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Abstract

The resonant initial event in ECE cosmology is defined by spin connection res-
onance in a Bernoulli Euler type differential equation. A very small amount
of oscillatory mass density in a driving force may cause resonance in potential
energy. The equations governing the initial event are generally covariant and
based on the Cartan Bianchi identity and Cartan Evans dual identity. This
mechanism is the simplest possible mechanism that can result in a resonant
initial event and so is developed on the basis of relativity theory and Ockham’s
Razor. In a galaxy for example such a resonant initial event may dissipate it-
self and form the observed logarithmic spirals of stars on the basis of generally
covariant space-time dynamics.
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3.1. INTRODUCTION

3.1 Introduction
It is well known that the metrics of the big bang view of a single initial cosmo-
logical event are incorrect because of the neglect of spacetime torsion [1] - [10].
Big bang theory has effectively been discarded and replaced by the Einstein
Cartan Evans (ECE) unified field theory, currently the leading unified field the-
ory. Cosmological initial events appear to be a plausible idea, but in the course
of evolution there is no reason to assume as in big bang theory that only one
such event occurred. In Section 2 a plausible mechanism is proposed for an ini-
tial event that is a resonant initial condition of a Bernoulli Euler type equation
derived from ECE theory’s concept of spin connection resonance (SCR). The
latter concept has been shown experimentally to be the key to industrial descal-
ing technology, and so the concept has been proven on an industrial scale [11].
It has several other applications in the search for new energy sources [1] - [10]
and in the development of counter gravitational technologies [12]. The cosmo-
logical resonant initial event can be caused theoretically by a very small amount
of mass density that plays the role of an oscillatory driving force in the simplest
type of Bernoulli Euler resonant equation [13], a well known aspect of classi-
cal mechanics that conserves energy/momentum. It is shown in section 2 that
at resonance, a large amount of potential energy may be created by the small
amount of oscillatory mass density. This process is a Bernoulli Euler resonant
process of classical dynamics, known since the eighteenth century.

In Section 3 the general theory is applied to the evolution of a whirlpool
galaxy [14], in which the resonant initial event is a resonant initial condition of
a differential equation. The potential energy and angular momentum of such a
system may dissipate until equilibrium is reached. The point of equilibrium may
be exemplified on the simplest conceptual level by constant spacetime angular
momentum, which may be shown to produce logarithmic spirals of stars as
observed in a whirlpool galaxy. It seems plausible that there were N such
initial events during cosmological evolution, N going to infinity. The universe
appears to have no beginning and no end, (these are anthropomorphic concepts)
and the obsolete big bang model was hopelessly simplistic and mathematically
self inconsistent.

3.2 Spin Connection Resonance as an Initial Con-
dition

As an introduction to the concept of spin connection resonance in cosmology
consider the orbital problem. In the received opinion the orbit is the result of
balance between a negative valued, central and attractive force law, and positive
valued, repulsive centripetal force. The potential energy of attraction depends
only on the distance of an object from the force centre, defined by the reduced
mass:

µ =
m1m2

m1 +m2
(3.1)
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CHAPTER 3. RESONANT INITIAL EVENT IN ECE COSMOLOGY

In a planar orbit, angular momentum is conserved [13] and rotation of the system
about any fixed axis through the centre of force cannot affect the equation of
motion. Conservation of angular momentum L means that:

∂L

∂t
= 0 (3.2)

where the angular momentum is defined by:

L = r × p. (3.3)

However, in general:

∇·L 6= 0. (3.4)

In recent work [1] - [10] the conserved angular momentum has been considered
to be the angular momentum of spacetime itself, derived from spacetime torsion
[1] - [10]. Time independent or conserved torsion produces a potential energy
that is a function only of r. It has been shown [15] that this type of torsion
produces a positive valued potential energy that is 1/r dependent. When used
in combination with the Newtonian inverse square law of attraction, the result
is a logarithmic spiral of stars as observed in a whirlpool galaxy. Orbital theory
of any kind is due to spacetime angular momentum, a generally covariant view
based on ECE theory. The orbital force is defined as:

F = −∂µ
∂r

(3.5)

and the potential energy may be in general:

U(r) = −(
k1

r
+
k2

r2
+· · ·+kn

rn
) (3.6)

so

F (r) = −(
k1

r2
+

2k2

r3
+· · ·+n kn

rn+1
) (3.7)

The terms in this series expansion indicate force laws which are all consistent
with conservation of spacetime angular momentum 3.2. The Newtonian force
law and orbit are respectively:

F = −k1

r2
, U = −k1

r
(3.8)

and
1
r

=
1
α

(1 + ε cos θ). (3.9)

In this case conserved spacetime angular momentum produces universal gravi-
tation. A force of type:

F = − L2

µr3
(1 + α) (3.10)
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3.2. SPIN CONNECTION RESONANCE AS AN INITIAL CONDITION

gives the potential energy:

U = − L2

2µr2
(1 + α) (3.11)

and a logarithmic spiral orbit inwards towards the force centre:

r = r0 exp (αθ). (3.12)

Therefore spacetime angular momentum plays a central role in classical dy-
namics an electrodynamics in the ECE generally covariant unified field theory [1]
- [10]. The ECE equations of motion of dynamics and electrodynamics are an-
gular momentum equations. The basic ECE hypothesis is:

Fκµν = A(0)Tκµν (3.13)

where Fκµν is the electromagnetic field, Tκµν is the spacetime torsion tensor,
and cA(0) is a primordial or vacuum voltage observed in the radiative corrections
[1] - [10]. To define S.I. units consider the Einstein field equation:

Rµν −
1
2
Rgµν = κTµν (3.14)

where Rµν is the Ricci tensor, R is the Ricci scalar, gµν is the symmetric metric,
k is the Einstein constant, and Tµν is the symmetric canonical energy momentum
density tensor. It is seen that k has the units ofm kgm−1, and the left hand side
of [14] has the units of m−2. So Tµν has the units of mass density, kgm m−3.
So in field theory [16] the three index canonical angular momentum / angular
energy density tensor defined by:

Jκµν = −1
2

(Tκµxν − Tκνxµ) (3.15)

has the units of kgm−2. These are the units of angular momentum kgm m2s−1

divided by cV , where V is a volume in cubic metres. Unfortunately these are
non SI units inherited from standard field theory. In these non-SI units:

Tκµν = k Jκµν . (3.16)

Now define:

Tµν =
∫ V

0

T 0µν dV = V T 0µν (3.17)

and

Jµν =
∫ V

0

J0µν dV = V J0µν . (3.18)

The volume V is taken to be a fixed volume which does not fluctuate with time.
This is the basis in field theory of the derivation of conservation of the total
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angular momentum of a dynamically conservative system contained within the
volume V . Since V is a constant:

Dµ(V T 0µν) = DµT
µν = V DµT

0µν . (3.19)

Similarly define the curvature tensor:

Rµµ
ν =

∫ V

0

R0 µν
µ dV = V R0

µ
µν . (3.20)

It is found from the Cartan Bianchi identity and the Cartan Evans dual identity
that:

∂µT
µν = jν (3.21)

whose Hodge dual is:

∂µT̃
µν = j̃ν . (3.22)

Here we define:

Tµν =
k

c
Jµν . (3.23)

Eqs. (3.21) and (3.22) are equations in angular momentum, QED.
It follows that the electromagnetic field tensor is:

Fµν =
A(0)

V
Tµν (3.24)

and the electromagnetic field is proportional to angular momentum as follows:

Fµν =
A(0)k

cV
Jµν . (3.25)

In units of tesla the magnetic flux density is:

Bµν = Fµν (3.26)

and in units of volts per metre the electric field strength is:

Eµν = cFµν . (3.27)

If it is assumed that there is no magnetic monopole, Eqs. (3.21) and (3.22) give
four vector equations. The pair of homogeneous equations are:

∇ ·B = 0 (3.28)

and

∇×E +
∂B

∂t
= 0, (3.29)
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3.2. SPIN CONNECTION RESONANCE AS AN INITIAL CONDITION

and the pair of inhomogeneous equations are:

∇ ·E =
ρ

ε0
(3.30)

and

∇×B − 1
c2
∂E

∂t
= µ0J . (3.31)

Here ρ is the electric charge density in Cm−3, J is the electric current density,ε0
is the vacuum permittivity, and µ0 is the vacuum permeability. These are the
generally covariant formulation of the well known Maxwell Heaviside structure
of special relativity, a Lorentz covariant structure. It is seen from Eqs. (3.26)
and (3.27) that these are equations in angular momentum of spacetime:

∂µJ̃
µν = 0 (3.32)

and

∂µJ
µν =

k

c
jν . (3.33)

In ECE theory Eqs. (3.32) and (3.33) are also the equations of dynamics. Most
generally, their structure in both dynamics and electrodynamics are:

∂µJ̃
µν = j̃ν

′
=
k

c
j̃ν (3.34)

and

∂µJ
µν = jν

′
=
k

c
jν (3.35)

i.e. ECE allows a non-zero âĂĲmagnetic monpoleâĂİ which is actually a space-
time structure [1] - [10].

It is well known [1] - [10] that the electromagnetic field tensor is:

Fµν =


0 −EX

c −EY

c −EZ

c
EX

c 0 −BZ BY
EY

c BZ 0 −BX
EZ

c BY BX 0

 . (3.36)

Therefore this tensor is based on the following angular momentum structure:

Jµν =


0 −LX −LY −LZ
LX 0 −SZ SY
LY SZ 0 −SX
LZ −SY SX 0

 (3.37)

and consists of orbital L and spin S angular momentum components. It follows
that Eq. (3.35) becomes two inhomogeneous vector equations of field theory:

∇ ·L = j
′0 (3.38)
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and

∇× S − 1
c

∂L

∂t
= j

′
. (3.39)

Here:

LX = J10 = −J01, SZ = J21 = −J12

Ly = J20 = −J02, SY = J13 = −J31

LZ = J30 = −J03, SX = J32 = −J23
(3.40)

and

L = LXi+ LY j + LZk, (3.41)

S = SXi+ SY j + SZk. (3.42)

The acceleration due to gravity may be defined as:

g =
ck

V
L (3.43)

and the electric field strength may be defined as:

E = A(0) k

V
L. (3.44)

In previous work Eq. (3.38) was reduced to the form:

∇ · g = 4πGρm = c2(R− ωT ) (3.45)

where:

k =
8πG
c2

, (3.46)

G being Newton’s gravitational constant. Here ρm denotes mass density in kgm
per cubic metre, R is a well defined curvature, ω a well defined spin connection,
and T a well defined torsion. Therefore:

∇ · L =
1
2
c V ρm. (3.47)

If it is assumed that the mass density is:

ρm =
m

V
(3.48)

then:

∇ · L =
1
2
mc. (3.49)

Similarly:

∇× S − 1
c

∂L

∂t
=

1
2
V j

′

m (3.50)
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where the mass four-current is:

j
′µ = (ρm,

j
′

m

c
). (3.51)

The dual Eq. (3.34) gives:

∇ · S =
1
2
c V ρ̃m (3.52)

and

∇×L+
1
c

∂S

∂t
=

1
2
V j̃

′

m. (3.53)

Eq. (3.47) is the dynamical equivalent of the Coulomb law, Eq. (3.50) is the
dynamical equivalent of the Ampere Maxwell law, Eq. (3.52) is the dynamical
equivalent of the Gauss law of magnetism, and Eq. (3.53) is the dynamical
equivalent of the Faraday law of induction.

Usually in classical dynamics, only the Newtonian structure 3.45 is used in
the non-relativisic limit, whereas all four ECE equations are generally covariant.
In the Newtonian limit:

g = − 1
m

∂U

∂r
= −mG

r2
=
ckL

V
(3.54)

so the force due to gravity is:

F =
8πGm
cV

L. (3.55)

This result shows that spacetime is inherently chiral, or handed, because the
force, a polar vector, is proportional to orbital angular momentum, an axial
vector. In the Newtonian interpretation the potential energy produces an at-
tractive, negative valued, force between massesm andM and there is no angular
momentum of spacetime. In ECE theory the dynamics are controlled by the
angular momentum of spacetime and by spacetime geometry. For example, the
conserved angular momentum of orbits in a plane is the conserved angular mo-
mentum of spacetime itself. The latter produces the r and p of orbits. In
Newtonian theory the converse is thought to be the case, the angular momen-
tum is produced by the r and p of already existing orbits in a uniform space
distinct from time.

Spin connection resonance enters into EEC dynamics by considering the first
Cartan structure equation [1] - [10] in addition to the Cartan Bianchi identity
and the Cartan Evans dual identity. The first structure equation may be written
in vector notation as:

g =
1
c

(−∇U − 1
c

∂U

∂t
+ Uω − ω0U) (3.56)

where:

Uµ = (U,U) (3.57)
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is a four-vector of potential energy. The orbital angular momentum is:

L =
V

ck
g (3.58)

and:

∇ ·L = j
′0 =

1
2
c V ρm. (3.59)

Similarly, the first Cartan structure equation defines the gravitomagnetic field:

h =
1
m

(∇×U − ω ×U) (3.60)

in units of ms−2, the same units as g. The field h is the gravitational
equivalent of the magnetic flux density B in ECE electrodynamics. Eq. (3.59)
is therefore:

∇2U +
1
c
∇ · ∂U

∂t
− U∇ · ω + ω0∇ ·U = −1

2
mc2kρm (3.61)

which [1]- [10] has a Bernoulli Euler resonance structure 3.13 in general. The
term on the right hand side of Eq. (3.61) is the driving term. A great deal of
work has been completed [1]- [10] on such structures, including the development
of a finite element numerical integration technique 3.17. The important feature
of spin connection resonance is the amplification at resonance of U by an initially
small driving term. The amplification process is a Bernoulli Euler process which
is well known and developed in classical dynamics and electrical circuit theory.
At resonance U becomes very large while the driving mass density ρm remains
very small. The angular momentum L is in turn amplified at resonance because:

L =
V

ckm
(−∇U − 1

c

∂U

∂t
+ Uω − ω0U). (3.62)

In order to apply these ideas to initial events in cosmology, it is plausible to
consider the initial event as the initial condition of the differential equation Eq.
(3.61). At the initial event the angular momentum L is very large, so produces
an outward surge of momentum p through:

L = r × p. (3.63)

As the dynamics of Eq. (3.61) develop, the angular momentum dissipates, the
process becomes off resonance. Finally, equilibrium is reached. The state of
equilibrium in a whirlpool galaxy for example consists of a central part and of
logarithmic spirals of galaxies as observed for example in M51. It is conceivable
that other structures in cosmology may be formed by similar initial events. In
the next section we discuss the spacetime dynamics underlying a logarithmic
spiral trajectory as an example of a dissipated initial event caused by spin
connection resonance.
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3.3 Spacetime Dynamics Underlying a Logarith-
mic Spiral Trajectory

By observation, the spiral arms of a whirlpool galaxy are arranged on a loga-
rithmic spiral:

r = r0 exp (bθ) (3.64)

where r0 is a characteristic radius and where b determines the characteristics
of the spiral. When b becomes very large the spiral consists of one turn and an
essentially straight arm. When b is very small the spiral approaches a circle,
so looks like a tightly wound watch spring. In Eq. (3.64), plane polar [13]
coordinates are used (r, θ). Differentiating Eq. (3.64) with respect to time:

ṙ = r0bθ̇ exp (bθ). (3.65)

The velocity in plane polar coordinates is 3.13:

v = ṙer + rθ̇eθ (3.66)

so

v = |v| = (ṙ2 + r2θ̇2)
1
2 = rθ̇(1 + b2)

1
2 . (3.67)

The velocity curve of the galaxy is therefore:

v = vθ(1 + b2)
1
2 , Vθ = rθ̇. (3.68)

It is observed that v becomes constant as r becomes very large, contrary to
Newtonian dynamics. This means that for a given b, the transverse velocity Vθ
becomes constant. We seek the underlying spacetime dynamics that gives this
observed behaviour. The acceleration in plane polar coordinates is [13]:

a =
∂v

∂t
= (r̈ − rθ̇2)er + (rθ̈ + 2ṙθ̇)eθ (3.69)

and the force:

F = ma (3.70)

has radial and transverse components. The kinetic energy is:

T =
1
2
mv2 =

1
2
mr2θ̇2(1 + b2) (3.71)

and the conversed angular momentum on spacetime is:

L = mrv = mr2θ̇(1 + b2)
1
2 . (3.72)

Therefore

T =
1
2
ωL (3.73)
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where

ω = θ̇ (3.74)

is the spacetime angular velocity. The conserved angular momentum gives rise
to the pontentila energy [13]:

U =
L2

mr2
, Fr = −∂U

∂r
= mrθ̇2(1 + b2) (3.75)

and a effective radial force outwards from the centre. This is the force caused
by the initial event discussed in Section 2. The effective radial force is one
of spacetime itself, and moves a star of the galaxy in the logarithmic spiral
trajectory Eq. (3.64) outwards. More generally:

F = −∇U = m(r̈ − rθ̇2)er + (rθ̈ + ∂ṙθ̇)eθ. (3.76)

In the simplest instance define:

F = m
dv

dt
= m(ṙθ̇ + rθ̈)(1 + b2)

1
2 . (3.77)

Comparing Eqs. (3.75) and (3.77):

rθ̇2 = ṙθ̇ + rθ̈ (3.78)

and using Eq. (3.64):

θ̈ = (1− b)θ̇2 (3.79)

i.e. there exists the supplementary constraint:

θ̈ = (1− b)θ̇2 (3.80)

This is the constraint needed for the force law Eq. (3.75) to produce the loga-
rithmic spiral trajectory Eq. (3.64), with the stars moving outwards around the
spiral form its centre. There is an effective inverse cubed radial spacetime force
Eq. (3.77) outwards from the centre.

The lagrangian for the problem is:

L = T − U (3.81)

where the kinetic energy is:

T =
1
2
m(ṙ2 + r2θ̇2) (3.82)

and the potential energy is in general:

U = U(r, θ, ṙ, θ̇). (3.83)

45



3.3. SPACETIME DYNAMICS UNDERLYING A LOGARITHMIC . . .

The Euler Lagrange equations are:

∂L

∂r
=

d

dt

∂L

∂ṙ
(3.84)

and
∂L

∂θ
=

d

dt

∂L

∂θ̇
. (3.85)

These produce the equations of motion:

mrθ̇2 − ∂U

∂r
−mr̈ +

d

dt

∂U

∂ṙ
= 0 (3.86)

−∂U
∂θ
−mr2θ̈ − ∂mrṙθ̇ +

d

dt

∂U

∂θ̇
= 0 (3.87)

wich can be re-arrenged as the well determined system of equations:

ṙ = Vr (3.88)

θ̇ = ω (3.89)

r̈ = rω2 +
1
m
Fr +

1
m
Fvr

(3.90)

θ̈ = −2
vr
r
ω +

1
m
Fθ +

1
m
Fω (3.91)

Here there are four types of spacetime force in general:

Fr = −∂U
∂r

, Fvr
=

d

dt

∂U

∂ṙ
,

Fθ = −∂U
∂θ

, Fω =
d

dt

∂U

∂θ̇
.

(3.92)

If it is assumed that the force is purely radial, these reduce to:

r̈ = rω2 +
1
m
Fr (3.93)

(which is consistent with Eq. (3.76), and

θ̈ = −2
vr
r
ω. (3.94)

Comparing Eq. (3.80) with the constraint Eq. (3.94) gives:

3b2 − 2b+ 3 = 0 (3.95)

wich is a quadratic equation for b. Therefore the analysis is self consistent. In
general a logarithmic spiral trajectory outwards must be sustained by four tyoes
of spacetime force component. These are all caused by a resonant initial event.
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