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Updated 12/12/97, 11/5/98, 10/24/2002 Correcting sign of T4 and d(A"F), 11/09/2003,
Last update: November 06,2008
-- R. M. Kiehn

NOTES:

The fundamental references are my monographs Vol1 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 spacetime, the E and B fields follow by exterior differentiation.

The 2-form F is the set of limit pointsfor 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 vacuum constitutive equations, D = epsilonE B =mu H.
2. A more complicated procedure selects the complex 6x6 constitutive matrix formualted by Post (see Vol 4)
3. Another procedure selects a chiral formulation for a the constitutive matrix. (see Vol4)

*

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

but also topologically encodes a thermodynamic system. (seeVoll).

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).

Thistopological 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 individua particles
*

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

Holder Norm divisors.
*

The procedure has as input the 4 potential, and computes
E,B,D,H,Jamperian,Jdisplacement,Jtotal, and the Charge density, rho,
aswell as

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

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

the First Poincare invariant = F*G -A"J = (BdotH-DdotE) -(AdotJ-rho.phi),
the second Poincare Invariant = FAF = +2EdotB

| (seevol4)

=> with(liesymm) :with(linalg) :with(plots):
> setup(x,y,z,t):defform(x=0,y=0,2z=0,t=0,a=const,b=const,c=const,k=const, mu=
const,m=const,alpha=const,beta=const,m=const,n=const, omega=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) :
;The main procedure
JCM: =proc (Ax,Ay,Az,phi,e,p,N,H)
local A,Al1,A2,A3,A4,BFC,TFC,EF1l,EF2,EF3,JAC,JDC,SFC, ExBC:
global Alform, BF,EF,TF,HEL,P1,P2,DF, HF,CD,JA,JD, SPD, SF,JTOT, ExB, NAME, LAGF,AJ, VW,
DISS,lambda, lambdaH, AH, JACOB, ADJACOB, AN, CURR:
lambda:= (x"p+y " p+z"p+e* (c*t) *p) * (N/p) :
> Al:=Ax/lambda;A2:=Ay/lambda;A3:=Az/lambda;A4:=phi/lambda; A:=[Al,A2,A3]:
Alform:=A1*d(x) +A2*d (y) +A3*d (z) -A4*d (t) :
> lambdaH:= (x"p+y " p+z” p+e* (c*t) "p) * (H/p) : AH:=[Ax/lambdaH,Ay/lambdaH,
Az/lambdaH, phi/lambdaH] ;AN:=[Al,A2,A3,24];
EFl:=evalm(-grad (A4, [x,y,2])):
EF2:=-[diff(Al,t),diff(A2,t),diff(A3,t)]; EF3:=[EF1[1] +
EF2[1] ,EF1[2]+EF2[2] ,EF1[3]1+EF2[3]];




EF:=[factor (simplify (EF3[1])), factor (simplify (EF3[2])), factor (simplify (EF3[3])

BFC:=(curl([Al,A2,A3],[x,y,2])):

BF:=[factor (simplify (BFC[1])), factor (simplify (BFCI[2])), factor (simplify (BFC[3])
)1;

HEL:=-factor(simplify (innerprod(A,BF)));

TFC:=- [crossprod (EF,A) [1] +BF[1] *A4,crossprod (EF,A) [2] +BF [2] *A4,crossprod (EF,A)
[3]1+BF[3] *A4];

TF:=[factor (simplify (TFC[1])), factor(simplify (TFC[2])), factor (simplify (TFC[3])
) , factor (HEL)] ;

P2:=factor (simplify(2*innerprod (EF,BF))) ;

HF:=[factor (simplify (BFC[1] /mu)), factor (simplify (BFC[2]/mu)), factor (simplify (BFCI[3]
/mu))];
DF:=[factor (simplify(epsilon*EF3[1])), factor(simplify(epsilon*EF3[2])), factor
(simplify (epsilon*EF3[3]))];
CD:=factor (diverge ( [DF[1] ,DF[2],DF[3]1], [x,y,2]));
JAC:=curl ([HF[1] ,HF[2] ,HF[3]1], [x,y,2]) ;JA:=[JAC[1] ,JAC[2] ,JACI[3]];
JDC:=-[diff (DF[1],t),diff (DF[2],t),diff(DF[3],t)];JD:=[factor (JDC[1]), factor (JDC[2]
) , factor (JDC[3]1)1];
JTOT:=[factor (simplify (JA[1]+JD[1l])), factor (simplify (JA[2]+JdD[2])), factor(simplify
(JA[31+JDI[31))1;
DISS:=factor (simplify (innerprod (JTOT,EF))) ;
SPD:=factor (simplify (innerprod(aA,DF))) ;
VW:=[factor (simplify (CD*EF [1l] +crossprod (JTOT,BF) [1]) ), factor (simplify (CD*EF [2] +
crossprod (JTOT,BF) [2]) ), factor (simplify (CD*EF [3] +crossprod (JTOT, BF) [3]1))1];

SFC:=[crossprod (A,HF) [1] +DF [1] *A4,crossprod (A,HF) [2] +DF [2] *A4,crossprod (A, HF) [3]
+DF [3] *A4] ;

SF:=[factor (simplify (SFCI[1l])), factor (simplify (SFC[2])),factor(simplify (SFCI[3])

) ,SPD] ;
AJ:=factor (simplify (innerprod(A,JTOT) -CD*2A4)) ;
LAGF:=factor (simplify (innerprod (BF, HF) -innerprod (DF,EF))) ;Pl:=factor (simplify (LAGF-
AJ));
JACOB:=simplify(jacobian (AN, [x,y,z,t])) ;ADJACOB:=adjoint (JACOB) ;
CURR:=simplify (innerprod (ADJACOB, AH) ) ;
ExBC:=crossprod (EF, HF) ;
ExB:=[factor (simplify (ExBC[1l])), factor (simplify (ExBC[2])),factor (simplify (ExBC[3]))
1;
print ("Lambda “=lambda) ;print( LambdaH =lambdaH) ;print(°N ~ = N);print("H ~ = H);
print (NAME) ;
print (TAction = Alform) ;print("E field = EF);print ("B field = BF);
print ("Topological Torsion = TF) ;print( Helicity AdotB = HEL) ;print( Poincare 2 E.
B = P2);
print ("D field = DF);print( H field = HF);print ( Poynting vector ExH =ExB) ;
print (T***kkkkkkkkkkkkkkk*k*k* [orenz constitutive equations, B = mu H, D = epsilon
E***************\);
print ("Lorenz 4Current”= [simplify(JTOT[1]),JTOT[2],JTOT([3],CD]);
print ("Lorenz charge density 3D = CD);
print (“divergence Lorenz 4Current "= factor(diverge([JTOT[1],JTOT[2],JTOT[3],CD],



[x,y,z,t]1)));
print(“***************************Adjoint Current***kkkkkkhkkhhhhkhhdhhdhhdrr™) .

~

print ("N = N);print("H

~

= H);
print (TAdjoint4current "= simplify (CURR)) ;
print (TAdjointchargedensity "= simplify (CURRI[4]));
print (“divergenceAdjoint4current "= factor(diverge (CURR, [x,y,z,t])));
print;(\**********in***********ink************in***********iﬂhk*********~);
print ("Topological SPIN =SF) ;
print (“chiralty AdotD = SPD);
print ("LaGrange field energy density (B.H-D.E) "= LAGF);
print ("Interaction energy density (A.J-rho.phi) "= AJ);
print ("Poincare 1 (B.H-D.E)-(A.J-rho.phi) "= P1);
print ("Virtual work “=VW);
print ("JdotE power ~=DISS);
end:

hhkkkkhhkkhhhhhhdhhhhhkhhhdhhhhhhhdhhhhhdhhhdhhhhhddhdhhddhddrhdrdrrdxd

[ Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.

> NAME:="Example 8a-- Index 1 Irreversible solution EdotB < 0 (kinematic out)

Type 17;

> Ax:=0Omega*y;Ay:=-Omega*x;Az:=Gamma*c*t;phi:=+Gamma*c*z;
Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,-1,2,0,0);

kkkkkkhkkkhkkhhkkkhhkkhhkkhhkhkhhkkhhkkhhkhhkkhhkhhkkhhkkhhkkhkkhhkkhhkkkhkkhkkkdkkkx*

NAME := Example 8a-- Index 1 Irreversible solution EdotB < 0 (kinematic out) Type 1

AxX=Qy
Ay:=-QX
Az:=Tct

0:=I'cz

Lambda =1

LambdaH =1
N =0
H=0

Example 8a-- Index 1 Irreversible solution EdotB < 0 (kinematic out) Type 1
Action=Qyd(x) —Qxd(y) +T'ctd(z) —I' czd(t)
Efild=[0,0, -2Tc]

Bfield=[0,0, -2Q]




Topological Torsion=[2TcQx 2T cQy,2QTcz 2l ctQ]
Helicity AdotB=2T ctQ
Poincare2EB=8T cQ
D field=[0,0, -2¢eT c]

2Q

0,0 -——
w

Poynting vector ExH =0, 0, 0]
FRA KKK R kxR xk Rk R E*X L orenz congtitutive equations, B = mu H, D = epsilon E******xxxkx %

* k%

H field=

Lorenz4Current=10, 0, 0, 0]
Lorenz charge density 3D =0
divergence Lorenz 4Current =0
***************************Adjoint Current****************************
N =0
H =0
Adjointdcurrent = CURR
Adjointchargedensity = - QZ F2 ¢t

divergenceAdjoint4current = -4 Q2 F2 ¢

kkhkkhkkkhhkkhkkhhkhkkhhkhkkhhkhkkhhkkhhkkhhkhkkhhhkhkhhkhkhhkhhhkhkhhkhkhhkhkkhhkhkkhkhkk khkkikkkk*x*x*%

ZQZX ZQZy
TR
chiralty AdotD = -2 T° Pte

Topological SPIN = , —Zel“zczz, —2F2c2ts

4 ( —Qz—i—el“zczu)
u
Interaction energy density (A.J-rho.phi) =0

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

4(—Qz+el“2c:zu)
u

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

Virtual work =1[0, 0, 0]
JdotE power =0 1)

> SS:=simplify (JACOB) ;
> Xm:=factor (trace(SS));S2:=factor(trace(innerprod(SsS,SS))): Yg:=factor ((-(1/2)
* ((-trace(SS) *trace(SS)+S2)))) ;za:=factor((trace(adjoint(SS)))) ;Tk:=det (SS) ;
> subs (Omega=1,Gamma=1,Yg) ;
SS:=JACOB



Xm:=0
Yg:=-(Tc—Q) (F'c+Q)

Za:=0
Tk:= -Q°T° ¢
-(c—1) (c+1) )
_> d(Alform) ;
-2Q (d(x)) &* (d(y)) —2T'c(d(2)) & (d(t)) (3

[ Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.

> NAME:="Example 7b-- Index 1 Irreversible solution EdotB < 0 t (kinematic in)
t goes to -t in coefficients, not dt~;

> Ax:=y;Ay:=-X;Az:=-c*t;phi:=+z*c;
Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,-1,2,4,H):

hhkkhkkhkhhkkhhhhhhdhhhhhhhhhhhhhhhhhhhhhhhhdhhhhhddhhdhdhddddrhhrdrrdxd

NAME :=

Example 7b-- Index 1 Irreversible solution EdotB <0t (kinematicin) t goesto-tin
coefficients, not dt

Ax:=y
Ay = -X
Az:= -ct
0:=zcC

Lambda = ()(2—|-y2—|-22—02t2)2
1

LambdaH = (3¢ + Y + 7 — 1) ?
N =4
H=H
Example 7b-- Index 1 Irreversible solution EdotB < 0t (kinematic in) t goesto -t in coefficients,
not dt
Action = yd(x) B xd(y) B ctd(z)
R+ +72-0)°  (R+y¥+2-0)° (C+y¥+2-B)°




B zcd(t)
R4y 47— 2B)°

Efidd= | 4c(-zx+yct)  __ 4c(zy+xcl) _ 4c(Z+cfD)
- - -~ :
(R —Z2+30)° (R -2+F0) (R -2+E) |
Bfield—_— 4 (-zx+ycy 4 (zy +xct) 2(R+yY—2+0) ]
- o -~ 3
| (K=Y =Z+0) (K =y =Z+) (K=Y =L+

Topological Torsion= |0, 0, 2zc -, - 2ct 4]

(- -2+ (- R—y -2+

2ct

Helicity AdotB= -

(- —Z2+ER)°
16¢ (Z + ?t%)
(R —2+ )’

Poincare2 EB=

.| dec(-zx+yct) 4ec(zy+xct) dec(Z+P) ]
D field= 30" 3 ° 3
(- =y —Z+P) (- -y —Z+P) (- =y —Z+P)
Hfield:l— 4 (-zx+yct) 4 (zy +Xxct)
(R—P—Z2+30)° 0 (R -2+

2R+ -2+
(-%—y—Z2+30)
8c(zy+xct) (C+y+7Z+3°t)
(-¥—y—Z2+O)
8c(-zx+yct) C+yV+7Z+3H)
(-R—y—Z2+30)

FrRdk kxR xkkkkkkxkxkx | orenz constitutive equations, B= mu H, D = epsilon EX**x*x*xkkkk

*k*

Poynting vector ExH =

,0

1
(-@—yP—Z2+8)

Lorenz4Current:l (4 (-yx¥—y*—yZ -5yt —6ctzx

+ecfpy+edfuy+ectnyZ+5ectuytf—6ecutzx)),

~ 1
(@ -y —Z2+8)

(4 (- —xy—xZ—-5Fx+6ctzy+ec?ux

+ecfuxy+ecuxZ+5eciutx+6eciutzy)),



i 8ct(-2X -2y + 7 -t +eful+ectuy+4ecuZ+2ec )
(—xz—y2—22+c2t2)4u
i 8ecz(X¥+yV+7Z+5c¢ )
(-%—y—Z2+ED)"

i 8ecz(X¥+yY+7Z+5c¢t)
(= —2+8)"
divergence Lorenz4Current =0

kkhkhkkkhhkkkhhkkhhkkhhkkhhkkhhkkikikkx*k 101 kkhkhkkkhhkkkhhkkhhhkkhhhkhhhkkhhhkkhkhhkkhkk
Adjoint Current

Lorenz charge density 3D =

N =4
H=H
Adjointdcurrent = CURR

Adjointchargedensity =c?t ()¢ +y? + 7 — ¢ %)

Lh-s
2

divergenceAdjointdcurrent = - (8 + H) (¢ +y? + 7 — c* %) ? C

kkhkkhkkkhhkkhkkhhkkhhkhkkhhkhkkhhkhkkhhkkhkhkkhhhkhkhkkhkhhkhkhhkhkhhkhkhhkhkkhhkhkkhkhkkhkhkkikkk,k*x*x*%

2(C+xy—xZ+3Ftx+2ctzy—2eCuxZ+2ecutzy)
(- =y —2+JFD)
2(2ctzx—3yPtP -y —y+yZ+2ecuyZ +2ecutzx)
(% —y—Z2+E8)
Cdz(-y—X+ecuZtectp) 4eCt(Y+X+7+0)
(-%=y-2+ED)°n  (R=y-2+ED)°
et (Y + X+ 2 +2H)
(- —y =2+ EE)
. . 1
LaGrange field energy density (B.H-D.E) = - (—x2—y2—22+c2t2)6u (4(-22%
— 6y P27y —6X X -2y —y 127 -t 4e Pl

+aectuytraelpyZ+aectut+aecCut +8ectnZt+4ecttn))

Topological SPIN =

chiralty AdotD =

. . . 1 4.4
Interaction energy density (A.J-rho.phi) = (4 ( 27 y2 —2c't
(-R—y—Z2+E0)

— 9V PP -9 P+ 22 P +4e Pt u— 2y -y — X'+ 3eFux?

+78c4ux2t2+3802uy222+78c4uy2t2+188c4u22t2+802uy4+802ux4



+2ecfuy’ e +2ectu))

. . 1
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - (4 (-37% 37V
(-R—y¥ -2+ u

—3cM — 15 PP — 15X P+ 42—+ 6ecfud +8eCttu—ay ¢ —2y!

—2x4+7802u>(222+1lec4u)<2t2+7£czuy222+11£c4uy2t2+26£c4u22t2
+ecfuyt+ectuxt+2eFuy’xé))

Virtual work = L (8 (4ePZux+3ec?Fux—2ctzy¥

(- -72+8) 1

+2sc2ux3y2+1Oec4ux3t2+sczuxy4+ 13806ut4x+48C222usz+68032uy3t

—|—680323uyt+3280422ut2x—68052ut3y+ 10£c4uxy2t2—14x3(:2t2—904t4x
—2x3y2—xy4+xz4—14xy202t2+8x2202t2—20tzy3—20t23y+203t3zy

1
+802uX5—X5+68032ux2yt)), (_X2_y2_zz+czt2)7u(8 (480222}1)/3

+38c224uy+20tyzzx+loc4t28uy3+1306t4euy+sc2uyx4+Zeczuy3x2
+480222ux2y—68032ux3t—Gecszsuxt+32804zzut2y+Gec‘r’ZutSX
+1Oc4t28ux2y—yx4—2y3><2+yz4+20tx3z—14c2t2x2y+20t23x+802t222y

—2tzx+eduy — 14y —octtty—y —6ecdzuyixt)),
1
(-R—y—7+JA) u
—11y2c2t2—11X202t2—2y2X2+3802uX222+3802uy222+12804u22t2

+10eCtp+ectuy +ecfux —y -2y —xX'— 7)) |

(16z(ec*u+ectuy’t+2ectuy’xl+2ec?u

~ 1
JdotE power = (—x2—y2—22+c2t2)7u (16t (-2y? X+ 2y + 2% +4efttp—y

—9y202t2—x4—9x202t2+224+eczuy4+7sc4uy2t2+eczux4+7ec4ux2t2

(4)



+8ecfuf+12ect uZt+2eCuy? ¥ +9eCuyZ+9eCuxz —2c'tt))

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

> NAME:="Example 8b-- Index 1 Irreversible solution EdotB >0 (kinematic out)
Type 27 ;

Then call the procedure JCM (Ax,Ay,Az,phi)

> JCM(Ax,Ay,Az,phi,-1,2,4,4):

NAME := Example 8b-- Index 1 Irreversible solution EdotB >0 (kinematic out) Type 2
2
Lambda = (¥ +y* + Z — ¢ )

LambdaH = (><2+y2+22—c2t2)2

N =4
H=4
Example 8b-- Index 1 Irreversible solution EdotB >0 (kinematic out) Type 2
Action = yd(X) B xd(y) B ctd(2)
(R+y¥+2-32B)°  (R+y¥+2-32B)°  (R+y¥+2-B)°
_ zcd(t)
(C+yP+2—2B)°
Efield:- 4c(-zx+yct) . 4¢(zy+xct) . 4c(Z+2P)
(=Y —72+30)° (R=y—2+80)° (R—y-7+D) |
Bfield:-— 4 (-zx+yct) 4 (zy+xct) 2+ —Z+EP) |
| (R -2+E0) (R —72+FD) (R -7 +D)
Topological Torsion=0, 0, 22¢ i 2¢t 4 l
(XY —Z+C) (=Y -2+

2ct
(R 2+ée)*
16 ¢ (Z + 2 1?)
(R —2+B)°

Helicity AdotB= -

Poincare2 E.B=

D field= 4ec(-zx+yct) 4ec(zy+xct) dec(Z+3E0) ]
ield= = - .- :
(- =y —Z+F) (K=Y -Z+) (-X—y-Z+F)
Hﬁddzl— 4 (-zx+yct) 4 (zy+xct)
(—Xz—yz—zz+czt2)3u (_)<2_y2_22_’_02t2)3M

2421 D)
(@ -y —Z2+8)




8c(zy+xct) (C+yV+Z2+3c¢°H)
(X =y -Z+E0) 1

8c(-zx+yct) ¢+ +7Z+3ct)
(X% —y—Z2+D)

FRA KKKk kR xR xR kkkkk k| orenz congtitutive equations, B = mu H, D = epsilon E**** % xxxxkx ok

* k%

Poynting vector ExH =

, 0

1
(- —y—Z2+8)"

Lorenz4Current:l (4 (-yX—y—yZ -5y —6ctzx

+efuyXl+etuy+ecduyZ+5ectuytf—6ecutzx)),

1

) B U2 u2 22 2. .3
(_Xz_y2_22+02t2)4“(4( X=Xy —xZ -5 x+6ctzy+ec’ux

tecuxy+ecuxZ+5eciutx+6eciutzy)),

i 8ct(-2X -2y +7 -t +eful+ectuy+4ecuZ+2ec )
(—xz—y2—22+c2t2)4u
i 8ecz(X¥+yV+7Z+5c¢ )
(-%—y—Z2+ED)"

8ecz(X¥+yY+7Z+5c¢t)
(R -2 +8)
divergence Lorenz4Current =0

kkhkkkkhhkkkhhkkkhhkkhhkkhhhkkhkhkkikhkkx*k 101 kkhkhkkkhkkkhhkkhhkkhhhkhhhkkhhhkkhkihkkhkk
Adjoint Current

Lorenz charge density 3D = -

N =4
H =4
Adjointdcurrent = CURR
Pt
Adjointchargedensity = 5
(R 2+ 30
12¢°

divergenceAdjoint4current = - N
(X —y—Z+F)
AR R R R b b b R R b b b b b b b b b R R R R R R R R R R R R R R R R R R R R b R R R R R R

2(C+xy?—xZ+3Ftx+2ctzy—2eCuxZ+2ecutzy)
5
(- -y —Z+)

Topological SPIN =



i 2(2ctzx -3y -yl —y+yZ+2ecCuyZ +2ecutzx)
(—XZ—YZ—ZZ—I-CZtZ)Su ’

4z(—y2—x2+e(:2u22+ec4t2u) 4ec2t(y2+>(2+22+c2t2)

(R=y=2+8D°0 (R —2+E0)°
4t (Y + X% +7+E1)

(R 21ce)°
. . 1

LaGrange field energy density (B.H-D.E) = - (—x2—y2—zz+c2t2)6u (4(-22%
—6y2c2t2—222y2—6x2c2t2—x4—2)/2x2—y4—z"’—l—22’2c2t2—c"’t“—i—4ec2ux222
+aectnytraelpyZ+aecult+aetul +8ectnZ+4ec’ttn))

chiralty AdotD =

) . . 1
Interaction energy density (A.J-rho.phi) = (4 (-2 -2y -2t
(¥ -y =2+

— IV PP -9+ 27 P +4eCttu -2y —y =X +3e Fui?
-|—7ec4ux2t2+3802uy222+7ec4uy2t2+18£C4u22t2+802uy4+802ux4
+28C2uy2x2+2802uz4))

. . 1
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - (4 (-32X% =37y
(¥ -y —72+P)

—3Mt 15 PP — 15X PP+ 42— +6ePud +8eCttu— 4y — 2y
—2x4+7£czu><222+llac4ux2t2+7ac2uyzzz+llac4uy2t2+26£c4u22t2
+ectuyt+ectuxt+2eCuysé))
1
(-R—y—Z2+E0)

+28c2ux3y2+10£C4uX3t2+eczuxy4+13806ut4x+480222uy2x+68032uy3t

Virtual work = (8 (4ePZux+3ec?fux—2ctzy¥

+6£c3z3uyt+32£c4zzut2x—6£c52ut3y+ 1Osc4uxy2t2—14x302t2—904t4x

—2x3y2—xy4+xz4—14xy202t2+8x2202t2—20tzy3—2ctz3y+203t32y

1
fectuxX —xX+6eczuxéyt)), (—><2—y2—zz+c2t2)7u (8 (4ePZuy’




—i—3aczz4uy+2(:tyzzx—i-1004t28uy3—|-13c6t4suy—|—eczuyx"'+28c2uy3x2
+480222ux2y—68032ux3t—6803z3uxt+32£c422ut2y+68c52ut3x

—|—1Oc4t28ux2y—yx4—2y3x2—|—yz4+20tx32—1402t2x2y+20t23x+8c2t222y

—2tzx+eduy —14ctyY —octtty—y —6ecCzpyixt)),

1
-
(- —y—Z+) 1
—NYEC -1 8PP -2y +3eCuZ +3eCuy 4+ 12ectu A
+10ecCtu+ectuy +ectud —y =2y —xX'—72x%)) |

_ 1
JdotE power = RN (16t (-2y? X+ 2V + 7% +4elttp—y*

—9y202t2—x4—9)(202t2+224+8c2uy4+7sc4uy2t2+802ux4+7sc4ux2t2
+8802uz4+128C4u22t2-|—2802uy2x2+98Czuy222+9802u>(222—204t4))

[ Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.

(16z(ec*uxtt+ectuy?t+2eCuy’ Xl +2ecus

> Ax:=(c*t+y) ;Ay:=(-2-%x);Az:=(c*t+y) ;phi:=(+x+2) *c;
Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,1,2,4,4):

khkkkhkkhhkkhkhhkhhkkhhkhhhkkhhhhhkhhhhhkhhhkhhhdhhkhhhhhhdhhhhhdhhkhhkhhxkdhx*k

NAME := Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2

Ax:=ct+y
Ay:=-z—X
Az:=ct+y
0:=(x+2c

Lambda = (y2-1—><2-|—22—|—02t2)2

LambdaH = (Y + X + 7 + (:2t2)2
N =4
H=4
Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2

> NAME:="Example 9-- Index 1 Irreversible solution EdotB =0 Type 1 + Type 2~ ;

®)



(ct+y) d(x) n (-z—x) d(y) n (ct+y) d(2)
(P4 R+ 2+380)° (V4R +2+3B0)° (P4t 2 +3D)°
B (Xx+2z) cd(t)

(P + 2%+ 72 +E8)°
2c (Y +X¥ -7+t +2zx+2yct)  4(x+2)c(-y+ct)

(P42 + 2+ 2B’ (PR’
2c (- —X¥+7 4+ +2zx+2yct)

(V4R +72+8)°
2(-V+X¥—Z+F¥—2yct—22zx) 4(ctty) (-z+X)

(P ++2+3E8)° (PR 2+ PR
2(-yY—X+Z+FP—22x—2yct)
P+ +2+E8)°

Topological Torsion=10, 0, 0, 0]
Helicity AdotB=0
Poincare2E.B=0

Action =

Efield=

Bfield= [

2ec(-y+xX¥ -2+ +2zx+2yct)  de(x+z c(-y+cl)
(P+ 2+ Z+E)° (PR 2eee)
2ec(-y— X +7+PP+2zx+2yct)
P+ +2+8)°
2(-V+X¥ -7+ —2yct—2zx) 4(ct+y) (-z+X)
(Y +R+72+EE) (P2
2(-yY—X+Z+PP—272x—2yct)
(P42 +Z2+38)
Poynting vector ExH

D field=

H field=

16c (zyPct+yxZ —3xXctz—3yxct+2ct+z+yxXC+y°x)
(P +x+2+38) ’
8c(-8zxyct—2Z2xX+c 't -6yt —7+y —x)
(P+2+72+8)° |
16c(Czy+xct+x+y z+2y+yxct—3Zxct—3c° P zy)
(P42 +2+E8)

FRA Kk ko kkkxokkkkkk k| orenz congtitutive equations, B = mu H, D = epsilon E***x*xxkxokxk

*k*




Lorenz 4Current

= 1 4(-ayct+2Xct—4ctZ+2 -y —y¥
(f+%+£+8€fu( ve o A

—yZ+5ydt+6ctzx) (ecn+1)),

C4(x+2) (=X —Z+5FF—6yct) (ec"nu+1)
(P2 +2+38)

L 4(-4vct—axct+2ctZ+23 -y -y —y7
(f+%+f+§€fu( ve S ey ey

+5yct+6ctzx) (ecfu+1)),0

Lorenz charge density 3D =0
divergence Lorenz 4Current =0
***************************/&ﬂonn(unrenﬁ***************************
N =4
H=4
Adjoint4current = CURR
Adjointchargedensity =0
divergenceAdjoint4current =0

kkhkkhkkkkhhkkhkkhhkkhkkhhkhkhhkhkhhkhkhhkhkhhkhkhhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkk khkk kkk,kkxkk,x**%

Topological SPIN = L (2 (2eutzy+2ctzy—6xyct

P+ +2+E0)

—sCzuxy2+£czux22+£c4ut2x—xzz—3zx2+zy2—c2t2x+3zczt2+23

tePux —3xy¥—x —ecfZ2p+ectzutf—eCpzy? +3ecCuz +2ecCuxyt))

) 1
(P+2+2+38)

(4 (2eCutzx+2ctzx+2yzx—ec’pyx

—efuyZ - +3yct+yct+y +ecdtu +ectuZ—2ecuyzx)),

1
P+ +72+8) 1

(2 (2ec®utzy—6ctzy+2xyct—ec?uxy’ +3ec’ux?



+ec4ut2x—3xzz—zx2—3zyz+Bcztzx—zcztz—zs—eczux3+xy2+x3+eczz3u

tectzutf—efuzy +ecfuz +2ecCuxyt)),

4ec(actzx—yZ+ St +yct+x8ct+ctZ+3yte—yxX —y)

P+ +2+E8)°
chiralty AdotD = dec(actzx—yZ +EC+yct+2ct+ctZ2+3yER—y@—y?)
(R +R+Z2+EB)°
LaGrange field energy density (B.H-D.E) = - L 5 (8 (-27% —27V
(V+X+7+F) 1

—c"’t4—2)/2c2t2—2x2c2t2—22'2c2t2—z"’—|—gc2uz4—|—ecet4u—2y2><2—y4—x4
+2802ux222+2£c4ux2t2+Ze:czuy222+2804uy2t2+2804u22t2+8c2uy4
+SCZMX4—48C3M)/3'[+4805'[3],Ly+ZSCZMYZXZ—48C3MX2yt—4803u22yt
+8ectPuzx—4y’ct+4ctty—4xyct—4Zyct+8c*tzx))

Interaction energy density (A.J-rho.phi) = L s (4(e Cu+1) (-22%
V+ X +7+E8) 1

—322y2+4c4t4+2y202t2+3x202t2+322c2t2—24—3y2x2—2y4—x4—2y22x
—10y3ct+ 14ty —2x%z—22x— 10X yct—10Zyct+22 PP zx) )
(4 (-6 —77y +2cH

Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - 1 6
(Y+X+Z2+E8)

—2y202t2—x202t2—2202t2—324+eczuz4+6ecﬁt4u—7y2x2—4y4—3x4
—I—Zeczuxzzz—i-7ec4uxzt2+eczuy222—|—6£c4uy2t2+7£c4u22t2+802ux4
—Zeczuxgz—18ec3uy3t—2802u23x+223c5t3uy+ec2uy2x2—18ec3ux2yt
—2sc2uyzzx—18ec3u22yt+38£c4t2uzx—2yzzx—18y30t+2203t3y—2x3z
—22x—18¥%yct—187Zyct+38c’t*zx))

Virtual work = L - (8 (ecPu+1) (-2ctzy+2xX 2 +4xy* 7
(YV+X+Z2+P) 1

+c4t4x+4x3yz+2x322+3xy4+xz4+4xy202t2+2x2202t2—2ctzy3—20t23y

—2c3t3zy+18yx3ct+18y3xct+8y2c2t22—30yc3'[3x—36c2t22x2+x5



12y z+18yZxct—y'z—2yV 2+ 3% z+ 22+ 9zt + 82— 2))

(yz 2 ; 22)7 (16 (e Ppu+1) (3y"¥ct+3yZAct—6ctZX+2yXz
¥+ 240

+2y32x+6y4ct+2y23x—16y2c3t3—3x4ct—03t3x2—3c:tz4—22y02t22x

+2ctyY’zx+ 2P+ + Y 2 +2ctxCz+ PPy +2ct 2x+ PP Ly

1
(P44 2+
+1) (18ctzyX¥ +8X PP +2xyVZ+9c ' x— 23y +2X° 7 —xy* +3x 7
+8XxY PP —36xZ2 P +18ctzy’ +18ctZy—30tzy —2yxCct— 2y xct
+4y202t22—2y03t3x+202t22><2—x5+4y2x22—2y22xct+3y4z—|—4y223+x4z
12X 2+t 4222+ 2)) ]

JdotE power = (y2+x2+;+czt2)7u (16 (ePp+1) c(ay¥sect+ayZct+4ctZR (6

—i—2y4ct—i—4y203t3—|-2x"'ct—i—4c3t3x2—|—20tz4—4ctyzzx—|-Zc‘r’t5+yx4+2y3x2
—i—2y3z'2+yz4—4ctx32—14c2t2><2y—4ctz3x—14czt222y—|—2003t32x—14c2t2y3
+octtty+2yRZ+y+4ctd))

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

+23zx+ 28y + Mty +y -t 7))

(8 (sczu

NAME: ="Example 1l0a -- Plasma Accretion disc -- Hedge Hog solution.;
Gamma:=-z*I/ (x"2+y"2) "1*m/ (a*x"2+a*y"2+c*z"2) " (1/2) ;
Ax:=Gamma* (-y) ;Ay:=Gamma*x;

> Az:=0; phi:=0;

Then call the procedure JCM (Ax,Ay,Az,phi)

> JCM(Ax,Ay,Az,phi,1,2,0,0):

khkhkhkhkhkhkkkkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhhkkhkhkkkhdhhhx

NAME := Example 10a -- Plasma Accretion disc -- Hedge Hog solution.

vV VYV

ro=- lzm

(+y) Ja+ay +7c
Ax = lzmy

(C+y?) Ja+ay +7c
Ay:= | zmx

_ (+y?) JaX+ay +7Zc




Az:=0

¢:=0
Lambda =1
LambdaH =1
N =0
H =0
Example 10a -- Plasma Accretion disc -- Hedge Hog solution.
Action = | zmyd(x) B lzmxd(y)
(R +y?) Ja+ay +7c (R +y?) Ja+ay +7c
Efield=[0,0,0]
B field = l amx - lamy - lazm 3l2]
(axX +ay’+7c) (axX +ay’+7c) (ax +ay*+7Zc)

Topological Torsion=10, 0, 0, 0]
Helicity AdotB=0
Poincare2 E.B=0

D field=[0, 0, 0]
H fidld = I amx lamy lazm
lu(ax2+ay2+zzc)3/2’ u(a><2+ay2+zzc)3/2’ u(a><2+ay2+zzc)3/2]

Poynting vector ExH =10, 0, 0]
FRA Kk ko kkkxokkkkkk k| orenz congtitutive equations, B = mu H, D = epsilon E*****x*kxkxk

*k*

3lazmy (a—c) 3lamxz(a—c)
u(a><2—i-ayz+zzc)5/2 u(axz—i-ayz—i—zzc)S/2

Lorenz charge density 3D =0

Lorenz 4Current = [ - 0, 0]

divergence Lorenz4Current =0
***************************Adjoint CUrrentr****xxxkkkkkkkxkkhkkk kL xkk*
N =0
H=0
Adjointdcurrent = CURR
Adjointchargedensity =0
divergenceAdjoint4current =0

kkhkkhkkkhhkkhkkhhkhkkhhkhkkhhkhkkhhkkhhkkhhkhkhhhkhhhkhkhhkhkhhkhkhhkhkhhkhkkhhkhkkhkhkkhkhkkikkk,kkx**%

Ztxa Zntya
(% +y2) (ax+ay2+2c¢)’n (C+y) (ad+ay2+2c)u

Topological SPIN =



. znfa :
(axz—i—ayz—i-zzc)zu’

chiralty AdotD =0

LaGrange field energy density (B.H-D.E) = - n]2a2()(2+y2+22)3
u(ax+ay’+7Zc)
Interaction energy density (A.J-rho.phi) = 3Znfa(a—c) -
w(ax+ay +7c)
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - nf'a (a><2+ay2+4a22_3322(;)
w(ax+ay’+7c)

3a2rr12x22(a—c) B 3a222rr12y(a—c)
u(a><2+ay2+zzc)4, u(a><2+ay2+zzc)4’
3a’znf (a—c) (¢ +Y)
u(axz-l—ayz—i-zzc)4 \

Virtual work = | -

JdotE power =0

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

> NAME:="Example 10b -- Dirac Hedge Hog solution.~;

> r:=(x"2+y"2+1*2"2) " (1/2) ;Gamma:=factor (I* (m/2)/(x*(z-x)));
> Ax:=Gamma* (-y) ;Ay:=Gamma*x;

> Az:=0; phi:=0;

Then call the procedure JCM (Ax,Ay,Az,phi)

> JCM(Ax,Ay,Az,phi,1,2,0,0):

kkkhkkkkhkkhkkhkkhkkkhkkhhkkhhkkhhkhhkkhhkhhhkkhhkkhhkkhkhkkhhkkhkkhkhkkhhkkhkkhkkkdkk*%x

NAME := Example 10b -- Dirac Hedge Hog solution.

r=J X +y+7

1

—1m
o 2
b IR+ 2 (24 2+ V¥ +7)
1
_ Elmy
e SR+ +Z (24 2+ ¥+ 7)
Ay - %Imx

()



Lambda =1

LambdaH =1
N =0
H =0
Example 10b -- Dirac Hedge Hog solution.
% I myd(x) % Imxd(y)
Action = —
SR+ +Z (-2+ V% +V¥+72) JR+y+Z (-2+ /% +y¥+7)
Efield=[0, 0, 0]
L I mx L I my
Bfield= 2 2

(R+y+2)7° (+y+2)"
%|L%—f—2£+24%+¢+fﬁzm
Rty + D) (2 [Z7TZ)

Topological Torsion=10, 0, 0, 0]
Helicity AdotB=0
Poincare2E.B=0

D field=[0, 0, 0]
1 I mx L I my
H field = 2 2

n(R+y+2)" (R4 + A
%|L%—f—2£+2¢%+¢+ z) zm
24y + 2 (24 FF7Z) 0

Poynting vector ExH =10, 0, 0]

FrA Kk kR ok kokkkkkk k| orenz congtitutive equations, B = mu H, D = epsilon E***x*xxkxkxk
*k*

Lorenz4Current=1[0, 0, 0, 0]
Lorenz charge density 3D =0
divergence Lorenz4Current =0
***************************Adjoint CUrrent**** %%k kkkokkkkkkkkkkkkkkkk*
N =0
H =0
Adjoint4current = CURR




Adjointchargedensity =0
divergenceAdjoint4current =0

kkhkkhkkhkkhhkkhkkhhkkhhkhkkhhkhkkhhkkhhkhkkhhkkhkhhkhkhhkhkhhkhhhkhkhhkhkhhkhkkhhkhkkhhkkhkhkkrkkkkkx**%

1 nix (- —22+2 /@2 +VP+ z)
MY I (S vy e 3 M
1 nty(R—y—22+2/@+/+72)z
YRy D P (o[RBT E)

nf (¢ +v°)
(R+y+2D) -2+ /R +y¥+2)

chiralty AdotD =0

Topological SPIN=| -

1
4

LaGrange field energy density (B.H-D.E) = L 1

- ((
P (iR 2) (R4t 2)
—x4—8zz><2+4x22\/m—2y2x2—822y2—8z4+4y22 X2-|-y2-|-z2 —y4
+ 8+ +2 7)) nd)

Interaction energy density (A.J-rho.phi) =0
Poincarel(B.H-D.E)-(A.J-rho.phi):% L 1 ((—x4
w2+ BTy +2) (+y2+P)’
— 82X +4X 2z X+ +7 -2y X —8ZYV —8F +4yVz X+ +7 —

+ 82112 7)nb)

Virtual work =[0, 0, 0]
JdotE power =0

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

> NAME:="Example 11l-- Coulomb plus Bohm-Aharanov singular vortex string;

> lambda:=(x"2+y"2)"(2/2);

> Ax:=y/lambda;Ay:=-x/lambda;Az:=0;phi:=m/ ((4*pi*epsilon)* (x"2+y"2+272)"(1/2));

Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,1,2,0,0):

kkkkkkkkkhkkhhkkkhhkkhhkkhhkkhkhhkkhhkhhkhkkhhkkhhkkhhkkhhkhkkhkkhkhkkhkkkhkkhkkkhkkkx*

NAME := Example 11-- Coulomb plus Bohm-Aharanov singular vortex string
A=y

_y
e X + v

(8)



X

Ay=- e+ P
Az:=0
0=+ m
4 nex/xz—l-yz—l-zz
Lambda =1
LambdaH =1
N =0
H=0
Example 11-- Coulomb plus Bohm-Aharanov singular vortex string
Action= Y4 xd(y) _ 1 md(t)
X2+y2 X2+y2 4 nex/xz—l-yz—l-zz
Efield=| < mX L1 my L1 mz
4 e (42D 4 e R4y 1A 4 e (R1y+ A
Bfield=[0, 0, 0]
: : 1 mzx
Topological Torsion 4 ng(x2+y2+22)3/2(x2+y2)1
1 mzy 1 m 0
4 e (R +A P (R4 4 re (v 1A ]
Helicity AdotB=0
Poincare2 EB=0
D field=| + mx L1 my L1 mz
4 R+ +AT A (A A n(x2+y2+22)3/2]

Hfield=[0, 0, 0]
Poynting vector ExXH =10, 0, 0]
FrRA KKKk KRRk Xk * kR E** L orenz constitutive equations, B = mu H, D = epsilon E******xxxkx %
*xk
Lorenz4Current=1{0, 0,0, 0]
Lorenz charge density 3D =0
divergence Lorenz 4Current =0
***************************Adjoint CUITENtx** * % * kK kkk ko kk ok kkok Kk Xk kK & k%
N =0
H =0
Adjoint4current = CURR
Adjointchargedensity =0



divergenceAdjointdcurrent =0

kkhkkkhkkhhkkkhhkkhkhhkhkkhhkhkhhkhkhhkhkkhhkhkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkhhkhkhhkhkkhhkkhkhkkhkkk%x*%x

Topological SPIN= | = T x s nty ,
PP 16 224+ B F(ery+d) e
1 nfz 0]
16 22+ +A) e

chiralty AdotD =0
1 nt

16 2(@+y+2) e
Interaction energy density (A.J-rho.phi) =0

- . 1 nt
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - — 5
16 71',2 (x2 + y2 + 22) €
Virtual work =10, 0, 0]

JdotE power =0 9)

[ Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.

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

> NAME:="Example A-- Hopf signature index 0. The 1l-form is divided by the

Holder norm p=2, n=4 ;

> Ax:=y;Ay:=-X;Az:=c*t;phi:=z*c;
Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,1,2,4,4):

kkkkkkkkhkkhkkhhkkkhkkhhkkhhkkhkhhkkhhkkhhkhkkhhkkhhkkhhkkhhkkhkkhkhkkhkkkhkkhkkkdkkkx*

NAME :=
Example A-- Hopf signature index 0. The 1-formis divided by the Holder norm p=2, n=4
Ax:=y
Ay = -Xx
Az:=ct
d:=zcC

Lambda = (Y2 +38 + 2+ @ 12)°

LambdaH = (y2-|—><2-|—22-|—02t2)2
N =4
H =4
Example A-- Hopf signature index 0. The 1-formis divided by the Holder norm p=2, n=4
yd(X) B xd(y) n ctd(2)
P+ 2 +72+380)°  (P+2+2+30)° (V4R +2+3B)°

Action =




zcd(t)

(V42472 +38)°
Efield:- 4c(zx+yct) ___4c(-zy+xct) 2c (- =X +7+) |
| (442430 (PR +2+38)°  (B4R+2+ER)°
Bfigd= | 4(zx+yct 4 (-zy+Xxct) 2(-Y =X +Z+P) |
_(f+%+f+§ﬂy(f+%+f+éﬂy (f+%+f+&ﬂs
Topological Torsion= 2xc 7 2yc 2
(V+X+7+P)  (V+X%+Z2+P)
2zcC 2ct
(P4 + 72+ (el +2+E8)°
Helicity AdotB= 2ct 1
(V+X+ 72+ )
Poincare2E.B= - 8c 7
(Y +x+Z2+1)
D field= dec(zx+yct) __dec(-zy+xct) 2ec (- =X+ 2+ ) \
(f+%+f+&ﬂs’(f+%+£+§ﬂy (f+%+£+§ﬂ3
Hﬁdd:y 4 (zx+yct) 4 (-zy+xct) _2(-f—x?+£+§€)‘
(f+%+f+§€f{(f+%+£+§@f@ (f+%+f+&@fu

Poynting vector ExH =0, 0, 0]
FrRA kKKK K kXK xk Rk R E** L orenz congtitutive equations, B = mu H, D = epsilon E******xxx k%

***

4(-yP -y —yZ+5yft+6ctzx) (ecu+1)

Lorenz 4Current = l

(P2 +2+E8) |
C4(-xy'=X—xZ+5x—6ctzy) (ec“u+1)
(P+2+72+8) ’
gct(-2y—2xX+ 7+t (ec®u+1) 0
(P42 +2+E8) ’

Lorenz charge density 3D =0
divergence Lorenz4Current =0
***************************Adjoint Current****************************
N =4
H=4
Adjoint4current = CURR



c’t

Adjointchargedensity = - 3
(Y +X+Z+0)
2
divergenceAdjoint4current = 12¢ 8
(Y+X+7Z+t)

kkhkkhkkkhhkkhkkhhkhkkhhkhkkhhkhkkhhkhkkhhkkhhkkhkhhkhkhhkhkhhkhhhkhkhhkhkhhkhkkhhkhkkhkhkkhkhkkikkk,k*x**%

2B 22 2 3
Topological SPIN = 2(-xy) =X +xZ—Px+2ctzy+2eCuxZ +2ecutzy)

(P42 +2+38)°u ’
i 2 (2ctzx+yEe+y +yx¥—yZ—2ec’uyZ+2ecutzx)
(P42 +2+38)
22(—2y2—2)(2—8C2uy2—eczux2+eczuzz+ec4t2u) 2¢ec’t
+R2+2+E8)° (YR +2+ED)”
(Y +X+7+6)
2
chiralty AdotD = 2ect 7
(Y + X +Z+1)
~ 2
LaGrange field energy density (B.H-D.E) = - 4(-1tecp) 2
(V+X+Z2+8)
2.2 2
Interaction energy density (A.J-rho.phi) = 4(2ct yz Xz) (ec 5M+1)
(V+xX+7+P)
B _ _ 2.2 2 4.2
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - 4 2y2 2X —Z+Ct tec uszz—i—?zec p)
(V+X%+72+P) 1
22, 3 _ 2
Virtual work = 8 (PPx—2ctzy+x +xy x622) (ecu+1) |
(YV+X+Z2+P) 1
8(yPt+2ctzx—yZ+yxX+y’) (ecu+1) 16 6¢+y) z(ec®n+1)
(P+R2+2+22)°% P+ +Z2+E2) n
2(..2
JdotE power = 16tc (SC u+1)5 (10)
(YV+xX+Z2+P) 1

[ Enter the name of the problem, and the components of the 4 potential, and the Holder norm indices.

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

> ff:=1;p:=2;n:=4;

> lambda:=(x"p+y p+z’ p- (c*t) “p) " (n/p) ;

> Ax:=y;Ay:=-X;Az:=c*t;phi:=z%*c;

Then call the procedure JCM (Ax,Ay,Az,phi)

> JCM(Ax,Ay,Az,phi,-1,2,4,4):




khkhkhkhkhkhkkkkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhkdhhhhhhdhhhhhrhkkhkhhhhhhix

NAME :=
Example B-- Hopf signature index 1. The 1-formis divided by the Holder norm p=2, n=4
ffi=1
p:=2
n:=4
A= (><2+y2—|—22—02t2)2

Ax:=y

Ay = -x

Az:=ct

h:=zc
Lambda = (x2+y2+22—02t2)2
LambdaH = (><2+y2+22—02t2)2

N =4
H=4
Example B-- Hopf signature index 1. The 1-formis divided by the Holder norm p=2, n=4
Action = yd(x) - xd(y) 4 ctd(z) .
(R +yV+72— ) (R +yV+72 -2 (C+y+7—c*t)
B zcd(t)
(@+y2+2—P)
Efield:- 4c(-zx+yct) __4c(zy+xcy) 2¢ (X +y —Z+ ) ‘
| (R —72+F0)° (R —72+F0) (R—y—7+EP)°
Bfield:- 4 (zx+yct) . 4 (-zy+xct) 2(#+yY -2+ ]
| (R —2+30)°  (R=y—2+E0) (= -2 +FD)
Topological Torsion = 2xc 3 2yc T
(X~ —Z+PF) (=Y —Z+F)
2zcC 2ct
(-R—y—Z2+SB)" (R—y—72+E0)"
Helicity AdotB = 2ct ;
(- -y —Z+P)
Poincare2 EB= - 8c 2
(-R—y—2+3P)
4ec(-zx+yct) __4ec(zy+xct) 2ec (X +y—Z+)

D field=

(R —-2+3B)° (-R—y—2+3B)° (-R—y—2+3B)°



4 (zx+yct) B 4 (-zy+xct)
(-R—y -2+ (=Y -2+
2(8 Y —Z+FP)

L%—f—£+&€fu]

16 (F+y—Z+F8) xt 16 (F+y —Z+EH) yt
(=Y =2+ (=Y -2+
322zt (3¢ +P)

(—><2—y2—22+c2t2)6u‘

FrA KKKk kxR xk Rk R E*X L orenz congtitutive equations, B = mu H, D = epsilon E******xxxkx %

*k*

H field= I

Poynting vector ExH =

4 (yXC+y +yZ+5yFff—6ctzx) (-1+ec’p)
(X -y -Z+E0) 1
4(C+xyP+xZ2+5Fx+6¢tzy) (-1+ec’p)
(-X%—y—Z2+FD)
8ct(2X+2y—Z+2t) (-1+ecp)
(% -y -Z+E0)"u

Lorenz charge density 3D =0

Lorenz 4Current =

,0

divergence Lorenz4Current =0

kkhkkkkhhkkkhhkkkhhkkhhkkhhhkkhkhkkikhkkx*k 101 kkhkhkkkhhkkkhhkkhhhkkhhhkkhhhkkhhhkkhkihkkikk
Adjoint Current

N =4
H =4
Adjoint4current = CURR
Ft
Adjointchargedensity = - 5
(R 2+ D)
12¢°

divergenceAdjoint4current = 5
(- -y —Z+1)
khkhkkkhkhkkkhkhkhkkhkhhkkhkhhhkhhkhkhhhhhkhhdhkhhdhkhhdhkhhdhkhhdhkhhdhkhhdhkhhdhkhhdhkhhkihkki*ki*x*x
2(C+xy —xZ+3Ftx—2ctzy—2eCuxZ+2ecutzy)
5
(- -y —Z+)
2(-2ctzx—3yft—yX —y +yZ+2ecfnyZ+2ecutzx)
5
(- -y —Z+cP)

Topological SPIN =




2z(2y¥+2xX8 +eful+ectpy —ecfut +ecttn)
(—xz—y2—22+02t2)5u
2e Pt (3yP+3xX¥ —Z+ 1)
(%= —Z+JD)°

2e Pt (3y?+3X¥ —Z+ 1)
(R—p—2+30)°
LaGrange field energy density (B.H-D.E) = - L (4 (2Z2¥ +6y Pt
(- =y —Z+F) 1
122V 46X+ X+ 2y +y + 7 27+ M) (-1+ec?pn))
Interaction energy density (A.J-rho.phi)

= ey 122+ )0 (4(-1+ec”u) 2y +y'+ 2y +9y P +X
-2+

+ 2%+ 98P —272 P +2ct )

. , 1 2
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - (4(-1+ec’p) (37%
(-¥—yY—Z2+O)

+3Z2V+3t + 15V PP+ 15X P — 42+ + 2 + 4y +2yY))

chiralty AdotD =

Virtual work = L (8 (-1+ec?n) (X +2x3y¥+14x° 2+ xy*

(-®—yP—Z2+)

—|—14xy202t2—xz4—8x2202t2—|—904t4x—20tzyx2—20tzy3—20tz3y

1

8(-1+ec’p) (2ctxPz+ 142 %
(—><2—y2—zz+c2t2)7u( ( ecn) (2ctx’z c y

+238z2y)),

+20ty22x+ 1402t2y3+2c:tz3x—8(:2t222y—2c3t32x+9c:4t4y—|-yx4+2y3x2

Ly ), B1red) z(C+Y) (C+y + 11 C+7)
| (R—y -2+ n

_ 1
Jmmmme-(_%_f_£+&€fuu6tl+uﬁu&uaf%+4£f+4£% (12)

+3yt 8y +3xX + 8P+ + Mt — 2742 H))

~

> NAME:="Example 12 -- Black Hole 2 singular vortex ring




> phi := 1; Ax:=a*y/(x"2+y"2+272);Ay := -a*x/(x"2+y"2+2"2);Az:=0;

Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,1,2,0,0):

khkkkhkkhhkkkhhkhhkkhhkhhhkkhhhhhkhhhkhhkhhhkhhhhhkhhhhhhdhhkhhhdhhhhkhhxkdhrdxx

NAME := Example 12 -- Black Hole 2 singular vortex ring
0:=1

— ay
SR I

Ay:= . ax
+y +7
Az:=0
Lambda =1
LambdaH =1
N =0
H =0
Example 12 -- Black Hole 2 singular vortex ring
. ayd(x) axd(y)
N i +?  Rysz W
Efield=[0, 0, 0]

2axz 2ayz

2a7

Bfield=

2axz 2ayz 2a7

(%+f+ffr(%+f+fff(%+f+ff

|

Topological Torsion =

Helicity AdotB=0
Poincare2 EB=0
D field=[0, 0, 0]

2axz 2ayz 2a7

(%+f+ﬂr(%+f+ﬂr(%+f+ﬂrw

Poynting vector ExH =0, 0, 0]

* k%

Lorenz 4Current = [

2 2
(C+V+2)n (C+v¥+D)
Lorenz charge density 3D =0
divergence Lorenz 4Current =0

H field=| - > 2 2
C+y+2) 0 (C+y¥+7)n (C+y+7)n
FRA KKK I KX K xk Rk R E** L orenz congtitutive equations, B = mu H, D = epsilon E******xxxkx %

2ay 2ax 0,0]



***************************Adjoint Current**~k~k************************
N =0
H=0
Adjoint4current = CURR
Adjointchargedensity =0
divergenceAdjoint4current =0
ek ko k Ak kR kR kR kR kR kR kR ok ko ok Rk Rk
2ax7 2a’y7 ) 2278 (% + V)
R+ +2) %0 R+ +D 0 R+ +A)°n
chiralty AdotD =0

Topological SPIN =

LaGrange field energy density (B.H-D.E) = 4za 3
(C+y+7)

: : . 2a° (% +y)

Interaction energy density (A.J-rho.phi) =

(C+y+A)u
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - 22 ( _222—'_)(2'3"3'2)

O¢+y+7) u

Virtual work = 4a°x7 —. aa’y7 — - 4za2(x2+y24)
C+y+Z) n (¥+y¥+D) n (C+y¥+7) n
JdotE power =0
> NAME:="Example 13 -- ~;

> phi:=alpha(x,y,z); Az:=beta(x,y,2z);;Ax:=0;Ay:=0;
Then call the procedure JCM (Ax,Ay,Az,phi)
> JCM(Ax,Ay,Az,phi,1,2,0,0):

hhkkhkkhkhhkkhhhkhhhdhhhhhkhhhdhhhhhhhdhhhhhhhhdhhhhhddhdhhddddrhdrdrrdxd

NAME := Example 13 --
o:=a(Xy, 2
Az:=B(X Y, 2)

Ax:=0
Ay:=0
Lambda =1
LambdaH =1
N =0

(12)



H=0
Example 13 --
Action=B(x,Y,2) d(2) —a(x Yy, ) d(t)

Efield:[—(& a(X, Y, z)), (% o, Y, z)), (% oc(x,y,Z)”

Bfield:[% B(x Y, 2), —(& B(x,y,z)),o}

Topological Torsion= [ (E o(X, Y, z)) B(xY,2) — (% B(X, Y, z)) Xy, 2), - (& o(X,

Yi Z)) B(xy, 2 + (& B(x Y, Z)) a(x Yy, 2), 0, o}

Helicity AdotB=0

Poincare2E.B= -2 (& a(X, Y, z)) (% B(X Y, z)) +2 (% (XY, z)) (& B(X Y, z))

Dfield:[—e (& oc(x,y,z)j, e (% oc(x,y,z)), e (% oc(x,y,Z))]
%B(x,y,Z) - & B(x Y, 2) P
n W

(% (X Y, Z)) (& B(x Y, Z))

H field=

Poynting vector ExH = | -

] (% oc(x,y,Z)) (% B(x,y,Z))

u
2 oU(X, Y, 2) 2 B(xy 2) |+ 2 (X, Y, 2)
( X X ay

u
FrA Kk kR ok kokkkkkk k| orenz congtitutive equations, B = mu H, D = epsilon E***x*xxkxkxk

* k%

mea)

2|

B(X Y, 2) Bxyz %BXYZ) ;B(XMZ)

i ’ m ’ i

0z OX

Lorenz 4Current =

-€ (% o(Xy,z) + % o(xy,z) + % (XY, z)]

. o2 o2 R
Lorenzchargedensity3D=-¢ | —5 (X V,2) + —= (X V,2) + —= (X VY, Z
ge density S(Ma(y) o7 G azzoc(y))



divergence Lorenz 4Current =0
***************************Adjoint CUITENtx** * %k kK kkk ko kk ok kk kK Xk kK &k *
N =0
H =0
Adjoint4current = CURR
Adjointchargedensity =0
divergenceAdjoint4current =0

kkhkkkhkkhkkhkkhhkkhkkhhkhkkhhkhkhhkhkhhkhkkhhkhkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkkhhkhkhhkhkkhhkkhkhkkhkkk%x*%x

(X v, 2) (% B(x,y, z)) t+e (& oy, z)) a(xy, 2)

Topological SPIN=| -
w

_ BX Y, 2) (%B(X,y,z)) +s(% oc(x,y,z)j oc(x,y,Z)M’ _g(aioc(x,y,Z))Ot(X'
. z

0
Y Z)’ _B(X’ Y Z) € (E OC(X, Y Z))

0
chiralty AdotD = -B(x, Y, 2) € (E o(X, Y, z))
2 2

LaGrange field energy density (B.H-D.E) = - 1 ( - (i B(x, Y, z)) — (i B(x, Y, z))
u ay 194

P 2 (0 o \
e(axoc(x,y,z))u s(ayocxyzj (6 xyz)
Interaction energy density (A.J- rhophl)———( (XY, 2) ( xyz)+[3

* P P
2) (— B(X,y,Z)J —ea(XxY, 2 M(—OC(X,Y,Z)) —SOC(X,V,Z)M(— OC(X,y,Z))
oy’ ¢ oy’

—ea(xy,2) u[ﬁ oc(x,y,z)))
4

2 2

- ho L (0 (8
Poincare 1 (B.H-D.E)-(A.J-rho.phi) = - " [ ( oy B(X Y, z)) ( x B(X, Y, z))

+e (& a(x,y,z))2u+s (% a(x,y,z)j2u+e (% ax . z))zu—B(x,y,

(aXZBxyz) Bxyz(% xyzj—i—eoc(x,yz [% xyz))



Virtual work =

+ea(Xy, 2) u(% o(X Y, z)) +ea(xy, 2z “[(.;izz oc(x,y,z)])

1 0 ha 0
M(e(ax oc(x,y,z))u[ ax2 oc(x,y,z)) +e(ax o(X Y,

2) (&B(x,y,z)) —(%B(x,y,z)j (%B(x,y,z)m

JdotE power =—ﬁ(( agzax B(x, Y, z)) (% o(X,Y, z)) + (i B(X Y, z)) (—oc(x,y,

0 02 0
Z))_(Ea(xiyiz)) (y[}(xlylz))_(&a(xyz)(y XyZ))
> Action:=Az*d(z)-phi*d(t);
Action:=B(x, Y, 2) d(2) — (XY, 2) d(t)
> F:=d (Action) ;
0
(—Bxyz j (d(x)) &~ (d(2)) +(W
0
z)) (d(x)) & (d(t)) — (@a(x,y, z>) (d(y)) &~ (d(t)) — (—oc(x,y,
z)) (d(2)) &~ (d(1))

> F&'F;

(13)

(14)

(15)



(2 (% a(X,y, z)j (% B(X, Y, z)j —2 (& a(X, Y, Z)) ((—) B(X Y, Z))j &Nd(x),d(y), (16)

d(2),d(t))

=> Action&”F;
d d
(—oc(x, Y, 2) (& B(x Y, Z)) +B(x Y, 2) (& X, Y, Z))) &"Md(x),d(z),d(t)) + (—oc(x, (17)

0
B(x, Y, z)) +B(x Y, 2) (,— a(x, Y, z))) &~(d(y), d(2), d(t))

v.2) ( ad o

EY



