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An Approach to Unification using a Linear Systems
Model for the Propagation of Broad-Band Signals

Jonathan M Blackledge, Fellow, IET, Fellow, loP, Fellow, IMA

Abstract—We review the inhomogeneous scalar Helmholtz wherer is the distance required to escape the gravitational
equation in three-dimensions and the scattering of scalar wave- field. Suppose that the wavelength becomes so small that the
fields from a scatterer of compact support. An asymptotic solu- escape velocity is equal to the speed of light (i.e. the particle

tion is then considered representing the effect of the frequency : o 5
approaching zero when a ‘wavefield’ reduces to a ‘field’. The becomes a micro black hole), then = 4whG/(vcg). We

characteristics of ultra-low frequency Helmholtz scattering are define the Planck length for the limiting case when—

then considered and the physical significance discussed of a modedr A and v — ¢, i.e. the length associated with the case

that is based on the scattering qf Helmholtz Wavefields over a when the velocity of a particle approaches the speed of light
broad frequency spectrum. This is equivalent to using a linear g the distance required to escape the gravitational field

systems approach for modelling the propagation, interaction and . -
detection of broad-band signals and provides an approach to approaches the de Broglie wavelength of the particle. The

the classification of a field from a wavefield that is intrinsically Planck frequency sets a upper limit on the band width of a
causal and thus, consistent with the basic principle of information universal spectrum since, beyond this frequency, any particle
theory. The approach leads to the proposal that all fields are (and the de Broglie wavefield associated with it) will not
derived from wavefields interacting over a broad frequency o yetectable. The breadth of the spectrum is taken to be a

spectrum and that there are two principal field types: (i) fields _ L.
generated by low frequency scattering - a ‘gravitational field’; CONSequence of the ‘big-bang’ (i.e. a broad frequency spectrum

(ii) fields generated by high frequency eigenfield tendency - an IS the product of a short impulse).

‘electric field'. Although the approach considered in this paper has some
Index Terms— Helmholtz equation, asymptotic solutions, scat- philosophical similarities to string theory, which is increas-
tering theory, gravitational fields, electric fields ingly being challenged by a number of authors (e.g. [1], [2]),
it is different in its ‘scale’. If string theory is concerned
I. INTRODUCTION with the interpretation of physics through wavefields with a

. . . , wavelength of the order of, then, in this paper, we consider
HE ideas presented in this paper are a first attempt tg . . . )
. ) : T \ avefields interacting (scattering) at all scales greater than the

develop a universal physical model in which ‘fields’ an

2lanck length (i.e. over all frequencies less than the Planck

particles’ do not exist along with such concepts as Charge%r'equency). In a sense, we consider the universe itself to be

All that is considered is a universe consisting of Scal%{jingle 'string’ composed of a broad spectrum of (scalar)

wavefields whose governing equation is the (inhomogeneous vefields. This is a ‘waves within waves’ approach and can

. oW
Helmholtz equation over a broad frequency spectrum with . . .
bandwidth that is determined by the Planck length tAus be interpreted in terms of a universal fractal model [3],

not in terms of the ‘shape of the universe’ but in terms of
h as the wavefields from which it is taken to be composed. In
t= = L.16 x 10~ metres this paper, we adopt a formal scattering theory approach for
0 a scalar Helmholtz wavefield and derive both standard and
wheref is Dirac’s constant (Planck’s constant dividedds), some non-standard results which are considered in terms of
G is the gravitational constant and is the speed of light. two fundamental experimental observations, the Poisson spot
The frequency associated with the Planck lengtfei$/ ~ and the Einstein ring.
2.59 x 10*3Hz.

The rationale for a Planck bandwidth is as follows: Consider
the hypothetical case where the de Broglie wavelengts-
sociated with a non-relativistic particle with constant velocity The field equations for electromagnetic and gravitational
v << ¢ is continually decreased. The rest massof the fields (i.e. Maxwell's equations [4] and Einstein’s equations
particle will then increase accordingte = 27h/(v)). As the [5], respectively) appear to have only one thing in com-
mass increases, its Newtonian gravitational field will increaggon: they both predict wave behaviour (the wavefields being
as will the escape velocity. = \/2Gm/r = \/ArhG/(vAr) composed of very different ‘fields’ with different properties),

Manuscript received August 1, 2007 namely,. electromagnetic waves and gravit.y waves respectiyely

Jonathan Blackledge (e—mail:’jon.bléckledge@btconnect.com) is VisitiN&here' in the latter case, no direct eXpe”memal observations
Professor, Department of Electronic and Electrical Engineering, Loughave been made, to date. In quantum mechanics, the quan-

bo:jough Uni(\j/ersity, Enfgland (http://www.Iborof.ac.ukldepartments/el/staffmm fields that are modelled through equations such as the
and Extraordinary Professor, Department of Computer Science, Urt-, .. .. . .
versity of the Western Cape, Cape Town, Republic of South Africgeh'od'nger [6], Dirac [7], [8], [9], Klein-Gordon (e.g. [10],

(http://www.cs.uwc.ac.za/). [11]) and Rarita-Schwinger [12] equations, are not fields in
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the sense of an electric (vector) field or a gravitational (tensofOrce Range Transmitted by Bosons
- a curved vector space) field but wavefields of differentGravitational Long Graviton,m = 0, s = 2
types, i.e. scalar (Klein-Gordon and Sgtinger equations for | Electromagnetic Intermediate| Photon,m =0, s =1
the relativistic and non-relativistic case, respectively), scalarVeak Short W=, Zo, m#0,s=1
spinor (Dirac equations), vector (Proca equations [13], [14])Strong Short gluons,m =0, s =1

and vector-spinor (Rarita-Schwinger equations) fields. The

theoretical Origin of these wavefields is a direct result of ﬂ'@f the four fundamental forces in nature, gravity was
fundamental postulates of quantum mechanics, namely, thaé first to be ‘invented’ but, to this day, remains the most
energyE = lw and momentunp = 7k for a wavefield with e|usjve. With just criticism over his universal theory of gravity
(angular frequency) and wavenumbelrk |= 27 /). Relating  and, in particular, the principle of instantaneous action at
energy and momentum (particulate concepts associated Withjistance, upon which the theory is based, Isaac Newton
Newtonian mechanics) to frequency and wavelength respeghtly stated that.:. | have told you how it works, not why

tively immediately raises the issue of particle verses wave.fere, we consider a causal approach to explaining the ‘why’.
also brings into focus the question of whether a field or a

wavefield is more fundamental as discussed in this paper. |- FIELDS, WAVEFIELDS AND THE PROCA EQUATIONS

In electromagnetism and general relativity, the field equa-

Apart from the Schidinger equation, all of the equationstions are considered to be fundamental, the wave properties
listed above describe relativistic quantum fields. They are &f these fields being a consequence of decoupling (under
‘products’ of the fact that, given the postulates of quantuﬁﬁrtain conditions) the field equations. In other words, the
mechanics, Einstein’s special theory of relativity allows fowave properties of these fields are, in a sense, a by-product
the existence of scalar, scalar-spinor, vector, vector-spirRfrWriting a set of coupled equations in terms of a single or
and tensor fields. In each case, the field, as characteri§68l of equations of the same (wave) type. What if a wave
by a given operator, is taken to describe a ‘particle’ (gquation was to determine the form of the field equations and
localised entity) that is classified in terms of a Boson dhus the characteristics of the field(s)? The first to consider
Fermion which have integer or half-integer spin (the intrinsigdch an approach was the Romanian born Alexandru Proca
angular momentum) respectively. This is compounded in tM&10 derived the Proca or Proca-Maxwell equations.

denoted byt and with the Laplacian operator defined as
Equation name | Field Type | Spin sk | Example 9 9 9
: 4 5 0 0 0
Klein-Gordon Scalar s=0 Higgs boson Véiz —+ =5+ =,
- 0x2 = Oy? 022
Dirac Scalar s=1/2 | leptons:
Spinor electrons, it is well known that Maxwell's equations (specifically, the
muons microscopic equations for point ‘charges’) can be decoupled
Proca-Maxwell | Vector s=1 m=0 to produce the inhomogeneous wave equations (e.g. [9], [15],
photons [16])
. 1 0? p
gluons; Ve S o, t) =L
m % 0: c2 ot? ’ €0
mesons and
Rarita-Schwinger Vector s=3/2 | None , 1 .
X . V= 5 — | A(r,t) = —
Spinor discovered ( 2 ot? (x,2) Hol
Gravitation Tensor s=2 | gravitons for the magnetic vector potentiaA and the electric scalar

potential ¢ where p is the charge densityj is the current
Note that, like the graviton, the Higgs boson is a hypotheticdensity andeq and po are the permittivity and permeability
particle that is taken to explain the origins of masswhich of free space, respectively. This requires use of the gauge
has, to date, not been verified experimentally. The termransforms
‘Boson’ and ‘Fermion’ relate to the fact that the statistical X
behaviour of integer spin particles can be classified in terms A—A+VX and ¢ —¢— o

of Bose-Elnste_m_stansth_s _and half-integer spin particles, Mere the gauge functioi is taken to satisfy the homoge-
terms of Fermi-Dirac statistics.

neous wave equation

, 1 02

solutions atrg, to) for the ‘retarded potentialsh and A

Vector bosons are considered to mediate three of the
four fundamental interactions in ‘particle’ physics, i.e,
electromagnetic, weak and strong interactions, and teng ,
bosons (gravitons) are assumed to mediate the gravitatioﬂ%ﬁ then given by
force as summarised in the following table: 1 p(r,7) Pr

é(ro,to) =

:t— —
4’/T60 |I‘*I‘0‘ i 0 |I' I'0|/C()
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and . The Proca equations are relativistic field equations that
Alrg, to) = @/Md?’r describe massive electromagnetic fields or massive photons

dm ) |r—ro | (spin 1 vector bosons). They form the foundations for the

which show that a change in andj affects¢ and A | r — electro-weak theory (thg gnification of electromagnetism with
ro | /co seconds later. The change propagates away from the ‘weak’ force) where it is assumed that the electromagnetic
sourcesp andj at a velocityc, which is the theoretical basis fields of the early universe had significantly greater (rela-

for the propagation of electromagnetic waves.

In quantum mechanics, energy and momentump are

replaced by the wave operators

—ih% and AV

tivistic) energies than now, i.e. the electromagnetic and the
weak force are manifestation of the same force at relativistic
energies. Vector Bosondi{* and Z, bosons) are taken to

be mediators of the weak interaction. However, the Proca
equations, as a description for massive photons, have a number
of other implications. These include variations in light speed,

respectively. Thus, the non-relativistic ‘free energy’ (no poterthe possibility of charged black holes, the existence of mag-

tial energy component) equation
2

-

2m

yields Schédinger’s equation [17]
0 h _,

for a unit amplitude plane wave of the form
U(r,t) = expli(k - r — wt)].

In the relativistic case when

E = +/p2c2 + m2c} or E? = p*cd + mc;

we obtain the (homogeneous) Klein-Gordon equation [9]

19
2 277
<v C%8t2>U/<;UO

netic monopoles and superluminal (faster than light) particles
(Tachyons) with an imaginary mass that can be described by
a Proca field with a negative square mass [18], [19] and [20].
The principle associated with deriving the Proca equations
can be applied to other field equations such as the Einstein
equations for a gravitational field. The Proca-Einstein equa-
tions have been used as a basis for modelling the interaction of
gravitational fields with dark matter, for example [21]. In string
theory, there is tentative evidence that non-Riemannian models
such as the Einstein-Proca-Wyle equations may account for
dark matter [22]. However, in the context of this paper,
the Proca equations are an example of the modification and
extension of a set of field equations in order that a given
wave equation is satisfied. Thus, in the derivation of the Proca
equations, the wavefieldl is the governing function and not
the fieldsE and B. In other words, the Proca equations are
based on ‘tailoring’ a field to ‘fit' a wavefield. This leads
us to consider an approach in which unification is attempted,

wherex = mcy/h. This equation is taken to describe massiveot in terms of a unified field theory but in terms of a unified
scalar Bosons (spin O particles) such as the Higgs boseoravefield theory where a wavefield is not just the governing
In contrast, the classical wave equation is taken to descrifogction but the governing principle.

massless scalar (for the electric field potential) or vector (for If a unified field theory (unifying gravity and electromag-

the magnetic vector potential) Bosons, i.e. the photon.

netism, for example) were available, then, by induction, we

Given that Maxwell's equations can be decoupled to prenight expect that the unifying field equations yield a unifying

duce inhomogeneous wave equations foand A, Proca’s wave equation. Since a unified field theory is not currently
idea was to modify Maxwell's equations in order to produceavailable, our approach is to attempt to construct a unified
inhomogeneous Klein-Gordon equations doand A given by wavefield theory in which a field is the product of certain
1 82 P characteristics of a wavefield. Thus, the basic idea is to
<V2 — 22) p(r,t) — k2= - develop a universal physical model that is based on a wavefield
cg Ot €0 : . L
equation alone and attempt to explain the characteristics of
and ) a field from the wavefield. In this paper, we adopt the
<v2 _ 128) A(r,t) — k2A = —pj (inhomogeneous) Helmholtz equation and study some of its
cg ot properties over a broad frequency band including the case
respectively. The modifications required to do this yield th&#hen the wavelength approaches infinity. We show how this
Proca equations given by approach can, for example, be used to explain phenomena such
as the ‘diffraction’ of light by a field that we interpret to be a

v-E="_ K*¢, V-B=0 gravitational field.

€0

VxE= _%‘?’7 V x B = poj + 60#0% + K2A IV. THE INHOMOGENEOUSHELMHOLTZ EQUATION
where The three-dimensional inhomogeneous scalar Helmholtz
A equation can be derived from the (inhomogeneous) time de-
B=VxA, and E=-V¢ - ot pendent wave equation

Note that the Klein-Gordon equations ferand A imply that v? 1 02 Ulr.t) — 0
¢ and A and thuskE andB are effected by mass. 202 (r,1) =
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by letting and thus,
1 1
= (14 ) 1
2 7 (1+7 2= ) = —§3(r—rp).
c 5 \% (47T|I'I‘0|) (r—ro)
where~(r) is a dimensionless quantity (the scattering func- To compute the surface integral, a condition for the behav-
tion) and U is a time-dependent scalar wavefield (which igur of u on the surfaces of v must be chosen. We consider
also taken to be dimensionless). We make no demands on e case where a simple plane wave of unit amplitude given
physical nature ot/ or ~. by
With u;(r, k) = exp(ikn; - r)
U(r,t) = jwit
(r,t) = u(r,w) exp(iwt) and satisfying the homogeneous Helmholtz equation

for constantw (the angular frequency), or with (V2 + K)ui(r, k) = 0

1 o0 . . . : .
Ulr,t) = o / u(r, w) exp(iwt)dw is incident on the surface of the scatterer. In this case,
T u(r, k) = ui(r, k), Vres

for variable w, we obtain the inhomogeneous Helmholt2nd we therefore obtain
equation in the form u(ro, k) = f(gVui — uiVg) - fud?rk? /gwd:ar — i+,

(V2 + EDu(r, k) = —k>y(r)u(r, k) % J
wherek (= 27/)) is given by where ) .
us =k /gvud r.
E=
B CO . 1 H v . . .

i ; ; PR The functionu, is the scattered wavefield which we shall write
We consider a scattering function which is of compact in the form
support, i.e.

yr) 3V reVv us(r, k) = kg(r, k) @3 y(r)u(r, k), r=|r|

where V is an arbitrary volume. In electromagnetism, folvhere®; denotes the three-dimensional convolution integral.
example, the Helmholtz equation can be derived by decoupling
Maxwell's (macroscopic) equations where describes the _ )
scalar electric field and the scattering function is givenyby 10 evaluate the scattered field (i.e. to compuff we must

¢, — 1 wheree, > 1 is the isotropic relative permittivity, the defineu inside the yplumg integral. Unlike the surface mt_egral,
relative permeability being taken to be 1 and the conductivify Poundary condition will not help here because it is not
being taken to be zero [23]. sufficient to spe'C|fy the behaviour af at a boundary. In th|§
case, the behaviour afthroughoutl’ needs to be known. This
requires a model to be chosen foinsideV that is compatible
with a particular physical problem. The simplest model for the

internal field is based on assuming that- u;Vr € V. The
Using Green’s theorem, the general solution to the inhgcattered field is then given by

mogeneous Helmholtz equation at a patptis given by [9],

VI. EVALUATION OF THE SCATTERED FIELD

V. GREEN S FUNCTION SOLUTION FOR AN INCIDENT
PLANE WAVE

[23], US(POa k) = kzg(ra k) X3 ’Y(r)ui(ra k)
) ) This assumption - known as the Born approximation - provides
u(ro, k) = ]{(QVU —uVg) nd°r+k /97“6531“ an approximate solution for the scattered field which is valid
S v if
2
where ¢ is the ‘outgoing free space’ Green’s function given k-llg(r, k) @5 y(r)l] << 1.
by [23], [24] This result can be considered to be a first approximation to
(c |t ) = exp(ik | — 1o |) the (Born) series solution given by
S = T T x| us(r, k) = ui(r, k) + k2g(r, k) @3 y(r)uq(r, k)
which is a solution to the equation +ktg(r, k) @3 v(r)[g(r) @3 v(r)u;(r, k)] + ...
(V2 +EHg(r | ro, k) = —0%(r — 1) which is valid under the condition
where 83 denotes the three-dimensional delta function. Here, k2 |lg(r k) @3 y(x)|| < 1.

S5 denotes the (closed) surface of the scattering functiaith  Each term in this series expresses the effects due to single,
volume V' andn is a unit vector that is perpendicular to arjouble and triple etc. scattering events. Because this series

element of the surfacé’r. Note that scales ag?, k*, k9, ..., for a fixedk << 1 (long wavelength
1 wavefields), the Born approximation becomes an exact solu-
g(r|ro, k)= ————, k—0 .
dr |r —rg | tion.
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VIl. L ow FREQUENCYHELMHOLTZ SCATTERING

If a Helmholtz wavefield oscillates at lower and lower
frequencies, then we can consider an asymptotic solution

the form

k? 7(r) 3
s 7k = 7 7kd 3 k 0
us(ro, k) 47r/|r7ro|u(r )dr —
v

If we now consider a scatterer that is a sphere, then the field
U will have radial symmetry, i.eU, = nUs. In this case, the
s&rface integral becomessr-2U, and we obtain
kT
Us = ok k — 0.
Hence, in the limit ag — 0, Helmholtz scattering provides an
exact solution for a weak field whose gradient (for the radially

This is a consequence of the fact that the higher order terf¥$nmetric case) is characterized by & scaling law.
in the Born series can be ignored leaving just the first term as

k — 0 and because

exp(ik |[r—ro|) 1 k0

4r|r—ro|  Am|r—ro|

giving an exact solution to the problem.
If the incident field is a unit plane wave, then

u(ro, k) =14 us(ro, k)

where
k? v(r) 3
s(ro, k)= — | ————d°r, k—
us(ro, k) 47r/|r—r0 r 0
v

which we write in the form

VIIl. DIFFRACTION
For k — 0, us(r, k), which we now denote by?(r, k), is
the solution to
V2ul(r, ko) = —k%v(r)
where ky, denotes a value fok, k& — 0. Consider a Born
scattered Helmholtz wavefield,(r, k) for £ >> 1 given by
Us (I‘, k) - k’2g(’f‘, k) ®3 ’Y(r)ui(ra k)

We can then write
2

us(r, k) = (r, k) @3 ui(r, k) [V2ul(r, ko)]

—%g

from which we can derive an expression for the far field

2 . . . .
(1, k) = 4L ©37(r), k — 0. scattering amplitude generated by the figl§ given by
r 2
Here, the wavelength of the incident plane wavefield is as-  us(r, k) = —%g(rak) ®3 ui(r, k)[V - UL (r, ko)]

sumed to be significantly larger than the spatial exiénof
the scatterer. For a given scattering functidmn) the wavefield
is a ‘weak field’ because of the low values bfrequired to
produce this (asymptotic) result. But this result is the genefghere, withu, (r, k)

solution to Poisson’s equation
V2uy(r, k) = —k*y(r)

since, using the result
1
VQ - — _63
(47r7“>

1
Viu = Vu, = k*V? | — @37
47r

we have

1
= k2'}/ X3 Vz <47T’r) = —k2’}/ X3 53 = —kz’}/

By consideringus to be a potential, we can write

V- U,(r, k) = k*y(r), U,(r, k) = —Vu,(r, k).

Integrating over the volume of the scattefiér we obtain

V/V-Us(r, E)dr = k2/’y(r)d3r

\%4

and using the divergence theorem we can write

j{Us(r,k) nd’r =T, T = /’y(r)d3r.
S 14

exp(ikro) .. . r
= Y ARy, hy), — << 1
471 (Bo, 9;) )
= exp(ikn; -r), Nyg=ry/|re| and
k2T

UJ =nU] =n
8 s 4rr?’

L kT e f
A(Dg,n;) = e exp[—ik(ng — ;) - r]V - <r2> d®r.
%

Hence, the wavefieldis(r, k) (for £ >> 1) generated by a
scatterer that is simultaneously generating a scattered wave-
field u2(r, ko) is, in the far field (under the Born approxi-
mation) determined by the Fourier transform of the scattering
function (assuming radial symmetry)r) = V - (ar=2). In
other words, the weak field generated by very low frequency
scattering will diffract a high frequency Helmholtz wavefield,
the diffraction pattern (i.e. the far field scattering pattern) being
determined byf(r).

A. Diffraction by an Infinitely Thin Scatterer

Consider the case where an incident plane wavefield is
travelling in thez-direction, i.e.u; = exp(ikz) and is incident
on an infinitely thin scatterer defined by the functiofr) =
~v(z,y)d(z). The scattered wavefield is then given by

us(x7 y? Z’ k)

2 exp(iky/x? + y2 + 22)
dm\/2? + y? + 22

®3 v(x,y)0(2) exp(ikz)
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_ j2exp(iky/2? + 2 + 22 so that in the(z,y) plane located at = 0,
a2t 2t 22 2
0 _ 0
where ®- denotes the two-dimensional convolution integral us (2,9, ko) = A/ x2 + 42 ®27(2,9)-
over areaS. Writing out this result in the form

®27(z,y), v 3 Y(z,y) €S

For an incident plane wave, = exp(ikz), the scattered
us (o, Yo, 20, k) wavefieldw, is thus, given by
=k // expliky/(z — 0)% + (y — yo)? + %]
dmy/(x = 20)2 + (y — y0)? + 75

2 0? 1
it is clear that if the scattered wavefield is now measured in the <ax2 + 8y2> (W ®2v(z, y)) .
far field, i.e. for the case when/zy << 1 andy/z << 1, 4

us(z,y, 2, k) = —k%g(r, k) @3 exp(ikz)...

v(z,y)dzdy,

then ) Repeating the calculation given in the previous section (for
(1 N (r —x0)®  (y— yO)Q) 2 z — 0), the diffracted wavefield now becomes
20 2 2
V4 Z ik 2 2
0 0 ws (20, Y0, 70, k) = Mexp <ik3x0+y0) A(u,v)
oL TTo  YYo . T u§ 4mzo 220
-0 20 20 220 2z where
and thus, ) 92 92 1
. A(u,v) = =22k F < + ) ———— R y(z,y) | -
k 24 42 ’ 2 2 /22 1 .2 ’
US(I07y07’Zka) = exz(ﬂexp <’kao24>y0) A(U,U) or ay Amy/ +y
=0 =0 Note that although the scatterer is taken to be ‘infinitely thin’
where becausey(r) = v(z,y)d(z), we still consider the physical
A(u,v) = k3 (u,v) = k> Fo[y(z,y)] thickness of the scatterer to be firfitée. z # 0. Now, for an
arbitrary functionf <= f, where<= denotes the transform
= kQ//exp(—iux) exp(—ivy)y(x, y)dzdy from real space to Fourier space [23],
2 2
with spatial frequencies andv being defined by (382 + 052) fe= —(u?+ UQ)]?’
_ kjﬂ _ 27mxg o Y
- 20 - Azo 1 — 2 ’
and /172 + y2 A /uQ + 'U2
v "o _ 2myo. and we obtain
20 )\ZO

_ 2 2 2%
Here, F, denotes the two-dimensional Fourier transform, the A(u, v) = 2k"Vu? + v (u, ).

result being the standard expression for a diffraction patterngigyre 1 shows numerical simulations of the diffraction
in the far field or Fraunhofer zone [23]. patterns compounded in the (intensity) functions

) ) o ) ] ~ 2 d 2 2 | = 2
B. Diffraction by an Infinitely Thin Field [F(u,0) 7 and w407 [5(u,v) |

In the previous section, we derived the far field diffractiofSing & two-dimensional Fast Fourier Transform for the case
pattern for an infinitely thin scatterer. However, suppose thig1en the scattering function is given by the rotationally
scatterer also radiates a field generated by low frequerymmetric functions (for = /22 4 y2)

Helmholtz scattering from the same scattering function. What
is the contribution of this field to the diffraction of the same
incident plane wave within and beyond the extent of th@ unit amplitude Gaussian functibmwith standard deviation
scattereY? In this case, the scattered wavefield is given by) and (a unit amplitude disc function)

v(r) = exp(—r?/o?)

(under the Born approximation)
1, r<a
_ K V20, Y = kg () = 0, otherwise
Us = 7]{/‘789 X3 U; Ug, Ug = m X3 - ’ '

The analytical solutions, for the intensit
For an infinitely thin scatterer given by(z, v)d(z), y y

2 I =l ug [°
ud(z,y, 2, ko) = ko ®2v(z,y)
A y2 + 22 SR generated by diffraction from the scattereand
I :| Us |2

INote that the scattered wavefield is taken to exist within and beyond
the finite spatial extent of the scattergir),r € V, i.e.u? is not of compact
- I . - = 2 e g e . y
support since it is given by the convolution of a function of compact support “z should be taken to be a positive real ‘infinitesimal’ for all réal
with r—1, 3Taken by default, to be of finite extent.
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scatterery scales as\~—* whereas the intensity generated by
the field V2u? scales as\~®. However, the most significant
result is that diffraction for a scattering function produces a
pattern whose intensity peaks at the centre of the image plane
(a standard result in Fourier optics) but that diffraction from a

low frequency scattered field produces a pattern characterised
by a ring. The multiplicity of rings in either case is determined
by whether or not the scattering function is discontinuous.
IX. THE POISSONSPOT AND THE EINSTEIN RING

Consider the images given in Figure 2 which show an
example of a Poisson (or Arago) spot [25] and an Einstein
ring [26]. The Poisson spot (named after Simeon Poisson who
investigated the phenomenon in 1818) represents a landmark
in the history of science in terms of validating whether or
not light was a particle or a wave. The Poisson spot is a
bright compact feature (a spot) that appears at the centre of the
shadow of a circular opaque object. In Figure 2, the Poisson
spot is the result of laser light diffracting from the edge of
a ball-bearing. In a theoretical model of this effect, the ball-

bearing can be replaced by an infinitely thin disc. However,

Fig. 1. Numerical simulation of the intensity patterns for an Gaussidpecause this disc is opaque, the scattering function must be
function (top) and disc function (bottom) associated with the diffraction ‘ﬂefined by
a wavefield by an infinitely thin scatterey(z,y) (left - plotted using a

logarithmic scale) and the fiel2u? generated by the same scatterer. (r) = 0, r<a;
7 1, otherwise.
generated by the fiel#2u? are given by: and the Fourier transform (assuming an incident plane wave
4o T exp(ikz) that is of infinite extent over thér, y) plane) must
Li(ro,\) = 7727‘7 exp {_ (W)] be taken from-oo to —a and froma to co. This is equivalent
Zg At Az5 to computing the two-dimensional Fourier transform over all
and space and subtracting the Fourier transform avera. Since
47822 22 02rd x® X
I N =220 S e . .
2(ro, A) = 2 246 exp{ ( 2222 exp(—iuz) exp(—ivy)dzdy = 4725 (u)d(v)
for a Gaussian diffractor and, for a disc diffractor, wigh= oo
27;&, the diffracted intensity for an opaque object is
20 9
471'4(14 Jl(f) 4 4 2
I (ro, \) = mat (2J1(§)
and 167802 [ J1(€) 2 The fact that the Poisson spot occurs within the geometrical
Ir(ro, \) = 22 6 o ( ! ) ) shadow of an opaque object, is evidence that a particle and/or
A ¢ a geometrical theory of optics is invalid and that light must

Note that the Gaussian ring has a maximum whgn= therefore be a wavefield. This deduction occurred some forty
20)\/(v/2mo) and that, in the latter case, the diffraction patterpears before Faraday and Maxwell concluded that light was
is determined by the fjinc’ functionJ;(£)/{ whose first indeed a wave but one composed of electric and magnetic

minimum occurs wheg = 3.83, i.e. when fields - a direct consequence of the fact that the field equations
Ao derived by Maxwell for an electric and magnetic field can be
Tmin = 1-227 decoupled to yield a wave equation.

which is a classical result in (Fourier) optics - an Airy pattern o _ _
[23]. Observe that the magnitude of the intensity patterds Gravitational Diffraction
generated by the field&?«? is significantly less than the The Einstein ring shown in Figure 2 is an effect that is
scatterery, e.g. in the case of a Gaussian function conventionally explained in terms of the bending of light
2 2 o through the curvature of space (and time) by a mass. This is a
I,  4z°merg . . -~ '
= 2w consequence of the field equations for a gravitational field (the
! %0 Einstein equations [5]). In order to obtain an Einstein ring, the
and only ifro/A ~ z/zy will the magnitude become of the magnitude of the gravitational field must be relatively high

same order. Also observe that the intensity generated by sweh as that generated by a spiral galaxy. Further, in order
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to generate a near perfect (complete) ring, the entire gal
must be well aligned with regard to an observer in the ‘obje
plane’. The bending of light by a gravitational field has a |
analogy with the geometrical interpretation of light interactin
with a lens. At the edge of a lens, the light beam is ‘ben
(discontinuously) by the change in refractive index from a ;
to glass and from glass to air - the extreme edge of a lens & |
like a prism. Like an optical lens, gravitational ‘lensing’ will
produce distortions of the object plane when alignment of t %
‘earth-lens-object’ is imperfect. '
If we interpret an Einstein ring in terms of the results given
in Section VIII(B), then the ring is not due to light being benkig. 2. Diffraction pattern from the incidence of laser light with a ball-
(continuously) by the curvature of a space-time continuum begaring illustrating the Poisson spot (left) and an example of an Einstein ring
the result of the diffraction of a plane wave (i.e. light) by th glr:eesréeggcé l()r;i/ga;]ts)pwal galaxy (central feature) observed with the Hubble Space
field V2u? which is taken to be in the plane of the galaxy '
and to extend beyond it. This requires the magnitude of the

scattering function to be very large in order to compensate for . . . .
= — 0. If we model a (spiral) galaxy in terms of a Gaussiafcattering amplitude becomes independent of the scattering

function, then the ring associated with the diffraction pattef@9!€ 4and the intensity of the scattered field is proportional
given in Figure 1 is, in this sense, a simulation of the Einsteff A~ Thus, the sk_y Is blue, be_cause sunllght is scattered
ring given in Figure 2. The use of a Gaussian function to mo the glectrons qf air moleculgs in the terre_strlal aFmosphere
the macroscopic gravitational field generated by a spiral gala%ner""t'ng blue light preferentially arou!']d in all directions.
is intuitive as the edges of a galaxy will not be discontinuodg"ther, as the Sun approaches the horizon, we have to look
gnore and more diagonally through the Earth's atmosphere.
in the case of a black hole, the event horizon defines ¥ line of sight through the atmosphere is then longer and
edge. In such a case, we might expect gravitational diffractidi°St Of the blue light is scattered out before it reaches us,
to produce a number of concentric rings similar to thoggspecially as the Sun gets very near the horizon. _Relatlvely
associated with a Poisson spot, the black hole being modelB@re red light reaches us, accounting for the reddish colour
in terms of an opaque disc. Multiple ring patterns associat8§SUnsets. In other words, the™ dependence of the scattered
with a black hole are a prediction of the conventional bendirlgtensity implies that the atmosphere scatters green, blue and
of light by space-time curvature. The idea is that, close to tfiP!et light photons more effectively than yellow, orange,
event horizon, the gravitational field is so intense that Iigl?tnd red photons. As the Sun approaches the horizon, the

can be curved right around the black hole by 180 degreesRath Of light through the atmosphere increases, so more of
more to produce a ring associated with the light generati}f Short-wavelength photons get scattered away leaving the

by an object that exists in alignment with, and behind, tH@nger-wavelength photons and the Sun look progressively
image plane [26]. These multiple Einstein ring predictions afgdder. Raylggh Sca“e“”g in the a_tm_osphere also explains
based on arguments analogous to geometric optics whereas{ié the sun is yellow at mid-day. This is because the energy
multiple rings considered here are analogous to Fourier optiER€Ctrum (i-e. Planck’s radiation law]] for the Sun peaks
In this sense, we are interpreting a gravitational field to & the point ;/vhen the wavelength is that of green light (i.e.
generated by the scattering of a long wavelength Helmhoftz 47 > 107 "metres). Since the atmosphere filters out blue
wavefield, i.e. the fieldJ? defines a ‘gravitational field’. light and since blue and yellow light combine to give green
light, the Sun appears yellow.
Note that the A\=% scaling dependency associated with

B. Colour Analysis gravitational diffraction provides a method of validating or

Another feature of Einstein rings (complete or otherwisétherwise the theoretical model presented in this paper. We
is that, unless the source-galaxy system has been substanti@@ire a scenario in which the same Einstein ring is recorded
red shifted (when both the galaxy and the ring appear rednultaneously over a broad frequency spectrum (e.g. using
e.g. [27]), the colour of the rings is blue (as in the exampl@dio, infrared, visible and ultraviolet imaging) in such a
given in Figure 2) even, as in some cases that have baay that the intensities of each image (relative to a known
reported, when the galaxy itself is red [28]. If we acceptource that can be used for calibration) can be compared on
an Einstein ring to be a gravitational diffraction phenomena, quantitative basis.
then the intensity of the diffracted light scales &s® which The theoretical ideas established so far and some of the
explains the colour of the rings (blue light having the shorteshplications that have been discussed are without reference
wavelength in the visible spectrum). This is analogous to any physical significance of the scattering function. In
the explanation of why the Earth’s atmosphere is blue the following sections we examine the characteristics of this
colour. Under the Rayleigh scattering condition in which thecattering function by revisiting two wave equations in quan-
wavelength is significantly larger than the physical size ¢im mechanics, namely the Sdédinger equation (for the
the scatterer (when the Born approximation is valid), theon-relativistic case) and the Klein-Gordon equation (for the
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relativistic case). where, for constant’ andm,

X. SCHRODINGER SCATTERING I'=Mm
If we consider the diffraction of light by a material objectand 9
then physically, the scattering functionr) must describe _Vv (2’””0 _ 1>’ V= /d3r.
some appropriate property of matter (the material properties) m E “

that is consistent with electromagnetic theory. On the macro- ) o ]
scopic scale (i.e. many orders of wavelength) the relativ/PPose that a mass', placed in the vicinity of the field/?,
permittivity, permeability and conductivity are the basis fofXPeriences a forcé’ that is proportional td/m’ so that
defining Maxwell’s macroscopic equatior.[These material F = o2Um’
properties vary considerably from one application to the next.
They may be isotropic or non-isotropic functions of spac#herev? is a constant of proportionality. Then
time varying and fie!d varying (non-linear optics), for example. mm’ Muvk?

In electromagnetism, the use of the scalar Helmholtz equa- — G=——

. . ; . . 4
tion to develop the results given so far, is compatible only with " "

. . L ‘ o
the case when the relative permeability is 1, the conductivi?dv has the dimensions of velocity (i.&mngth.second ™).
e can then derive an expression for the wavelength of the

is zero and when the material is isotropic (i.e. the relativ 0 &9 A
permittivity is a scalar function of space). However, in term@€ld U’ in terms of the gravitational consta6t, i.e.
2w Co

of a universal wavefield theory, matter is ultimately composed B
of matter waves which conform to matter wave equations such
as the Schidinger equation.

The fundamental postulates of quantum mechanics are t

/!
o I'm

O 42

F =%k

warlwtereu is the frequency given by

Ao

E = hw andp = hk. Given that co |Gm E
E:p2 TRV v T 2mct — F
H 2m Note that for the frequency (and wavelength) to be a real
then iti i i
1 B2 om positive quantity, we require that
2 w2 E? E 2met > E
and the wave equation so that
2
1 92 11 2mey
2 _ _ -1>0 = > 0.
- == t)=0, —=-=(1 gl
(V c? 61&2) (r:1) T2 cg( +7)

Also note that becausehas dimensions of velocity, the ‘force

can be written in terms of the Helmholtz equation A : ) )
field has an associated ‘speed’.

2mc? ; .
(V2 + k2)u(r, k) = —k2yu(r, k), ~= me 1 The inhomogeneous Helmholtz equation
2 2
Note that for a potential energy functidri, when (V2 + L;;) U= —%’yu
0 0
2
p
E=—+FE where
2m +

_ e fy:chg(E—Ep)/EQ—l
the scattering function is given by
2mc3(E — E,)
/7 = E2 -

is the Schodinger equation in ‘disguise’ in the sense that if

1. w — wy WhereE = hwq, then

In either case, we note that Séldinger’s equation is obtained

when the angular frequencies definihgand E' are the same.

Thus, the scattering function associated with the Helmholtz 9

equation given above is, in this sense, a generalization
Schibdinger’s equation where the wavefield(r,¢) can os-

cillate at any frequency less than, or significantly less than

the frequencyw; say, associated with a matter wave of ener
E = hw;. Schidinger’s equation is therefore taken to be
‘product’ of the limiting casew — w;*.

Defining the scattering function in this way, we note that

o _ kol

S 4mr2?

4An entirely phenomenological argument (like Sadinger's equation
itself).

(V2 + kD )u = yu
where
_ i

2mE 2mE,
of 1= Cg - :

TR 12
Given that Proca’s equations can be decoupled to produce

and v =

inhomogeneous Klein-Gordon equations foand A, we can

gXdopt the same procedure to obtain the following inhomoge-

a

neous wave equations for the non-relativistic case, i.e.
1 62 1 0%¢ p
V- 5 — )=y 5= = ——
( 2 8t2) 9(r,1) 70(2) ot? €0
and
1 02 1 92A

P 5 — A ) — Y55 = —Hoj
(V c? 8t2> (r,%) 7(% ot? Hiod,
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Maxwell’'s equations being modified to the form can thus be written in terms of the Helmholtz equation as
2
v-B=L_5508 VB0 (V2 + k2)u(r, k) = —k*yu(x, k)
5 0 0 5 52 where~ is the ‘Klein-Gordon scattering function’ given by
B E 1 0%A
E = — — B = i — —_—_—. 2 4
V x ot ’ V x IU’O.]+60/1'O ot +7C(2) o2 ,y:_m Co
E2
) 0 0 . 0 .
The fields¢, and A (the equivalent of/;)) are given by The field 70 is then given by
k2T P
o_ Mo k3T
¢ 4r? * 4mepr? vl =29 5
d 4mr
an
k2T J where (for constanf’ andm)
A =g 70 + 05, hy = AL/ AL
‘ drr?2  4qr? ’ ’ T— Mm? M- gV
where, for time-independent functiopsand J, = Mms - E2

We note that in this casd/? is proportional to the square
of the mass and is of negative polarity compared to the non-

P:/p(r)d3r and J:/j(r)d3r.

v v relativistic case, i.e. it will generate a repulsive force on a
Note that for the limiting case whew — w; we obtain particle of massn’ given by
modified Schddinger equations fo$ and A given by 2!
F=-@G
(V24 ko =mo— 2 2
and XII. | NTERMEDIATE SCATTERING
(V2 + kDA = A — poj. Since (for positive energies)

In the context of the results above, we might interpret the 5 L D ) p?
field U0 in terms of a low frequency electric scalar potential (in £ = \/P?cg + m?cy >~ o— +mcj, —— <<
s ' . . 2m m2cj

a charge free environment wigh= 0). In this sense, we could

interpret the field/? as an ultra low frequency electromagneti
field in terms of an answer to the question: how long does oU n_, 9
a radio wave have to be before it becomes something else? thor = —5 VU +meU
However, in the universal wave model considered here, fiel\%%
such asp and A are subservient to the wavefield characterisq%

: L g : consider the intermediate scattering problem (intermediate
by a governing wave equation in a similar sense to the rationgle, o Sclirdinger and Klein-Gordon scattering) we need
associated with the derivation of the Proca equations. Th%l

g’derive a wave equation that unifies both the 8dimger
the issue as to whethel; is interpreted in terms of an q 9

electromagnetic, gravitational or quantum field is redundant,
least in the conventional sense. Rather, we consider all fie
such asp to be a characteristic of wavefields interacting over
a broqd freq_uency range. In th|§ sense, the use of a sc erential equation that achieves this unification is (derived
wavefield U in quantum mechanical equations such as tq . .

- . . : : @rough induction)
Schibdinger and Klein-Gordon equations is also being use
in the interpretation of electromagnetism and gravitation. Field V2 _ 107 U=K.U
equations such as Maxwell's and Einstein equation’s must be c? Jtd "
re-interpreted and derived from a universal wavefield approach

i ' i iof2/1g1
alone, along with the physical interpretation of an electric aﬁNohere ¢ having fractional dimensiod.”?s™")

we recover Sclidinger’s equation

ich now includes the rest mass energy temefU. In order

and Klein-Gordon equations. One approach to this is through
@tg introduction of a fractional time derivative? /dt?, 1 <

< 2 wheregq = 1 provides Schiidinger's equation and
= 2 yields the Klein-Gordon equation. A fractional partial

gravitational field. 1 [2m S|
@~ \in) 2o
Xl. KLEIN-GORDON SCATTERING 0
For the relativistic case and 92-q,.2 "= 1:
B2 — pZCg + mQCé K, = {agq(q _ 1)52((;—1)’ n=2.
and 9 2 9 The function K, provides unification for the Schdinger

2
Lk _pr 1 mqg equation with(n = 1) and without(n = 2) the rest mass

2 2 g2 2 2
¢ W B g B term, the constant, with fractional dimensior,2(¢=2)/(2=),
The wave equation being required to yield dimensional compatibility. With
1 02 1 1
V:— < |U(r,t)=0 — =1
( c? 81&2) (v,%) ct cg( +7)
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we can then write

where

2—q
2
v = ( ”_””0) —1=(-2ir)*>" 7~ 1.

1 H3a/2
S Uy (r,t)d®
pm e [r@uie s

1 092

4
[ K, (r)U;(r,t)dr
47768/2 ota/? V/

and that in the ultra-low frequency range (i.e. in the limit as

ih
.. . . . . . Wo — 0)1
Defining a fractional differential in terms of the Fourier Y
i Uy = — @37 — — Q3 Ky
transform, i.e. drr 4
8(1 - - 0 - .
- Ulr,t) (i) u(r, w), In this case, the field/] is given by (for constany and k)

|4
U = (W — Kn)

we have 5 T Anr2
2 2\, _ 02
(V24 @) u ==+ Ko which is zero wheM)3~y = K,, or when
where
- \a - Na/2 —9)(@=2)/a(a=2)/a g }/a
02 — 7(%2) Q-4 (iw) ko — (—2) ! .
i i (1 _ u/zzf—q) g

The Born scattered field is then given by

Us = 929(7", w) ®d YuU; — g('f’, w) ®3 Knuz

where (i)
exp(iQr
g(r,w) = pi

47r

XIIl. | NTERPRETATION

If we define a gravitational field (for a spherically
symmetric scatterer) to be given by the fidlif then the
interpretation of what gravity is must change. According to
the universal scalar wavefield model considered in this paper,

The time dependent Green’s function can be evaluated usingravitational field is due to the scattering (by a material
the series expression for the complex exponential term by teoject composed of a spectrum of matter waves) of very low
as follows (taking2 = —i(iw/cy)?/? to give consistency with frequency scalar Helmholtz wavefields. Thus, if two bodies
the ‘outgoing free space’ Green’s function in the case wheine in proximity, then each body will scatterer low frequency

q=2) waves and each will interact with the scattered wavefield
oo _ /2 generated by the other, both experiencing an attractive (in
Grt) = 1 / dw exp(iwt) exp|(iw/co) =] the non-relativistic case) gravitational force givendyn'U?
2m 4mr where m’ is the mass of the other body. In this sense, we
B define gravity as follows:
:ﬁi dw exp(iwt)[1 + (iw/co)? *r Two bodies are attracted to each other because each

‘detects’ the ‘gravity waves’ scattered by the other in the
non-relativistic case

—00

1, S(t) 1 _gp 092
4 q,.2 _ q/2
—|—2!(2w/00) Tt 4dnr + 47 ota/? ®)

However, the term ‘gravity waves’' used here is not the

= 1 §nt+1)a/2 same as that used in general relativity. The term relates to
+to- Z 1 'r”co_(’”rl)q/zW (t). the low frequency components of a scalar wave spectrum
mi (n+1)! t and must be interpreted within the context of the limiting

Inverse Fourier transforming and using the convolution thegonditionk — 0. _ _
rem, the time-dependent scattered field is given by The model provides results that are compatible with observ-

. able characteristics of a gravitational field: (i) a gravitational
TﬁG(T’ t) ®3 @YU; — G(r,t) @3 @K, U; field is a weak field; (i) a grqyltat|onal .fle|.d is characterlzed
co Ot by an inverse square law; (iii) a gravitational field deflects
where @, denotes the convolution integral ovérand U, light; (iv) gravity is an attractive only force. However, in this
and U; are the time-dependent scattered and incident field¥del, the “deflection’ of light is not taken to be due to the
respectively (i.e. the inverse Fourier transformsugfandw;, bending of light as it travels through a curved space-time
respectively). We note that for — 0, manifold (Einstein’s model) but through the diffraction of light

1 1 99U 1 (and other electromagnetic radiation) by a gravitational field. It
— e — —— ®3 KU should be noted that, according to this model, gravity waves
dmr cp Ot Amr (as understood in terms of Einstein’s equations) can not be
5 _ _ _ measured. The attempt to detect Einstein gravity waves (i.e. the
For notational convenience, we have usEd to represent the time-

dependent wavefield/s (r,t) which should not be confused with the usedravity Wavgs predictgd .by gener?" reativity) is _the equivalent
of Us(r, k), k — 0 in Section VIl orU? as used in Section VIII. of constructing a weighing machine to weigh itself! Rather,

U, = —
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we are ‘detecting’ gravity waves all the time, the effect of thisigenfield. This ‘eigenfield’ may have a number of eigenstates,
‘detection’ manifesting itself in terms of the ‘force of gravity’each with a specific energy level. The difference in energy
we are all accustomed to. between the free energy state and the available eigenstate(s)
The attractive only condition is valid for the non-relativistiqorovides a residual energy, i.e. a free energy wavefield with
case (i.e. for the Schbdinger scattering function). In thefrequencyE/h. Once formed, the eigenfield will not share its
relativistic case, although the gravitational fielff is still eigenstate(s) as this will require greater energy and hence,
weak, it depends on the square of the mass and generditeanother electron comes in to the vicinity of the neutral
a repulsive force. Note that in the case of the 8dimger hydrogen atom, it will appear to undergo a repulsive force. On

scattering function with potential enerdy,, then the other hand, since the combined eigenfields associated with
2me2(E — E,) two hydrogen atoms requires lower energy than two separate
y>0 = —90— P _ 1590 eigenfields (i.e. two hydrogen atoms) then the result is the

) B ) diatomic Hydrogen moleculél, - the result of a covalent

However, for any matgrlal_charact_erlsed by a Case V‘@e'} ~bond. In this sense, an electric field is not the product of a
E, 'Fhe scattermg fur_1ct|on is neggtlve and the gravitational f'e!ﬁ]arge, rather it is that entity associated with the propensity
defined byU? will yield a repulsive force. for a free wavefield to become an eigen wavefield. A magnetic
field is then a measure of the rate of change over which this

XIV. PRINCIPLE OF EIGENFIELD TENDENCY: QUANTUM propensity is satisfied, i.e. [f(r,¢) exists such that
MECHANICS REVISITED

Given the approach considered in this paper, an eigenfield // | U(r,t) |* drdt
tendency principle is required in order to explain the properties
of matter as described by Sddinger’s equation (in the non-is a minimum, then
reIat|y|st|c case) as originally conpelved b_y.SﬂnHInger [6]. Electric EieldE
For different potential energy functiods,(r), it is well known Free Wavefield . Ei '

. . . . ) gen Wavefield

that this equation describes eigenfield systems that can be used Magnetic field 2E
to model the properties of matter through the principles of ot
quantum mechanics (in the full context of the subject). THdote that the transition described by Free Wavefiel&igen
original reason for deriving the Sdbdinger scattering function Wavefild may have both magnitude and direction since a
was so that the asymptotic behaviour of a scattered Helmhditge wavefield will attempt to find the shortest possible path
wavefield (i.e. whens — 0) could be examined. However,in a three-dimensional space in order to become an eigen
the consequence of this is that the Helmholtz equation is twavefield. An electric field will therefore appear to be a vector
governing wave equation only over a limited frequency barfi¢ld. Further, if the transition has no directional preference,
and that as the frequency of a wavefield increases (i.e.thgn an electric field will appear to have a Coulomb field
w — wi) the Helmholtz equation reduces to the Sutinger strength characterised by an inverse square law.
equation. If we consider the Sdittinger equation to represent The principle of eigenfield tendency is just the principle
eigenfields (at least in terms of its description of matter waves), least energy as applied to a universal wavefield model of
then we can argue that at the higher end of the our univerfiaé¢ type attempted in this paper. It is, however, a principle
spectrum, wavefields tend to behave more and more likdnich allows us to explain an electric field without having to
eigenfields. Matter is thus taken to be composed of eigenfigkfer to the concept of a field being ‘radiated’ by a charge!
systems at higher and higher frequencies; first the atom, tHesr example, ‘electron cloud’ repulsion theory (Valence Shell
the nucleus, then the constituents of the nucleus (the quark#ctron Pair Repulsion) is used to predict shapes and bond
and so on. Equations such as Salinger's equation and angles of simple molecules in which the ‘electron cloud’ may
Dirac’s equation are both descriptions for eigenfield systerhs a single, double or triple bond, or a lone pair of electrons - a
at different energies (non-relativistic and relativistic energig®n-bonding pair of electrons. The ‘electron clouds’ are taken
respectively). to be negatively charged since the electrons are negatively

In the context of matter being an eigenfield described harged, so electron clouds repel one another and try to get as
solutions to Schiidinger's equation, consider the case of tar away from each other as possible. Instead of considering
free electron and a free proton and the formation of hydrogéme electron cloud to consist of negatively charged electrons,
gas. In conventional (particle) terms, an electron and a protee consider the cloud to be a eigenfield which arranges itself
have the same charge but of opposite polarity. This attradtssuch a way that it can exist in a minimum energy state, a
the particles to form a neutral hydrogen atom, an effect whisliate that affects the geometry of the molecule. In a simple
requires the introduction of a field, namely, an electric fieldiydrogen atom, for example, the eigenfield will be distributed
In terms of a wavefield theory, both the electron and prot@ymmetrically because, in a three-dimensional space, spherical
are waves. In an ionised state, the electron is a free wave aythmetry represents the most energy efficient configuration
the proton (relative to the electron) is a potential which ighich is equivalent to the electron wavefield ‘experiencing’ a
itself an eigenfield system (consisting of a higher frequen&oulomb potential.
spectrum - the ‘nuclear spectrum’). The free wavefield requiresThe eigenfunctions that are the solutions to the &dimger
greater energy to exist in a free state and hence, basedeguation for different materials will not necessarily be com-
the principle of least energy, will ‘attempt to exist' as amlete eigenfunctions. In some cases, solutions only allow for
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the existence of quasi-eigenfunctions. In conventional atongense, the Fermi energy defines the (energy) bandwidth of a
physics, quasi-eigenfunctions are incomplete standing wayeenductive) material composed of a quasi-eigenfield.
more commonly referred to a delocalised electrons. These ar&Vith an atomic number of 79, gold is the heaviest of the
electrons that exist in the ‘lattice’ of a material but are free tmost conductive elements in the periodic table, i.e. the product
move and provides a material with the property we refer to aéthe conductivity with the atomic numbet(3.57x107cmS?)
conductivity. This includes materials such as various metdtsr gold is larger than any other element. If it were possible
and chemicals (e.g. Benzene which is composed of a rit@ reduce the total energy associated with the total quasi-
of delocalised electrons). The principle difference between aigenfield of gold such thak < E,, then the result would
eigenfield and a quasi-eigenfield, is that a quasi-eigenfield hms a scattering function that is negative. This requires the
an energy spectrum, albeit a narrow one. Fermi energy of gold to be reduced, the most influential

The Schodinger scattering function for matter waves is factors being temperature and volume. Clearly, if the number

P of electrons per unit volume: is reduced then so is the
mc§(E — E,) i . - .
Y= T 1. Fermi energy. In terms of a physmal mater@lls determined
by the number of atoms defining the physical extent of the

In a macroscopic sensef, is the total potential energy material. This suggests an experimental investigation of the
associated with all the nuclei from which a material of compagkyogenic properties of M-state (mono-atomic) gold. M-state
support is composed and' is the total energy associatedyo|d is a white powder and is an example of a nano-material
with the electrons. In the case of elements such as golghere each of the nano-metre size grains are clusters of a
the arrangement of electrons around the nucleus is such &} hundred atoms. Like other M-state materials, the surface
a single electron occupies the outermost shell and is gfba is huge compared to the metallic (macro-crystalline) form.
example of a quasi-eigenfield, i.e. a relatively free wavefietth,s, with the volume of each grain being small enough and
(a free electron) that is only loosely bound to the host atofpe temperature of the material being low enough, it may

Successive energy levels are contained in a small energy raggepossibly to reduce the Fermi energy to an extent where
dE and are so close that, in effect, a continuous energy E, for the material as a whole.

spectrum is formed. Each energy level in this spectrum can
accommodate a left-travelling and right-travelling wave (‘spin-
up’ and ‘spin-down’ electrons - Pauli’s principle) and these
free electrons will distribute themselves throughout the energyThe results developed in this paper encapsulate a phenom-
band from O to some valug. Irrespective of any particular enology where the Helmholtz equation is, in effect, being
system, the number of possible modes of oscillation per upiéed in an attempt to develop a unified scalar wavefield
volumedn in a frequency range to v + dv for waves with theory where the wavefieldi(r,w) is taken to exist over

XV. DISCUSSION

a propagation velocity of is given by a broad range of frequencies limited only by the Planck
A2 dy frequency. At very high frequencies, is taken to describe

dn = a3 matter waves which are characterised by relativistic (Klein-

Gordon and Dirac equations) and non-relativistic energies

With E = p®/(2m) = hw andp = hw/c = E/c, then (Schibdinger equation) associated with nuclear and atomic
hdw physics respectively. At intermediate frequenciess taken to

p
dp c and dE = Edp = hdw. describe waves in the ‘electromagnetic spectrum’ and at low

The number of states per unit volume in the energy interngquenCi?Su is taken to describe waves in the ‘gravity wave
dFE is therefore spectrum’. . .
N The structure of .matte.r, _the characteristics .of light aqd
dn(E) = (2m°)2 B> E other electromagnetic radiation and the properties of gravity
2m2h3 become phenomenologically related via Helmholtz scattering
and thus, the total number of electrons per unit volume in tger different frequency bands. Low frequency waves (gravity
energy spectrunf0, F) is® generating waves) are scattered by high frequency waves
s (matter waves) to produce a gravitational field; intermediate
(2m3)é ) (2m3)é 5 frequency waves (electromagnetic spectrum) are scattered by
n(E) =25 573 /EQdE =25 o5 L7 high frequency waves (e.g. a lens) but can also be scattered by
0 the field generated from the scattering of low frequency waves

Herem is taken to be the mass of an electron. Note that # Produce gravitational diffraction. In this sense, ‘physics’
the material is in a ‘ground state’ then the available electroR§Comes the study of waves interacting with waves at vastly
will occupy the lowest possible energy level. Further, if thifferent frequencies, the breadth of the spectrum ‘reflecting’
total number of electrons per unit volume is less than the totR instantaneous birth of the universe - the ‘big-bang’ - since
number of energy levels available in a band (the bandwidth fréquires (noting that the Fourier transform of#unction

the material), then the electrons can occupy all energy states® constant over all frequency space) a short impulse to

up to a maximum energ¥ma.. - the Fermi Energy. In this 9enerate a broad frequency spectrum. However, in attempting
to derive a ‘wavefield theory of everything’ we must re-

6The factor of 2 is because of Pauli's principle. interpret the nature of an electric field using the principle
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of eigenfield tendency. Thus, instead of contemplating
electron in terms of a particle with a negative charge th
‘radiates’ an electric field and is attracted to particles with
positive charge (which also ‘radiate’ an electric field), we cag *=
visualise an electron in terms of a wave which is ‘attracte gy
by the ‘requirement’ (through the minimum energy principle;
of becoming an eigenfunction (a standing wave with lowe\
energy than a free wave) whose properties are determin® S
by the potential energy associated with the atomic nucles =S
which is itself, a higher (nuclear) frequency eigenfield syste
(quarks).
The form of the wave equation

O it i

-5

3

)

dictates that must be of finite value. If a wavefield (WhatevelFig- 3. Example of fractal waves by the Japanese artist K Hokusai from the
. . . 1800s illustrating waves of different scale in both amplitude and wavelength.

the wavefield may be) was to convey information from one

point in space to another instantaneously, then the second

term of the above equation would be zero; the ‘wave equa- = = .
tion' would be reduced to ‘Laplace’s equatioW2u — 0. electric field in terms of a charge. If we consider the structure

Einstein’s principal postulate is that the upper limit at whicff matter at the atomic, nuclear and sub-nuclear scales (indeed

any wavefield can propagate is the speed of liglih a perfect at all spales down to'the scale of the Pla_nck Iengt'h) to be
vacuum and thus < ¢,. In a more general perspective, théietermlneq by eigenfields, then_ thg guestion remains as to
rationale associated with the fact thatmust have a finite why eigenfield systems should ‘kick-in" at the atomic scale? If

upper bound is that the influence of any physical wavefieme principle of eigenfield tendency applies at all frequencies

on any measurable entity can only occur in a finite peridgen Why do we not observe equivalent naturally occurring

of time and that there can be no such thing as instantane&ifgenfield systems in the electromagnetic spectrum? Perhaps
‘action at a distance’, i.e. as Issac Newton putTihat one W€ do under special circumstances, e.g. ball-lightning.
body may act upon another at a distance through a vacuum,he approach to unification considered in this paper has
without the mediation of anything else, by and through whicfielded a number of questionable and speculative results. The
their action and force may be conveyed from one to the oth@Rly experimental evidence offered in confirmation to our
is to me so great an absurdity, that | believe no man wHyodel for a gravitational field is a possible explanation as
has in philosophical matters a competent faculty of thinking® Why the Einstein rings associated with near field galaxies
can ever fall into it. Taking Newton’s own termmediation Observed by the Hubble Space Telescope are blue. However,
requires the propagation (of information), but propagation #tshould be noted that this ‘evidence’ is most typical of Carl
infinite speeds is not propagation and thus, we postulate tirgpper’s principle that all observation statements are ‘theory
instantaneous fields are not possible, i.e. the speed at whidg¢en’ and that other explanations may be possible that are
wavefield propagates must be finite for a wavefield to exist. [ROre appropriate in terms of established physical models.
this context, the results developed for this paper highlight theln general relativity, the curvature of space-time bends light
idea that the ‘physics’ of a wavefield is more fundamental thdly the same amount irrespective of the frequency - there
the ‘physics’ of a field. This principle should be considered ii$ no dispersion relation. The~¢ scaling law associated
light of the fact that the one property common to the principa¥ith gravitational diffraction may be validated (or otherwise)
field equation of physics (e.g. Einstein’s equations, Maxwellfsom appropriate simultaneous observations of the same Ein-
equations, Proca’s equations), is that they all describe wastein ring (complete or otherwise) at different wavelengths.
phenomena - at least in an ‘indirect’ sense. In the case @ther consequences such as a gravitational field generating
Proca’s equations, the field equations are derived with tBerepulsive force that is proportional to the mass squared in
singular aim of ensuring that they can be decoupled to yiellde relativistic case remain of theoretical consequence only.
the inhomogeneous Klein-Gordon (wave) equation. However, it is noted that inflation theory (the expansion of the
The underlying philosophy associated with the approaérly universe) requires gravity to be a repulsive force.
considered, is based on a ‘waves within waves’ model, i.e.The model considered in this paper leads to the proposition
to quote an old Chinese proveflm every way, one can seethat a gravity field is regenerative and exists through the
the shape of the seaThis is a universal self-affine or fractalcontinuous scattering of existing low frequency Helmholtz
model in which the ‘fractal field’ is a scalar wavefield, avavefields. This proposition may provide an answer to the
symbolic representation of the idea being given in Figure ®llowing question: If nothing can escape the event horizon
As the frequency increases, a wavefield tends to becomeddna black hole because nothing can propagate faster than
eigenfield. This principle is required to explain the structudgght then how does gravity get out of a black hole? The
of matter and much of the discussion given in Section Xldonventional answer to this question is that the field around
is quantum mechanics revisited without the need to define arblack hole is ‘frozen’ into the surrounding space-time prior
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to the collapse of the parent star behind the event horizon aanttl/or a low frequency scattering effect, then in order to
remains in that state ever after. This implies that there is mocount for the lack of propagation delay, it must be assumed
need for continual regeneration of the external field by caughht the speed of gravity is greater than the speed of light. This
agents. In other words, the explanation defies causality. In tisecontrary to the Einsteinian postulates if these postulates
model presented here, the gravitational field generated byar@ taken to apply to all wavefields irrespective of their
black hole or any other body is the result of a causal effect - theavelength. The model presented here assumes that the speed
scattering of low frequency scalar waves. In this sense, a blawfkgravity is the same as the speed of light However, the
hole is just a stronger scatterer than other cosmological bodésymptotic resulit — 0 used to define a gravitational field
and a gravitational field ‘gets out of a black hole’ because yields, what will appears to be, an instantaneous effect from a
was never ‘in the black hole’ to start with. wavefield that is taken to propagate at the speed of light. The
Propagative or wave theories of gravity have been proposadvelength is so long compared to the distances associated
for many years. In 1805, Laplace proposed that gravity iswith a Sun-Moon-Earth system, for example, that the speed
propagative effect and considered a correction to Newtorg gravity will appear to be significantly faster than the speed
law to take into account the observation that gravity ha¥ light (i.e. U? is observed to be an instantaneous field).
no detectable aberration or propagation delay for its action.
Laplace’s ideas were advanced further by Weber, Riemann, XVI. FINAL COMMENTS

Gauss and Maxwell in the Nineteenth Century using a variety|n terms of the fractal wavefield model considered here, the
of ‘corrective terms’. In 1898, Gerber, developed a propagatiygavitational force is a consequence of very long wavelength
theory that took into account the perihelion advance of m&fraves and is therefore a long range force. Electromagnetism is
cury and in 1906 Poincarshowed that the Lorentz transformy consequence of intermediate wavelength waves which exist
cancels out gravitational aberration. After the success of g&f¥ poth free wavefields and eigen wavefields at the atomic
eral relativity (1916) for explaining gravity in terms of a geoscgle, the transition from one to the other creating an ‘electric
metric effect, propagation theories were discarded. Howevgg|q'. The strong force is a consequence of a nuclear eigen
more recently, attempts at explaining gravity in terms of causghyefield where the values af = Fiw and p = hk are
effects through a ‘propagative’ force have been revisited [2§] the relativistic energy limit. The weak force (associated
as debate over the basic Einsteinian postufdtes intensified. \ith radioactive decay, for example) is explained in terms of
Moreover, from Laplace to the present, propagation theorige transformation of a nuclear eigen wavefield to a more
of gravity consider an object to be ‘radiating’ a field (in &taple form allowing for the emission of a free wavefield
passive sense). If general relativity considers gravity to be @ antum 'tunneling effect’ when the potential barrier is low).
result of an object warping space-time, then the propositigiyr example, Rutherford scattering (the scattering of alpha
reported in this paper is that gravity is the result of an objeghyrticles from gold nuclei which historically provided the
scattering (long wavelength) waves that already exist as partgfsic model for the atom) is an example of a free (nuclear)
the low frequency component of a universal spectrum whighayefield, interacting with a stable eigenfield system which
is, itself, the by-product of the ‘big-bang’. The compatibilityconsequently appears to exert a repulsive Coulomb force. At
of this approach with general relativity might be realised ifjs frequency range the governing equation is 8dimger's
the wavefield as taken to warp space-time so that space-tiggation which has a far field scattering amplitude determined
is the medium of propagation. by the three-dimensional Fourier transform of a Coulomb
Any propagation theory of gravity must address some bagigtential. Thus, as a function of the scattering aryle
known observations: (i) Gravity has no detectable aberration o
gr propagation d.e!ay for its action Ieadmg to gffects prgdmted AD) = .271' /sin {ri sin (9)} o (r)rdr
y general relativity such gravitomagnetism(ii) the finite ksin (%)
propagation of light causes radiation pressure for which gravity
has no counterpart pressure. These results represent the randtfor the screened Coulomb poteritial
vital evidence with regard to gravity being a geometric and exp(—ar)
not a propagative effect. For example, in an eclipse of the yir)y=——=, a>0
Sun, the gravitational pull on the earth by this 3-body (Sun- . "
Moon-Earth) configuration increases. By comparing the del¥jf oPtain (fora — 0)
in time it takes to observe the visible maximum eclipse on - o2 -1 -
Earth (which can be calculated from knowledge of the distancé(6) (1 + [ (9)} 2)
2

T 12.n2 (0 . T 2an2 (0)
of the Moon from the Earth) with the equivalent gravitational k?sin® (3) 2k sin k2 sin® (3)

maximum, then if gravity is a propagating force, it appears tphe intensity (scattering cross-section) is therefore inversely

propagates at least 20 times faster than light! [30] Irrespectiyoportional tosin?(6/2) which is the basic ‘signature’ of

of whether this value is valid or not, a fundamental issuRutherford scattering. In terms of neutron scattering, a neutron

remains, which is compounded in the question: what is the a free nuclear wavefield which, during its life time, is

speed of gravity? If we consider gravity to be a propagatiqfhable to combine with an existing nuclear eigen wavefield
until it does, in some cases producing unstable nuclear eigen

"The invariance of the propagation of light in a vacuum for any observer
which amounts to a presumed absence of any preferred reference frame. 8Required in order evaluate the integral over
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wavefield systems which transform into new stable systenig]
involving the emission of free wavefields, i.e. nuclear fission,

Note that the principle of eigenfield tendency in which free”
wavefields tend to become eigen wavefield in order to achieve]
a minimum energy is equivalent to the least action principlﬁ.o]
In field theory - in this case, the wavefield(r,t) - the
Lagrangian densityC is a functional that is integrated over[11]
all space-time, i.e.

S[U] = / / LU, 0,U)d*rdt

(12]

(13]

where, using ‘relativistic notation’, [14]
15
9 = (0% V), 0" =("-V), i
[17]
0 _ 19 o iiQ _ w2
= cat and 8#8 = 02 6t2 V . [18]

The Lagrangian is the spatial integral of the density arngy,
application of the least action principle yields the Euler-

Lagrange equations g(l)}
LC -0 _oc_ + oL _ 0 22
su ~ " \a@.0)) Tau ~ [22]

which are then solved fol/. 23]

The wavefield approach adopted in this paper is consistent
with the basic concepts associated with Beand Unified [24]
Theoriesof C H Tejman [31] and in one sense, we hav§5]
attempted to explain the example images given in Figure[%]
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