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ABSTRACT 

The general ECE theory is developed of field interaction and particle interaction 

on the classical and quantum relativistic level using the minimal prescription. The theory 

conserves total energy I momentum and charge I current density, and is based on the 

development of the tetrad postulate of Cartan geometry into the EEC wave equation and 

fermion equation. The latter is developed for any kind of interaction between fields or 

between particles or particles and fields. In ECE theory all of these interactions are 

phenomena of spacetime represented by geometry. The general theory is applied to 

reproducible and repeatable experimental data from low energy nuclear reactions. 

Keywords: ECE theory, general interaction between fields and particles, low energy nuclear 

reaction. 
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1. INTRODUCTION 

In papers of this series { 1 - 10} it has been shown that the received opinion on 

particle interaction becomes wildly erroneous when conservation of energy and momentum 

are correctly considered. These are papers UFT158 ff. ofwww.aias.us, also published in ref. 

(1 ). The fundamental theory of particle interaction in the received opinion has collapsed. In 

order to remedy this disaster for standard physics a new approach was suggested in UFT 181 

and UFT 182 based on the ECE wave equation { 1 - 1 0}. The latter was derived in the early 

papers of this series from the tetrad postulate of Cartan geometry { 11}. In UFT 172 to 

UFT174 on www.aias.us the fermion equation was derived from the ECE wave equation. The 

fermion equation is equivalent to the chiral representation of the Dirac equation but dispenses 

with the need for Dirac matrices. It uses the two by two tetrad matrix. The fermion equation 

does not lead to unphysical negative energy, so has this great advantage over the Dirac 

equation. In Section 2 the fermion equation is developed into a general ECE theory of field 

field, particle field, and particle particle interaction using a generalized minimal prescription. 

This general theory can be applied to a wide range of problems. It conserves total energy I 

momentum, and total charge I current density. It is a unified field theory and it is generally 

covariant, and can be used with all four fundamental fields: gravitation, electromagnetism, 

weak and strong nuclear. It can also be applied to particle particle interaction or matter field 

/matter field interaction, or particle I matter field interaction, for example scattering, chemical 

reactions, annihilation and transmutation, fission and fusion. In Section 3 it is applied to 

specific examples of low energy nuclear reaction (LENR). The experimental data in LENR 

are generally accepted to be reproducible and repeatable, and LENR devices giving a new 

source of energy are expected to be available in the near future. So it is important to 

understand LENR with ECE theory, the first generally accepted and generally covariant 
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unified field theory. 

2. GENERAL ECE THEORY 

This section should be read as usual in conjunction with the background notes 

posted along with this paper on www.aias.us. The background notes provide comprehensive 

scholarly detail of which this paper is a synopsis. 

Consider two particles of four momenta 

M 
) \ \ 

In the semi classical development: 

where: 

) -~). --(~ 

In the minimal prescription the interaction is described by: 

j..A .AA 
t- f\~ (lt) 
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So: 
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(s~) 
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where E is the total relativistic energy: 
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and where p is the relativistic momentum: 
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The Lorentz factor is defined by: 

where v is the velocity of a particle of mass m and where c is the speed of light in vacuo. Eq. 

(l ) implies { 12} the Einstein energy equation: 
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which can be written as: 
J ) (\b) 
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The relativistic kinetic energy { 12} is defined as: 

I "" \: - 1'>-Ci - ( )' ~ 0t'l-(_ J 
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So the relativistic kinetic energy is: 
J. - (td.) 'ft.." 

l'-- \ 
and reduces in the non-relativistic limit: 

- (u) 

to the classical non relativistic kinetic energy of the particle: 
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From Eqs. ( ~ ) and ( \ ): 



This is the classical relativistic description of particle interaction with the minimal 

prescription. From Eq. ( \ S: ): 

so: 

) 4 
- V\- c 

is the relativistic kinetic energy of a particle of mass m interacting with a particle of mass m 

It can be expressed as: 
'l 

- (\~ 
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where: ( \ -
--\/;) ~ ('") ~\ 

where v \ is the velocity of particle m \ . 

This classical relativistic theory is a limit of the ECE fermion equation, which is 

derived from Cartan geometry. The concepts of particle mass:, m and m\ are limits of the 

more general R factor ofthe ECE wave equation as described in UFT181 and UFT182 and 

preceding papers. In general, ECE theory allows mass to vary. The analysis ofUFT158 ff. 

Shows that the concept of fixed particle mass in the received opinion is completely untenable. 

It is well known that the Dirac equation can be used to describe phenomena such as the g 

factor of the electron, the Land/ factor, the anomalous Zeeman effect, electron spin resonance 
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(ESR), nuclear magnetic resonance (NMR), magnetic resonance imaging (MRI), the Thomas 

factor, spin orbit coupling and the Darwin effect. However the approximations used to claim 

these results are very carefully selected. This selection of approximation is illustrated next on 

the classical relativistic level. The fermion equation produces all these phenomena given the 

same selection vf approximation. With contemporary computers such approximations are not 

needed and a much more thorough analysis can be initiated. 

The approximations start by writing eq. ( I~ ) as: ( :\ 

\: \- ~\ ~ c ")~ -r n-.") c.\,. . - )•; 

~ >t-\:, f. -\-E, 
l 

Add l'Y- C.. to both sides: ) 4-
;-YkG--0 tE, 

Assume that: 

(( \: . 

. 
"]B the denominators on the right hand side of Eq. ( l \ ) assume that 

to obtain: 

Next assume that in the classical non relativistic limit: 

?. 
~( .. 

Use this approximation in eq. ( l'"'-) in the following selected manner: 
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+- ~ (,-- " \:: 
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When quantized these are the approximations used by Dirac and his contemporaries. They are 

not very satisfactory because they are selected approximations, i.e. are not used consistently 

through the equations. A factor of two has appeared and this is the basis of the claim that the 

Dirac equation gives the g factor and Thomas factor. In reality, the factor two has been very 

carefully selected from the theory to give the "right" result. 

Next, Eq. ( J b) is rearranged as: 

£ - c.. "1 C f -'- r0-:~ + 
""'\ lA-t' tl-- ~(... 

In the second term on the right hand side of this equation it is assumed that: 

~\ 

to obtain: 

- "') \: ,.._; n-...c 
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Therefore the relativistic kinetic energy of the interacting particles is 

..L ( t("e':)')(\t ~~ -~ -I 
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to obtain: 

Finally assume that: 
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Comparing Eqs. ( 3J... ) and ( \l ) it is seen that Eq. ( \1 ) has been 

approximated by use of Eq. ( l h ), so Eq. ( \1 ) becomes: ( ;;1_. ( ~ ;') 
- :l ) .o + p - 3!; \ ":. f-\- \::\-~c..- ('..) c ~ ' -. 

' J 1- f \ cJ.~C 

This equation is further approximated by: 1 --\ 
to give Eq. ( 3d. ). 

In order to quantize this theory the fermion equation { 1 - 1 0} is used: 

( ( 1: -\- b) t c !?: • ( f + f, ) ) f· =- fh v ~ cp e - ( 3S) 
(
- - f2 "l L - ( Jl \ 

(( f ~ £~ - c ~ . f + f,)) + - {k cf ') - -
where the right and left spinors are defined by: 

. - (n) 

It follows that: 

and similarly for fe . The carefully selected approximations described already on the 

classical level are implemented as follows, giving a range of phenomena in this general 

theory of interaction. 
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Add 0...( to each side: 

( 
- "- - )) ), l ~ ( ~ . ( f lr v ,\ (; -\::\'c,-\Vh.~ T I - :J_ c 

·. \: k-~\ 
\ 

Approximate in the same way as described already on the classical level to find that 

where: 

and 

1\ 

\\ 

1 
\- t- ~G 

is the hamiltonian operator. In the momentum representation of quantum mechanics: 

f -
where-t' is the reduced Planck constant. The hamiltonian operator is therefore: 

" I\ - V\, t ~) "' \-\ 
where: 
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Consider for the sake of illustration the interaction of the U ( 1) electromagnetic potential 
1\. 

with an electron. Then the "\ operator is claimed in the received opinion to give the g 

factor of the electron, the anomalous Zeeman effect, ESR, NMR and MRl. As we have 

argued, this claim is based on very carefully selected approximation designed to introduce the 
I' 

critical factor two. The second hamiltonian "'). gives the Thomas factor, spin orbit 

coupling and the Darwin term. 

All these phenomena will have their equivalents in the general ECE theory 

being developed here. In addition there is no need to adhere to the approximation procedures 

of an earlier era because of available computational methods. So a multitude of new 

phenomena emerge from the theory, even on this semi classical level. 

InEq. ( ~J ): 

- . ( f \: ~) 0 . (! \-~) ~ fJ t f ~ 
- ;-\o· 

-\- ( \ • f + f . f, 
- - --

( f, "' f +- r 'Y- r,) - - --
so the first type of hamiltonian becomes: 

) 

-t 1 ( f, -t\1 f,) f\ tJ ) -'I • 
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J~ l.~ ~~ 

+- t- 0 • lf, 'A;;::j +~~~) - (\-~ - -
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and operates as follows: " r L ·---r l " -=- \ 
1\ ' -

L _ .o, )<.. Sl_ ,/) - l ::;3/ 
using the Leibnitz Theorem. Similarly: ( l) / '1."\ 

(f:. '/-- Y-) f I / 

and 

Using: 
- 0 -( ss) 

the hamiltonian operator becomes: ( ~ q- V 
l .fr -- ' - + 1-. () • - )(.. f, 

f\ -9 J ~ :l -\- D T \- '\.. 'i. • ft -\- d...f, . ~ - - -
\-\ -:. - 'l ~ ~' - - - . ;)""' l \ 
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This result may be applied to a large number of phenomena within the 

approximation procedure used. For example, the minimal prescription for the interaction of 

an electron with a classical U(l) electromagnetic field is: 
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On the ECE level the minimal prescription is: 

-(sV 
and the ECE level leads to a large number of new insights { 1 - 1 0}, bringing in to 

consideration the spin connection. It has been shown in UFT 131 ff of www.aias. us that the 

U(1) description collapses completely when antisymmetry is correctly applied, so is used here 

for illustration only. Eq. ( S ~ ) means that for each state of polarization a, the minimal 

prescription applies. On the U(1) level the hamiltonian operator ( St ) becomes: 

" 
~\ 

and this operator generates interaction energy eigenvalues. It can be used to describe 

Aharanov Bohm effects and to describe the interaction of the background potential of ECE 

theory with an electron. 

In order to describe the absorption of a photon on the U ( 1) level the following 

equation is used: 

Here: 

where t is the scalar potential, A is the vector potential, W the angular frequency and -
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y( the wave vector. In UFT162 ofwww.aias.us it was shown that the conventional -
theory of absorption collapses due to neglect of conse:vation of momentum, but in this theory 

total momentum is conserved. 

In the generally covariant form of this theory, the concept of mass is replaced by 

the curvature R using the Hamilton Jacobi equation: 

as in UFT182 ofwww.aias.us., where Eq. ( b J) was written as: 

A 

\ ~ 
{u) 

~ 
Consider the four momentum ~ \ of particle 1 interacting with matter wave 2 defined by 

the wave four vector 
\...<".M 
l '-} . Particle 1 is also a matter wave by the Planck I de Broglie 

postulate: 

- 0 

where the R l parameter is: r~~c\) - (u) 
\ {- ~) 

and is defined by the concept of interacting mass: ( ) J~ 1/ J ( ~ 
- ( \ (;) y.--- 1 

- bl ~ J_ -::. r \ ) W I C-J~ - - \'(I \'()) - ~ - \. # . . 

~ l G G 

This concept was introduced to account for the findings ofUFT158 ff., which show that the 
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concept of fixed particle mass is untenable completely. In Eq. ( l,S) therefore m 
. \0 

denotes the measured mass. Eq. ( 

where 

and is an example of the ECE wave equation: 

( \J -\-tz)~ 0 

which is factorized in UFT172 to UFT174 to the fermion equation. This method is further 

developed in the accompanying note 226(2). 

Therefore in this general ECE theory it is possible to think of a quantum of spacetime 

energy being absorbed during a reaction. This idea generalizes the Planck concept of a 

quantum of electromagnetic energy, the photon. A low energy nuclear reaction (LENR) can 

be exemplified as follows: 

b\ ~)( 
Here N (has 36 neutrons and 28 protons, and "'- has 34 neutrons and 29 protons. So 

"~ "( . {,)( 
l "' is transmuted into \A. with the release of two neutrons. The theory must explain 

why this reaction occurs at low energies. The classical description results in a scattering 

process: 

~~ 
and no transmutation. The proton p would be repelled by the N,. nucleus, and no neutrons 
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would be released. However, in LENR, nickel is observed to be transmuted to copper with the 

release of usable energy. Total energy must be conser~ed, so there must be a source of energy 

that is not accounted for in received physics. In the theory ofUFT181 on www.aias.us 

- {-u) 

and the reaction ( l \ ) is described by the Hamilton Jacobi equation: 

where m is the measured mass ofthe free nickel atom. Using the method ofUFT181, Eq. 
0 

( l'-t) may be written as: 

+ (T 'Y) f ( Q £\ - 0 -
+--

where: 

Q\ ( ~)~ - ht) -

-hs) 

and where m is the interacting mass: 

( ') )J 1/). -(1~ :t G..> -\~ 
• 

~ -- \ (..). G 

This is a property of spacetime, and ~ and Y< are the angular frequency and wave -
number of the proton matter wave, a property of spacetime. The total mass of the nickel atom 

during interaction therefore increases to: 

( 

) )\ 1/J - (-t,\ 
Y)... + "'0 J J 

and this critical mass has concomitant energy: 
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M -- c 
1 

so that a nuclear reaction occurs. The process may be thought of as an absorption of a 

quantum of spacetime by the nickel nucleus, so that dissociation occurs with the release of 

neutrons. In Section 3 further examples of LENR are discussed. 

3. LOW ENERGY NUCLEAR REACTIONS 

Section by Dr. Horst Eckardt and Dr. Douglas Lindstrom 
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3 Low energy nuclear reactions

The theory developed in this article rests upon the minimal prescription. An
atom or atomic nucleus interacts with a matter wave. Therefore we investigate
the quantitative relations between the nuclear radius and the matter wave to
see if an e�ect can be expected. In optical excitations in solids, for example, the
wave length of light is much larger than inter-atomic distances. In this case the
approximation A = const is valid for Eq.(59). If the matter wave represents a
proton, the following experimentally determinded quantities are known:

m = 1.672621777 · 10−27kg, (79)

r = 0.8768 · 10−15m. (80)

From these follows for the energy, de Broglie frequency, wave number and wave
length:

E = m c2 = 1.503277 · 10−10J, (81)

ω = 1.425486 · 1024/s, (82)

κ =
ω

c
= 4.754910 · 1015/m, (83)

λ =
2π

κ
= 1.321410 · 10−15m. (84)

We assume that the matter wave has the form of a wave packet, considered in
one dimension:

f = A exp

(
−
(x
a

)2)
cos(κx). (85)
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The amplitude A has to be determined by normalization∫ ∞
−∞

f2dx = 1 (86)

or, when considering only the half axis x > 0:∫ ∞
0

f2dx =
1

2
. (87)

From computer algebra we obtain

A =
2

3
4 exp(a

2 κ2

4 )

π
1
4
√
a
√

exp(a
2 κ2

2 ) + 1
. (88)

The particle density is roughly approximated by a constant value for x < rx.
We approximate the sphere of proton radius r by a cube with edge length 2 rx:

rx =
1

2
r

(
4π

3

)1/3

. (89)

The constant particle density in one dimension then is

ρ0 =
m

2 rx
. (90)

In Fig. 1 the model wave function f is plotted with a = 2 rx as well as its square
f2 which corresponds to the charge density of the matter wave. Notice that a
can be chosen arbitrary without impacting the wave length which is determined
by κ. We see this in Fig. 2 where the charge density ρ = m f2 of the proton
wave is graphed for a = rx and a = 2 rx. Both waves are normalized. Their
area can be compared with that of the �particle density� ρ0. Two important
things can be noticed:

• The wave length is comparable with the classical particle radius, indicating
that wave e�ects play an important role when wave-particle interaction
occurs.

• When the wave is concentrated around the particle center, the particle
ends near to a minimum of the wave. At this place the Coulomb barrier
of the particle is maximal, so this could be a hint that the wave is able to
stay centered for a time long enough to allow for a nuclear fusion reaction
without being �pushed out� by Coulomb forces.

The situation is di�erent for a Nickel nucleus. Then we have

m = 9.690392 · 10−26kg, (91)

r = 4 · 10−15m. (92)

The nuclear radius is not very well de�ned and was taken from [13]. As ex-
pected, the nuclear particle density (Fig. 3) is higher by a factor of about 58 for
this most frequent and stable 58Ni isotope. More proton wave lengths �t into
it due to the larger nuclear radius. So a description according to Eq.(75) seems

2



Figure 1: Proton matter wave f and its square f2 for a = 2 rx.

Figure 2: Proton charge densities for a = rx and a = 2 rx (ρ1 and ρ2) compared
with constant nuclear charge density ρ0.
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Figure 3: Proton charge densities for a = 4 rx and a = 8 rx (ρ1 and ρ2)
compared with constant nuclear charge density ρ0 of 58Nickel.

to be more meaningful. A description by a quantum mechanical two-particle
processes is most adequate method which will be developed in paper 227.

Additional reference:
[13] Public Awareness of Nuclear Science,

http://www.nupecc.org/pans/Data/CHAPT_4.PDF.
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