
> restart:
faraday.mws
Maxell-Faraday formulas from a 1-form of Action on 4D space time.
>  with(liesymm):with(linalg):with(plots):
Warning, new definition for close
Warning, new definition for norm
Warning, new definition for trace
 

> setup(x,y,z,t);

[ ], , ,x y z t
> defform(x=0,y=0,z=0,t=0,a=const,b=const,c=const,k=const,mu=const,m=const);

( )defform , , , , , , , , , = x 0  = y 0  = z 0  = t 0  = a const  = b const  = c const  = k const  = µ const  = m const
> dR:=[d(x),d(y),d(z),d(t)];

 := dR [ ], , ,( )d x ( )d y ( )d z ( )d t
Specify the four functions that are the covariant components of the Action 1-form.
> A1:=Ax(x,y,z,t);
> A2:=Ay(x,y,z,t);

 := A1 ( )Ax , , ,x y z t

 := A2 ( )Ay , , ,x y z t
> A3:=Az(x,y,z,t);

 := A3 ( )Az , , ,x y z t
> A4:=phi(x,y,z,t);

 := A4 ( )φ , , ,x y z t
Skip th next line for abstract formulas
> A1:=x^3+x*y;A2:=x^3*z;A3:=z;A4:=t*x;

 := A1  + x3 x y

 := A2 x3 z

 := A3 z

 := A4 t x
> Action:=A1*d(x)+A2*d(y)+A3*d(y)-A4*d(t);

 := Action  +  +  − ( )Ax , , ,x y z t ( )d x ( )Ay , , ,x y z t ( )d y ( )Az , , ,x y z t ( )d y ( )φ , , ,x y z t ( )d t
> F:=d(Action);
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Vector potential
> A:=[A1,A2,A3];

 := A [ ], ,( )Ax , , ,x y z t ( )Ay , , ,x y z t ( )Az , , ,x y z t



Magnetic field
> B:=curl(A,[x,y,z]);

B  − 










∂

∂

y
( )Az , , ,x y z t











∂

∂

z
( )Ay , , ,x y z t  − 











∂

∂

z
( )Ax , , ,x y z t











∂

∂

x
( )Az , , ,x y z t, ,




 := 

 − 










∂

∂

x
( )Ay , , ,x y z t











∂

∂

y
( )Ax , , ,x y z t






Electric Field
> E:=[-diff(A4,x)-diff(A[1],t),-diff(A4,y)-diff(A[2],t),-diff(A4,z)-diff(A[3],t)];
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Parity (Second Poncare invariant)
> EdotB:=inner(E,B);
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The Torsion current.
> ExA:=crossprod(E,A);Bphi:=[B[1]*phi,B[2]*phi,B[3]*phi];
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> TORS:=evalm(ExA+A4*B);
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> AdotB:=inner(A,B);
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> TORSION:=[TORS[1],TORS[2],TORS[3],AdotB];
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Divergence of the Torsion current.
> DIVT:=factor(diverge(TORSION,[x,y,z,t]));
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An evoutionary dynamical system.
> VV:=[U(x,y,z,t),V(x,y,z,t),W(x,y,z,t)];

 := VV [ ], ,( )U , , ,x y z t ( )V , , ,x y z t ( )W , , ,x y z t
The Lorentx force.
> FL:=evalm(E+crossprod(VV,B));P:=innerprod(VV,E);
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The virtual work 1-form
> Work:=FL[1]*d(x)+FL[2]*d(y)+FL[3]*d(z)-P*d(t);
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> Closure:=wcollect(d(Work));
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The Lagrange (internal or free energy)
> Lag:=innerprod(VV,A)-A4;

 := Lag  +  +  − ( )U , , ,x y z t ( )Ax , , ,x y z t ( )V , , ,x y z t ( )Ay , , ,x y z t ( )W , , ,x y z t ( )Az , , ,x y z t ( )φ , , ,x y z t
> wcollect(d(Lag));
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> Theta:=wcollect(Work+d(Lag));
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> q:=getcoeff(Theta&^d(y)&^d(z)&^d(t));
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