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Definitions:

On a variety of independent variables (x,y,z,t), consider a 4 component vector VV with arbitrary
component functions U,V,W,C.

Define the Holder Norm, of signature (a,b,c,e) degree p and homogeneity index n, as the function:

Fal

£
HolderNorm:= (aU(x,y,z t)’ +bV(X, Y,z t)’+cW(X, ¥,z t)°’ +e C(x, Y, z t)°) P

Define a vector VVN homogeneous of degree n, by dividing the vector VV by the Holder Norm.

Define the Adjoint matrix as the matrix of cofactors transposed of the Jacobian matrix computed from
VVN

Define the Adjoint current as the vector equal to the product of the Adoint matrix times the vector
VVN.

THEOREM:: For any vector VV made homogeneous of degree zero by dividing each
component by aHolder norm of any signature and any exponent p, but with homogeneity index
n=1, then (part 1) the associated Jacobian matrix has zero determinant and (part 2) the adjoint

current has zero divergence with respect to the 4 independent variables.

L PROOF:

[>wth(linalg):

[ Construct a vector with 4 arbitrary functions on a 4D variety.

[ > UU =U(X,y,z,t); W:=V(X,y,z,t); WN=WX,Yy,z,t); CC=C(x,Y,2Z,t);
Uu:=U(x Y, z t)

W :=V(xVY,zt)
WW:=W(x,Y, z,t)
L CC:=C(x,V,71t)
[ Construct the Holder norm with arbitrary signature (a,b,c,e) and with homogeneity index n and power
L b.
[ > Hol der Nor m =( a* UUMp+b* W' p+c* WM p+e* CCMp) A(n/ p) ;
@9
ng

HolderNorm:=(aU(x,y,z t)’ +bV(X,y,zZ )’ +cW(Xx,y,z t)*+eC(x, Y, z 1))
[ Normalize the original vector by dividing each component by the Holder norm.
> WWN: =[ UU/ Hol der Nor m W/ Hol der Nor m WV Hol der Nor m CC/ Hol der Nor nj ;

é u(xy,zt
VN = § (xy.z1) —
&0
g(a UX, Y, zt)’+bV(Xx Yy, zt)P+cW(x Yy, zt)°P+eC(xYy,zt)") P
V(X Y, 2zt)
6
(aU(x, ¥y, zt)’+b V(X Yy, zt)P+cW(X Y,z t)’+eC(xy, z t)°)
W(X, Y, zt)
(aU(X, Yy, zt)’+b V(X Yy, zt)’+cW(X, Y,z t)’+eC(xy, zt)° ) e
C(x,Y,zt) H
gu
aH

L (aU(x, ¥y, zt)’+b V(X Yy, zt)P+cW(X, Y,z t)’+eC(xy, z t)°)
[ Compute the JAcobian matrix of the homogeneous vector, and the determinant of the JAcobian matrix.
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e = ozl ozl 0z
DET = g(- 1+n) g- g‘ﬂx U(x Y, z t)‘;’g‘"y C(x Y, z, t)BgﬂZV(x, Y, Z, t)Eg‘ﬂt W(X, Y, z, t)a

> JJ:=jacobian(VWN, [x,y,z,t]): DET: =fact or (det (JJ));

& Fal Fail ocdl 0
+ g'ﬂx V(X Y,z t)Eg‘ﬂy u(x,y, z t)Eg‘ﬂzW(X' Y, Z, t)ag‘ﬂt C(x Y, z, t)EJ
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ol o
— V(X Y, z, t)gg@ u(xy, z, t)gg—w

O o
— C(X, Y, Z, t)ggﬂ—yW(x Y, Z, t)gg—u

It

CES| 0
— V(X Y, Z t)ﬂgﬂ—yC(x Y, Z, t)ggﬁw

It

It

+gﬂ—XV(x, Y, Z, t)%gﬂ—yW(x, Y, Z't)%gﬁ u(xy, z, t)%gﬂ—ZC(x, Y, Z, t)%
V(X Y, z,t)ggﬂ— C(%, Y, z,t)ggﬂ—W(x, Y, z,t)ggﬂ— u(x,y, z,t)%

0
— U(X, Y, Z, t)ggﬂyV(x Y, Z, t)ﬂgﬂtW(x Y, Z, t)ﬂgﬂZC(x Y, Z, t)ﬂ

o O O o)
— V(X Y, Z t)ggﬂyW(x Y, Z, t)ggﬂZU(x Y, Z, t)gg‘”t C(x VY, z t)Es

(oF=5ill 0
(X, z, t)ggﬂZC(x Y, Z, t)Es

o o o 0
— C(X, Y, Z, t)ggﬂ—yV(x Y, Z, t)ggﬂzu( .Y, Z, t)ggﬂtW(x Y, Z, t);

o 0
(%Y, z t)ggﬂZU(x Y, Z, t)EJ

O O 0 0
— U(X, Y, Z, t)ggﬂyW(x Y, Z, t)ggﬂtV(x Y, Z, t)ggﬂZC(x Y, Z, t)Es
o O O 0
— C(X, Y, Z, t)ggﬂ—yu(x Y, Z, t)ggﬂ—ZV(x Y, Z, t)ggﬁW(x Y, Z, t);
o oF=< | o 0
— U(X, Y, Z, t)ﬂgﬂyW(x Y, Z, t)ggﬂZV(x Y, Z, t)gg‘ﬂt C(x VY, z t)ﬂ

o 0 O )
— U(X, Y, Z, t)ggﬂyC(x Y, Z, t)ggﬂtV(x Y, Z, t)ggﬂZW(x Y, Z, t)Es

Ol 0
(%Y, z, t)gg‘”ZV(x Y, Z, t)g

— W(X, Y,z t)zg}l—LV(x Y, Z, t)zgﬂﬁ u(x,y, z, t)ZE%C(X Y, Z, t)i
— W(X, Y, z t)zg%wx Y, Z, t)ZEeﬂlZU(x Y, Z, t)ZgﬂﬁC(x Y, Z, t)?a
— W(X, Y,z t)EE%U( Y, Z, t)zgﬂﬁV(x Y, Z, t)zg—LC(x Y, Z, t)g
— W(X, Y,z t)zg}l—LC(x Y, Z, t);?ﬁu(x Y, Z, t)Zgﬂi[ZV(x Y, Z, t)rga
— C(X, Y, Z, t)Zg‘lTyU(x Y, Z, t)Z%?TLV(x Y, Z, t)ZE?ITZW(x Y, Z, t)rga
— U(X, Y, Z, t)zg%wx Y, Z, t)zg—LW(x Y, Z, t)zgjﬂﬁqx Y, Z, t)g
— C(X, Y, Z, t)zgﬂ%V(x Y, Z, t)zgﬂ— u(x, Y, z, t);g—LW(x Y, Z, t)fga
— C(X, Y, Z, t)zgﬁyW(x Y, Z, t);g:T—TZU(x Y, Z, t);?ﬁV(x Y, Z, t)rga

Ol O O o)
— W(X, Y, z t)ﬂg‘”y u(xy, z t)ggﬂZV(x Y, Z, t)gg‘”t C(x VY, z t)Es
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Al o o ol 000
- WX Y, zt)Te—C(X Y,z )T - U(X Y,z t) T V(X Y, z t) ==
X (xy )rag‘ﬂy (xy )rag‘ﬂz (Y )zgﬂt (xy raraﬂ/
g(a UX, Y, zt)’+b V(X Yy, zt)’ +cW(X Yy, zt)’+eC(x y,z1t)°) @
[ So determinant vanishes for n=1, any signature, and exponent p. QED part 1
[ >
[ Compute the Adjoint matrix and the current = [Adjoint matrix of JAcobian] |[VVN> any n, any p, any

| signature.
[ > ADJ: =adj (JJ):
> Current:=subs(innerprod(ADJ, VVN));

e
Current : —e- g gﬂ u(x, Y, z, t) C(x Y,z 1) E—V(x Y, Z, t) gﬂ W(X,Y, z, t)-

Sl 0 2l Ozl 9
+ g'ﬂy W(X,Y, z, t)EV(X' v,z t) g‘ﬂt U(x,y, zt) Bg‘ﬂz C(x VY, z t)EJ

&

0 sl Ol 9
+ gﬂy C(x Y, z, t)EV(X' Y,z 1) g‘ﬂz U(x, Y, z t)rzsg‘ﬂt W(X, Y, z, t)E

i

0 & o 0
+ U(x,y, z, t)EV(x, Y,z 1) gﬂ—ZW(x, Y, Z, t):gﬂ— C(x Y, z, t)g

D!

al

374 S
&}

— V(X Y, Z t);U(x y,zt) gﬂZW(x Y, Z, t)ﬂgﬁC(x Y, Z, t)rga

%“’i
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0 o 0
— C(X, Y, Z, t)gU(x Y,z t) gﬂZV(x Y, Z, t)ggﬂtW(x Y, Z, t)Es

%“”ﬁ
&

0 oo 0
— W(X, Y, z t)gU(x Y,z t) gﬁV(x Y, Z, t)ggﬂ—ZC(x Y, Z, t);

&
o

+
=]

<
DD

o o 0
—W(X,V, z, t)gC(x y,z,t) 8- U(X, Y, z,t)ggﬁV(x, Y, z,t)g
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N

&

0 (o< 0
— V(X Y, zt)gC(xy zt) U(xy zt)ggﬂ—ZW(xy Zt)Es

+
=
<

0 o 0
— W(X,Y, zt)gC(xyzt) — U(X,Y, zt)gg‘”—ZV(xy Zt)Es

o7
8 oTn TR

i

=
<
D!

0 oad 0
— V(X Y, zt)ﬂC(xy z,t) e U(X, Y, zt)ﬂgﬁW(xy zt);

al

N

!
e

+
=

<
DD

0 o 0
— U(X, Y, zt)ﬂC(xy zt) e V(XY, zt)ﬂgﬁW(xy zt)a

|

N

+§LV(X Y, Z, t);W(x Y, Z, t)§LU(x Y, Z, t)zggt C(x VY, z t)g
+§[yC(x Y, Z, t)ZW(x Y,z 1) ?Tﬁu(x, Y, z,t)gg%zV(x, 2 z,t)%
+§Ty U(x Y, 2 t)ZW(x y.2, t)gﬂﬁvm Y, z,t)%gﬂllc:(x, v, z,t)%
+§Ty0(x Y, Z, t)ZU(x Y, Z, t)?ﬁV(x, 2 z,t)%gaeﬂizW(x, Y, z,t)%
+§TﬂyV(x Y, Z, t);U(x Y,z t) ggtW(x Y, Z, t)zg}—LC(x Y, Z, t)g
+§LW(X Y,z t);U(x Y,z t)ng[ZV(x Y, 7, t)zgl C(x, Y, 2, t)§
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%?TLW(X Y.z, t);V(x Y, 2, t)g[zu(x Y, 2, t) gﬂ C(x, Y, Z t)i
E?y C(xy, z t)ZV(x Y,z t) %U(x, Y, 2, t)ggﬂ—ZW(x, Y, 2, t)%
%:‘Ty U0y, 2 DEV(x Y, 2.1 §W(x, v,z t)gg Cixy, 203
%?yc(x Y, Z, t):W(x Y,z 1) §ZU(X Y, Z, t)ggﬁV(x Y, Z, t)g
gyU(x V.2, t);W(x V.2, t)gl}HZV(x V.2, t)zgl cx Y. 2 t)9
QLV(X Y, Z t);W(x Y, 2 t)g‘%wx, y, z,t)%%eﬂlLC(x, Y, z,t)ﬁ/

asnood
g(aU(xyzt)p+bV(xyzt)”+cW(xyzt)p+eC(xyzt)) gae

o 6 il oz 0
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9 e2ll O 9
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DD
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x

&

0 el O 0
+E6 - W(X,Y, zt)ﬂV(xy zt)gﬁu(xy zt)ggﬂZC(xy zt);

=
x

&

0 =Sl o 0
+e—W(X Y,z t)gU(x v,z t) gﬂZV(x Y, Z, t)ggﬁ C(x VY, z t)Es

0 ol O 0
— V(X Y, z, t)gU(x Y,z t) gﬂtW(x Y, Z, t)ggﬂ—ZC(x Y, Z, t)Es

DD
=
X

&

+

DD
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X

o

0 & o 0
+e—C(X,Y, zt)gU(xy zt)gﬁV(xy zt)ﬂgﬂ—ZW(xy zt);
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X

&

0 oAl o 0
+E—W(XY, zt)ﬂC(xyzt)gﬂ—ZU(xyzt)ggﬂtV(xy zt);

DD
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0 el o 0
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0 =2l O 0
— C(X, Y, Z, t)gW(x Y,z t) gﬂzu(x Y, Z, t)ggﬁV(x Y, Z, t)Es

0 & o 0
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0 &l 0
— U(X,Y, z, t)gV(x Y,z t) gﬁW(x Y, Z, t) g—C(x Y, Z, t);
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W(Xv Y, Z, t);gﬂ_y C(X, Y, Z, t);

&
8

=
X
DN

+ V(xyzt) U(xyzt)

N

al

!
e

=
X
D!
=
N

(o< 0
+ C(xyzt) U(xyzt) V(xyzt)ﬂg@W(xyzt)a

!
e

=a
x
D!

+ V(xyzt) C(xyzt)

N

(o< 0
T —U(X,Y, z, t)ggﬂyW(x Y, Z, t)Es

&
Q-HO: QHO: «QHO §-HO:
&

oo 0
V(xyzt) C(xyzt) U(xyzt)ggﬂ—ZW(xyzt);

i%“”
Q-H-O:
i%“”

o3| 0
+ U(xyzt) C(xyzt) V(xyzt)ggﬂ—ZW(xyzt);

=
X
D!

l

i
i<

=a
x
D!

0 (o< 0
— U(X, Y, zt)gC(xy zt) e V(XY, zt)ggﬂyW(xy zt);

)l

N

i
e

0 oF>5ill 0
— W(X, Y, z t)gC(x Y,z t) gﬂzu(x Y, Z, t)gg@V(x Y, Z, t);

=a
X

o

+

— W(X, Y,z t);C(x Y, Z, t)geﬂ—u(x Y, Z, t)Z?TLV(x Y,z t ::/

D!

)

x

aa“’o“u
&0
g(au(x Vv, zt)P+bV(x Yy, zt)P+cW(x Y, zt)l+eC(xY, z t)°) ﬂu

[ >
[ Compute the divergence of this Current
> Dl VCurrent:=factor(diverge(Current,[Xx,y,2z,t]));

& 2 o 0 Ol ol Y
DIVCurrent :=-4 g(- 1+n) g- g& C(x Y, z, I)Eg‘ﬂ_y U(x, Y, z t)gg‘”—ZV(x, Y, Z, t)ggﬁ W(X, Y, z, t)E

o o oa il
- g‘ﬂx C(x Y, z t)‘;’g‘"y W(X,Y, z, t)Eg‘Hz u(xy, z, t)Eg‘ﬂt V(X Y,z t)B

i

Ozefl Ol O 9
V(X Y,z t)ragﬂy C(x,Y, z, t)Egﬂt W(X,Y, z, t)ag‘"ZU(x, Y, Z, t)E

1
D!

)l

B3

i

C(x Y, z, t)ggﬂ—V(x, Y, Z, t)ggﬂ— u(x,y, z, t)ggﬂ— W(X, Y, z, t)%

1
DD

)l

B3

i

—U(x,Y, z, t)ﬂgﬁ/C( Y, Z, t)ggﬁV(x Y,z t)= g'ﬂ W(X, Y, z, t)rga

D!

al

x

i

o O 0
— V(X Y, Z t)gg'ﬂy u(x,y, z t)ggﬂzw(x Y, Z, t)ﬂg‘ﬂt C(x VY, z t)EJ

D!

al

B3

i

o o O )
— U(X, Y, Z, t)ggﬂyV(x Y, Z, t)ggﬂtW(x Y, Z, t)ggﬂZC(x Y, Z, t)Es

D!

)l

B3

o

Bl ks o 0
+e—U(x Y,z t)ggﬂyV(x Y, Z, t)zg'ﬂzw(x Y, Z, t)gg‘ﬂt C(x Y, z, t)ﬂ

=
x

i

o oF=< | o 0
— U(X, Y, Z, t)ﬂgﬂyW(x Y, Z, t)ggﬂZV(x Y, Z, t)gg‘ﬂt C(x VY, z t)ﬂ

DED!

)

x
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i

V(xyzt) gﬂ W(X, yzt) E—U(xyzt) g—C(xyzt)i

DN

)l

x

i

— W(X,y,zt)=x g—U(xyzt) E—V(xyzt) g_C(Xth)E,

DED!

al

x

i

B3

W(xyzt) gﬂ C(xyzt) gﬂ U(xyzt) g'n V(xyzt)g

D!

)l

i

DD

B3

0
ﬂ — W(X, Y,z t)gg‘”—yV(x Y, Z, t)ggﬂ—zu(x Y, Z, t)ggﬁC(x Y, Z, t)Es

o

+

D!

x

Bl o o 0
‘ﬂ — V(X Y, Z, t)ﬂgﬂyW(x Y, Z, t)ggﬂzu(x Y, Z, t)gg‘ﬂt C(x Y, z, t)ﬂ

&

+

D!

B3

o o O )
— W(X, Y, z t)ggﬂyV(x Y, Z, t)gg u(x,y, z, t)gg'ﬂzc(x Y, Z, t)EJ

)l fit

&

+

D!

B3

oA o O )
— C(X, Y, Z, t)ggﬂ—yW(x Y, Z, t)ggﬁU(x Y, Z, t)ggﬂ—ZV(x Y, Z, t)Es

)l

o

+

D!

)

x

ool o o 0
— W(X, Y,z t)ﬂgﬂyC(x Y, Z t)ggﬂzu(x Y, Z, t)zg'ﬂtv(x Y, Z, t)ﬂ

&

o oF=< | oad o)
+6— V(X VY, 2 t)ﬂgﬂyC(x Y, Z, t)ggﬂZW(x Y, Z, t)ﬂgﬂtU(x Y, Z, t)ﬂ

DED!

al

x

&

o o O )
+g— V(X VY, z t)fagﬂy u(x,y, z t)ggﬂtW(x Y, Z, t)ggﬂZC(x Y, Z, t)Es

D!

)l

B3

o

O o o 0
+e—W(X, Y,z t)ﬂg‘”y u(xy, z, t)ggﬂZV(x Y, Z, t)gg'ﬂt C(x Y, z, t)g

DD

)l

x

o

o o o 0
+e—C(x, Y, 2 t)ggﬂyV(x Y, Z, t)ggﬂzu(x Y, Z, t)ggﬂtW(x Y, Z, t);

D!

)

x

&

o 0 O )
+E—U(X,Y, zt)ﬂgﬂyW(xy zt)gg V(X,Y, zt)ﬂgﬂZC(xy zt)a

Tt

D!

)l

B3

&

o o o o)
+e—U(x Y,z t)ggﬂyC(x Y, Z, t)ggﬂZV(x Y, Z, t)ggﬂtW(x Y, Z, t)-

=
x

o

+

— C(X, Y, Z, t)Zgﬂ%U( Y, Z, t)Z?ﬁV(x Y, Z, t)Z%LW( XY,z t)=:/

aa'lood
g(au(x Vv, zt)’P+bV(xy zt)P+cW(x Yy zt)’+eC(xy,zt) )g

D!

al

x

NOW SUBSTITUTEn =1
>

> DI VCurrent: =factor(subs(n=1, diverge(Current,[X,Yy,z,t])));
DIVCurrent :=0

110

[ QED part 2
r>
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