
In ECE physics the conservation of charge current density is: 

-::. 0 

and is consistent with Eqs. ( 4-~ ) and ( '-tl\ ). 

developed systematically in future work. In magnetostatics for example the relevant equations 
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are: 

and 
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so it follows from charge current conservation that: r "; Jt o. 

If it is assumed that the scalar potential is zero in magnetostatics, the usual assumption, then: 
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because there is no electric field present. It follows fro~ Eqs. ( \ ~ '\) and ( \ !> \ ) that 0 l:\J 

-o . ~ "'\, "' ~ ~. ~ ~ . ~ ~, ><- ~< "'- Gr-•f- - ( ~ 
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in ECE magnetostatics. 
n \AfT lS'<l ~ 

I1 ~mmediately preceding papers of this series it has been shown that in the 

absence of a magnetic monop:e:" \, • §_I. .,_ B._ b • E. \ ( s r'~ -c' 
and that the space part of the Cartan identity in the absence of a magnetic monopole gives tlie 

two equations: 

A\, _(\1~ \} • (.J c. b ""' - 0 --
\, Alo.'J a. -(1~ and X w \c, 

w G.\,. '1 )<... 0. • - --- -
In ECE physics the magnetic flux density is: 

-- - -
so the Beltrami equation gives: 

Eq. ( \}lr) from the space part of the Cartan identity is also a Beltrami equation, as is any 

divergenceless equation: b 

'i y.. (~'\, )<.. fi ~..)~\-(~""'~a 
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which implies that the vector potential is also defined in general by a Beltrami equation: 

(14-0 -
Q.E.D. This is a generally valid result ofECE physics which implies that: 

0. - -
From Eq. ( \\0) it follows that: 

=-0 

is a general result of ECE physics. 

From Eqs. ( l>~) and ( \4-\ ): 

so the spin connection vector of ECE physics is also defined in general by a Beltrami 

equation. This important result can be cross checked for internal consistency using note 

258(4) on www.aias.us. starting from Eq. (5o ) ofthis paper. Considering the X component 

for example: 
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and it follows that: \ 

and similarly for the X and Z components. In order for thJto be a Beltrami equation, Eqs. 

( \'11) and ( \~must be true, Q.E.D. 

In magnetostatics there are additional results which emerge as follows. From 

vector analysis: 

C4 f\ \:, \}. s. \;,?<-.~ ~ 

and 

-
It is immediately clear that Eqs. ( ~l ) and ( \44) give Eq. ( llr 1 ) self consistently, Q. E. 

,~, 

D. Eq. (1 I gives 

so the spin curvature is defined by a Beltrami equation in magnetostatics. Also in 

magnetostatics: 

- -
so it follows that the current density of magneto statics is also defined by a Beltrami equation: 
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All these Beltrami equations in general have intricate flow structures graphed 

following sections ofthis chapter and animated on www.aias.us. As discussed in Eqs. (3,f ) 

to ( .15 ) ofNote 258(5) on www.aias.us, plane wave structures and 0(3) electrodynamics 

{ \- \0} are also defined by Beltrami equations. The latter give simple solutions for vacuum 

plane waves. In other cases the solutions become intricate. The B(3) field is defined by the 

simplest type of Beltrami equation 

<;J ")(... ~ (l) -
0 ~ (>) - . -

In photon mass theory therefore: 
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and 
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It follows from Eq. ( \Slt) that: 
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~ 0 "' -- -

so: 
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produces the Helmholtz wave equation: 



Eq. ( \S5) is 

( > 
so: 

Now use: 

-
and: --
to find that Eq. ( l£0) is the Einstein energy equation for the photon of mass m, so the 

analysis is rigorously self consistent, Q.E.D. 

In ECE physics the Lorenz gauge is: 

Le. 

with the solution: 

0 d R"r-
7 

j_~+'l·1" 
~ )t 

G-

1J_: 
6t 

. A~ - o --
.. 

This is again a general result of ECE physics applicable under any circumstances. Also in 

ECE physics in general the spin connection vector has no divergence: 
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0 

-
because: 

Another rigorous test for self consistency is given by the definition of the 

magnetic field in ECE physics: 

-
so: 

-
By vector analysis: 
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and: 

\o 
A - -

- 0 -
'(} w ""'--

-
" • -
'J ~ -

• 'J --

-
A 

\, 0 -- J -
w "'\:, - 0, -

-(nD 
- ( (llr) 

In the absence of a magnetic monopole Eq. (84) also follows from the space part ofthe Cartan 

identity. So the entire analysis is rigorously self consistent. The cross consistency of the 

Beltrami and ECE equations can be checked using: 



~ f::1 lo I ~b fJ c. ( c\ 
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l'lS 
as in note 258(1) on www.aias.us. Eq. C ''I foliows from Eqs. ( lh~) and ( \ll). Multiply Eq. 

( \15) by S c\:, and use Eq. ( \~.) ) to find: 

\., ~ \:, vc w ~\o A - ~ 'lo • c.> ~ - -
Now use: 

-
and relabel summation indices to find: 0 

~ A\, A \o ( 4 "'w cb 
\A'w \,· - · ~ cr-_ 

\..- - -
It follows that: 

~c.\, ly~" 
--

Q. E. D. The analysis correctly and self consistently produces the correct definition of the spin 

curvature. 

Finally, on the U(l) level for the sake of illustration, consider the Beltrami 

equations of note 258(3) on www.aias.us: - (\~0 
~ "')<. A - '~A --

- (t~0 and 

K~ 'J ~ -_-t- -J -
~~. 7.-0~0 ' Jt lu the Ampere Maxwell law 

<J ")<. ~ ' -- -dr - __, ~ 
·.c.--

It follows that: ~_[ - (\~) J A ) -\- j_ 
\t( - ) ~t -- c.. 



where: 

--
Therefore 

and using the Lorenz condition: 

- - '\/ -
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it follows that: 0. 

Using 

Eq. ( \~5) becomes the d' Alembert equation in the presence of current density: 

- (t~"') _.....-
M(i ::N\ j, u__ / t; -

showing in another way that as soon as the Beltr~i equation ( ~l) us use9, U(l) gauge 

invariance is refuted. 



3. 3 ELECROSTATICS, SPIN CONNECTION RESONANCE AND BELTRAMI 

STRUCTURES. 

As argued already the first Cartan structure equation defines the electric field strength 

as: 

where the; ~oten:ru or~ :ec:~~c: 5 def:ed t i ~· 
"'i 

Here f is the scruar potentiill. If it is assumed that the subject of electrostatics is defmed 

by: ~ ~ - Q_) a_"~£. ) J:_"-=- .9. -(lq) 

then the Coulomb law in ECE theory is given by: 

w -- ) 

The electric current in ECE theory is defined by: ) b A b (<C. I .'\ 

( 
a. - \:, A\.. R "' I o-~-L + c c..> "\, )<.. i - c - X - '+fj 

~ ~- f (_ w () \c, \::. - (. 6 - \o ~ - ( :\ . 
:::_ " - b - '" s/ 

where ~ '\, & r~s the spin part of the curvature vector and where ~ is the magnetic 

·. b lo () a. b flux density. From Eqs. (\~)and ( t~~): - ( ~~ 

~ "-=- 9_ .,f.c(<AJ~.,~t -cA ·~ ~(~t) 



so in ECE electrostatics: 

-
and 

with 
0 ---

From Eqs. ( \'\~)and ( \ '\ ~\) 

'\J x. So. - c "1 ><- (Abo Col "~.) 
so we obtain the constraint: 



and 

c: ~ \, ~ (2 \ {6<1) + cA: ~ c.b C t0 
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In ECE electrosffitics Eq. ( :~ is::au~oma~rut be:aus; - l) 
0 
() 

~ 0 . -(1 and Eq. (~~3) b.e.c.o~J: L 

ev"'\o"'f...CI..tc.A • - -
So the equations of ECE electrostatics are: c. _ L _ (vi() 

G.> G. \, '><._ \; 1., t iL, ~ c;_ d f ('i) .,_ ~ -{liD 

~.,:-:-'I-f" t ¥\,~c.lc -()0 
Later on in this chapter it is shown that these equations lead to a solution in terms of Bessel 

functions, but not to Euler Bernoulli resonance. 

In order to obtain spin connection resonance Eq. ( d 6 ~ ) must be extended to: 

9_ · ~"' ., ~ '\, • ~ \, - c !J_ \:, (--r D-e} @_ '\, [ o-<b) 

where 6. \, (..,. 's the Eckardt Lindstrom vacuum potential { I - I 0} . The sffitic electric fi: ( ) l :) 
is defined by: ~ b 

~ ~ -=- - ')!__ .f 4 

+ f 



By the ECE antisymmetry law: k, - (' ( ~ 

-'Icfq ~ r ~ '\ d:; 
leading to the Euler Bernoulli resonance equation: 

'}1" ( Q b \ ...Ac.._ \ 
\J T + ~ b·~ c:.)' -y 

ECE vacuum. In the simplest case: 

;;:] ~ f +- w: 1 Y- ( ~~cj 
and produces undamped resonance if: 

(-
0 
A (_os Cv L 
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where A is a constant. The particular integral of Eq. ( ) \ 't) is: 

and spin connection resonance occurs at: 

when: 

and there is a resonance peak of electric field strength from the vacuum. 

Later in this chapter solutions of Eq. (dl~) are given in terms of a combination of 

Bessel functions, and also an analysis using the Eckardt Lindstrom vacuum potential as a 

driving term. 

In the absence of a magnetic monopole the Cartan identity is, as argued already: 

'\! . w G \.. "" A L. .,_ o - ( :n~.r) 
-

which implies: 

F\ I. A\., ~ ()}0 
~')<.. - c 'J )<..._ w b c;\o - -(.o • -- -,..--

A possible solution of this equation is: 

-(-;))~ C) ~ \, E 
(\ c 

~ 'oc w -
leading as argued already to a rigorous justification for 0(3) electrodynamics. The Cartan 

identity ( J. )""'") is itself a Beltrami equation: 



From Eqs. ( J. )~) and ( )J1 ): b ( v 
k \ A c x. _A . - -:J ~~ 

\J ')<._(A c~fi J ~ K 
-

In the complex circular basis: ( J "\ 1\ ( i> '\ A ( J )* ( \a"\ 
f\ c'' " fl 1 

.,_ 1 n J _ - ;}.)~ 
- .el- ('::> c (.· c lu\... 

so from Eqs. ())g) and ( )}'\ ): ( 

c . \ A \. ) ""\ , 
'J ....,<.... A l ) -::. \"C. - ) I' "::.. I ) cl ) ~ 
- -

which are Beltrami equations as argued earlier in this chapter. 

This result can be obtained self consistently using the Gauss law: 

which as argued already implies the Beltrami equation: 

- k ~: - cl~:l) 



Using Eq. (~}1) gives: 

which implies Eqs. (J..>0 (;..) to ()!ac.) Q.E.D. As shown earlier in this chapter the Beltrami 

structure also governs the spin connection vector: 

\/"( w " b . -
It follows that the equations: 

-
and: 

' -~ 

produce 0(3) electrodynamics { 1 - 1 0}: 

\S ColJI- - ~'><-A c,,~ 

-
\/(" 
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As shown in Note 259(3) on www.aias.us there are many inter-related equations of0(3) 

electrodynamics which all originate in geometry. 

Later in this chapter it is argued a consequence of these conclusions is that the spin 

connection and orbital curvature vectors also obey a Beltrami structure. 

The fact that ECE is a unified field theory also allows the development and 

interrelation of several basic equations, including·the definition of B(3): 
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It can be written as: 

~ - '..Q ,_ 
{ 

w 
Although B(3) is a radiated and propagating field as isjll kn{iw {1- 10} Eq. CJ.4b can be 

used as a general definition of the magnetic flux density for a choice of potentials. This is 

important for the subject of magneto statics and the development { 1 - 10} of the fermion 

equation with: 

-
Eq. ( )4\) gives the transition from classical to quantum mechanics. In ECE 

electrodynamics A must always be a Beltrami field and this is the result of the Cartan identity 

as already argued. So it is necessary to solve the following equations simultaneously: 

t-:-.-\~A~Y-\*, ( 9 
~ - - :l42> 

l ~ x. (' q )<. A -::. '< A . l. - - ) - - --
This can be done using the principles of general relativity, so that the electromagnetic field is 

a rotating and translating frame o:reference. T(: ~osit(ion ~ector i.s t~er)efore: ,-1 _ (JW 
( \ 7> ";- -' - ~- \ ~ ~ 7 - vr -

c.J- \"{_ 'Z - ( )~ where: r-) -- -
( :)) 

"><... ( -::. •' 

so: 

-- ~ c0 c \ ~: c ~""-
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.( t) ( \) 
It follows that: q 'I- ( - K' - ( )4:l) 

- - ("J) Y\ ~ ()) ( )4-~) 
'\1 X. ( - -- - (>} (3) (:l4-~ q -. 0 ( ')<_( --

The results ( )'-tt) for plane waves can be generalized to any Beltrami solutions, so 

it follows that spacetime itself has a Beltrami structure. ,

1 From Eqs. ( J4-l) and ()4\.r): , . l·~ (t~) (. . '\ 

(,) ~ \S (p) ( (o) ( tj_-\- ~)e.- -=-it- '.!._ 1-1) -e 
~~~ ~ - JJ -()s~ 

- J_ t, (,) ( (•) - () s; ') .. 

)_ 

where: A (o) 

and from Eq. ( d_So ): 

QED. Therefore it is always possible to write the vector potential in the form (Jlt-J) provided 

that spacetime itself has a Beltrami structure. This conclusion ties together several branches of 
I 

physics because Eq. ( )';-"l) is used to produce the Lande factor, ESR, NMR and so on from 

the Dirac equation, which becomes the fermion equation { 1 - 1 0} in ECE physics. 

As argued already the tetrad postulate and J?c postulate give: 
v 

and the fermion or chiral Dirac equation is a factorization ;fEq. ( )Sj ). As shown in chapter 

one: 
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where OVa., is the inverse tetrad, defined by : 

and with: 

it follows that: 

c; tV 

(\iN~~ 

( Q t-h?)A. ~ <', 

( 0 -\- l-'C :) tL = _Q_) 

which gives Eq. ( )..9) Q.E.D. The d • Alembertian is )e~med by: '(/ ) ~ L ;;}_{, 
0

\ 

Q .,_ ~ dfl - v . :J 

The Beltrami condition: 

-- -
gives the Helmholtz wave equatr:'J J + ·. \..-c.?) A 

if: 

- 0 --
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\ JJ -\JJ -rx--c)B- 6 - (~b0 
( -----c) dt) 

-(J0 -\-- ( vc: -\- ~-z ")) B. ) ).a -::....0 
j__ 

From Eq. ( lS~ ): 

so: 

c? JtJ 
which is the equation for the time dependence ofjh The Helmholtz and Beltrami equations 

are for the space dependence of~ Eq~ ~4;) i~ sa:f:;Yc i d-) _ ( ~l0 
---

where: J ) \"(_ +- \'\. 0 . 
- c ~1.~ 

Eq. ( dbl) is a generalization of the Einstein energy equation for a free particle: 

""'\ J ') +- 'r'\-J (._ 4-- .... /' \:: -=- \../ r 
where: 

-
usmg: 

So mass in ECE theory is defined by geometry. 
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It follows that there exist the equations: 

( 0 t-Y\.?)f a.-:: 
0 

and 

a, 
where f is the scalar potential in ECE physics. For each a: 

( '\( ") +- K JJ f 
Now write: t.A" - ~c 

'\..V 

which is the quantized format of: 

""'- o -(:nV 

- ( )l£) 
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where the Lorentz factor is: ( \ -~J- 1/) ~()i~ 

and where the relativistic momentum is: 

-
Define the relativistic energy as: 

and it follows that: 

T ~ l'£- ~)~C: 
which is the non relativistic limit of the kinetic energy, i.e.: 

J 

1 ""- ----r :l ~ 
Using: 

) 

Eq. ( )~\)quantizes to the free particle Schroedinger equation: 

- ~ 'J J. cf. ~ l f 
~yo.,.. 

which is the Helmholtz equation: 
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It follows that the free particle Schroedinger equation is a Beltrami equation but with the 

vector potential replaced by the scalar potential r 'which plays the role of the 

The Helmholtz equation ( )~1) can be written as: 

c 'J ") +- v,?J r - 0 

which is an Euler Bernoulli equation without a driving term on the right hand side. In the 

presenceofpotentiruenrv~t~:com~ ~ i- V) 1 ~ ~ f -( )y 
where H is the hamiltonian and E the total energy: / ) 

\: ~ '""\ -\- '\f - L ~·"\ :l 

Eq. ( )C\\) is: ( ). )) f ""- (J.Y\- V rt - {:1 "0 ~ 
'J :r- '~ l t- ~ r / 

which is an inhomogeneous Helmholtz equation similar to an Euler Bernoulli resonance 

equation with a driving term on the right hand side. However Eq. ( ~'\3) is an eigenequation 



. 
rather than an Euler Bernoulli equation as conventionally defined, but Eq. (}~)has very 

well known resonance solutions in quantum mechanics. Eq. ( Y\3) may be written as: 

c 'J ). +- vc ~ ) 1 _ o - c :l ~':) 
where: ( f _ v) -Cl'\V 

~J 

and in UFT226 ff. on www.aias.us was used in the theory of low energy nuclear reactors 

(LENR). Eq. ( )'\~ is well known to be a linear oscillator equation which can be used to 

define the structure of the atom and nucleus. It can be transformed into an Euler Bernoulli 

equation as follows: ( 'J ") -\- ,'(?) f -o_ A C 
0 

S {-n: )_ ~ _ {). 9 
where the right hand side represents a vacuum potential. It is exactly the structure obtained 

from the ECE Coulomb law as argued already. 

3.4 THE BELTRAMI EQUATION FOR LINEAR MOMENTUM 

The free particle Schroedinger equation can be obtained from the Beltrami 

equation for momentum: 

-

which can be developed into the Helmholtz equation: 

( 'J ~ -\-- \~ )J l () 



if it is assumed that: 

- . ~ - c 

If p is a linear momentum in the classical straight line then: -
K- o 

In general however p has intricate Beltrami solutions, some of which are animated in UFT258 

on www.aias. us and its animation section. 

so: 

Use: 

and: 

assuming that: 

to arrive at: 

A possible solution is: l \J ") \-- vc ")) + ~ 0 

which is the Helmholtz equation for the scalar t , ~e wa~e function of quantum mechanics. 

The Schroedinger equation for a free particle is obtained by applying Eq. ( .16\ ) to: 



so: -t') 'J)t- fop-(~~~ 
:J.~ 

and: 

Eqs. () 0l) and ( 3 ID) are the same if: 

K ") - )[~ 
{-J 

Q.E.D. Using the de Broglie relation: 

e -=- --r-~ 
-

then: 

which is Eq. ( 3 o<6 ), Q.E.D. Therefore the free particle Schroedinger equation is the 

Beltrami equation: 

with: 

It can be argued that the Schroedinger equation origjnates in the Beltrami equation. 


