[ > restart;

>
with(liesym:with(linalg):setup(x,y,z,t,s,C);deforns(a=const, b=const, c=const,d
=const, p=const, n=const, k=const, onega=const ) ;

Warni ng, new definition for close

Warni ng, new definition for norm
Warni ng, new definition for trace

[XVY,zts Ct]
deforms(a = const, b = congt, ¢ = const, d = const, p = const, n = const, k = const, w = const)
HOLDER NORMS

R. M. Kiehn
Updated 11/26/2000-12/02/2000

Euclidean Three Dimensions
In the theory of implicit surfaces in 3 dimensions, the Jacobian matrix of the Gauss Map can be used to
construct the Shape Matrix of the surface.
That is, for an implicit 2 surface in 3 dimensions, defined by the constraint, phi(x,y,z) = 0,
construct the 3 component gradient, which is orthogonal to the tangent vectors of the surface.
Divide the gradient field by the euclidean homogeneous degree 1, isotropic, norm. lambda.

lambda = (square root of the sum of gradient components squared with positive unit coefficients).
The renormalized vector is now homogeneous of degree zero.
Next construct the Jacobian matrix [JAC] of this "normalized" homogeneous vector.
The matrix elements consist of the partial derivatives of the normalized components of the gradient co
vector.
Each matrix element is a function of the N=3 independent variables (X,y,z)
Form the Characteristic Polynomial of this matrix and determine the Similarity Invariants.
The similarity invariants are the sum of the eigen values, the sum of the products of pairs of the eigen
values, etc.
The similarity invariants are functions on the domain of independent variables.
They are called similarity invariants, for if the matrix [JAC] is changed into a new matrix by means of an
invertible transformation, [T],
such that [JAC new] = [T] [JAC old] [ T inverse], then the similarity invariants of the new matrix are the
same as the similarity invariants of the old matrix.
The Gauss construction always has one zero eigenvalue. hence the determinant of the Jacobian is zero.
The Jacobian matrix, when diagonalized, has 1 zero along its diagonal, and two other, ususally non--zero,
diagonal entries.
The fact that the determinant of the matrix vanishes is a clue to the existence of a "global™ 2 surface,
and is due to the fact that the divisor that defines the "unit length" is homogeneous of degree 1.
The singular 3 x 3 matrix plays the role of the shape matrix.
The trace of the matrix ( sum of the two non-zero eigenvalues) yields twice the mean curvature. (the first
order similarity invariant) of the surface.
The trace of the adjoint matrix (or the product of the remaining two eigen values) always yields the Adjoint
curvature which for 2 dimensional surfaces in 3 dimensions is equal to the Gauss sectional curvature.
(the second order similarity invariant in 3 dimensions).

If the mean curvature vanishes, then the 2-surface is called a minimal surface.
*kk

Three Dimensions (not necessarily Euclidean)
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A more general definition of the normalization denominator is given by the Holder Norm,
consrtructed in terms of the components of the vector by the formula
>

>| anbda: =( a* Up+b* VA p+c*Wp) A(n/ p);

O:

6

H

S

| :=(aU’+bV’+cWP")
The constant coefficients, a,b,c can have any values (plus or minus).
The determinant of the Jacobian matrix constructed from the renormalized vector always vanishes for
Holder divisors which are homogeneous of degree 1 ( any p, any a,b,c, but n=1)
gﬂg
| :=(alP+b VP +cW?)
The orthogonal field to a classic implicit surface yields a differential (exact) 1-form constructed from the

| gradient of the function whose zero set defines the surface.
> A =d(Phi(x,y,2));

A= g‘ﬂx F(x Y, Z)Ed(X) + g‘ﬂy F(X Y, Z)Ed(y) - g'ﬂz F (XY, Z)Ed(z)

This exact 1-form can be made homogeneous of degree 1-n by dividing by the Holder norm .

However, the Jacobian process and its similarity constructions works for any arbitrary 1-form., A, be it
exact or not.

> A =Urd(x) +V*d(y) +Wd(z);

L A:=Ud(x)+Vd(y)+Wd(z)

The procedure is to divide the arbitrary 1-form by the Holder norm, then construct the Jacobian matrix of
partial derivatives. The resulting matrix is a covaraint tensor of second rank, but it is not necessarily
symmetric.

The Jacobian matrix, as before, has a set of similarity invariants.

If the Holder norm is homogeneous of degree 1 (n=1 any p, a,b,c...) then the determinant of the resulting
Jacobian matrix is zero. The Jacobian is a singular matrix that describe a global surface in the three
dimensional space.

The result implies that the inverse matrix for the Jacobian matrix does not exist.

The induced symmetric metric on xyz, constructed from the pullback [g]=[Jtranspose][ J], is also singular.
Hence a global inverse metric does not exist, and a "raising tensor" has to be found by other means.
However, there always exists an algebraically well defined "adjoint" matrix (the matrix of cofactors
transposed) which is a contravariant tensor of second rank) even though the inverse does not exist. This
adjoint matrix is not necessarily symmetric, but may be used as a "raising" tensor, similar to the use of
the inverse metric in Riemannian spaces with metrc. However, it is to be emphasized that the spaces
being considered need not be Riemannian, and no (symmetric and invertable) metric has been assumed to
constrain the space of interest.

Preferred method: Starting from a covariant 1-form A, find the contravariant J

When the covariant components of the 1-form are premultiplied by the adjoint matrix, a contravariant
"adjoint dual” field is produced.

This dual field can be represented by an N-1 form, 3. When the Holder norm is homogeneous of degree 1,
then the exterior derivative of J vanishes. A physicist would say that the "divergence of the current J" is
zero. Such statements lead to topological conservation laws.

This Jacobian process works in all dimensions, and does not utilize a metric in the usual sense.

Note that for a given 1-form A there are many J with dJ = 0. The Holder norm is like an integrating
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| factor, but it is not unique.

[ In physics of electromagnetism, this suggests (the heretical statement) that the 1-form of potentials A is
more fundamental than the N-1 form of conserved currents J.

Guided by electromagnetic experience, it is of interest to compute the "interaction” density, which is
defined as the exterior product of the 1-form A and its dual (non-unique) N-1 form current, J

The coefficient of the N-form is equal to the "inner product” of the co and contra vectors, A and J.

It is possible to start with a 1-form (homgeneous of degree 1) which is closed. Hence no E or B field
equivalents exist. However, this 1-form when made homogeneous of degree zero leads to a closed current
N-1 form, J. The ohmic disspiation, JdotE is zero, which indicates that the induced current is a "super”
current.

**

It appears remarkable that there can be different A with different Jacobian matrices that can produce the
same J and yield different similarity invariants.

Alternate method: Starting from a contravariant J, find the associated A is not as

useful.

Note that given a covariant A it is possible to construct many J,

but given a contravariant J the procedure to construct an A is not as well defined.

The procedure analogous to that described above, would start with a contravariant J, renormalizing with
the Holder norm,, and then constructing a Jacobian matrix of partial derivatives, [JAC(J)]. This matrix
construction yields a mixed tensor of rank 2.

Note that [JAC(A)] is not equal to [JAC(J)]. They are both second rank tensors, but the latter is a mixed
tensor, while the formed is a covariant tensor of second rank.

The mixed tensor (or its adjoint) cannot be used as a "lowering" tensor (like a metric in Riemannian
spaces) to construct a covariant A field from the contravariant J field.

A further assumption has to be made to achieve the 1-form A dual to the N-1 form J.

**

A possibility that is often used is to construct the metric field, [g] = [JAC(J) tranpose] [JAC(J)]

The idea follows from the assertion that the map from the variety to the contravariant vector field is a
map to another vector space with a euclidean metric. Then the pullback of the metric on the vector space
induces a metric on the variety.

Then given J, an associated "dual™ A follows from A = [g] J.

Note that this procedure loses the anti-symmetry features of the Jacobian, as g is a symmetric matrix.

ITISNOT TRUE THAT THE TWO PROCEDURES PRODUCE CLOSURE. THAT IS

[0][JAC[A)] is not necessarily the identity.  Also JAC(A) [g] is not necessarily the identity.

Moreover, it is possible that the induced metric is not singular except on the "surface".

For Monge surfaces, where a component of the normal field is constant, the determinant of the induded
metric is zero.

For a "non-linear" surface the induced metric is singular on the surface, and not singular otherwise.

[ >
PROCEDURE 1: Startwithalform A

Let us start with an abstract example: Note that for any a,b,c,p, if n =1 such that the divisor is
homogenous of degree 1,
then the determinant of the Jacobian of the rescaled co-vector is zero.
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It is also true that if the rescaled co-vector whose components are used to construct the 1-form A | is
premultiplied by the adjoint of the jacobian matrix, then a "dual” contra-vector J is constructed which has
zero divergence. To prove these statements, constuct the component functions:

[ > U=u(x,y,z);V:=v(X,y,2z); W=WX,Y, 2);

U:=u(xYy, z)
Vi=v(XY, z)
W :=w(X,Y, z)

[ and the rescaled components of the 1 form A:
> NormedPot enti al s: =eval ([ U, V, W/ (| anbda) ) ;

NormedPotentials :=§ u(x, y, )
g(a u(x, y, z)’ +bv(x, y, 2’ +cw(x, y, z)° )g
v(x . 2) w(x,y, 2)

L (au(x,y, 2’ +bv(xy, z)° +cw(xy, z)° ) (au(x,y, 2’ +bv(xy, z)° +cw(xy, z)° )g e
[ Construct the Jacobian matrix by constucting the array of partial derivatives, and show that for n=1 ,
the determinant vanishes.

> JACA: =j acobi an( Nor nedPot enti al s, [ x, Yy, z] ) : DET: =f act or (det (JACA) ) ;

&IIO

ﬂ

IIO

a
CECCC*

DET :=- ? 1+n) géﬂ— u(x, y, z)gg V(X Y, z)g§ w(X, Y, z)g

&

+

Ol O o)
W(X, Y, 2)= g_ u(x y, z) = g.ﬂ V(X Y, Z)—- g.ﬂ_ u(x, y, Z)gg.ﬂ_zv(X Y, Z)gg.ﬂyw(x Y, Z)E’

DD
=
X

& oAl oAl
g vy, 23 g— Wxy, 23 gﬂ w(x,y, z)—- gﬂ w(x,y, Z)Z%ﬂ_z u(x, y. z)Zgﬂyv(x Y, z)g
k=Sl g @903
+g vy, 23 gﬂ—u(x y.2)3 gﬂ W(x,y, Z )—-/ (B U(x, Y, 2V +bV(x ¥, 2 + SW(x, . 7))
[ > GWN: =i nner prod(transpose(JACA), JACA):

[ >

The determinant has a factor (n-1), hence for n=1 the determinant vanishes, for ANY co vector field
scaled by a Holder norm with any a,b,c,p

Now construct the adjoint vector and show that this vector current J "dual to" A has a zero divergence
(Jacobi's theorem).

The adjoint vector is constructed by multiplying the renormalized co-vector components by the adjoint
matrix of the Jacobian matrix [JAC(A)].

The adjoint matrix is the matrix of cofactors transposed, and would be equal to the inverse of the original
matrix times the determinant of the original matrix -- if the determinant is non-zero. The adjoint
construction exists whether of not the inverse exists.

> ADJ: =adj oi nt (JACA) : Current J: =(i nner prod( ADJ, Nor medPot enti al s)); DI VJ: =f act or (di ve
rge(CurrentJd,[Xx,y,z])); Current:=J[ 1] *d(y) &d(z)-J[ 2] *d(z) &d(x)+J[ 3] *d(x) & d(y):
e
CurrentJ '— & ggﬂ—zu(x 2 z) W(x Y, 2) g'ﬂ v(X,Y, z)‘ g'ﬂ_ u(x, y, z) W(x Y, 2) g'ﬂ v(X,Y, z)‘
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g uxy, z)Zv(x y.2) gﬂ w(x,y, 2) 2+ Gy U0 Y. 22U(x, ¥, 2 Gy, z)—
O'E‘ﬂ il

g(a u(x, y, z)° + b v(x,y, z)° + cw(x, y, z)° )gpﬂ@ ggﬂ— u(x, y, Z) W(X Y, 2) g_V(X 2 Z)-

0 o & 0
— V(X, Y, z)gu(x Y, Z) g'ﬂ w(X, Y, z)g+ gﬂzv(x, 2 z):ﬂu(x, Y, Z)

CD("O')
CD("O')

<

al

8

g, ux Y. ) Fw(x, . 2 G, V0, 2%+ G, V0, z)%u(x, Y. 2) § Wi, Z’%

&
&

- B v(x z)gu(x z) B w(X z)g- — u(x Z)QV(X 7) ae_W(X Z)g
By V00 Y- IZU Y, 2) B WO Y, 2) - G Uk Y, Z) 2V Y. 2) B WX Y. 2)E
aillo

6 & 00 /& 50 @
ﬂ—u(x,y,z)$v(x,y,z)g—w(x,y,z)n/g(au(x,y,z)p+bv(x,y,z)p+cw(x,y,z)p) @,-g

&

+

DD

x

o

V(Y DU, Y, 2) gﬂ w(x ¥, 2)% +gﬂ V(% Y, 2U(x, Y, 2) gﬂ wix,y,2)%

('Dm
=
x

+§Iy u(x, y, Z)ZW(X Y, Z) g—v(x 2 z)g- ae‘[—Lu(x, 2 z)%w(x, Y, 2) g—v(x, 2 z)i
il =l
- £y, U0y 2%u(x .2y wix v 93+ B w0y D2 v, 2) g—w(x Y.z )==/

oV
g(a u(x y, z)P +bv(xy, )’ + cw(x,y, z)°) “”BH

DIVJ:=-3 g?' 1+n) géﬂ_ u(x, y, Z)ggﬂ_ V(X Y, Z)ggﬂlzw(x, Y, z)g

+go Wx Y. D)2 g— u(x, y, 2)% gﬂ v(x,, z)g G U0k, z)%gﬂ—zv(x, Y, z)gg@w(x. v.2)%

g v, 2% g— ux, v, )3 gﬂ W(x,y.2)%- G 08 Y D260 W v DZE V(Y. D)2

& S**Og
+Eovxy, 23 g— ux.y, 2% g—w( .z )=:/ &au(x,y, 2)° + by(x, y, 2)° + cW(x, ¥, 2)")

The vector J is not zero, but its divergence has a factor of (n-1) , hence the divergence of J is always zero
for holder norms which are homogeneous of degree 1. This result is global, hence it would appear that
the construction implies that J (for n=1) is exact.: J = dG. Note that the zero divergence result is

| independent from a,b,c,p for n=1

[ >

[ The "Interaction" coefficient can be computed as

[ > Interaction: =factor(innerprod(Currentd, NormedPotenti al s));

Interaction := - gl(x, Y, Z) ;iz u(x,y, z) %w(x, Y, Z) g%v(x, VY, z)g

— u(X, Y, z) %v(x, Y, Z) gﬂ/w(x' Y, z)%

=l &l
- u(xy, 2) gﬁ/ u(x,y, z) %W(X, Y, Z) gﬂ—zv(x, 2 z)%- u(x,y, z) P

+Uu(X, Y, z) g@ ucx, y, ) %v(x, Y, Z) gﬂ—zw(x, Y, z)%- gﬂv(x, Y, z)%u(x, Y, Z) gﬂ—zw(x, Y, z)%
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+Euxy, 2)2u(x, ¥, 2 Gy 0 Y. 2)%- v(x, .2 G, uxy.2 Fw(x, . 2 G VY. 2%

+V(X, Y, z) g& u(x, y, ) %W(X, Y, Z) gﬂ—zv(x, Y, Z) %- v(X, Y, z) ﬂ—zv(x, Y, z)%u(x, Y, Z) g& w(X, Y, z)%

el el 0 & %l

+Vv(x Y, 2) g.ﬂ—x V(X Y, Z)EU(X. Y, 2) gﬂ—zw(x, Y, Z)%+ .H—ZU(X. Y, 2) %V(x. Y, 2) g.ﬂ—x w(X, Y, Z)%
=l Xl el il
- gﬁ u(x,y, z) %v(x, Y, Z) gﬂ—zw(x, 2 z)%- w(X, Y, z) g‘ﬂ_x V(X Y, z)%u(x, Y, Z) gﬁw(x, \2 z)%
Sl =l 0 & &
+w(X,Y, z) g@v(x, 2 z)%u(x, Y, Z) g& w(X, Y, z)%+ g@ u(x, y, z)%w(x, Y, 2) g& V(X Y, z)%

vl il il il
- x u(x,y, z) BW(X' Y, Z) g‘ﬂy V(X Y, z)B w(X, Y, z) fy u(x,y, z) BV(X' Y, Z) g‘ﬂx w(X, Y, z)B

+w(X, Y, z) a?{_x u(x,y, z) %v(x, Y, 2) g%w(x, 2 z)%% / g(a u(x,y, z)’ +bv(x,vy, z)’ + cw(x, Y, z)p)gpw@

[ >

The result is of interest for the classic specialization of the Holder norm to a=1,b=1,c=1,p=2, n=1 (which is
the Gauss Map.

For then the interaction A dot J is equal to the Adjoint curvature (trace of the Adjoint matrix to the
JAcobian) which in 3 dimensions is exactly equal to the Gauss curvature !l

This result is valid in any dimension. The trace of the Adjoint matrix is equal to the interaction for the
Gauss map;

The special cases for a=b=c=n=1, p=2 are given explicity below: The fact that Gnet is zero proves the
algebraic equivalence of the interaction and the similarity invaraint of degree N-1.

> Adjointcurv:=sinplify(factor(trace(ADJ))): Mean: =factor(trace(JACA)): Net: =factor (
Adj oi ntcurv-1Interaction): Guet: =factor(subs(a=1, b=1, c=1, p=2, n=1, Net) ) ;

Gnet:=0

The usual differential form processes can be applied to the 1-form A to construct the fields (Vorticity = dA)
and the Helicity (A™dA)
> Al: =U;, A2: =V; A3: =W

>
Al:=u(xY, z)
A2 :=v(X,Y, 2)
L A3 :=w(X,Y, z)

> Action: =subs(a=1, b=1, c=1, n=1, p=2, A1*d( x) +A2*d(y) +A3*d(z));

L Action := u(Xx, Yy, z) d(x) +v(x, Y, z) d(y) + w(x, Y, z) d(z)
> Vorticity:=wcol l ect (d(Action));Helicity:=sinplify(wollect(Action&Vorticity));

Vorticity := gg%(w(x, 2 z)§+ %eﬂllu(x, 2 z)z=z(d(z) &M d(x))

* g, U0 2)- G, VX Y.z £ (dly) &" d00)) +§e-g@w(x, Y. 2)%+ 1308 2)22(d(2) & d(y)

. ae sl 0 &l 0 il 0
Helicity := - g V(X Y, 2) gﬂ—xw(x, 2 Z)E+ V(X Y, 2) ﬂ—zu(x, 2 Z)E' w(X,Y, z) @u(x, 2 z):g
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(kY. 2) G vix 2%+ u(xy.2) Gy WO Y. 2)2- u(x,y,2) G, vk, 2)E2&(d(2), d(y), d(x))

It is important to note that the renormalized 1-form of potentials A can be of Pfaff dimension greater than
2, even though the renormalization is homogeneous of degree 1. That is, the topological torsion ,

ANdA is not necessarily zero. In dimension 3, the set of points that yields a surface of zero Helicity si a
surface where the curl of the potentials is orthogonal to the vector of potentials. Such surfaces are called
Lamb surfaces in the theory of streamline hydrodynamics. This surface of zero helicity separates
domains of positive from negative helicity.

Note that the equivalence between the interaction N form A”J and the Adjoint curvature exists whether
or not the 1-form A satisfies the Frobenius integrability conditions,

[ N |

A simple 3D surface Example:

The similarity invariants for the Jacobian matrix of the surface normal scaled by the Holder norm with
a=b=c=1,n=1,p=2

| fields the classic partial differential equations for the mean and Gauss curvature.

[ > Phi:=z-phi(x,y);

| Fi=z-f(xy)
[ > A =grad(Phi,[x,y,z]);

EF N E 8
7 S8 UL TP

[ > magn: =i nner prod(A A);

&l ¢ el ¢
magn := gﬂxf(x, y)a +gﬂyf(x, y)a +1

> NA: =eval m( A/ magn™(1/2));

é 1 il
e —_— —_—
NA-—S .ﬂxf(X'Y) .ﬂyf(X'Y)
—e- y T [}
€ | il & el il &
g M ﬂxf(x'y)5+g‘ﬂyf(x'y)5+l Vﬂxf(x,y)a+gﬂyf(x,y)a+l
u
u
1 v
u
u

&l ¢ el
I vgﬂxf(x,y)a+gﬂyf(x,y)a+lH
> JAC:. =j acobi an(NA, [ X, Y, z]) : JACAA: =j acobi an( A, [ X, Y, z]): GWN: =i nner prod(transpose(JA
CAA) , JACAA) / magn;
5 .

2 .

2 o ) e o U
— T ou
gl NG Tz 0

et T ef ol:: i Oee | ) & v
_f 1 I f 1 ;l _f 1 I f 1 :

eﬂxz (x y)g+g.ﬂy.ﬂx (x y)g gﬂxz (x y)gg.ﬂy.ﬂx (x y)ﬂ+g.ﬂy ﬁ

et oz | 0 &1 o’ 0 T Y o ¢ u
— (X y)= f(xy)= f(xy)zEf(xy)=x, f(x,y)z +g5f(x,y)x,0

gﬂxz (x y)gg.ﬂy.ﬂx (x y)g+g.ﬂy.ﬂx (x y)ﬂg.ﬂy2 (x y)ﬂ g.ﬂy.ﬂx (x y)ﬂ+g.ﬂyz (x y)ﬂ E

e, 0, ou

2 2

GMN :=

=l g e 3
—f(xy)E+e_f(xy)E+1
I g.ﬂx( )% g.ﬂy( )%
( The induced metric for the simple surface forms a 2x2 partition, with all other values zero. The two by
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| two space is not flat.

T> E=-eval m(([diff(A[1],t),diff(A[2],t),diff(A3],t)]));

I E:=-[0,0,0]
> B:=curl (A [X,Yy,2]):

I B:=[0,0, 0]
[ >

[ >

> MEAN_CURVATURE: =f actor (trace(JAC)/ 2);
l1ae oo Ocef] oee 1 0 o O cef] ¢
MEAN_CURVATURE :=- —&- 26— f(Xx y)Z6_ f(X y)= f(xy)zs+& S f(xy)Te_f(x y)=
X >& gﬂ (xy) gﬂ (x.Y) g—ﬂyﬂx (aN)ZHE ST 0y)ZE f(u )

00 el & g3
gff(XY) +g7f(XY) _f( Y)‘ f( Y) /g.ﬂ_f(XY) + _f(XY) +1‘

[ Note the classic formula for the mean curvature of a Monge surface is obtained.
[ > ADJAC. =adj oi nt (JAQ);

ADJAC :=
[0,0,0]
[0,0,0]
¢ @ o oeEt 6 e om0
%- g.ﬂxf(x.y);ag-g—.ﬂy.ﬂxf(x.y)];U +g.[Ty2f(><.y)7a .”Xzf(x.y)!.a—!.a
g & ( 0 '
: AU RS
o e 1 N ORI L PO B PO .. AP -
.ﬂyf(x NZE .W.”Xf(x.y)v+g*f(><.y)vgXzf(x.y)b—fU -g.ﬂy.ﬂxf( )% gyzf(x.y)rag.ﬂxzf(x.w];U
! o g o E o Eaad
gﬂxf(xy)-+gﬂ f(xy)-+1- gg‘ﬂxf(xyB g f(x,y)B+1B

ot o ) e ) e

[ > GAUSS_ADJO NT_CURVATURE: =f act or ('t race(ADJAC) )

g.ﬂy—.ﬂx( y)‘ gﬁf(x y) f(x y)‘
g— (x, y)‘+aeif(x y)‘+192

[ Note that the classic formula for the Gauss curvature of a Monge surface is obtained.
[ > CurrentJ: =i nnerprod(ADJAC, NA); I nteraction: =factor (i nnerprod(CurrentJ,NA)); DivJ: =
di verge(CurrentJ [ %, y z])'JZ' :factor(QJrrentJ[B])'

CurfentJ"Soog _f(X Y)‘gm( Y)' _f( y)‘g_f( Y) g_f( Y)'

2

& oot ¢ = all g 0 ¢
gﬁ(( y) f( y) gﬂxzf(x.y) f( y)= g f(x, y) y T (><.y)7a

ds/z)u

g—f(x 9% gﬂ—xz( y)—/ggﬂ—f(x Ng+ g ix MERSLAN:
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GAUSS ADJOINT_CURVATURE =




RY @ om0
-g.ﬂy—ﬂxf(x-wa+g§f(X,Y)Bgﬂxzf(X-Y)B

Interaction :=
a E 6L
B V)5 gy OGS
L Divl:=0
> DISS: =factor(innerprod(E, [CurrentJ[1],CurrentJ[2],CurrentJ[3]]));
DISS:=0

[ 1T seems that the current so constructed is a Superconducting current without dissipation, J is
L perpendicular to E

" Itis now apparent that the interaction between the potentials and the
conserved current is equal to the (Gauss) ADJOINT curvature of the Monge

 surface in Euclidean space.
> Adjointcurv:=sinplify(factor(trace(ADJAC))): Mean: =factor(trace(JAC)); Net: =fact or
(Adj oi ntcurv-Interaction): Gnret:=factor(subs(a=1, b=1, c=1, p=2, n=1, Net) ) ;

@ ol b2 o ot 0 & @ 0
e =~ & 2, 15105 )l ! 001 By 0o gy 100G =yt 0
sl Oefl & o 00 ol G GG
*%f‘x'y’aéﬂx”x'y’a*éﬂyz”x'y’a—a/%%ﬂxf‘x'y’a*éﬂyf‘x'y’a”a
L Gnet:=0
> Vorticity:=curl ([A[1],A[2],A[3]].[%X,Y,2z]);Helicity:=innerprod([A 1],A 2],A 3]],V
orticity);
Vorticity :=[0, 0, 0]
L Helicity := 0
[ NOTE that the Helicity of a simple surface is zero, and the conserved current is NOT orthogonal to the
| surface,

\%

T
\%

A non-linear Implicit surface:
The similarity invariants for the Jacobian matrix of the surface normal scaled by the Holder norm with
a=b=c=1,n=1,p=2
fields the classic partial differential equations for the mean and Gauss curvature.
> Phi : =phi (x,y, 2);
F :=f(xYy,2)
> A =grad(Phi,[Xx,Y,z]);

A'-glf(x z)if(x z)if(x z)g
BT Y My Y "z a4 u

> magn: =i nnerprod(A, A);

&fl ¢ el ¢ el ¢
I magn.—gﬂxf(x,y,z)a+gﬂyf(x,y,z)5+ ﬂzf(x,y,z)a
( > NA: =eval m{ A/ magn”™(1/2));
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1f(X- Y, 2)

&l
x

¢ o ¢
oy 2% +g—f(x v.2)% +E f(x . 2%

p

>

I
DODDDDDDD

<

1f(X-)/- 2) 1f(X-)/- 2)

& g ¢ [ ¢ g o
M—X( yz)—+g—f(xyz)ﬂ+—f(xyz)5 M (v 2% +Be F(0 v 2%+ (5.3

1z
> JAC. =j acobi an(NA, [ X, Y, z]);

a-HQ
o o e g

JAC =
é
g 1M ~\
g 1l 9
§' 2 ‘ﬂxf(x'y' Z)B
e
e
@ o o 7 6 & s T 60
ng.ﬂX (xyz)ggﬂxzf(xyz) +2g f(xy, ) g.ﬂ x f(XyZ) +2 .ﬂzf(X-Y-Z)Bgﬂzﬂxf(X-Y-Z)BB

Fg3?
ERIOTEO Y AR B S TR)

2

1
—fx,,z
pp (XY, 2)

+ L kv )
3 e Z_

Mae‘ﬂ 3 g 28 Y

® o

IR 22 +gﬂ—f(x v 23 +E 0y 2)%

26— f o 1 f EApY sl : 2f 9 L& o 1 f %
ay ++ — = =+ — x T
§2 &g | O0 Y Dk g FO0Y, Z)' g‘ﬂ (xy, Z)'g‘ﬂyz (xy 2+ 2 FOxy D2k o TOOY D2
0263/2)
/ 86 00y, z)- g— (xy.2% +gﬂ—f(x y.2)%
Ty Tx 0

* Pl & & Zg‘ﬂx (X’y'Z)B

o (Y, 2% +g—f(x 023+t z)-
& oefl T T 0 o oaeT

00
ng f(xy, ) g.ﬂ .ﬂ f(x, yZ) +2g—f( Y ) g.ﬂ iy f(xyZ) +2 f(x.y.Z)fa ﬂ_zzf(x'y'z)é:é

9z
Fg312
/ B Ty 23 +g—f(x v.0% RS SRICSE S

2

u

u

‘ﬂz‘ﬂxf(x'y'z) v

T ¢ o ¢ ¢ U
il = i = = u

M ﬂxf(x,y,z)a +gﬂyf(x,y,z)5+ ‘ﬂzf(xyz)EH
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&

NI

6 —Ef(xy 23

e 2 ﬂy

e

é

€

& o ES 0 & o2 T fols
ng.ﬂX (xyz)ggﬂxzf(xyz) +2g f(x Y, ) g f(xyz) +2 'ﬂzf(x'y'Z)Egﬂzﬂxf(x’y'z);};

et 0263/2)
/ggﬂx (xyz)—+g—f(xyz)—+g—f(xyz)==
y g 7 2y
2¢ely o

o G F o 4§
Mgﬂxf(x, 2 z)B +gﬂyf(x, 2 z)B +gﬂzf(x, 2 z)B
2 o T 0 & Lol 0 & o 1 60
g2 gﬂ—xf(x, Y, z)gg f(x, Y, z):+2§ﬂ—f(x, Y, z)ggﬁf(x, Y, z):ﬂ+2 —f(X,Y, z)%gﬂzﬂyf(x, Y, z):ﬂ:g
/ggﬂ—xf(xyz)—+gﬂ—f(xyz)‘+gﬂ—f(xyz)==

9z
%zf(x. Y, 2)

3/2)

—E (X yZ)—
& ¢ 28T
M—f(xyz)wg—f(xyz) +g—f(xyz)‘

r 9, & ot 00
gzg f(xy, ) A ‘ﬂ f(XyZ) +2 ﬂzf(x,y,z)a ﬂzzf(x,y,z)_g__g
m 0 el 0 el ggS/Z)
ggﬂxf(xyz) +g f(xyz) +g f(xy, )--
2 u
f(X-Y-Z) 4
’ = & oQﬁ
al sl ol gy
Mgﬂxf(xyz)-“‘g f(XyZ)Q*'gﬂzf(XyZ)aH
e
€
g-}&ﬂ f(x, z)-
e 2eMz y
é
é
é
e o oeef? 0 o EX 66
gZ x (xyz)ggﬂxzf(xyz) +2g f(xy, ) g—f(xyz) T+2 'ﬂzf(x'y'Z)Bg'ﬂzﬂxf(x'y'z);@

4312
/agfx JOROL % S ICRVE0L 8 aTER e £

2

iz 1

+ - pra— Zg.ﬂ—z( s )—
x (xyz)—+g—f(xyz)g+gﬂ—zf(xyz)—

Ty, 2)

Page 11



oyl ﬂz f -t o | 2., &, 0 99
gz o O ) (xy.2) +2gﬂ (%%, D2 5100y, D2 28 10y, D260 o F 00y D
a2 02 el sl ()263/2)
/ gg‘ﬂx (Xyz)‘+ —f(xyz)-+ —f(xyz =;
f(x Y, 2)

1z 9y 1l 9
v # g zg‘ﬂzf(x’y’z)fa
—f(xyz)—+g—f(xyz) +g—f(xyz)—
al i 0,,8 SN
g2gﬂxf(xy ) A ‘ﬂ f(xy z) +2 ﬂzf(x,y,z)a ﬂzzf(x,y,z)_g__g
()263/2)
/g—f(xyz)—+g—f(xyz)—+g—f(xy 2)2%

1
—f(x vy z
ﬂ(y)

Mgﬂ—f(x 2 z)— g—f(x 2 z) +g—f(x Y, Z)

[ > MEAN_CURVATURE: —f actor(trace(JAQ)/2);

SHQ;
o v e

Y-l 89‘”_ 9
MEAN_CURVATURE :=- - €2 f(x.y, 2)ZE f(xY, 22 gﬁ (% Y, )

sl 39‘”_ el ¢
+2 'ﬂ f(x,y,z) f(Xy ) gﬁ (%, yz) g—f(xyz) f(XyZ)B
ae'ﬂ2

f 0
(xy.2)%

_ & &
-g—f(x,y,z)lgﬂ—f(x,y,z)— gﬂyzf(xyz) gﬂ— (xyz)‘ g—f(xyz)zg%(f(xyz)—
Fg3/2

g— (. 2)Z g—f(xyz)--/ggﬂ—f( yz)—+g—f(xyz)—+g—f(xyz)=:

[ Note the classic formula for the mean curvature of a Monge surface is obtained.
> ADJAC. =adj oi nt (JAQ);

ADJAC :=

il ot Ol oz 1 g
g- gﬂxf(x,y, z)fg-g—ﬂ ﬂyf(x,y, Z)Bg'ﬂzf(x'y' z)fg—ﬂ : f(x Y, z)f
y(xy)g—.ﬂ.ﬂ (y)g—.ﬂ.ﬂ (yZ) g—(xw)g—(xw)ﬁX(x.y.Z)];U

gff(x Y, z) —f(x Y, 2)92+2 ﬂ—f(x,y, z)iﬁ—f(x,y, z)i

8eﬂz 2 ae‘ﬂ 0

g—f(xyz) —f(y)g.ﬂ.ﬂ (yz)+—f(y)gﬁ(y)g—f(xyz);
sl 00 i g 8eﬂ_ ¢, el ¥

gﬁf(xyz) f( Y, ) /g f(xyz) + f(xyz)— .ﬂzf(xyz)——.-

& ‘ﬂ2

.ﬂyf(xy )ﬂg g.ﬂ.ﬂ (xyZ) .ﬂ .ﬂx

el i il o 0
-g.ﬂyf(xy 7)= g—( Y, ) g— y.Z);J-gng(x.y.Z)Evg.”—zzf(x.y.Z)Evg.ﬂxf(x.y.Z)rJ
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¢, o 1 o’ 0
= f(x, Y, z)fgﬁf(x, Y, z)fgff(x, Y, z)B

e oF:2]| o 1
+g7f(x,y,z)3§ﬂ—f(x,y,z)% P f(x
i 00 el 0 %ﬂ_ il gg

gﬁf(xyz) f( Y) /g f(XyZ) + f(XyZ) ﬂzf(xyz)--,-
M 2

gz’ Y )@gg‘ﬂ‘ﬂ (Xyz)
il _ . 0 .<’5‘5'ﬂ2 Ozl

g LG z):g—ﬂ O z):g—f(x.y, z):- g*f(x,y, Z)Zg*f(x,y, z)g —Xf(x,y, )2

o)
g*f(xyZ) g.ﬂ—( Y )g.ﬂ.ﬂx yZ) +g.ﬂ—( Y )ggﬁ( Y, 2)T g*f(xyZ)a
=1 92 Sl y-clip 53 aéﬂf gou

gﬂ/( s gﬂ (o /B (ny. 0% g (xy. 2% + G,y DZZH
§§ﬂ_xf‘x'y'Z’E%'gﬂzﬂyf‘x'y'Z’E%ﬁzf‘x'y'z’ééﬂ_ﬁf‘x'y'z’é

Al outl 0 IO . ST N
+g‘ﬂy_‘ﬂxf(x'y'Z)Bg‘ﬂzf(x'y'Z)Bmf(x'y'Z)B+g‘ﬂyf(x'y'Z)Bgﬂ_xzf(x'y'z)agﬂ_zzf(x'y'z)a

@ 1 o= ol o = o o o

- gﬂy—ﬂxf(x,y, z)fg Zzf(x,y, z),gﬂ f(xy, z)f+gmf(x,y, z)fgmf(x,y, z)fgﬂ f(xy, z)B

el 7o el il il g¢ &f 0
g.ﬂyf(xyZ) g—( Y. 2% /g f(xyZ) +g f(xyZ) +g fxy. )22, .ﬂyf(x.y.Z)B
ee { f +_f T +-+ee f +—f e L f 9
g- 121y (x,y,z)fgﬂ (X.y,Z)ngz (x,y,z), g.ﬂ x (x,y,z)fgﬂ (x,y,z)fgﬂ x (x,y,z)a

gl
+gﬂ—f(xy 2% g—f(xyz) g—zzf( S y iy g—zzf(xyz) B y2)f
+gﬁf(x,y, z)é%f(x,y, z)igg&f(x,y, z)iﬂ- g@f(x,y, z);%f(x,y, Z)EE/

& & G 0
géeﬂﬁ—l(f(x, Y, z)ig +§L;f(x, Y, Z)iﬂ +§eﬂlzf(x- Y, Z)iﬂiﬂ ,E—Lf(x, y: Z)ggae

aeg_ﬂz Ol oz 0 2T ol o T 6
&z 'ﬂyf(x' 4 Z)Bgﬂzf(x' Y Z)Bg‘ﬂ_xz fooy, Z)5+ g‘ﬂy fix fOxy, Z)Bg‘ﬂzf(x' Y Z)Bg‘ﬂz fix flxy, Z)B
2

il oz’ oz 0 @1 il il 2
+gﬂ F(%, Y, Z)Tg—zf(X,y. 2 sz(x.y. S E PG z)vgﬂzzf(x.y. z)fgﬂ f(xy 2)%

(y) (yZ) —f(xyZ)‘ —f(y) (y)“
G ‘ﬂ‘ﬂ

g—f(x Y, z)— +aeﬂ—f(x Y, z)‘ ae”—f(x,y, z)igz

ece|

el _aen_ 0 2l 0
sﬂxf( yz)gggﬁ (x%.2)% & (% v, D% gﬂyf(xyz) g—f( .23 g—( v2)%
+g—'ﬂz‘ﬂyf(x' Y, z)igg—ﬂyﬂxf(x, Y, z)ggﬂ—xf(x, Y, z)iﬂ- %f(x, Y, z)igg—ﬂzﬂxf(x, Y, Z)Eg'ﬂ_xf(x’ Y, z)ig

@
83
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il RO ML R T ce T 0
+g7f(x, Y, Z)Bg‘ﬂzf(x' Y, Z)Bgﬂxzf(x' Y, z),+gﬂ f(x,Y, z)f f(x, Y, z)f f(x, Y, Z)BB/

2

& oz FT e & ol
g—f(xyz)-+ LGRS IO R B - (O gﬂ PICIES e}

2 2

= 0, T 2l :
gﬂyf(XyZ) gff( % )g.ﬂ.ﬂ f(xy, )ggm( % )gﬁ( Y ) f(XyZ)
gff(xyz) P ‘ﬂx —f(xyz) +g7f(xyz) ﬂ—f(xyz) f(xyz)_

+gﬂf(x, Y, z)gmf(x, Y, z)i@%f(x, Y, Z)S_S/

aeef] o ol il OO ol oz T & e 0
Bqu | 0 DT +g‘ﬂyf(x' Y 2)E * By fO0 Y 2) B By FO0 Y, 2533 g‘ﬂy‘ﬂxf(x' V25 &y, f 0y 25

el oot oz I 0 = oee 1 Ocefl 0
- gﬂyf(x, Y, Z)Bgﬂ—xzf(x, Y, Z)Bg‘ﬂz‘ﬂyf XY, Z 5+gﬂ/f(x' Y, Z)Bg‘ﬂy_‘ﬂxf(x' Y, Z)Bg‘ﬂxf(x' Y, z)B
Eal O T 0 0 & o o 0
- f S f(xy,2)6_f(Xy z2)T——f(Xx Yy, 2)x
% (XY, 2) pap z % (x,y. Z)gg'ﬂz (%Y Z)@g‘ﬂxz (x,y Z)g

8e‘ﬂf o 1 ¢ oee T ¢ 60

+ 66— = =~ e

g‘ﬂy (x,y,z).g— (x,y,z).gﬁ (x,y,z)._

aeef| Feu

g6, 100y, o +g—f(x e 2 f oy Es

> ADJO NT_GAUSS CURVATURE: =f act or ('t race(ADJAC));

@ 2T O] ozl oz 1 0
ADJOINT_GAUSS CURVATURE := - g 2 g—f(x, Y, z)lgﬂ—f(x, Y, z)ggﬂ—xf(x, Y, z)ggﬂy—ﬂxf(x, Y, z):g

o
Zg@f(xyz) gﬂ—f(xy ) g_( Y )ggﬁ( yz)g

%f(xyz) g—zzf(xyz) gﬂ—f(xyz)—
+2§? f(x,y,z)igﬂ—f(x,y,z)igﬂ—f(x,y,z)iaeﬂ f(x,y,z)g
&
+2§X (xyZ) —( Y, 2)E gﬁ(( Y, 2) g—f(xyz) +g—f(xyz;§eﬂ (x,y,2)%
+2§e'ﬂ (xyz) g—f(xyz) g.ﬂ_( ' Y ) ‘ﬂ‘ﬂ
&

O & [of

Zg (yZ) .ﬂ—f(xyZ) —(y)gw—ﬂ(y)‘gﬁ(xyz; fxy. 2%
ae'n2 & &
f(xyz) g—zzf(xyz) g—f(xyz)‘ g—f(xyz) g—f(xyz) —f(xyz)—

L ha N he - he L —92
& ‘ﬂy‘ﬂx X ,zagﬂzf(x,y,z)aa/ggﬂxf(x,y,z)a+gﬂyf(x,y,z)5+gﬂzf(x,y,z)55

[ Note that the classic formula for the ADJOINT Gauss curvature of a Monge surface is obtained.
> CurrentJ: =i nnerprod(ADJAC, NA); I nteracti on: =i nnerprod(CurrentJ, NA); Di vJ: =factor (d

iverge(Currentd, [x,V¥,2]));
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e 1 Ot oz T 0
‘ﬂz‘ﬂyf(x' Y, Z)Bg‘ﬂzf(x' Y, z)fgg‘”y ‘ﬂxf(x' Y, z)B

oee T Oee T 0 ar Ooet” Ol 0
f(x, Y, z)fgﬁf(x, Y, z)fgﬁf(x, Y, z)f- g—f(x, Y, Z)Tg—f(x, Y, z)B Xf(x, Y, z)B

2 sl o]
gff(xyz) _f( Y, )Qgﬂ x f(x, yz) + _f( Y, ) gﬁ (%Y, 2)x gff(xyz);
o F53'2

sl .
gﬁf(XyZ) —f( Y, Z )"/g—f(xyz)-+ —f(xyz)_+ —f(xyz):: g

e T

e T 0
gﬂ/ (%Y, 2)% g.ﬂ— (%Y, 2)% g* (%Y, 2)% +g—.ﬂx (xyZ)gg.ﬂ— (%Y, )ggﬁ (%, yZ)
+gﬂ—f(xy )2 g—f(xyz) g—zzf( yz)- gﬂyﬂx x.y.2)z g—zzf(xyz) g—f(xyz)—

+EH(f(x, Y, z)igmf(x, Y, z)igﬂ—f(x, Y, z)i- gﬂ—f(x, Y, z)ig—f(x, Y, z)ii /

3/2)

ggﬂ—xf(xyz)- g—f(xyz)- g—f(xy 2% ggﬂy—ﬂ (Y, )-g—f(xyz)-
sl

= T : 21 = el 0
- gﬂyf(x, Y, Z)Bgﬂfxzf(x, Y, Z)Bg‘ﬂz‘ﬂyf XY, Z 5+gﬂ/f(x' Y, Z)Bg‘ﬂy_‘ﬂxf(x' Y, Z)Bg‘ﬂxf(x' Y, z)B
5 )

i o 1 o oz oz 0

- %f(x,y, z)B ‘ﬂz‘ﬂxf X : %f(x,y, z)B ﬂzf(x,y, Z)B ﬂxzf(x,y, z)B
.. 2 .. 2

+§f(x,y,z)gglf(x,y,z)g%f(x,y,z)%/

Fd320

aeef| el el oo
gg f(xyz)—+g f(xyz)—+g f(xyz)—— H

o Oeen L oee 1 0
Interaction := - g 2 gﬂ/(x, Y, Z)Bg'ﬂzf(x' Y, Z)Eg‘ﬂxf(x' Y, Z)Bg‘ﬂy_‘ﬂxf(x' Y, Z)B
i oz oz 1 oz 1 0
-2 gﬂyf(x, Y, Z)Bg‘ﬂxf(x' Y, Z)Bgﬁf(x' Y, Z)Bgmf(x, Y, z)B
al oz Ol ¢
gy Oy DR Ty )5k TO0y. DT

+2§Ly2f(x. Y, z)ggf(x, Y, Z)ggf(x, Ys Z)'gae !

&
+2 .ﬂ—xf(x.y.Z) —( Y, 2)E gﬁ( yZ) g—f(xyZ)‘ g—f(xyz

2

+2g—xzf(x Y, z) ﬂ—f(x Y, z)

ae'ﬂ2 i el 0 92 ¢
- g.ﬂ f(xyZ) .ﬂf(xyZ) ( Y, ) gﬁ( y) gﬁf(xyza (><yZ);a

23l & [of
g_ (XyZ) gﬂ—zzf(xyZ) _f(XyZ)- g_ (XyZ) g_f(XyZ) _f(XyZ)-

é &
CurrentJ := & g
é

6
f(x, 2 z):
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It is now apparent that the interaction between the potentials and the conserved current is

equal to the Gauss curvature of the Monge surface in Euclidean space.
>

> Adjointcurv:=sinplify(factor(trace(ADJAC))): Mean: =factor(trace(JAC)): Net: =fact or
(Adj oi ntcurv-Interaction): Gnret: =factor(subs(a=1, b=1, c=1, p=2, n=1, Net) ) ;
Gnet:=0
> Vorticity:=curl (A [X,y,z]);Helicity:=innerprod(A Vorticity);
Vorticity :=[0, 0, 0]
Helicity :=0
NOTE that the Helicity of a Monge surface is zero, and the conserved current is NOT orthogonal to the
surface,

Explicit EXAMPLE: The spherical surface in 3D The current J is evaluated for n=1, and has
zero divergence. Note that in this example The interaction N form, A”J, is a non-zero volume element
almost everywhere.
> Phi: =x"2+y"2+z72-1; NN =grad(Phi, [ x,y,z]); U =NN 1] ; V: =NN[ 2] ; W =NN] 3] ; Current J: =0:
F=xX+y+7-1
NN:=[2x,2y,27]

U:=2x
V:i=2y
W:=2z

>

> A =eval m([U, V, W) ;

> AA =eval ([ U, V, W/ (subs(a=1, b=1, c=1, p=2, n=1, | anbda) ) ) ;
A:=[2x,2y,27]

AA = §2 X , 2 Y , 2 2

§ Jax+ay+az' Jax+ay+az’ Jax+ay+a?

Construct the Jacobin and show that or n=1, the determinant vanishes.

> JACWN =j acobi an( AA [ X, Y, z]); DETJACAA: =f act or (det (JACWY ) ; Mean: =f act or (t race( JACW
W/ 2); ADIQQ =adj oi nt (JACWN : Adj oi nt GaussCurvat ure: =factor (trace(ADIQQ ) ; GVN =i nn
er prod(transpose(JACWY , JACWN ; ei genval ues( GW) ;

u
o
a

>

>

JACWW =
é X 1 X Xz ¥
&8 @2 T2 2 -8 s @8 3/2)U
€ (4X+4y +47) VAX+HAY+AZ (4% +4y+47) (4 +4y+47) U
& Xy Y 1 yz ¥
3'8 (312) -8 (312) +2 \/2—22 -8 ) @3r2)U
€ (4X+4y +47) (4X+4y +47) 4 +4y +4 (4x+ay+47) U
g Xz yz z 1 ¥
&8 @2 "8 @28 3/2) +2J2—:
& (4X+4y+47) (4X+4y +47) (4X+4y +47) 4X+4y' +4Z 0
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DETJACAA:=0
1

Mean = W

o S S

AdjointGaussCurvature := Zr y2+22
8 y+Z ) Xy ) XZ
SOC+y+?)  (Cry+?) (CryeD)
3 Xy X +7Z yz !
GMN:=¢g — . - . !
§ (C+y'+Z)  (C+y+Z)  (C+y D)
S Xz yz X+ y :
Eoeryed)  (Eeyed)  (eryed) |

1 1

O v+ 7 Xayez

[ Now construct the adjoint vector and show that this vector current J, "dual to" A, has a zero divergence
(Jacobi's theorem). The divergence of the adjoint dual is equal to the determinant of the Jacobian matrix
generated by the components of the 1-form A

C > ADJAA: =adj oi nt (JACWN : Current J: =(i nner pr od( ADJAA, AA)); DIVJ: =factor (di verge(Curre
ntJ,[X,y,z]));InterAJ: =i nnerprod(AA CurrentJ); I NT: =i nnerprod(A CurrentJd);

CurrentJ :=S X y z H
B +y+2)  (Cry ) (Cry+Z) U
DIVJ:=0
_ 1
InterAJ '_—x2+y2+zz
1

INT:=2—F7——

L AXC+Y + 7
>
L > #JACJ: =eval n(j acobi an(CurrentJ, [X,Vy, z])): TIACI: =eval n(transpose(JAC])):
[ > #GWN: =eval n(i nner prod((transpose(JAC])), JAC])); factor(GW[ 1, 1]): DETGWN: =f act or (d
L et(GW));
[
> Helicity:=innerprod(curl (A [X,Y,2]),A);
L Helicity :=0

Explicit 3D EXAMPLE for a nonlinear surface function. The current J is evaluated for n=1, and
has zero divergence. Note that in this example The interaction N form, A™J, is a non-zero volume

L element almost everywhere. However there esists a surface for which the interaction vanishes.
> U =y*z; V: =z*x; W=x*y; Current J: =0:

Ui=yz
V:i=zx
W:=xy

[ This field is a gradient field with Phi = xyz.
[ >
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> A=evaln([U, V,W);
> AA =eval m([ U, V, W/ (subs(a=1, b=1, c=1, p=2, n=1, | anbda) ) ) ;
A:=[yz zx xy]
e yz zZX Xy u
AA=§ ) — . 4
i BV 2+ 2%+ AV 2+ 2R+ P2+ 2+ VU
[ Construct the Jacobin and show that or n=1, the determinant vanishes.
> JACWN =j acobi an( AA, [ X, Y, z]): DETJACAA: =f act or (det (JACWY ) ; Mean: =f act or (t race( JACW
W/ 2); ADIQQ =adj oi nt (JACWN : Adj oi nt GaussCurvat ure: =factor (trace(ADIQQ ) ; GVN =i nn
er prod(transpose(JACWY , JACWN ; ei genval ues( GWN) :

>
>
DETJACAA =0
yzx(X+y'+7)
Mean := - 372)
(Y2 +2X+2y)
- Xy'Z
AdjointGaussCurvature := 3 5
(FZ+Z%+XY)
S VZ (Y +7) xyZ zxy' H
S(PZ+ZX+XY)  (FZ+2X4XY) (P2 +2E+Y) ]
GMN'-S xyZ 72X (¢ +7) yzx* u
TE(yze2edy)  (FZHEXHXY) (PZZR Y
g zxy’ _ yzx CY (E+y)
E (2e2¢e0y)  (FZ+EXRY)  (PZ+Z2R+XY) b

[ Now construct the adjoint vector and show that this vector current J, "dual to" A, has a zero divergence
(Jacobi's theorem). The divergence of the adjoint dual is equal to the determinant of the Jacobian matrix
generated by the components of the 1-form A

>
> ADJAA: =adj oi nt (JACWN : Current J: =(i nner pr od( ADJAA, AA)); DI VJ: =fact or (di verge(Curre
ntJ,[X,y,z]));InterA =innerprod(AA CurrentJ); | NT: =i nnerprod(A, CurrentJ);

g zyx Zy* X Zyx U
Currentd := (312)" (3/2)° (SIZ)H
(Y Z+ZxX+xY) (Y Z+ZX+xYy) (VZ+ZxX+%y)
DIVJ:=0

InterA:=3 Xy'z 5

(Y Z+Z X +XY)

INT:=3 yZx —

(Y Z+Z X +xXY)

(>
- Explicit EXAMPLE for a non-integrable Heiswnberg surface function. The current J is evaluated

for n=1, and has zero divergence. Note that in this example The interaction N form, A™J, is a non-zero
L volume element almost everywhere. However there esists a surface for which the interaction vanishes.
> U =y;V:=-x; W=z; Current J: =0:

U:==y
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Vi=-Xx

>
> A =eval m([U, V, W);
> AA =eval ([ U, V, W/ (subs(a=1, b=1, c=1, p=2, n=1, | anbda) ) ) ;

A=Y, -X z]

1T

e

L DBy +Z2 2 ey 2

[ Construct the Jacobin and show that or n=1 , the determinant vanishes.

> JACWN =j acobi an( AA [ X, Y, z]): DETJACAA: =f act or (det (JACWY ) ; Mean: =f act or (t race( JACW
W/ 2); ADIQQ =adj oi nt (JACWN : Adj oi nt GaussCurvat ure: =factor(trace(ADIQQ ) ;

>

>

DETJACAA =0
1 X+ Y

(312)

AdjointGaussCurvature :=

(C+y’+2)

[ Now construct the adjoint vector and show that this vector current J, "dual to" A, has a zero divergence
(Jacobi's theorem). The divergence of the adjoint dual is equal to the determinant of the Jacobian matrix
generated by the components of the 1-form A

>

> ADJAA: =adj oi nt (JACWN : Current J: =(i nner pr od( ADJAA, AA) ) ; DI VJ: =fact or (di verge(Curre
ntJ,[X,y,z])); I nterA =innerprod(AA CurrentJ); | NT: =i nnerprod(A, CurrentJ);

>

€ X y z

B¢ ey +2) ) Ry +2) T (Rry D)
DIVJ:=0

oz

(C+y’+2)

_z

(¢+y?+2) "

u
Currentd := 312) H

InterA =

INT :=

>
> Helicity:=innerprod(curl (A [X,Y,2]),A);
Helicity :==-22z

11T

Four Dimensions

[ The same sort of ideas follow in 4 D. However now one must distinguish between the third order
similarity invariant (ADJOINT curvature)
| and the second order similarity invariant ( THE Gauss sectional curvature)
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An implicit surface Example:

The Holder norm with a=b=c=1,e=1,n=1,p=2 will be used from the outset. It is equivalent to the 4D
Gauss map.

The induced adjoint matrix is used to compute the similarity invariants for the Mean, Gauss and
Adjoint curvature.

The Adjoint Curvature is cubic in eigenvalues, and is distinct from the Gaussian curvature which is
guadratic in eigenvalues.

> J:=0;c:=c; U =u(x,y,z,t);Vi=v(Xx,y,z,t); W=wXx,y,z,t);Phi:=phi(x,y,z,t);
>

J:=0
c:=c
U:=u(xy,zt)
V:i=v(XxY,zt)
W :=w(x Y, zt)
F:=f(xy, zt)
>
> A =[U V,W-Phil];
>

A={u(x Y, zt), V(XY zt),wXxyzt),-T(XYyzt)]
> magn: =subs(p=2, (Al 1] "p+A[ 2] *p+A[ 3] “p+A[ 4] "p) *(1/p));

magn :=q/u(x, Y, 1)+ V(X Y,z 1)+ WX Y,z t)+F (XY, 2 t)
> NAAD: =eval n{ A/ magn) ; AA: =i nnerprod(A, [d(x),d(y),d(z),d(t)]);

é ux y, z t)
NA4D = § ,
eq/u(x, Y, 1)+ V(X Y,z 1)+ WX Y, z 1)+ (XY, 2 t)°
V(X Y, zt)

\/u(x, Y, 2, 1)+ V(X Y,z 1)+ WX Y,z t)+T (XY, Z t)z'
w(X, Y, zt)

«/u(x, v, Z 12+ V(X, Y, 2, )2+ W(X, Y, 2, )2 +F (% y, 2 1)

f(xy,zt) H

- \/U(X, Vi Z )2+ V(X Y, Z P+ W(X, Y, 2 12 +F(x Y,z 1)2
AA = uU(X Y,z t)d(X) + V(X Y,z t)d(y) +w(X Y,z t)d(z) - T(x Yy, zt)d(t)
> JAC: =j acobi an(NA4D, [ x,y, z,t]): DET: =fact or (det (JAQ));
DET:=0
> MEAN _CURVATURE: =f actor (trace(JAC)/ 2);

MEAN CURVATURE-—lae t t il t 0 t ¢ c2l ¢ 0
| ._zg-v(x. Y,z t)u(xy, z t) ﬂyu(x.y. A )B' V(X Y,z t)w(x,y, z )gﬂyW(X.y. z )B
M_ 9- ﬂ_ 9 2_ a.[_ 9 2
VO 2Ty, 20 B Ty, 2 DT e T0y, 2 DU Y, 2 17- B Ty, 2 ) Tv(x Y 2.)
2l 0 ol 0 , 2l 6 ,
gﬂtf(x' y' Z,t)aW(X' y- th) +gﬂx U(X, y' Z,t)EV(X, y- th) +gﬂx U(X, y: Z,t)EW(X, y, Z,t)

+a?1‘ﬂ_x u(x, y, z, t)%f(x, Y, Z, t)2+§—;v(x, Y, Z, t)%u(x, Y, Z, t)2+§%v(x, Y, Z, t)%w(x, y, 7, 1)’
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il 0 L & 0 - 0 '
+ gﬂyv(x, Y, Z, t)Bf(X' Y,z t) + gﬂzw(x, Y, Z, t)Bu(x, Y,z t) + ‘ﬂzW(X' Y, Z, t)BV(X' Y,z t)

+§—Lw(x, Y, z,t)%f(X, Y,z 1) +f(x Y, z ) wx Y, Z.t)g%W(X, Ys Zyt)g

+f(X, Y,z t) V(X Y, z,t)%e%v(x, Y, z,t)%+f(x, Y, Z t) u(x, y, z.t)g%U(X, 2 Z't)%
- wW(x Y,z t) f(X Y, z,t)%eﬂizf(x, Y, z,t)%- w(X, Y, Z t) v(X, Y, z,t)gﬂlIZV(X. Y, Z, t)%
- W(X, Y, Z, t) u(X, , z,t)%eﬂllu(x, Y, z,t)%- u(x,y, z t) f(xy, Z,t)g%f(x' Y, Z-t)%

-u(x, Y,z ) v(x y, z t) gﬂ—xv(x, Y, Z, t)%- u(x, y, z t) w(x, y, z t) gﬂ—xw(x, Y, Z, t)%%/

2 2 2 2,(3/2)
L (U, Y,z ) +Vv(x Yy, zt)Y +w(xy zt)+f(xy,zt))

[ Note the classic formula for the mean curvature of a Monge surface is obtained (4th degree in derivatives
and linear in eigenvalues) This is the first similarity invariant.

| The second similarity invariant can be found from the formula Gauss= -(1/2)(Trace(J) -trace(J*J))

> S2:=factor(trace(innerprod(JAC, JAC))):

Gauss: =factor(-(1/2)*(-trace(JAC) *trace(JAC) +S2));

Gauss := - gu(x, Y,z t) g%u(x, Y, Z, t)%w(x, Y, Z, 1) gﬂlzv(x, Y, Z, t)%

- %e%( u(x, y, z, t)gg%v(x, Y, Z, t)gw(x, Y,z t)*- ?ﬂﬁw(x, Y, 2, t)%a?zf(x, Y, 2, t)gu(x, Y,z t)

- f(xy,zt) g%f(x, Y, Z, t)gw(x, Y,z t) gﬂlzv(x, Y, Z, t)%- ?Iﬂ—x u(x,y, z, t)ggﬂlzw(x, Y, Z, t)gf(x, Y, z, t)?
- %e%( u(x,y, z t)gg%v(x, Y, 2 t)gf(x, Y,z t’+u(x Y,z t) g%u(x, Y, 2 t)gf(x, Y,z t) ?ﬂﬁv(x, Y, 2 t)g
+u(xy, zt) g%v(x, Y, 2 t)gf(x, Y,z t) ?ﬂ&f(x, Y, 2 t)g

+u(xy, zt) g%v(x, Y, 2 t)gw(x, Y,z t) ?Iﬂ—xw(x, Y, 2 t)g

+u(xy, zt) gﬂlzu(x, Y, 2 t)%w(x, Y,z t) g%v(x, Y, 2 t)g

- u(x Yy, zt) ?ﬂﬁ u(x,y, z, t)gf(x, Y,z t) g%v(x, Y, Z, t)§+ g%v(x, Y, Z, t)%?{ﬁf(x, Y, Z, t)gw(x, y, 7, 1)
- g%v(x, Y, 2, t)gg%f(x, Y, 2z, t)%w(x, Y,z )+ %U(X. Y, Z t)%?ﬂ-}(v(x, Y.z t)gw(x, Y.z t)’

+ g%u(x, Y, 2 t)%?ﬂ-}(v(x, Y, 2 t)gf(x, Y,z t+f(x Yy, zt) gﬂlzf(x, Y, 2 t)gw(x, Y,z t) g%v(x, Y, 2 t)g

il 0 sl 0 & oz 0
-u(x Yy, zt) gﬂ—xv(x, Y, Z, t):ﬂf(x, Y,z t) g@f(x, Y, Z, t):ﬂ+ gﬂ—zv(x, Y, Z, t):ﬂgﬁw(x, Y, Z, t)gu(x, y, 7, t)°

<l ogel 9 2 &N ozl 9 >
+ gﬂzv(x, Y, Z, t)BgﬂyW(X' Y, Z, t)Bf(X' Y,z t) + g'ﬂz u(x,y, z, t)Bg‘ﬂxW(X' Y, Z, t)Bf(X' Y,z t)
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- g%v(x, Y, Z, t)gg%f(x, Y, Z, t)%u(x, Y,z 1) - u(x y,zt) a?}”—Xv(x, Y, Z, t)%w(x, Y,z t) aE‘%W(x, VY, Z, t)%
o 0 il 0
+w(X, Y, zt) gﬂyw(x, Y, Z, t)Bf(X' Y, Z, 1) g‘ﬂt V(X Y, Z t)B
il o 0
+u(xy, zt)f(xy,zt) gﬂ—xf(x, Y, Z, t)ggﬂ—zw(x, Y, Z, t):g
el o o & o 9 2
-u(x Y, zt)w(xy, zt) gﬂxw(x, Y, Z, t)Bg‘ﬂtf(X' Y, Z, t)B g‘ﬂt u(x,y, z, t)Bgﬂxf(X' Y, Z, t)BW(X, Y,z t)

=2l geeﬂ_ 9 2 _ ol geeﬂ_ 9 2
gﬂyv(x, Y, Z, t)Bg'ﬂzW(X' Y, Z, t)Bu(x, Y,z t) gﬂyv(x, Y, Z, t)Bg'ﬂzW(X' Y, Z, t)Bf(X' Y,z t)

e 01 0 . ” - :
gy VO 2 DZEG TOOY ZDZUC0 Y 2 D7 Uk y 20 Ty, 2 1) B T(x Y, 2 ) 2ee WXy, 2 0%
' E?%W- 2 200y, 2 ) wx . Zt)?ﬁvv(x, v.20%

+ gﬂx ucx,y, z, t)BW(X' Y, zt)f(x Yy, 2zt) gﬂzf(x, v, Z, t)5+ V(X Y, 1) gﬂz ux, . 2 t)ag.ﬂx %y 2 t)B

- V(X Y, Z, tf% u(x, y, z, t)ggﬂlzw(x, Y, Z, t)%+ v(X, Y,z t)zgﬂ—x u(x,y, z t)%?ﬁf(x, Y, Z, t)g

- v(x Y, t)zgﬂﬁ u(x,y, z, t)%?ﬂ-}(f(x, Y, Z, t)§+ ?ﬁ u(x,y, z, t)gf(x, Y,z t)w(x y, zt) ?Iﬂ—xw(x, Y, Z, t)g
- ;—Lu(x, Y, 2 t)gw(x, y,zt)f(xy zt) g%f(x, Y, 2 t)g

+u(xy, zt)w(xy, zt) ?ﬂﬁw(x, Y, Z, t)%?ﬂ-}(f(x, Y, Z, t)%- ?ﬂﬁw(x, Y, Z, t)ggﬂlzf(x, Y, Z, t)%v(x, y, 7, 1)’
+ ;—LW(X, Y, Z t)%?{ﬁf(x, Y, Z t)%u(x, Y,z 1)’ + gﬂlzw(x, Y, Z t)%?ﬁf(x, Y, Z t)gv(x, Y,z t)

- v(x Yy, zt) ?Iﬂ—x u(x,y, z t)gf(x, Y,z t) gﬂﬁv(x, Y, 2 t)g

+Vv(X Y,z t)u(xy, zt) Eeﬂﬁ u(x,y, z t)gg%f(x, Y, 2 t)g

+V(X Y, Z ) w(x Y, zt) Eeﬂﬁw(x, Y, 2 t)gg%f(x, Y, 2 t)g

-v(X Y,z t)u(x y, zt) gﬂﬂzv(x, Y, 2 t)%?%w(x, Y, 2 t)g

-v(X Y,z t)u(x y, z t) gﬂﬂzu(x, Y, 2 t)%g%w(x, Y, 2 t)g

- V(X Yy, zt) g%u(x, Y, 2 t)gf(x, Y,z t) Ee%f(x, Y, 2 t)g

& 0 =Sl 0
- Vv(Xx Y, zt) g'ﬂ_z u(x,y, z, t):ﬂw(x, Y,z t) gﬂ—xv(x, Y, Z, t):g

&,

el ¢, il
- gﬂzw(x, Y, Z, t)B %Y, zt)v(xy, zt) g‘ﬂt v(X, Y, Z t)B
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+W(X Y, zt)uxy zt) %e% u(x,y, z t)ggﬂlzf(x, Y, 2 t)g
-v(X Y,z t)u(x y, zt) %e%v(x, Y, 2 t)%?ﬁf(x, Y, 2 t)g
-w(X Y, zt)ulxy, zt) gﬂlzu(x, Y, 2 t)%?{ﬁf(x, Y, 2 t)g
+Vv(X Y,z t)u(xy, zt) g%u(x, Y, 2 t)ggﬂlzw(x, Y, 2 t)g
- V(X Y, Z ) w(x, Y, z t) g%w(x, Y, 2 t)%?ﬁf(x, Y, 2 t)g
+Vv(X Y, zt) ?Iﬂ—x u(x,y, z t)gf(x, Y,z t) g%f(x, Y, 2 t)g
+W(X Y,z t)v(xy, zt) gﬂﬁv(x, Y, 2 t)ggﬂlzf(x, Y, 2 t)g
+ ?ﬂﬁw(x, Y, 2 t)gf(x, y,zt)u(xy,zt) gﬂlzu(x, Y, 2 t)g
+ ?ﬂﬁw(x, Y, 2 t)gf(x, Y, Zt)v(x y, z t) gﬂlzv(x, Y, 2 t)g
-wW(X Y,z t)v(xy, zt) gﬂlzv(x, Y, 2 t)%?{ﬁf(x, Y, 2 t)g
- v(X Yy, zt) g%u(x, Y, 2 t)gw(x, Y,z t) ?Iﬂ—xw(x, Y, 2 t)g
- ;—LW(X, Y, 2 t)gf(x, y,zt)u(xy, zt) ?ﬂﬁ u(x,y, z t)g
+Vv(X Y, zt) ?Iﬂ—x u(x,y, z t)gw(x, Y,z t) g%w(x, Y, 2 t)g
V(X Y,z t)f(xy zt) g%f(x, Y, 2 t)ggﬂlzw(x, Y, 2 t)g
+Vv(X Y,z t)u(xy, zt) g%v(x, Y, 2 t)gg‘%w(x, Y, 2 t)g
+Vv(X Y,z t)u(xy, zt) ?ﬁv(x, Y, 2 t)gg%f(x, Y, 2 t)g
+Vv(X Yy, zt) Ee% u(x,y, z t)gf(x, Y,z t) g%v(x, Y, 2 t)g
+Vv(X Yy, zt) g% u(x,y, z t)gw(x, Y,z t) gae%izv(x, Y, 2 t)g
-v(x Y,z t)f(xy zt) gﬂﬂzf(x, Y, 2 t)%g%w(x, Y, 2 t)g
-v(X Y,z t)u(x y, z t) g%u(x, Y, 2 t)%?{ﬁf(x, Y, 2 t)g
0 &

ol 0 il o 0 0
-w(x Yy, zt) gﬁw(x, Y, Z, t):ﬂf(x, Y,z t) g@v(x, Y, Z, t):@+ ‘ﬂ_x u(x vy, z t)ggﬁf(x, Y, Z, t);gw(x’ v, Z, t)zé
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L (U(X, Y, Z )+ V(X Y, 2 ) +W(X, Y, 2 1) +(X Y,z t)z)2
[ NOte that the second similarity invariant is of sixth degree in derivatives, and second degree in eigen

| values
[ > ADJAC: =adj oi nt (JAC):
> ADJO NT_CURVATURE: =f act or (t race( ADJAC) ) ;

ADJOINT_CURVATURE := - gg%v(x, Y, Z, t)ggﬂlz u(x,y, z, t)gg%w(x, Y, Z, t)%f(x, Y,z t)°

l ozl ozl 0 :
+ g‘ﬂx v(X, Y, Z t)Bgﬂy u(x,y, z, t)Bgﬂzw(x, Y, Z, t)Bf(X' Y,z t)

&

= o
- g‘ﬂx u(x,y, z, t)BV(X' v,z t) f(xy,zt) gﬂzf(x, Y, Z, t)BgﬂyW(X' Y, Z, t)B

&

0 el 0 el 0
- g‘ﬂx u(x,y, z, t)Bf(X' Y,z t) gﬂyf(x, Y, Z, t)BW(X' Y,z t) gﬂzv(x, Y, Z, t)B
el o ozl 0
+v(Xx Y, zt) gﬂxv(x, Y, Z, t)Bgﬂt w(X,Y, z, t)B 'ﬂzf(x' Y, Z, t)Bu(x, Y,z 1)
sl ol o 0
+Vv(X Y,z t)w(xy, zt) g‘ﬂx u(x,y, z, t)Bgﬂyf(X' Y, Z, t)Bgﬂt w(X,Y, Z, t)fg

=Sl o Ol 0
+Vv(X Y,z t)w(xy, zt) gﬂ—xf(x, Y, Z, t)ggﬁ u(x,y, z, t)ggﬁw(x, Y, Z, t)$g

&

o o 0
+Vv(X Y,z t) w(xy, z t) gﬂ—xw(x, Y, Z, t)ggﬁ/ u(x,y, z, t)ggﬁf(x, Y, Z, t)$g

&

o o 0
-Vv(X Y,z t)w(x y, z t) gﬂ—xw(x, Y, Z, t)gg@f(x, Y, Z, t)ggﬁ u(x,y, z, t)$g

&

- V(X Y, Z, t)w(x y, z t) g'ﬂ_ u(x,y, z t)%gﬁf(x, Y, Z, t)%gﬂw(x' Y, z, t)%

x

k=Sl Ol o 0
- v(X Y,z t)w(xy, z t) gﬂ—xf(x, Y, Z, t)Egﬂ, u(x,y, z, t):ﬂgﬁw(x, Y, Z, t):g
=Sl

o o 0
-v(x Y,z )Ty, zt) e f(x Yy, 2 t)Egﬂ, u(x,y, z, t)ggﬂ—zw(x, Y, Z, t):g

)l

DD

x

&

V(X Y,z t)f(xy zt) gﬂ—xf(x, Y, 2 t)ggﬂiz u(x,y, z t)%g%w(x, Y, 2 t)g
+Vv(XY,zt) ?Iﬂ—x u(x,y, z, t)gw(x, Y,z t) gﬂﬁv(x, Y, Z, t)ggﬂlzf(x, Y, Z, t)g
+Vv(X Y,z t)u(xy, zt) g%f(x, Y, Z, t)ggﬂﬁ u(x,y, z, t)gg[%w(x, Y, Z, t)g
+Vv(X Y,z t)u(xy, zt) g%u(x, Y, Z, t)%?ﬂﬁw(x, Y, Z, t)ggﬂlzf(x, Y, Z, t)g
- V(X Y,z ) u(x y, z t) g%f(x, Y, Z, t)ggﬂiz u(x,y, z, t)%?ﬂﬁw(x, Y, Z, t)g

=<l o 0 el 0
+Vv(XY,zt) gﬂ—xf(x, Y, Z, t)ggﬂ—zv(x, Y, Z, t):ﬂw(x, Y,z t) gﬁ u(x,y, z, t):g

k=Sl Ol o 0
- V(X Y,z ) u(x y, z t) gﬁ/ u(x,y, z, t)ggﬂ—zw(x, Y, Z, t):ﬂgﬁf(x, Y, Z, t):g
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k=Sl o Ol 0

-v(X, Y,z t)u(x y, z t) gﬁ/w(x, Y, Z, t)ggﬁ u(x,y, z, t)ggﬂ—zf(x, Y, Z, t)$Q

k=Sl 0 k=Sl O 0

- V(X Y, zt) g& u(x,y, z, t):ﬂw(x, Y,z t) gﬂ—zv(x, Y, Z, t):ﬂgﬁf(x, Y, Z, t):g
k=Sl Ol o 0

- V(X Y, zt) gﬂ—xv(x, Y, Z, t)ggﬂ—zw(x, Y, Z, t):ﬂgﬁf(x, Y, Z, t)gu(x, Y,z t)

=Sl 0 & o 0
- V(X Y, zt) gﬂ—xv(x, Y, Z, t):ﬂw(x, Y,z t) gﬁ u(x,y, z, t)ggﬂ—zf(x, Y, Z, t):g

&

o o 0
+Vv(XY,zt) g&f(x, Y, Z, t)ggﬂ—zw(x, Y, Z, t):ﬂgﬁv(x, Y, Z, t)gu(x, Y,z t)

&

o o 0
- V(X Y, zt) gﬂ—xf(x, Y, Z, t):ﬂgﬁv(x, Y, Z, t):ﬂgﬂ—z u(x,y, z, t):ﬂw(x, Y,z t)

&

Ol o 0
+Vv(X Y, zt) gﬂ—xw(x, Y, Z, t)ggﬂ—zv(x, Y, Z, t):ﬂgﬁf(x, Y, Z, t)gu(x, Y,z t)
sl 0 el o 0
+ g‘ﬂx u(x,y, z, t)BV(X' Y,z t)f(xy,zt) gﬂyf(x, Y, Z, t)Bg'ﬂzW(X' Y, Z, t)B

sl 0 o 0 el 0
+ g‘ﬂx u(x,y, z, t)Bf(X' Y,z t) gﬂzf(x, Y, Z, t)BW(X' Y,z t) gﬂyv(x, Y, Z, t)B

=l 9 sl 02 9
- gﬂxv(x, Y, Z, t)Bu(x, Y,z t)f(xy,zt) g f(x Y,z t)fgﬂzw(x, Y, Z, t)B
=2l
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It is now apparent that the interaction between the potentials and the conserved current is
equal to the ADJOINT curvature of the 4D Monge surface.

Moreover, the charge density associated with the the induced charge current is not zero and is equal to
the Adjoint curvature. This implies that the charge density is cubic in the curvatures of the implicit
surface.

For the Monge surface, unique in time, if the signature of the Holder norm is changed to +++-, then the
Interaction energy density is the negative of the Adjoint curvature. Only the denominators change in the
expressions.
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Pot:=-f(x,vy,zt)
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DM
x

0 @ 0 & %
& fxy.z0)%- .ﬂyf(x'y'z’t)a ‘ﬂzf(x'y'z't)BH

il o & 9
El:= gﬂxf(x,y, Z't)5+g‘ﬂt( f(xy, z,t))15

il o & 9
E2 := gﬂyf(x,y, Z't)5+g'ﬂt( f(xy, z,t))25

& o, & 9
E3:= gﬂzf(x,y, Z't)5+gﬂt( f(x Y, z,t))35

[ > EXA: =crossprod([ELl, E2,E3],[A[1],A[ 2] ,A 3]]): TOP_TORSI ON1: =f act or ( EXA[ 1] +B1* Pot ) ;
Helicity:=innerprod([Al1],A[ 2],A 3]],B);

sl 0 &l 0
TOP_TORSON1 :=w(X,Y, zt) g@f(x, Y, Z, t);@+ w(X, Y, zt) gﬁ (-f(x, v,z t))2$g

- V(X Y, zt) gﬂ—zf(x, Y, Z, t)%- V(X Y, z t) gﬁ (-f(x Y, z t))a%' f(xy zt) @w(x, Y, Z t)%

&l 0
+f(xy,zt) gﬂ—zv(x, Y, Z, t):g

Helicity = U(x ¥, 2. 0) B Wi ¥, 2.0 3+ U0 Y, 2, 1) B vy 2.0 24 U(x ¥, 2. 1) B U(x, y, 2. )2
g‘ﬂy 2 g‘ﬂz 2 g‘ﬂz 2

&l ) il 0 il 0
- V(X Y,z 1) gﬂ—xw(x, Y, Z, t):ﬂ+ w(X, Y, z, t) gﬂ—xv(x, Y, Z, t)g- w(x, Y, z t) g@ u(x,y, z t)g

>
> DI VE: =f actor (di verge([ EL, E2, E3],[X,VY,2])); rho;

DIVE 33‘12f 0 ef ¢ 0 3312f 0 ef ¢ 0
= T+ - T+ T+ - =
=g 0V 2 0E By q CTOv 2 0) B BTy 2 D3+ B g Ty 20),8

aeﬂzf t Al f t 2
+ T4+ - =
10y 203+ B L (fy 2 0) 2

11 1T

- gl(x, Y,z t) g%w(x, Y, Z, t)gg%f(x, Y, Z, t)ggﬂiz u(x,y, z, t)g
- V(X Y, zt) g%f(x, Y, Z, t)ggﬂiz u(x,y, z, t)%g%w(x, Y, Z, t)g
- V(X Y, zt) g% u(x,y, z, t)gg%f(x, Y, Z, t)ggﬂlzw(x, Y, Z, t)g
+Vv(X Y, zt) g%f(x, Y, Z, t)gg% u(x,y, z, t)ggﬂlzw(x, Y, Z, t)g
+Vv(X Y, zt) g% u(x,y, z, t)ggﬂlzf(x, Y, Z, t)%g%w(x, Y, Z, t)g

=Sl o o 0
- V(X Y, zt) gﬂ—xw(x, Y, Z, t)Egﬂ, u(x,y, z, t)ggﬂ—zf(x, Y, Z, t):g

il Pl ¢ il ’
- gﬂxf(x, Y, Z, t)Bgﬂy u(x,y, z, t)BW(X' Y,z t) gﬂzv(x, Y, Z, t)B
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i

oae 0
—f(X, Y, Z t) u(x Y,z t) gﬂ v(X, Y, Z t)ggﬂzw(x Y, Z, t)B

D!
=
><

&

0 &l 0
— V(X, Y, Z, t) gﬂ—u(x Y, Z, t)ﬂw(x Y, Z, t)gﬂ—zf(x Y, Z, t)B

+
i%“”

0 &l 0
— W(X,Y, Z t) gﬂ—f(x Y, Z, t)gu(x Y,z t) gﬂ—zv(x Y, Z, t)B

D!
=
X

i

0 & 0
— u(x, Y, z t) gﬂ—f(x Y, Z, t)ﬂw(x Y, Z, t)gﬂv(x Y, Z, t)B

D!
=
><

o

+

o 0
— W(X,Y, Z t) u(x Y, Z, 1) gﬂ—f(x Y, Z, t)ggﬂyv(x Y, Z, t)B

DD
=
X

8

& 0
— f (XY, zt) gﬂ—u(x Y,z t)= W(x 2 zt)g@v(x 2 zt)B

+
DD
=
><

: Ol 0
+u(xy, zt) gﬂ—xv(x, Y, Z, t):ﬂg@f(x, Y, Z, t)ggﬂ—zw(x, Y, Z, t):g
k=Sl Ol o 0
- gﬁv(x, Y, Z, t):ﬂg@ u(x,y, z, t)ggﬂ—zw(x, Y, Z, t):ﬂf(x, Y, 7, t)
k=Sl Ol oSl 0
- u(x Yy, zt) gﬂ—xv(x, Y, Z, t)ggﬂ—zf(x, Y, Z, t):ﬂgﬁw(x, Y, Z, t):g

el oz ozl 0
- g‘ﬂx u(x,y, z, t)Bg'ﬂzv(X' Y, Z, t)BgﬂyW(X' Y, Z, t)Bf(X' Y,z t)

&

o oF
+ g‘ﬂx u(x,y, z, t)Bgﬂyv(X' Y, Z, t)Bg'ﬂzW(X' Y, Z, t)Bf(X' Y,z t)

+§%W(X,y, z,t)ggu(x,y, z,t)ggﬂ—v(x,y, z,t)gf(x.y. 2, 1)
+§”X u(x y, z t)= gﬂ—f(x Y,z t)= w(x ¥, Z, t)g—V(x ¥z t)-
+§ﬂxv(x Y, zt) gﬂ—u(x Y, zt) gﬂ w(x,y, z t)x f(X Y,z 1)
+§ﬂx (xyzt) u(xth)gﬂ V(Xth) g.ﬂ W(Xth)‘

i

MDD
=
X

W(xyzt) gﬂ—u(xyzt) g'ﬂ v(xyzt) f(xyzt)

&

- g&v(x, Y, Z, t)igg‘”—Z u(x,y, z, t)iﬂw(x, Y,z t) galf(x, Y, Z, t)i@i@/

(U(X, Y, Z )+ V(X Y, 2 ) +W(X, Y, 2 1) +(X Y,z t)2)2

T
V V V V V

Div E is not proportional to the charge density. !l
This implies that the constitutive relation between F and G is not linear.
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