X(x, y)°k



2 2 2

) 3
—2pevg?’*Y) (—y(x,y)) w+2uevg2y<x,y)2(—y(x,y)) k

ay ay
—2peokx(xy) Vg —2pe o kx(x Y2y )% -2 nekPvg?x(x y)2y(x y)?

0 2
—Zueo)kzy(x,y)4vg —2uevg x(x,y)2 (& x(x,y)) o)+2uevg2x(x,

2

y)? (% X(X, y) )Zk +2pevg (% X(X, y)) y(x y)?

,( 0
w+2uevg (& X(X,

2
y)) Y% Y2k — 4 e oK x(x y)2y(x y)2vg +2 pe v x(x y)? (% x(x,y)) K

+2pevg’y(xy)® (% y(x,y)j k+2upevgx(xy)® % X(X,y) | ®

R4 3 2 3( &
+2ue | —5 y(xy) X, vg k+2mevgx(x,y)” | —5 X(X, [0)
“[axzy y)y( 0*ug kot 2uevgxiny® (7 x(xy
02

M ®

y(xy)
oy

+2ue [iy(x y))y(x y)°vgo —8 wuevgx(x,y) (iX(x y)) y(X,y) (iy(x
o ' ’ ay ’ ay *

2

3
+2uavgzx(x’y) (% x(x,y)j K+2uevgy(xy

2

5 5 , (0
y)) —8w@UEVIX(X Y) ( = x(x,y)) y(% y) ( - y(x,y)j —4Kx(x,Y) (ay x<x,y))

2 2

—4kx(x,y)? (i x(x,y)j

—4ky(x,y)2(% y(x,y)) -

|

—4ky(xy)° (& y(x,y))zJ

Amperian Dissipation Jampere dotE =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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

1

Topological Spin current 4 vector TS4 =-[AxH + D.phi,AdotD] =|-— (2 (x(x, y)2 +y(X,
w




0 0
y)?) cos(kz—mt)z(—l +vglep) (x(x,y) (& x(x,y)j +y(XY) (& y(X,
1 2 2 2 2 0
=2 ()2 +yix, kz—ot) (-1+ ) [ = x(x
y)))) u( (x(%, y)“+y(xy)9) cos(kz—ot)" ( vg“ep) (X(Xy)(ayX(X

0

y)) +y(%y) (—

o y(x,y)))),esin(kz—mt) (x(x,y)2+y(x,y)2)2 (o

+vgk) vgcos(kz—wt), —(x(x,y)2+y(x,y)2)zcos(kz—mt) esin(kz—ot) (o

+vg k) ]
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = [0, 0,

2

—i(cos(kz—mt) (x(x, ¥)2+y(xy)?) [—4 (% x(x,y)) x(x,y)zcos(kz—oot)2
n

0 0
-8 (& y(x,y)) y(% y) (&x(x,y)) x(x, y) cos(kz — 1)’ —4y(x

y)? (% y(Xy) )ZCOS(kz—wt)2 —8 (% y(X, y)) y(Xy) (% X(X, y)j X(X,

2

y) COS(kZ—wt)2—4(%y(x,y)) y(x,y) cos( kz—mt — (E )

y)zcos(kz—mt)2+4eucos(kz—mt) Vg2 X(X, Y) (—xxy) + 8 e pucos(k

0 0
_wt)ZVQZX(X,y) (& X(X,y)) y(Xy) (& y(x,y)j + 4 epncos(kz

2

0 0 2
—oot)zvg2 (& y(x,y)) y(x,y)2+4£ucos(kz—(ot)2vgzx(x,y)2 (E x(x,y))

0 0
+88ucos(kz—mt)2vgzx(x,y) (E x(x,y)) y(XY) (E y(x,y)) +4eucos(kz

2

0
—oot)zvgzy(x,y)2 (— y(x,y)) +ausin(kz—mt)2x(x,y)4c02+2£usin(kz

oy
—mt)zmvg kx(x,y)"’—i—eusin(kz—mt)zx(x,y)"’vg2 k2—|—23usin(kz—wt)2x(x,
y)zy(x,y)zcoz+4eusin(kz—cot)2(ovg kx(x,y)zy(x,y)2+2£usin(kz
—cot)zx(x,y)zy(x,y)zvg2 k2+eusin(kz—(ot)2y(x,y)4c02+2£usin(kz
—(ot)z(ovg ky(x,y)4—Fsusin(kz—o)t)zy(x,y)4vg2 k2>)]

Spin Dissipation J spindotE = - 1 (vg cos(kz—ot) (x(x y)2+y(x y)?) (—4 (& X(X,
mn



2
y)) X(X, y)zcos(kz—mt)z—S (& y(x,y)j y(XY) (% X(X, y)) X(X,y) cos(kz

0 2 o 0
—wt)2—4y(x,y)2 (& y(x,y)j cos(kz—mt)2—8 (— y(x,y)) y(X y) (_ X(X,

oy ay
Y)) X(X,Y) COS(kZ—wt)2—4 (i y(X y))zy(x y)zcos(kz—wt)2—4 (i X(X
) W y ) w y
2 2
y)) x(x,y)zcos(kz—(ot)z+4sucos(kz—o)t)zvgzx(x,y)2 (& x(x,y))

0 0
+88ucos(kz—mt)2vgzx(x,y) (& x(x,y)) y(X ) (& y(x,y)) +4eucos(kz

2 2

y(%y)2+4encos(kz —mt)zvgzx(x, y)? (i X (X, y))

—wt)zvgz(% y(x,y)) ay

+88ucos(kz—mt)2vg2x(x,y) (% x(x,y)) y(%Y) (% y(x,y)) +4¢epcos(kz

0 2
—cot)zvgzy(x,y)2 (E y(x,y)) +eusin(kz—wt)2x(x,y)4o)2+28usin(kz

—(ot)z(ovg kx(x,y)4+susin(kz—mt)2x(x,y)4vgzk2+28usin(kz—o)t)2x(x,
y)zy(x,y)2m2+4ausin(kz—oot)2(nvg kx(x, y)2y(x y)2 +2eusin(kz
—oot)zx(x,y)zy(x,y)zvg2 k2+ausin(kz—mt)2y(x,y)4oo2+2£usin(kz

—mt)zmvg ky(x,y)"’—i—eusin(kz—mt)zy(x,y)"’vg2 ) )

Disspative Force 3 vector =

L [2 cos(kz—mt)2 (x(x, y) (i X(X, y)) +y(X
" X

) (& yoy) )| [—2 (%x(x,y))z—zmx,y) (%x(x,y)j 2 (§ y(x,y>)2

2

—2y(%,y) (% y(x,y)) 2 (%x(x,y)j —2x(%,Y) (%x(x,y)]

2

0 _ & .
2 ( Y y(x,y)) 2y(x,y) ( o y(x,y)j em UX(Xy

)2—28mpvg kx(x,y)2

0 2
—e0 py(x )2 —2eopvgky(x )2 +2vgep (& X(x,y)j +2vg” e UX(X



D (- xoxy | +2vaen [ yooy) | yix y)+2\,gzeu(iy(xy))2
ol ¢ ’ x =

2 2

2 0 i 0
+2vg eu(ax(x,y)) +2vg EUX(XY) (y )+2vg eu(ay(x,y))

+2vg e ny(xy) [% y(X, y)) —vg?euk®x(x, y)2 —vg? e u K y(x, y)zj J

-ﬁ(ZCOS(kZ—wt)Z (X(x,y) (% X(x,y)) +y(Xy) (% y(x,y))) (
—2(§x(x y))z—zx(x y)[ax (x,y)) (3¢ v y))2—2y(x y)[ y(x

y) (% y(x, y)j —e 0 ux(6y)? —2eouvgkx(x y)’ —e o py(x y)?

0 2
—2£muvgky(x,y)2+2vgzeu(& x(x,y)j +2vgzeux(x,y) (% x(x,y)j

2 4 2 0 2 2 0 2
+2vg eu[y y(x,y))y(x,y) +2vg eu(&y(x,y)) +2vg eu(g X(x,y))

0 2
+2vg e ux(X, y) [% X(x,y)) +2vg28u(5 y(x,y)) +2vg e py(x,

y) (% y(x, y)j —vg’epkx(x,y)® —vg’ e pky(x, y)zj J -i[COS(kZ

. 0 0 .
—ot) (SSIn(kZ—(Dt) KX(X,Y) (E x(x,y))y(x,y) (E y(x,y)) +sin(kz



—wot) pekivg?x(x, ) +sin(kz—wt) uewzkx(x,y)"'—i—sin(kz—mt) MS(DZky(X,y)4

+sin(kz—ot) usk3vgzy(x,y)4+8sin(kz—mt) kKX(X,Y) (& x(x,y)) y(X,

0
)Geuzsin(kz —wt)2w2 —4ux(% y)2y(x y)? (

0
) (& y(x,y)j Fy(xy (X

2 2

0
y)) cos(kz—mt)z—4ux(x,y)2 (E y(x,y)) y(xy

)Zcos(kz—mt)2—4uy(x,

2

9 d
y)? (& X(X, y)) x(x,y)2cos(kz—wt) =4 py(x y)? (E X(X, y)) X(X,

y)zcos(kz—(ot)2+x(x,y)6£u23in(kz—(ot)20)2+4sin(kz—cot) k X (X,

2 2

y)z(—a x(x,Y)) +4sin(kz—mt)k>’(x,y)2(—a y(x,y)j + 4 sin(k z
ox ax
2 2

0 0
—wt) kx(x,y)2 (E x(x,y)) +4sin(kz—wt) ky(x,y)2 (E y(x,y)) +4sin(kz

—wt) ue(okzx(x,y)zy(x,y)zvg +8sin(kz—wt) opevgx(xy) (% x(x,y)j y(X,

0 . 0 0
y) (E y(x,y)j +8sin(kz—wt) mpevgx(xy) (& x(x,y)) y(XY) (& y(x,y))

2

vg —2sin(kz—ot) pevg? (% y(x,y)) X(X, y) %k

+2sin(kz—wt) pewk’x(x y)*

2
+2sin(kz—ot) pevgy(x y)? (% y(x,y)) o —2sin(kz—wt) uevg (% y(X,

2 2
y)) x(x,y)zm—ZSin(kz—mt) uevgzx(x,y)2 (% x(x,y)) k—2sin(kz

0 2 2 : 2( 0 2 2
—mt)uevg(a x(x,y)) y(x,y) o—2sin(kz—wt) uevg (E x(x,y)j y(% y)k

9

ax y
2 2 2( @ 2

y)) Vg X(x, ¥) k+2sin(kz—wt) nevgy(xy) (& y(x,y)) o —2sin(kz

0

2
—2sin(kz—ot) ue( (x,y)) vgx(x,y)zw—Zsin(kz—(ot) ue (& y(X,

0 2 . 0
—wt) nevg’y(x, y)? (& y(x,y)) k+2sin(kz—ot) Levgx(x, y)2 (— x(x,y)) ®



2

0
—2sin(kz—wot) pevgx(x y)? (& x(x,y)) k—2sin(kz

0 2 2 : 2 (0 2 2
—a)t)uevg(& x(x,y)) y(x,y) o—2sin(kz—wt) uevg (& x(x,y)j y(% y)k
+2sin(kz—ot) ueo)zkx(x,y)zy(x,y)2+25in(kz—wt) ek vgPx(x y)2y(x y)?

R 2
+2sin(kz—ot) peokyx y)*vg +2sin(kz—ot) pevgx(x, y)? (— x(x,y)) ®

X
: 0 2 0
—23|n(kz—mt)uavgzy(x,y)z(a y(x,y)) k—4ux(x,y)4(& X(X,
2 2 4a( 0 2 2
y)) cos(kz—mt)" —4ux(xy) (E x(x,y)) cos(kz—mt)" —4py(x

4( 0 2 2 a( 0 2 2
y) (&Y(X,y)) cos(kz—at)" —4py(xy) (Ey(x,y)) cos(kz—mt)

4

3 d
) SI,LZCOS(kZ—(Dt)ngz (& x(x,y)) y(XY) (& y(x,y)) + 8 X(X,

+8X(X!y

0 0 .
y)Seuzcos(kz—wt)zvgz (E x(x,y)j y(XY) (E y(x,y)) +6x(x,y)4euzsm(kz

—mt)zmvgky(x,y)2—|—6x(x,y)zspzsin(kz—mt)zmvgky(x,y)4+8y(x,
Sen’ cos(kz—ot)’vg? 2 2 +8
y)"eun cos(kz—wmwt) vg x(x,y)(axx(x,y)j(axy(X,y)) y(X,
y)3euzcos(kz—wt)2vg2x(x,y) (ix(x,y)j (iy(x,y)) —2sin(kz

oy 0y
—wt) 2 3( & k—2sin(kz—ot 3( &

Levg X(X,Y) o X(X,Y) sin(kz—ot) pevgx(xy) o X(X,Y) | ®
Cosin(kz— F 3vl Kk — 2 sin(k 7 — F
2sin(kz—ot) ue o y(x,y) | y(x,y)°’vg k—2sin(kz—ot) ue ol y(X,
y))y(x,y)gvgw—Zsin(kz—cot)uevgx(x,y)?’[%x(x,y))w—Zsin(kz

—ot) nevg®xx y)® (% x(x,y)) k—2sin(kz—ot) pevgy(x y)® (% y(x,y)j ®

—2sin(kz—ot) pevg®y(x y)* (% y(x,y)j k—2sin(kz—ot) nevgy(x,



y) (% y(x,y)j x(x,y)2m—25in(kz—mt) uevgzy(x,y) (i y(x,y)) x(x,y)zk
oy o
—2sin(kz—wt) pe [% y(x,y)) (% Y) Vg x(x, y)? @ —2sin(kz—mt) pe vy x(x,

y) (% x(x,y)j y(x )’k —2sin(kz—amt) pevg®x(x y) (% X(X,y)j y(xy)*k

—2sin(kz—wt) wevgx(x,y) (% x(x,y)) y(x y)>@—2sin(kz—ot) wevgx(x,
X

y) (% x(x,y)j y(xy) 2o —2sin(kz—ot) pe [% y(x,y)) y(X,¥) Vg X (%, y)°K

0 2

+ 4 x(X, y)zeu2 cos(kz— (1)t)2vg2 (& y(X, y)) Y% y) 2+ 4 X(X, y)zeu2 cos(kz

0 2
—o)t)zvgzy(x,y)2 (E y(x,y)) +2x(x,y)6£uzsin(kz—mt)2(ovgk+3x(x,

y)“:»:;utzsin(kz—oot)zy(x,y)zvg2 k2+3x(x,y)zz»:uzsin(kz—oot)zy(x,y)“vg2 K

0 2
+4y(X, y)zap,t2 cos(kz—mt)zvgzx(x, y)? (& X(X, y)) +4y(X, y)zap,t2 cos(kz
2

0
—mt)zvgzx(x,y)2 (E x(x,y)) +2y(x,y)Geuzsin(kz—mt)zmvgk—8ux(x,

0 0 0
)’ (& y(x y)) y(xY) (& X(% y)j cos(kz—01)" ~8ux(xy)’ (E v y)) v
9 AT 3( 9 o
y) ( o X(x,y)j cos(kz—wt)” —8uy(xy) ( " y(x,y)) ( ™ X(x,y)j X(X,
) Cos(kz—wt)z—Suy(x,y)3 (% y(x,y)) (% x(x,y)) X(X,Y) cos(kz—oat)2
2
+4x(x,y)4£uzcos(kz—mt)2vgz(%x(x,y)) +4x(x,y)4suzcos(kz

2

0
—oot)zvg2 (E x(x,y)) +X(X, Y

)Gauzsin(kz—mt)2v92k2+3x(x,

y)4euzsin(kz—mt)zy(x,y)2w2—|—3x(x,y)zepzsin(kz—mt)zy(x,y)4m2—|—4y(x,

0 2
y)4euzcos(kz—wt)2vg2 (& y(x,y)j —|—4y(x,y)4euzcos(kz

2
—oot)zvg2 (% y(x,y)) +y(x,y)eeuzsin(kz—(ot)zvgzkzj]]



2

+2vgx(xy) (iz X(X, y)j
ox

2 0 2
vg + 2 vg (E x(x,y)) + 2 vg X(X,

0
Dissipation =¢cos(kz—wt) (2 vg (& x(x,y))

o & (2
(axz y(x,y>) youy) vg+2 (5o vty |

? 0 2 ? )
— , +2 — , +2 , — , — X(X, k
y) ( vl y)] vg (5, Y0uy) | +2vay0ny) ( o7 I y)] x(x )20

)2 )2 )2 —usin(kz—ot) x(x y)* o —psin(kz

)2

—Kevgy(xy
vgk —2usin(kz—ot) x(x,y

—Kvgx(x, y)> —koy(xy

—t) x(x y)* y(xy)2 o —2usin(kz—mt) x(x,

VI2yx y)2vgk —psin(kz—ot) y(x, y)* o —usin(kz—ot) y(x, y)*vg k)

*hhkkkhhkkkhkhkkkhkhhkkhkhhkkhkikkhkikkhkihkkhiikkik EN D PROCEDURE FhAkAAAkAAhkAArAhkhkhhkhkihkhkihiihiiiik (24)

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

> NAME:="Example 5c-- waveguide TM mode phi (group kinematic out, wave in) ;
> theta:=(k*z+omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta) ;phi:=+vg*f(Xx,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*alpha*(g+lI*gamma),0):

B R e R R R S e e S S S S e e e

NAME := Example 5c-- waveguide TM mode phi (group kinematic out, wave in)

0 =kz+ ot
Ax:=0
Ay:=0

Az := (x(x, )2 +y(x y)?) cos(kz+wt)

0 :=vg (x(x, ¥)2+y(x y)?) cos(kz+ wt)

Example 5c-- waveguide TM mode phi (group kinematic out, wave in)
*AhAAAAAAAXAAAAAAAhhhhhkhhhkiiiiiiiik lefel’entla| Form Format *hkkkhkhkhkhkhkhkhkhkhkhkhkhkihiik

*kkkhkhkkkhkhkkkhkhkhk
Action 1-form = (-vg cos(kz + m t) x(x, y)> —vgcos(kz + ot) y(x,y)?) d(t) + (cos(kz

+at)x(xy)2+cos(kz+wot)yxy)?) d(z)

d
Intensity 2-form F=dA = (—2 vgcos(kz+mt) y(xy) (& y(X, y)j —2vgcos(kz

0 0
+wt) X(x,Y) (& x(x,y))) (d(x)) & (d(t)) + (2cos(kz+mt) y(XY) (& y(X,

0
y)) +2cos(kz+mt) x(x,y) (& x(x,y)j) (d(x)) & (d(z)) + (—ng cos(k z



0

+wt) y(x,y) (E y(x,y)) —2vgcos(kz+wt) x(x,y) (% x(x,y)))

(d(y)) & (d(t)) + (2 cos(kz+mt) y(x,y) (% y(x,y)) +2cos(kz+mt) x(x,

0
y) (E x(x,y))) (d(y)) & (d(z)) + (sin(kz + o t) mx(x,y)2+sin(kz

+at) oyxy)’+vgsin(kz+ot) kxx y)2+vgsin(kz+ot) ky(x y)?)
(d(z)) & (d(t))

Topological Torsion 3-form  AMF=0

Topological Parity 4-form  F*F=0

FhAkAAhkAAhkArhkkrhkhkrhkhkrhhihhkihiihikikx U Si n g E M fO rm at FhAkAAhkAAhkAkhhkkkrhkhkkihhkihhkihiiiixkx
*khkk

E field = [—2 Vg (x(x,y) (% x(x,y)j +y(XY) (& y(x,y))) cos(kz+mwt), -2 vg (x(x,

0 0
y) (E x(x,y)) +y(XY) (E y(x,y))) cos(kz+mt),sin(kz+wt) (x(x,y)2

1y y)?) (o +vg k)}

B field = [2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) cos(kz+mt), -2 (x(x,

y) (& x(x,y)) +y(XY) (& y(x,y))) cos(kz+(ot),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
FhkFFd KA K I I I I KR XX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkhkhhhhhkhkkkkhhhkiiihikx

Xm or linear (Mean) curvature = -sin(kz+ot) (x(x, y)2 +y(X, y)z) (k
—wvg)

Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0

FHkdxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **x*kkkkxk

Chirality factor CH=0



Dfield:[—Zevg (x(x,y) (& x(x,y)) +Vy(XY) (
-2¢evg (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) cos(kz+ mwt), esin(kz

+ot) (x(xy)2+yxy)?) (o+vg k)}

0

9 y(x,y))j cos(kz+ wt),

0

2 (x(x,y) (% x(x,y)) +VY(XY) (E y(x,y))) cos(kz+ mwt)

H field = l
w

0 a

] 2 (x(x,y) (& x(x,y)) +Y(XY) (& y(x,y))) cos(kz+ wt)

, 0
u

Poynting vector ExH =

i(z sin(kz+ot) (x(x y)2+yx y)?) (o +vgk) (x(x,
m

y) (ix(x,y)) +y(X,Y) (iy(x,y))) cos(kz—l—mt)), l(ZSin(kz
ox ox I

0 0
+ot) (x(xy)>+yxy)?) (o +vgk) (X(x,y) (W X(x,y)) +y(XY) (E y(X,

2

y))) cos(kz+(nt)j, i(4vg cos,(kz+oot)2 (x(x,y)2 (% x(x,y)j + 2 X(X,

2 0 2

) (% x(x,y)j y(%y) (% y(x,y)) +y(%, y)? (% y(x,y)j +X(%,y)? (& x(x,y))
2

+2x(%,Y) (%X(X,Y)JV(X,Y) (% y(x,y)) +Y(x,y)? (%y(x’y)) m

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

] 2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) sin(kz+ot) (k+opevy)
i

0 d

) 2 (x(x,y) (E x(x,y)) +Y(XY) (E y(x,y))j sin(kz+ot) (k+opevy)

w




2

1 9 2 P? 0
-E(cos(kz—i—mt) [2 (& x(x,y)) +2X(X,Y) (y x(x,y)j +2 (& y(x,y))

2

+2y(%y) [% y(x,y>) 12 (%x(x,y)j +2X(%,Y) (%x(x,y)]

2

9
+2 (—y(x,y)) +2y(x ) (% y(x,y)j +eal ux(xy)2 +eouvgkx(x y)?

ay

0 2
Few nyxy)?+eouvg ky(x,y)zjj, -cos(kz+omt) e (ng (& x(x,y))

+2vgx(xY) ix(x )| +2 i (X Y) | Y(XY)V +2(i (x )jzv
gxixy o Y aX2y1y y(X'y)vg axy’y g

2

0 R 0 2
+2V9(EX(X’W) +2VvgX(X,Y) (yx(x,y)J+2vg(Ey(x,y)) +2vgy(X

y) (% y(x, y)j —x(x,y)? ok —Kvgx(x y)’ —koy(x y)> =K vgy(x, y)zj l

0 2
Amerian charge density ~ divD =rho=-cos(kz+ wt) ¢ [2 vg (& X(X, Y) ) + 2 vg x(X,

? ? 0 2
y) (y x(x,y)j +2 (y y(x,y)] y(X y) vg +2 (& Y(X,y)j V9

2 2

+2vg(%x(x,y)j +2 Vg X(X,Y) (%x(x,y))—i—ng(%y(x,y)) +2vgy(X,
) (% y(x,y)j —x(x )2 ok —KRvgx(x, y)2 —koy(x )2 — g y(x,y)zj
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R 2
+4epvg cos(kz+0)t)2y(x, y)?2 (& y(X, y)j +4epnvg®cos(kz +mt)2x(x,

2

y)? (% X(x,y)) +8epvg? cos(kz+ot) x(x ) (% X(x,y)) y(Xy) (% y(x,y))

0 2
—|—4suvgzcos(kz—|—(ot)2y(x,y)2 (— y(x,y)j —|—eusin(kz+(ot)2x(x,y)4(oz

oy
Jr2.<3usin(kz+cot)2x(x,y)4(ovgk+eusin(kzJroat)zx(x,y)“vgzk2
. 2 2 2 2 - 2 2 2
+2eusin(kz+ot) x(x,y)y(xy) o +4eusin(kz+wt) x(xy) y(Xxy) ovgk

—|—2(+:;,tsin(kz+co'[)2x(x,y)zy(x,y)zvg2 k2+£p,tsin(kz+oo'[)2y(x,y)40)2

—i—Zgusin(kz+o)t)2y(x,y)"’mvgk—|—eusin(kz—|—mt)2y(x,y)4vg2 k2)j

Disspative Force 3 vector =

1 2 0
-—12 kz+ ot , - , + ,
M[ cos(kz+ mt) (x(x y) (ax X(X y)) y(X

2

) (& y(x,y))) [—2 (%x(x,y)) —2X(%,y) (%x(x,y)j —2 (& y(x,y>)

2



2

—2y(% Y) (% y(x,y>) —2 (%x(x,y)j —2%(x,Y) (%x(x,y)]

2
—2 (% y(x,y)) —2y(xy) (% Y(X,y)j —ew ux(xy)?—2e@pvgkx(x y)?

0 2
—ewzuy(x,y)z—Ze(ouvg ky(x,y)2+2vg28u (& x(x,y)j +2vg28ux(x,

D (- xoxy | +2vaen [ yioy) | yix y)+2\,gzeu(iy(xy))2
ol ¢ ’ x =

2 2

+2vgzeu(ix(x,y)) +2vg EUX(XY) (i )+2vg eu(iy(x,y))
oy N oy
+2vglepy(x y) [% y(x,y)) —vgzeuKZX(x,y)z—vgzeukzy(x,y)zjj,

-i(Zcos(kz—i—mt)2 (X(X,Y) (%x(x,y)) Tyxy) (%y(x,y))) (

9 2 # 9 2 #
—2(&x(x,y)) —2x(%,y) [yx(x,y))—Z(&y(x,y)) —2y(x,y) [yy(x,

2

0 0 2
y)) 2 (EX(X’”) —2x(x ) (%x(x,y)j —2 (@ y(x,y)) —2y(%

y) (% y(x, y)j —e ux(xy)2—2e0pvgkx(x y)> —ew py(x y)>

0 2
—2£muvgky(x,y)2+2vgzeu(& x(x,y)j +2vgzeux(x,y) (% x(x,y)j



2

+2V28 i (X, Y) | y(x )+2V28 (i (x )) —|—2vze (ix(x ))
g“axzy’yy’y guaxy,y guay,y

2

0 2
+2vg e px(x, y) [%x(x,y)j +2vgzeu(a y(x,y)) +2vglepy(x

y) (% VX y)j —vg?e ukx(x y)% —vg?e ukly(x, y)zj J : i [COS(kZ

2
+wt) (4sin(kz—|—mt) KX(X, )2 (& x(x,y)j +4sin(kz+wt) ky(x,

2 0 2

0
y)? (& y(x,y)) +4sin(kz+ot) kx(xy)? (E x(x,y)j +4sin(kz

2
+wt) ky(x, y)2 (% y(X, y)) + 4 X(X, y)zeuzvg2 cos(kz +(ot)2y(x,

R 2 2

0
y)2 (& V(X y)) + 4 X(X, y)zguzvgz cos(kz+mt)2y(X, y)? (E y(X, Y))

—|—2X(X,)/)6(°,p,tzsin(kz+o)t)2covgk+3x(x,y)‘lsuzsin(kz-|-o)t)2y(x,y)2vg2 K2

+ 3 x(X, y)zeu2 sin(k z +(ot)2y(x, ) vg? K+ 4 y(x, y)zeuzvg2 cos(kz +u)t)2x(x,

2

2
)2 (% x(x,y)) +ay(xy) e vgicos(kz + o) x(x y)2 (% x(x,Y))

0
—|—2y(x,)/)69,p,tzsin(kz+03t)2covgk+8x(x,y)38u2vgzcos(kz+(nt)2 (& X(X,

0 0
y)) y(XY) (& V(X y)) + 8 x(X, y)3suzvg2 cos(kz+o)t)2 (E x(x,y)j V(X

0
y) (E y(x,y)j +6x(x,y)4su25in(kz+(ot)2y(x,y)zmvgk+6x(x,

y)zeuzsin(kz+oot)2y(x,y)4covgk+8y(x,y)3£p2vgzcos(kz+mt)2x(x,

0

0 0
y) (& x(x,y)j (& y(x,y)) +8y(x,y)geuzvgzcos(kz+cot)2x(x,y) (E X(X,

y)) (% y(x’y)) ~2sin(kzt o) pe (% Y(X,y)) Y(% y) vgx(x, y)? o —2sin(kz
X



2w —2sin(kz+ot) pevg®x(x,

+wot) pevgx(x,y) (% x(x,y)] y(X,y)
ra b e - :

y) o2 X(XY) | YY)k 25|n(kz+a)t)u8vg Y(XY) 6y2 V(X Y) | X(X%Yy) Kk
—23in(kz+cot)ue[%y(x,y))y(x,y)vgzx(x,y)zk—Zsin(kz—i-(ot)uevgx(x,
K 20 o 2 & 2

Y) | —5 x(xy) | y(xy) o —2sin(kz+ot) pevg x(xy) X(%,y) | y(x y)7k
dy oy’
—2sin(kz+ot) pevgy(xy) (% y(x,y)) x(x,y)2 o —2sin(kz
3 (& : 2 3( #
+wot) pevgx(x,y) (—zx(x,y)Jco—23|n(kz+cot)uevg X(X,Y) (—x(x,y))k
oy oy’
—Zsin(kz—i—mt)uevgy(x,y)?‘[%y(x,y))m—25in(kz+mt)uevg2y(x,
3( . 3 & .
y) (yy(x,y))k—25|n(kz+mt)usvgx(x,y) (yx(x,y)jm—ZSm(kz

+wt) uevgzx(x,y)3 (% x(x,y)) k—2sin(kz+ot) pue (% y(x,y)j y(x y)vgo

—2sin(kz+ot) ue [% y(x,y)) y(x,y)3vg2k—|—y(x,y)eeuzsin(kz—|—o)t)2m2

0 2 2 0
2( 9 2 _ 2( 9
—4ux(xYy) (6y y(x,y)) y(X,Y) cos(kz+cot) 4 UX(XY) (ax Y (X,
2 0 2
y)) y(x,y)zcos(kz+o)t)2—4uy(x,y)2 (E x(x,y)) x(x,y)zcos(kz+o)t)2

R 2
—4uy(X y)2 (& X(X, y)) X(X, y)2cos(kz —i—o)t)2 + X(X, y)Geuzsin(kz +mt)2m2

+8sin(kz+wt) muevgx(xy) (% x(x,y)) y(XY) (% y(x,y)) +8sin(kz

0 0 .
+ot) ouevgx(x,y) (& x(x,y)) y(XY) (& y(x,y)) +4sin(kz

+wt) e ok x(x y)? )2

0 2
y(x, y)2vg —2sin(kz+ot) pevgly(x, y)? (& y(x,y)) k

0 2
+2sin(kz+ot) pevgx(x y)? (E x(x,y)) ow—2sin(kz4+ot) pevg®x(x,



2 2

y)? (% x(x,y)) k—2sin(kz+ot) pevg (% x(x,y)) y(% y)* o —2sin(kz

2

+ot) pevg’ (% x(x,y)j y(x, y)2k—2sin(kz+ot) nevg (%

2 2
y(x,y)) x(x )2 o

0 2
—2sin(kz+ot) pevg? (E y(x,y)) (X, y)2k+2sin(kz+ot) pevgy(x,

2 0 2

a i -
0 (5 Yy | @ —2sin(kz + 1) pevgty(x y)® (- yiey) | k+2sin(kz

+ot) ueok’xxy)*vg+2sin(kz+wot) usoozkx(x,y)zy(x,y)2+23in(kz

+aot)uekPveix(x y)2yx y)2+2sin(kz+ot) peok’y(x y)*vg + 2 sin(kz

2 2

+ot) uevgx(x y)? (i x(x,y)j o—2sin(kz+ot) pevg®x(x, y)? (% x(x,y)) k

2

—23in(kz+(ot)uevg( X(X, y)) y(x y)2o—2sin(kz

o
0x
2 , 0 2 2
+wt) uevg (—xxyj k—25|n(kz+cot)ue(&y(x,y)) Vg X(X, YY) ®

2
—2sin(kz+wt) pe (& y(X, y)) vg®x(x, y) k+2sin(kz+ot) pevgy(x,

2

Y)Z (% Y(X,y)) co—8p,tx(x,y)3 (%

0

y(x,y)j y(XY) (E X(X, y)) cos(kz+cot)2

0 0
— 8 ux(x y)3( P~ y(X, y)) y(X,Y) (— X (X, y)) cos(kz+mt)2—8uy(x,

y)® (i y(x y)) (i X(X y)) X(% y) cos(kz+mt)  —8uy(x y)® (i y(x
oy T oy ’ ’ ox '

y)) (& X(X, Y)) X(X, Y) cos(kz—l-(ot)2 + 4 x(x, y)4au2vg2 cos(k z

2

2
—i—cot)2 (& x(x,y)) —|—4X(x,y)4eu2vgzcos(kz+cot)2 (% x(x,y)) + X(X,

y)GSuzsin(szr(ot)zvgzkz+3x(x,y)4eu25in(kz+o)t)2y(x,y)2m2+3x(x,
2 2 . 2 4 2 4 2 92 2 0 2
y)ewsin(kz+ot) yxy) o +4y(xy) enw vgcos(kz+ mt) (& y(x,y))

0 2
+4y(X,y)48u2V92COS(kZ+(Dt)2 (E y(x,y)) +y(x,y)%uzsin(kz-|-o)t)2vg2 K2



2

—4ux(xy)? (% x(x,y)) cos(kz+(nt)2—4ux(x,y)4 (%

2 2
X(X, y)) cos(kz+mt)

2 2

d d
—4pny(xy)* (@ y(x,y)j cos(kz+ot)’ —4uy(xy)* (& y(x,y)) cos(kz+ot)”

+sin(kz+ot) uemzkx(x,y)4+sin(kz+cot) we kvg®x(x, y)* +sin(kz
+wt) usmzky(x,y)4+sin(kz+o)t) nelklvg?y(x y)* +8sin(kz+mt) kx(x,

y) (% x(x,y)j y(XY) (% y(x,y)) +8sin(kz+wt) kx(x,Yy) (& x(x,y))y(x,

y) (& vouy )] 1]

0 2
Dissipation =-cos(kz+wt) ¢ (2 vg (& X(X, y))

+2vgx(XxY) (iz X(x,y)j
OX

2

9 2 @ 9
+2 (& Y(X,Y)) vg +2 (y y(x,y)] y(X,y) vg + 2 vg (E x(x,y)) + 2 vg X(X,
0

2

4 R 2
! +2 o, ! +2 ' 5 l - y k
y)(ay2 X(x y)] vg (5 Y0y | +2vayx y)(a};y(x y)] x(x )20
)2 )2 )2—usin(kz+cot) x(x,y)4m—usin(kz

)2 )2

—Kevgy(xy
vgk —2usin(kz+ot) x(x,y

— k2vg X(X, Yy
4

—koy(xy

+wt) X(x,y y(Xy) o—2usin(kz+wt) x(x

V2yx y)2vgk —psin(kz+ot) y(x, y)* o —usin(kz+ot) y(x, y)*vgk)

*hhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE FhAkAEAAkAAhkAArhkhkihkhkihkhkihiihiikiik (25)



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

> NAME:="Example 5d -- waveguide TM mode (group kinematic out, wave out) ;
> theta:=(k*z-omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta) ;phi:=+vg*f(Xx,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*alpha*(g+I*gamma),0):

B R R R R R e S S e S S S S e S e e

NAME := Example 5d -- waveguide TM mode (group kinematic out, wave out)

0=kz— ot
Ax:=0
Ay:=0

Az := (x(x, )2 +y(x y)?) cos(kz—wt)

0 :=vg (x(x, y)2+y(x y)?) cos(kz—wt)
Example 5d -- waveguide TM mode (group kinematic out, wave out)

B R R R R R o e R R R S R R R R R R R S R R R R R R R R lefel’entlal Form Format *hkhkhkhhhhkhkhkkkhkhkiiiiikx

*kkkhkhkkkhkhkhkhkhkik
Action 1-form = (-vg cos(kz — m t) x(x, y)> —vgcos(kz — o) y(x,y)?) d(t) + (cos(kz

—ot) x(x, y)2+cos(kz—wt) y(x, y)%) d(z)
9
x y

Intensity 2-form F=dA = (—2 vgcos(kz—mt) y(xy) ( (X, y)j —2vgcos(kz

0 0
—ot) X(x,Y) (& x(x,y))) (d(x)) & (d(t)) + (2cos(kz—mt) y(XY) (& y(X,

0
y)) +2cos(kz—mt) x(x,y) (& x(x,y)j) (d(x)) & (d(z)) + (—ng cos(k z

—ot) y(xy) (% y(x,y)) —2vgcos(kz—t) x(x,y) (% X(va)))

(d(y)) & (d(t)) + (2 cos(kz—wt) y(x,y) (% y(x,y)) +2cos(kz—mt) x(x,

0
y) (E x(x,y))) (d(y)) & (d(z)) + (-sin(kz—wt) oox(x,y)z—sin(kz

—wt) oYX y)2+vgsin(kz—wt) kx(x,y)2+vgsin(kz—oot) ky(x y)?)
(d(z)) & (d(t))

Topological Torsion 3-form  AF=0

Topological Parity 4-form  F"F =0

B R R T R R T R R P S R R S R R S R R S R R S R R T R R T S USing EM format B R R T R R R S R R S R R S R R S R R S e R P R R P e s

*khkk



ad 0

E field=|-2vg (x(x,y) (& x(x,y)j +y(XY) (& y(x,y))) cos(kz—wt), -2vg (x(x,

0 0 .
y) (E x(x,y)j +y(XY) (E y(x,y))) cos(kz—mt),sin(kz—mt) (x(x,y)?

+y(x,¥)%) (-0 +vg k)]

B field=|2 (x(x,y) (% x(x,y)) +Vy(XY) (% y(x,y))) cos(kz—cot), -2 (x(x,
y) (% x(X,y)j +y(xY) (& y(x,y))) cos(kz—wt),o]

Topological TORSION 4 vector T4 =-[ExXA + 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
FrkFkFFFIFFAF X I *XF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hhkkkhkkhkkkhkhkkkhkkhkkkhkikkhkihkkikk

Xm or linear (Mean) curvature = -sin(kz—t) (x(x, y)2 +Y(X, y)z) (k
+ wvg)
Yg or quadratic (GAUSS) curvature =0
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
FhkAxkxAkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****skkkikokx

Chirality factor CH=0

0

D field = [—2£vg (x(x,y) (& x(x,y)) +Vy(XY) (& y(x,y))j cos(kz—wt),
0 d

-2evg (x(x,y) (E x(x,y)) +y(xY) (E y(x,y))j cos(kz—wmt), esin(kz

—01) (x(x Y2 +yxy)?) (-0 +vgk)|

Hfield:l - (X(X,y) (% X(x,y)) +y(xy) (% y(x,y))) cos(kz—mt) |
1)

] 2 (x(x,y) (% x(x,y)) +y(%Y) (& Y(X,y))j cos(kz—mt) p
u




Poynting vector ExH =

i(z sin(kz—t) (x(x, y)2+y(xy)?) (-o+vgk) (x(x,
m

y) (& x(x,y)j +y(xY) (& y(x,y))) cos(kz—mt)j, l(Zsin(kz

u

9 9
—ot) (x(xy)>+yxy)?) (-o+vgk) (X(x,y) (W X(x,y)) +y(XY) (5 y(X,

2

(4 Vg cos(kz—o)t)2 (x(x, y)? (i x(x,y)j + 2 X(X,

y)))cos(kz—mt)j,i oy

W

2 2

ad 0

y) (W X(X,y)j y(xy) (E y (X, y)) +y(xy)? (W

+2X(XY) (& X(x,y)) v y) (& y(x’y)) Y0y (§ y(x’y))z)j]

0

y(X, y)) +x(x y)? (& X(X, y))

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

( (X, Y) (ix(x y)) +Y(XY) (% y(x,y))j sin(kz—ot) (k—opevy)
i

2 (X(x,y) (% X(x,y)) +y(XY) (% y(x,y))j sin(kz—wt) (k—wopevg)
i

2 2

0

1 0 02
_E(cos(kz—mt) [2(& x(x,y)) +2X(X,Y) (g X(X, y)j 2(& y(x,y))

+2y(x y)(iy(x y))+2(ix(x y))2+2xxy (— ]
Tlad T y Ve

9 ’ &* 2 2
+2 ( Y y(x,y)) +2y(x ) ( o y(x,y)j +eo ux(xy)?+e ny(xy)

2 2 0 2
—eUVgKkX(X,y) " —eouvgky(xy) , —ecos(kz—mt) | 2vg (— X (X, y))

0 2
+2vgx(xy) (iX(x y)j (& y(x,y)) vg +2 (iz y(x,y)) y(Xy) vg
X’ 0X

0 2 R B 2
+2vg(ax(x,y)j +2VvgX(XY) (? (X, Y) )+2vg(ay(x,y)) +2vgy(X,



y) (% y(X y)j +x(x Y) 2 ok +koyx y)? —Kvgx(x y)® —kvgy(x, y)zj l

0 2
Amerian charge density  divD =rho=-ecos(kz—wt) [2 vg (— X(X,Y) ) + 2 vg x(X,

P o 2 P
y) (yx(x,y)j +2 (& y(x,y)) Vg + 2 (y y(x,y)j y(%,y) vg

2

9 i d
+2vg (E x(x,y)j +2 Vg X(XY) (? x(x,y)) +2vg (E

2
y(x,y>) +2vgy(x,

) (% y(x,y)) +xX(% )2 ok +koyx ) —Kvgx(xy)® —Kvg y(x,y)zj

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

Topological SPIN 4 vector S4 =

L (2 (x(x, )2 +y(x y)%) cos(kz—wt)” (-1

u
+vglep) (x ( (% y) (ix(x y)) +y(%y) (% y(x,y))j), i(z (x(x,y)?
+y(x )?) cos(kz —ot)” (-1 +vgPe p) (X(x,y) (% X(x,y)) +Y(xY) (% y(X,

y)))),esin(kz—mt) (x(x,y)2+y(x,y)2)2(—(o+vg k) vgcos(kz—mt),
(x(x,y)2+y(x,y)z)zcos(kz—wt) esin(kz—ot) (-o+vg k)]

Topological SPIN 3-form = 1 (2 (x(x, y)2 +y(X, y)2) cos(kz —(nt)2 (-1 +V928],L) (x(x,
w
0 0 1 2
) (&x(x,y)j +y(xy) (& y(x,y))) &A(d(y>,d(z),d<t))) +—(2 (x(% y)
w

9 9
+y(xy)?) cos(kz— o)’ (-1 +vg?ep) (X(x,y) (E X(x,y)) +y(XY) (E y(X,

y))) &MNd(x), d(2), d(t))) +esin(kz—wt) (x(x,y)2+y(x,y)2)2 (-0

+vgk) vgcos(kz—mt) & (d(x), d(y), d(t)) — (x(x, y)*+y(x, y)z)zcos(kz

—ot)esin(kz—ot) (-o+vgk) &\(d(x),d(y),d(2))

2

Spin density rho_spin= (x(x, y)? 4+ y(x, y) os(kz—wt) esin(kz—wt) (-o+vgk)

)¢
1 a 2 2 2
LaGrange field energy density (B.H-D.E) = - —| -4 (E X(X, y)) X(X,y)“cos(kz—mt)
U



0

—8 (% y(x,y)) y(XY) (% x(x,y)) X(X, ) COS(kZ—wt)2—4 (W y(x,
2 2 cos(kz—wt)2—a O i 2 cos(kz— 0 t)2—8 [~
y)) y(x,y)“cos(kz—mt) — (ax x(x,y)j x(x, )2 cos(kz — )’ — (ax y(X,

0 0 2
y)) Y(X,Y) (& X(X, y)) X(X,Y) cos(kz—(ot)z—4y(x,y)2 (& y(X, y)) cos(k z

2

0
—(ot)z+48ucos(kz—(ot)zvgzx(x,y)2 (& x(x,y)) +88}.LCOS(kZ—0)t)2V92X(X,

y) (& X(x,y)j y(xy) (& y(x,y)) +4epcos(kz—ot) vg? (& y(x,y))zy(x,y)2

0 2
—|—4zeucos(kz—o)t)zvgzx(x,y)2 (E x(x,y)) +8eucos(kz—mt)2vgzx(x,

2

)(ix(x )j (X )(i (X ))—|—4e cos(kz—mt)zv2 (X )2(i
y oy W Y) | YUXY ayy Y u g yxy oy

+eusin(kz—u)t)2x(x,y)4c02—2£usin(kz—cot)2(ovg kx(x,y)* +epsin(kz

y(x, y))

—cot)zx(x,y)“vg2 k2+23usin(kz—(ot)2x(x,y)zy(x,y)2m2—4susin(kz
—oot)z(ovg kX(X y)2y(X, y)2+2£usin(kz—mt)2x(x, VI2y(x y)2vg® K
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+2sin(kz—wt) pevgx(x,y) (% x(x,y)) y(X,y) o+2sin(kz—mt) wevgx(x,
X

v) (% x(x,y)J yx y)2o—2sin(kz—ot) ue (% y(x,y)) y(% y) vg®x(x, y)* k

2
—|—y(x,y)egsin(kz—mt)zu2 032—4ux(x,y)2cos(kz—mt)2y(x,y)2 (% y(x,y))

0 2
—4ux(x,y)zcos(kz—mt)zy(x,y)2(E y(x,y)) —41y(x y)?cos(kz
0 2 0 2
—oot)zx(x,y)2 (& X(X, y)) —4uy(X y)zcos(kz—cot)zx(x,y)2 (E X(X, y))

—|—x(x,y)egsin(kz—mt)zu2 032—6x(x,y)zesin(kz—mt)zuzy(x,y)4wvgk

0

0
cos(kz—cot)zvgzsu2 (— x(x,y)) y(X,Y) (& y(x,y)) + 8 x(X,

)3
ox

+8X(X!y



0 0
y)3cos(kz—mt)2vg2eu2 (E x(x,y)j y(XY) (E y(X, y)) +8y(x ) cos(kz

0 0
—mt)zvgzsuzx(x,y) (& x(x,y)) (& y(x,y)) +8y(xy)>cos(kz

0 0 .

—ot) v’ x(x y) (E X(x,y)) (@ y(x,y)) —6x(x y) esin(kz
2 2 ) 4 2( 0 2

—ot) wyxy ovgk—4ux(xy) cos(kz—nt) (& x(x,y)) — 4 ux(x,

2 2

0 0
y)“cos(kz—o)t)2 (— x(x,y)) —4uy(x,y)4cos(kz—mt)2 (& y(x,y))

ay

2

cos(kz—(ot)2 (% y(x,y)) —2sin(kz—ot) pew k¥ x(x y)*vg

4
g YY)

2

—2sin(kz—ot) pevg (% y(x,y)) (X, y)°k—2sin(kz—ot) pevgy(x,

y) (Ey(x,y)) co+23|n(kz—(nt)uavg(Ey(x,y)j X(X,¥)“ o —2sin(kz

2

0 ) R 2
—mt) pevgix(x,y)? (E x(x,y)) k+2sin(kz—ot) pevg (E x(x,y)) Y% Y)? @

2

—2sin(kz—ot) pevg (% x(x,y)) y(x y)°k+2sin(kz—ot) pe (% y(X,

2

0 2
y)) Vg X(x, y

2 e 2 20 o
) ax y(x,y)) Vg Xx(x, y) k—2sin(kz

m—Zsin(kz—mt)ue(
2 0 2 . 2 2 0 2
—ot) pevgy(x y) (&y(x,y)j o —2sin(kz—ot) pevg’y(xy) (&y(x,y)) K

2

—2sin(kz—wt) pevgx(x,y)? (% x(x,y)) w—2sin(kz—ot) pevg’x(x,

2( 0 2 0 2 2
y) (& x(x,y)) k+25in(kz—mt)uevg(& x(x,y)) y(X,y) w—2sin(kz

0 2
—ot) usvg2 (& x(x,y)j y(x,y)2k+25in(kz—cot) ne cozkx(x,y)zy(x,y)2

+2sin(kz—ot) peklvg?x(x y)2y(x y)2 —2sin(kz—ot) pe o K y(x y)*vg

. 2 0 2 . 2
—2sin(kz—ot) pevgx(x,y) (& x(x,y)) o—2sin(kz—ot) pevg y(x,



2

y)? (% y(x,y)) k—2sin(kz—ot) pevg’ x(x y)°® [% X(x,y)j k +2sin(kz

—oot)usvgx(x,y)3(§x(x,y)jm—Zsin(kz—oot)us(%y(x,y)jy(x,y)‘?vgzk
—|—23in(kz—cot)ue[%y(x,y))y(x,y)gvgco+23in(kz—(ot)uevgx(x,
3( & : 2 3( & .
0* [z X0 | o= 2sin(kz =00 wewdx(uy® (5 xoxy) | K+ 2sin(kz
3 & , 2 3 &
—ot) uevgy(xy) (—Zy(x,y))m—Zsm(kz—a)t)uevg y(XY) [—y(x,y))k
oy o
—2x(x,y)e’esin(kz—cot)zuzo)vgk—i—3x(x,y)4esin(kz—cot)zuzy(x,y)zvgzk2

+3x(x y)?esin(kz —mt)zuzy(x, V) vg? K + 4 x(x, y)? cos(k z

2 2 2 0 2 2 2 2 2 2 0
—ot) evg u (& y(x,y)) y(Xy) +4x(xy) cos(kz—mt) evg u (E V(X

2
y)) y(x,y)2—2y(x,y)Gesin(kz—cot)Zuz(ovgk+4y(x,y)2cos(kz

2 2 2 0 2 2 2 2 2 2 0
—ot) evg y (& x(x,y)) X(X,y) +4y(x y) cos(kz—mt) evg u (E X(X,

2 0 0
y)) X(X, y)2 —8 ux(x, y)3cos(kz —co'[)2 (& X(X, y)) y(XY) (& y(X, y))

_SMX(X,>’)3cos,(kz—mt)2 (% x(x,y)) y(X,Y) (% y(x,y)) —8uy(x

d d
y)*cos(kz —wt)*x(x,y) (& X(x,y)) (& y(x,y)) —8uy(x y) cos(kz—ot)*x(x

0 0 .
y) (E x(x,y)j (E y(x,y)) +x(x,y)Gesm(kz—cot)zuzvgzkz—|—3x(x,
)2 )Zesin(kz—o)t)zuzy(x,y)4(02+4x(x,

y)4esin(kz—(ot)2u2y(x,y o)2+3x(x,y

0 2
y)4cos(kz —wt)28v92 uz (& X(X, y)j + 4 X(X, y)4cos(kz
2

0
—ot)’evgly’ (@ X(x,y)) +y(xy

)Gesin(kz—mt)zuzvgzkz+4y(x,

0 2
y)* cos(k z —(nt)zsng uz (& y(X, y)) +4y(x y)* cos(kz



—ot) evg’y’ (% y(x,y))z)ﬂ

0 2
Dissipation =-gcos(kz—mt) (2 vg (& X(X, y))

+2vgx(x, ) (%x(x,y)j
0X

2 0 2

+2 iy(x,y) vg +2 iy(x,y) y(X,y)vg+2vg [ — X(XY) | +2vgx(X
X o ay

2

? 0 P )
Gy 1 +2 T~ 1 +2 1 EY 1 + t k
y) ( vl y)j vg (5 Y0 ) +2vay00y) ( el y)] x(x )20

+koyxy)2—Kvgx(x y)> —Kvgyx y)> +usin(kz—mt) x(x, y)* o —usin(kz

—ot) x(x y)*vgk+2pusin(kz—ot) x(x ¥)2y(x y)> o —2usin(kz—ot) x(x,
Y)2y(x y) vgk +usin(kz—ot) y(x,y)* o —psin(kz—ot) y(x,y)*vgk)

*hhkkkhhkhkkhhhkkhhhkkhkhkhkkhkhhkhkhhhkhhhkiiik EN D PROCEDURE *hhkhkErAhkhkkhkhkhkhhkkkhhkhkihhihhiiiiiik (26)

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

> NAME:="Example 6a-- Wave guide TTM (kinematic in, wave in) ;

> theta:=(k*z+omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta) ;phi:=-(omega/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*alpha*(g+l*gamma),0):

B R b S S e e S S S S e e e

NAME := Example 6a-- Wave guide TTM (kinematic in, wave in)

0 =kz+ ot
Ax:=0
Ay:=0

Az := (x(x, y)2 +y(x y)?) cos(kz+wt)

5o 0 (X0 ¥)2+y(x y)%) cos(kz + o)
T k

Example 6a-- Wave guide TTM (kinematic in, wave in)

FhAkAAAkAAhkArhkArhkhkihkhkrhhkihhihikihiikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkhkkkhkhkkkhkikkkhkikkikikk

*khhkkkhkkhkkkikhkkikkikk

Action 1-form= (x(x, y)2 +y(x, y)?) cos(kz + ot) d(z)

o (X(x )2 +y(x y)?) cos(kz+wt) d(t)
k

+



0 0

Intensity 2-form F=dA =2 (x(x, y) (& X(X, y)) +y(XY) (& Y (X, y))) cos(kz

0 0
+wt) (d(x)) & (d(z)) +2 (x(x,y) (E x(x,y)) +y(xY) (E y(x,y))) cos(kz
+ot) (dy) & (d(2))
0 0

20 (x(x,y) (&x(x,y)) +Y(%,Y) (& y(x,y))j cos(kz+wt) (d(x)) & (d(1))

+

2m (x(x,y) (% x(x,y)) +Y(XY) (% y(x,y))j cos(kz+wt) (d(y)) & (d(t))

k
Topological Torsion 3-form  AF=0

+

Topological Parity 4-form F"F=0

*hhkhrkhkhhkhkhkkhhkhrhhhhhhihhihkhihiiiiik U si n g E M fo rm at *hhkhkEhkhkhkkhkhkhkkhhkkhhkhhhkhihhiiiiiikh

*kkk

20 (x(x,y) (& x(x,y)) +VY(XY) (& y(x,y)j) cos(kz+wt)

k )
d 0

2 (x(x,y) (E x(x,y)j +y(XY) (E y(x,y))) cos(kz+wt)
k

E field =

, 0

B field = [2 (x(x,y) (% x(x,y)) +Y(XY) (% y(x,y))) cos(kz+mt), -2 (x(x,

) (&x(x,y)j +Y(%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
FAFFAFAF A I AFFAXFF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkkkhkhkkkhhkhkkhkhkkhkikhkhkiikik

Xm or linear (Mean) curvature =

C (x(x ¥’ +y(x y)?) sin(kz+ ot) (R +o)
k

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



Fadkkkxadk  Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH *rkrskkskrkkrsk
Chirality factor CH=0

5 feld 2e® (x(x,y) (% x(x,y)) +y(xy) (% y(x,y))) cos(kz+ mt)

k
0 0

2ew (x(x,y) (E x(x,y)) +y(>l<<,y) (5 y(x,y))) cos(kz+ot) .

Hﬁeld:l 2 (x(x,y) (% x(x,y)) +y(XY) (% y(x,y))) cos(kz+mwt)
u
] 2 (x(x,y) (% x(x,y)) +y(xY) (% Y(X,Y))) cos(kz+mt) P
u

Poynting vector ExH = [O, 0, —ﬁ (4(0cos(kz—|-(ot)2 [x(x,y)2 (% X(X, y))2+2x(x,

y) (% K06 y) ) yxy) (% Yoy | +y0ny)? (% y(x,y)j2 X0 y) (% X(x, y))2

0 0 0 2
+2%(% ) (&xmy))y(x,y) (& y(x,y)) +y(xy)> (& y(x,y)) m

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

_ 2 (X(x,y) (& X(x,y)) +y(XY) (& y(x,y))j sin(kz+ot) (IK—po'e)
puk
] 2 (x(x,y) (% x(x,y)) +Y(XY) (% y(x,y))) sin(kz+ot) (k2—u0)28)
puk
_i(ZCos(kz+wt) ((% x(x,y))2+x(x,y) [% x(x,y)) - (& y(x’y))2+y(x,

2

2
y) (%y(x,y)jﬂ%x(x,y)) +X(% Y) [%x(x,w%(%y(x,y)) +y(%



2

0
y) (% y(x,y)j]), %(Zecos(kz—i—mt) © [(& X(X,Y)) +X(%y) (%X(X’

2 2

R 0
y)) + (50 Y09 ) Hyxy) (% y(x,y)j + gy X0y ) Fxxy) (% x(x,y))

oy
0 2 P
+(Ey(x,y>) Ly ) (?y(x’y)ml
2

a
Amerian charge density  divD =rho= % (2 ecos(kz+ot) ® ( (& X(X,Y) ) + X(X,

2 2

+y(%y) [% y(x,y>) + (ix(x,y)) X%

y)(ix(x,y)j+(§y(x,y)) 5

aXZ

& ) &
y)(ay2 x(x,y)j+(ayy(x,y)) +y(x,y)(afy(x,y>)]]

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

Topological SPIN 4 vector S4 =

% (2 (x(x, Y)2 +y(x ¥)?) cos(kz—l—o)t)2 (x(x,
uk

y) (& x(x,y)j +Y(%,Y) (& y(x,y))) <k2—uc028>), ﬁ(Z (x(x, y)°

+y(%y)?) cos(kz+ ot)” (X(x,y) (i X(x,y)) +y(%Y) (i y(x,y))) (K

2 ay dy
1N 0) e)),0,0}
0

Topological SPIN 3-form = % (2 (x(x, y)% +y(x y)?) cos(kz+ o)t)2 (x(x, y) (& X(X,
mn

y)) +Y(%y) (% y(x,y))) (¥ —poe) &A(d(y),d(z),d(t)))

- ﬁ (2 (x(x y)* +y(x y)%) (:os(kz—l—o)t)2 (x(x, y) (% X (X, y)) +y(x,

y) (% y(x,y)j) (¥—po'e) &A(d(x),d(z),d(t)))

Spin density rho_spin=0
2

. . 1 2 2( 0
LaGrange field energy density (B.H-D.E)= —— | 4cos(kz+ot)" | x(x ) (— x(x,y))
nk ay
0 0 0 2
+2X(%, Y) (EX(X’V)) y(%,y) (@ y(x,y)) +y(x y)2 (E y(x,y)) X



2( 0 ? o o
) (ax x<x,y)) +2%(x,Y) ( - x(x,y)) Y(% y) ( - y(x,y)) Fy(x,

y)? (% y(x,y))z) (kz—ucoze)j

0

2 0
BH= (4 cos(kz+wt) ( (%, y)? (E X(x,y)) +2X(XY) (E X(X,Y)) y(X,

@’C|H

a 2
) (— (x,y)j+y(x,y>2(@y<x,y)) +X(x,Y) (—xxy) +2X(X

v (

D.E=

(x,y)j y(%y) (& y(x,y)) +y(%,y)? ])

2

IH %Ic» %

(4ew2cos(kz—|—(ot) ( (x,y)z(% x(x,y)) +2X(X,Y) (% x(x,y)jy(x,

k2
2 2

)(i (x ))+ (X )2(i (X )) + X (X )2(ix(x )) + 2 X(X
y ayy Y yiX, y ayy Y Y ax VY ,
0

) (— (x,y)j Y% y) (& y(x,y)) +y(% y)? (% y(x,y)jzj)
?

o
1 2 2 2 0 2

AJ=-— W2 Hy(x, kz+ot)” | [ == x(xy) | +x(xy) | —5 X(x,
u[ 2 (x(x, y)" +y(x y)%) cos(kz+ o) [(aXX(x y)) X(X y)(ax2 X(X y)j

2 2

+(%y(x,y)) +y(x y)(gj yx y)j (syx(x’y)) xey) [% )

9 2 ?
+ (5, y000 ) Fy0ey) ( " y(x,y)m

. 1 2 2 2 2 0 2
-rho.phlz—F(Zw (x(x, y)+Yy(xy)) cos(kz+ wt) e((& x(x,y)) +X(X,
2

2 a2 R
+y(xy) [g y(x,y>) + (Ex(x,w) +x(x,

R 0
y) (¥x<x,y)j+(&y<x,y))

K 0 ? 2
y) ( o X(X’Y)j +(6y y(x,y)) +y(xy) (ayz y(x,y))]]

Poincare |  (B.H - D.E)-(A.J - rho.phi) = Lk (2 cos(kz+mwt) (k2 — ucoze) (3 X (X,
u

)2 (&x<x,y))2+4x(x,y> (&x(x,y)j Y% y) ( (,?X y(x, y)) +3y(%
0

(% y(x,y)j2+3x(x,y)2 (% x(x,y)j2+4x(x,y) (5 xoon ) youw (5 e



0 2
w)+3wa ( mxw] >3+(myuy0 X(%, y)?

P 0 2
+y(%,y) ( YY) j [ ) )+ (5 vy | xixy)?
Y06 y) ( Y y) j ( ) (xy)? + (%X(x,y)j X(x,

oy OX

x X
V) Y0 92 +yix y)° ( % yix y)] ( xy)) xy)2+[%x(x,y>)x<x,

R
Y)Y Y) 2 +y(x y)® (— y(X, y)])]
oy

K — 1 o e
London Coefficient LC=——"——

u

0
PROCA coefficient curlcurlB = [2 cos(kz+ wt) (—2 (& X(X,y)) ( x(x,y))

R
Oy 0x
0 P P 0
( o X(x,y)) (axz X(x,y)J X(Xy) ( oy 0 X(x,y)J 2 ( ax X
0
n) (% youy) | - (5 09 [% y(x,y>) —y(xy) (aya;xz y(x,y>)

9 & _ & 3 (L &
-3 ( o x(x,y)) [6y2 x(x,y)j X(X,Y) [ay?’ x(x,y)) 3 ( oy y(x,y)) (ayz y(X,

0 0
y)) —y(xy) (% y(x,y)j FIEX(x, V) (—x(x,y)) +Iy(x, y) (—y(x,y))j,
oy

oy oy
2 0 2 0 0
Zcos(kz+oot) (—k X(X,Y) (& x(x,y)) —Ky(xy) (& y(x,y)) +3 (& X(X,

0
y))(% X(x y)]+x(x y)(%x(x y)j (&y(x,y)) (%y(x,w)w(x,

) (%y(x,y)j +2 (%x(x ) (ayazax Ky ) + (&x(x,y)) (%x(x,y)j
X6 Y) ( ayfax x(x,y)] +2 (% youy) ) (% youy) ) + (& (X

n) (% y(x,y)] Fyxy) ( ay(fax (x,y)]),O}




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

) 2 (x(x,y) (& x(x,y)) +Y(XY) (& y(x,y))) sin(kz+ot) (kz—u(oze)
puk

2 (X(x,y) (% X(X,y)) +y(xy) (% y(x,y))j sin(kz+ot) (K —po’e)
wk |

2

2 a2 0
+X(X, ) [@ x(x,y)) + (& y(x,y>) Fy(x,

1 0
-—12 k t — X(X,
M( cos(kz+ mt) ((ax X(X y))

2 2

y) %y(x,y)j+(%x(x,y)) +X(x,Y) [% Xy) (%Y(X'y)) Ty

i 1 o ’ K
y) o2 y(X,y)j]J k(Zecos(kz—i-(ot [(ax xy)) + X(X, y)(ax X(X,

2 2

d Y ad i
D |+ (50 yoew | Hyony) (yy(x,y)%(@x(x,y)) +X(%, y)[ay X(%, y>j

9 2 ?
+ (5, y000 ) Fy0ey) ( " y(x,y))m

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

0 2 0
(4cos(kz+mt) [(&x(x,y)j +X(X,Y) (%x(x,y))nL(&y(x,y))

K

R 0 2 &? R
+yxy) | = yixy) |+ [ — x(x, +x(xy) | = x(xy) | + [ — yx,
y(Xy) ( " y(X y)] ( o X(X y)j X(X, Y) ( o X(X y)) (ay y(X y))

YY) (% y(x,y)j) (x00) (35 xx9 ) +y0uy) (3ryixm ) ) (6

2

2 1 0 R
—p e)] u—k[4cos(kz+mt) [(&x(x,y)j +X(X,Y) (§x(x,y))



2 2

5 @ 5 ?
+(&y(x,y)) HYY) [ ZYy) +(EX(X’”) +X(X, ) (yx(x,y))

2

+ (% y(x,y)) +y(%Y) %y(x,y) j (X(x,y) (% X(X,y)) +y(Xy) (% y(X,

y))) (kz—ucoze>), —ﬁ(4sin(kz+wt) (kz—u(oze) cos(kz+mt) (x(x,

2( 0 ‘ 9 0
D% 5y X00W) |+ 2X00y) (50 X00Y) Yoy [ oy )y

oy oy
)2 (% y(x,y))2+x<x,y)2 (& x(x,y))2+2x<x,y) (% x(x,y)) y(%y) (& y(%

y)) +y(xy)? (& y(x,y)jzjﬂ

Amperian Dissipation Jampere dotE =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_torsion xB) =[0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

1 2
W (2 (x(x, y)~+y(x,

y)?) cos(kz +wt)” (X(x,y) (% X(x,y)j +Y(XY) (& y(x,y))) (kz—uwze)),
ﬁ(Z (x(% y)2 +y(x )?) cos(kz +wt)’ (X(X,y) (% x(x,y)) +Y(XY) (% y(X,

n)) <k2—uwze>),o,0]

Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J_spinxB) = lO, 0,

0 2

1 2 2 3.2 2 2
—= 14 (x(x, )2 +y(x, kz+ot)” (K- W2 [ x(x,
sz( (x(x y)? +y(x y)?) cos(kz+ 1) (K —po'e) (X(x y) (6y X(X y)j



2

+2X(X, Y) (% X<x,y)) y(xy) (% y(x,y)) +y(x y)? (% y(x,y)) +X(X,

2

)2 (& x(x,y)) +2x(x, ) (% x(x,y)j y(%y) (& y(x,y)) +y(%

y)© (% y(x,y))z)]]

Spin Dissipation J_spindotE = % (4 (x(x, )2 +y(x y)?) cos(kz+ o)t)3 (k
n

2

2

+2X(XY) (% X(X, y)) y(Xy) (% Y(X,y)j

(%, y) ) y(%

0
—u(oze) ® [X(X,)/)2 (E X(X, Y))

+y(x,y)2 (% y(X,y))Zan(x,y)2 (& x(x,y))2+2x(x,y) (&x
i) (D -
0 (00 ) +voen? (e von ) ]

2
Disspative Force 3 vector =

1 2(( 0 Fa
p,tkz (4cos(kz+a)t) (( P~ x(x,y)) +X(X, Y) ( o X(X,
0 2 d 2

? &
y)) + (50 Y09 ) Hyxy) (y y(x,y)j gy x| Hxixy) (? x(x,y))

2

4 (% youy) ) +yxy) (% y(x,y)j] (xxy) (& K06 y) | +y(xy) (& yx

2

y))) (kz—ua)ze:)), ﬁ[4cos(kz+cot)2 ((% x(x,y)) +X(X,Y) (% X(X,

2 2

d i 9 &
y)) + (5 Y0y ) Hyixy) (y y(x,y)j gy x| +xxy) (gx(x,y)j

+ (i y(x,y)) +y(xY) (i y(x,y)j] (x(x,y) (% x(x,y)) +y(Xy) (% y(X,

2
y))) (kz—ucoze)j, ﬁ[4 (kz—u(oze) cos(kz+mt) (x(x,y)2 (% x(x,y))

2

+2X(xY) (% X(X, y)) y(Xxy) (% y(X y)) +y(X Y)2 (% y(X, y)) +X(X,



2( 0 ? o o
) (ax x<x,y)) +2%(x,Y) ( - x(x,y)) Y(% y) ( - y(x,y)) Fy(x,

2
y)? (& y(x,y)) j (-sin(kz+ot) k+cos(kz+(ot)2ux(x,y)2—|—cos(kz

+wt)2uy(x,y)z))

2

o 1 0 R4
Dissipation :?[Zscos(szrwt)w((& x(x,y)) + X(X,Y) (y x(x,y)j

2 R 2

+(§y(x,y)) +Y(% Y) (%y(x,y)%(@x(x,y)) +X(% Y) [%x(x,w)

0 2 R
+ (5 y000 ) Fy0ey) ( » y(x,y)m

*hhkkkhkhkkkhhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE FhAkAAAkAAhkAAiAhkhkihkhkihhkihhihiikiik (27)

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

> NAME:="Example 6b-- Wave guide TTE (kinematic in, wave out) ;\

> theta:=(k*z-omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta) ;phi:=-(omega/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,ph1,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

B o R R AR R A R R R R R A AR AR AR R R AR R R R R A e e e

NAME := Example 6b-- Wave guide TTE (kinematic in, wave out)

0=kz— ot
Ax:=0
Ay:=0

Az := (x(x, y)2 +y(x y)?) cos(kz—mt)

o= o (x(x, y)> +y(x y)?) cos(kz —mt)
T k

Example 6b-- Wave guide TTE (kinematic in, wave out)

F*hhhhhkkkkhkhkhkhirhhhkkikk

R R R R R R R R R R S R R S R R S R R S R R S R R S R R S e > D if—fe renti al FO rm FO rm at

*khkhkhkhhhhhkkkkk

Action 1-form= (x(x, y)* +y(x, y)?) cos(kz —wt) d(z)

o (x(x, )2 +y(x y)?) cos(kz—ot) d(t)
k

+



Intensity 2-form F=dA =-2 (x(x, y)2 +y(X, y)z) sin(kz—ot) o (d(z)) & (d(t))

+2(Mxy)(g;waj+ywd)(gZWKyﬂ)uBWZ—wU(MM)&AwuH

+2 (x(x,y) (%x(x,y)) +Y(%Y) (% y(x,y))) cos(kz— 1) (d(y)) & (d(2))

2m (x(x,y) (& x(x,y)) +Y(XY) (% y(x,y))j cos(kz—wt) (d(x)) & (d(t))
k

+

0

— X(XY) | +Y(XV) 9 (%, y) | | cos(kz—wt) (d(y)) & (d(t))
ay ,Y)y,)’( y,)’)j y

oy
k

Topological Torsion 3-form  AF=0

) 2 (x(x,y) (

Topological Parity 4-form  F"F =0

B R R R R o o R R R S S R R R R R R R R S R R R R R R R R USIng EM format khkhhhrhhkkkhkhkhkhrrrrhhhhhhhiiiix

*kkk

— 2 (x(x,y) (% x(x,y)) +y(x;<y) (& y(x,y)j) cos(kz—mt) |
2 (x(x,y) (% x(x,y)) +y(XY) (% y(x,y))) cos(kz—mt)

-2 (x(x,y)?

k

+y(x y)?) sin(kz—wt) ©

B field = [2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) cos(kz—mt), -2 (x(x,

y) (& x(x,y)j +Y(XY) (& y(x,y))) cos(kz—(ot),O}

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
FhkFFd KA KA IFI KR XX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
I
Xm or linear (Mean) curvature =
~ (x(x y)*+yx y)?) sin(kz—ot) (k—o) (k+o)
k
Yg or quadratic (GAUSS) curvature =0




Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
FhkAxkxAkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **xskkkkxk
Chirality factor CH=0

5 feld 2e (x(x,y) (& x(x,y)) +y(>:y) (& y(x,y))) cos(kz—mt)
9 0
2e® (x(x,y) (E x(x,y)) +Y(>:y) (W Y(x,y))j cos(kz—mt) e txte g
+y(x y)%) sin(kz—ot) o
Hﬁdd:l g (X(X,y) (% X(X,y)) Ty(xy) (% Y(X,Y))) cos(kz—mt)
u

] 2 (x(x,y) (& x(x,y)) +y(%Y) (& Y(X,Y))j cos(kz—mt) P
u

Poynting vector ExH = | - 1 (4 (x(x, y)2 +y(X, y)2) sin(kz—ot) ® (x(x, y) (i X (X, y))
u ox

0 .
+y(X ) (& y(x,y))) cos(kz—(ot)j, —i(4 (x(x, y)2 +y(x y)?) sin(kz

—ot) o (x(x,y) (% x(x,y)) +y(xy) (% Y(X,y))) COS(kZ—OJt)),

0 0
_ik (4(0cos(kz—co'[)2 (x(x, y)2 (— X(X, y)) +2X(X,Y) ( X(X, y)) Y (X,

i oy
) (% y(x y)j +y(%,y)? (— y(x,y))2+x(x,y)2 (— X(x y))2+2x(x
) (& X(x y)j y(%y) (& y(x,y)) +y(%, y)? (& y(x y)jzm

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




2 (x(x,y) (& x(x,y)) +Vy(XY) (iy(x,y))j sin(kz—cot) (k2+u032£)

B 0X
uk

) 2 (x(x,y) (% x(x,y)) +Y(XY) (% y(x,y))) sin(kz—ot) (k2+},L(028)
puk

2

d d 2
_l(zcos(kz—wt) ((& x(x,y)) +X(X,Y) [% x(x,y)) +(& y(x,y)) +y(x

u

2 2

) (%y(x,y)) +(%x(x,y)) +X(x,Y) (%x(w)) +(% y(x,y>) Fy(x,

y) (% y(x,y)j +soo2u><(x,y)2+8w2uy(x,y)2] ) %(ZSCOS('(Z

2

0 2 0
—wt)w((&x(xd)) +X(% y) (%x(x,y)jﬂ&y(x,y)j +y(%

2

2
) (%y(x,y)) +(%x(x,y)) +X(x,Y) (%x(w)) +(% y(x,y>) Fy(x,

y) (% y(x,y)j —x(x,y)zkz—kzy(x,y)z)]l

0 2
Amerian charge density  divD =rho= % (2 ecos(kz—mt) ® ( (& X(X,Y) ) + X(X,

R 0 2 R 0 2
y) (yx<x,y)j+(&y<x,y)) Y% y) (yy(x,w)ﬂgx(x,y)) x(%

2

0> 0 0 2,2 2 2
Y , + [ — , , — , — , ke —Kk ,
y) ( > X(X y)j ( ] y(X y)) +Yy(XYy) ( > y(X y)) X(X,Y) y(XY) ])

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

Topological SPIN 4 vector S4 = 2

1 (2 (x(x, V)2 +y(x ¥)?) cos(kz—cot)2 (x(x,
m

y) (& X(x,y)) +y(xY) (% y(x,y))) (kz—uw28>), ﬁ(Z (x(x,y)?

+y0,)?) cos(kz —wt)’ (x(x,y) (% x(x,y)) +Y(%,Y) (% y(x,y))) (5



2 2¢ (X(x y)2+y(x, y)2)25in(kz —ot) W cos(kz—mt)

) e)) k -2 (x(x,y)°

2
+y(x y)%) cos(kz—ot) esin(kz—wt) ®

0
Topological SPIN 3-form = % (2 (x(x, y)% +y(x y)?) cos(kz— o)t)2 (x(x, y) (& X(X,
mn

y)) +Y(%y) (% y(x,y))) (¥ —poe) &A(d(y),d(z),d(t)))

- ﬁ (2 (X% y)* +y(x y)%) (:os(kz—o)t)2 (x(x, y) (% X(X, y)) +Fy(x,

y) (% y(x,y)j) (¥—po'e) &A(d(x),d(z),d(t)))

N 2¢ (x(x,y)2+y(x,y)z)zsin(kz—mt) mzcos(kz—(ot) &M(d(x), d(y), d(t))
k

+2 (x(x,y)2+y(x,y)z)zcos(kz—mt) esin(kz—ot) @ &\(d(x),d(y),d(z))

Spin density rho_spin= -2 (x(x, y)* +y(x, y)2)2 cos(kz—mt) esin(kz—ot)

0
LaGrange field energy density (B.H-D.E) = % (4 (cos(k z— cot)2 K2 X (X, y)2 (& X(X,Y)
u

+2cos(kz—(ot)2k2x(x,y) (% x(x,y)) y(X,Y) (% y(x,y)) +cos(k z

2

(X, y)) +cos(k z —o)t)zkzx(x, y)? (% X(X, y))

1 2cos(kz—ot) Kx(x, y) (% X(x,y)) y(Xy) (% y(x,y)) +cos(kz

2

0 0
—wt)zkzy(x,y)z(@ y(x,y)) —uwzecos(kz—wt)zx(x,y)z(&x(x,y))

2

2 0
—0t) Kyxy)? (& y

2

—Zumzecos(kz—mt)zx(x,y) (% x(x,y)) y(X,Y) (& y(x,y)j —umzacos(kz
0 2 0 2
—wt)zy(x,y)z(& y(x,y)) —uwZSCOS(kZ—wt)ZX(X,y)Z(E X(x,y))

2 2 0 0 2
—2uwm ecos(kz—mt) x(x,y) (E x(x,y)) y(XY) (E y(x,y)j —uw ecos(kz

2
—wt)ZY(X,y)2 (% y(x,y)) —u(ozesin(kz—(ot)zkzx(x,y)4

—Zu(ozesin(kz

2



—mt)zkzx(x, y)2y(x, y)2 —umzssin(kz —wt)zkzy(x, y)4j)

1 2( 0 ? J
BH=—14 kz—mt , -— , +2 , - ) )
u( cos(kz—ot) ((xy) (GyX(xy)) X(xy)(ayxwy))y(x
) i (X, Y) | +y(x )2 i (X )2+x(x — X(X, + 2 X(X
Y(ayy1YJyvy (ayy,)’) Y( Y)
I )
0 (50 X009 | youy) (e yoey) ) +yiey)? aXy(x )
2
D.E:%(4ew2((§ x(x,y)) x(x,y)zcos(kz—wt)2+2(& y(x,y))y(x,
9 K t)? 2 (0 " cos(k t)°
y)(ax (x,y)jX(x,y) cos(kz—ot)” +y(xy) (ax y(x,y)) cos(kz—mt)
0

—|—(—x(x ))Zx(x )Zcos(kz—mt)z—i—z(i (X )j (X )(ix(x ))x(x
Y Y Y oy YIX y) | Y,y Y VY )
2

y) cos(kz—cot)2-|— (% y(x,y)) y(x,y)2cos(kz—o)t)2+sin(kz—oot)2k2x(x,y)4

—|—23in(kz—(ot)2k2x(x, V)Z2y(x y)? +sin(kz—(ot)2k2y(x, y)4))

0 2
AJ=-L [2 (X(x, y)2 +y(x y)?) cos(kz—cot)2 [(& x(x,y)) +X(XY) (iz x(x,y))
1 ox
0 2 ? 9 2 ?
oy ] Hyey) (¥y<x,y)j+(5x<x,y)) +X(%,Y) [gxmy))
0 2
+ (—y(x,y)) +y(x,y) (iz y(x,y)j +8w2u><(x,y)2+ew2uy(x,y)z])
o oy

2
-rho.phi = —% (2 o (x(x, y)2 +y(x y)?) cos(kz —mt)zs ((& X (X, y)) + X(X,

2 2

P 5 ? .
) (¥x<x,y)j+(&y<x,y)) Y% Y) (gy(x,w%(@x(x,y)) X%

ha 0 2 iz 2,2 .2 2 )
5 ) + o ) + ] 5 i - ) k _k i
) ( vl y)j ( a VX M +yoxy) ( el y)) X(X,Y) y(xy) ]
Poincare |  (B.H - D.E)-(A.J - rho.phi) = # (2 [—4 ucoz ecos(kz— o)t)zx(x,
i

3 3 3
y) (& X(x,y)j y(xy) (& y(x,y)) —4poecos(kz—wt) X(x y) (E X(X,



2

0 0
y)) y(XY) (E y(x,y)) +3cos(kz—mt)2k2x(x,y)2 (& x(x,y)) + 3 cos(kz

2

0 2 0
—oot)zkzy(x,y)2 (& y(x,y)) +3cos,(kz—o)t)2k2x(x,y)2 (E x(x,y))

2 2
+3cos(kz—(ot)2k2y(x,y)2 (% y(x,y)) —|—Cos(kz—wt)2x(x,y)2 (& y(x,y)) K2

2 2
—i—cos(kz—mt)zx(x,y)2 (% y(x,y)) k2—i—cos(kz—(nt)2y(x,y)2 (& x(x,y)j K2

2
—|—cos(kz—oo'[)2y(x,y)2 (% x(x,y)) k2—cos(kz—o)t)2x(x,y)3 (%

X(X,
2 2 3 ( 02 2 2
y)) uw e—cos(kz—wt) x(xY) (y x(x,y)j nw e—cos(kz—mt) y(x,
yf(% Y(X,y))M(Dze—cos(kz—mt)zy(X,Y)3(iy(xyw]M(DZS"‘COS(kZ
ox oy’
—oot)zx(x,y)zy(x,y) [% y(x,y)) k2+cos(kz—cot)2x(x,y)zy(x,y) (% y(X,
2 2 2( & 2 2
y))k +cos(kz— 1) y(x ) [?x(x,y))x(x,y)k +cos(kz—ot) y(x,
X
y)° [i X(X, y)) x(x,y) K —cos(kz— @t)*x(x, y)? y(x, y) (% y(x, y)j no'e
oy o
—cos(kz—oot)zx(x,y)zy(x,y) (% y(x,y)) umzs—cos(kz—mt)zy(x,
y)? (iz x(x,y)) X(X, Y) uu)za—cos(kz—(ot)zy(x,y)2 (i x(x,y)] X(X, ) u(oze
ox oy
—4uoozgsin(kz—oat)zkzx(x,y)2y(x,y)2—|—4cos(kz—mt)zx(x,y)zkzemzuy(x,y)2

0 2
+2003(kz—0)t)2x(x,y)4kzacozu—cos(kz—(nt)zx(x,y)2 (& y(x,y)j uooze

0 2

—cos(kz—cot)zx(x,y)2 (E y(x,y)) uu)ze+2cos(kz—wt)zy(x,y)4kzewzu
2

—cos(kz—mt)zy(x,y)2 (% x(x,y)) ;10328—cos(kz—mt)zy(x,y)2 (% X(X,

2
y)) uco28+cos(kz—cot)2x(x,y)3 (% x(x,y)) k2+cos(kz—(nt)2x(x,



y)3 (% x(x,y)) k2—|—cos(kz—(nt)2y(x,y)3 (% y(x,y)j k2+cos(kz

—oot)ZB/(X,y)3 [% y(x,y)) k2+4cos(kz—mt)2k2x(x,y) (% x(x,y)) y(X,

y) (& y(x,y)j +4cos(kz—wt) KEx(x y) (% X(x,y)) y(Xy) (% y(x,y))

0 2

_3M(ngcos(kz—mt)zx(x,y)2 (& X(X,y)) —3um28cos(kz—mt)2y(x,

2 2

9
y)? (& y(x,y)) —3po ecos(kz— o) x(xy)? (% X(x,y)) ~3p0 ecos(kz

? 0 i 2 ai 2,2 4 2 .
—ot) y(xy) (E Y)) —2pw esin(kz—mt) Kx(xy)* —2pw esin(kz
—cot) Ky (X, y) j]

2 2
London Coefficient  LC = < M@ €
i

0
PROCA coefficient curlcurlB = [2 cos(kz—mt) (—2 (& x(x,y)) ( x(x,y)j

&
ay 0X
9 K N & L, (9
( 5 K6 y) | (axz x(x,y)] X(%,Y) ( e x(x,y)] 2 (4 ¥
0
n) (% vy | = (5 0w [% y(x,y)j —y(%,) [aya;z y(x,y)j

9 R _ & L (0 &
—3(ayx<x,y))[ay2 x(x,y)) x(x,y)(ayg x(x,y)) 3(ayy(x,y)j(ay2 Y%

y)) — (%, y) (% y(x,y)] +RRX(% Y) (%x(x,y)) +RY(x,y) (% y(w))j,

0 0 0
2cos(kz—mt) (—kzx(x,y) (& x(x,y)) —K2y(x,y) (& y(x,y)) +3 (& X(X,

) o3 0 ha

0 (7 x0on | Hxo ( xoen | +3 (ovoen ) (£ voe |+
P R i 0 &

y)(gwx,y)ju(ax(xy)(w@( oy ) + (&xmy))(yxmy)]

+X(6Y) ( ay(fax x(x,y)] +2 (% youy) ) (% youy) ) + (& y(x,




o))

| (%y j+y(x y)(ayasax

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

2 (x(x,y) (& x(x,y)) +y(xy) (% y(x,y))j sin(kz—oot) (k2+u0)2£)

uk

2 (X(x,y) (% X(x,y)) +y(XY) (% y(x,y))j sin(kz—ot) (R+po'e)

pnk

2

1 0 4
_E(zcos(kz—u)t) ((& x(x,y)) +X(%,Y) [y x(x,y)) +(& y(x,y)) +y(X

2 2

y) (% Y(X,Y)j + (% X(X,Y)) +X(XY) (% X(Xv)’)) + (% Y(X,y)) +y(X

y) (% Y(x,y)j +eoo2MX(X,Y)2+8®2MY(X,Y)2] ) %(chos(kz

2 2

_cot)co((&x(x,y)) +X(X,Y) (%x(x y)j (&y(x,y)j +y(X,

2 2
y) (% y(x,y)j + (% X(x,y)) FX(X, ) (% X(x,y)) + (% y(x,y)) +y(x,
y) (% y(x,y)j —X(x,y)zkz—kzy(x,y)z)ﬂ

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

1 2 0 0
m(4 cos(kz—mt) (x(x,y) (& X(X,y)j +y(xy) (& y(X,

2

y))) [(% X(x,y)jzk +(§ X(X y))X(x,y) k2+(§ y(x,y)) K +y(x,



2

ha d R 0
y) (yy(x,y)jkﬁ(gxu,y)) k2+[§ X(x,y))xmy) k2+(5y(x,y)) 'S
+y(%y) (% y(x,y)j I+ 21w ux(x y)2+2Kew ny(xy)? - (& X(X

2 0 2
y)) ucoze—(%x(x,y)]x(x,y)umza—(&y(x,y)) u(nza—y(x,y) [%y(x,

2 0 2

y)) no' € — (% X(x,y)) no'e — (% X(x,y)) X(X%Y) po € — (E y(x,y)j ho'e

R4 2 1 2 0
- 1 Gy ] 7_ 4 k - t 1 T~ ]
y(xy) ( 2 I y)j o 8)] e [ cos(kz—wt) (X(x y) ( X(X y))

+y(xY) (iy(x,y))) [(ix(x,y)jzk%r [%x(x,y)jxmy) @+ (iwx,

|

g 2 2 i 2 2 2 2 2 2
+(—y(x,y)) K=+ y(xY) (yy(x,y)j K"+2kem ux(x,y)"+2k e py(xy

2

0 2
€ +y(x,y) (%y(x,y)jkﬁ(@x(x,y)) k2+(%x(x,y>)x<x,y) %
)2

0 2, P 2 0 2,
_(&X(Xv}/)) Q) 8_(¥X(X7y)]x(xv}/)u(’3 8_(&)/()(:5/)) Lo &—=Yy(X

2
9 (7 vy fuae = xouw ) umze—(%x(x,y)jx(x,y)umze
2

- (% y(x,y)) ucozs—y(x,y) (% y(x,y)J uoaze]], ﬁ(4cos(kz

—ot)sin(kz—wt) (—x(x,y)4k2<°,(02u—|-x(x,y)3 [% x(x,y)) u(oze—i-x(x,



2 (0 ? 2 3( & 2 2( 0 g
N7 G YY) | HOTREXXT| 7 XY RoTe kXN Goyy) | noTe

4,2 2 2( 0 2 3( & 2
—y(xy)kKeo utylxy) (ax X(X,Y)) Lo e+y(xy) [axz Y(X1Y))WD €

2

+y(xy)? (i X(x,y))

o uw28+y(x,y)3(%y(x,y)Juwze—ZX(x,y) (& X(X,

0 )y (g yixn Juo'e—2xixy (x| yxy (5w uoe

—2X(XY) (% X(x,y)) y(XY) (% y(x,y)) K —2x(xY) (% X(x,y)) y (X

9
y) (E y(x,y)j I —2x(x, y) K e o wy(x, y)2 +x(x y)2y(x y) (% y(x,y)j no'e

+x(% Y)7y(x, ) [ L y))uwzeﬂ(x,y)z(% X(x,y))X(x,y)uwze
oy X
2
+Y(6Y) [% X(x,y)JX(x,y)uwZS—X(xy (—xxy) K —y(x

0 (e ) e in (5 xoem) v (5 xwf@]l

Amperian Dissipation Jampere dotE =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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = # (2 (x(x, y)2 +y(X,
v

y)?) cos(kz — ot) ( (X, Y) (iX(x y)) +Y(XY) (& y(x,y))) (kz—uwze>),

0

x(x,y)) +Y(%Y) (E

0
1 (2 (x(x, )2 +y(x y)?) cos(kz—(ot)2 (x(x, y) (—

e ey y(x,



2 212 . B 2 _
y))) (kz—uooz >) 2e (x(x, y)+y(xy)) smk(kz ot) o cos(kz cot)1

-2 (x(x,y)2+y(x,y)2)2cos(kz—(ot) esin(kz—ot)

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = lo, 0,

1 B 2

7 (4 (x(x, y)2+y(x, y)2) cos(kz—mt) (cos(kz—oot)zkzx(x,y)2 (& X(X, y))
u

0 0
+2003(kz—03t)2k2x(x,y) (& x(x,y)) y(X, ) (& y(x,y)) + cos(k z
2

0 0 2
—oot)zkzy(x,y)2 (& y(x,y)) +cos(kz—co'[)2k2x(x,y)2 (— x(x,y))

oy
+2cos(kz—ot) Kx(x, y) (iX(x,y)) y(XY) (iy(x,y)) + cos(kz
ay oy
2 2
—cot)zkzy(x,y)2 (% y(x,y)) —u(ozecos(kz—(ot)zx(x,y)2 (& x(x,y))

—2uwzecos(kz—wt)2x(x,y) (& x(x,y)) y(XY) (& y(x,y)j —u(ozecos(kz

0 2 0 2
—wt)zy(x,y)z(& y(x,y)) —uwzecos(kz—wt)zx(x,y)z(Ex(x,y))

—Zumzecos(kz—mt)zx(x,y) (% x(x,y)) y(X,Y) (% y(x,y)j —umzacos(kz

2 (0 2 2. 2.0 4 2.
—0t) y(xy) (Ey(x,y)) —uo esin(kz—ot) kK x(xy)" —2pw esin(kz

—mt)zkzx(x,y)2y(x,y)2—u(nzesin(kz—wt)zkzy(x,y)4j”

Spin Dissipation J_spindotE = # (4 (x(x, y)2 +y(x y)?) cos(kz—wt) @ (cos(kz
u

2
—oot)zkzx(x,y)2 (% x(x,y)) +2cos(kz—mt)2k2x(x,y) (% x(x,y)) y(X,

2

y) (% y(x,y)j +cos(kz — 1) K2 y(x, y)? (% y(x,y)) +cos(kz — 1) KEx(x,

y)? (i x(x,y))2+2cos(kz—cot)2k2x(x,y) (i x(x,y)) y(X,Y) (i Y(x,y)j
oy oy ay



R 2
+cos(kz—mt)2k2y(x,y)2 (— y(x,y)) —pmzecos(kz—mt)zx(x,

oy
y)? (&x(x,y))Z—Zuwzecos(kz—wt)ZX(x,y) (&x(x,y)) y(xy) (% yxy) |
—u(ozecos(kz—(ot)zy(x,y)2 (& y(x,y)jz—ucozecos(kz—wt)zx(x,
y)? (%x(x,y))Z—Zucozecos(kz—cot)zx(x,y) (%x(x,y)) y(x,y) (% yxy) |
—u(nzscos(kz—o)t)zy(x,y)2 (% y(x,y))z—p,toozz»:sin(kz—oot)zkzx(x,y)4

—2uoo285in(kz—mt)2k2x(x,y)2y(x,y)2—ucozesin(kz—u)t)zkzy(x,y)4j)

2

0
Disspative Force 3 vector = Lk (4 cos(kz— oot)2 (X(X, y) (& X(X, y)) +y(X
i

2 0 2

0 (5 ven)) [(%m,y)) k2+(%x(x,y>)x<x,y) (o yoom |

ha 2 0 2 ha 2
Y% Y) (y y(x,y)j K +(EX(X’”) K +[¥x(x,y))x(x,y)k

a 2 ha 2 2 2 2 2. 2 2
+ (E y(x,y)) K= +y(xy) (y y(x,y)j K+2keo ux(x,y)"+2k em pny(xy)

0 2 P 2 0 2
—(&X(x,y)) Lo %(yxmy)]xmy)uw 8—(&y(x,y)) po e —y(x

2
y) (% y(x,y)j Ho e — (% x(x,y)) Ho e — (% x(x,y)J X(6Y) o e

2
- (% y(x,y)) umze—y(x,y) (% y(x,y)] u(nzej], ﬁ(4cos(kz



~ot)’ (X(x,y) (% X(x,y)) +Y(XY) (—y(x,y))) [(% X(x,y)) K

K 2, (0 2 2 K 2
+ ( > x(x,y)jx(x,y)k oy ) R +yoy) [ v y(x,y)) K

2

0 0
+(—x(x,y)) k2+(§x(x,y)jx(x,y) k2+(—y(x,y)) k2+y(x,y) [%y(x,

oy ay
2
y)) k2+2k28(02ux(x,y)2+2kze(ozuy(x,y)z— (& x(x,y)) u(oze— [% X(X,

2 0 2 P 2
Y)) X(X,y) uw € — (& y(x,y)) Lo €—Y(XY) (y y(X:Y)) Hw €

) 2
—(%x(xd’)) sze—(%x(x,y)]X(X,Y)H(DZE—(%V(X,Y)) HCOZE_Y(X’
2 2 1 . 2
y) (yy(x,y)) TR0 g)] 7[4cos(kz—mt) [sm(kz—mt) KX(X, y)7y(X,
0

y) (% y(x,y)j uoozs—i-sin(kz—oot) KX(X, V)2 y(X Y) (% y(x,y)j uco2£+sin(kz

—wt) Ky(x y)? (% x(x,y)j X(X,Y) uo)28+sin(kz—u)t) Ky(x y)? (i X(X,

oy’
5 2

y)) X(X,Y) u(oze—i-sin(kz—(ot) kx(x,y)? (& y(x,y)) uu)ze—i-sin(kz

2 2

0 0
—wt) kx(x, )2 (E y(x,y)) uco2£+sin(kz—oot) Ky(x y)? (& x(x,y)) umza

2
+sin(kz—ot) Ky(x y)? (% x(x,y)) ucozs—Zsin(kz—(ot) K3 X(x,

2

y)

eu)zuy(x,y)z—i-sin(kz—(ot) kx(x,y)* [% x(x,y)) uu)ze—i-sin(kz

—wt) kx(x y)* (iz x(x,y)j uco2£+sin(kz—oot) ky(x y)* (iz y(x,y)] umza
oy 0X



+sin(kz—ot) ky(x y)® (% y(x,y)j umze—ZSin(kz—(ot) KX(X,Y) (% X(X,

y)) y(XY) (& y(x,y)) umzs—ZSin(kz—oot) kX(X,Y) (% x(x,y)) y(X,

y) (% y(x,y)) no'e—3x(x ) Kew 1y y)?sin(kz—ot)’ —3x(x

V2R y(X, y)4e(n2uzsin(kz —mt)2 —X(x, y)? cos(k z —mt)zu2 (ozey(x,

3 2 d 2
y)?2 (&y(x,y)) —x(x y)2cos(kz—wt)’ 1’ o ey(x y)? (E y(x,y)) —y(X

2
y)zcos(kz—(ot)zu2 (ozex(x, y)? (i X(X, y)) —y(X, y)zcos(kz

OX
2
—cot)zuzmzex(x,y)z(% x(x,y)) —x(x,y)6k28(02u25in(kz—mt)z—x(x,
2 2
y)4cos(kz—mt)2u2mze(§ x(x,y)) —x(x,y)4cos(kz—mt)2u2m2£(% (x,y))

0 2
_y(x,y)6k28a)2uzsin(kz—(nt)z—y(x,y)4cos(kz—mt)2u2u)2£ (& y(x,y))

B 4 o222 (0 2 2,2 2( 0
y(x,y)'cos(kz—at) W o e o YY) |+ uxGTK Yoy | oy

(X,

2 2

0
y)) Cos(kz—cot)2+ux(x,y)2k2y(x,y)2(E y(x,y)) cos(kz—cot)2+uy(x,

0

0 2 2
2,2 2 B 2,2 2
y) K X(X,Y) (—x(x,y)) cos(kz—mt)” +py(x y) K X(XY) (—x(x,

2 0 0
y)) cos(kz—(ot)z+2ux(x,y)3k2 (& x(x,y)) y(XY) (& y(x,y)) cos(kz—oat)2

0 0
+ 2 ux(X, y)3k2 (— X(X, y)) y(X,Y) (— y(x,y)j cos(kz—oo'[)2 +2 1y(X, y)3k2x(x,

% Y
)(ix(x )j (i (x ))cos(kz—cot)2+2 (% y) 3 K x(x )(ix(x
y ax Y ax yixy HYy(x'y Y oy ,
2
y)) (% Y(X’y))COS(kZ—OJt)2+MX(X,Y)4k2(% x(x,y)) cos(kz—wt)’
x(x, y)* 2 2

+u K2 (i x(x,y)) Cos(kz—cot)2+uy(x,y)4k2 (& y(x,y)) cos(kz

dy

2

9 9
—ot) +uyx y) K (E y(x,y)j cos(kz—mt) —2x(x y)* (& X(x,y)j y(X,



y) (& y(x,y)) uzngcos(kz—mt)z—2x(x,y)3 (% x(x,y)) y(Xy) (% y(X,

0 0
uzo)zecos (kz—mt) —2y(x,y)3x(x,y) (& X(X,y)) (& y(X

)
)uzcozecos kz—mt) —2y(x,y)3x(x,y) (% x(x,y)) (% y(X,
)

uzcozscos kz—o)t) —sin(kz—ot) k3x(x,y)4sc02u—sin(kz—cot) KRy (x,

. 0 0 .
y)4sm2u—23|n(kz—cot) KCx(x,y) (& x(x,y)) y(X,Y) (& y(x,y)) —2sin(kz

0 0
—ot) KX(x,y) (W X(X, y))y(x y) (W y(x,y)) —sin(kz—ot) Kx(x,
2 2
y)z(%x(x,y)) —sin(kz—ot) k3y(x,y)2(%y(x,y)) —sin(kz—ot) Kx(x

2

)2 (i x(X,y)) —sin(kz—at) Ky(x y) (% y(x’y))z)”

oy
| 0 2 iz
Dissipation —?[28cos(kz—wt)w((& x(x,y)) +X(X,Y) (y x(x,y)j

2 2
+(govoen )y y)((fj o) | + (5 xx ) +xixy) (%x(w))

2
2

+ (% y(x,y)) +y(Xy) (% y(x,y)j —x(% y)2 K =K y(x,y)® —usin(kz

—wt) kx(x,y)4—2usin(kz—cot) kx(x,y)2y(x,y)2—usin(kz—cot) ky(x,y)‘j]

khkhkhkhhhhkhkhkkkhhhkhrhhhhkhkhhiiiiix END PROCEDURE khkhhhrhhkhkkhkhkhkrirrrhhkhxhhhiiiix (28)

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

> NAME:="Example 6c-- Wave guide TTM (kinematic out, wave in) ;

> theta:=(k*z+omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta) ;phi:=+(omega/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*alpha*(g+l*gamma),0):

kkkhkkkhhkkhkkhhkkhhkkhkhhkkhhhirhkkhhhkrhkhkhhkkhhhrhhkhhrhhdrhhkhhrhhihihhihkhihkkikikx

NAME := Example 6¢-- Wave guide TTM (kinematic out, wave in)
0=kz+ot
Ax:=0



Ay:=0
Az:= (x(x y)2+y(x y)?) cos(kz+ ot)

6= 2 (x(x ¥)* +y(x y)?) cos(kz+ ot)
; k

Example 6¢-- Wave guide TTM (kinematic out, wave in)

FhAkAAAkAAhkAAhkArAhkhkrhkhkrhkhkihhkihikiiiikx D iﬁe renti al Fo rm Fo rm at *khhkkkhkhkkkhkhkkkhkikkhkikkikikikk

*khkhkkkhkhkkkhkhkhkkiikk

Action 1-form= (x(x, y)* +y(x, y)?) cos(kz + wt) d(z)

o (x(x y)*+y(x y)?) cos(kz+ ot) d(t)
k

Intensity 2-form F=dA =2 (x(x, y)?+y(x y)%) sin(kz+ot) o (d(z)) & (d(t)) +2 (x(x,

0 0
y) (& x(x,y)) +y(XY) (& y(x,y)) cos(kz+mwt) (d(x)) & (d(z)) +2 (x(x,

oy oy
20 (x(x,y) (& x(x,y)) +Y(%y)

o (%, y) | | cos(kz+wt) (d(y)) & (d(t))
Raad) y

k
Topological Torsion 3-form  A"F =0

)

) (ix(x,y)j +Y(%,Y) (iy(x,y))) cos(kz+wt) (d(y)) & (d(2))
(
(

) 2 (x(x,y) (% x(x,y)) +y(xy)

Topological Parity 4-form F"F=0

*hhkhkrkhkhhhkhhhkdhhkhkkhhhhhhihihhiiiiik U si n g E M fo rm at *hhkhEhkhkhkkhkhkkkhkhkkkhhkhhhkhihhiiiiiikh

*kkk

20 (x(x,y) (& x(x,y)) +Vy(XY) (& y(x,y))) cos(kz+ wt)
k

E field =

) 20 (x(x,y) (% x(x,Y)) +y(x;<y) (% y(x,y))) cos(kz + o) L2 (x(x,y)

2

+y(x y)?) sin(kz+ot) o

B field = [2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) cos(kz+mt), -2 (x(x,

y) (& x(x,y)j +Y(XY) (& y(x,y))) cos(kz+0)t),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
FhkFFd KR KR I IR KR XAIXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
T
Xm or linear (Mean) curvature =
C (x(x ¥’ +yx y)?) sin(kz+ot) (k—o) (k+o)
k
Yg or quadratic (GAUSS) curvature =0

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
FHhxdxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **x*kkkkxk
Chirality factor CH=0

Dﬁeld:l_ 2ew (x(x,y) (% x(x,y)) +y(>|:y) (& y(x,y))) cos(kz + ot) |
Zeo)(x(x,y) (% x(x,y)) +y(xy) (% y(x,y))) cos(kz+ mt) e (xx o)
_ ,2e (x(xy

k

+y(xy)?) sin(kz+ot) ®

dy

Hfie|d:l ? (X(X,y) (i X(X,y)) +y(xy) (% Y(X,Y))) cos(kz+ wt)
m

) 2 (x(x,y) (& x(x,y)) +Y(XY) (& Y(X,Y))j cos(kz+mt) P
u

Poynting vector ExH = 1 (4 (x(x, y)2 + Yy (X, y)z) sin(kz+ot) ® (x(x, y) (& X(X, y))
u

0 .
+y(XY) (& y(X, y))) cos(kz+ mt) ) i(4 (x(x, y)2 +y(x y)?) sin(kz



+ot) o (x(x,y) (% x(x,y)) +y(xY) (% Y(X,y))) COS(kZ-HDt)),

2
kiu (400003(kz+oot)2 (x(x, y)2 (% X(X, y)) +2X(xY) (% X(X, y)) y(X,
2 0 2

+ X(X, y)2 (& X(X, y)) + 2 X(X,

y) (% y(x,y)j +y(xy)? (% y(x, y))

) (& x(x,y)j y(%y) (& y(x,y)) +y(%, y)? (& y(x,y)jzm

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

] 2 (x(x,y) (% x(x,y)) +y(xYy) (% y(x,y))) sin(kz+ot) (k2+u0)2£)
ku

2 (x(x,y) (% x(x,y)) +Vy(XY) (% y(x,y))j sin(kz+cot) (k2+u032£)

kp

3 2 9 2
_l(ZCos(kz+wt) ((& x(x,y)) +X(X,Y) [% x(x,y)) +(& y(x,y)) +y(X

W

2

2
y) (%y(x,y)jJr(%x(x,y)j +X(% Y) (%x(x,y)%(%y(x,y)) +y(%

Y) (% y(x,y)j —|—eoo2ux(x,y)z—i—emzuy(x,y)z]), —%[Zecos(kz

2 0 2

0
-I—wt)w((&x(x,y)) +X(x,Y) (%x(x,y)j%&y(x,y)j Y%

2 2
y) (%y(x,y)jJr(%x(x,y)j +X(% Y) (%x(x,y)%(%y(x,y)) +y(%

y) (% y(%, y)j —x(% y) 2K — Ky (x, y)zj ]

0 2
Amerian charge density  divD =rho= - % [2 ecos(kz+mt) [ (& X(X, y)j + X(X,

2

P 5 2 . 2
y) (yx(x,y)jJr(&y(x,y)) Y% Y) (Qy(x,y)%(@x(x,y)) X%



2

K 9
) ( 6y2 x<x,y)) + {5y vy |

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

Topological SPIN 4 vector S4 =

% (2 (x(x, ¥)2+y(xy)?) Cos(kz—i-oot)2 (x(x,
Kk

y) (& X(x,y)j +Y(%,Y) (& y(x,y))) (kz—uwz«%)), ﬁ(Z (x(x, y)°

+y(%y)?) cos(kz+ ot)” (X(x,y) (% X(x,y)) +y(%Y) (% y(x,y))) (K

—M(DZE)), 2¢ (x(x,y)2+y(x,y)2)25ink(kz+cot) cozcos(kz—i-(ot)

2 (x(xy)

2
+y(x y)?) cos(kz+ot) esin(kz+wt) ®

0
Topological SPIN 3-form = % (2 (x(x, y)% +y(x y)?) cos(kz+ o)t)2 (x(x, y) (& X(X,
mn

0
1)+ (e yinn )) 06 -uae) &xaiy. i, aa)
- ﬁ (2 (x(x, y)% +y(x y)?) cos(kz+ ot)” (x(x, y) (% X(X, y)) Fy(x,

y) (% y(x,y)j) (¥—po'e) &A(d(x),d(z),d(t)))

N 2¢ (x(x,y)2+y(x,y)z)zsin(kz—i—mt) mzcos(kz-i—(ot) &Md(x), d(y), d(t))
k

-2 (x(x,y)2+y(x,y)z)zcos(kz—l—mt) esin(kz+ot) @ &\(d(x),d(y),d(z))

. . . 2 2)2 .
Spin density rho_spin=2 (x(x,y)“ +y(x y)°) cos(kz+wt) esin(kz+ot) o

0
LaGrange field energy density (B.H-D.E) = % (4 (cos(k z+ cot)2 K2 X(X, y)2 (& X(X,Y)
u

+2cos(kz+mt)2k2x(x,y) (% x(x,y)) y(X,Y) (% y(x,y)) +cos(k z

2

(X, y)) +cos(k z +o)t)2k2x(x, y)2 (% X(X, y))

1 2cos(kz+ot) Kx(x, y) (% X(x,y)) y(Xy) (% y(x,y)) +cos(kz

2

2 0
+ot) Kyxy)? (& y

+y(xy) (% y(X, y)) —x(% ¥)? K =Ky (x, y)z] )

2



0 2 2 2 s ( 0 2
+mt) y(x y) ( Y(X, y)) —uw ecos(kz+wt) x(xYy) (—x(x,y))
ay X
2 2 0 0 2
—2uwm ecos(kz+mt) x(x,y) (& x(x,y)) y(Xy) (& y(x,y)j —uw ecos(kz

0 2 0 2
—|—oot)2y(x,y)2 (& y(x,y)) —u(ozecos(kz-l—(ot)zx(x,y)2 (E x(x,y))

—Zuwzscos(szru)t)zx(x,y) (% x(x,y)) y(XY) (% y(x,y)j —u(ozecos(kz
2
+mt)2y(x,y)2(%y(x,y)) —umzasin(kz-i-(nt)zkzx(x,y)4—2pm2£sin(kz

+a)t)2k2x(x, y)zy(x, y)2 —umzasin(kz +cot)2k2y(x, y)4])

2
B.H= i(4cos(kz+mt) ( (x,y)2(% x(x,y)) +2X(XY) (% x(x,y))y(x,
0 0 2 0 2
y) (@ y(x,y)j +y(% )’ (E y(x,y)) +x(x y)? (& x(x,y>) +2x(%
0 0 0 2
y) (& (x,y))y(x,y) (& y(x,y)) +y(xy)° (& y(x,y)j ])
_ 1 2 2 2 (0 2 2
D.E= 2 (40) € (cos(kz—i—mt) X(X,Y) (ax x(x,y)) +2cos(kz+wt) x(x
0 0 0 2
y) (& x(x,y)j y(%y) ( y(% y)) +cos(kz+ot) y(x y)? (& y(x,y))
2
+C05(kz+‘”t) x(x,y)z(% x(x,y)) +ZCos(kz+a)t)2x(x,y) (% x(x,y))y(x,

2
y) (%y(x,y))—i—cos(kz—i—mt) y(X,Y) ((?y y(X, y)) +sin(kz+mt)2k2x(x,y)4

—|—23in(kz+(ot)2k2x(x, V)Z2y(x y)? +sin(kz—|-(ot)2k2y(x, y)4))

0 2
A_J:_l[z(x(x,y)2+y(x,y)2) cos(kz—l—wt)z[(&x(x,y)) +X(XY) (i X(X, y)]
u o

0 2 R 0 2 P
e y0un | i y)(ax y(x y)j (2 X)) Hx0ey) (yx(x,w)
2
+ (g yxn ) +yixy (% o) | +eoo2ux(x,y>2+eoo2uy(x,y>2])

2
-rho.phi = - L (2 o (x(x, V)2 +y(x ¥)?) COS(kZ+COt)28 ((% X(X, y)) +X(X,
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y) (ax x(x,y)) nw ecos(kz+wt) y(xy) (ax y(x,y)) no ecos(kz
0 2 2 0 )2
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—2umzesin(kz+mt)2k2x(x,y)4—2umzesin(kz+mt)2k2y(x,y)4jj
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London Coefficient LC

0
PROCA coefficient curlcurlB = [—2 cos(kz+ mt) (2 (& X(X,y)) (

4
oy X(x,y))

0 &P P 0
+ (Ex(x,w) (yx(x,y)] +X(X,Y) ( v x(x,y)] 250y

) (% youy) | + (% youy) ) (% y(x,y)) Y%, y) [aya;z y(x,y))

0 0
+3 (E x(x,y)) (% x(x,y)j + X(X, Y) (% x(x,y)) +3 (E y(X,Y)j (% y(X,

& 5 5
y)) +y(xy) (5 y(x,y)] —KX(%,y) (Ex(x,w) —K2y(xy) (W y(x,y))j,

0 d

2cos(kz+mt) (—kzx(x,y) (& x(x,y)j —k2y(x,y) (& y(x,y)) +3 (& X (X,
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y)) (% X(x y)j+x(x,y> (%x(x,y))w(&y(x,y)) [%y(x,y))w(x,

y)(%y(x,y))ﬂ(%x(xy)(am y)) (%x(x,y))(%xmy)j
x(x,y)]+2(5y(xy)(a%yxy)j (&y(x,

) (% y(x,y)j Fy(xy) ( ayi’sax (x,y)j),o}

+x(x,y)( ¢
oy~ 0x

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

( (X, Y) (ix(x y)) +y(xy) (% y(x,y))j sin(kz-l—oot) (k2+u0)2£)

kp

) 2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))j sin(kz+ot) (k2+u(oze)
kp

2 9 2

_l(ZCos(szrcot) ((& X(X,y))

@
’ +X(% Y) [yx(x,y)) + (& y(x,y)) Fy(%

2 2
y) (% Y(X,Y)j + (% X(X,Y)) +X(XY) (% X(Xv)’)) + (% Y(X,y)) +y(X

y) (% y(x,y)j +eoo2u><(x,y)2+8w2uy(x,y)2]), -%[28‘305(“
2

0 2 0
+cot) O = XXY) | +X(XY) —62 X)) |+ —yxy) | +y(X
X e X

2 2

y) (% Y(X,Y)j + (% X(X,Y)) +X(XY) (% X(Xv)’)) + (% Y(X,y)) +y(X

y) (% y(X, y)j —x(% ¥)2 K =K y(x, y)z) N

Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E +J_ampere x B)
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i 2 1 2 0
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2
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2
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2
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2
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2
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9
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y
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Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

2

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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0



Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD] = % (2 (x(x, y)2 +y(X,
v

y)?) cos(kz+ot)’ (X(x,y) (& x(x,y)j +y(xy) (iy(x,y))) (kz—ucozs)),

O0X
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Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J_spinxB) = lO, 0,
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kkhkhkhkhhhhkhkhkkkhhhhhhhhhkhkhhiiiiix END PROCEDURE kkhkhhhrhkhkkhkhkhkhirrrhhkhkhhhihiiix (29)

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



> NAME:="Example 6d-- Wave guide TTM (kinematic out, wave out) ;

> theta:=(k*z-omega*t);

> Ax:=0;Ay:=0;Az:=F(X,y)*cos(theta) ;phi:=+(omega/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,ph1,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

B o o R A R A R R R R R R AR AR AR R S AR R R R R A e e e

NAME := Example 6d-- Wave guide TTM (kinematic out, wave out)

0=kz—mt
Ax:=0
Ay:=0

Az := (x(x, )2 +y(x y)?) cos(kz—mt)

0= ® (x(x y)* +y(x y)?) cos(kz—t)
; k

Example 6d-- Wave guide TTM (kinematic out, wave out)

*hkhkhkhhhhkhkhkkkhkhkhiiiikx

*khkkhkhkhkhkkhkikkikikik
Action 1-form= (x(x, y)* +y(x, y)?) cos(kz —wt) d(z)

o (x(x, )2 +y(x y)?) cos(kz —ot) d(t)
k

Intensity 2-form F=dA =2 (x(x, y) (& X(X, y)) +y(xy) (% y(X, y))) cos(kz

—ot) (d(x) & (d(2)) +2 (x(x,y) (%x(x,y)) +Y(%y) (% y(x,y))j cos(kz

—ot) (d(y)) & (d(z))

2m (x(x,y) (% x(x,y)) +Y(XY) (% y(x,y))) cos(kz—wt) (d(x)) & (d(t))
k

20 (X(x,y) (% X(x,y)) +y(Xy) (% y(x,y))) cos(kz—ot) (d(y)) & (d(t))
K
Topological Torsion 3-form  AF=0
Topological Parity 4-form  F"F =0

B R R R R R o e R R S e R R R R R R R S R R R R R R R USIng EM format khkhhhrhkhkkkhkhkhkhrrrrhhhhhhhiiiix

*kkk

2m (x(x,y) (& x(x,y)) +Y(XY) (& y(x,y))) cos(kz—mt)

) k

E field =




) 20 (x(x,y) (% x(x,y)) +y(x;<y) (% y(x,y))) cos(kz—mt) P
B field = [2 (x(x,y) (% x(x,y)) +y(xY) (% y(x,y))) cos(kz—mt), -2 (x(x,

y) (& x(x,y)j +y(%Y) (& y(x,y))) cos(kz—(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
FAFFAFAF A IAFFAXFF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******
ek ek e e ek

Xm or linear (Mean) curvature =

~(xou )2 +y(x )% sin(kz—ot) (R+o)
k

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

B e e

Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH *xkrskrskrskrsk

Chirality factor CH=0

0 0
2e® (x(x,y) (& x(x,y)) +Y(X,Y) (& y(x,y))) cos(kz—mt)
k

Dfield:l

26 (x(x,y) (% x(x,y)) +y(>|:y) (% y(x,y))) cos(kz—mt) ,O\

2 (X(x,y) (% X(x,y)) +Y(XY) (% y(x,y))) cos(kz—wt)

H field = l
w

] 2 (x(x,y) (% x(x,y)) +y(xY) (% Y(X,Y))) cos(kz—mt) P
u

0 2
Poynting vector ExH = [O, 0, ki (4 o cos(kz— o)t)2 (x(x, y)? (E X(X, y)) + 2 X(X,
1



- X(Xy)

0
y)(

Y )y(x (W ><y))+y(x,y)2(ay

+2X(xY) (& X(X, Y)) y(xy) (& y (X Y)) +y(X

Amperian Current 4Vector curlH-dD/dt=J4

ad
— Y(xy)

2 (xxy) (e x000) ) +y0uy) (5

9 n 2( 0
y(x,y)j X(X, Y) (ax x(x,y>)

2 2

y)© (% y(x,y))z)”

)j sin(kz—ot) (kz—u(oze)

kp

2 (x(x,y) (% x(x,y)) +Y(%,y) (% y(x,y)))

sin(kz—wt) (kz—u(oze)

ku

2

—i(Zcos(kz—wt) ((& X(X,Y))

2

+x(%,Y) [iz
X

0

x(x,y)) + (—

2
oYX y)) Fy(x,

2

0
a x(x,y>)+(5 y(x,y>) +y(%

@
- , —_ + ,
D [z v y)j (ay xy)) X(%,Y) (af
@ 1 5 2 @
) yy(x,y)m,—;[Zscos(kz—wt)w[(& X(x, y)) +x(% y)(gx(x,
) +(&y(x,y)) +y(x,y)(¥y(x,y)j+(a xy)j +x(x,y)(§ X(x, y))
0 2 P
+(Ey(x,y)) +y(% y) (;y(x,y))])
i . . 1 0 2
Amerian charge density divD =rho= - N [2 ecos(kz—mt) [ (& X(X, y)j + X (X,
R4 0 2 R d 2
) (yx(x,y)jJr(&y(x,y)) Y% Y) (Qy(x,y)%(@x(x,y)) +x(%
@ 5 2 @
) vy [ yix,
y)(ay <xy)j (aywxy)) y(xy)[a};y(xw)]]
adiv(3a) =0

divergence Lorentz Current 4Vector,

k2

Topological SPIN 4 vector S4 =

(2 (x(x, y)2+y(x, y)2) cos(kz—oot)2 (x(x,



y) (& x(x,y)j +Y(%,Y) (& y(x,y))) <k2—uc028>), ﬁ(Z (x(x, y)°

+y(xy)?) cos(kz—ot)” (X(x,y) (% X(x,y)) +Y(XY) (% y(x,y))) (K

—umze)),0,0}
ix(x,

Topological SPIN 3-form = % (2 (x(x, y)% +y(x y)?) cos(kz— o)t)2 (x(x, y) ( o
mn

y)) +Y(%y) (% y(x,y))) (¥ —poe) &A(d(y),d(z),d(t)))

- ﬁ (2 (X% y)* +y(x y)%) (:os(kz—o)t)2 (x(x, y) (% X(X, y)) +Fy(x,

)} (€ —po’e) @rd0n, dian. div) )
Spin density rho_spin=0

(4 cos(kz—(nt)2 [x(x,y)2 (% X(X, y))

0
) (E Y(% y)

2

LaGrange field energy density (B.H-D.E) = 7
u
9 2

i y)) +y(% y)? (E y(% y)) +X(%

0
+2X(%,Y) (EX(X’V)) y(xy) (E
y)? (% x(x,y))2+2x(x,y) (& x(x,y>j y(%y) (& y(x,y)) +y(%
y)2 (% y(x, y))z) (K —uwZE))
2

l 2 a 6
BH=—|4cos(kz—mt , — X% y) | +2x(xy) [ — x(x, ,
u( cos(kz—mt) ((xy) (GyX(xy)) X(xy)(ayxwy))y(x
) o (Xy) | +y(x )2 9 (X )2+x(x — X(X, + 2 X(X
y(ayy,y)y,y (ayy,y) y( y)
R
y)(ax (x,y)jy(x,w(axy(x,y)) y(x, y)2 aXy(x y)
2
D.E:%(4ecozcos(kz—(ot)2 (x(x,y)z(% X(X, y)) +2X(%Y) (E X(X, y))y(x,
2 2
) (% y(x,y>j +y(xy)2 (% y(x,y)) +x(x,y)? (& x(x,y>) +2x(x,
0 9 o (D 2
y)(& (x,y)jy(x,w(&y(x,y))ﬂ(x,y) (&y(x,y)j]
2
A.J:—i[ 2 (x(x, Y)2+y(x y)?) cos(kz—wt)z[(& x(x,y)) +X(XY) (% X(X,y)j



2 2

+(%y(x,y)) er(xy)(sx2 <xy)j ((.fyxmy)) +X(X, Y) (% xy)

0 2 R
+ (5, y000 ) Fy0ey) ( " y(x,y)m

2
-rho.phi = —% (2 o (x(x, y)2 +y(x y)?) cos(kz —wt)28 ((% X(X, y)) +X(X,

2 2

@ 5 @ 5
) (yxmy)) +(& y(x,y)) +y(xY) (? y(x,y>) +(5x(x,y>) +x(x

K 0 ? K
y) ( o X(X’Y)j +(6y y(x,y)) +y(xy) (ayz y(x,y))]]

Poincare |  (B.H - D.E)-(A.J - rho.phi) = Lk (2 cos(kz—mt) (k2 — ucoze) (3 X (X,
u

0

y)? (i X(X, ) )2 +4X(X,Y) (i X (X, y)) y(XY) (—

- - o VX y)) +3y(x,

2 2

02 (e yoxn ) +3xen® (5 xo ) axoey (5xon ) youw (5o

2 0 2

d
y)) +3y(xy)? (@ y(x, y)) +x(xy)® (% X(X, y)j +x(xy)? (& y(x, y))

2 & & 9 ?
X% Y) y(x,y)[ax Y% j+xxy (af ]+x(x ) (aywx,y))
(% y)2y( y)[azy( (
o

)+yxy xy)+y(x,y>2( y)[gjx(x

R |

2

y)) Fyxy)? (—622 y(x,y)j YY) (— X0 y) )+ Y00y X y) (—62 X(%, y)j
X oy Ve
+y(xy)° [—2;2 y(x,y))]J

2 2
London Coefficient LC = K-poe

u

0
PROCA coefficient curlcurlB = [—2 cos(kz—wt) [2 (& x(x,y)) ( x(x,y)j

&
dy Ox

9 F o 9
+ ( Y x(x,y)) (axz x(x,y)] +X(X, Y) ( 6y6x2 x(x,y)] +2 ( o y(X,

) (%y %y ) + (% youy) ) (% y(x,y)) YY) (aya;z y(x,y))




0 0
+3 (E x(x,y)) (% x(x,y)) +X(X,Y) (% X(X,y)) +3 (E y(x,y)) (% y(X,

63 2 a 2 6
Y ) _k 1 ~ ) _k ) o 1 )
y))+y(x,y>(ay3 y(x y)] K00y [ X009 | =Ky (5 vix y))j

0 0 0
2cos(kz—mt) (—kzx(x,y) (& x(x,y)j —K2y(x,y) (& y(x,y)) +3 (& X(X,

0
y)) (%x(x,y)j +X(% Y) (%x(x,y)j +3 (& y(x,y)) [% y(x,y>) Fy(%

y)((,f: <y)j (%x(w))[ayazax x<x,y))+(%x<x,y))(%x(x,y)j
x(x,y)]+2(%y(xy)(%yxy)j (&y(x,

) (% y(x,y)j Fy(xy) ( ayi’sax (x,y)j),O}

+x(x,y)( ¢
oy° ox

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

2 (x(x,y) (& x(x,y)) +y(xy) (% y(x,y))j sin(kz—oot) (kz—u(nza)

kp

2 (X(x,y) (% X(x,y)) +y(XY) (% y(x,y))j sin(kz—ot) (K —po'e)
ku '

2

_l(zws(kz—u)t) ((& x(x,y)) +X(%,Y) [% x(x,y)) +(& y(x,y)) +y(X

w

2 0 2

ha 2
y) QY(X,)’)j (E XY)) +X(X, Y) (y X(X1Y))+(EY(X,Y)) +y(X
i 1 9 2
R 2 k — P
y) 6y2 y(X ]) k[ ecos(kz mt)m[(ax X(X, y))
2 0 2 62
y) +( %y ) +yxy) ( Ty y)j+(6y oy ) +x(x,y)[ayz x(x,y))

+X(X,Y) (iz X(X,
oXx




0 2 02
gy ] Hyy) ( 6y2 y(x,y)jm

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

2

1 2 0 R 0
= m(4cos(kz—mt) [(&x(x,y)) +X(X,Y) (yx(x,y))-i-(&y(x,y))

R4 0 2 P 9 2
Y% Y) (y y(x,y)j + (EX(X’”) +X(% Y) [yx(x,y)) + (—y(x,y))

+Y(%y) (% y(x,y)j) (x(x,y) (&x(x,y)) +Y(%y) (& y(x,y)j) (i

2

0
—M(DZS)J, %[4cos(kz—(nt)2 [(& x(x,y)) +X(X,Y) (% x(x,y))

2

+ (& y(x,y)) +Y(%,Y)

ki 9 ? K
y(x,y)j +(ay x(x,y)) +X(% Y) (ayz x(x,y>)

+ (i y(x,y))z—i-y(x,y) (i y(x,y)j] (X(x,y) (i X(x,y)) +y(%,y) (iy(x,

Y o oy oy
) <k2—uofe>] o |4sin(kz— o) (€ —po’e) cos(kz —o1) [x(x,
w
2
y)? (% x(x,y)) +2X(X,Y) (% x(x,y)j y(XY) (% Y(X1y)) +y(x,
R 2 0 2 0 ad
02 (5 Y0 ) +x00)? (e xuy |+ 2x0xy) (o xon ) youy) (v

y)) +y(xy)? (& y(x,y)jzjﬂ

Amperian Dissipation JamperedotE =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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0



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

1 2
W(Z (x(x, y)“+y(x,

y)?) cos(kz—ot)’ (X(x,y) (& x(x,y)j +y(xy) (& y(x,y))) (kz—ucozs)),
9 9

ﬁ(z (x(x, y)2+y(x y)?) cos(kz—wt)° (x(X,Y) (E X(x,y)) Fy(xY) (E V(%

) ue)) 0l

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = lo, 0,

1 0 2

m (4 (x(x, y)> +y(x y)?) cos(kz—mt)3 (kz—umzs) (X(X, y)? (E X(X,Y))
2

+2X(%,Y) (%x(x,y)) y(xy) (% y(x,y)) +y(%,y)? (% y(x,y)) +X(%

y)? (% x(x,y))2+2x(x,y) (& x(x,y>j y(%y) (& y(x,y)) +y(%

y)° (% y(x,y))z)]]

Spin Dissipation J spindotE = - % (4 (x(x, )% +y(x y)?) cos(kz —cot)3 (K
mn
— mze)m(x(x )2(ix(x ))2+2x(x )(ix(x )) (X )(i (x )j
un Y ay Y Y ay Y)Yy oy yixy
9 2 2 d

+y(x,y>2(5 y(x,y)) +x<x,y)2(§x(x,y>) +2X(%,y) (&xmy))y(x,

y) (& y(x,y)j +y(xy)? (& y(x, y))zj)

0 2
Disspative Force 3 vector = % (4 cos(kz— cot)2 ( (& X(X,Y) )

ha
+ X(X, — X(X,
w ( y)(aX2 (

0 2

2 ) 0 &
y)) oy ] vy (y y(x,y)j + (3 X0 ) Hxixy) (? x(x,y))



2

+ (% Yoy ) +yixy) (;j yix y>j] (xtxy (%x(x,w) YY) (% y(x

2 ole) ) L _ot2 (2 i il
y)))(k —uo e)j sz [4cos(kz ot) ((axx(x,y)) +x(x,y)(ax2 X(X,

2

9 2 iz 9 &
y))+(&Y(X,y)) +Y(x,Y) (gy(x y)j (5 x0u0) ) +xixy [yx(x,y))

+ (% y(x,y))2+y(x,y) (% yx y)j] (xxy) (%x(x,w) +y(%,) (% y(x
0

y))) (kz—uﬂ)zfl)), ﬁ[4 (kz—umzs) cos(kz—mt) (x(x,y)2 (E

2

X(x, y))
2

+2X(%,Y) (%x(x,y)) y(xy) (% y(x,y)) +y(%,y)? (% y(x,y)) +X(%

y)? (% x(x,y))2+2x(x,y) (& x(x,y)j y(%y) (& y(x,y)) +y(%

2
y)? (% Y(X,Y)) j (-sin(kz—ot) k+cos(kz—(ot)2px(x,y)2+cos(kz

—wt)zuy(x,y)z)”

2

ccition = 1 . o @
Dissipation = - " (Zscos(kz ot) ® (( ™ x(x,y)) +X(X,Y) [axz x(x,y))

2

+(§y(x,y)) +y(x, y)(;j yx y)j (%x(x,y))zﬂxy (? )

9 2 ?
+ (5 y000 ) Fy0ey) ( " y(x,y)m

Khhkkkhhkkkhhkkkhkhhkkhkihkkhkikkhkikkhkikkiiikikk EN D PROCEDURE FhAkAAAkAAhkAAhkhkihkhkihhkihhkihiikiik (30)

kkkhkkkhhkkhkhhkkhhkkhirhkkhhhirhkkhhhkkihkhkhhkhhhkrhkkhkhhrkhhkhhhkhhkrhhhrhkihhkihkiihkkikikx

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

> NAME:="Example 7a = Index 1 Irreversible solution EdotB < 0 (kinematic out)
Type 17;
> Holder:=(x"2+y"2+z"2-c"2*t"2)™N(4/2);



> Ax:=y/Holder ;Ay:=-x/Holder;Az:=c*t/Holder ;phi:=+c*z/Holder;
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*alpha*(g+l*gamma),0):

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

2
Holder:= (x* +y* + 272 — ¢ %)

AXx:= y >
(C+y?+272—c*)
X
: (x2+y2+22—c2t2)2
Az = ct
(X +y* +7 _ 2R’
o= cz

2
(X +y?+7 —c* )
Example 7a = Index 1 Irreversible solution EdotB < 0 (kinematic out) Type 1

B R R R R R o R e R R S S R R R R R R R R R S R R R R R R R R *hhhhkhkkkkhkhkhkhhhhhkhkkkk

Differential Form Format

*kkhkkkhkkhkkkhkkhkikik
czd(t)

2
(- =2 -2 +8)

y d(x)
(—x2—y2—22+c2t2)2

Action 1-form= -

xd(y)

ctd(z)

2
(- =y —Z+E)

2
(- =y —Z+E)

4czx

Intensity 2-form F=dA =| -

(_

n 4y02t
(—xz—yz—zz—i—cztz)3
X 43y -7+
(—xz—yz—zz—i—cztz)3

n 4ctx
(—x2—y2—22+02t2)3

B 4xct
(- =y =7 +E)

n 4cty

3
(- =y —Z+E)

3
X —y =2+ )

(d(x)) & (d(t)) +

(d(x) & (d(y)) + (

(d(x)) & (d(2)) +

3f—f—f+&€

3
(- —y2 =2+ 1)

4yz

3
(- =y -2 +8)

4czy

3
(- =y -2 +8)

4%z

3
(-2 =y =2+ )

Cc(- Xy 437+

3
(_Xz_y2_22+c2t2)



c(C+yV+72+3c%H)

3
(- —y2 =2+ 1)

+ J (d(2)) & (d(t))

2cz (X +y -2 +2) L __4xc(cty—xz)
5 5
(-2 —y? =7 +c*F) (-2 -y =7 +c*F)

Topological Torsion 3-form  AMF= [

C2ct (B +yY -+ P)
5
(- —y* =2 +c*P)

4yc(ctx+yz)
(-8 =y =7 +f)

]&’\(d(x),d(y),d(t)) +

paxlyztel o, 4y(elyaxa ] &M(d(x), diy), d(z))
(- —y* =2 +c*P) (- —y* =2 +c*P)
N 2yc (P +y —7+c*)  4cz(-yztctx)
(—xz—yz—z2+c2t2)5 (—x2—y2—22+c2t2)5
2 2
B 420 t(ctyz—xzz)2 : ] &M ). d(2), d(1)) + 42c t(zctxz-l—yzz)2 :
(-xX*—y* =2 +c*t) (-X =y =7 +ct)
B 2xc (G +y -2+ ) __dcz(cty+x2)

&"(d(y), d(z),d(t))
(—xz—yz—zz—i—cztz)5 (—x2—y2—22+02t2)5]

_8c&Md(x),d(y),d(2),d(t))
(8- —Z+28)

B R R R R R o e R R R S R R R R R R R R S R R R R R R R USIng EM format khkhhhrhkhkkhkhkhkhrrrrhhhhhhkhiiiix

Topological Parity 4-form  F'F =

*kkk
Efield=| _4clcty—x2) _ dclctx+yz)  2c(X+y—Z+c’f) ]
= -, - )
(-x* =y =2 +c*t) (- =y =2 +F) (X =y =L +F)
B field = 4 (cty +x7) A (-yz+ctx) 2+ —F PP ]
= - . ]
(—xz—y2—22+czt2) (-X2—y2—22+czt2) (-X2—y2—22+czt2)
Topological TORSION 4 vector T4 = -[EXA + Bphi,AdotB] = 2xc -,
(-2 —y?—2+2)
2yc 2cz 2ct l
4" 4" 2
(=Y =Z+8) (X =y —Z+E) (¥ —y -7 +F)
Helicity AdotB = - 2¢t Z
(- =y =7 +c*P)
Poincare Il =2(E.B) = - 8¢ 7
(-2 =y —2+2)
8¢

coefficient of Topological Parity 4-form = - 2
(- =y =2+ )
Pfaff Topological Dimension PTD =4



FhkFFd K I K I I FI KR XX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hkkkhkkkkhkhkkkhkhkkkihkkkihkikkiikk

4ctz (1+¢?)

3
(_XZ_y2_22+C2t2)

Xm or linear (Mean) curvature =

Yg or quadratic (GAUSS) curvature =

42 2

3c't c2t2—30222+c2x2+c2y2—3x2+22—3y

5
(-Xz—y2—22+C2t2)

4ctz(1+ c2)
(-%—y -2 +0)
3¢?
(-2 =y~ +0)
Frkxkxkxkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH *H*skxsdkxsk

Chirality factor CH=0

Za or Cubic (Interaction internal energy) curvature =

Tk or quartic (4D expansion) curvature = -

Dfield= | 2&c(cty—xz)  4ec(ctx+yz) 2ec (¥ +y =7 +°1)
(_X2_y2_22+czt2)3’ (—x2—y2—22+02t2)3’ (-Xz—y2—22+02t2)3
Hfield:l 4(cty+xz) . 4 (-yz+ctx)
( Ry =2+ (R -2+ 0

2 (X +y? -2+ t)
(—xz—y2—22+czt2)3u]
Poynting vector ExH
:l 16¢° (X +y -2 +t) tx 162 (P +y—2+°F) ty

6 6
(-2 =y =7 +8) (- -y =7 +cf)
32c%tz (X +v°)
6
(- —y* =2 +c*f) u

Amperian Current 4Vector  curlH-dD/dt=J4
4 (yx+y +yZ+5ycftf—6ctxz) (ecipu—1)
4
(- =y — 2+ 1) u

4 (C+xy?P+x2+52Px+6ctyz) (ecPpn—1)

(—x2—y2—22+c2t2)4u

gct(2x° 42y -2 +c%t) (ec?n—1)
(—x2—y2—22+c2t2)4u

, 0



Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4
2@ +xyP—xZ+3Fx—2ctyz+2ec’utyz—2ec’uxz)
- 5
(-2 —y? =2 +c8)
_2(—3yczt2—20txz—yx2—y3+y22+2£c3utxz+2£czuy22)
5
(- =y —Z+8) 1
272y +2X +ectul +ec’uy —ec?Zpu+ectut’)
5
(-2 —y?—Z+c8)
2ec’t (3y?+3x0—2+c*t)
5
(- —y? =7 +*F)
Topological SPIN 3-form
1

:( 274 20) (2 (C+xy?—xZ+3c*tx—2ctyz+2ec’utyz
-XT—=y —7+ct) u

_28c2uxz2)&A(d(y),d(z),d(t)))
1 _ 2.2 . 2 .3 2 3
! 222220 (2(-3yct—2ctxz—yx —y +yZ +2ec putxz
(- =y =2 +P)

+2ec’uy??) &\d(x),d(z),d(t)))

N 222y +2X% +ectuxl+ecuy —ectZu+ectut?) &\(d(x), d(y), d(t))
2 2 2, 2.2\
(-X—y —Z+ct)
_ 2ecCt(3y°+3X =7 +c°F) &\(d(x), d(y), d(2))
2

5
—Z+2P)
2ec’t (3y*+3x%0 -2+ 1)

5
(- =2 -2 +38)

(- —y

Spin density rho_spin=

LaGrange field energy density (B.H-D.E) = - L 5 (4 (6 y2 A +2xX 7
(- =y =7 +c%f)

+2y222+6x2c2t2+x4+2x2y2+y4+z4—2c2t222+c4t4) (eczu—l))
ape A6 CC+2X 712y 2 +6 X C+x +2X8 P 4y +7 —2 PP + )
. 2 2 2 2.2\6
(X% —y—Z+c*F) u
D.E

et (Y Pt H2X P2y A+ 60X+ 28 Y+ -2 P A+ M)

6
(_XZ_y2_22+C2t2)



Al

- ( 2 2 12 2 2)6 (4 (Sczu_l) (2X2y2+y4+y222+9y2C2t2+X4
K-y —P+EE)

+X 2+ 9P -2 P+ 2 ))
-rho.phi =0

Poincare |  (B.H - D.E)-(A.J - rho.phi) = - L —(4(e i

(- =y =2 +c°f) u

—1) (15V* PP +3X 2 +3y A+ 15X Pt +2xX +4 Xy +2y + 7 —4 27

+3c*th)

London Coefficient LC=0

PROCA coefficient curlcurlB =

24 (3ctyxX’ +3ctyZ+7xzf 43¢ty +5 8ty +x°z+x2 +y?2x)
5
(- =y =7 +c*F)
24 (-7yzc*? +37ctx+3ctxy’ —yzxl +3ctxX’+5x—y z—y7)
5
(- =y —Z+F)

8 (2xX'+4xy+2y' —4c?7

PP+17° PP+ 17V P -+ X P+ 2 +5c* )

5
(- =y -2 +8)

Amperian Current 4Vector  curlH-dD/dt=J4
[a(y®+y +yZ+5ycftf—6ctxz) (ectpu—1)

(—x2—y2—22+c2t2)4u

4 (C+xy?P+x2+52Px+6ctyz) (ecPp—1)

(—x2—y2—22+c2t2)4u

gct(2x+2y* -7 +c%f) (ecfpu—1)
(—x2—y2—22+c2t2)4u

, 0

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

- L (8 (ec?u—1) (X +2x°y + 14X P +xy* +14xy* 2

-
(- —y* =72 +c°f) u

—x'—8xAfP+9c ' x—2ctyzxé —2cty’z—2cty +2cyz)),



- (8 (ec?u—1) (14cP Pyl +2ctxlz+14c2 8y

+2cty’zx—8cttyR+2ctx2+octtty—2txz+yxXt +2y3¢ +y —y 7)),

16 (ec?u—1)z(+y") (C+y?+112¢ +7)
(-2 —y? -7 +c2t2)7u
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

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

_[ 2XC 2ycC 2CzZ

- 4" 4 1

(-2 =y =2 +8) (- =y =2+ (-C—y -7+
2Cct

(- —y2— 2 +czt2)4
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J_torsion x B)
_ 4yc B 4xc 42t
l (—xz—yz—zz—i—c2t2)6 | (—xz—yz—zz—i—c2t2)6 | (—x2—y2—z2—|—c2t2)6
4¢°z

6
(- =2 -2 +8)

Torsion Dissipation JtorsiondotE = -

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

_|2 (C+xy?—xZ+3c?x—2ctyz+2ec’utyz—2ec’uxz)
l (=P —Z+8)
2 (-3yc?—2ctxz—yx—y +yZ+2eciutxz+2ecinys)
(—x2—y2—22+02t2)5u
272y +2X +ectul +ec’uy —ec?Zpu+ectut’)
(—x2—y2—22+c2t2)5u
2ec’t (3y?+3x0 -2 +c*t)
(—xz—yz—zz—i-cztz)5

Lorentz Force 3 vector due to Spin current SF =--(rho_spinE +J_spinxB) =



- L (4 (-y’—2ec’ut’z—2ec’utx? +2ec’ut xz

8
(- =y —Z+c*P)

—2:»:c4uy22t2+6z+:c4ut2yx2—2s,cgutxzyz—4czt2y3—3c4'[4y—2yxzz2

3.2

—|—2ctyzzx+6sc4ut2y3+28(:6ut4y—yx4—2y3x2—2y z yz4—4c2t2yx2

+2ctxlz+4 Pyl +2ctx—2ctxz)), L (4 (
(- =y =7 +cf)
—4xy2c2t2+4x22(:2t2—20ty3z—2cty23—|-2c?’tgyz—x5+6ec4ut2x3+2806ut4x

+22803ux2ty—2x3y2—2x322—xy4—xz4—4x3c2t2—2xy222—3c4t4x

—i—2z<°,(:3uy3t—|-2ec‘g’z‘g’uty—2zsc5ut‘°’y—2ec“utzxzz—2(:tyzx2

(4ct(6ecux®y’+3ec’uy’

4.2 1
+6ectut?xy?)), - TN
(-X—y —Z+ct)
+4ec2uy222+4ec4uy2t2+3802ux4+4eczux222+4ec4ux2t2+eczuz4

—2ectutrl ettt —axly -2 -2y —2xt—6x* PP —6y? P —2yY))]

Spin Dissipation J spindotE = L 3 (4c32(28ux2y2+28ux222
(- =y =2 +cf) u
+28uy222+6802ut2y2+6802ut2x2+auz4+£uy4—Zaczut222+sc4ut4—8y2t2
—8x’f+euxt))
Disspative Force 3 vector = | - L (4(2x7—i—6£c"’u2t2y3

8
(- —y* =2 +c°f)

2
+28c6u t4y—4ucztzyxz+2uctx3z+4uczt2y22+2uctxz3—2uc3t3xz
—2ycux222+2yc3ut222—14xz4c2t2+34x22c4t4—4ctyz5+803t3yz3—4c5t5yz

—4u02t2y3—3uc4t4y—2uyx222—2y30ux2—ycux4+2y303ut2—2y3cu22



—ycuz4—yc5ut4+6x5y2+6x3y4+2y6x—uyz“—y50u—18c6t6x—2uy3z2
—uyx"’—zuyg’xz—|—4c‘g’tyz‘r’su—Sc‘r’tsyzg’su—i-4c7t5yzeu—4x3y28c2uz2
+4y58c3utz—2y4eczuxzz+8y3z‘°’ec3ut+2y224ec2ux—8y3(:5t38uz
—12x3c4t2s:u22—52x3y28c4ut2—26xy4gc4ut2+1Oxy2c6t4gu-|—14xz4ec4ut2
—34x2206t4£u+2yc3ux2t2—2£c3u2tx32—23c3u2txz3+2805u2t3xz
—28c4u2y22t2+6£C4u2t2yx2+2uctyzzx—8x2y30tz+12y22202t2x

+8x2c3t3yz—4x4ctyz—2x5.<3(:2u22—8x223cty+2x324.<3(:2u—6x5802uy2

—26x58c4ut2—6x3y4ec2u+10x3c6t4eu—2xy68c2u+2xzaeczu+18cgtaxeu
—|—8x2y3ec3utz—12y2(:4t28ux22—8xzcstgeuyz+4x4ecgutyz+8x2238c3uty

—28c3u2txzy2+12x3c2t222—2x7ec2u+52x3y2c2t2+26y4c2t2x—4y5ctz

—8y3230t—1Oy2c4'[4x+8y3c3t32-|-4x3y222+2y4x22—2yzz4x+26x5czt2

—103c*t —2xP—puy +2xX° 2 —2x37Y)), - 1 (4(

8
(-2 —y?—Z+cf)

—18c6t6y+2ux3y2+2uxszz+uxy4+uxz4+x5cu—2xc3uy2t2—26c4t2yx4eu

—52c4t2y3xzeu+10c6t4yx28u—4c3txszeu—8cstx3238u+8c5t3xgzeu



—12c4t2y3822u+14c4t2yz4eu—34c6t4yzzeu—4c3txz58u+805t3xz3eu

—4c7t5xzsu—2yx4ac222u—4y3x28c222u+2yz"’eczuxz—|—2y7+4uxy2c2t2
—4ux2202t2+2ucty32+2ucty23—2uc3t3yz—6ec4u2t2x3—28c6u2t4x
+2xcuy222—2xc3ptzz2—14c2t2yz4—|—34c4t4y22+4ctx25—8c3t3xz3+4c5t5xz

—|—4p,tx302'[2+2uxy222+3uc4t4x+2x30p,ty2—2x3c3p,t'[2+2xgcp,tzz—|—xcuy4

2.2 3.2

+xcuz4+xc5ut4+520 Ty’ x +26cztzyx4+4c'[x5z+1202t2y322+80tx3z3

—10c4t4yx2—8c3t3x32—2y7£c2u+6y3x4+2yx6+6y5x2—2y3z4+2y5z2

+26c2t2y5—10c4t4y3—2yz4x2+4x2y322+2x4y22—22303u2y3t—280323u2ty

2 2 2
+22305u t3y+2£c4u t2x22+2uctyzx2—68c4u tzxyz—i-SCtxg’zy2

—26c4t2y58u+10c6t4y3eu—|—4cty4zx+12c2t2y22x2+8ctxz3y2+18c8t6yeu

—803t3xzy2—2yxeeczu—6y3x4eczu—6y5x2802u—2y580222u+2y3z4802u
+2y26802u—12c4t2yx2822u—8c3tx3zsuy2—4c3ty4zxau—803ty223xeu
+8c5t3yzzxsu—2zec3u2x2ty—2y26+ux5)),

1

—( " yz , 22)8 (4(4cstguzexz+4zy6—8£czux4z‘°’—4eczux225
-X—y —7+4+cCct)

2
—8802uy423—4ec2uy225+802x2y2c2t2—4zsczux6—4zec2uy6+405t3u ay2




+3c3tu28x4+03tu2824—2c5t3u2822—4ctux2y2—2ctux222—2ctuy222
—2c2tux222—202tuy222—2cztuxzyz—|—4zx6+8y423—|-4y225+8x423+4x225
—44x22c4t4—44yzzc4t4+12zx4y2+12zx2y4+16x2y223—c6t5u—122£c2ux4yz
—40z:ec“ux“tz—lzzeczuxzy“+44zsceux2t4—4Ozz+:c4uy4t2—|—44z:+:c6uy2t4
—16sczux2yzz3—408c4ux2t223—40£c4uy2t223+6c3tu2£x2y2+4c3tu28y222
+4c3tu23x222+4Oy223c2t2—|—4Ox2c2t223+40zy4c2t2+402x4c2t2+c7t5u28
—2ctux4—6c3t3ux2—6c3t3uy2—20tuy4+2c4t3ux2—cztux4+2c4t3uy2
—cztuy4+2c4t3u22—cztuz4—802804ux2y2t2+3cgtuzey"'))]
2c(3cty’ep+3xictep—pectZ+pectt —xC —xy* —xZ 4+ c?£x)
(—x2—y2—zz+czt2)5

*hhkkkhhkhkkhhhkkhhhkkhkhkhkkhkhhkhkhhhkhhhkiiik EN D PROCEDURE *hhkhkErAhkhkkhkhkhkhhkkkhhkhkihhihhiiiiiik

Dissipation =

> NAME:="Example 7b = Index 1 Irreversible solution EdotB < 0 (kinematic out)
Type 17;
> Holder:=(x"2+y"2+z"2-c"2*t"2)™N(4/2);

> Ax:=m*y/Holder ;Ay:=-m*x/Holder ;Az:=-c*t/Holder ;phi:=z*c/Holder;
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*alpha*(g+l*gamma),0):

kkkhhkhkkhhkkhkhkkhhkhhhkkhhkhkhhkhhkhkhhkhkkhhkhhkhkihkhkhhkihhihhhhkkihhkhhhhhkihkhihkkikik

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

2
Holder:= (X% +y? + 2 — ¢*t%)

AX = my
OC+y+7 — 2R’
m X
: (x2+y2—|-22—02t2)2
Az = - el
(xz—i-yz—i—z2—c2t2)2
o= cz

2
(X +y?+7 —c* )
Example 7b = Index 1 Irreversible solution EdotB < 0 (kinematic out) Type 1

*hhkhkrkhkkhhkhhhkdhhkhhhhhhhihhihiiiiik D if—fe renti al FO rm FO rm at *hkkhkkhkkkhkkhkikkhhkkkiikkhihkikx

(31)



*khkhkhkhhhhkhkkkkk

Action 1-form= - czd) >t my d(x) 2
(- =y -2 +8) (- =y —2+8)
B mxd(y) B ctd(z)
(R=y =2 +P0)°  (R—y -2+
4czx

Intensity 2-form F=dA = [_ :
(- =y =2 +c*t)
] (d(x)) & (d(t)) + | - m(3x2—y? — 2+ %)

3
(- —y* =2 +c*P)

4my§t
3
(- —y* =2 +c*P)
- m (X +3yY -7+

3
(- —y? =2 +c*P)

+

4myz

3
(- —y? =2 +c*P)

] (d(x)) & (d(y)) + [

4ctx 4dczy
— (d(x)) & (d(z)) + | -
(—xz—yz—zz—i—cztz)3 (—x2—y2—22—|-c2t2)3
4mxc’t dmxz
- (d(y))&A(d(t)H[
(R -y —2+E)° (R -y —2+E)°
2 2, 2.2
B 2 4CtZ 2,23 (dly)) &*(d(2)) + - Xz )’224‘3;2 +2C2t3)
(- —y* =2 +c*P) (-X—y =7 +ct)

e (Y +A+3H)

3
(_XZ_y2_22+C2t2)

) (d(z)) &" (d(1))

2czm (X +y2 —7 +c2H) L _Amxc(mcty —x2)

Topological Torsion 3-form  AMF = [ : -
(-2 —y* -2 +%F) (-2 —y* =2 +c2P)

2ctm (G +y* =2+ )

5
(- =y -2 +8)

4dmyc (mxct+yz)
(—xz—yz—zz—i—cztz)5
Amx (myz+ctx) ~ 4my(cty—mxz)
(—xz—yz—zz—i—cztz)5 (—x2—y2—22+c2t2)5
4myc (2P +7) L _Acz(myz+cetx) 4¢%t (mety —x2) ]
(%= =2 +30)  (R—y—2+380)  (R—y—F+PE)
4t (mxct+yz) N 4mxc (e +72)

5 5
2_2430) (-2 =y —Z2+P)

]&Mmmdmﬂﬂn+

]&Mmmdmﬂun+

&Md(x),d(z),d(t)) +

(-x*—y
4cz(cty—mxz)
(-2 —y* =72 +c28)

+ SJ&A(d(y),d(Z),d(t))



22, 2
Topological Parity 4-form  F\F = 16 me (c7t +2) &(d(x), d(y). d(2), d(t))

5
(- =2 -2 +8)

B R R T R R T R R R S R R S R R S R R S R R S R R T R R T S Using EM format B R R T R R R S R R S R R S R R S e R S e R T R R P e
*khkk

E field = 4c(mcty —xz) ___4c(mxct+yz) . 4c (PP +7) ]
(_Xz_y2_22+czt2)3’ (—Xz—y2—22_|_c2t2)3 (_XZ_y2_22+C2t2)3

B field = | - — 4 (Cty—mxz) a(myz+ctx) _2m (X 4y -7 +cF) ]
(-Xz—y2—22+c2t2)3, (-Xz—y2—22+c2t2)3’ (_XZ_y2_22+C2tz)3

Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = |0, 0, 2czm .,
(- =y —Z+PP)

_ 2mct
(-2 —y—2+B)’

Helicity AdotB = 2mct !
(- -y —Z+cP)
22, 2
Poincare Il =2(E.B) = 16mc (C 47 ) :
(- =y =7 +P)
22, 2
coefficient of Topological Parity 4-form = 16mec (¢t +7)

5
(- —y? =2 +c*t)
Pfaff Topological Dimension PTD =4

FhFFF A A I I I IR KX XAXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hhkkkhkkhkkkhkhkkkhkhkkkhkikkhkikkik

Xm or linear (Mean) curvature = 4ctz(c—1) (1+¢)

(-x2 —y?

3
— 7 +c2P)
Yg or quadratic (GAUSS) curvature

_ 3c4t2+m2c2t2—3(:222—i—c2x2—|—c2y2—|—3m2y2—|-3m2x2—m2 :

4
5
(- =y =7 +*F)

Za or Cubic (Interaction internal energy) curvature

4mfctz(c—1) (1+¢)
(¢ —y?

7
—Z+2P)
. . 3m*c?
Tk or quartic (4D expansion) curvature 3
(- —y? =2 +c*t)
*kkkhkkkhkikhkkikk

Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH *xkrskrskrkrsk

Chirality factor CH=0



D field = | —+Ec(Mety =x2) 4ec(mxcttyz) sec (e +7)
B 3’_ 3’_ 3
(R =P —2+38)° (R—P—2+38)} (-R—P—2+PD)
H field = | - — 4 (Cty—mXxz) 4 (myz+ctx)

3 3
(- =y —2+8) u (= =72+
_2m(x2+y2—22+02t2)
3
(- -y =7 +cf)

Poynting vector ExH =

2

(8c(m®XPct+cty’m’x—m’xzZct

1
6
(- —y* =2 +c°f) u

+mxcCe+myz+my z+myZ+3myzclt+2cx+227¢tx)),

1
6
(- =y =7 +c°f)

(8c(2cy—3mxzc®P+2ctyZ —mxzZ +ctx’m’y

+micty’ —mPyZet+mcty —mxz—mxzy?)),

16 ¢tz (M’ y? —x° + M’ x* —y?)
6
(- =y =2 +cf) u
1
4

Amperian Current 4Vector  curlH-dD/dt=J4 =
(- —y* =2 +c*f) u

(4 (-myx

—myg’—myzz—5myc2t2—6ctxz—|—sc2umyx2—|—sc2umy‘°’+ec2pmyz2

1
4
(- —y* =72 +c°f) u

+5ectumytt—6ec’utxz)), - (4 (-mx® —mxy?

—mx22—5c2t2mx—|—6ctyz—|—eczumx‘°’+ec2umxyz+ec2pmxzz+58(:4ut2mx

+6ec’utyz)),

Cgct(-2X¥ -2y +7 -l +ecfu +ec’py’ +4ec’ S u+2ecut)
(—x2—y2—22+c2t2)4u
i 8ecz(¥+y+2+5c°F)
(—x2—y2—22+c2t2)4




8ecz (X +y+7+5c°t)
(=Y —2+ c2t2)4
divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4

Amerian charge density  divD =rho= -

= L (2 (M3 +m?xy? —mexZ +m’xc?+2ctmyz
(_)(2_y2_22_'_(:2t2)5u

+2cftx+2ecdzumty —2eciuxz)), - ; 12 5 (2 (-2yc*t
(- =y =2 +cf)

+2ctmxz—mlyxe —m’y +miy 2 —miy ¥ +2ecdzumxt+2eciuy?)),

47 (-myy—m*x+ectntrectZu) dect(myP+m*l + P +7)
5 ! 5
(2= —2+8)° (2= — 2 +0)

1

5
(- —y* =2 +c*t)

Topological SPIN 3-form= (2 (M3 +mPxy?> —m?x 22 + m?x c?
+2ctmyz+2c?x+2ecdzumty —2ecuxz?) &\(d(y),d(z),d(t)))
+ L : (2 (-2yc?t+2ctmxz—mlyxe —m’y’ +m’y 7

(- —y* =2 +c°f)

—mPycP P +2ecdzumxt+2eciuy ) &\(d(x), d(z),d(t)))

4z (-mPyY P tectut+ec® A p) &Md(x), d(y), d(t))
2

(-x2—y —22+c2t2)5u
dett(m Y +mi K PP +7) &Md(x), d(y), d(2))

5
(_Xz_y2_22+czt2)

dec’t (My? +mP X%+ 2t +7)

Spin density rho_spin= 5
(- —y? =2 +c°P)

LaGrange field energy density (B.H-D.E) = - L —(4(-4 Y 'as
(- =y =7 +c%f)
—2m2x222—2m2y222—4x2c2'[2—m2x4—2m2y2x2—2m2x2c2t2—m2y4—2m2y202t2
—m224+2m202t222—m2c4t4—|—4mzyzac‘lutz-|—4ac2ux222+4m2x2(+:c4ut2
taectuy’Z+aectut' +8ectutt A +4ec’ndt))
1

B.H= -
(- —y* =2 +c°f) u

(4 (4P +2m 2 +2m* 2+ 4 2 +m* X



+omt 4 2m e +mlyt o mP P P+ mt  —2mP P A +mPctt))
DE- 16ec® (MY P+ 2 +m* P+ 2+t +22 872+

6
(- =2 -2 +8)

AJ= — 12 . (4 (2222 -4 -4y —m*x* —m?y* —2c* ¢
(-X—y =7 +ct) n

—|—m2y4z+:czu+mzx“eczu—mzxzzz—m2y222+2mzyzsczp,txz+m2y2z+:c2uz2
+5m2y28c4ut2+m2x28c2u22+5m2x2804ut2—2m2y2x2+4806ut4+2804uy2t2
t2ectpt+8ecpfZ —5m X Pt —smy? P t))
8¢°7e (¥ 4y +2+5c°t)
6
(- =y —2+c* )
Poincare |  (B.H - D.E)-(A.J - rho.phi) = - L —(4(2 s
(- =y —Z+c*P)
—8x2c2t2—8y2c2t2—2m2x4—2m2y4—m224—2c4t4+m2y4ec2u+m2x4eczu
—3m2x222—C’amzyzzz—mzc‘lt"'—i-zmzyzeczuxz—I-mzyzeczuzz—|—9mzyzec“ut2
—|—m2x28c2uz2—i—9m2x2ssc4ut2—4m2y2x2—|—6ssczuz"'—|—8£c6ut4—|—2ec"’uyzt2
+6£czux222+6£c2uy222+2ec4ux2t2+26£c4ut222—7m2x2c2t2—7m2y202t2
+omt P EA))

-rho.phi = -

London Coefficient LC=0
PROCA coefficient curlcurlB
1

- 77 22)5(24(—mxg‘z—mxz3—i—3ctyx2-1—3cty22—i—3cty3
X —y =7+t

+5¢ 8y —mxzyP —7mxzc?)),

24 (my’z+myZ +37ctx+3ctxy’ +3ctX +5Ex+myzxX’ +7myzc’ )

5
(_Xz_y2_22+c2t2)

1
(- =y -2 +8)

5 (8m(2x*+4x°yV +2y  —4 PR +17X° PP+ 17y 2

—z4+x222+y222+5c4t4))l

1
4
(- —y* =2 +c*f) u

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

(4 (-myx?




—my3—my22—5myc2t2—6ctxz+eczumyx2+eczumy3+£c2umyzz

1

(4 (-mx® —mxy?
(—x2—y2—z2+c2t2)4u

+5ectumytt—6ec’utxz)), -

—mx22—5c2t2mx—|—6ctyz—|—eczumx‘°’+ec2umxyz+ec2umxzz+58(:4ut2mx

+6eciutyz)),

i sct(-2X -2y +7—c*t+ecful+ectuy’ +4ectZu+2ec utd)
(—x2—y2—22+02t2)4u
i 8ecz(¥+y +2+5c°F)
(—x2—y2—z2—|—c2t2)4

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

S ¥ 12 . (8 (-8xy* P +4xAc?P+4ec nt?x’ +8ec’uttx
(-X—y —Z+ct) u

—i—6<°,c4um2x3t2—|—sc2um2xy4—eczumzxz“—|—58c6ut4m2x—2mctyzx2

2.3 2.2 4.4 2

+6mzsc3ux2ty+2802um2x3y2—6m -5ttt mex —mP X

+6ec4um2xy2t2—4ec4um2x22t2+6mzecsuy3t+6mec323uty—6mzecsut3y
—8x3czt2—4c4t4x+4eczuy2x22+36:+:c4ut2x22+4ec4ut2xy2-|—4aczux3z2

—|—4sczz4ux—2mcty‘°’2—2mctyz‘g’—|—2mc3t‘°’yz—6m2xy2(:2t2—|-4m2x22c2t2

+ectum’x +m?xzt —m?xy* —2m*x*y?)),

_( -7 22)7 (8 (2ctmxzy* +ec’um’yx* +2ec’um’y’ s’
X =y —z+CtU) u



—i—6<°,c4um2y3t2—sc2um2y24—i—58c6um2yt4—6m2y3c2t2—5mzyc"'t"’—mzy5

—|—4(+:czf,ty22x2-|-36ec4uy22'[2+4ec4;,t'[2yx2—m2yx4—2m2y3x2+m2yz4

—8c2t2y3—4c4t4y+4ec2uy322—|—4ec2uyz4+4ec4ut2y3+88(:6ut4y

—603teuy2mxz+2ctmx3z+2ctmxz3—2c3t3mxz—6m2yx2c2t2+4m2y22c2t2

+eczum2y5—8c2t2yx2+402t2y22—6c3teux3mz—6cgtezsumx+605t38umxz

1
Z

> 2 2. 2.2 (162
(-X—y —Z+ct)

+6ectum’y it —dectum’yZ¢)), -
—6X202t2—6y2c2t2—m2x4—m2y4+m2y48(:2u+mzx4eczu—mzxzzz—m2y222
—|—2m2y28c2px2+m2yzec2u22+5m2y28c4pt2+m2x28c2p22+5m2x23c4ut2
—2m2y2x2+2802uz4+loecGut4—4sc4uy2t2+2802ux222+2£czuy222
—dect it +12ectptZ —sm et —smy i) |
Amperian Dissipation JamperedotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 =-[ExXA + B.phi,AdotB] = [O, 0,

2¢czm 2mct

4 4
2—22+02t2) (—x2—y2—22+02t2)

(-x*—y

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsionxB) = [

- 7 7 7
(- =y =2 +8) (= =2 +Pf) (- =y =2 +P)
8c?mz (®t? +7)

-

(- =y = +c°)

gcn? (PP +72)y gcm? (2 +7) x smc’t (2 +7) ]

Torsion Dissipation JtorsiondotE =

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



= L (2 (m*x +m*xy> =P xZ + mPxc?+2ctmyz
(—x2—y2—22+c2t2)5u

1
(—x2—y2—22+c2t2)5p

+2cftx+2ecizumty —2ectux?)), - (2 (-2yc*t

+2ctmxz—miyx* —m?y} +mPy A —mPy 4+ 2ecizumxt+2ecipy?)),

’ 2

Az (-mPy—m X Hectuftectfy) dect(my +m X+ +7)
5
(-Xz—y2—22+C2t2) m (_Xz_y

5
—Z+2P)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = l

- L 5 (am(-2mfyx*Z —2ctmxzy’ +4ecpum’y* ¢

(- -y =7 +cf)

2yg’cztz—mzyc‘lt‘l—m2y5—i—2s:c2uy22x2+108(:4uy22t2—m2 2y X

—2m yx4—2myx

—m2yz4—2m2y322—2c2t2y3—2c4t4y+2£c2uy322+28c2uyz4+4806ut4y

—2c3tsuyzmxz—2ctmx‘g’z—z(:tmxz‘°’+2c3t3mxz—2mzyx2(:2t2—|-2m2y22(:2t2

—202t2yx2+2c2t2y22—2cgtsux3m2—203tsz3umx+2c5t3sumxz

1
8

(2 _ricD (am(-2m*xy? 2 —2xy*c* ¥
-X =y —z+ct) pu

+aectumlyxit)),
+2x2202t2+4ec6ut4x+4ac4um2x3t2+2mctyzx2+2mzec3ux2ty

2.3 .2

—2m X c t2—c4t4m2x—m2x5+4ec4um2xy2t2+2mzecguy3t+2mec3z‘°’uty

2.3.2 32,2

—2mzsc5ut3y—2m X"Z"—=2xct —2C4t4x—i—2£czp,ty2x22+10£c4ut2xz2

—|—28c2ux‘°’22+28(:224ux—i—2m(:ty?’z—i-zmctyz‘g’—chg’t‘g’yz—Zm2xy2(:2t2



+2m*x 2 —mix —mixyt —2m?x*y?)),

1

T (8ct(2m’yec'ntt+2m’xlectutf +2ec’utt
(-x—y* =2 +f)

Jr4.<3c4ut222+2£c2uz4—2m2y2x2—m2x222—m2y222—2x202t2—2y2c2t2
—m* P —m X —mE X P — Py F2e Pl +2ectuy’?)) |

Spin Dissipation J spindotE = L s—(8cz(2 m?y’ectut®

(- =y =72 +c°f)
+2m2x2s:c4ut2-|—2ecsut"'—i—4ec4utzz2—|—28c2uz4—2mzyzxz—mzxzzz—m2yzz2

—2x202t2—2y2c2t2—m2y202t2—m2x4—m2x2c2t2—m2y4+28czp,tx222

+2ectuy’?))

Disspative Force 3 vector = | - L (4 (18 HttmPxZ—8ec? uxs 7

8
(- =y =7 +c*f) u

—16gczuxg’z“—88c226ux—i—4mcty52—i—8mcty323+4mcty25—8mc3t3yz3

—i—4mcg’t5yz—8x2c3'[3myz—72x3c4t23u22+4y2c2t2m2x22—2msz‘z»:czuz2

—10m2x5ac4ut2+2m2x3z4sczu+2m2x3aceut4+2£czu26m2x—64ac4uz4t2x
522 2 3 4.4 2

+10808ut6m2x—8£c6uy2t4x+56806ut422x+2m2x7+10x ct'm —2x'c't'm

—8y2c4t4x—16ec“utzxsyz—6eczumzx?’y“—zeczumzxye—4m2x3sc4uzzt2

—4mzyzxseczuzz—|—6s:c"’uz4m2xt2—128(:‘°’u25tmy—18s:c6ut4m2xz2
2.3 .4

—123c7ut5myz—24ec3uy3z3tm+24ec5ut3z3my+2mzxy6—2m Xz

—2m2x26+24y3c5t3£zum—72yzc4t28ux22—2m2y4sczux22—10m2y4£c4ut2x



+2mzyzzzlsczux—zomzyzs,c“ux3t2+2m2y2.<3c6ut4x—m3uy5+6m2x3y4

—8c6t6x—|-16x‘r’c2t2—6mzxz"'cztz—Zeczumzx7—2m‘g’uyxzzz—Zm?’uy%zt2
—msuyc“t“—Zmucztzys—zmuc4t4y+2c‘r’mzyut"'—Zcmzy‘g’uzz—Zszyuz4
—|—20x3c2t2m2y2+4x3c2t2m2z2+1Oy4c2t2m2x—2y2c4t4m2x—8y3c3t3mz
—i—16:+:csut6x—8£c6ux3t4—12mzs:cgux“ty—24mzz»:c3ux2ty3

3. 2.3 .2 3.2 2.2

my ut"+32x"y ct 3PP —8xt Pt

2
—2m2u cgteyzxz—Zc +16xy4c2t2+8xzct

+16xzzc4t4—1006t6m2x—2m2xz4y2+2m2xy4zz+4m2x3y222—m3uyx4
—2m3uy3x2—m3uyz4—2mg’uy‘g’zz—Zmzuctxzyz+2muzeczyzzx2
—|—1Omu28c4y22t2—2mzuzcgtsxgz—zm2u2c3t823x+2m2u205t38xz
—i—4m3u2£c"'yx2t2—12mzssc?’uyst—i—4mctyzx4—|—8mcty3zx2—|—8mcty23x2
—6802um2x5y2—16£czuy2x322—8802uy4x22—16aczuy2x24—8£c4ut2xy4
—|—4m3uzac4y3t2+2mu2802y322+2muzsczyz4+4mu2806t4y—2mzuctx3z
—2mzuctxz3+2m2uc3t3xz—2mSLLyx2c2t2+2m3uy22(:2t2—2mucztzyx2

—|—2mucztzyzz—2c‘g’mzyuxztz—2cmzyuxzzz+8xy2(:2t222—8s:c4ut2x5



—24803ux223tmy+2m2x522—8x3c4t4+24x205t3szumy—4m2y2804u22t2x

+6m2x5y2)), - (-x2—y2—122+c2t2)8u (4 (—4(:5t5mxz—28c2um2y7

—|—8c2t2yx222+2m?’uxy222+2mgux3c2t2+m3uc4t4x+2muxgcztz-l—zmuc4t4x

2
+2c3m2x3ut2—2c5m2xut4+2cm2x3u22+20m2xuz4—2m2p zecsxzty
+2806ut4ym2x2—2405t3mx3zau+24c3tmx323£u—24c5t3mxz3au

2.3 4.2

+12c3tmx258u+12c7t5mxzeu—72c4t2yx2322p—4m y’c't ezzu

—18m2yc6t4ezzu—4ec2uy3zzx2m2—Zsczuyzzx"'mz—20804ut2y3x2m2
—1Oec4ut2yx4m2—|—6m2y24ec4ut2+2£Czuyz4m2x2+l8 mzyc"'t"'22—6m2yz4c2t2
—88C2p,y522—16802}ly324—8802},Ly26—88C4ut2y5—4CImXSZ—8CthSZS
—4ctmx25+8c?’tsmxzs—8<c,c2uyzzx4—16:5c2uy322x2—16:5c2uyz4x2
—8804ut2yx4—16ec4ut2y3x2+2muxyzcztz—Zmuxzzcth—4mu2806t4x
—4m3uzec4x3t2—2mu28c2x322—2muzsczz4x—2mzucty3z—2m2uctyz3
+2m2uc3t3yz+2m3uxy2c2t2—2m:guxzzcztanZc3m2xuy2t2+2cm2xuyzz2

—|—6mzy‘r’xz—i—Zmzy‘r’zz—i-Zm2yx6+6mzy‘g’x‘l—Zmzy‘g’z“—Zm2yz6+16c2t2y5



—8c6t6y+m3ux5+10 02t2y5m2—2c4t4y3m2—8x2c4t4y+12 CSteux5mz

—2mzuctyzx2—4m3uzec4xyzt2—2m2u228c3y3t—2mzuzecgzgty
+2m2u228c5t‘°’y—2muzeczyzxzz—10muzec"'tzx22+2m2y7—8c2t2yz4
+2m3ux3z2—i—m3uxz"'-|—m3uxy4—i—2m3ux3y2—80tmx32y2—4ctmxzy4

—80tmxz3y2—2sczumZyXG—6z+:c2um2y3x4—Gsczumzyg’xz—10mzycﬁt6

2.3.2.2

—|—2m2yx422+4myxz—2m2yz4x2+32c2232 2Py A

'y’ x"+8ct'y'z +16c4t4yz2

+16c2t2yx4+12c3teuy4mxz+20c2t2y3m2x2—8c6t4y3eu—2c4t4ym2x2

+16c8t6yeu+10c2t2yx4m2+4c2t2y322m2+8x303t3mz—8c6t4yx28u

2.3.6

+4c2t2y22m2x2—64c4t2yz4eu+8y2c3t3mxz+24cgteuy2mx32+2m y'c t4eu

4.2 3

+1Om2yc8t6£p—10m2y58c4ut2—2m2y5£c222u+2m2yzeec2u—72c ty 822;1

+5606t4y822u+28c2uy3z4m2—24c5t3mxzy2£u+24c3tmxz3y28u

—4ac4uy22t2m2x2—8y3c4t4)),— L : (8(82804ux4t2

(-2 —y? =2 +cf)
—28zecGux2t4+8zec4uy4t2—28zeceuyzt"'—zzmzxaeczu—ZZmzyaeczu
—|—16zm2yzx2(:2t2—Seczuxzyzzg—12£c4ux2t223—128c4uyzt223—4m2x4e(:223u
—4m2y4eczz3u—16zmzyzec‘luxztz—12zx204t4—122c4t4y2+12y223c2t2

—|—12x202t223—|-62m2x4y2+62m2y4x2+8m2x223y2—4:»:c2uz7+122y4c2'[2

2
+12zx4czt2—207t5u z+:—i—203t3ux2+2c3'[3;,ty2—mcﬁtg’u+2zm2x6-|-22m2y6



2.5

+4m2x423—|-4m2y423+2m2x225+2m2y225—2m2x 4 eczu—Zmzyzz‘r’eczu
2 2
—2c5t3u m2y28—2c5t3u mzxze+2ctumzyzxz+ctum2x222+ctum2yzz2

2 2
—2c3tu ex222—2c3tu .<3y222—chztuxzzz—chztuyzzer162.<3c4ux2y2t2

—8m2x223ec2uy2—8m2x223ec4ut2—8m2y223ec4ut2—62m2x4ec2uy2
—82m2x4ec4ut2—6zm2y4ec2ux2—8zmzy“ec‘lutz+lozm2y2:»:ceut4

+10zm2x2ec6ut4—4ec2ux4z3—8ec2ux225—4eczuy4z3—83c2uyzz5
+8m2X223C2t2+8m2y22302t2—208c4p,25'[2+48C6ut423+24ZX2y202t2

—|—82m2x4c2t2—i—8zm2y4c2t2—i—2028c8ut6—1Ozm2x204t4—102m2y2c4t4

2 2
—4c5t3u 822—2C3'[}.L ez4+c3t3um2y2+ctum2x4+c3t3um2x2+ctum2y4

+mc4t3ux2+mc4t3uy2+m02tuz4>)]
1

Dissipation = - s(dec(-2x'z—4y’¥z1—4x -8 ¢ X2

(- =y -2 +8)

—2y4z—4y223—8y2c2t22—225—8(:thzg’—|—1OZc4t4—ctumzyz—ctumzx2

—Eeu—ctud))

khkhkhkhhhhkhkhkkkhkhhkhihhhhkhkhhiiiiix END PROCEDURE khkhhhrhkhkhkhkhkhkhrrrrhhkhkhhhiiiix

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

p=2, n=4

> NAME:="Example 8a Index 1 Irreversible solution EdotB >0 (kinematic out) Type

27;

> Holder:=(x"2+y"2+z"2-(c*t)"2)"(4/2);

> Ax:=c*t*1/Holder;Ay:=-z*1/Holder ;Az:=y*1/Holder;phi :=+x*c*1/Holder;
Then call the procedure JCM(A1,A2,A3,phi,a,b,c,e,p,N,H,chirality,sigma)

> JCM(AX,Ay,Az,ph1,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

B o R R AR R S A e o R S S e R R R R R AR R S A R R R A R e e

NAME := Example 8a Index 1 Irreversible solution EdotB >0 (kinematic out) Type 2

2
Holder:= (X +y? + 7 — ¢* t%)

AX = ct
o 2
(C+y?+7—c*)

Ay = - z

2
(C+y +7 )

(32)



Az = y 7
O +y* +7 —c*t)
XC
(P 4y +7 —cztz)2
Example 8a Index 1 Irreversible solution EdotB >0 (kinematic out) Type 2

FhAkAAAkAAhkAAhkArAhkhkrhkhkrhkhkihhkihikiiiikx D iﬁe renti al Fo rm Fo rmat *khhkkkhkhkkkhkhkkkhkikkhkikkikikikk

0:=

*kkkkhkkhkhkkkikikk
Action 1-form= - xcd(t) + ctd(x)
2 2
(_Xz_y2_22+c2t2) (_XZ_y2_22+C2t2)
zd(y) n yd(z)

2 2
(- =y =7 +c*F) (-2 =y =7 +c*F)
c (38— -2 +c%t)

3
(-2 -y =7 +c*FP)

Intensity 2-form F=dA = (_

2 2 2.2
N c(X2+y22+22+32c2t3 ) d(x)) & (d(1)) +[_ : 4sz —
(-X—y =7 +ct) (- —y* =2 +c*P)
4cty dctz
- (d(x))&ﬂ(d(y>>+(—
(—xz—yz—zz—i—cztz)3 (—x2—y2—22—|-c2t2)3
4yX 4xcy
+ (d(x)) & (d(z)) + | -
(—xz—yz—zercztz)3 (—x2—y2—22+c2t2)3
2 22 2 22
B 2 4zc2t — (d(y)) & (d(t)) + x2 y +32z +202t3
(- —y* =2 +c*P) (- —y* =2 +c*P)
2 2, 2.2
+ X2+3f ZEEL ) (diy)) & (d@) + | -
(- —y* =2 +c*P) (-xX—y =7 +ct)
4yc2t
+ (d(z)) &* (d(t))
(—x2—y2—22—|—c2t2)3

4xc(cty+xz) +ch(—x2+y2+22+c2t2)
5 5
(-2 =y =7 +c*F) (- -y =7 +c*f)

Topological Torsion 3-form  AMF = [

4¢%t (Ctz+yX)
(—xz—yz—zz—i—cztz)5

47 (ctz— 2ct (X +y + 2 +EF

2”‘3 Zzyx)zzs + £8 (2X ZVZZZ 2‘;5) &MNd(x), d(y), d(2))
(- =y —Z+E) (-x"—y" =2 +c°t)

4czt(cty—xz) I 4xc(ctz—yXx)

5 5
(-2 =y — 2 +P) (-2 =y~ +3P)

4y (cty+x2)
(—x2—y2—22+c2t2)5

&Md(x), d(y), d(t)) +

+



_2yc (X +yY+A+PE)

5
(- =y -2 +8)

4yc(ctz+yXx)
(—x2—y2—22+c2t2)5

J &7 (d(y), d(2), d(1))

&M(d(x),d(z),d(t)) +

__dzc(cty—x2) _ 2xc (- +y + 2 +c* 1)
( Ry =2 +8)  (R—y -2+ E)

8 c&MNd(x),d(y),d(z),d(t))
(—x2—y2—22+c2t2)4

B R R R R R o e R R R S R R R R R R R R S R R R R R R R USIng EM format khkhhhrhkhkkhkhkhkhrrrrhhhhhhkhiiiix

Topological Parity 4-form  FF =

*kkk

Eﬁeld_l2c(—x2+yz+22+(:2t2) _ _dc(ctz4yx) 4c(cty—x2) ]
= 3 3" 3
(-2 —y* = +c2P) (- =y =2 +8) (- —y—F+2P)
Bfie|d_[2(_X2+y2+22+(:2t2) 4 (ctz—yX) ) 4 (cty+xz) ]
= 3 3" 3
(_XZ_y2_22+C2t2) (_Xz_y2_22+c2t2) (_Xz_y2_22+c2t2)
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = | - 2xc -,
(- —y* =2+ )
) 2yc ) 2cz ) 2ct l
47 47 4
(- =y =7 +c*F) (- -y =7 +c*f) (- -y =7 +c*F)
Helicity AdotB = 2ct .
(- =y =2+ )
Poincare Il =2(E.B) = 8¢ 2
(- —y* =2 +c*P)

8¢
(-2 —Z+28)
Pfaff Topological Dimension PTD =4
FrkFkFFFIFFAF AR I *X** Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkkkhkkhkkkhkhkkkhkhkkkhkikkhkikkik

coefficient of Topological Parity 4-form =

detx (1+c?)

3
2_2438)

Xm or linear (Mean) curvature =
(- —y
Yg or quadratic (GAUSS) curvature =
czt2—3c2x2+c2y2—|rczzz-|—x2—3y2—3z2

5
(- =2 =2+ 1)

3¢t —

4dctx (1+c2)

7
(- =2 -2 +38)

Za or Cubic (Interaction internal energy) curvature =



3¢
(-2 =y~ +0)
Foreosrx Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ***x*kxkxkx
Chirality factor CH=0

Tk or quartic (4D expansion) curvature = -

D field = 2ec (- 4y +2+cP) _dec(ctz4yx) dec(cty—xz)
(—x2—y2—22+02t2)3 | (—x2—y2—22+(:2t2)3, (—xz—yz—zz—i-cztz)3
Hfield:l 2 (- 4+ +2+21) 4 (ctz—yx)
(—x2—y2—22+c2t2)3u’ (—x2—y2—22+c2t2)3u,
4 (cty+x2)
(—xz—y2—22+czt2)3u]
32c2tx (2 +v°) 167 (-2 4+ + 242 8) ty

Poynting vector ExH =

(—x2—y2—22+c2t2)6p’ (—xz—yz—z2+c2t2)6u

16¢° (- +y?+2+ 1) tz
(—x2—y2—22+c2t2)6u
Amperian Current 4Vector  curlH-dD/dt=J4
gct (- +2y+2724+c?) (ecu—1)
(—x2—y2—z2+c2t2)4u
4(Cz+y7+72 45262 +6ctyx) (ecu—1)
(—xz—yz—22+czt2)4u

4 (y+y +yZ+5ycPt—6ctxz) (ectpu—1)

2 2 2, 224 0

(-X—y —Z+ct)
Amerian charge density  divD =rho=0

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

2x (27 +2y" —ePul+ectuy’+ectZu+ectut)

Topological SPIN 4 vector S4 = :
(- —y* =2 +c?f)

2(yf -y —yP -3yt —2ctxz+2ec’utxz+2ec’uyx’)

)

5
(- —y* =2 +c*f)
2 (32 —2ctyx—xXz+yz+7+2ec’utyx —2ec’ux’z)
5
(- —y* =2 +c°f)




2ec?t (PP —x+3y*+37)
(-2 —2+328)°
Topological SPIN 3-form
_2x (22 42y —e?px+eciuy’ +ec’ Zutectut’) &\d(y), d(z), dt))
(—x2—y2—22+02t2)5u

(2 (y2—y —yZ -3yttt —2ctxz+2ec’utxz

1
(—xz—y2—22+c2t2)5u
+2ec?uyx?) &\(d(x), d(z),d(t)))

+ L c (2 (32 —2ctyx—xz+yz+2+2ec’nutyx

(- —y* =2 +c°f)
—2ec’uxz) &Md(x), d(y), d(1)))
C2et (PP X +3y° +37) &\(d(x), d(y), d(2))
(—xz—y2—22+c2t2)5
2ec?t (PP —x+3y*+37)

5
(- =2 -2 +8)

+

Spin density rho_spin=

LaGrange field energy density (B.H-D.E) = - L — (4 (X" +2x°y

(- =y =7 +c%f)
2 +yt 42y A6yt + et + M) (ecfn—1))

2Pty r2yv A ey P+ F 6P A+t

6
(-2 -y —2+2)°u

+2x222—2x

BH= 4 (x* 250y 425272 —2x

D.E
et (X2 2t -2ty 2V A+ 6V PR+ 6 PP A+ )

6
(_XZ_y2_22+C2t2)
AJ

:( — 12 2)° (4 (ecu—1) (-2 +9y* P+ 9287
-X =y —74+cCct)

F2ctt +x2 2 42y 2+ 3P +yh)
-rho.phi =0
1
(—xz—yz—zercth)Gu
+3XY 3L —A4X 2y +ay A+ 15y PP +2 +15° A +3c" )
London Coefficient LC =0

Poincare | (B.H - D.E)-(A.J - rho.phi) = - (4 (ec?p—1) (x*




PROCA coefficient curlcurlB =

_ v L P (B (X Xy +2y 4170 —axX P+ 17y P
X —y =7 +ct)

+2+ P +ay P +5c4t)),

24 (-yxZ2+3ctxXz+3yzct—7yxc’ P —yxX —y’x+3ct2+5ct22)

5
2_2430)

(-x*—y
24 (3ctyX’ +3ctyZ+7xzc 43¢ty +5 Pty +x° 2+ x2 +y*2x)

5
(_Xz_y2_22+czt2)

Amperian Current 4Vector curlH-dD/dt=J4
_ gct(-x+2yP+272+c%f) (ec?n—1)
(—x2—y2—22+c2t2)4u
4 (Pz4+y 1+ +528 ¢ +6¢ctyx) (ec?u—1)
(—x2—y2—22+c2t2)4u

4 (yxX+y +yZ+5ycftt—6ctxz) (ec?p—1)

(2 2 2 2.2\4 0
X =y =7+ t) 1

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

16 (ec?u—1)x (Z+y°) (P +y?+112 2 +7)
(—x2—y2—zz+czt2)7u

- L - (8 (ec?u—1) (-yx* =82y +y’ +2y3 2+ 142 £y°

(- —y* =2 +c°f) u

+yt 14ty +octtty+2ctdz+2ctyizx+2ctx’—2c38xz2)),

- L — (8 (ec’p—1) (-8° X z—2ctyxX’ + 14y’ c°t'z

(- =y =2 +cf) u

—2cty’x+14cPe R —2ctyxZ+ 9zttt 2l Cyx—xtz+yti+ 2y P+ 7))

Amperian Dissipation JamperedotE =0
Lorentz Force Spin factor LFSPIN=0



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

B 2xc B 2yc B 2cz
4" 4" 4"
(¥ =y =Z+F) (=Y —7+F) (X =y -7 +0)
2ct

4
(- =y =2+ )

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion xB) = [

) 4c*t 4zc ) 4yc ]
6 : 6
(-2 =y =2 +8) (- —y—F+P) (-2 —y* = +2P)
4c%x
Torsion Dissipation JtorsiondotE = 5
(-2 =y =2 +*F)

Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD]
_ 2x (22 42y —ecfudl +ectpuy’ +ec?Zu+ecint)
(—x2—y2—22+02t2)5u
i 2 (y—y}—yZ -3y —2ctxz+2ec’utxz+2ec’pyx’)

(—xz—yz—zz-i—cztz)su
2(3z*%—2ctyx—xz+y 2+ +2ecCutyx—2ec?nx’z)
(—xz—y2—22+02t2)5u
2ec’t (PP —x*+3y*+37)
(—x2—y2—22—|—c2t2)5

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

1 4 2.2 4 2.2 4 22 6 .4
iy 7+ 2t2)8 (4ct(-2ecuxt+4ec py t“+4ec ut'z +ec’ut
-X"—y " —7 +cC 1)

+eczux4+4ec2px2y2+4eczux222+3802uy4+68c2uy222+3ec2uz4—6y2c2t2

2.2 2 2 2 4 222 o4
20 —ay? P -2 -2yt —6 Pt —27Y)), ; g
( Y —7Z+c)



—3zc"’t“—4c2t22‘0’+2803utyx22—i—6<°,c4ut2yzz—2<°,c4ut2x22—2y2x22—2ctyx3
—2cty3x+2c3t3yx—25+6£C4utzz3+22806ut4+2£c3utyx3+2£cguty3x

—2805ut3yx—4y202t22+4c2t2x22—20tyx22—y4z—2y223—x4z—2x223))

1
8
(- =y =2 +cf) u

Jr6.<3c4uy22t2—2.<3c4ut2yx2—2ec:;utxzyz—4czt2y3—3c4t4y—2yxzz2

(4(-y—2ecutx’z—2ec’utx2 +2ec’ut’xz

—|—2ctyzzx+6sc4ut2y3+2ECGut4y—yX4—2y3x2—2y322—yz4+4c2t2yx2
+2ctxlz—4acfCyr+2ctx—2ctxz))]
Spin Dissipation J spindotE = L g (acx (-8y* P —817
(- =y =7 +cf)
—2802ut2x2+ac4ut4+eux4+2£uy2x2+8uy4+2£uy222+6aczut222
+6eclutfy +2eulZ+end))

1
8
(- =y =7 +c*f) u

Disspative Force 3 vector = | - (4 ( ~4ec? ux5 7 —8ec uxg 7'

3 4.2

—4ec226ux—40x ct euz2—40£c4uz4t2x+44ec6py2t4x+44ec6ut4zzx

2.3.2

2
+16y" Xz +12y4x22+12y2xz4+c7t5u 8—603t3uy2—44yzc4t4x

—40£c4ut2x3y2—2ctux222—4ctuy222+4x5y2+8x3y4+4x522+8x324+426x
2
—80y2c4t28ux22+4c3tu sxzyz+4xy6—4.<302ux5y2—8sczux3y4—4x.<3(:2uy6

—i—4c‘r’t‘°’u28y2—i—cg’tuzex4+3cg’tuzey“—Zctuxzyz—l-z(:Ztuxzyz—i-Zthuyzz2

2
—2c5t3u axz—|—2(:Ztuxzzz—|—40x3’y2(:2t2—i—40xy4c2t2+4Ox322c2t2+4Oxz4c2t2



2 2
—44xzzc4t4+403tu ex222+6c3tu 8y222—16802uy2x322—12802uy4x22

—12£c2uy2xz4—40£c4ut2xy4+8Oxy2c2t222+4c5t3u2822+303tuzez4+c6t5u

—6c3t3u22—2ctuz4—2ctuy4—2c4t3ux2+c2tux4—2c4t3uy2+c2tuy4

1

(4 (12 c2t2yx222
(—x2—y2—22+02t2)8u

—2c4t3u22+c2tuz4)>, -

—8y223£c3utx+8y2c5t3auxz—8x3yzec3utz—4y4ac3utxz—12c4t2yx2322u

—GECZuySZZ—Geczuy3z4—2eczuyZG—26£c4ut2y5+6y522+6y3z4+2y26
+2y7+uy4z+2uyzz3+ux4z+2ux223—25cu—2yx6—4c3txszsu
-|—8c5t‘°’x‘°’z<°,u—4c7t5xzeu—i-2eczuyzzx“—4sczuy322x2—Zeczzuyz"'x2
+148C4p,t2yX4—12804},Lt2y3X2—6804},L2t2y22+2804},L2t2X22—28C3p,2tyX3
—Zec3u2ty3x+28c5u2t3yx+2uctyx22+26 c2t2y5—18 c6t6y+34x2c4t4y

5.3.3 2.2 3.2

—8x323£c3ut—425803utx+8c tz eux+26c2t2yz4+u25+120 Ty’ x

+52cztzygzz—10c4t4y22—14c2t2yx4—2x4y3+8y223ctx—8y2c3t3xz

+8x3y2ctzJr2x4y3.<3(:2u+4y4(:txz—2y58c2ux2+2yx6802u—2ec3u2tyxz2

+2uctyx3+2ucty3x—2uc‘°’t3yx—6ec4u2t223—22806u2t4—|—4uy2(:2t22



—4u02t2x22—2zcuxzyz+2zc3uy2t2+8x323ct+4250tx—8c3t323x—2y7802u

+22c3ux2t2+1006t4y38u+1808t6y8u+2x2y5—3406t4yx28u—26c4t2yz4eu
—i—4ctx‘r’z—8c3t‘°’x‘°’z+4c5t5xz—i—3uzc:“t"’—|—4ucztzz?’+2uyzx22—223cux2

—zcux4—223cuy2—zcuy4+223c3ut2—zcsut4—52c4t2y3ez2p+10c6t4yezzu

—10y3c4t4—2y22x4+4y322x2+2yz4x2)),

1 4 42 6. 2.4 4 4.2
'( 2 2+2e) (4 (14zec*ux*? —34ze Cdt' —26 zec*uy*t
A A H

+102806uy2t4—4802},tX2y223—12804},LX2t223—52804},Ly2t223+34ZX2C4t4

—10zc"’t“yz+52yzz3c2t2+12x2c2t22‘°’—28(:2uz7—|-262y402t2—14zx4c2t2
+4c3tyx5su+8cstysxseu—Bc5t3yx38u+403ty5xeu—8c5t3y3xsu
+4c7t5yxeu+2x4zsczuy2—2y4zeczux2+4x2yzz3+803tyx3ezzu
—|—8c3ty3xe22u-|-4c3'[yxz4z+:u—8c5t3yxzzau+2y62—2ec‘?;ftxzy2
—|—6ec4u2t2y3+28c6u2t4y+4uc2t2yx2—|—2uctx32—4uc2t2y22+2uctxz3
—2ucgt3xz+2ycux222—2yc3ut222—8cty3x3—4cty5x+8cgt3y3x
—2yc3ux2t2—8ctyx322—8cty3x22—4ctyxz4+8c3t3yx22+2x62802u
—2y62802u+227—4ctyx5+8c3t3yx3—405t5yx—4uc2t2y3—3uc4t4y
—2uyxzzz+2y3cux2+ycux4—2y303ut2+2y3cu22+ycuz4+ycsut4

—12zec4ux2y2t2—2x62—uy5+2eczux4z3—Zecszzz5—6aczuy4z3

2y2c2t2—|—182£c8ut6—uyx4

—6ec2uy225—26ec4u25t2+1Oec6ut4z3+12zx
—2uy3X2—2uy322—uyz4+y5cu—2ecguztxgz—2803u2tx23+2£c5u2tgxz
—|—6ec4u2y22t2—28c4u2t2yx2+2uctyzzx—2x42)/2+2x2y4z—2x423+2x225
+6y423+6y225+26czz5t2—1Oc4t423—182c6t6))]

2c(pecdt—ecutxX’ +3ecpy’t+3ctPepn+x +xy’ +x22 —c?£x)
2

Dissipation =

5
(- =y =2+ )



khkhkhkhhhhkhkhkkkhhhhirhhhkhkhhiiiiix END PROCEDURE khkhhhrhkhkhkhkhkhkhirrrhhkkhhhiiiix (33)

Enter the name of the problem, and the components of the 4 potential.
p=2 n=4
> NAME:="Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 27 ;

> Holder:=(x"2+y"2+z"2-(c*t)"2)™N(4/2);

> Ax:=(c*t+ty)*1/Holder;Ay:=(-z-x)*1/Holder;Az:=(c*t+y)*1/Holder;phi:=(+x+z)*c*
1/Holder;

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*alpha*(g+l*gamma),0):

*hkkhkhkhkhhkkhkhkkhhkhkhhkkhhkhkhhkhhkhkihkhkkhhkhhkhkrhkhkhhkihhkhhkhkhhkkihhkhhkhhhkihkhihkkikkx

NAME := Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2

2
Holder:= (x* +y* + 22 — ¢ %)

Ay = ct+y
OC+y +7 _ 2R’

-7 —X
e (O +y? +7 —c2t2)2

Az = ct+y
(X +y +7 _2R)’

o= (X+2)¢

2
(X +y?+7 —c* )
Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2

B R R R R o o R e R R R S R R R R R R R R R R R R R R R R R R leferentlal Form Format *hkhkhkhhhhkhkhkkkhhhkiiiix

—
(-xc—zc)d(t) n (ct+y)d(x)

(—x2—y2—z2—|—c2t2)2 (—xz—yz—z2—|—c2t2)2
(-z—x) d(y) n (ct+y) d(z)

(—x2—y2—22-|—c2t2)2 (—x2—y2—22+c2t2)2

c(3X -y -7+t +4xz)
(—x2—y2—22+c2t2)3

+c(ﬁ+f+¥+38€+4uw

(—x2—y2—22—|—c2t2)3

B 3x2—y2—22+czt2+4xz _ —x2+3y2—22+02t2+4cty

(—x2—y2—22+02t2)3 (—xz—yz—zz—i—cztz)3

Action 1-form=

+

Intensity 2-form F=dA = [_

(d(x)) &* (d(t)) +

) (d(x)) & (d(y)) +



B 4 (ct+y)z n 4 (ct+y)x
(—xz—yz—zz—i-cztz)3 (- —y* =2 +c°t)
B 4 (x+z)cy _ 4 (x+72) c’t
(R—y 2420 (R -2+EE)
+( X =V +37 +F P +4xz N X +3y¥ -7+ +4cty
(—x2—y2—22-|-02t2)3 (—x2—y2—22+02t2)3
+(_ c(-xX*—y?+32 4+ +4x2)

3
(_XZ_y2_22+C2t2)

- ) (d(x) & (d(2)) +

(d(y)) & (d(t))

J (d(y)) & (d(2))

c(+y+2+3Et+4cty)

+ 3
(- —y* =2 +c*P)

(d(z)) &™ (d(1))

2(x+2)c(C+yY -2+t +2x7+2cty)
(—x2—y2—22+c2t2)5

2(x+2)c(-X+V+2 4+ +2cty—2xz) B 4 (ct+y)> (x+z)c
(—xz—yz—zz—i-cztz)5 (—x2—y2—22+02t2)5]

2 (ct+y) (R¥+y -2+t +2xz+2cty)
(—xz—yz—zercztz)5

4(x+2) (Ct+y) (-z24x) | 2(ct+y) (- +y?+22+cPC+2cty+2x2) ]

(—x2—y2—22+02t2)5 (—x2—y2—22—|-02t2)5

Topological Torsion 3-form  AF = [

+

&MNd(x), d(y), d(t)) +

+

2 (ct+y)c (C+yY—2+cPtP+2cty —2x2)

5
(_XZ_y2_22+C2t2)

&Md(x), d(y), d(z)) +[

4 (x+z)c(ct+y) (-z2+X)
5
(_Xz_y2_22+czt2)
_2(ct+y)c (- +y+2 4+ +2cty—2xz)

5
(- =2 -2 +8)

] &M(d(x), d(z),d(t))

n 4 (ct+y)’ (x+2)c _2(x+z)c(x2+y2—22+02t2+20ty—2xz)

5 5
(- =y =2+ 1) (- =y -2 +8)

_ 2(x+2)c(-X+V+2 4+ +2cty+2x2)
5
(- =y =2 +c*P)

Topological Parity 4-form F"F=0

FhAkAAAkAAhkAAhkAArAhkhkrhkhkhhhkihhkihikihikikx U Si n g E M fo rm at FhAkAAAkAAhkAAhkkkrhkhkrhkhkihikihiiiixkx

) & (d(y), d(2), d(1))

*kk*k



2¢ (- X+ +72+PP+2cty—2xz) 4 (x+z)c(ctty)
3 ) )
(-2 =y =7 +c*F) (- =y =7 +c*F)
2c (C+y -+t +2cty—2x2) ]

3
(- —y? =2 +c*P)

E field = I

2 (- +y+7 4+ +2cty+2xz)  4(ctty) (-z2+X)

3 3
2_2438) (-2 =y — 2 +P)

B field = l
(- —y

2(¥Hy -+ +2xz+2cty)

e
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
FhFFF A A I I I IR KR *AXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkkkhkhkkkhhkhkkhkhkkhkikhkhkiikik

4ct(14+¢%) (x+2)

3
(- =y -2 +8)

Xm or linear (Mean) curvature =

Yg or quadratic (GAUSS) curvature =
- L 5(2(3c4t2-|—4yc3t—czt2—c222—czx2—4c22x+czy2
(- -y =7 +c*P)
—4cty—4xz—3yY—x—7%))
Za or Cubic (Interaction internal energy) curvature =0

Tk or quartic (4D expansion) curvature =0
Fadkkkxadk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH #***#xskrx
Chirality factor CH=0

2ec (- 4y +2+cP+2¢cty—2x2) _4e(x+z)c(ct+y)
(—xz—y2—22+czt2)3 | (—x2—y2—22+c2t2)3’
2ec(C+y -7+ +2cty—2xz)
(—x2—y2—22+c2t2)3
2 (- X4y +7+PP+2cty+2xz) 4 (ct+y) (-2+X)
(—x2—y2—22+c2t2)3u ’ (_)(2_y2_22_'_(:2t2)3u

D field = [

H field = l



2P+ -+t 2xz+2cty)
(¥ =y —7+J8) ]
16 (ct+y) cx (Z+x°+y>+2cty+c°t)
(—x2—y2—22+c2t2)6u
gc(-x*+y'+6y Pt —F+acty’+4cty—2x 2 +c'tY)
(—x2—y2—z2+c2t2)6u
16 (ct+y)cz (Z+X +y* +2cty+c*t)
(¥ =y -7 +8) ]
Amperian Current 4Vector  curlH-dD/dt=J4

Poynting vector ExH =

- 1 —(4(-2ct+acty’ +4ctZ+2°C+5yc*F

(- =y =7 +c%f)

+yX 4y +yZ —6ctxz) (ecfn—1)),

4 (x+2) (C+y+72+5c2+6¢cty) (ec?pn—1)
4
224+t

(- —y

(2 12 22)4 (4 (4ctxé+4cty’—2ctZ+2t+5yP e +yxX+y°
-X =y —7+4+cCct)u

+yZ—6¢ctxz) (ecp—1)),0

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

1

Topological SPIN 4 vector S4 = z
(- =y —Z+8) 1

(2(C+2ec’utyz—z?¢ -7

+ec223u—sc2ux3+sc2uxy2+sc4uxt2+3x22—y22+3xy2+ac4zut2—2ctyz

—3ectuxtz+ectuy’z+xZ+6ctyx+3cittx—ectuxZ+2eciutyx)),

4 (ct+y) (-yP—c?t—2cty—2xz+ec’ux’+2ec’uxz+ec’ )
5
(-2 —y?—Z+c8)

1
5
(- —y* =2 +c*f)

(2(-x+2ec’utyz+3z8 P+ —ec?Cu+eciuxd



+eczuxy2+ec4uxt2+x22+3y22—xy2+ec4zut2+60tyz—ec2ux22+ec2uyzz

+3xZ—2ctyx—c?x—3ectuxZ+2ec’utyx)),

4 (ct+y)ec(Z+x2+y+2cty+c*t)
5
(- —y* =2 +c*t)
Topological SPIN 3-form = L 3 (2 (x3+2£c3utyz—zc2t2—z3
(- —y* =2 +c*f)

+ec223u—sc2ux3+sc2uxy2+sc4uxt2+3x22—y22+3xy2+ac4zut2—2ctyz
—3802ux22+802uy22+x22+60tyx+3c2t2x—sczuxzz+2£c3utyx)

1
(—x2—y2—22+02t2)5u
—2xz4ectux +2ec’uxz+ectZu) &\(d(x),d(z),d(t)))

+ L c (2(-+2ecdutyz+3:82 8+ —ec?Putecux’
(-2 —y? =2 +c8)

+£czuxy2+£c4uxt2+x22+3y22—xy2+£c4zut2+60tyz—£czux22+£czuyzz

22

&M\d(y), d(2),d(t))) + (4 (ct+y) (-y»—c*—2cty

+3xZ—2ctyx—c?tx—3ectuxZ+2ecutyx) &\(d(x), d(y),d(t)))

4 (ct+y)ec (Z+x+yV+2cty+c?f) &\(d(x),d(y), d(2))
(—x2—y2—22+c2t2)5

4 (ct+y)ec (Z+x°+y+2cty+c’td)

2

Spin density rho_spin=
(=P —2+8)°

2
8 (Z+x+y+2cty+c?t) (ecPu—1)

LaGrange field energy density (B.H-D.E) = - 5

(- —y* =2 +c*f) u
2

8 (Z+xX+y+2cty+c°f)

B.H= 5
(- —y* =2 +c°f) u

2
_8ect (Z+X+y+2cty+c*t)

D.E 5
(-2 =y —2+E8)
AJ= L — (4 (ec®pn—1) (X'+3°y +2y' +77 L +7X F
(- —y* =2 +c°f) u
—I—18y202t2+z4-|—10ctyx2+locty22—2xzc2t2+1Octy3+14c3t3y+2x222

+3y 2 +acttt +2x32+2x2 + 2y 2x))



-rho.phi =0

1
(—x2—y2—22+c2t2)6p

2t222-|—11x202t2+30y202t2+3z4+18ctyx2+18ctyz2

Poincare | (B.H - D.E)-(A.J - rho.phi) = - (4 (ec?u—1) (3%

+7x2y2-|-4y4+llc
—2xzczt2+18cty3+22c3t3y+6x222+7y222+604t4+2x32+2x23+2y22x))
London Coefficient LC =0

PROCA coefficient curlcurlB = | - L (8 ( X+ % y2 +2 y4 +172 ¢ 7

5
(- =y =7 +*F)

—4x202t2+17y202t2+224+9ctyx2+9cty22+21xzczt2+9cty3+15c3t3y

XA+ ay A5t +3x32+3x2 +3yP2X)),

24 (-2+x) (BetxX¥ +yx¥+yZ+3ctZ+3cty’+5t+7yct P +y%)

5
(- =y -2 +8)

1

(—x2—y2—22+c2t2)

(8 (2x'+axy +2y -4l A+17 X P+ 1Ty P -1

—|—9ctyx2+9cty22+21xzc2t2+9cty3+15c3t3y+x222+y222+5c4t4+3x3z
+3x2+3y*zx)) |

Amperian Current 4Vector  curlH-dD/dt=J4

- 1 (4 (-2ctl+acty’+actZ+2C+5ydH
(—xz—y2—22+c2t2)4u

+yX 4y +yZ —6ctxz) (ecfn—1)),

4 (x+2) (C+y+72+5c2+6¢cty) (ec?pn—1)
2

(-x%—y —22+c2t2)4u

(4 (4ctxé+4acty’—2ctZ+2t+5yP e +yxX+y°

1
4
(- —y* =2 +c*f) u

+yZ—6¢ctxz) (ecn—1)),0

Lorentz Force 3 vector due to Ampere current FL =-(rho_ampere E +J_ampere xB) =



- L (8 (ec?u—1) (36xy* P +14x7 ¥ —2cty’z

7
(- —y—7+cP) u

—20tyz3-|—203t3yz+x5+zc4t4+2y2x22+18c'[yx3+18c'[y3x+30c3'[3yx—z5
—|—4x3y2—|-2x322—i—3xy4—i—xz"’—402t2x22+18ctyx22—|-14x3c2t2—|—4xy222

+octt*x—2ctyz® —yrz—2y* 2 +3x*z+2x% 7)),

- L (16 (ec?n—1) (2P +2xy2+y —3ctx* + P2

7
(- —y—7+cP) u

2c3t3+3y2x20'[+3y2220t—6ctx222+1402t2y3+9c4'r4y-|—20tyzzx+y3x2

+16y
+y322—2zxycztz+302t2yx2+2ctx32+3c2t2y22+2ctx23—203t3xz+2yx32

+eyict+2yixz+2c -3 ct)), -

(_Xz_y2_122+czt2)7u(8(SCZM
—1) (-axAff+18cty’z+18cty2 +30ctyz—x +9zc*tt +14 P78
—i—4y2x22—2ctyx3—2cty3x—i—2c3t3yx—|—25—2x3y2—|—2x322—xy"’-|—3xz4
—|—36y202t22+1402t2x22—2ctyxzz—i—2xy222+c4t4x+18ctyzx2—|-3y42+4yzz3
+xrz2+2x7))]
Amperian Dissipation JamperedotE =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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

= L 5 (2(C+2ectutyz—zf -2 4+ec?Pu—ecpux

(- —y* =2 +c*f)




+eczuxy2+ec4uxt2—|—3x22—y22+3xy2+ec4zut2—2ctyz—3ec2ux22

tecuy’z4+x2+6ctyx+3c?tPx—ecux+2eciutyx)),

4(ct+y) (- —c?—2cty—2xz+ecful+2ec’uxz+ec?tp)
5
(- —y* = +8)

(2 12 22)5 (2(-x*+2ecdutyz+32288+72—ec?Cu+ec®pux
X —y =7+ t)

+eczuxy2+ec4uxt2+x22+3y22—xy2+ec4zut2+60tyz—ec2ux22+ec2uyzz
+3xZ—2ctyx—c?tx—3ectuxZ+2ec’utyx)),

4 (ct+y)ec(Z+x2+yV+2cty+c*t)
5
(- —y* =2 +c*t)

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

1
—

8 (22—|—x2—|—y2—|—2cty+c2t2)2 (ct+y) (ec?pn—1)

(—x2—y2—22+c2t2)8p |

8 (X +12) (22+x2+y2+2cty+02t2)2 (ec?n—1)
(—x2—y2—22+c2t2)8u

8 (22—|—x2—|—y2—|—2cty+c2t2)2 (ct+y) (ec?pn—1)
(—x2—y2—22+c2t2)8p

8¢ (x+2) (22—|—x2—|—y2—|—2cty+c2t2)2 (ec?nu—1)
(—x2—y2—z2+c2t2)8u

Spin Dissipation J _spindotE =

Disspative Force 3 vector = | - L —(8(ec’n—1) (-y'zcf
(- =y =2 +¢)

—2y223c2t2+uctx4+2uc3t3x2+10uy203t3+10 I,ch'[2y3—i—5uc4t4y+2uyxzz2

+5uy“ct+2uzz(:?’tg’—i—uz“ct—4cg’tg’yg’z—i-zctyz‘r’—13xz4c2t2+5x22c4t4



+2cty‘r’z—i—4ctyg’zg’—4c‘g’tg’yzg’—46x3y2c2t2—33xy4c2t2—|—27xy2c4t4

—26x32202t2-|—2cst5yz—5204t4x2—zc4t4y2—18ctyx5—360ty3x3—12c3t3yx3

—18cty‘r’x—12c3t‘°’y‘°’x-|—30(:5t5yx—|-7(:thx"'z—|—6cztzxzzg’—|—325)/2—7x3y4

—3x3z4—3xy6—xzﬁ+y62-|-3y423—3x62—5x423+uy5—x7—5x5y2—3x522

—25x2+u05t5+uyx4+2uy3x2+2uygzz+uyz4—2y2x223—y4x22+5x304t4
—5y2x42—7xy422—5xz4y2—10x3y222—z3c4'[4—|—ch'[6—2502t2+906t6x+z7
—i—4ctyg’zxz—i—4cty23x2—4c3t‘°’yzx2—i—6yzx2202t2—36ctyx‘°’zz—36cty3xz2
—12c3t3yx22—18ctyxz“+2ctyzx4+6uyzxzct+6uyzzzct+2uctxzz2
+oucityx’ +6ucttyZ —a6xy* Pt —13x°c* 1)),

- L (8(ec?u—1) (4c’t —ay ¥ —ayZ—2yx' —2y*7

8
(- -y =7 +cf)

—uxs—uzs—26y502t2+6ctx6—803t3x4—20y4c3t3+1Oc4t4y3+18c6t6y

—4y3x222—4yx52—8y3x3z—12y60t—4y5xz—82403'[3+6260t—2ux3y2
—2ux322—uxy“—uxz“—uy"’z—Zuyzzg’—ux“z—2uxzz‘g’—2c5t5x2—|-28(:5t5y2
5.5.2

—2ctz —8x3yz3—8xy3z3—4xy25—4c'[x25+8c3t3xz3—405'[5xz—uzc4'[4

—2uczt223—2uy2xzz—2uxg’cztz—2uxyzzz—uc“t"'x—2y7—|-18ctx422



—28c3t‘°’x2y2—16cg’t‘g’xzzz—28y2c3t‘°’22—18y4x2ct—18y4zzct—|-l8ctxzz4

—32 czt2y3x2—32 czt2y322—12 c4t4yx2—12 c4t4y22—602t2yx4—4ctx52

—8ctx3z3—i-8c‘g’tg’xg’z—6c2t2yz4+8cg’tsyzzx—i—Szxg’ycztz—|—8zxy3c2t2
—4zxyc4t4—1202t2yx222—6uxyzcztz—2uxzzcztz—4p,tcty3z—4uctyz3
—4ucgt3y2—4uctyx3—4uctygx—4uc3t3yx—6uy2c2t22—2uc2t2x22

+8xyct—8cty’zX —4cty'zx—8cty?’ Px—4puctyxZ —4ductyzxd)),

) : Zn— a2 A, 212 A2 B 242 4
('XZ_VZ—ZZ-I-CZtZ)SM(S(SCM 1) (-33y"zc°t"— 46y 2°c t" +pctx

+2uc3t3x2+10uy2c3t3+10 ucztzys—i—5uc4t4y+2uyx2zz—|—5uy4ct—i—2uz2c3t3

—I—uz“ct—lzc3'[3y3z—18ctyz5-|—7xz4czt2—5xzzc4t4—18cty52—36cty3z3

—12 c3t3y23—2x3y202t2—xy4czt2—xyzc4t4+6x32202t2+30 c5'[5yz+5204t4x2

3t3y3x+205t5yx

+27zc4t4y2+2ctyx5+4cty3x3—403t3yx3+2cty5x—4c
—13c2t2x4z—26c2t2x223—525y2—i—3x?’y4—5x3z4—|-xy6—3x26—3y62—7y4z3
—x62—3x4z3—|-uy5—i—x7—i—3x5y2—x‘r’22—325x2—|-u05t5—|—uyx4—|-2uy3x2—|—2uy3z2
—i—uyz"’—10y2x223—7y4x22—x3c4t4—5y2x4z—xy4z2—5xz4y2—2x3yzz2
—|—5z‘?c‘lt4+9206t6—13zE‘cztz+06t6x—z7—36cty32x2—360'[yz"5x2—12c3t3yzx2
—46y2x2202t2+4c'[yx322+4c'[y3x22—4c3t3yx22—|—20tyxz4—18c'[yzx4
+6uyzxzct+6uyzzzct+2uctx222+6uc2t2yx2+6uc2t2y22+6xy2c2t222
—xc*t)) ]

duct+y)ec(Z+X+y +2cty+c°t)

2

Dissipation = c
(- —y* =2+ )

*hhkkkhkhkkkhkhkkkhhhkkhkhhkkhkhhkkhkhhhkihhkiiik EN D PROCEDURE *hhkhkEhAhkhkhkhkkkhhkkkhhkhihhihhiiiiiik (34)






Example Saturn's Rings Plasma Accretion Disc ~ Hedge Hog Solution

kkkhkhkkhhkhkkhkhkkhhkhkhhkkhhkhkhhkhkhkhkihkhkkhhkhhkhkihkhhhkrhhhhkhhhkhhkhhhkhhhkihkhihkihhiikik

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

> NAME:="Example 10a Saturns Rings -- a Plasma Accretion disc from a Hedge Hog
solution. p201 vol4d™:

> Holder:=(1*x"2+1*y"2+1*c*z"2)"N(1/2) ;Holder2 :=(1*x"2+1*y"2);

> Al:=(alpha*z*m/Holder2/Holder*(-y));A2:=(alpha*z*m/Holder2/Holder*x);

> A3:=0; phi:=0;

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

> JCM(A1,A2,A3,phi,1,1,¢c,1,2,0,0,0*alpha*(g+I*gamma),0):

Holder::m
Holder2 := x2+y2
ozmy
(C+V) VX +y +c?
ozZmx
(C+V) VX +y +c?
A3:=0
0:=0

Example 10a Saturns Rings -- a Plasma Accretion disc from a Hedge Hog solution. p201 vol4

FhAkAAAkAAhkArhkArhkhkihkhkrhhkihhihikihiikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkkhkkkhkkhkkkhkikkkhkikkikiikk

Al := -

A2 =

*khkhkkkhkhkkkikhkhkkiikk

ozmyd(X) N ozmxd(y)

(C+y*) VX +y +c? (C+y*) VX +y +c?
azm (-x*y* —2y* =2y c+x*+72x%¢c)
2 312
(C+y?)" (R +y* +c?)

4, 2 2.2 A _ 2
_oczm(2x +X2y2+ZXC y 3/; yZC) (d(x)) & (d(y))
C+y) (C+y +c7)

_+QWW(WU)&AWQU__GWW(MW)&AWUD
) 01 312 312
(% +y*+c7)

Action 1-form= -

Intensity 2-form F=dA =

(*+y*+c7)
Topological Torsion 3-form  AF=0
Topological Parity 4-form  F"F =0

FhAkAAAkAAhkAAhkAkrAhkhkrhkhkhhhkihkhkihikihiikx U Si n g E M fO rm at FEhAkAAAkAAhkAAhkkkrhkkkrhkhkihhihikiiixk

*khkk

E field=[0, 0, 0]



oLmx ) omy ) ozm
(x* 4y —i—c22)3/2 | (x4 y* + 022)3/2 | (x4 y* + 022)3/2
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

B field=| -

Pfaff Topological Dimension PTD =2
FhkFkd KR KA I IR xR XX F* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

R
Xm or linear (Mean) curvature =0

(22 4+2y*+c7?) of 2 m?

(X% +y? —i—czz)2 (X —i—yz)2

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
FAFxFAxAX*A - Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****#*xkrx
Chirality factor CH=0
D field=[0, 0, 0]

omx omy ozm

32 32 312
(C+y?+c?) n (C+yV+c) T n (C+yP+cd)

Poynting vector ExH = EXH

H field =

3ozmy (-1+¢c)

5/2

Amperian Current 4Vector  curlH-dD/dt=J4 =
(P +y?+c?) 1

3oazmx (-1+4c¢)

512
(C+y*+c?)

,0,0

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

2
o 22m2x

(+y) (+y+c?)n

Topological SPIN 4 vector S4 =

i oczzzmzy o’ zm? 0
2 7
(C+y?) (C+yV+c?) n (C+y+cd)

of Zme x &Md(y), d(2), d(t))
(x* +v?) (x2+y2+c22)2u

Topological SPIN 3-form= -



. of 2y &Md(x), d(2), d(t)) .\ of 2m? &M(d(x), d(y), d(t))
(X% +y?) (x2+y2+c22)2u (x2+y2+cz2)2u
Spin density rho_spin=0

oL m? (& +y2 +2)

LaGrange field energy density (B.H-D.E) = 3
(+y?+c?) 1

2 22 2, 2
B_H:ocm(x +y +7)

3
(C+y*+c?)
D.E=0

_ 30c222m2(—1 +c)

3
(C+y*+c?)
-rho.phi =0

AlJ

2 202 2 42 2
Poincare | (B.H - D.E)-(A.J - rho.phi) = - =1 (X =y —47 +3¢7)

3
(X +y?+c?)

2, 2
London Coefficient  LC = > ("1 1C) (x“+y)

2
(X +y?+c?)
2 2 2
.. -1 4 o\
PROCA coefficient curlcurlB = Somx +C)( CZ7/2y X),
(+y*+c7?)
3amy (-1+c) (4c—y" —x°) Boazm(-1+c) (2cZ -3y —3%)
712 ' 72
(X% +y* +c2) (E+y? +c7)

3azmy (-1+4c¢)

5/2

Amperian Current 4Vector  curlH-dD/dt=J4 = :
(C+y+c?)

dazmx (-1+4c)

5/2
(C+y*+c?) n

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

,0,0

~ 3002 mex (-1 4¢) 3a222m2y(—1+c) _3oczzm2(—l+c) (X% +y?)

4 ! 4 ! 4
(C+y?+cd) n (C+y+ch) (C+y?+c?) 1
Amperian Dissipation Jampere dotE =0
2
(X +y* +c7)

Lorentz Force Spin factor LFSPIN = - 1 >
3 (C+y) (-1+c)



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_torsionxB) =0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

i of ZmPx i of Zm’ y o zmP 0
2 > o
GE+v?) (C+y¥2+cA)n (B +y2) (R+y¥+cA) . (C+y¥2+cd) 1

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

i o zmy O +y2 +2) o zmix 2 +y2 + 2)
712 ’ 712 ’
(C+y?+c?) " (C+y)n (C+yV+c?) T (¢+y)
Spin Dissipation J_spindotE =0

0

1

Disspative Force 3 vector = 15/2
(OC+y* +cZ) u (¢ +y?)

(oczzm2<32x(x2+y2+czz)7

12
Cy2—5ocmygux2—100cmy7ux4—5ocmy3uX8—1Oocmy5uX6—ocmy9u22

2

712
—damyuxcZ —amyux® —3z23 (¥ +y?+c)  —doamyuc?

—6ocmy7uc224—4ocmy5;1c326—ocmy?’uc"'ZB—4ocmy7uz4c—6ocmy5u26c2

—4ocmy3u28c3—4ocmy7pzzx2—4ocmy3u22x6—6ocmy5uz2x4—ocmyuzzx8

—oamypzlct—3zx (x2+y2—|—cz2)7/2y2+3zx3(x2+y2+c22)7/2c—ocmy11p
3.6

—6ocmyux60224—4ocmyux4c z —ocmyuxzc428—4ocmyuz4x6c

—6ocmyu26x4cz—4ocmyu28x2c?’—16ocmy7ux2022—180cmy5uxzczz4



—80cmy3uxzc326—16ocmy‘guxeczz—24ocmy5ux4czz—18ocmy3p,tx4c224

—120cmy3uz4x4c—12ocmy5uz4xzc—12amy3u26x2c2>),

1
15/2
(X% +y* +c2)

. yz (oczzmz(ocmxuylo+50cmx3uy8+100cmx5uy6
w(x“+y°)

—|—5ocmxguyz—i-100cmx7uy4+ocmx9uzz—|—18ocmxsuyzczz4+120cmx5uz4y2c
+120cmx3uz4cy4+12ocmx3u26y2c2+6ocmxpy60224+4ocmxuy4c326
+0cmxuyzc428+4ocmxuz4y60+6amxu26y4cz+40cmxu28yzc3
—|—160cmx3uy6022+18ocmx3p,ty4c224—|—80cmx3uyzc326+16ocmx7uyzcz2
+24ocmx5ucy4zz+4ocmxuy8czz—32y3(x2+y2+c22)7/2—3zy(x2+y2
—|—czz)7/2x2+32y3(x2+y2+czz)7/2c+3zy(x2—|—y2—|—czz)7/20x2+ocmxllu
+40meguczz+60cmx7uczz4—|—4ocmxsuc326+o¢mx3uc428+4ocmx7uz4c

—|—6amx5u26c2+4ocmx3p28c3+4ocmx3u22y6+4ocmx7uz2y2+6ocmx5p22y4

22 2, .2
+0cmxuzzy8+ocmxuzloc4>>,_30‘Zm (-1+¢) (ﬁ +vy)
(C+y*+c?) 1

Dissipation =0

*hhkkkhhkkkhkhkkkhkhhkkhkhkkhkikkhkikkhkikkhkiikkikk EN D PROCEDURE FhAkAAAkAAhkAAhkhkihkhkhhkhkihhihiikiik (35)



B R L R o S o S 2 S S S S S e e T e e e

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

> NAME:="Example 10b Dirac Type magnetic HedgeHog solution. p201 vol4~:
> Holder:=(1*x"2+1*y"2+1*c*z"2)"(2/2) ;Holder2:=(1*x"2+1*y"2)"0;

> Al:=(alpha*m/Holder2/Holder*(-y));A2:=(alpha*m/Holder2/Holder*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(A1,A2,A3,phi,1,1,c,1,2,0,0,0*alpha*(g+l*gamma),0):

*hkkhkhkkhkhkhkkhkhkkhhkhkrhkkhhkhkhhkhhkhkihkhkkhhkhkhkhkrhkhkhhkikhhkhhhhhkkihhkhhkhhhkihkhihkkikkx

Holder := x* + y2 +c?
Holder2:=1
) omy
X+ y2 +c?
omx
¥ +y+c7
A3:=0
0:=0
ee:=0
Example 10b Dirac Type magnetic HedgeHog solution. p201 vol4

FhAkAAAkAAAkAAhkAAhkhrhkhkihkhkihhihiihiikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkkhkkkhkhkkhkikkhkikkiiikk

Al :=

A2 =

*khhkkkhkkhkkkikhkkikkikk

oomyd(x) 4 omxd(y)
Y4+ +c? X+ 4cd
mo (-y?+x° +c7)
(x2+y2+czz)2

Action 1-form= -

Intensity 2-form F=dA = [

N mo (-2 +y* +c7) _ 2amyzc (d(x)) & (d(2))

(x2+y2+c22)2

(R +y +c2)’ ] e

n 2amxzc (d(y)) & (d(z))
(X% +y° —i—czz)2
Topological Torsion 3-form  AMF=0
Topological Parity 4-form  F"F =0

FhAkAAAkAAhkArhkArhkhkihkhkrhhkihhihikihiikx U Si n g E M fO rm at FhAkAAhkAAhkAkrhhkkkrhkkkihhkihikihiiiixkx

*kk*k

E field=[0, 0, 0]



2oamxzc 2oamyzc 2moc?
Rty +c?) (R+y+cd) (R+y+cd)
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

B field =

Pfaff Topological Dimension PTD =2
FrkFkFFFIFFAF AR I *XF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

ek ek e e ek ek
Xm or linear (Mean) curvature =0

m2 (CZZ—yZ—XZ)

(3% +y? +cz2)3

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature =

Tk or quartic (4D expansion) curvature =0
FHAAFRxRAx Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH #***#xxsdkrx
Chirality factor CH=0
D field=[0, 0, 0]

2omxzc 2amyzc 2mac?
(R+y¥+c2)n (F+y¥+c)’u (F+y¥+c)
Poynting vector ExH = EXH
2amyc (- —y*—47+3c¢7)
(x2+y2+022)3u

H field =

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

i 2omxc (- —y*—47+3c7)

,0,0

3
(C+y*+c?)
Amerian charge density  divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0
20c2m2xcz2 20c2m2ycz2

3 3
(C+y+c?) n (C+y+cd)

Topological SPIN 4 vector S4 =

i Zoczmzzc(xz—i-yz)
3
(C+y*+c?)

20c2 m?x ¢ 22 &MNd(y), d(z),d(t))

Topological SPIN 3-form = .
(C+y*+c?)



B 20c2m2yc22&"(d(x),d(z),d(t)) B Zoczmzzc(xz-l—yz) &Md(x), d(y), d(t))
(x2+y2+czz)3u (x2+y2+czz)3u

Spin density rho_spin=0

4oc2m222(:2(x2+yz+22)

LaGrange field energy density (B.H-D.E) = 2
(+y?+c?) 1
_ 407 m? 2 (X% +y?+7°)
(x2+y2+czz)4u
D.E=0

B.H

i 20c2m2c(—x2—y2—4z2+3c22) (X% +y?)
4
(P +y?+c?) 1
-rho.phi =0

Ald=

Poincare | (B.H - D.E)-(A.J - rho.phi)
_ 2colmt (52 c+52Vc+27c—X —2% YV —4X2E — 4y 7 —y)
- 4
(X +y?+c?) u

2¢(-X*—y*—47+3c?)

London Coefficient LC=- 2
(C+y* +c?)

22 _ 2 _ 2 2 2 2
PROCAcoefficientcurlcurIB:—80””20(30Z Scx —3cy +2x +2y 4CZ),

(x2-|-y2-|-czz)4
i gamyzc (3c?Z—3cx’ —3cy* +2x° 42y —4c7)
(xz-i—yz-l—czz)4 ’
Cdomc(-87x°c—87yc+3 L +x 2V +y' +8X 7 +8y’ F—47'c)
(x2+y2—|—czz)4

2amyc (- —y*—47+3c7)
3
(C+y*+c?)

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

i 2amxc (-xX* —y*—47+3c7)

,0,0

3
(C+y*+c?) 1
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J_ampere x B)
2 2
N aa M xE (- -y —47+3cA) P Ad miyd (- X —yY—47F+3ch) 7P

5 ’ 5
(C+y*+c?) 1 (C+y*+c?) 1




4ocmc —yV—47+3c?) (X +y?)

5
(x +y+¢?)
Amperian Dissipation Jampere dotE =0

(x* +y* +c7)

c(-x*—y?"—47+3c?)

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) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

2 2 2
i . . 20 mXxcz
Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD] = ¢

3
(C+y*+c?)
2o’ mlyc? _20c2m22c(x2+y2) 0
3 3
(C+y*+c?)'n 4y +cd)

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

_4oc3m3yc222(x2+y2+22) 4oc3m322c2x(x2+y2+22)
5 ’ 5
(C+y*+c?) 1 (C+y*+c?) 1
Spin Dissipation J_spindotE =0

, 0

Disspative Force 3 vector

40 m222c2(322cx—4xz2—x3—xy2—ocmypxz—ocmy?’p—ocmyuzz)

(x2+y2+czz)5u ,
4 o m222c2(322yc—4y22—yx2—y3+0cmx3u+0cmxuy2+ocmxu22)
(x2+y2+cz2)5u ,
4ocmc 2 —47+3cP) (¥ +yP)

5
(x +y?4+c¢?)
Dissipation =0

Khhkkkhhkkkhkhkkkhkhkkhkhkkhkikkhkikkhkikkhiikkikk EN D PROCEDURE FhAkAAAkAAhkAAhkhkihkhkhhkhkihhihiikiik (36)



B R L R o S o S 2 S S S S S e e T e e e

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

> NAME:="Example 10c Dirac Type magnetic HedgeHog solution. p201 vol4~:
> Holder:=(1*x"2+1*y"2+1*c*z"2)"(4/2) ;Holder2:=(1*x"2+1*y"2)"0;

> Al:=(alpha*m*z”~2/Holder2/Holder*(-y));A2:=(alpha*m*z~2/Holder2/Holder*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(A1,A2,A3,phi,1,1,c,1,2,0,0,0*alpha*(g+l*gamma),0):

2
Holder := (x* +y* + ¢ 7)
Holder2:=1

2
Al = - aomzy

2
(% +y*+c2)

2
mz° X
A2 = o

(X +y? +c2)
A3:=0
0:=0
ee:=0
Example 10c Dirac Type magnetic HedgeHog solution. p201 vol4

B R R R R R o R R R R S S R R R R R R R R R R R R R R R R R R leferentlal Form Format *hkhkhkhhhhkhkhkkkhkhkiiiiikx

amzyd(x) N oamz xd(y)
2 2
(X +y*+c7) (X +y*+c7)
(-3y+x2+c?)

Action 1-form= -

2
Intensity 2-form F=dA = ( omz

(¢ +y*+c7)
Loom 7 (-3x —I—yz—l—cz J A dy)
(®+y* +c7)
~ 2azmy (c Z—y* =) (d(x)) (2))
(X% +y +sz)3

20zmx (¢ —y* —x%) (d(y)) & (d(z))
(X% +y? —i—czz)3
Topological Torsion 3-form  AF=0
Topological Parity 4-form  F"F =0

FhAkAAAkAAhkAAhkAkrAhkhkrhkhkhhhkihkhkihikihiikx U Si n g E M fo rm at R R R R R R R S R R S R R S R R S S R S e R S e R e

+

*khkk

E field=[0, 0, 0]



2azmx (cZ2 -y —x%) 2ozmy(cZ—y*—x) 2amZ (cZ -y —x)
(C+y+c?)’ R4y +4cd)’ (Rt +4cd)
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

B field =

Pfaff Topological Dimension PTD =2
FrkFkFFFIFFAF AR I *XF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

-
Xm or linear (Mean) curvature =0
o m? 7 (-3x—3y*+c7)
(3% +y? +cz2)5
Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature =

Tk or quartic (4D expansion) curvature =0
FHAAFRxRAx Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH *****kkskxskx
Chirality factor CH=0

D field= [0, 0, 0]

Hielge | 202mx (cZ =y’ =x) 20zmy(cZ—y' —x') 20amZ (cZ -y —X)
) 3 ’ 3 ’ 3
(X2—|—yz+cz2) u (X2+y2—|-c22) u (X2+y2+CZZ) u

Poynting vector ExH = EXH
Amperian Current 4Vector  curlH-dD/dt=J4

2amy (42 +4y? 2 -8 c+2x8yV +y +x*+3c° " -8 X c—87y¢)

4
(C+y?+c?) 1

i 2amx (4% +ay* 7 -8t c+2x8yV +y +x*+32 -8 c—87yc) 00

4
(C+y*+c?) 1
Amerian charge density ~ divD =rho=0
divergence Lorentz Current 4Vector, 4div(J4) =0

20c2m224x(czz—y2—x2) 20€2m224Y(022—Y2—X2)
5 ' 5
(C+y*+c?) 1 (C+y*+c?) 1
202 (2 -y —X) ($+y)
5 1

(C+y+c) 1

Topological SPIN 4 vector S4 =




2 ol M2 x (cZ2—y*—x%) &\(d(y), d(z), d(t))
(x2+y2+czz)5u

Topological SPIN 3-form =

B 20c2m224y(c22—y2—x2) &MN(d(x),d(z), d(t))
(x2+y2+cz2)5u
20’ R (¢ —x8) (¥ +yD) &Nd(x), d(y), d(1))
(C+y +c2) u

Spin density rho_spin=0

4oc222m2(czz—yz—xz)z(xz—i—yz—i—zz)
(x2+y2+czz)6u
~ 4oczzzm2(cz2—y2—x2)2(x2+y2+22)
) (x2+y2+cz2)6u
D.E=0

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

B.H

L 5 (20c2m222(4x222+4y222—824C+2x2y2+y4+x4+30224
4y +c?) n
—82%c—87yc) (¥ +vy?))

Ad=-

-rho.phi =0
Poincare |  (B.H - D.E)-(A.J - rho.phi) = L 5 (2 ol 2P (3 Y +3%°
(C+y*+c?) u

—|—6y422+6x422—12z4y2c+5xzczz4+5y2c224—|—226c2—24x2y2022—|-9x4y2
+oxyt—12cy*Z—12ex* A —12cX + 1250y F))
London Coefficient LC =
2 (4 +ay -8 c+2xyV +y +x*+37F -8 ¥ c—87y¢)
(x2+y2+czz)2uz2

PROCA coefficient curlcurlB = | - : 3 (8azmx (-2 3+ 1472y
(C+y* +c7)

—4x2y2—2y4—8c224—15c222x2—|-1422x2(:+12y2x2c—15c2y222+6y4c

(2+ 21+ 2)5(80°2my(—2X4—|—3C324+1422y2(;_4x2y2_2y4
X +y +cz

+6¢cxY)), -

—8c? St — 157 A + 14 c+ 12y X c— 157y A +6ytc+6cxt)),



- L (amo(-y*—x*+3¢° -8y 2—8x'2+32 Y c—25xc* 7
(x2+y2+czz)5

—25y2c224—826c2+38x2y2022—3x4y2—3x2y4+19cy422+19cx422+320sz4
—16x%y* 7)) ]

Amperian Current 4Vector curlH-dD/dt=J4
2amy (422 +4y? -8 c+2X8yV +y +x'+3c% -8 % c—87y¢)

4
(+y?+c?) 1

~2omx (4x222+4y222—8z4c+2x2y2+y4+x4+30224—822x20—822y2c) 0.0
4 1 1
(C+y*+c?) 1
Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E + J_ampere x B)

= L 7 (4oc2m2x(4x222—i—4y222—8z"’c—|—2x2y2—|—y4—|—x4+3c2z4
(C+y*+c?) 1
—82%c—87yc) A (c2—y—X)), 1 (4oc2m2y(4x222

-
(C+y*+c?) 1

+4y? P -8 c+ 2V +y + Xt +32 -8 c—87yc) P (c A —y

—x?)), - L - (40c2m2(4x222+4y222—824c+2x2y2+y4+x4
(C+y?+c?) 1

+34—82x%c—872yc)z(cZ2—yV—xX) (¥ +y?))
Amperian Dissipation JamperedotE =0
Lorentz Force Spin factor LFSPIN

2
Z (% 4y +c7)

_1
2 4x222+4y222—824c+2x2y2+y4+x4+3czz4—822x2c—822yzc

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) = [0,
0,0]
Torsion Dissipation JtorsiondotE =0

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



~ 20c2m224x(c22—y2—x2) 20c2m224y(C22—y2—X2)
- 5 , 5
(C+y?+c?) 1 (P +y?+c) 1
i 20c2m223(c22—y2—x2) (X% +y?) 0
5 H

(C+y?+c?) 1

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

i 40c3m3z4y(cz2—y2—x2)2(x2+y2+22)

8
(X +y?+c?)

2
4oc3m3z4(c22—y2—x2) x (¢ +y?+7)
8
(C+y*+c?) 1
Spin Dissipation J _spindotE =0

, 0

Disspative Force 3 vector = L 5 (4 oL M (2 —y —) (xy® +x’

(+y?+c?)

+3c326x—i—4xy422+4x522—4z4xcy2—5x‘g’czz"'—Sxyzczz“—Sczzex—14c22x3y2

+3x5y2+3x3y4—7czzxy4—7c22x5—4z4x3c+8x3y222—ocmyuz4x2c

—ocmy3uz4c—ocmyuzﬁc+20cmy3u22x2+ocmy5u22+0cmy3uz4+ocmyu22x4

1

Zii1od) (40’ m2 (c2—y¥ =) (Y +y®+33 Py
X +y +cZ) u

+omypnz'x?)),

+4y522+4zzyx4—4z4y3c—5x2yc224—5y30224—8czz(:’y—14(:22y3x2+3y3x4

3,22

+3y5x2—7czzy5—7c22yx4—4z4x2yc+8y X"z +ocmx3uz4c+ocmxuz4y2c

+oamxpec—2oamuZy —amxuZyt —omxpy —omxpu —omx uzt))

,-(2 21 2)7 (4oc2m2(4x222—i—4y222—8z"’c—|—2x2y2+y4—|—x4—|—3c2z4
X“+y +cz) u




—82%c—87yc)z(cZ2 -y —x) (¥ +y?))

Dissipation =0

khkhkhkhhhhkhkhkkkhkhhkhihhhhkhkhhiiiiix END PROCEDURE khkhhhrhkhkhkkhkhkhkhirrrhhkhxhhkhiiiix

Enter the name of the problem, and the components of the 4 potential
Q = charge, Omega = strength and sign of rotation

> NAME:="Examplle 1la - An Electromagnetic Pump o

> Al:=0;A2:=-1/2*Bx*z;

> A3:=+1/2*Bx*y+Bx*z/2; phi:=+0*ExX*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(A1,A2,A3,phi,1,1,1,1,2,0,0,0*alpha*(g+lI*gamma),0):

B R o S e R S S S S S R T e e

NAME := Examplle 11a - An Electromagnetic Pump
Al:=0
1
A2:=-—-B
> Bxz
1

-1 1
A3 := > Bxy + > Bxz

¢:=Eyy
Examplle 11a - An Electromagnetic Pump

FhAkAAAkAAhkArhkArhkhkihkhkrhhkihhihikihiikx

Differential Form Format  **** ki

*khhkkkhkkhkkkikhkkikkikk

Action 1-form= —% Bxzd(y) + (% Bxy + % sz) 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 = (—Eyy Bx + % Bx (y +2) Ey) &MN(d(y), d(z), d(t))

Topological Parity 4-form  F"F =0
AR R R T T S S S S S S S S S S P S S S S S S S S S S e USlng EM fO rmat AR R R R T T S S S S S S S S S S S T S S S S

*khkk

37)



E field=[0, -Ey, 0]
B field=[Bx, 0, 0]

Topological TORSION 4 vector T4 =-[EXA -+ Bphi,AdotB] = - % BxEy (y —12),0,0,0

Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0
Pfaff Topological Dimension PTD =3
FhFFFA KA KF I I I KX XX H* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkhkhhhhhkhkhkkkhhhiiihikx

Xm or linear (Mean) curvature = — Bx

SN

Yg or quadratic (GAUSS) curvature = BxX?

Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
FhxkxAxAxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****xxkikrx
Chirality factor CH=0
D field=[0, - Ey, 0]
H field = [ﬂ, 0, o}
w

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

1 Bx2y+Bx22—28Ey2yu 1 Bx’ 2 1

Topological SPIN 4 vector S4 = | 0, ; ,
2 n 2 un 2

(BXy+BxXz—2eEy¥yu) &\(d(x), d(z2),d(t))
u

BxzeEy

Topological SPIN 3-form= - %

+% B2 &(d (), d(y), d(t)) —% Bxze Ey & (d(x), d(y), d(2))
M

Spin density rho_spin= % BxzeEy

BXZ—sEyZu

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



pi=BX
u

D.E=¢Ey
AJ=0
-rho.phi =

Poincare |  (B.H - D.E)-(A.J - rho.phi) = M

London Coefficient LC =
(a2 +ayZ—8c+2XyV +y' +xX' +3c%F —87 ¥ c—874yc)
(x2—|-y2—|-c22)2uz2
PROCA coefficient curlcurlB=1[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_amperexB) =[0,
0,0]
Amperian Dissipation Jampere dotE =0
Lorentz Force Spin factor LFSPIN=0

Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] =| - % BxEy (y —2), 0, 0,
0

Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

1 szy—i-szz—ZeEyzyu’i szz’inngy
2 u 2 2

Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spinxB) = [0,

z(B¢—eEy¥n) 1 (BX¥y+BXz—2eEyyp)Bx
i 2 u

21
2




(BXCy+BxXz—2¢eEyyu) Ey
u

Spin Dissipation J_spindotE = —%

Disspative Force 3 vector = |0, —% Bxz (BX —e Ey’ 1), % (BXy+Bx¥z—2¢eEy¥yu) Bx]

Dissipation = % BXEy (zeu—y +2z)

*hkkkhkhkkkhkhkkkhkhhkkhkhkkhkkikkkihkkhkihkhkkihkiik END PROCEDURE B R R T R R R R R R R R R P R R S R R S R R P R e (38)

Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.
> NAME:="Example 10a -- Plasma Accretion disc -- Hedge Hog solution. ;
> Gamma:=-z*1/(x"2+y"2)"1*m/ (a*x2+a*y"2+c*z"2)™N(1/2);

> Ax:=Gamma*(-y);Ay:=Gamma*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*alpha*(g+I*gamma),0):

B R R L S S S e e e e

NAME := Example 10a -- Plasma Accretion disc -- Hedge Hog solution.

o= - lzm
(C+y?) Va+ay +c7
Ax = lzmy
(C+y?)Va+ay+c?
Ay = - lzmX
OC+y?) V¥a+ay +c7
Az:=0
0:=0

Example 10a -- Plasma Accretion disc -- Hedge Hog solution.

FhAkAAAkAAAkAAhkAArAhkhkrhhkihhihhihhkihiik

Differential Form Format  **** ki

*khkhkkkhkhkkkhkhkhkkiikkx

Action 1-form = lzmyd(x) lzmxd(y)
(C+y?)) JXa+ay +c? (C+y?) JXa+ay +c?




Izm(-¥ay’—2ay' Ay c+x*a+7¥c)
2 32
(¥ +y?) (a+ay +c?)

Intensity 2-form F=dA =

4 2.2

Izm(2x a + X ayz—i—z X Cc— ai 3/22 y c) (d(x) & (d(y))
(R +y?)’ (Ra+ay’+cd)

_ lamy (d(x)) &" (d(2)) 4 lamx (d(y)) &" (d(z

5 1 312 N

(¥a+ay +c?) (¥a+ay’ +c7)

Topological Torsion 3-form  AMF=0

)

z)
2

Topological Parity 4-form  F*F=0

FhAkAAhkAAhkArhkkrhkhkrhkhkrhhihhkihiihikikx U Si n g E M fO rm at FhAkAAAkAAhkAkhhkhkrhkhkrhkhkihikihikiiixk

*khkk

E field=1[0, 0, 0]
lamx lamy lazm
(¥a+ay +sz)3/2 , (x*a +ay2+c22)3/2 1 (x*a +ay2+czz)3/2
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

B field =

Pfaff Topological Dimension PTD =2
FhFFFAF A I I I IR KR *AXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hhkkkhkkhkkkhkhkkkhkkhkkkhkikkhkiikkikk

Xm or linear (Mean) curvature =0

(2x°a+2ay +cz) 2 m?

(¥a+ay’ +cz ) (X% +y )
Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature =

Tk or quartic (4D expansion) curvature =0
FAAxxAARxHA - Compute Current using from Maxell-Ampere equations for constitutive equations
with Chira“ty CH ***skxskxsk
Chirality factor CH=0
D field=[0, 0, 0]

lamx lamy lazm

32 32 312
(Ca+ay’+c?) n (Pat+ay’+c?) pn (¥Pa+ay+c?d)

Poynting vector ExH = EXH

H field =

Amperian Current 4Vector curlH-dD/dt=J4 =| - 3lazmy (a—c) ,

5/2
(a+ay’+c?)




3lamxz(a—c) 0
5 5\5/2 '
(¥a+ay’+c7) u
Amerian charge density  divD =rho=0

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

z2m2xa

2
(% +y?") (Pa+ay’+c?)

Topological SPIN 4 vector S4 =

Zm’ya . zm’a 0
(x2+y2)(x2a+ay2+czz)2u, (x2a+ay2+czz)2u’
Zm’xa &\d(y), d(z),d(1))

(x* +vy?) (x2a+ay2+czz)2u

Topological SPIN 3-form =

Zmlya&Nd(x),d(z),d(t)  zmia&Md(x),d(y),d(t))
(¢ +y?) (x2a+ay2+czz)2u (x2a+ay2+cz2)2u

Spin density rho_spin=0
2 (2 +12 +7)
(x2a+ay2—|—c22)3u
22 (5 4y +2)

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

BH=- !
(¥a+ay*+c?)
D.E=0
2 2 B
AJ= 37 ma(a—c)

(Ca+ay+c?) u
-rho.phi =0
Poincare | (B.H - D.E)-(A.J - rho.phi) = - 2 m* (Ca+ay’ +4 3223— 3c7)
(¥a+ay +cZ) u
~3a(a—c) (x¥*+vy)
(x2a+ay2+cz2)2u

London Coefficient LC =

_3I(¥atay’—4c7) (a—c)amx
72
(¥a+ay’+c7)

_3I(¥atay’—4c?) (a—c)amy 31(3ay*+3x*a—2c7) (a—c)amz

PROCA coefficient curlcurlB =

02 712
(¥a+ay’ +c?) (¥a+ay’ +c?)

3lazmy(a—c)

52
(Pa+ay’+c?)

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



3lamxz(a—c)

5/2
(Pa+ay’+c?) u

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

3a’m’x 7 (a—c) 3a’Zm’y (a—c) . 3a’zm’ (a—c) (X +y°)

4 4 4
(Ca+ay’+c?) n (Fa+ay’+c?) (¥a+ay’+c?) p
Amperian Dissipation Jampere dotE =0

,0,0

1 (xza-l-ayz—l—czz)2
3 (¥+y)a(a—c)

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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

(x* +v?) (x2a+ay2—|-c22)2u1 (x* +vy?) (x2a+ay2+czz)2u’

zmza

_ 5 .0
(a+ay’+c?)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E -+ J_spin x B)
B (2 +y?+7) yza?m’
- 712 :
(Ca+ay’+c) wx+1y) (-x+1y)

_l Zm’xa Zm’ya

| (C+y* +7) xza’m®

712
(Ca+ay’+c?) wx+1y) (-x+1y)
Spin Dissipation J_spindotE =0

, 0

Disspative Force 3 vector

1
(Ra+ay+c2) " wx+1y) (-x+1y)

(I (24y5mux4a‘°’cz2

—i—18y3mux4a2(:224—i—16y7mux2a3c22—|—18y5mux2a2(:224—|—8y‘°’mux2ac‘°’z6

6.2 .2 .2

+12y3muz4x4a3c+12y5muz4x2a30+12y3muz X"a ¢ +16y3mux6a‘°’cz2



6.2 2.4

+4ymux8a3czz+6ymux a“cz +4ympx4ac326+4ymuz4x6a3c

6.4.2 2 /7

+eymulxtaic®+4ymuxiac +31xz(Ca+ay’+c?) ay

712
cy2-|—my3uc4zs-|—10y7mux4a4-|—10y5mux6a4

—31Ixz(X¥a+ay’ +c?)
—|—5y3mux8a4—i—5y9mux2a4—|—y9muzza4+ymp,tx10a4—I—ymuzzxga4
+ay’mualcZ+6y mpa’lt+aympact 44y mpZéat +6ymuZxta’
raymuZlat +aymptalcteymulaid +ay’multac Fmyuéct S

712 712
+31%z(Ca+ay’+c?) a-31xz(a+ay’+c?) c+mypzlct

+y11mua4)za2m2>, 15/% (I(
(Ca+ay’+c) ux+1y) (-x+1y)

—16y6mux3a3c22—18y4mux3a2(:224—24y4mux5a3c22—12y4muz4x3a3c

—12y2muz4x5a3c—18y2mp,tx5a2c224—12y2mu26x3a202—8y2mux3acgz6

3

—16y2mpx7a3cz2—4xy8mua3c22—6xy6mpa2c224—4xy6muz4a c

712
—6xy4mu26a202—4xy4muac326—4xy2mu28a03+3Izy3(x2a—|-ay2+czz) a

712
—31zy* (R¥a+ay'+c?) c—muZxa’—5y¥muxdat—10y°?mpx’a*

—1Oy4mux7a4—5y2mux9a4—xmua"’ylo—xysmuz2a4—4muxga?’cz2

—6mux7a2(:224—4mux‘r’ac‘g’ze’—4muz4X7a3c—6muzax‘r’azc:2—4mu28x3ac3



712
—4y¥muZiat —6y*muxat —4yPmuZx at +31y¥z (a+ay’+c?) a

712
—31lyx¥z(¥a+ay’+c?) c—mxpy’c'Z—mxuc'2—mxp®ct

2. 2 2

Cmpxtat) za2n), - 38Zm (@—c) (x jyz)
(Pa+ay’+c?) p

Dissipation =0

*hkkkhkhkkkhkhkkkhkhhkkhkhkkhkkikkkhhkkhkihkkhkiikiik END PROCEDURE B R R T R R R R R R R R R P R R S R R S R R P R e (39)

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

> NAME:="Example 12 -- Black Hole 2 singular vortex ring ~;

> phi = 1; Al:=a*y/(xX"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(A1,A2,A3,phi,1,1,1,1,2,0,0,0*alpha*(g+l*gamma),0):

kkkhkkkhhkkhkhhkkhhkkkhhkkhhhirhkkhhhkihkhkhhkkhhhrhhkhhrkhhdrhhhhrhhrhihhkihkiihkkikikx

NAME := Example 12 -- Black Hole 2 singular vortex ring

0:=1
Al:= —2Y
) 2
x+y2+z

__ ax
A2=-—"0
X"+y +z

A3:=0

Example 12 -- Black Hole 2 singular vortex ring
FrhIAIAAAIAIAIAAAAAAAIAAAAAAAAAAAAAddidx Dlﬁerentlal Form Format *khkkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkikikx

(X =y’ =) dt) , _aydx) _ _axd(y)
4y 47 Ay 4+ XY+
2 2 2 2 2
alx VZJFZZZ)#"(ZX r 21 do0) @ i)
(X +y* +7) (X +y* +7)
4 2ayz(dx) & (d(z)) _ 2axz(d(y)) & (d(z))
(x2-|—y2-|—zz)2 (x2—|—y2—|—22)2

Action 1-form=

Intensity 2-form F=dA =




227 &MNd(x), d(y), d(t))
(x2+y2+22)2
_ 2ayz&”"(d(x),d(z),d(t)) n 2axz&"(d(y),d(z),d(t))
(x2-|—y2-|—22)2 (x2—|—y2—|—22)2
Topological Parity 4-form  F"F =0

B R R R R R R R R R S R R R R R R R R S R R R R R R R R USIng EM format khkhhhrhkhkkkhkhkhkhirrrhhhkhhhkhiiiix

Topological Torsion 3-form  AMF =

*kkk

E field=[0,0,0]
2
Bfield= |- 28Xz _ 2ayz _ 2az 2}
(C+y+7)"  (C+y¥+7)" (C+y¥+7)
Topological TORSION 4 vector T4 =-[EXA -+ Bphi,AdotB] = 2axz >
(% +y* +7)

(x 4y —|—22)2 | (X% +y? —I—zz)2
Helicity AdotB=0
Poincare Il =2(E.B) =0
coefficient of Topological Parity 4-form =0

2
2ayz 2az ,O]

Pfaff Topological Dimension PTD =3
FhFFFA K I K I I I XK XXX H* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkhkhhhhhkhkhkkkhhhiiiiikx

Xm or linear (Mean) curvature =0

a’ (X +y* —7°)
(% +y* + 22)3

Za or Cubic (Interaction internal energy) curvature =0

Yg or quadratic (GAUSS) curvature = -

Tk or quartic (4D expansion) curvature =0
FAxFAxAx*R - Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH *****kkskxskx
Chirality factor CH=0

D field=[0, 0, 0]
H field = | - 2axz B 2ayz ~ 2a7
B 2 2 7 2
(C+vV+2) 0 (C+vV+A) 0 (C+yv+P)
Poynting vector ExH = EXH

2ay B 2ax
2 1

Amperian Current 4Vector curlH-dD/dt=J4 = 5
C+yV+2)n (C+v¥+A)

lol



Amerian charge density  divD =rho=0

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

2a2xz2

2a’y 7 ~ 278° (¢ +y)
Ry +2) 0 By +A)’0 wl+y+A)
2a°xZ &MNd(y),d(2),d(t))  2a’y7 &(d(x),d(z),d(t))
(R +y+7) u (R +y+7) u
_ 278 (¥ +y?) &Md(x), d(y), d(1))
w (O +y? +22)3
Spin density rho_spin=0

Topological SPIN 4 vector S4 = , 0

3

Topological SPIN 3-form =

4 a2 z2

3
u(C+y+72)

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

B.H= 4a°7
(2 4y —I—zz)3
D.E=0
A= 2a° (X% +y%)

n (x2+y2+22)3

-rho.phi =0

2 2 2.2
Poincare | (B.H - D.E)~(A.J - rho.phi) = - 22 (-2Z+x"+Y)

3
w(E+y+7)
‘L 2
London Coefficient LC =
(X +y*+7)

2 2
PROCAcoefficientcurlcurIB:[— faxz =, - 8ayz -, 4a (X +y 23)

C+y+7)"  (C+y+7)  (C+y+7)
Amperian Current 4Vector  curlH-dD/dt=J4 = 2ay — - 2ax —.0,

C+yV+2)n (C+y¥+PA)

0

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



) 4a%x 7 ~ 4a2yz2 4za2(x2+y2)

4 4 4

(C+yV+7) . (C+y+7P) n (C+yV+P) 1
Amperian Dissipation Jampere dotE =0

Lorentz Force Spin factor LFSPIN = —% X2 — % y2 — % 7
. . _ . _ 2axz
Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] = [ 7
(% +y* +7)

2ayz 2a7
2 )
(C+y2+72)" (C+y¥+7)
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E +J_torsion x B) =[O0,
0,0]

5,0

Torsion Dissipation JtorsiondotE =0

2azxz2

Topological Spin current 4 vector TS4 =-[Ax H + D.phi,AdotD] = 3
(X +y+7)

2a°y7 ~ 278° (¥ +Y)
3 3

(+y+7)n wO+y+7)
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E + J_spin x B)

4a’y 7 i 47 a°x
4 4
C+yV+2)n (C+y+P2)
Spin Dissipation J_spindotE =0

, 0

4a°7 (-x+ayp) i 4’7 (y+raxu) 4za’ (C+yP)

Ry +D)'n (A (@A)
2axz

(x2-|—y2—|—22)2

kkhkhkhkhhhhkhkhkkkhhhhhhhhhkhkhhiiiiix END PROCEDURE khkhhhrhhkkhkhkhkhrrrrhhkhxhhkhihiiix (40)

Disspative Force 3 vector =

Dissipation =

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

> NAME:="Example 10c -- Dirac Hedge Hog solution. J



~ A S ~ Lorentz Force
> Gamma:=1*m*(1/(2*(xX"2+y"2+z"2)"(1/2)));
> Ax:=Gamma*(-y) ;Ay:=Gamma*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*alpha*(g+l*gamma),0):

NAME := Example 10c -- Dirac Hedge Hog solution. J
~A S~ Lorentz Force

lIm
2

Jﬁ+f+f
1

?Imy

I +y+7

iImx
2

Az:=0
0:=0
Example 10c -- Dirac Hedge Hog solution. J

I:=

AX:= -

Ay =

~A S~ Lorentz Force

FhAhkAAAkAAhkAAhkArAhkhkrhhkrhhkihiihikihiikx D iﬁe renti al Fo rm Fo rm at *hhkkkhkkhkkkhkhkkhkikkhkikkiiikk

*khhkkkhkkkkikhkkikkikk

1 1
5 Imyd(x) > Imxd(y)

+
R+ +7 IR Hy+7

%Im(x2+zz) %Im(y2+22)
Intensity 2-form F=dA = + 3z | (d(X)) & (d(y))

/
(x2+y2+22)32 (% +y* +7)

Action 1-form= -

Limyzdox) & d@) S imxzd(y)) & (d(2))

2 n 2
(X +y?+7)
Topological Torsion 3-form  A"F =0

312 312
(®+y* +7)

Topological Parity 4-form F"F=0

*hhkhrkhkhkkhhkhkhhkdhhkkhhkhhhhihhihiiiiik U si n g E M fo rm at *hhkhkhkhkhkkhkhkhkkhkhkkkhhkhihkhihhiiiiiikh

*kkk

E field=[0, 0, 0]



%Imxz %Imyz %Im(x2+y2+222)
B field =
372 372 312
(% +y* +7) (% +y* +7) (+y* +7)

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
FhkFkd KA KA I IR KR XAIXF* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*hkkkhkkkkhkhkkkhkhkkkihkkkhhkikkiikk

Xm or linear (Mean) curvature =0

. 1 m* 7
Yg or quadratic (GAUSS) curvature = - 2

(% +y* +7)
Za or Cubic (Interaction internal energy) curvature =0

2

Tk or quartic (4D expansion) curvature =0
FhxkxkxAkxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH **#x*kkkkxk
Chirality factor CH=0
D field=[0, 0, 0]

1 1 1 2 2
5 Imxz , Imyz 2Im(x +y?+27)
312

32 32
(C+y+2)" 0 (C+y¥+7) 0 (B+y+D)
Poynting vector ExH = EXH

H field =

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

! 32

~ Imy I mx
3/2
[ C+y¥+7)" u (C+y¥+7)

0,0

Amerian charge density  divD =rho=0

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

1 mx (Y +27) 1 Py 6y +27)

2 ! 2
C+y?+7) 1 (D)

Topological SPIN 4 vector S4 =

1
4

m?z (X% +y?) O‘

(x2+y2+22)2u7



1 m*x (6 +y2+27) &M\d(y), d(2), d(1))
4 (R +y¥+2)

Topological SPIN 3-form= -

;rﬁﬂﬁ+f+2H &Md(x), d(2), d(1))
4 (x +y2+z2 zu
L Loz (+y?) &Md(x), diy). d(t)

4 (R +y+7)

Spin density rho_spin=0

1 4y +4P)m
4 (x2+y2+22)2u
2

+

2

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

(+y+47)m
(X% +y? +22)2u
D.E=0

m? (x* +v°)
(X% +y? —I—zz)zu
-rho.phi =

1
BH=---
4

1
AJ=-7

m* (x* +y* —47)
2

Poincare | (B.H - D.E)-(A.J - rho.phi) = 1
4 (x +y +22)2u

. 2
London Coefficient LC =
(X +y* +7)
PROCA coefficient curlcurIB:[ 3Imxz 57 3imyz 57
2 2 2 2
(® 4y +7) (® 4y +7)
(224X +y)m
5/2
(% +y?+7°)
Imy I mx

Amperian Current 4Vector  curlH-dD/dt=J4 =| - ) 32

3/2
(+y+7)" 1w (C+y+7) n

y

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

1 x4y +27) 1 mPy((E+y+27) m?z (X% +y?)
- 3 ' 3 3
2 Ry +A T 2 Ry (8 +y? +7)
Amperian Dissipation JamperedotE =0

1
2




Lorentz Force Spin factor LFSPIN = - 1 X" — = y2 —

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_torsion x B) =[O0,
0,0]
Torsion Dissipation JtorsiondotE =0

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

1 mx(C+y+27) 1 My (E+y+27) m’z (x* +y?) 0
2 ’ 2 2
4 (C+y*+7) 4 (C+y*+7) (C+y*+7) 1
Lorentz Force 3 vector due to Spin current SF = --(rho_spin E +J_spin x B)

%I(xz—i—y2—|—4zz)ym3 %I(X2+y2+422)xm3
= 5 512 ' s 5 512 0
(X+y+7) (X +y+7)

Spin Dissipation J spindotE =0

1
' 4

1
w(C+y +7)

5/2
Disspative Force 3 vector = % s (m2 (4 (O +V+72) +ax (K

5/2 5/2
VP +2) VP Hex (Y + ) A3y mu ey muxt + 13 1lymp D
—|—7Iymp,txﬁzz—i—lymux8+4Iymu28+ly9mp,t—|—15Iymux“z“—i—4ly7mux2

—|—15Iy5mu24+7Iy7muzz+21IyE’mp,Lx222+21Iy3mux4zz+13ly3muz6

1 5/2
v 2)11/2 (M (-4y (C+y¥+72)" "%
X +y +12 u

+4Iy3mpx6)),—%
30,2 .2, 2\ 2 .2, 2\%2 2 5 4 4.4
— 4y (X +Yy +7) =8y (X +y +7) 461X muy +15Ixmpuy’z

—|—21Ix3muy4zz+21ng’muy222+lx9mu+4Ix7muy2-|-lxmp,ty8+30Ix3mp,tyzz4



—|—7Ix7muzz—i—7Ixmuy622—|—13Ixmuzf3y2—|—4Ix3muy6-1—15ng’muz“—i—4lxmuz8

m*z (x* +y°)
w(x+y?+7)
Dissipation =0

khkhkhkhhhhkhkhkkkhkhhkhihhhhkhkhhiiiiix END PROCEDURE khkhhhrhkhkhkkhkhkhkhirrrhhkhxhhkhiiiix

+13Ix3mu26)), —%

Enter the name of the problem, and the components of the 4 potential
> NAME:="Example 13 -- Bateman;

> phi:=AAa(x,y,z,t); Az:=AAb(X,y,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,ph1,1,1,1,1,2,0,0,0*alpha*(g+i*gamma),0);

*kkhkkkhhkkhkhhkkhhkkhhhkkhhhhhkkhhhkkhhkhkhhkhhhhhhkhhrhhhhhhhhhhhhhhhkhhkhihhkkikix

NAME := Example 13 -- Bateman
0= AAa(x, Yy, zt)
Az .= AAb(X, Y,z t)
Ax:=0
Ay:=0
Example 13 -- Bateman
Fkkddkkkkkkkkokkkkkkkkokkkokkdokkkkkx - Differential Form Format  xrserkkkokakkokkkokkokokkok

*khhkkkhkkhkkkikhkkikkikk

Action 1-form=AAb(x,y, z, t) d(z) —AAa(x, Y, z t) d (1)

Intensity 2-form F=dA :—(% AAa(x,y, z,t)) (d(x)) ( b(x,y,z
t))(du)&ﬂ(d())—(—,y xy,zt)j( ) ( b(X,¥,2,
t)) (d(y)) & (d ( ( xy,zt))—(a—lAAa(x,y,z,

t))) (d(2)) & (d(1))

(41)



0
Topological Torsion 3-form  AMF= (AAb(x, Y,z t) ((;_x AAa(x, Yy, z, t)) — AAa(x, Yy, z,

t iAAb t &MNd d d(t AADb t iAA t

)((,,X (%Y, 2, ))) (d(x), d(2), ())+( (x,y,z,)(ay a(x, y, 2 ))
0

—AAa(x, Yy, zt) (((_W AADb(X, Y, Z,t))) &"(d(y), d(z),d(t))

0 a
Topological Parity 4-form  FF=-2 ( (W AAD(X,Y, z, t)j (& AAa(x, Y, z, t))

— (i AAa(Xx, Y, z,t)) (i AAb(X, Y, z,t))) &MNd(x),d(y),d(z),d(t))
Y 0X

FhAkAAAkAAhkArhkArhkhkihkhkrhhkihhihikihiikx U Si n g E M fO rm at FhAkAAhkAAhkkkhhkhkihkkkrhhkrhhkihiiiixkx

*khkk

E field = [— (& AAa(Xx, Yy, z,t)), - (% AAa(x, Y, z,t)), - (% AAb(X, Y, z,t))

— (% AAa(x,y, z,t)”

. [0 0
Bfleld—[ oy AADb(X, Y,z t), ( x AADb(X, Y, z,t)),O}
4
Topological TORSION 4 vector T4 = -[ExA + Bphi,AdotB] = [ (E AAa(x,y, z, t)) AADb(X, Y,

Z,t) — (% AAb(X, Y, z, t)) AAa(x,y, z t), - (% AAa(x, Y,z t)) AAb(X, Y, z,t)

0
+ (& AAD(X,Y, z, t)) AAa(x,y,zt),0, 0}

Helicity AdotB=0

. 0 0 0
Poincare Il =2(E.B) =2 (E AAa(x, Y, z, t)) (& AAb(X, Y, z, t)) —2 (& AAa(x, Y, z,

t)) (% AAb(X, Y, Z, t))

0 0
coefficient of Topological Parity 4-form =2 (E AAa(x, Y, z, t)) (& AAb(X, Y, Z, t))

-2 (% AAa(x, Yy, z, t)) (% AAb(X, Y, z, t))

Pfaff Topological Dimension PTD =4
FhkFFA K I K I I IR KX XX H* Correlation Similarity Invariants of Jacobian of (Ak/lambda_N) ******

*khkhkhkhhhkhhkhkhkkkhhhkhiihikx

0 0
Xm or linear (Mean) curvature = Y AADb(X, Y,z t) — (E AAa(x, Yy, z, t))



0 0
Yg or quadratic (GAUSS) curvature = - (5 AAD(X,Y, z, t)j (E AAa(x, Yy, z,

t)) + (% AAb(X,Y, z, t)) (% AAa(x, Y, z, t))
Za or Cubic (Interaction internal energy) curvature =0
Tk or quartic (4D expansion) curvature =0
FhxHkxAxAxk  Compute Current using from Maxell-Ampere equations for constitutive equations
with chirality CH ****kxkikkx
Chirality factor CH=0

D field = [—e (& AAa(x, Y,z t)j, -€ (% AAa(x, Y,z t)j, -€ (% AAb(X, Y, z,t)

+iAA t
= AAa(X,Y.2 ))]

0

0
oy AAD(X, Y, z, 1) = AAb(X,Y, 7, 1)

y ,0
u u

H field =

iAAb t iAA t iAAb t
(at (xy.20 + o a(x,y,z,))(ax (x,y,z,))

Poynting vector ExH =

0
(% AAb(X, Y,z t) + % AAa(x, Y,z t)j (% AAb(X, Y, Z, t))
" ,
(i AAa(x, Yy, z, t)) (i AAb(X, Y, z, t)) + (i AAa(x, Y, z, t)) (i AAb(X,Y, z, t)) ‘
OX ox oy oy
0
Amperian Current 4Vector curlH-dD/dt=J4
% AAb(X,y,z t) +¢ (% AAa(x, Yy, z, t)) u
" ,
GziayAAb(X'y’ z,t) +¢ (% AAa(x, Y, z,t)) u, l[-(izAAb(x,y, Z,t))
[ [ OX

P i 0>
_ ( y AAb(X, Y, z,t)j +eu[¥ AAb(X, Y, z,t)j +eu(ﬁ AAa(x, Yy, z,t))),

N3

- (iz AAa(x,y, z,t) + iz AAa(x,y, z,t) + & AAD(x, Y, z,t) + iz AAa(Xx,y, z,
X dy 0z ot oz

0)]



Amerian charge density divD =rho= -¢ [% AAa(x,y, z,t) + i AAa(x,y, z,t)

oy

i 4
+ oy AAb(X, Y,z t) + o AAa(x, Yy, z,t))

divergence Lorentz Current 4Vector, 4div(J4) =0
Topological SPIN 4 vector S4

AADb(X, Y,z t) (& AADb(X, Y, z, t)) —€ (& AAa(x, Y, z, t)) AAa(x,y,z t) n

w

AAb(X, Y, z,t) (% AAb(X, Y, zZ, t)) —¢€ (% AAa(x, Y, z, t)) AAa(x,y,z,t) u

u

0 0 0
-€ (E AAb(X, Y,z t) + F AAa(x, Y, z, t)) AAa(x, Y,z t), ~AAb(X, Y,z 1) € (E AAD(X,
0
Y,z t) + o AAa(x,y, z t) ”

a 0
Topological SPIN 3-form = 1 ( (AAb(x, Y, z, t) (& AAb(X, Y, z, 1) ) —€ (& AAa(x,y, z,
v

t)) AAa(x, Yy, z, 1) u) &MN(d(y), d(z), d(t))) — i ( (AAb(x, Y, Z, 1) (% AAb(X, Y, z,

t)) —¢€ (% AAa(x, Yy, z,t)j AAa(x,y, zt) u) &MNd(x), d(z), d(t))) —¢€ (% AAD(X, Y,

z,t) + % AAa(x, Y, z, t)) AAa(x,y, z,t) &\(d(x), d(y), d(t)) +AAb(X,Y, z,

0 0
t) e (E AAD(X, Y, 2, 1) + = AAa(x Y, 2 1) | &(d(x), d(y), d(2))

0
AAb(X, Y,z t) + E AAa(x, Y, z, t))

| e

2

0 0
-| — AAb(x, Y, z, t)) — (— AAb(X, Y, z,

oy oX

Spin density rho_spin=-AAb(x, Y,z 1) € (
LaGrange field energy density (B.H-D.E) = - (

2

t)) +eu(& AAa(x, Yy, z,t))z—i-eu(a AAa(x,y, z,t))2

0 2
+8“(E AAb(x,y,z,t))

+28H(% AADb(X, Y, z,t)) (% AAa(x,y, z,t)) +8u(% AAa(x, Y, z,t)jzj

2 0 2

- (% AAD(X, Y, z,t)) + (& AAb(X, Y, Z’t)j

w



2 2

0 2 0 0
DE=¢ ((& AAa(x, Yy, z,t)) + (E AAa(x, Yy, z,t)) + (E AAb(X, Y, z,t))

xyztj % xyzt))—i—(%AAa(x,y,z,t))z)

P i
— AAb(X, Y, z, t)) — (— AAb(X,Y, z,t)
” )

i xyzt)+iAAa(xyzt)—i—iAAb(xyzt)

-rho.phi = - AAa(
rho.phi = ax,y,zt)e g

+eu( xyzt]—l—e —AAa(xyzt))j]
+i2AAa(x,y,z,t)]

0z
2

5 9
Poincare | (B.H - D.E)-(A.J - rho.phi) = - — ( . (— AAb(X, Y, 2, t)) - (— AAD(X, Y, 2,
0 oy X

2 0 2 0 2 0 2
t)) +eu(&AAa(x,y,z,t)) +eu(EAAa(x,y,z,t)) +eu(EAAb(x,y,z,t))

0 2
+28u( AAb(X, Y, z, t)) (—AAa XY, Zt) )—i—eu(—AAax Y, Z, t)j — AAb(X,

Yy, Z, t) (% AAb(X, Y, z,t)) —AAb(x, Y,z t) (% AAb(X, Y, z, t)j + AAb(X, Y, z,

&
t)yep a'[ZAAbxyz'[)—l-AAbxyz'[ap,t(aat Aaxyzt))-i—AAa(x,y,z,
thep 62 xyztj—i—AAaxyzt [i xyzt)j—i—AAa(xyz
axz @/2 1)1 =
t)yen iAAb(xyzt)j—I-AAa(xyzt)su i AAa(x,y,zt)
azat 1)1 = 1)1 = 622 1 J1 &=

2
(C+y*+7)u

London Coefficient LC=

(XY, 2 t)j — (ig AAb(X, Y, z, t)]
B

AAb(X, Y,z t) + is AAb(X, Y,z t) + i AAD(X,
X ay” ox

PROCA coefficient curlcurlB = [— ( & 5
dy oX

—( & AAb(xyzt))
or” oy

Yy, 7, 1), O]

07> ox

Amperian Current 4Vector  curlH-dD/dt=J4



i AAb(X,y,zt) +¢€ ( i AAa(x, Yy, z t)) u

_| _0zdx Ox ot
n
0 4
—— AAb(X,y,7,t) +¢ (—AAa(x, Y, z,t)) u
0z dy oy & ,i[—(%AAb(x,y,z,t))
[ [ X

& & &
_ ( 6y2 AAb(X, Y, z,t)) -l—su[ o2 AAb(X, Y, z,t)) -l—su( P AAa(x, Yy, z,t)j),

ha ha ha ha
—¢ (y AAa(x,y, z,t) + y AAa(x, Y,z t) + ﬁ AAb(X, Y,z t) + g AAa(x, Y, z,
J]

Lorentz Force 3 vector due to Ampere current FL = -(rho_ampere E +J_amperexB) = I

_l(e (i AAa(x, Yy, z,t)) u(% AAa(x,y, z,t)j + € (& AAa(x, Y, z,

m oX
0
t)) u[% AAa(x, Yy, z,t)j +¢€ (& AAa(x, Yy, z,t)j u(% AAD(X, Y, z,t)j
+¢ (% AAa(x, y, z,t)) i (% AAa(x, y, z,t)] - (& AAD(X, Y, Z,t)) (% AAD(x, y,

Z, t)j — (& AAb(X,Y, z, t)) [% AAb(X, Y, Z, t)j + (% AAb(X, Y, zZ,

4
t)) su(% AAb(x,y,z,t)j + (& AAb(x,y,z,t)) eu(% AAa(x,y,z,t)j),

1 0 P 0
- _AA l’!t _AA l’!t _AA 1 J1r =
u(s(ay a(xyz))u(ax2 a(xyz)j+£(ay acx,y,z

t)) u[% AAa(x, Y, z,t)j +e (% AAa(x, Y, z,t)) u(% AADb(X, Y, z,t))



& aabxy,

+ € iAAa(x,y,z,t) u iAAa(x,y,z,t) — iAAb(x,y,z,t)
ay 2 dy X

AAb(X, Y, z, t)j + (% AAb(X, Y, z,

O Ab(x,y, z,t)) eu(% AAa(X, Y, 2, t)j),

AAb(X, Y, z, t)) +en (% AAa(x, Y, z,
0
AAa(Xx, Y, z,t)j (E AAb(X, Y, z,t))

& AAb(X,Y, z,

—AAaxyzt))—i— u[y
AAa (xyzt)j—i—eu(azat

2 0
+eu(ay (xyzt))(6

t)j (EAAbxyzt)+£u( xyzt)) (iAAa(x,y,z,t))

0z

ot
+eu(§ AAa(x,y, z, t)) (E AAb(X, Y, z, t)) +eu(% AAa(x, Y, z,
ad a & 0
t)j (E AAa(x, Y, z,t)) — (& AAb(X, Y, z,t)) (ﬁ AAb(X,Y, z, t)) — (& AAD(X,
)u—(iAAb(x,y,z,t)) (% AAb(X, Y, Z, t))

dy

0 AAb(xyzt) (%M&(xyzt))u”

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

4
y,z,t))s(axat AAa(x,y,zt)

=0

0
Topological Torsion current 4 vector T4 = -[EXA + B.phi,AdotB] = [ (E AAa(x, Yy, z,
0 0
= AAD(X, Y, 2 t)) ARa(x, Y, 2,1), - (& ARa(x, Y, 2, 1)

t)) AAb(X, Y,z t) — ( oy ) AAb(X, Y,

z,t) + (i AAb(X, Y, Z, t)j AAa(x, Y, zt), 0, O]

oX
Lorentz Force 3 vector due to Torsion current TF = -(rho_torsion E + J_torsion x B)

0, AAb(X, Y,z 1) ((% AAa(x, Y, z,t)) (% AAb(X, Y, z,t)) — (E AAa(x,y, z

o



0
t)) (& AADb(X, Y, z,t))j]

. s . 0 0
Torsion Dissipation JtorsiondotE = -AAa(x, Y, z t) ( (& AAa(x, Y, z, t)) (E AAb(X, Y, Z,

t)) — (% AAa(x, Yy, z,t)) (% AAb(X, Y, z,t)))

Topological Spin current 4 vector TS4 = -[Ax H + D.phi,AdotD]
d 0
ARDX Y, 21) (0 ABD(GY. 2 1) | —e (1 ARa(x Y. 2 D) | ARalx Y2, 1) 1

U
AAb(X, Y,z t) iAAb(x ZLt) | —¢ iAAa(x z,t) | AAa(x,y, z, t)
e sz e (o) sy
u
0 0 0
-€ (E AAb(Xx,y, z,t) + F AAa(x, Y, z, t)) AAa(x,y, z,t), ~AAb(X,y,z21t) € (E AAD (X,

y,z, t) + % AAa(x,y,zt) ”

Lorentz Force 3 vector due to Spin current = --(rho_spinE +J_spinxB) =

0 0 0
-€ (E AAb(X, Y,z t) + F AAa(x, Y, z, t)) ((& AAa(x, Y, z, t)) AAb(X, Y, z,t)

0 0 0
— (& AAb(X,Y, Z, t)) AAa(x,y,zt) ) -€ (E AAb(X, Y,z t) + E AAa(x, Y, z,

( AAa(x, Yy, z, t)j AADb(X, Y,z t) — (% AADb(X, Y, z,t)) AAa(x,y, z,t)),

2

9 2 ]
i( b(x,Y,zt) eu( AAbxy,z,t)) +2AAb(x,y,z,t)eu(EAAb(x,y,z,
u
0
) (—AAaxy,zt )—i—AAbxy,zt) u(aAAa(x,y,z,t)) — AAb(X, Y, z,

2

t) (i AAb(X, Y, z, t)) ( (,?X AAb(X,Y, Z, t)) € (% AAa(x, Y,z t)) AAa(x,y,z,t) u

ox
— AAb(X, Y,z 1) (% AAb(X, Y, z, t))2+ (% AAb(X, Y, z, t)) € (% AAa(x, Yy, z,



t)) AAa(x,y,zt) u”

ad 0
Spin Dissipation J spindotE = - 1 ( (& AAa(x, Y, z, t)) AAb(X,Y, z,t) (& AAb(X,Y, z,

u
0 2 0
t)) —¢€ (& AAa(x, Y,z t)) AAa(x Y,z t) u+ (E AAa(x, Y, z, t)) AAb(X, Y, Z,
0 0 2
) (E AAb(X, Y, z, t)) —¢€ (E AAa(x, Yy, z, t)) AAa(x,y, z t) L —AAa(x, Yy, z,
2

0 0 0
t)eu (E AAD(X, Y, Z, t)) —2AAa(x, Y,z 1) e (E AAD(X, Y, Z, t)j (5 AAa(X, Y, Z,

t)) —AAa(x,y,z t)epn (% AAa(x, Y, z, t)jzj

Disspative Force 3 vector =

1 0 02
- — AAa(x,y, z t — AAa(x,y, z t
“(S(GX a(xyz)ju(ax2 a(xyz)]

0 R 0
+e (& AAa(x, Yy, z,t)) i [V AAa(x, Yy, z,t)) +e (& AAa(x, Yy, z,

& 0 &
t)) “(ﬂ AAb(X, Y, z,t)j +¢€ (& AAa(x, Yy, z,t)) u(g AAa(x, Yy, z,t)j

— (i AAD(X,Y, z, t)) (% AAD(x,Y, z, t)) — (i AAD(X,Y, z, t)) (i AAb(X, Y, z,

ox ox ayz

t)j + (& AAD(X, y, z,t)) ep (% AAD(X, Y, Z,t)) + (& AAD(X, Y, Z,

t)) eU (% AAa(x, Yy, z, t)) +u2£ (% AAb(X, Y, z, t)) (& AAa(x, Y,z t)) AAb(X, Y,

0 0 0
Z,t) —uze (E AAD(X,Y, z, t)) (& AAD(x,Y, z, t)j AAa(x,y,zt) +u28 (E AAa(x, Yy,

Z, t)) (& AAa(x, Yy, z t)) AAb(X, Y, z,t) —uze (% AAa(x, Yy, z, t)) (& AAb(X, Y, z,



t)) AAa(x,y, z,t)), —i(e (% AAa(x,y, z,t)) 1) (% AAa(x,y, z,t)j

0 R 0
+¢€ (E AAa(x, Yy, z, t)) n (y AAa(x, Yy, z, t)) +¢€ (E AAa(x, Yy, z,

i 0 4
t)) “(ﬁ AAb(X, Y, z,t)j +e (E AAa(x, Y, z,t)j u(g AAa(x, Y, z,t)j

0 R 0 ha
— (E AAb(X,Y, Z, t)) (y AAb(X, Y, z, t)) — (E AAb(X, Y, z, t)) (y AAb(X, Y, Z,

0 i 0
t)j + (W AAb(X, y, z,t)) eu [? AAD(X, Y, Z,t)j + (E AAD(x, Y, Z,

t)) eN (% AAa(x,y, z, t)) +},L28 (% AAb(X, Y, z, t)) (% AAa(x,y, z, t)j AAb(X, Y,

Z, 1) —uze (% AAb(X, Y, z, t)) (% AAb(X,Y, Z, t)j AAa(x,y, zt) +u28 (% AAa(x, Yy,

Z, t)) (% AAa(x, Yy, z, t)) AAb(X, Y, z,t) —uza (% AAa(x, Yy, z t)) (% AAb(X,Y, z,

t)) AAa(x, Yy, z,t)), —i(eu (% AAa(x, Yy, z,t)j (% AAb(X, Y, z,t))

ha 0 P
+su( o AAa(x, Y, z,t)) ( pe AAa(x, Yy, z,t)j +su( 6y2 AAa(x, Yy, z,

t)j (EAAb(x, Y, z,t)) +£u(iAAa(x, Y, z,t)j (iAAa(x, Y, z,t))

ot ayz 0z

+8M(% AAb(X,y, Z,t)) (% AAb(Xayl th)j +8H(%AAb(X’y’ Z,

0 R 0
t)) ( p- AAa(x, Y, z,t)) +eu[ o7 AAa(x, Yy, z,t)j ( po AAb(X, Y, z,t))



&

7 AAa(x, Y, z, t)) — (i AAb(X, Y, Z, t)) (i AAD(X,

+8“( ox 020

AAa(x, Yy, z, t)) (%

0 R ad
Y, z,t)) — (& AAb(X, Y, z,t)) € (m AAa(x, Yy, z t)) n— (E AAb(X, Y, Z,
&

0 i
t)) (az—ay AAb(X, Y, Z, t)) _(E AAb(X, Y, z,t) ) (m AAa(x, Yy, zt))u—l—AAb(x,

2
y,z,t)ep (EAAb(xyzt)) +2AAb(xyzt)eu (6 AAb(xyzt)) (%AAa(x,

2

0 0
y, z,t)) +AAD(X, Y, 2,1) e 1’ (5 ARa(x, y, z,t)) — AAB(X, Y, 2, 1) (& AAD(X, Y, 7,

t))zu—i— (& AAb(X, Y, Z, t)) € (& AAa(x, Y,z t)j AAa(x,y, z,t) uz — AAb(X, Y, Z,

t) (i AADb(X, Y, z,t) )2u+ (i AAD(x,Y, z, t)) € (% AAa(x, Yy, z, t)) AAa(x, Y,z t) “2

oy oy
—AAb(X, Y,z t) 1 (& AAa(x, Y,z t)j (% AAb(X, Y, Z, t)) + AAb(X, Y, z,
0 0
t) M(E AAa(x, Yy, z,t)) (& AAb(X, Y, z,t)))]
igination = - [ -0 [ [
Dissipation = -¢ ( o AAa(x, Y, z,t)) € ( 6y2 AAa(x, Yy, z,t)) € ( Py AAb(X, Y, z, t))

0
e [% ABa(x,y, z,t)j AADIX Y, 1) £t (o AADX Y. 2 D) | —AADIX ¥, 2
Z

t)en (% AAa(x, Y,z t)j + (% AAa(x, Y, z, t)) AAb(X, Y, z,t) — (% AAb(X, Y, z,

t)) AAa(x, Y,z t)

khkhkhkhhhhkhkhkkkhhhkhhhhhhkhkhhiiiiix END PROCEDURE kkhkhhhrhkhkkhkhkhkhirrrhhkhkhhhihiiix (42)



