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Preface

The progress of Science has had its share of twists and turns, whether

it be at the beginning of the nineteenth century or the beginning of the

twentieth century, in more recent times. On these two occasions new ideas

had to be invoked, indeed were forced upon us which led to a paradigm

shift−−the Atomic Theory and its consequences in the nineteenth century

and Relativity and Quantum Theory in the twentieth century. After a

century of dedicated and even frenetic work by some of the greatest minds

in the world, it is now becoming apparent that we have reached yet another

such turning point.

The attempts to provide a unified description of Quantum Theory and

General Relativity or Gravitation have led to approaches like the String

Theory and Derivative Theories. There has been impressive progress, par-

ticularly in String Theories over the past few decades. At the cosmic scale,

the Standard Big Bang Cosmology had been perfected. A complete de-

scription of the Universe seemed to be falling into place.

This rosy picture was spoilt in the last years of the twentieth century.

On the one hand, we were suddenly confronted with the realization that

far from a decelerating Universe, being held back by Dark Matter, the

Universe is actually accelerating, driven by Dark Energy. Indeed this had

been predicted by the author in 1997 itself. At the micro scale, slowly the

realization dawned that the various String Theories were leading to more

and more exotic but unrealistic scenarios−−our expectation of a Theory of

Everything remained far from reality.

We would like to suggest that we are confronted with yet another

paradigm shift. Rather than the reductionist approach which was at the

heart of twentieth century physics, perhaps we have to invoke a Universe

that is “Thermodynamic” in nature, in that fundamental properties result

v
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from collective or cooperative phenomena. That is the theme of this book,

which is based on some hundred papers written by the author over the past

decade as also two books, “The Chaotic Universe: From the Planck to the

Hubble Scale” published by Nova Science, New York and “The Universe of

Fluctuations” published by Springer.

There are some satisfying features. Firstly, there is contact and agree-

ment with experiment and observation. Indeed as Prof. Abdus Salam

would say, “experiment is at the heart of physics”. Secondly, established

conventional theories follow as suitable limiting cases of the present ideas.

Furthermore, the ideas are simple and explain several phenomena at once

whether it be a mass spectrum formula that gives the masses of all known

elementary particles (and predicts others) or the deduction from theory of

the supposedly miraculous, but empirical Large Number relations−−and

so on. This is very much in the spirit of science, finding a common denom-

inator for the goings on in the Universe.

Following the suggestion of some important reviewers, the book has

been written with a pedagogic flavour so as to be accessible to a larger

audience of graduate and informed students. This has been done at the

risk of being repetitive on the one hand, and on the other several simple

references have been given.

I would particularly like to express my thanks to my friend, Prof. Wal-

ter Greiner, Director of the Frankfurt Institute for Advanced Studies, for

his encouragement and suggestions and Mrs. Y. Padma for painstakingly

preparing the manuscript.

B.G. Sidharth

B.M.Birla Science Centre

Hyderabad

December 2007
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Chapter 1

The Limits of Physics

1.1 Our Scientific Legacy

From time immemorial, human beings have observed the universe around

them and have tried to understand and explain the phenomena they saw.

In the process they built models, that is described new events in terms of

concepts they already knew. This has been an ongoing process till date.

The earliest known model builders of the universe were the composers of

the hymns of the Rig Veda, some ten thousand years ago. With amazing

insights, they described the Earth and sky as two bowls [1]. They went on

to describe the Sun as a star of the daytime sky and even asked, how is it

that though the Sun is not bound it does not fall down? And so on and so

on. For the ancient Egyptians of four to five thousand years ago, the sky

was supported, at the extreme ends by mountains.

Perhaps the earliest model of what we today call microphysics was proposed

by the ancient Indian thinker Kanada who lived around the seventh century

B.C. For him the universe was made up of ultimate sub constituents which

were in perpetual vibration [2]. Later Greeks also had an Atomic Theory,

which they may or may not have acquired from India. But there was a

crucial difference. Their atoms were static.

Our legacy of modern science came from these Greeks who built up over

a few centuries, an even more complex cosmic scheme in which the Earth

was at the centre, surrounded by a series of transparent material spheres

to which the various heavenly objects like the Sun, Moon, planets and

stars were attached. The material spheres were necessary, for, otherwise

they would have had to explain why the Moon doesn’t crash down on to

the Earth, for example. These were spheres because Plato had preached

that the circle (or sphere) was a perfect object, due to its total symmetry.

1
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Furthermore these spheres would be in rotation to explain the drama of

heavenly motions.

As the observations became more and more precise, the above simple model,

first put forward by Anaximenes around 500 B.C. needed modifications [3].

For instance the centre of a sphere would not coincide exactly with the

Earth, but rather would be eccentric, that is, slightly away from it. Then

the spheres themselves had to carry additional spheres called epicycles,

themselves spinning and the objects were placed on top of the epicycles.

Ptolemy the Librarian of Alexandria compiled all this knowledge in two as-

tronomical treatises, only one of which, the Great Astronomer or Al Megast

survived. The Ptolemaic universe was a complicated tangle of such spheres

and epicycles, undergoing complex circular motions.

These basic ideas survived for nearly two thousand years, till the time of

Kepler, in fact. Early in the seventeenth century, Kepler noticed that the

Greek model differed from observation by just eight minutes of arc, for the

orbit of Mars. Kepler had inherited the meticulous observations of Tycho

Brahe, and a lesser mortal would have attributed this minor discrepancy

to an error in observation. On the contrary, Kepler was convinced that the

observations were correct and that the discrepancy pointed to a reforma-

tion of Astronomy. Clearly the limit of the validity of the Greek model had

been reached.

Kepler proposed his first two laws of planetary motion around 1608. Some

years later the third law followed. Crucially the orbits were ellipses. With

a single ellipse Kepler could explain the minute discrepancy between the-

ory and observation, for the planet Mars. What the Greeks had tried to

do was, approximate a simple elliptical motion by a series of complicated

circular motions. The larger implication of this minute correction was this:

The ellipse destroyed the crystal spheres of the Greek model and the age

old question was once again thrown open: Why dont the Moon, the planets

and so on crash down?

This question was answered by Newton who needed the laws of mechanics

which had been developed a little earlier by Galileo. He introduced his

Theory of Gravitation. Kepler’s purely observational laws could now be

explained from theory.

Newtonian Mechanics dominated the scientific scene for a few centuries.

There was an absolute space, while time was separate and reversible. The

equations of mechanics were valid if the time t were replaced by −t. An-

other important concept implicit in Newtonian Mechanics and gravitation

theory was action at a distance. Every object exerted instantaneously a
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gravitational force on every other object.

However, in the nineteenth century, a new discipline was born, which also

had a new ethos−−rather than being an abstract study of the universe,

this new discipline, Thermodynamics was a child of the industrial era. In

the words of Toffler [4]:

“In the world model contributed by Newton and his followers, time was

an after thought. A moment whether in the present, past, or future, was

assumed to be exactly like any other moment...

“In the nineteenth century, however, as the main focus of physics shifted

from dynamics to thermodynamics and the Second Law of Thermodynam-

ics was proclaimed, time suddenly became a central concern. For, according

to the Second Law, there is an inescapable loss of energy in the universe.

And, if the world machine is really running down and approaching the heat

death, then it follows that one moment is no longer exactly like the last.

You cannot run the universe backward to make up for entropy. Events over

the long term cannot replay themselves. And this means that there is a di-

rectionality or, as Eddington later called it, an “arrow” in time. The whole

universe is, in fact, aging. And, in turn, if this is true, time is a one-way

street. It is no longer reversible, but irreversible.

“In short, with the rise of thermodynamics, science split down the middle

with respect to time. Worse yet, even those who saw time as irreversible

soon also split into two camps. After all, as energy leaked out of the sys-

tem, its ability to sustain organized structures weakened, and these, in

turn, broke down into less organized, hence more random elements. But it

is precisely organization that gives any system internal diversity. Hence, as

entropy drained the system of energy, it also reduced the differences in it.

Thus the second Law pointed toward an increasingly homogeneous−−and,

from the human point of view, pessimistic−−future.

“... time makes its appearance with randomness: “Only when a system

behaves in a sufficiently random way may the difference between past and

future, and therefore irreversibility, enter its description.” In classical or

mechanistic science, events begin with “initial conditions,” and their atoms

or particles follow “world lines” or trajectories. These can be traced either

backward into the past or forward into the future. This is just the opposite

of certain chemical reactions, for example, in which two liquids poured into

the same pot diffuse until the mixture is uniform or homogeneous. These

liquids do not de-diffuse themselves. At each moment of time the mixture

is different, the entire process is “time-oriented.”

In a sense these “thermodynamic” ideas were anticipated in the nineteenth
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century itself, through the work of Poincare and others, working in the field

of celestial mechanics rather than industrial machines. Were the orbits of

the planets or other celestial objects really unchanging in time? Poincare

realized that celestial mechanics had been worked out under the banner of

what may be called the two body problem. The orbit of the earth round the

Sun, for example, would be more or less unchanging, if the Earth and the

Sun were the only two objects in the universe. Even with a third planet, we

have to consider the three body problem, which as Poincare realized had

no analytical solution. He had laid the ground for what has subsequently

come to be known as the chaos theory. As Prigogine was to say much later

[5]:

“Our physical world is no longer symbolized by the stable and periodic

planetary motions that are at the heart of classical mechanics. It is a world

of instabilities and fluctuations...”

Definitely the limits of Newtonian Mechanics had been reached.

The nineteenth century also saw the birth and development of yet another

discipline, Electromagnetism. Now at this stage the earlier action at a dis-

tance concept had to be abandoned. Maxwell’s work introduced the new

paradigm of a field. Earlier an electric charge was conceived of as acting

on another charge, via the Coulomb force, very much like Newton’s gravi-

tational force. This idea is correct, if the two charges are at relative rest, a

situation which does not exist in the real world. When the charges move,

more correctly accelerate, the interaction of one charge travels through the

intervening medium, in the form of electromagnetic waves, which impinge

upon the other charge at a later time, unlike the instantaneous action of

Newtonian gravitation.

The stage had now been set for Einstein’s Special Theory of Relativity. The

Special Theory of Relativity introduced two ideas, one of which appeared to

be self contradictory. Nevertheless these two ideas explained the puzzling

and indeed otherwise inexplicable consequences of the Michelson-Morley

and similar experiments. The point was that light had been thought of as

electromagnetic radiation traveling with the same speed. In this case its

speed would be different for different observers in relative motion. However

the Michelson-Morley experiments showed that this was not so.

Einstein proposed at the turn of the twentieth century that the velocity of

light would be the same in all directions−−a relatively easy idea to digest.

But then he also had a second postulate−−the speed of light would be the

same for all observers, moving with a uniform velocity with respect to one

another. How could this be? It blatantly contradicted Newtonian Mechan-
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ics. Einstein could show that this was a contradiction if we retained the

Newtonian concepts of space and time. If on the other hand, we realized

that space and time get mixed up and that the lengths of the intervals of

spacetime, which had been taken to be the same for all observers in Newto-

nian Mechanics, were on the contrary different for different observers, the

contradiction would be removed. Clearly the limits of Newtonian Mechan-

ics had been reached yet again.

When Einstein proposed his Special Theory of Relativity, there were two

ruling paradigms, which continue to hold sway even today, though not so

universally. The first was that of point elementary particles and the sec-

ond was that of space time as a differentiable manifold. Further, Einstein’s

work introduced the concept of causality−−no signal could travel faster

than light. So, the effect−−gravitational, electromagnetic, whatever−−of

one object would be felt by another object at a later time, and not instan-

taneously, as in the earlier theory. That is, the signals would be retarded.

Little wonder therefore that as the relativistic theory of the electron de-

veloped, there were immediate inconsistencies which were finally ostensibly

resolved only with the intervention of Quantum Theory. This was because,

historically the original concept of the electron was that of a spherical charge

distribution [6–8]. It is interesting to note that in the non-relativistic case,

it was originally shown that the entire inertial mass of the electron equalled

its electromagnetic mass. The question came up, was this a meeting be-

tween electromagnetism and mechanics? This motivated much work and

thought in this interesting direction. To put it briefly, in non relativistic

theory, we get [6],

Kinetic energy = (β/2)
e2

Rc2
v2,

where R is the radius of the electron and β is a numerical factor of the

order of 1. So we could possibly speak of the entire mass of the electron in

terms of its electromagnetic properties.

It might be mentioned that it was possible to think of an electron as a

charge distribution over a spherical shell within the relativistic context too,

as long as the electron was at rest or was moving with a uniform velocity.

However it was necessary to introduce, in addition to the electromagnetic

force, the Poincare stresses−−these were required to counter balance the

mutual repulsive “explosion” of the different parts of the electron.

When the electron in a field is accelerated, the above picture no longer

holds. We have to introduce the concept of the electron self force which is
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given by, in the simple case of one dimensional motion,

F =
2

3

e

Re2
ẍ− 2

3

d

dt
ẍ+ γ

e2R

c4
ẍ+ 0(R2) (1.1)

where dots denote derivatives with respect to time, and R as before is the

radius of the spherical electron. More generally (1.1) becomes a vector

equation. In (1.1), the first term on the right side gives the electromagnetic

mass of the earlier theory. As can be seen from (1.1), as R the size of the

electron → 0 the first term → ∞ and this is a major inconsistency. It was

the first of a series of infinities that has plagued twentieth century physics.

In contrast the second term which contains the non Newtonian third time

derivative remains unaffected while the third and following terms → 0.

It may be mentioned that the first term (which → ∞) gives the electro-

magnetic mass of the electron while the second term gives the well known

Schott term (Cf.ref.[6, 7, 9]). Its presence is required however because it

compensates the energy loss due to radiation by the accelerated electron.

In any case it is possible to develop a model of an extended electron con-

sistent with relativity on these lines, but at the expense of introducing non

electromagnetic forces.

Let us now see how it was possible to rescue the relativistic electron theory,

though at the expense of introducing some unphysical concepts.

1.2 The Advanced and Retarded Fields

To proceed, from a classical point of view a charge that is accelerating

radiates energy which dampens its motion. This is given by the second

term on the right side of (1.1). Dirac proposed in 1938 a phenomenological

equation that overcomes the infinite (electromagnetic) mass in (1.1). The

Lorentz Dirac equation, which in units c = 1, and τ being the proper time,

while ı = 1, 2, 3, 4, is (Cf.[10]),

m
d2xı

dτ2
= eF ık

dxk

dτ
+

4e

3
glk

(

d3xı

dτ3

dxl

dτ
− d3xl

dτ3

dxı

dτ

)

dxk

dτ
, (1.2)

This holds for a point charge, m being a “renormalized mass” that absorbs

the infinity. Here is the precursor of renormalization, that has gone hand

in hand with the infinities of twentieth century physics. The first term

gives the usual external field while the second term does not come from the

Lagrangian (which gives the first term and the Lorentz force)−−it comes

by putting in energy conservation (due to radiation loss) by hand. Equation
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(1.1) can be written as

m
d2xı

dτ2
= e{F ık +Rık}

dxk

dτ
(1.3)

where

Rık ≡ 1

2
{F ık(ret) − F ık(adv)} (1.4)

In (1.4), F(ret) denotes the retarded or causal field allowed by relativity, as

alluded to. F(adv) on the other hand is the advanced field that is unphysical,

in the sense that it is not sanctioned by relativity. While the former is the

causal field where the influence of a charge at A is felt by a charge at B at a

distance r after a time t = r
c , the latter is the advanced field which acts on

A from a future time. In effect what Dirac showed was that the radiation

damping term in (1.2) or (1.3) is given by (1.4) in which an antisymmetric

difference of the advanced and retarded fields is taken. Let us elaborate a

little further.

The Maxwell wave equation has two independent solutions, one having

support on the future light cone, this is the retarded solution and the other

having support on the past light cone which has been called the advanced

solution. The retarded solution is selected to describe the physical situation

in conventional theory taking into account the usual special relativistic

concept of causality. This retarded solution is physically meaningful, as

it describes electromagnetic radiation which travels outward from a given

charge with the speed of light and reaches another point at a later instant.

It has also been called for this reason the causal solution. On the grounds

of this causality, the advanced solution has been rejected, except in a few

formulations like those of Dirac above, or Feynman and Wheeler (F-W) to

be seen below.

It must also be mentioned that Dirac’s prescription lead to the so called

runaway solutions, with the electron acquiring larger and larger velocities

in the absence of an external force [11]. This he related to the infinite self

energy of the point electron.

To elaborate further, we use the difference of the advanced and retarded

fields in (1.1), in the following manner: We use successively F(ret) and

F(adv) in (1.1) and take the difference in which case the self force becomes

(Cf.[9])

F = −2

3

e2

c3
d

dt
(ẍ) + 0(R)

In the above, the troublesome infinity generating term of (1.1) is absent,

while the third derivative term is retained. On the other hand this term
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is required on grounds of conservation of energy, due to the fact that an

accelerated electron radiates energy (Cf.[12]). Except for the introduction

of advanced fields, we have infinity free results. However, in this formulation

too, there is no electromagnetic mass term, and further, as will be seen

below, we have to extend our considerations to a small neighborhood of

the electron, and not just the point electron itself. To see this in detail, we

observe that the well known Lorentz-Dirac equation (Cf.[6]), can be written

as

maµ(τ) =

∫ ∞

0

Kµ(τ + ατ0)e
−αdα (1.5)

where aµ is the acceleration and

Kµ(τ) = F µin + F µext −
1

c2
R̄vµ,

τ0 ≡ 2

3

e2

mc3
∼ 10−23sec (1.6)

and

α =
τ ′ − τ

τ0
,

where τ denotes the time and R̄ is the total radiation rate.

It can be seen that equation (1.5) differs from the usual equation of New-

tonian Mechanics, in that it is non local in time. That is, the acceleration

aµ(τ) depends on the force not only at time τ , but at subsequent times also.

Let us now try to characterize this non locality. We observe that τ0 given

by equation (1.6) is the Compton time ∼ 10−23secs. This is the precursor

of Quantum Theory. So equation (1.5) can be approximated by

maµ(τ) = Kµ(τ + ξτ0) ≈ Kµ(τ) + ξτ0K̇
µ(τ) + · · · (1.7)

Thus as can be seen from (1.7), the Lorentz-Dirac equation differs from the

usual local theory by a term of the order of

2

3

e2

c3
ȧµ (1.8)

the so called Schott term. It is well known that the time component of the

Schott term (1.8) is given by (Cf.ref.[6])

−dE
dt

≈ R̄ ≈ 2

3

e2c

r2

(

E

mc2

)4

,
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where E is the energy of the particle. Whence integrating over the period

of non locality ∼ τ0 the Compton time, we can immediately deduce that r

the scale of spatial non locality is given by

r ∼ cτ0,

which is of the order of the Compton wavelength as indeed can be expected.

So far as the breakdown of causality is concerned, this takes place within a

period ∼ τ , the Compton time as we briefly saw [6, 11].

In the F-W formulation on the other hand, the rest of the charges in the

universe react back on the original electron through their advanced waves,

which arrive (from the future) at the given charge at the same time as the

given charge radiates its electromagnetic waves. More specifically, when an

electron is accelerated at the instant t, it interacts with the other charges at

a later time t′ = t+ r/c where r is the distance of the other charge−−these

are the retarded interactions. However the other charges react back on the

original electron through their advanced waves, which will arrive at the

time t′− r/c = t. Effectively, there is instantaneous action at a distance. It

must be mentioned that in the F-W formulation there is no self force (and

therefore the electromagnetic mass and the infinite term−−the first term

on the right side of (1.1)) or radiation damping. This is provided instead

by the action of all other charges in the universe on the original charge.

Let us throw further light on all this. There are two important inputs which

we can see in the above formulation. The first is the action of the rest of the

universe at a given charge and the other is spacetime intervals which are of

the order of the Compton scale. In fact we can push the above calculations

further. The work done on a charge e at O by the charge P at a distance

r in causing a displacement x ∼ l is given by

e2l

r2

Now the number of particles at distance r from O is given by

n(r) = ρ(r) · 4πr2dr
where ρ(r) is the density of particles. So the total work is given by

E =

∫ ∫

e2

r2
l4πr2

which can be shown to be ∼ mc2. This is because,

ρ(r) = N/R3,
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where N is the total number of particles in the universe, R now is its radius

and anticipating a result from Chapters 2 and 3,

R ∼
√
Nl,

where l is given by (1.6).

Wheeler and Feynman thus reformulated the above action at a distance

formalism in terms of what has been called their Absorber Theory. In their

formulation, the field that a charge would experience because of its action

at a distance on the other charges of the universe, which in turn would act

back on the original charge is given by

R̄e =
2e2d

3dt
(ẍ) (1.9)

The interesting point is that instead of considering the above force in (1.9)

at the charge e, if we consider the response at an arbitrary point in its

neighborhood as was shown by Feynman and Wheeler (Cf.ref.[13]) and, in

fact a neighborhood at the Compton scale, as we saw above and was argued

by the author [14], the field would be precisely the Dirac field given in (1.3)

and (1.4).

The net force emanating from the charge is thus given by

F ret =
1

2

{

F ret + F adv
}

+
1

2

{

F ret − F adv
}

(1.10)

which is the acceptable causal retarded field. The causal field now consists

of the time symmetric field which implies no radiation of the charge to-

gether with the Dirac field, that is the second term in (1.10), which now

represents the response of the rest of the charges. Interestingly in this for-

mulation we have used a time symmetric field, viz., the first term of (1.10)

to recover the retarded field with the correct arrow of time.

Feynman and Wheeler stressed that the universe has to be a perfect ab-

sorber or to put it simply, every charged particle in the universe should

respond back to the action on it by the given charge in our instantaneous

action at a distance scenario. In the Feynman-Wheeler formulation to reit-

erate there is no electromagnetic mass and also no radiation damping−−we

have finally the retarded field; but within the context of the Instantaneous

Action at a Distance. In any case, it was realized that the limits of classi-

cal physics are reached in the above considerations, at the Compton scale.

However, we will now argue that there is actually a convergence between

Classical and Quantum Physics.

There are two important inputs which we would like to re-emphasize in the

above more recent formulation. The first is the action of the rest of the
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universe at a given charge and the other is minimum spacetime intervals

which are of the order of the Compton scale. The minimum spacetime in-

terval removes, firstly the advanced field effects which take place within the

Compton time and secondly the infinite self energy of the point electron

disappears due to the Compton scale. We thus bypass renormalization.

This would be an important idea in the rest of the book.

1.3 Quantum Mechanical Considerations

The Compton scale comes as a Quantum Mechanical effect, within which

we have zitterbewegung effects and a breakdown of causal physics [15]. In-

deed Dirac had noted this aspect in connection with two difficulties with his

electron equation. Firstly the speed of the relativistic Quantum Mechanical

electron turns out to be the velocity of light. Strictly speaking, this would

imply an infinite mass for the electron. Secondly the position coordinates

become complex or non Hermitian. This is physically meaningless. His

explanation was that in Quantum Theory we cannot go down to arbitrarily

small spacetime intervals, for the Heisenberg Uncertainty Principle would

then imply arbitrarily large momenta and energies. So Quantum Mechani-

cal measurements are an average over intervals of the order of the Compton

scale. Once this is done, we recover meaningful physics. All this has been

studied afresh by the author more recently, in the context of a fuzzy non

differentiable spacetime and noncommutative geometry [16]. This indeed,

will be the theme of this book. We will first argue that there is a conver-

gence between preceding considerations and Quantum Mechanical Theory.

The Compton scale that surfaces in both these considerations, already gives

a hint of this.

Weinberg too notices the non physical aspect of the Compton scale [17].

Starting with the usual light cone of Special Relativity and the inversion

of the time order of events, he goes on to add, “Although the relativity of

temporal order raises no problems for classical physics, it plays a profound

role in quantum theories. The uncertainty principle tells us that when we

specify that a particle is at position x1 at time t1, we cannot also define its

velocity precisely. In consequence there is a certain chance of a particle get-

ting from x1 to x2 even if x1 −x2 is space-like, that is, |x1 −x2| > |x0
1 −x0

2|.
To be more precise, the probability of a particle reaching x2 if it starts at
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x1 is nonnegligible as long as

0 ≤ (x1 − x2)
2 − (x0

1 − x0
2)

2 ≤ ~
2

m2
· · · (1.11)

where ~ is Planck’s constant (divided by 2π) and m is the particle mass.

(Such space-time intervals are very small even for elementary particle

masses; for instance, if m is the mass of a proton then ~/m = 2× 10−14cm

or in time units 6× 10−25sec. Recall that in our units 1sec = 3× 1010cm.)

We are thus faced again with our paradox; if one observer sees a particle

emitted at x1, and absorbed at x2, and if (x1 −x2)
2 − (x0

1 −x0
2)

2 is positive

(but less than or = ~
2/m2), then a second observer may see the particle

absorbed at x2 at a time t2 before the time t1 it is emitted at x1.

“There is only one known way out of this paradox. The second observer

must see a particle emitted at x2 and absorbed at x1. But in general the

particle seen by the second observer will then necessarily be different from

that seen by the first.”

There is another way to view (1.11). The light cone of special relativity

viz., (x1 − x2)
2 − (x0

1 − x0
2)

2 = 0 now gets somewhat distorted because of

Quantum Mechanical effects.

Let us now consider the above in the context of a non zero photon mass.

Such a mass ∼ 10−65gms was rather recently deduced by the author, and

it is not only consistent with experimental restrictions, but also predicts a

new effect viz., a residual cosmic radiation ∼ 10−33eV , which in fact has

been observed [18–22]. We will come back to this in detail in later Chap-

ters, particularly Chapter 4. Such a photon would have a Compton length

∼ 1028cms, that is the radius of the universe itself.

This would then lead to the following scenario: An observer would see a

photon leaving a particle A and then reaching another particle B, while a

different observer would see exactly the opposite for the same event−−that

is a photon leaves B and travels “backward” in time to A, as in the Wein-

berg interpretation. This latter gives the advanced potential. We are back

with the Feynman-Wheeler instantaneous action scenario. The distinction

between the advanced and retarded potentials of the old electromagnetic

theory thus gets mixed up and we have to consider both the advanced and

retarded potentials [13]. Thus, two charged particles interacting via the

exchange of photons will be described as above, using (1.11). Indeed in

Quantum Field Theory this is described as the exchange of virtual pho-

tons.

We consider this in a little more detail: The advanced and retarded so-

lutions of the wave equation are given by the well known advanced and
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retarded potentials given by, in the usual notation, the well known expres-

sion

Aµret(adv)(x) =
1

c

∫

jµ(x′)

|r − r′|δ (|r − r′| ∓ c(t− t′)) d4x′

(The retarded part of which leads to the Lienard Wiechart potential of ear-

lier theory).

It can be seen in the above that we have the situation described within the

Compton wavelength, wherein there are two equivalent descriptions of the

same event−−a photon leaving the charge A and reaching the charge B or

the photon leaving the charge B and reaching the charge A. The above

expression for the advanced and retarded potentials immediately leads to

the advanced and retarded fields (1.4) and (1.10) of the F-W description

except that we now have a rationale for this formulation in terms of the

photon mass and the photon compton wavelength rather than the perfect

absorber ad hoc prescription. In fact there is now an immediate Quantum

Mechanical explanation in this of the Instantaneous Action At a Distance

Theory alluded to. Thus these considerations reconcile the Quantum Me-

chanical and Classical pictures. We note however that as the photon mass

is so small, the usual theory is still a good approximation.

To sum up [13], the Feynman Wheeler Perfect Absorber Theory required

that every charge should interact instantaneously with every other charge

in the universe, that is that the universe must be a perfect absorber of all

electromagnetic fields emanating from within. If this condition were satis-

fied, then the nett response of all charged particles along the future light

cone of the given charge is expressed by an integral that converges. We have

argued that this ad hoc prescription of Feynman and Wheeler as embodied

by the inclusion of the advanced potential is automatically satisfied if we

consider the photon to have a small mass 10−65gms which is consistent

with the latest experimental limits−−this leading to the effect mentioned

by Weinberg within the Compton wavelength, which is really the inclusion

of the advanced field as well.

To put the above in different words, when we talk of two (charged) par-

ticles A and B and the instant t, we are attributing the same t to A and

the distant B. This is consistent with Special Relativity. This enables us

to talk of an advanced wave leaving B at t+ ∆t and travelling “backward”

in time to reach A at t. This simultaneity however, breaks down within

the Quantum Mechanical Compton time. We could very well describe the

event as an ordinary retarded wave leaving B at t− ∆t and reaching A at

t.
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1.4 The Limits of Special Relativity

What we have witnessed above is that it is still possible to rescue the clas-

sical relativistic theory of the electron, but at the expense of introducing

the advanced fields into the physics, fields which have been considered to

be unphysical.

Another perspective is, as seen above, that there is instantaneous action at

a distance, which apparently goes against relativistic causality. But let us

now note that in both the Dirac and the Feynman-Wheeler approaches, we

are no longer dealing with point particles alone, but rather with a small

neighborhood of such a point particle, a neighborhood of a Compton length

dimension. Furthermore within the Compton scale, relativistic causality

breaks down as embodied in (1.11).

We can then reformulate the above considerations in the following manner:

The limit of applicability or the limit of validity of the relativistic electron

theory as also the Special Theory of Relativity is the Compton scale of a

particle. The points within the Compton scale no longer obey Special Rela-

tivity and see a non relativistic, instantaneous action at a distance universe.

Indeed Rohrlich notes [23], “... the notion of a “classical point charge” is an

oxymoron because “classical” and “point” contradict one another: Classi-

cal physics ceases to be valid at sizes at or below the Compton wavelength

and thus cannot possibly be valid for a point object...”

1.5 Discussion

Let us sum up the foregoing considerations. In Classical Physics the point

electron leads to infinite self energy via the electromagnetic mass term e2/R,

where R is the radius which is made to tend to zero. If on the other hand

R does not vanish, in other words we have an extended electron, then we

have to introduce non electromagnetic forces like the Poincare stresses for

the stability of this extended object, though on the positive side this allows

the radiation damping or self force that is required by conservation laws.

Dirac could get rid of these problems by introducing the difference between

the advanced and retarded potentials in his phenemenological equation in

which the infinity was absorbed into a renormalized point particle mass:

This was the forerunner of the renormalization theory and was the con-

tent of the Lorentz-Dirac equation. The new term represents the radiation

damping effect, but we then have to contend with the advanced potential
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or equivalently a non locality in time. However this non locality takes place

within the Compton time, within which the electron attains a luminal ve-

locity.

The Lorentz-Dirac equation also had unsatisfactory features like the non-

Newtonian derivative of the acceleration, the non locality in time and the

run away solutions, features confined to the Compton scale.

The Feynman-Wheeler approach bypasses the infinity and the extended

electron self force−−but the mass is no longer electromagnetic. Moreover

the nett result is that there is only the desired retarded potential, but an

instantaneous interaction with the rest of the charges of the universe has to

be invoked. It is this interaction with the remaining charges which leads to

the point electron’s self energy. Surprisingly however the interaction with

the rest of the charges in the immediate vicinity of the given charge in the

Feynman-Wheeler formula gives us back the Dirac antisymmetric difference

with its non locality within the Compton scale. There is thus a reconcilia-

tion of the Dirac and the Feynman Wheeler approaches, once we bring into

the picture, the Compton scale.

Outside this scale, however, the theory is causal that is uses only the re-

tarded potential because effectively the advanced potential gets canceled

out as it appears as the sum of the symmetric and antisymmetric differ-

ences.

The final conclusion was that in a classical context a totally electromagnetic

electron is impossible as also the concept of a point electron without intro-

ducing additional “unphysical” concepts including action at a distance. It

was believed therefore that the electron was strictly speaking the subject

of Quantum Theory.

Nevertheless in Dirac’s relativistic Quantum Electron, we again encounter

the electron with the luminal velocity within the Compton scale, precisely

what was encountered in Classical Theory as well, as noted above. This

again is the feature of a point space time approach. At this stage a new

input was given by Dirac−−meaningful physics required averages over the

Compton scale, in which process, the unphysical zitterbewegung effects

were eliminated. Nor has Quantum Field Theory solved the problem−−one

has to take recourse to renormalization, and as pointed out by Rohrlich, one

still has a non electromagnetic electron. In any case, it appears that further

progress would come either from giving up point spacetime or from an elec-

tron that is extended (or has a sub structure) in some sense [8, 7, 11, 6].

From this point of view the relativistic theory of the electron is inconclusive

to date. As noted by Feynman himself in his famous Lectures on Physics
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(Vol II), “We do not know how to make a consistent theory−−including

the Quantum Mechanics−−which does not produce an infinity for the self

energy of the electron, or any point charge. And at the same time there is

no satisfactory theory that describes a non-point charge...”

In the words of Hoyle and Narlikar [10], “...it was believed that the prob-

lem of the self force of the charge would not be solved except by recourse

to Quantum Theory... This hope has not been fully realized. Quantum

Field Theory does alleviate the self energy problem but cannot surmount

it without introducing the renormalization programme...”

Indeed Dirac himself was unhappy with renormalization, which he termed

an accident. He expressed his confidence that it would be disproved even-

tually.

In his words, “I am inclined to suspect that the renormalization theory

is something that will not survive in the future, and that the remarkable

agreement between its results and experiments should be looked on as a

fluke...”

We have pointed out that the important point however is that all this can be

explained consistently in Quantum Mechanical terms in the context of the

photon having a non zero mass, consistent with experiment ∼ 10−65gms.

So there is convergence between the Dirac and the Feynman-Wheeler ap-

proaches if we consider the fact that special relativity, as seen above, does

not hold within the Compton wavelength. This explains the non locality

in time. This justifies the use of the advanced potential or non locality

in time of the Lorentz-Dirac approach or also the fact that a point inside

the Compton wavelength sees a non relativistic instantaneous action at a

distance universe around it−−this is the instantaneous action at a distance

of the Feynman-Wheeler approach. Furthermore, the radiation of photons

emitted by the accelerated electrons (in the Dirac self force) are meaningful

only if they impinge on other charges as in the Field Theory.

We now briefly re-emphasize the following.

1. In classical relativistic theory, there appeared an impasse. We could get

a special relativistic electron with cohesive forces in an extended model but

at the expense of the purely electromagnetic electron. On the other hand

point electrons were not meaningful as their self energy diverged. Conse-

quently the structure dependent terms for example in (1.1) had to be taken

seriously.

2. We have arrived at the Compton scale from two different approaches.

Classically, there was the electron radius and Quantum Mechanically the

Compton length, both of the same order except for a factor of the order of
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the fine structure constant:

~/mc ∼ β · e2/mc2

The left side has the Quantum Mechanical Planck constant while the right

side has merely classical quantities. We could consider this to be a deriva-

tion of the rough value of the Planck constant of Quantum Mechanics, in an

order of magnitude sense. We will return to this point in a later Chapter.

3. In any case the above considerations at the Compton scale lead in recent

studies to a noncommutative geometry and the limit to a point particle no

longer becomes legitimate. This will be extensively discussed in this book.

1.6 The Quantum Universe

The advent of Quantum Mechanics threw up several, what may be called

counter intuitive ideas and even Einstein could not reconcile to them. One

of these ideas was the wave particle duality. Another was Heisenberg’s

Uncertainty Principle: surprisingly it would not be possible to measure

simultaneously and accurately the position and momentum of a particle.

This was related to wave particle duality itself. Yet another was that of the

collapse of the wave function in which process causality becomes a casual-

ity. To put it simply, if the wave function is a super position of the eigen

states of an observable, then a measurement of the observable yields one

of the eigen values no doubt, but it is not possible to predict which one.

Due to the act of observation, the wave function instantly collapses to any

one of its eigen states in an acausal manner. To put it another way, the

wave function obeys the causal Schrodinger equation, for example, till the

instant of observation at which point, causality ceases. Indeed, we saw that

this was true within the Compton scale itself.

Another important counter intuitive feature of Quantum Mechanics is that

of non locality. In fact Einstein with Podolsky and Rosen put forward in

1935 his arguments for the incompleteness of Quantum Mechanics on this

score [24, 25]. This has later come to be known as the EPR paradox. To

put it in a simple way, without sacrificing the essential concepts, let us

consider two elementary particles, for example two protons kept together

somehow. They are then released and move in opposite directions. When

the first proton reaches the point A its momentum is measured and turns

out to be say, ~p. At that instant we can immediately conclude, without any

further measurement that the momentum of the second proton which is at
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the point B is −~p. This follows from the Conservation of Linear Momen-

tum, and is perfectly acceptable in Classical Physics, in which the particles

possess a definite momentum at each instant.

In Quantum Physics, the difficulty is that we cannot know the momen-

tum at B until and after a measurement is actually performed, and then

that value of the momentum is unpredictable. What the above experiment

demonstrates is that the proton at B instantly came to have the value −~p
for its momentum without any further measurement, when the momentum

of the proton at A was measured. This “instant” or “spooky action at a

distance” feature was unacceptable to Einstein.

In Quantum Theory however this is legitimate because of another counter

intuitive feature which is called Quantum Non-separability. That is, if two

systems interact and then separate to a distance, they still have a com-

mon state vector. This goes against the concept of locality and causality,

because it implies instantaneous interaction between distant systems. So

in the above example, even though the protons at A and B may be sep-

arated, they still have a common wave function which collapses to some

value with the measurement of the momentum of any one of them and self-

consistently provides an explanation of the fact that the momentum of the

other particle is automatically known without requiring another measure-

ment. This non-separability has been characterized by Schrodinger in the

following way: “I would not call that one, but rather the characteristic of

Quantum Mechanics.” For Einstein however this was like spooky action at

a distance. All this has been experimentally verified since 1980 which sets

at rest Einstein’s objections.

However this “entanglement” as it is called these days, between distant ob-

jects in the universe, does not really manifest itself though it is perfectly

legitimate and observable in a universe that consists of let us say just two

particles. But a measurement destroys the entanglement. Now in the uni-

verse at large as there are so many particles and correspondingly a huge

amount of interference, the entanglement is considerably weakened. This

was the crux of Schrodinger’s arguments. What is these days called de-

coherence works along these lines. This is in fact the explanation for the

famous “Schrodinger’s Cat” paradox.

This paradox can be explained in the following simple terms: A cat is in

an enclosure along with, let us say a microscopic amount of radioactive

material. If this material decays, emitting let us say an electron, the elec-

tron would fall on a vial of cyanide, releasing it and killing the cat in the

process. Let us say that there is a certain probability of such an electron
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being emitted. So there is the same probability for the cat to be killed.

There is also a probability that the electron is not emitted, so that there

is the same probability for the cat to remain alive. The cat is therefore

in a state which is a superposition of the alive and dead states. It is only

when an observer makes an observation that this superposed wave function

collapses into either the dead cat state or the alive and kicking cat state,

and this happening is acausal. So it is only on an observation being made

that the cat is killed or saved, and that too in an unpredictable manner.

Till the observation is made the cat is described by the superposed wave

function and is thus neither alive nor dead.

The resolution of this paradox−−it is a paradox−−is of course quite sim-

ple. The paradox is valid if the system consists of such few particles and at

such distances that they do not interact with each other. Clearly in the real

world this idealization is not possible. There are far too many particles and

interferences taking place all the time and the superposed wave function

would have collapsed almost instantly. This role of the environment has

come to be called de-coherence. We will return to this point shortly.

The important point is that all of Classical and Quantum Physics is based

on such idealized laws as if there were no interferences present, that is what

we have called a two body scenario, is implicit. Clearly this is not a real

life scenario.

1.7 The Strong and Weak Interactions

A major achievement of the twentieth century has been the incorpora-

tion of three of the four fundamental interactions, viz., electromagnetism,

weak interactions and the strong interaction within a unified mathematical

framework. This framework is the non Abelian gauge field theory [26–31].

Though the three forces remain different, the underlying mechanism is the

same. From this point of view they could be thought to be different aspects

of a single underlying process.

Thus there are leptons and there are quarks. The difference between these

sets of particles which are perceived today arise because the Universe has

become cold. At sufficiently high energies ∼ 1015GeV , leptons and quarks

would be interchangeable and so also all the three forces would have the

same strength. It must be mentioned that the above energy is still beyond

the reach of foreseeable accelerators.

Apart from leptons and quarks, which are Fermions, or “material” particles,
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the fields are mediated by Bosons. These are the photons for electromag-

netism, the W and Z Bosons for weak interactions and the gluons for the

strong interactions.

Quarks were conceived following the work of Gellmann, Ne’eman and Zweig

in the sixties. The motivation had been the overabundance of resonances

observed in hadron or strong interaction collisions. These resonances could

be classified on the one hand according to the Regge trajectories that plot

the angular momentum J versus the mass squared, M 2 [32]. We will touch

upon this briefly again. On the other hand, there was the SU(3) classifica-

tion scheme which related particles of the same spin but different quantum

numbers by introducing elemental entities−−the quarks−−whose combi-

nations could account for all observed hadrons.

It is now believed that there are six kinds of quarks: The down (d), the up

(u), the strange (s), the charmed (c), the bottom (b) and the top (t). We

attribute to the quarks three colours, red, green and blue which are gen-

eralizations of the positive and negative charges. It is these colours which

characterize strong interaction and hence this field has come to be known

as Quantum Chromo Dynamics (QCD). It may be observed that the lep-

tons do not have any colour and so they do not participate in the strong

interactions.

A peculiarity of quarks is their fractional charge−−they have either the

charge 1
3 or the charge 2

3 with their corresponding anti particles having

opposite charges. So quarks can combine in two different ways to form

hadrons, that is particles like protons and neutrons: Either as quark anti-

quark pairs or as a triplet of quarks, such that the total charge is either

one or zero.

In electromagnetism, or Quantum Electro Dynamics (QED), two charged

particles interact by the exchange of a photon, more correctly a virtual pho-

ton [33] as noted earlier. This exchange takes place within the Heisenberg

Uncertainty time. There is a conservation of electric charge in the process.

This combined with the masslessness of the photon is characteristic of the

U(1) Group which characterizes QED.

QCD is modelled on QED. However QCD which is described by the SU(3)

group is more complicated because it describes interactions of three differ-

ent colours, unlike QED which deals with just one charge. In QCD the

interaction between different colours is expressed in terms of eight massless

particles, the gluons, unlike the single photon of QED. Another profound

difference is that the gluons do carry colour unlike the photon which is

chargeless. The nett result of all this is that there is an effect opposite
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to that encountered in the charge screening of QED. In this latter case,

an electron is surrounded by virtual electron-positron pairs. The electron

attracts the positrons and repels the electrons of these pairs with the re-

sult that at large enough distances, the electron charge is shielded by the

positrons and so appears reduced. In QCD on the other hand, virtual gluon

pairs, themselves carrying colour are formed around a quark, no doubt. But

there is now an anti screening effect as if the red component of a gluon is

attracted to the red of a quark, for example. So at relatively larger dis-

tances, the colour charge of a quark increases and again contrary to the

QED scenario, decreases as we approach the quark. The QCD force can

therefore be compared to rubber bands−−as we stretch, the elastic force

manifests itself, but if the bands slacken at close range, the force decreases

and even disappears. It is as if there is confinement at large distances and

freedom at shorter, asymptotic distances.

The QCD potential can be written as [30, 34]

V (r) = −α(r)

r
+

r

β2

This consists of the Coulombic part ∝ − 1
r and a confining part ∝ r. Be-

cause of this latter, which dominates for large r, free quarks cannot be

observed in nature. After all, the model should explain this fact! On the

other hand, the Coulombic part ensures that for small r, the inter quark

force vanishes, a circumstance which is called asymptotic freedom. Pro-

fessors Wilczek, Politzer and Gross were awarded the 2004 Nobel Prize in

Physics for this work, done thirty years earlier.

The neutrinos are closely associated with the weak interactions. Though

the neutrinos are leptons, they differ from their counterparts in that they

are massless (or more precisely, as later discovered, they have a very tiny

mass). A massless Fermion exhibits handedness, that is, its spin is ei-

ther aligned in the direction of its motion (righthanded) or it is aligned

anti parallel to its motion (lefthanded). This extra property of handedness

characterizes the weak force which violates parity, unlike the other forces

(though even the quarks exhibit handedness!). Only lefthanded particles

and righthanded anti particles bear a weak charge while the righthanded

particles and the lefthanded anti particles are neutral from the point of

view of the weak interaction. This interaction acts on doublets of particles,

which latter are described by the SU(2) Group, in which particles of a dou-

blet pair can be transformed into one another. The weak interactions are

mediated by the W Bosons. However a suitable mixture yields both the

photon of electromagnetism and the Z◦ characterizing weak interactions.



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

22 The “Thermodynamic” Universe

This theory therefore combines electromagnetic and weak interactions and

is incorporated in the SU(2) XU(1) group [35].

An important difference between the weak forces on the one hand and QED

and QCD on the other is that the intermediate particles of the weak inter-

actions, the W and Z Bosons are not massless, but rather have large masses

∼ 100GeV . This is characteristic of the fact that the weak charge is not in-

variably conserved and moreover has an extremely short range ∼ 10−15cms.

We will return to this point later.

One of the problems that has plagued modern field theories is that of infini-

ties. Indeed as we saw, this problem was encountered early in the twentieth

century itself when an attempt was made to model the electron as a tiny

sphere. If the radius of the sphere was then made to shrink indefinitely,

the energy of the electron increased without limit as noted [6]. In QED

for instance, if we approach the electron through the shield of screening

positrons, the bare charge of the electron would be infinite. It is only

the physically observable charge, at a distance, screened by the positron

charges, which is finite. It is as if the infinite bare negative charge has

been cancelled or neutralized by the infinite screening positive charge, the

nett result being the observed finite physical charge. Loosely speaking this

procedure is called “renormalization”.

Mathematically, we encounter divergent integrals [36]. The infinities are

eliminated in two steps. In the first step, called regularization, we intro-

duce constraints, for example a cut off (or a lattice structure), to get a finite

result dependent on the regularization parameter like the cut off. Counter

terms (dependent on these parameters) are then added to the Lagrangian,

such that they cancel the parameter dependent integrals. This generally

leads to a rescaling of the mass, charge etc. This is the process that is

called Renormalization.

The concept of Renormalization is unsatisfactory from the logical point

of view as well as from the point of view of internal consistency. It has

provoked unease among Physicists such as Dirac quoted earlier [37] or as

we will see ’t Hooft and several others. Its merit however, has been that

phenomenologically speaking, it works.

1.8 Gauge Fields

It has now come to be recognized that the physical principle governing the

fundamental interactions between the elementary particles is gauge invari-
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ance. This principle, as we shall see in greater detail later, was originally

introduced by Hermann Weyl, though in a different form and with a dif-

ferent motivation viz., the attempt to give a unified General Relativistic

description of Electromagnetism and Gravitation [38]. At that time these

were the only two known interactions and electrons and protons were the

only known elementary particles. Weyl’s original theory was soon dismissed

as adhoc. But nevertheless it was recognized that gauge invariance was a

symmetry of Maxwell’s equations with useful implications.

Then in the 1950s Yang and Mills (and Shaw) tried to extend gauge sym-

metry to other interactions. It must be emphasized that both in Special

Relativity and General Relativity there are no absolute frames of reference

in the Universe. The physics within a system is independent of the choice

of the reference frame. However in Special Relativity this freedom of choice

of reference frame is a global symmetry- the Lorentz symmetry. In General

Relativity on the other hand, the reference frame is to be defined locally,

that is at each and every point in the gravitational field. There are the

connections−−the affine connections or Christofell symbols which relate

nearby frames in General Relativity, something which is not required in

Special Relativity [39].

Weyl attempted to investigate if there were similar connections associated

with Electromagnetism [38]. Just as in General Relativity, all physical mea-

surements are relative, so also could the norm of a physical vector depend

on its location? If so, a new connection would be required to relate the

lengths of the vectors at different positions. This clearly would be a local

property. It was called Gauge Invariance. Let us see how this can be ex-

pressed mathematically [28, 40]. In essence we have to multiply the norm

of a vector fµ(xµ) ≡ f(x) at x ≡ xµ by a scale factor S(xµ) ≡ S(x), which

latter would represent the change in scale from point to point. So we have

for a small displacement to the point x+ dx, the equations

S(x+ dx) = 1 + ∂µSdx
µ

Sf = f + (∂µS)fdxµ + ∂µfdx
µ

If f is a constant vector, then we have on the right

(1 + ∂µS)fdxµ

As can be seen from the above, the derivative ∂µS is the new mathematical

connection associated with the gauge transformation. Weyl identified this

connection with the electromagnetic potential Aµ. This is motivated by

the fact that a second gauge change with a scale factor Λ leads to

∂µS → ∂µS + ∂µΛ
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which mimics the behavior under a gauge transformation of the electro-

magnetic potential in classical theory,

Aµ → Aµ + ∂µΛ

With the advent of Quantum Theory, Weyl himself realized that his old idea

could be given a new interpretation. Rather than being a change of scale, a

gauge transformation could be interpreted as a phase transformation. This

is because if

ψ → ψe−ıλ (1.12)

then for the electromagnetic potential we would have

Aµ → Aµ − ∂µλ (1.13)

Equation (1.12) together with equation (1.13) is a symmetry transforma-

tion of the Schrödinger equation. All this is nothing but the well known

minimum coupling algorithm,

pµ → pµ − eAµ

The reason that this reinterpretation of gauge transformations is accept-

able is that the Quantum Mechanical phase is not a directly measurable

quantity. It is now clear that Electromagnetism can be interpreted as a

Quantum Mechanical local gauge theory. This time it is the local phase of

the wave function which is the physical degree of freedom that depends on

its spacetime position.

The modern rebirth of gauge theory stemmed from a study of the strong

forces mediated by the Yukawa Meson, and Heisenberg’s iso spin inter-

pretation of the identity of neutrons and protons when electromagnetic

interactions are switched off. That is the strong force was invariant in the

SU(2) isotopic spin group.

The difficulty was that iso spin is not a local gauge symmetry, because it is

an internal Quantum number independent of spacetime location. So there

was no question of an iso spin potential connection whose Quantum would

be the Yukawa Meson.

Nevertheless in 1954 Yang and Mills went ahead to treat strong interactions

as a gauge invariant field theory by postulating that the local gauge group

was the SU(2) iso spin group, in analogy with the electromagnetic case.

This time the proposed connection was a linear combination of the angular

momentum operators,

Aµ =
∑

ı

Aıµ(x)Lı (1.14)
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This is a generalization of the electromagnetic case. In the latter, the op-

erators Lı are replaced by the unit matrix and the coefficients Aµ(x) are

proportional to the phase change δµλ. As can be seen from (1.14) the Yang-

Mills potential is both a field in spacetime and an operator in iso spin space.

It must be observed that like the electromagnetic field the Yang-Mills field

is mediated by zero mass Bosons. This is because a massive intermediary

would imply a term of the form m2AµA
µ, which is clearly not gauge invari-

ant.

Let us now see how a symmetry group transformation leads us to a con-

nection which can be identified with the gauge potential field. Indeed, for

an arbitrary non-Abelian group, the symmetry transformation is given by

UΨ = exp

(

ıq
∑

k

Θk(x)Fk

)

Ψ (1.15)

In (1.15), the fact that Θk(x) are continuous functions of x defines the

local transformation. q is the coupling constant for the gauge group in

question. Fk are the generators of the internal symmetry group, satisfying

the commutation relations

[Fı, Fj ] = ıεıjkFk ,

In (1.15) if an infinitesimal transformation of the spacetime coordinate is

carried out, we get instead of the usual derivative, the gauge covariant

derivative describing the changes in both the external and internal compo-

nents of Ψ(x) viz.,

DµΨβ =
∑

α

[δβα∂µ − ıq(Aµ)βα] Ψα (1.16)

where Aµ are given by

(Aµ)αβ =
∑

k

(∂µΘ
k)(Fk)αβ

A special case of (1.16) is the U(1) electromagnetic gauge group, for which

this reduces to the usual form with the minimal coupling

DµΨ = (∂µ − ıqAµ)Ψ

Thus for the electromagnetic gauge group the gauge covariant derivative

is the familiar canonical momentum. It must be noted that the potential

Aµ is both an external field and as well, an internal space operator. Fur-

thermore in the non-Abelian gauge group, an internal operator part of the

potential would contain a linear combination of the group generators, Fk
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which do not in general commute. However as we saw above, the problem

has been that we cannot incorporate a mass for the gauge field in an in-

variant manner. This is achieved by considering an additional field. In the

case of weak interaction this is the Higgs field, which breaks the symmetry

and leads to a mass generating mechanism.

The Theory of Relativity (Special and General) and Quantum Theory have

been often described as the two pillars of twentieth century physics. Each

in its own right explained aspects of the universe to a certain extent. But

there are still many unanswered questions. For example spacetime singular-

ities (like the Big Bang), termed by John Wheeler as the Greatest Crisis of

Physics, the many divergences encountered in particle physics, some eigh-

teen arbitrary parameters in the standard model, elusive monopoles (and

Higgs bosons), gravitational waves and Dark Matter and and Supersym-

metric particles and so on.

To quote ’t Hooft (drawing a comparison with planetary orbits) [41], “What

we do know is that the standard model, as it stands today, cannot be en-

tirely correct, in spite of the fact that the interactions stay weak at ultra-

short distance scales. Weakness of the interactions at short distances is not

enough; we also insist that there be a certain amount of stability. Let us

use the metaphor of the planets in their orbits once again. We insisted that,

during extremely short time intervals, the effects of the forces acting on the

planets have hardly any effect on their velocities, so that they move approx-

imately in straight lines. In our present theories, it is as if at short time

intervals several extremely strong forces act on the planets, but, for some

reason, they all but balance out. The net force is so weak that only after

long time intervals, days, weeks, months, the velocity change of the planets

become apparent. In such a situation, however, a reason must be found as

to why the forces at short time scales balance out. The way things are for

the elementary particles, at present, is that the forces balance out just by

accident. It would be an inexplicable accident, and as no other examples

of such accidents are known in Nature, at least not of this magnitude, it is

reasonable to suspect that the true short distance structure is not exactly

as described in the standard model, but that there are more particles and

forces involved, whose nature is as yet unclear.”

Further, there has been much talk about going beyond the Standard Model,

ever since the mass of the neutrino, predicted independently by the author

[42] was confirmed by the Super Kamiokande experiment. For according

to the Standard Model, the neutrino should be massless. Clearly, we have

reached the limits of the Standard Model.
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Returning to the issue of Quantum Mechanics and General Relativity it was

almost as if Rudyard Kipling’s “The twain shall never meet” was true for

these two intellectual achievements, a view endorsed by Pauli, who went as

far as to say that we should not try to put together what God had intended

to be separate. For decades there have been fruitless attempts to unify

electromagnetism and gravitation, or Quantum Theory and General Rel-

ativity. For, we cannot leave the Universe with a split personality−−one

for the micro world and one for the macro universe. Such a dichotomic

description of nature is totally unsatisfactory. For sometime it looked like

String Theory would answer all questions, as we will see shortly.

1.9 Standard Cosmology

In the sixties, it was not suspected that Elementary Particle Physics would

be intimately connected with Cosmology, which was at the other end of the

spectrum in terms of sizes! But it was subsequently realized that further

experimentation on theoretical particle models would require energies that

could not be available in foreseeable particle accelerators. Fortunately the

Big Bang model of cosmology provides a scenario in the early Universe

where such high energies were accessible and consequently particle physics

predictions become testable. The very interesting development that has

emerged is that Particle Physics and Cosmology have got linked by this

high energy bridge.

The so called Big Bang model arose from three main observations. The

first was the discovery in the 1920s that the Universe is expanding, in the

sense that the basic constituents, the galaxies (as then believed) showed

red shifts. Furthermore as Hubble discovered, the farther the galaxy, the

greater its speed of recession. This is Hubble’s Law: v = Hr, where H is

the Hubble constant.

Another important observation was about light element abundance−−or

overabundance−−in the Universe. In the 1940s Gamow and coworkers

provided an explanation for this. The early Universe must have been very

hot and dense. The synthesis of light elements took place when the Universe

was at a temperature of 109K. However heavier elements were formed later,

inside the stars, and were strewn about by supernova explosions.

Finally there was a cosmic footprint of an explosion from a very early hot

and dense state. This was the residual background radiation from that
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early event. In the present epoch however the earlier intense radiation

would have cooled, and it was calculated that it would be in the form

of microwaves. Exactly such a cosmic background microwave radiation

footprint was accidentally discovered in 1965 by Penzias and Wilson. This

effectively overthrew a competing model of that time−−the Steady State

Model, which has now become history [43].

So the picture to emerge [43–45] was that the Universe was born in a titanic

explosion or Big Bang, a name made popular by Gamow. Exactly at the

time of the Big Bang some fourteen billion years ago, it is reckoned, all

the matter and energy of the Universe was concentrated at a single point,

where the density and curvature would be infinite. This is the Big Bang

singularity. Following the Big Bang, matter and energy has been flung

all round and even today the galaxies (or clusters of galaxies) are rushing

outward due to that initial impact.

The question that arises is, will the expansion of the Universe continue

for ever, or would it slow down to a halt and then collapse? The answer

to this would depend on the mass/energy density of the Universe. If this

value is greater than a critical value, then the gravitational attraction will

ultimately prevail over the expansion and the Universe would collapse. But

if the density is less than the critical value, the Universe would go on

expanding for ever. This critical density is given by,

ρcrit =
3H2

8πG
= 2 × 10−29h2g/cm3

Observations seem to indicate that the density of the Universe was close

to the critical value. Further an observation of the speeds of rotation of

the galaxies indicated that the galaxies themselves contained more matter

than met the eye. This lead to “Dark Matter” being invoked. Dark mat-

ter has not been directly detected, nor can it be precisely characterized,

even though there have been a number of possible candidates. For example

invisible Black Holes or even difficult to detect brown dwarf stars. Ex-

otic massive particles have also been proposed as also massive neutrinos or

monopoles. With dark matter thrown in, it was believed that the Universe

had the critical density to reverse the expansion.

Though the Big Bang model could explain several observations, there were

subtler questions which came to haunt. These were: How come the density

of the Universe, which could have been anything, is in fact so close to the

critical density in a process spread over billions of years? More precisely

such a close critical density today would imply that even after about a

billionth of a second after the Big Bang the density was equal to the criti-
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cal density accurate to some twenty five decimal places. Alternatively this

means that the Universe or space is very flat. This need not have been so.

And then the Universe appears uniform on large scales. For instance the

cosmic microwave background radiation is uniform in temperature to a high

degree of accuracy. How can this be so for regions separated by such vast

distances. For since the Big Bang for light itself there has not been enough

time to connect them. This is called the horizon problem.

Finally how do we account for the small scale inequalities or lumps in the

Universe which we see as galaxies?

In 1981 Alan Guth proposed his inflation Theory ([46, 47]). According to

this there was a super fast or super rapid expansion in the early stages of

the Universe, so that the size of the Universe exploded to several times its

original size within a small fraction of a second.

To put it simply this super fast or exponential expansion flattens out the

Universe, thus explaining the first problem. The horizon problem is also

accounted for: Due to the super fast expansion or inflation, distant regions

were much closer together than with an usual expansion. So they would

be at the same temperature. Furthermore Quantum fluctuations in the

inflation field would cause fluctuations in density, that is they would seed

the formation of galaxies. Finally it may be added that given the infla-

tionary scenario, the fact that exotic particles like magnetic monopoles are

not detected is also explained. The rapid inflation would have diluted such

particles and made them unobservable.

A time line of the Universe would be [48]

1 t = 10−43secs, T = 1032K

The Planck era of Quantum Gravity would have just ended and the Universe

would be described by a Grand Unified Theory

2 t = 10−35secs, T = 1028K

The Grand Unified symmetry is broken. The size of the Universe would

still be only a millimeter across

3 t = 10−10secs, T = 1015K

At this stage electroweak symmetry is broken. Already the Universe has

swelled to a size of 1014cms.

4 t = 10−5secs, T ∼ 1012K

QCD is switched off and quarks combine to form hadrons

5 t ∼ 3min, T ∼ 109K
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Nucleosynthesis begins and nuclei of lighter elements like Helium and

Lithium begin to form

6 t = 10−5yrs, T ∼ 4000K

Electrons and nuclei combine to form neutral atoms as charged particles

are no longer present. So there is no scattering of photons and radiation in

general including the Cosmic Microwave Background Radiation.

Interestingly Optical and Radio Astronomy cannot probe beyond this time

7 t ∼ 109yrs, T ∼ 10K

Galaxy formation begins

8 t ∼ 1010yrs, T ∼ 2.7K

This is the Universe of today.

The above was the model till 1997. That year, the author put forward

an alternative model which in fact went against the then existing belief.

On the contrary, this model predicted a dark energy driven accelerating

ever expanding Universe. In 1998 dramatic confirmation for the new model

came from the observations of Perlmutter, Schmidt, Kirshner and others.

We will come back to all this in Chapter 3. Clearly the limits of Standard

Big Bang Cosmology had been reached in 1997.

1.10 Bosonic Strings

We have already noted that String Theory (and its derivatives) held the

promise of unifying gravitatioin with other fundamental forces. Let us

begin with T. Regge’s work of the 1950s referred to earlier [32, 49, 50]

in which he carried out a complexification of the angular momentum and

analyzed particle resonances. As is well known, the resonances could be

fitted by a straight line plot in the (J,M 2) plane, where J denotes the

angular momentum and M the mass of the resonances. That is we have

J ∝M2, (1.17)

Equation (1.17) suggested that not only did resonances have angular mo-

mentum, but they also resembled extended objects. This was contrary to

the belief that elementary particles were point like. In fact as we saw, at

the turn of the twentieth century, Poincare, Lorentz, Abraham and others

had toyed with the idea that the electron had a finite extension, but they

had to abandon this approach, because of a conflict with Special Relativity.
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The problem is that if there is a finite extension for the electron then forces

on different parts of the electron would exhibit a time lag, requiring the so

called Poincare stresses for stability [6, 7, 33].

In this context, it may be mentioned that in the early 1960s, Dirac came up

with an imaginative picture of the electron, not so much as a point particle,

but rather a tiny closed membrane or bubble. Further, the higher energy

level oscillations of this membrane would represent the “heavier electrons”

like muons [51].

Then, in 1968, G. Veneziano came up with a unified description of the Regge

resonances (1.17) and other scattering processes. Veneziano considered the

collision and scattering process as a black box and pointed out that there

were in essence, two scattering channels, s and t channels. These, he argued

gave a dual description of the same process [52, 53].

In an s channel, particles A and B collide, form a resonance which quickly

disintegrates into particles C and D. On the other hand in a t channel

scattering, particles A and B approach each other, and interact via the ex-

change of a particle q. The result of the interaction is that particles C and

D emerge. If we now enclose the resonance and the exchange particle q in

an imaginary black box, it will be seen that the s and t channels describe

the same input and the same output: They are essentially the same.

There is another interesting hint which we get from Quantum Chromo

Dynamics that we encountered. Let us come to the inter-quark potential

[30, 34]. There are two interesting features of this potential as noted. The

first is that of confinement, which is given by a potential term like

V (r) ≈ σr, r → ∞,

where σ is a constant. This describes the large distance behavior between

two quarks. The confining potential ensures that quarks do not break out

of their bound state, which means that effectively free quarks cannot be

observed.

The second interesting feature is asymptotic freedom. This is realized by a

Coulumbic potential

Vc(r) ≈ −∝ (r)

r
(small r)

where ∝ (r) ∼ 1

ln(1/λ2r2)

The constant σ is called the string tension, because there are string models

which yield V (r). This is because, at large distances the inter-quark field is
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string like with the energy content per unit length becoming constant. Use

of the angular momentum−−mass relation indicates that σ ∼ (400MeV )2.

Such considerations lead to strings which are governed by the equation

[54–57]

ρÿ − Ty′′ = 0, (1.18)

ω =
π

2l

√

T

ρ
, (1.19)

T =
mc2

l
; ρ =

m

l
, (1.20)

√

T/ρ = c, (1.21)

T being the tension of the string, l its length and ρ the line density and ω in

(1.19) the frequency. The identification (1.19),(1.20) gives (1.21), where c

is the velocity of light, and (1.18) then goes over to the usual d’Alembertian

or massless Klein-Gordon equation.

Further, if the above string is quantized canonically, we get

〈∆x2〉 ∼ l2. (1.22)

Thus the string can be considered as an infinite collection of harmonic oscil-

lators [55]. (Indeed, we will return to this model of a collection of Harmonic

Oscillators, in later Chapters.) Further we can see, using equations (1.19)

and (1.20) and the fact that

~ω = mc2

that the extension l is of the order of the Compton wavelength in (1.22),

a circumstance that was called one of the miracles of the string theory by

Veneziano [52].

It must be mentioned that the above considerations describe a “Bosonic

String”, in the sense that there is no room for the Quantum Mechanical

spin. This can be achieved by giving a rotation to the relativistic quantized

string as was done by Ramond [16, 58]. In this case we recover (1.17) of the

Regge trajectories. The particle is now an extended object, at the Compton

scale, rotating with the velocity of light. Furthermore in superstring theory

there is an additional term a0, viz.,

J ≤ (2πT )−1M2 + a0~, with a0 = +1(+2) for the open (closed) string.

(1.23)
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The term a0 in (1.23) comes from the Zero Point Energy. Usual gauge

bosons are described by a0 = 1 and gravitons by a0 = 2.

It is also well known that string theory has always had to deal with extra

dimensions which reduce to the usual four dimensions of physical space-

time when we invoke the Kaluza-Klein approach at the Planck Scale [59].

Briefly, this means that the extra dimensions have infinitesimal dimensions,

or more accurately, are wound up in infinitesimal cylinders.

All these considerations have been leading to more and more complex mod-

els, the latest version being the so called M-Theory. In this latest theory

supersymmetry is broken so that the supersymmetric partner particles do

not have the same mass as the known particles. Particles can now be

described as soliton like branes, resembling the earlier Dirac membrane.

M-Theory also gives an interface with Black Hole Physics. Further these

new masses must be much too heavy to be detected by current accelerators.

The advantage of Supersymmetry (SUSY) is that a framework is now avail-

able for the unification of all the interactions including Gravitation. It may

be mentioned that under a SUSY transformation, the laws of physics are

the same for all observers, which is the case in General Relativity (Gravi-

tation) also. Under SUSY there can be a maximum of eleven dimensions,

the extra dimensions being curled up as in Kaluza-Klein theories. In this

case there can only be an integral number of waves around the circle, giving

rise to particles with quantized energy. However for observers in the other

four dimensions, it would be quantized charges, not energies. The unit of

charge would depend on the radius of the circle, the Planck radius yielding

the value e. This is the root of the unification of electromagnetism and

gravitation in these theories.

In M-Theory, the position coordinates become matrices and this leads to,

as we will see, a noncommutative geometry or fuzzy spacetime in which

spacetime points are no longer well defined [60]

[x, y] 6= 0

From this point of view the mysterious M in M-Theory could stand for

Matrix, rather than Membrane or magic as some suppose.

So M-Theory is the new avatar of Quantum Superstring Theory. Never-

theless it is anything but the last word. There are still any number of

routes for compressing ten dimensions to our four dimensions. There is

still no contact with experiment. It also appears that these theories lead to

an unacceptably high cosmological constant and so on and so on. This has

prompted some String theorists to invoke an Anthropic Principle approach.
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According to this, the universe is really a landscape of some 10500 universes,

each with its own fundamental laws and constants. It so happens that we

are inhabiting a universe with the observed laws and physical constants.

This could well be the death knell of the theory.

All this along with the non-verifiability of the above considerations and the

fact that the Planck scale ∼ 1020GeV is also beyond forseeable attainment

in collidors has lead to much criticism even though it is generally accepted

that the mathematical ideas have been rich and promising. Indeed it is

becoming increasingly clear that this intellectual tour de force, touted as

The Theory of Everything has perhaps reached its limits. Not just String

Theory, but also all so called “reductionist” theories are under the scanner.

1.11 End of the Road?

Reductionism has been at the heart of twentieth century Theoretical

Physics. Beginning with the atomism of ancient India and Greek thinkers,

it was reborn in the nineteenth century. This spirit is very much evident

in Einstein’s concept of locality in which an arbitrarily small part of the

universe can be studied without reference to other parts of it. Indeed it is

this philosophy of reductionism which has propelled the most recent studies

such as String Theory or other Quantum Gravity approaches.

Against this backdrop, the first salvo was fired by Nobel Laureate

R.B.Laughlin. “A Different Universe”, his recent book, would come as

a shock because he debunks reductionism in favour of what is these days

called emergence. That is his central theme [61]. The fundamental laws

of nature emerge through collective self organization and do not require

knowledge of their component parts, that is microscopic rules, in order

that we comprehend or exploit them. The distinction between fundamen-

tal laws and laws descending from them is a myth. In his words, “... I must

openly discuss some shocking ideas: the vacuum of space-time is ’matter’,

the possibility that relativity is not fundamental...” He argues that all fun-

damental constants require an environmental context to make sense. This

is contrary to the reductionist view that basic bricks build up structures.

Laughlin takes pain to bring to our notice that there is now a paradigm

shift from the older reductionist view to a view of emergence. For him

Klitzing’s beautiful experiment bringing out the Quantum Hall effect is

symbolic of the new ethos. The Quantum of Hall resistance is a combi-

nation of fundamental constants viz., the indivisible quantum of electric
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charge e, the Planck constant h and the speed of light c. This means that

these supposedly basic building blocks of the universe can be measured with

breathtaking accuracy, without dealing with the building blocks themselves.

Though, from one point of view, this resembles the fact that bulk properties

emerge from underlying and more fundamental microscopic properties, he

argues that this latter effect reveals that supposedly indivisible quanta like

the electric charge e can be broken into pieces through self organization

of phases. That is, the supposedly fundamental things are not necessar-

ily fundamental. Furthermore, for example, in superconductivity, many of

the so called minor details are actually inessential−−the exactness of the

Meissner and Josephson effects does not require the rest of the finer detail

to be true.

Admittedly there are a number of grey areas in modern theoretical physics

which are generally glossed over. For instance Dirac’s Hole Theory of anti

matter. However in silicon, there are many electrons locked up in the chem-

ical bonds and it is possible to pull an electron out of a chemical bond. This

makes a hole which is mobile and acts in every way like an extra electron

with opposite charge added to the silicon. This idea however requires the

analogue of a solid’s bond length. In Particle Physics such a length conflicts

fundamentally with the Principle of Relativity as we have seen, unless, as

we have argued, it breaks down at the Compton scale. On the contrary,

Laughlin laments, “... instead, physicists have developed clever seman-

tic techniques for papering it over... Thus instead of Holes one speaks of

anti particles. Instead of bond length one speaks of an abstraction called

the ultra violet cutoff, a tiny length scale introduced into the problem to

regulate−−which is to say, to cause it to make sense. Below this scale

one simply aborts one’s calculations... Much of Quantum Electrodynam-

ics, the mathematical description of how light communicates with the ocean

of electrons... boils down to demonstrating the unmeasurableness of the ul-

tra violet cutoff... The potential of overcoming the ultra violet problem is

also the deeper reason for the allure of String Theory, a microscopic model

for the vacuum that has failed to account for any measured thing... The

properties of empty space relevant to our lives show all the signs of being

emergent phenomena characteristic of a phase of matter. They are simple,

exact, model insensitive, and universal. This is what insensitivity to the

ultra violet cutoff means physically.”

Moreover as we will see particularly in Chapter 4, quantized sound waves

or phonons have an exact parallel with photons−−in fact their quantum

properties are identical to those of light. However sound is a collective mo-
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tion of elastic matter, while in our understanding, light is not. This means

that quantization of sound may be deduced from the underlying laws of

Quantum Mechanics obeyed by the atoms, whereas in the case of light this

is postulated. This is a logical loose end and ultimately we bring in the

gauge effect to cover this. But unfortunately, “there is also a fundamental

incompatibility of the gauge effect with the principle of relativity, which one

must sweep under the rug by manipulating the cutoff.” Laughlin complains

that in spite of the evidence against reductionism, sub nuclear experiments

are generally described in reductionist terms. These points will be consid-

ered in detail, in the following Chapters.

Turning to General Relativity, Laughlin points out that it is a speculative

post Newtonian Theory of Gravity, an invention of the mind, “it is just

controversial and largely beyond the reach of experiment”, unlike Special

Relativity which was a discovery of the behavior of nature. He then points

out the contradiction between Special and General Relativity−−in the for-

mer Einstein did away with the concept of the Ether. But this reenters the

latter theory in the form of the fabric of space. Touching upon the skeletons

in the closet of General Relativity, Laughlin discusses the embarrassment

that is caused by a non zero cosmological constant.

He concludes that if Einstein were alive today, he would be horrified at this

state of affairs and would conclude that his beloved principle of Relativity

was not fundamental at all but emergent.

Laughlin takes a critical look at renormalizability, a pillar of modern the-

oretical physics, and cosmology. Indeed, we have already commented on

this. “If renormalizability of the vacuum is caused by proximity to phase

transitions, then the search for an ultimate theory would be doomed on two

counts: It would not predict anything even if you found it, and it could not

be falsified...

“The political nature of cosmological theories explains how they could so

easily amalgamate String Theory, a body of mathematics with which they

actually have very little in common... (String Theory) has no practical util-

ity however, other than to sustain the myth of the ultimate theory. There

is no experimental evidence for the existence of Strings in nature... String

Theory is, in fact a textbook case of ... a beautiful set of ideas that will

always remain just barely out of reach. Far from a wonderful technological

hope for a greater tomorrow, it is instead a tragic consequence of an abso-

lute belief system in which emergence plays no role...”

Laughlin has captured the mood of pessimism that prevails in the minds of

several high energy physicists. He goes on to cite the famous joke that the
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Physical Review is now so voluminous that stacking up successive issues

would generate a surface travelling faster than the speed of light, although

without violating Relativity, because the Physical Review contains no in-

formation anyway.

However before proceeding further it must be mentioned, as we will see in

the following Chapters, that the author’s own work during the last decade

has borne out the spirit of these ideas, that the iron clad law of physics is

more thermodynamic and stochastic in nature, that the velocity of light or

the gravitational constant can be deduced from such considerations rather

than be taken as fundamental inputs; how, it is possible to have schemes

that bypass the awkward questions raised in the book, without brushing

them away below the carpet, by considering an a priori Quantum vacuum

in which fluctuations take place.

Returning now to String Theory there is no doubt that it has straddled

the past two decades and more as the only contender for the Theory of

Everything. Some years ago Nobel Laureate Sheldon Glashow described

it, sarcastically, as the only game in town. In recent months though the

theory is not only being debunked, it is facing a lot of flak, particularly in

the worldwide media. Laughlin may be faulted on the grounds that he is

not a String Theorist or a Particle Physicist. The decisive tilt has come

from Nobel Laureate David Gross, very much an insider, who as it were,

spilt the beans at the recent 23rd Solvay Conference in Physics held in

Brussels, Belgium, in late 2005. He stated “We don’t know what we are

talking about!” He then went on to say, “Many of us believed that string

theory was a very dramatic break with out previous notions of quantum

theory. But now we learn that string theory, well, is not that much of a

break.” And that physics is in “a period of utter confusion.”

At this meeting Gross compared the state of Physics today to that during

the first Solvay Conference in 1911 “They were missing something abso-

lutely fundamental,” he said. “We are missing perhaps something as pro-

found as they were back then.”

Thus the Time Magazine, August 14, 2006 issue notes:

“By now, just about everyone has heard of string theory. Even those who

don’t really understand it-which is to say, just about everyone-know that

it’s the hottest thing in theoretical physics. Any university that doesn’t

have at least one string theorist on the payroll is considered a scientific

backwater. The public, meanwhile, has been regaled for years with maga-

zine articles

“But despite its extraordinary popularity among some of the smartest peo-
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ple on the planet, string theory hasn’t been embraced by everyone-and now,

nearly 30 years after it made its initial splash, some of the doubters are be-

coming more vocal. Skeptical bloggers have become increasingly critical of

the theory, and next month two books will be hitting the shelves to make

the point in greater detail. Not Even Wrong, by Columbia University math-

ematician Peter Woit, and The Trouble With Physics, by Lee Smolin at the

Perimeter Institute for Theoretical Physics in Waterloo, Ont., both argue

that string theory (or superstring theory, as it is also known) is largely a

fad propped up by practitioners who tend to be arrogantly dismissive of

anyone who dare suggest that the emperor has no clothes

“Bizarre as it seemed, this scheme appeared on first blush to explain why

particles have the characteristics they do. As a side benefit, it also included

a quantum version of gravity and thus of relativity. Just as important, no-

body had a better idea. So lots of physicists, including Woit and Smolin,

began working on it.

“Since then, however, superstrings have proved a lot more complex than

anyone expected. The mathematics is excruciatingly tough, and when prob-

lems arise, the solutions often introduce yet another layer of complexity. In-

deed, one of the theory’s proponents calls the latest of many string-theory

refinements “a Rube Goldberg contraption.” Complexity isn’t necessarily

the kiss of death in physics, but in this case the new, improved theory

posits a nearly infinite number of different possible universes, with no way

of showing that ours is more likely than any of the others.

“That lack of specificity hasn’t slowed down the string folks. Maybe, they’ve

argued, there really are an infinite number of universes-an idea that’s cur-

rently in vogue among some astronomers as well-and some version of the

theory describes each of them. That means any prediction, however out-

landish, has a chance of being valid for at least one universe, and no pre-

diction, however sensible, might be valid for all of them.

“That sort of reasoning drives critics up the wall. It was bad enough, they

say, when string theorists treated nonbelievers as though they were a little

slow-witted. Now, it seems, at least some superstring advocates are ready

to abandon the essential definition of science itself on the basis that string

theory is too important to be hampered by old-fashioned notions of exper-

imental proof

“And it is that absence of proof that is perhaps most damning.”

“It’s fine to propose speculative ideas,” says Woit, “but if they can’t be

tested they’re not science.” To borrow the withering dismissal coined by

the great physicist Wolfgang Pauli, they don’t even rise to the level of be-
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ing wrong. That, says Sean Carroll of the University of Chicago, who has

worked on strings, is unfortunate. “I wish string theorists would take the

goal of connecting to experiment more seriously,” he says.

According to the August 27, 2006 issue of the Scientific American,

“With a tweak to the algorithms and a different database, the Website

could probably be made to spit out what appear to be abstracts about

superstring theory: “Frobenius transformation, mirror map and instan-

ton numbers” or “Fractional two-branes, toric orbifolds and the quantum

McKay correspondence.” Those are actually titles of papers recently posted

to arXiv.org repository of preprints in theoretical physics, and they may

well be of scientific worth-if, that is, superstring theory really is a science.

Two new books suggest otherwise: that the frenzy of research into strings

and branes and curled-up dimensions is a case of surface without depth, a

solipsistic shuffling of symbols as relevant to understanding the universe as

randomly generated dadaist prose.

“In this grim assessment, string theory-an attempt to weave together

general relativity and quantum mechanics−−is not just untested but

untestable, incapable of ever making predictions that can be experimen-

tally checked. With no means to verify its truth, superstring theory, in the

words of Burton Richter, director emeritus of the Stanford Linear Acceler-

ator Center, may turn out to be “a kind of metaphysical wonderland.” Yet

it is being pursued as vigorously as ever, its critics complain, treated as the

only game in town.

“String theory now has such a dominant position in the academy that it

is practically career suicide for young theoretical physicists not to join the

field,” writes Lee Smolin, a physicist at the Perimeter Institute for Theo-

retical Physics, in The Trouble with Physics: The Rise of String Theory,

the Fall of a Science, and What Comes Next. “Some young string theorists

have told me that they feel constrained to work on string theory whether or

not they believe in it, because it is perceived as the ticket to a professorship

at a university.”

“Neither of these books can be dismissed as a diatribe. Both Smolin and

Woit acknowledge that some important mathematics has come from con-

templating superstrings. But with no proper theory in sight, they assert, it

is time to move on. “The one thing everyone who cares about fundamental

physics seems to agree on is that new ideas are needed,” Smolin writes.

“We are missing something big.”

“The story of how a backwater of theoretical physics became not just the

rage but the establishment has all the booms and busts of an Old West min-
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ing town. Unable to fit the four forces of nature under the same roof, a few

theorists in the 1970s began adding extra rooms−−the seven dimensions

of additional closet space that unification seemed to demand. With some

mathematical sleight of hand, these unseen dimensions could be curled up

(“compactified”) and hidden inside the cracks of the theory, but there were

an infinite number of ways to do this. One of the arrangements might de-

scribe this universe, but which?

“The despair turned to excitement when the possibilities were reduced to

five and to exhilaration when, in the mid-1990s, the five were funneled into

something called M Theory, which promised to be the one true way. There

were even hopes of experimental verification

“That was six years ago, and to hear Smolin and Woit tell it, the field is

back to square one: recent research suggests that there are, in fact, some

10500 perfectly good M theories, each describing a different physics. The

theory of everything, as Smolin puts it, has become a theory of anything.

“Faced with this free-for-all, some string theorists have concluded that there

is no unique theory, that the universe is not elegant but accidental. If so,

trying to explain the value of the cosmological constant would make as

much sense as seeking a deep mathematical reason for why stop signs are

octagonal or why there are 33 human vertebrae”

An article in the Financial Times (London) in June 2006 by Physicist

Robert Mathews noted:

“They call their leader The Pope, insist theirs is the only path to enlight-

enment and attract a steady stream of young acolytes to their cause. A

crackpot religious cult? No, something far scarier: a scientific community

that has completely lost touch with reality and is robbing us of some of our

most brilliant minds.

“Yet if you listened to its cheerleaders-or read one of their best-selling books

or watched their television mini-series-you, too, might fall under their spell.

You, too, might come to believe they really are close to revealing the ul-

timate universal truths, in the form of a set of equations describing the

cosmos and everything in it. Or, as they modestly put it, a “theory of

everything”.

“This is not a truth universally acknowledged. For years there has been

concern within the rest of the scientific community that the quest for the

theory of everything is an exercise in self-delusion. This is based on the

simple fact that, in spite of decades of effort, the quest has failed to produce

a single testable prediction, let alone one that has been confirmed.

“For many scientists, that makes the whole enterprise worse than a theory
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that proves to be wrong. It puts it in the worst category of a scientific

theories, identified by the Nobel Prize-winning physicist Wolfgang Pauli: it

is not even wrong. By failing to make any predictions, it is impossible to

tell if it is a turkey, let alone a triumph.

“It is this loss of contact with reality that has prompted so much concern

among scientists-at least, those who are not intimidated by all the talk of

multidimensional superstrings and Calabi-Yau manifolds that goes with the

territory. But now one of them has decided the outside world should be

told about this scientific charade. As a mathematician at Columbia Uni-

versity, Peter Woit has followed the quest for the theory of everything for

more than 20 years. In his new book “Not Even Wrong” he charts how a

once-promising approach to the deepest mysteries in science has mutated

into something worryingly close to a religious cult.”

A review in the December 2006 issue of Physics Today notes: “Noted the-

oretical physicist Sheldon Glashow has famously likened string theory to

medieval theology because he believes both are speculations that cannot

be tested. Yet if readers believe Lee Smolin and Peter Woit, they might

conclude that the more apt comparison is to the Great disappointment of

1844, when followers of the Baptist preacher William Miller gave up all their

worldly possessions and waited for the Second Coming. The empirical in-

adequacy of that prediction led to apostasy and schisms among thousands

of Miller’s followers. At least one of the branches claimed that the event

had in fact occurred, but in a heavenly landscape linked to the world of

experience through only the weak but all-pervasive spiritual interaction.

Yet irritating differences exist between Miller’s followers and the “disap-

pointed” of the 1984 coming of the theory of everything; a majority of the

latter seem to have preserved their faith and gained worldly fortune in the

form of funding, jobs, and luxurious conferences at exotic locales.”

In all this confusion, we should not forget two important points. The first

is that String Theory still remains a mathematically beautiful self consis-

tent system of thought. Perhaps the flak that String Theory is receiving is

more due to reasons in the domain of the sociology of science. To elabo-

rate, String Theory has been touted as a theory, which, in the strict sense

it is not. If it had been promoted as a hypothesis, one of a few possible,

perhaps, there would have been much less criticism.

Indeed, some years ago Nobel Laureate ’t Hooft had noted [62] “Actually,

I would not even be prepared to call string theory a “theory” but rather a

“model” or not even that: just a hunch. After all, a theory should come

together with instructions on how to deal with it to identify the things one
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wishes to describe, in our case the elementary particles, and one should, at

least in principle, be able to formulate the rules for calculating the proper-

ties of these particles, and how to make new predictions for them.”

Moreover in the process String Theory adopted strong arm facist type tac-

tics including marketing through the media, while at the same time making

not too covert attempts to suppress other ideas. The backlash was there-

fore inevitable.

The second point is even more important and is expressed in David Gross’s

statement that perhaps we are missing something very profound. This

throws up a great challenge and makes for very exciting times.

Science has been described as a quest for the how and why of nature. Over

the centuries it has been guided by some principles which have crystallized

into a methodology. Thus observation leads to the framing of hypothe-

ses. It is expected that the hypotheses would have maximum simplicity

and maximal economy. This means that, apart from being simple, the

maximum number of observations are explained by a minimum number of

hypotheses. Further tests would then confirm or disprove the hypotheses,

if the hypotheses are found to be consistent with experiment. The richness

of a hypothesis is judged by the predictions it can make. These predictions

must be either provable or disprovable as stressed by Sir Karl Popper.

As far as Fundamental Physics is concerned, starting from the early days

of Indian and later Greek Atomism, through the Atomic Theory of the

19th century, and subsequently the developments in the 20th century, and

the early part of the 21st century, the route followed has been one of a

descending-in-size cascade. We have been propelled by the belief that the

universe could be understood by a study of its ultimate subconstituents.

This spirit as noted is very much evident in Einstein’s concepts of locality

in which an arbitrarily small part of the universe can be studied without

reference to other parts of it. A few decades later Wheeler observed that

our studies of the inaccessible Planck scale of 10−33cms were really like an

understanding of bulk properties of matter by studying the subconstituent

molecules [45].

Indeed it is this philosophy of reductionism which has propelled the most

recent studies such as String Theory or other Quantum Gravity approaches.

Decades of labour has gone into these endeavours and the research output

has been enormous.

Nevertheless we seem to have reached an impasse of a type that is all too

familiar from the past. There are minor discrepancies or corrections, which

nevertheless would point to, not just an incremental change of our concepts,
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but rather to a paradigm shift itself of the type we witnessed with Kepler’s

ellipses or Einstein’s Relativity or Quantum Theory. Any theory can go

only so far as its inherent limitations or constraints permit. At that stage,

as Thomas Kuhn [63] notes, there would be a revolution, an overturn of

concepts and the old way of looking at things. It is no longer an incremen-

tal improvement. It is proposed in this book that the so far one way street

of reductionism has reached such a limit, and now has to be tempered in

the spirit of Thermodynamics or emergence.
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Chapter 2

Law Without Law

2.1 A “Lawless” Universe?

From the beginning of modern science, the universe has been considered to

be governed by rigid laws which therefore, in a sense, made the universe

somehow deterministic. However, it would be more natural to expect that

the underpinning for these laws would be random,unpredictable and spon-

taneous rather than enforced events. This alternative but historical school

of thought is in the spirit of Prigogine’s, “Order out of chaos”[4].

Prigogine notes, “As we have already stated, we subscribe to the view that

classical science has now reached its limit. One aspect of this transforma-

tion is the discovery of the limitations of classical concepts that imply that

a knowledge of the world “as it is” was possible. The omniscient beings,

Laplace’s or Maxwell’s demon, or Einstein’s God, beings that play such an

important role in scientific reasoning, embody the kinds of extrapolation

physicists thought they were allowed to make. As randomness, complexity,

and irreversibility enter into physics as objects of positive knowledge, we

are moving away from this rather naive assumption of a direct connection

between our description of the world and the world itself. Objectivity in

theoretical physics takes on a more subtle meaning. ...Still there is only one

type of change surviving in dynamics, one “process”, and that is motion...

It is interesting to compare dynamic change with the atomists’ conception of

change, which enjoyed considerable favor at the time Newton formulated his

laws. Actually, it seems that not only Descartes, Gessendi, and d’Alembert,

but even Newton himself believed that collisions between hard atoms were

the ultimate, and perhaps the only, sources of changes of motion. Never-

theless, the dynamic and the atomic descriptions differ radically. Indeed,

the continuous nature of the acceleration described by the dynamic equa-

45
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tions is in sharp contrast with the discontinuous, instantaneous collisions

between hard particles. Newton had already noticed that, in contradiction

to dynamics, an irreversible loss of motion is involved in each hard colli-

sion. The only reversible collision–that is, the only one in agreement with

the laws of dynamics–is the “elastic,” momentum-conserving collision. But

how can the complex property of “elasticity” be applied to atoms that are

supposed to be the fundamental elements of nature?

“On the other hand, at a less technical level, the laws of dynamic motion

seem to contradict the randomness generally attributed to collisions be-

tween atoms. The ancient philosophers had already pointed out that any

natural process can be interpreted in many different ways in terms of the

motion of and collisions between atoms.”

In the words of Wheeler[64], we seek ultimately a “Law without Law.”

Laws are an apriori blue print within the constraints of which, the universe

evolves. The point can be understood in the words of Prigogine [65]

“...This problem is a continuation of the famous controversy between Par-

menides and Heraclitus. Parmenides insisted that there is nothing new,

that everything was there and will be ever there. This statement is para-

doxical because the situation changed before and after he wrote his famous

poem. On the other hand, Heraclitus insisted on change. In a sense, after

Newton’s dynamics, it seemed that Parmenides was right, because New-

ton’s theory is a deterministic theory and time is reversible. Therefore

nothing new can appear. On the other hand, philosophers were divided.

Many great philosophers shared the views of Parmenides. But since the

nineteenth century, since Hegel, Bergson, Heidegger, philosophy took a dif-

ferent point of view. Time is our existential dimension. As you know, we

have inherited from the nineteenth century two different world views. The

world view of dynamics, mechanics and the world view of thermodynam-

ics.”

It may be mentioned that subsequent developments in Quantum Theory, in-

cluding Quantum Field Theory are in the spirit of the former. Einstein him-

self believed in this view of what may be called deterministic time−−time

that is also reversible. On the other hand Heraclitus’s point of view was

in the latter spirit. His famous dictum was, “You never step into the same

river twice”, a point of view which was endorsed by earlier ancient Indian

thought. This has been the age old tussle between “being” and “becom-

ing”.

As Wheeler put it, (loc.cit), “All of physics in my view, will be seen some-

day to follow the pattern of thermodynamics and statistical mechanics, of
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regularity based on chaos, of “law without law”. Specifically, I believe that

everything is built higgledy-piggledy on the unpredictable outcomes of bil-

lions upon billions of elementary quantum phenomena, and that the laws

and initial conditions of physics arise out of this chaos by the action of a

regulating principle, the discovery and proper formulation of which is the

number one task....”

The reason this approach is more natural is, that otherwise we would be

lead to ask, “from where have these laws come?” unless we either postulate

a priori laws or we take shelter behind an anthropic argument. An interest-

ing but neglected body of work in the past few decades is that of Random

or Stochastic Mechanics and Electrodynamics. It may be mentioned that

a considerable amount of work has been done in this direction by Nelson,

Landau, Prugovecki, the author and others[66]-[92], who have tried to de-

rive the Schrodinger equation, the Klein-Gordon equation and even the

Dirac equation from stochastic considerations, and in general develop an

underpinning of stochastic mechanics and stochastic electrodynamics. The

literature is vast and some of the references given cite an extensive bibli-

ography. A few of these approaches have been very briefly touched upon

in Cf.ref.[16]. However, all these derivations contain certain assumptions

whose meaning has been unclear. We will see examples of this in the se-

quel. In any case, we will argue that the seeds of a new world view, of the

paradigm shift are to be found here in these considerations.

In the above context, we propose below that purely stochastic processes lead

to minimum space-time intervals of the order of the Compton wavelength

and time, whose considerable significance will be seen and it is this cir-

cumstance that underlies quantum phenomena and cosmology, and, in the

thermodynamic limit in which N , the number of particles in the universe

→ ∞, classical phenomena and Quantum Theory as well. In the process,

we will obtain a rationale for some of the ad hoc assumptions referred to

above.

In the older, and more popular world view, spacetime has generally been

taken to be a differentiable manifold with an Euclidean (Galilean) or

Minkowskian or Riemannian character. Though the Heisenberg Principle

in Quantum Theory forbids arbitrarily small space time intervals, the above

continuum character with space time points has been taken for granted even

in Quantum Field Theory. In fact if we accept the proposition that what

we know of the universe is a result of our measurement (which includes our

perception), and that measurements are based on quantifiable units, then

it becomes apparent that a continuum is at best an idealization. This was
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the reason behind the paradox of the point electron which was encountered

in the classical theory of the electron, as we saw in the last Chapter. It was

also encountered as is well known in Dirac’s Quantum Mechanical treat-

ment of the relativistic, spinning electron in which the electron showed up

with the velocity of light.

Quantum Mechanics has lived with this self contradiction[93]. In this

schizophrenic existence, the wave function follows a deterministic (time

reversible) equation, while the result of a measurement, without which no

information is retrievable, follows from an acausal “collapse of the wave

function” yielding one of the many permissible eigen values, in an un-

predictable but probabilistic manner. Indeed it has been suggested by

Snyder, Lee and others that the infinities which plague Quantum Field

Theory are symptomatic of the fact that space time has a granular or dis-

crete rather than continuous character. This has lead to a consideration

of extended particles[94]-[100] [6], as against point particles of conventional

theory. Wheeler’s space time foam and strings[101]-[103] are in this class,

with a minimum cut off at the Planck scale. As ’t Hooft notes, [104] “It is

somewhat puzzling to the present author why the lattice structure of space

and time had escaped attention from other investigators up till now...” We

will return to this point later.

All this has also lead to a review of the conventional concept of a rigid

background spacetime. More recently [105]-[107], it has been pointed out

by the author that it is possible to give a stochastic underpinning to space

time and physical laws. This is in the spirit of Wheeler’s, “Law without

Law” [64] alluded to. In fact in a private communication to the author,

Prof. Prigogine wrote, “...I agree with you that spacetime has a stochastic

underpinning”.

2.2 The Emergence of Spacetime

We will later briefly survey some models for spacetime. For the moment

our starting point is the well known fact that in a random walk, the average

distance l covered at a stretch is given by [108]

l = R/
√
N (2.1)

where R is the dimension of the system and N is the total number of steps.

We get the same relation in Wheeler’s famous travelling salesman problem

and similar problems [109]. The interesting fact that equation (2.1) is true

in the universe itself with R the radius of the universe ∼ 1028cm,N the
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number of the elementary particles in the universe ∼ 1080 and l the Comp-

ton wavelength of the typical elementary particle, for example the pion

∼ 10−13cm had been noticed a long time ago[110]. From a different point

of view, it is one of the cosmic “coincidences” or Large Number relations,

pointed out by Weyl, Eddington and others. In this context, equation (2.1)

which has been generally considered to be accidental (along with other such

relations which we will encounter), will be shown to arise quite naturally in

a cosmological scheme based on fluctuations. We would like to stress that

we encounter the Compton wavelength as an important and fundamental

minimum unit of length and will return recurrently to this theme.

It may be mentioned that a minimum time interval, the chronon, has been

considered earlier in a different context by several authors as we will see

very soon. What distinguishes Quantum Theory from Classical Physics is

as pointed out, the role of the resolution of the observer or observing ap-

paratus. What appears smooth at one level of perception, may turn out

to be very irregular on a closer examination. Indeed as noted by Abbot

and Wise[111], in this respect the situation is similar to everywhere contin-

uous but non differentiable curves, the fractals of Mandelbrot [112]. This

again is tied up with the Random Walk or Brownian character of the Quan-

tum path as noted by Sornette and others[113]-[120]: At scales larger than

the Compton wavelength but smaller than the de Broglie wavelength, the

Quantum paths have the fractal dimension 2 of Brownian paths (cf. also

Nottale,[121]). This will be touched upon briefly in Section 2.6.

This irregular nature of the Quantum Mechanical path was noticed by Feyn-

man [122] “...these irregularities are such that the “average” square velocity

does not exist, where we have used the classical analogue in referring to an

“average”.

“If some average velocity is defined for a short time interval ∆t, as, for ex-

ample, |x(t+∆t)−x(t)|/∆t, the “mean” square value of this is −~/(m∆t).

That is, the “mean” square value of a velocity averaged over a short time in-

terval is finite, but its value becomes larger as the interval becomes shorter.

It appears that quantum-mechanical paths are very irregular. However,

these irregularities average out over a reasonable length of time to produce

a reasonable drift, or “average” velocity, although for short intervals of time

the “average” value of the velocity is very high...”

This as we will see was Dirac’s conclusion too, and indeed his explanation

for the luminal velocity of the point electron and the non Hermiticity of its

position operator in his relativistic electron theory.

Two important characteristics of the Compton wavelength have to be re-
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emphasized (Cf.[107]): On the one hand with a minimum space time cut

off at the Compton wavelength, as we will see later in Chapter 6, we can re-

cover by a simple coordinate shift the Dirac structure for the equation of the

electron, including the spin half. In this sense the spin half, which is purely

Quantum Mechanical will be seen to be symptomatic of the minimum space

time cut off, as is also suggested by the zitterbewegung interpretation of

Dirac (in terms of the Uncertainty Principle), Hestenes and others (Cf. dis-

cussion in [16]). The zitterbewegung is symptomatic of the fact that by the

Heisenberg Uncertainty Principle, physics begins only after an averaging

over the minimum spacetime intervals. This is also suggested by stochastic

models of Quantum Mechanics referred to, both non relativistic and rel-

ativistic as also Feynman’s Path Integral formulation. We will comment

upon this in the sequel.

On the other hand, we will see that (2.1) and a similar equation for the

Compton time in terms of the age of the universe, viz.,

T ≈
√
Nτ (2.2)

can be the starting point for a unified scheme for physical interactions and

indeed a cosmology that is not only consistent with observation in which we

will deduce the Large Number coincidences referred to, but also predicted

in 1997 an accelerating expanding universe when the ruling paradigm was

exactly the opposite. We will see this in the next Chapter in detail. The

Large Number relations also include a mysterious formula [17], connecting

the pion mass and the Hubble constant which we will deduce. It has to

be pointed out [109] that in the spirit of Wheeler’s travelling salesman’s

“practical man’s minimum” length that the Compton scale plays such a

role, and that spacetime is like Richardson’s delineation of a jagged coast-

line [112] with a thick brush, the thickness of the brush being comparable

to the Compton scale.

What Richardson found was that the length of the common land boundaries

claimed by Portugal and Spain as also Netherlands and Belgium, differed by

as much as 20%! The answer to this non-existent border dispute lies in the

fact that we are carrying over our concepts of smooth curves or rectifiable

arcs to the measurement of real life jagged boundaries or coastlines. As far

as these latter are concerned, as Mandelbrot puts it [112] “The result is

most peculiar; coastline length turns out to be an elusive notion that slips

between the fingers of one who wants to grasp it. All measurement meth-

ods ultimately lead to the conclusion that the typical coastline’s length is

very large and so ill determined that it is best considered infinite.....” This
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is where Hansdorf dimension or the fractal dimension referred to earlier

comes in– we are approximating a higher dimensional curve by a one di-

mensional curve.

Spacetime, rather than being a smooth continuum, is more like a fractal

Brownian curve, what may be called Quantized Fractal Spacetime. All this

has been recognized by some scholars, at least in spirit. As V.L. Ginzburg

puts it [123] “The Special and General Relativity theory, non-relativistic

Quantum Mechanics and present theory of Quantum Fields use the concept

of continuous, essentially classical, space and time (a point of spacetime is

described by four coordinates xl = x, y, z, ct which may vary continuosly).

But is this concept valid always? How can we be sure that on a “small

scale” time and space do not become quite different, somehow fragmen-

tized, discrete, quantized? This is by no means a novel question, the first

to ask it was, apparently Riemann back in 1854 and it has repeatedly been

discussed since that time. For instance, Einstein said in his well known

lecture “Geometry and Experience” in 1921: ’It is true that this proposed

physical interpretation of geometry breaks down when applied immediately

to spaces of submolecular order of magnitude. But nevertheless, even in

questions as to the constitution of elementary particles, it retains part of

its significance. For even when it is a question of describing the electrical

elementary particles constituting matter, the attempt may still be made

to ascribe physical meaning to those field concepts which have been phys-

ically defined for the purpose of describing the geometrical behavior of

bodies which are large as compared with the molecule. Success alone can

decide as to the justification of such an attempt, which postulates physical

reality for the fundamental principles of Riemann’s geometry outside of the

domain of their physical definitions. It might possibly turn out that this

extrapolation has no better warrant than the extrapolation of the concept

of temperature to parts of a body of molecular order of magnitude’.

“This lucidly formulated question about the limits of applicability of the

Riemannian geometry (that is, in fact macroscopic, or classical, geomet-

ric concepts) has not yet been answered. As we move to the field of in-

creasingly high energies and, hence to “closer” collisions between various

particles the scale of unexplored space regions becomes smaller. Now we

may possibly state that the usual space relationships down to the distance

of the order of 10−15cm are valid, or more exactly, that their application

does not lead to inconsistencies. It cannot be ruled out that, the limit is

nonexistent but it is much more likely that there exists a fundamental (el-

ementary) length l0 ≤ 10−16 − 10−17cm which restricts the possibilities of
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classical, spatial description. Moreover, it seems reasonable to assume that

the fundamental length l0 is, at least, not less than the gravitational length

lg =
√

Gh/c3 ∼ 10−33cm.

“... It is probable that the fundamental length would be a “cut-off” factor

which is essential to the current quantum theory: a theory using a funda-

mental length automatically excludes divergent results”.

Einstein himself was aware of this possibility. As he observed [124], “... It

has been pointed out that the introduction of a spacetime continuum may

be considered as contrary to nature in view of the molecular structure of

everything which happens on a small scale. It is maintained that perhaps

the success of the Heisenberg method points to a purely algebraic method

of description of nature that is to the elimination of continuous functions

from physics. Then however, we must also give up, by principle the space-

time continuum. It is not unimaginable that human ingenuity will some

day find methods which will make it possible to proceed along such a path.

At present however, such a program looks like an attempt to breathe in

empty space”.

To analyse this further, we observe that space time given by R and T of

(2.1) and (2.2) represents a measure of dispersion in a normal distribution:

Indeed if we have a large collection of N events (or steps) of length l or τ ,

forming a normal distribution, then the dispersion σ is given by precisely

the relation (2.1) or (2.2).

The significance of this is brought out by the fact that the universe is a

collection of N elementary particles, in fact typically pions of “size” l, as

seen above. We consider spacetime not as an apriori container of these

particles but rather as a Gaussian collection of these particles, a Random

Heap. At this stage, we do not even need the concept of a continuum.

In this scheme the probability distribution has a width or dispersion ∼ 1√
N

(Cf. ref.[125–127]), that is the fluctuation (or dispersion) in the number of

particles ∼
√
N . This immediately leads to equations (2.1) and (2.2).

It must be emphasized that equations (2.1) and (2.2) in particular bring

out apart from the random feature, a holistic or Machian feature in which

the large scale universe and the micro world are inextricably tied up, as

against the usual reductionist view discussed in detail earlier. This is in

fact inescapable if we are to consider a Brownian Heap. This interpretation

in which the extent R(orT ) in (2.1) (or (2.2)) is a dispersion also explains

the fractal dimensionality 2: If the steps were laid out one beside the other

unidirectionally as in conventional thinking, then we would have the usual
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dimensionality one. For, instead of (2.1), we would have,

R = Nl

This again is tied up with a model in terms of a Weiner process (a Random

Walk), as we will see below.

There is another nuance. Newtonian space was a passive container which

“contained” matter and interactions−−these latter were actors performing

on the fixed platform of space. But our view is in the spirit of Liebniz [128]

for whom the container of space was made up of the contents−−the actors,

as it were, made up the stage or platform. This also implies what is called

background independence a feature shared by General Relativity (but not

String Theory).

It should also be observed that the cut off length for fractal behaviour de-

pends on the mass, via the de Broglie or Compton wavelength. The de

Broglie wavelength is the non-relativistic version of the Compton wave-

length. Indeed as has been shown in detail [129, 130], it is the zitter-

bewegung or self-interaction effects within the minimum cut off Compton

wavelength that give rise to the inertial mass. So the appearance of mass in

the minimum cut off Compton (or de Broglie) scale is quite natural. This

point will be analyzed further in the sequel.

We can appreciate that the fractal nature and a stochastic underpinning are

interrelated: for scales less than the Compton (or de Broglie) wavelength,

time is irregular and can be modelled by a double Wiener process[131].

This will be shown to lead to the complex wave function of Quantum Me-

chanics, which is one of its distinguishing characteristics (in contrast to

Classical theory where complex quantities are a mathematical artifice).

To appreciate all this let us consider the motion of a particle with position

given by x(t), subject to random correction given by, as in the usual theory,

(Cf.[90, 108, 127]),

|∆x| =
√
< ∆x2 > ≈ ν

√
∆t,

ν = ~/m, ν ≈ lv (2.3)

where ν is the so called diffusion constant and is related to the mean free

path l as above. We can then proceed to deduce the Fokker-Planck equation

as follows (Cf.ref.[90] for details):

We first define the forward and backward velocities corresponding to having

time going forward and backward (or positive or negative time increments)

in the usual manner,

d+

dt
x(t) = b+ ,

d−
dt
x(t) = b− (2.4)
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This leads to the Fokker-Planck equations

∂ρ/∂t+ div(ρb+) = V∆ρ,

∂ρ/∂t+ div(ρb−) = −U∆ρ (2.5)

defining

V =
b+ + b−

2
;U =

b+ − b−
2

(2.6)

We get on addition and subtraction of the equations in (2.5) the equations

∂ρ/∂t+ div(ρV ) = 0 (2.7)

U = ν∇lnρ (2.8)

It must be mentioned that V and U are the statistical averages of the

respective velocities. We can then introduce the definitions

V = 2ν∇S (2.9)

V − ıU = −2ıν∇(lnψ) (2.10)

We next observe the decomposition of the Schrodinger wave function as

ψ =
√
ρeıS/~

leads to the well known Hamilton-Jacobi type equation

∂S

∂t
= − 1

2m
(∂S)2 + V̄ +Q, (2.11)

where

Q =
~

2

2m

∇2√ρ
√
ρ

From (2.9) and (2.10) we can finally deduce the usual Schrodinger equation

or (2.11) [131].

We note that in this formulation three conditions are assumed, conditions

whose import has not been clear. These are [90]:

(1) The current velocity is irrotational. Thus, there exists a function S(x, t)

such that

m~V = ~∇S
(2) In spite of the fact that the particle is subject to random alterations in

its motion there exists a conserved energy, defined in terms of its probability

distribution.

(3) The diffusion constant is inversely proportional to the inertial mass of
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the particle, with the constant of proportionality being a universal constant

~ (Cf. equation (2.3)):

ν =
~

m

We note that the complex feature above disappears if the fractal or non-

differential character is not present, (that is, the forward and backward

time derivatives(2.6) are equal): Indeed the fractal dimension 2 also leads

to the real coordinate becoming complex. What distinguishes Quantum

Mechanics is the adhoc feature, the diffusion constant ν of (2.3) in Nelson’s

theory and the “Quantum potential” Q of (2.11) which appears in Bohm’s

theory [130] as well, though with a different meaning.

Interestingly from the Uncertainty Principle,

m∆x
∆x

∆t
∼ ~

we get back equation (2.3) of Brownian motion. This shows the close con-

nection on the one hand, and provides, on the other hand, a rationale for

the particular, otherwise adhoc identification of ν in (2.3)−−its being pro-

portional to ~.

We would like to emphasize that we have arrived at the Quantum Mechan-

ical Schrodinger equation from Classical considerations of diffusion, though

with some new assumptions. In the above, effectively we have introduced a

complex velocity V − ıU which alternatively means that the real coordinate

x goes into a complex coordinate

x → x+ ıx′ (2.12)

To see this in detail, let us rewrite (2.6) as

dXr

dt
= V,

dXı

dt
= U, (2.13)

where we have introduced a complex coordinate X with real and imaginary

parts Xr and Xı, while at the same time using derivatives with respect to

time as in conventional theory.

We can now see from (2.6) and (2.13) that

W =
d

dt
(Xr − ıXı) (2.14)

That is, in this non relativistic development either we use forward and

backward time derivatives and the usual space coordinate as in (2.6), or we

use the derivative with respect to the usual time coordinate but introduce

complex space coordinates as in (2.12). Already, we can get a glimpse of
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the special relativistic hyperbolic geometry with real space and imaginary

time coordinates (or vice versa).

Let us briefly analyze this aspect though we will return to it later. To

bring out the new input here, we will consider the diffusion equation (2.3)

in only one dimension for the moment. We note that through (2.6) we have

introduced a complex velocity W , as indeed can be seen from (2.13) and

(2.14) as well. Furthermore (2.8) and (2.9) show that both U and V can

be written as gradients in the form

~V = ~∇f

~U = ~∇g (2.15)

Furthermore the equation of continuity, (2.7) shows that for nearly constant

and homogenous density ρ we have

~∇ · ~V = 0 (2.16)

where we are still retaining the vector notation. This implies that f and so

also g satisfy the Laplacian equation

∇2f = 0 (2.17)

In this case given (2.17),it is well known from the Theory of Fluid flow [132]

that the trajectories f = constant and g = constant are orthogonal, with, in

the case of spherical symmetry, the former representing radial stream lines

and the latter circles around the origin (or more generally closed curves).

We also see that (2.16) shows that the velocity is solenoidal, and ~V being

a gradient, by (2.9), also irrotational. We would then expect that the

circulation given by the expression

Γ = m

∮

~V · d~s (2.18)

would vanish. All this is true in a simply connected space. However if

the space is multiply connected, the origin being the singularity, then the

circulation (2.18) does not vanish. We argue that this is the Quantum

Mechanical spin, and will return to this point. But briefly, Γ in (2.18)

equals the Quantum Mechanical spin h/2. This follows, if we take the

radius of the circuit of integration to be the Compton wavelength ~/mc

and remember that at this distance, the velocity equals c.

The interesting thing is that starting from a single real coordinate, we have

ended up with a complex coordinate, and have characterized thereby, the

Quantum Mechanical spin. Indeed as we will shortly see it was noticed by
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Newman in the derivation of the Kerr-Newman metric, that an inexplicable

imaginary shift gives Quantum Mechanical spin. In other words Quantum

Mechanics results from a complexification of coordinates, this as can be

seen now, being symptomatic of multiply connected spaces, and modelled

by the Weiner process above. We will return to this in more detail in later

Chapters, particularly Chapters 5 and 8.

Finally, it may be remarked that the original Nelsonian theory itself has

been criticized by different scholars [133]-[137].

To get further insight into the foregoing considerations, let us start with

the Langevin equation in the absence of external forces,[108, 138]

m
dv

dt
= −αv + F ′(t)

where the coefficient of the frictional force is given by Stokes’s Law [132]

α = 6πηa

η being the coefficient of viscosity, and where we are considering a sphere

of radius a. This then leads to two cases.

Case (i):

For t, there is a cut off time τ . It is known (Cf.[108]) that there is a

characteristic time constant of the system, given by

m

α
∼ m

ηa
,

so that, from Stokes’s Law, as

η =
mc

a2
orm = η

a2

c

we get

τ ∼ ma2

mca
=
a

c
,

that is τ is the Compton time.

The expression for η which follows from the fact that

Fx = η(∆s)
dv

dz
= mv̇ = η

a2

c
v̇,

shows that the intertial mass is due to a type of “viscosity” of the back-

ground Zero Point Field (ZPF). (Cf. also ref.[139]). We will revisit this

circumstance later on in Chapter 4.

To sum up case (i), if there is a cut off τ , the stochastic formulation leads

us back to the minimum space time intervals ∼ Compton scale.
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To push these small scale considerations further, we have, using the Beck-

enstein radiation equation[140],

t ≡ τ =
G2m3

~c4
=
m

ηa
=
a

c

which gives

a =
~

mc
if

Gm

c2
= a

In other words the Compton wavelength equals the Schwarzchild radius,

which automatically gives us the Planck mass. Thus as noted the inertial

mass is thrown up in these considerations. We will also see that the Planck

mass leads to other particle masses.

On the other hand if we work with t ≥ τ we get

ac =
2kT

ηa

whence

kT ∼ mc2,

which is the Hagedorn formula for Hadrons[141].

Thus both the Planck scale and the Compton wavelength Hadron scale

considerations follow meaningfully.

Case (ii):

If there is no cut off time τ , as is known, we get back, equation (2.3),

∆x = ν
√

∆t

and thence Nelson’s derivation of the non relativistic Schrodinger equation.

We can see here that the absence of a spacetime cut off leads to the non-

relativistic theory, but on the contrary the cut off leads to the origin of the

inertial mass (and as we will see, relativity itself). On the other hand, as

we saw, the cut off is symptomatic of a multiply connected space- where

we cannot shrink circuits to a point.

The relativistic generalization of the above considerations to the Klein-

Gordon equation has been even more troublesome[71]. In this case, there

are further puzzling features apart from the luminal velocity as in the Dirac

equation. For Lorentz invariance, a discrete time is further required. In-

terestingly, as we will see Snyder had shown that discrete spacetime is

compatible with Lorentz transformations. Here again, the Compton wave-

length and time cut off will be seen to make the whole picture transparent.

The stochastic derivation of the Dirac equation introduces a further com-

plication. There is a spin reversal with the frequency mc2/~. This again is
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readily explainable in the earlier context of zitterbewegung in terms of the

Compton time. Interestingly the resemblance of such a Weiner process to

the zitterbewegung of the electron was noticed by Ichinose[142].

Thus in all these cases once we recognize that the Compton wavelength and

time are minimum cut off intervals, the obscure or adhoc features become

meaningful.

We would like to reiterate that the origin of the Compton wavelength is the

random walk equation (2.1)! One could then argue that the Compton time

(or Chronon) automatically follows. This was shown by Hakim [77, 79].

Intutively, we can see that a discrete space would automatically imply dis-

crete time. For, if ∆t could → 0, then all velocities, lim∆t→0|∆x∆t | would

→ ∞ as |∆x| does not tend to 0! So there would be a minimum time cut off

and a maximal velocity and this in conjunction with symmetry considera-

tions can be taken to be the basis of special relativity as we will see below

in more detail.

In fact one could show that quantized spacetime is more fundamental than

quantized energy and indeed would lead to the latter. To put it simply

the frequency is given by c/λ, where λ the wavelength is itself discrete and

hence so also is the frequency. One could then deduce Planck’s law as will

be seen in the next Section (Cf.[14]). This of course, is the starting point

of Quantum Theory itself.

At this stage we remark that in the case of the Dirac electron, the point

electron has the velocity of light and is subject to zitterbewegung within

the Compton wavelength. The thermal wavelength for such a motion is

given by

λ =

√

~2

mkT
∼ De Broglie wave length

by virtue of the fact that now kT ∼ mv2 itself. In the limit v → c in

the spirit of the luminal velocity of the point Dirac electron or, using the

earlier relation, kT ∼ mc2, λ becomes the Compton wavelength. To look

at this from another point of view, it is known that for a collection of

relativistic particles, the various mass centres form a two-dimensional disc

perpendicular to the angular momentum vector ~L and with radius (ref.[95])

r =
L

mc
(2.19)

Further if the system has positive energies, then it must have an extension

greater than r, while at distances of the order of r we begin to encounter

negative energies.
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If we consider the system to be a particle of spin or angular momentum
~

2 , then equation (2.19) gives, r = ~

2mc . That is we get back the Compton

wavelength. Another interesting feature which we will encounter later is

the two dimensionality of the space or disc of mass centres.

On the other hand it is known that, if a Dirac particle is represented by

a Gausssian packet, then we begin to encounter negative energies precisely

at the same Compton wavelength as above. These considerations show the

interface between Classical and Quantum considerations.

Infact as has been shown it is this circumstance that leads to inertial mass,

while Gravitation and Electromagnetism (as for example brought out by

the Kerr-Newman metric) and indeed QCD interactions also will be seen to

follow in Chapter 6. In the light of the above remarks, it appears that the

fractal or Brownian Heap character of space time is at the root of Quantum

behaviour.

2.3 Spacetime

As remarked in the previous section, the fact that forward and backward

time derivatives in the double Wiener process do not cancel leads to a

complex velocity (cf.[131]), V −ıU . That is, the usual space coordinate x (in

one dimension for simplicity) is replaced by a coordinate like x+ ıx′, where

x′ is a non constant function of time that is, a new imaginary coordinate

is introduced. We will now show that it is possible to consistently take

x′ = ct.

Let us take the simplest choice for x′, viz., x′ = λt. Then the imaginary

part of the complex velocity in (2.14)is given by U = λ. Then we have

(cf.[127]),

U = ν
d

dx
(lnρ) = λ

where ν and ρ have been defined in (2.3), and in the equation leading to

(2.11). We thus have, ρ = eγx, where γ = λ/ν and the quantum potential

of (2.11) is given by

Q ∼ ~
2

2m
· γ2 (2.20)

In this stochastic formulation with Compton wavelength cut off, it is known

that Q turns out to be the inertial energy mc2. It then follows from (2.20)

and the definition of γ, that λ ≈ c.

In other words it is in the above stochastic formulation that we see the
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emergence of the spacetime coordinates (x, ıct) and Special Relativity from

a Weiner process in which time is a back and forth process. All this has

been in one dimension.

If we now generalize to three spatial dimensions, then as we will see in

a moment [143], we get the quarternion formulation with the three Pauli

spin matrices replacing ı, giving the purely Quantum Mechanical spin half

of Dirac. On the other hand, the above formulation with minimum space

time cut offs will also be shown to lead independently to the Dirac equa-

tion. Thus the origin of Special Relativity, inertial mass and the Quantum

Mechanical spin half is the minimum space time cut offs. We had already

encountered this idea in Chapter 1.

We digress for a moment to observe that equations (2.1) and (2.2) indicate

that the Compton scale is a fundamental unit of spacetime. We will now

show that this quantized space time leads to Planck’s quantized energy, as

was briefly seen in the previous section.

The derivation is similar to the well known theory[144].

Let the energy be given by

E = g(ν)

Then, f the average energy associated with each mode is given by,

f =

∑

ν g(ν)e
−g(ν)/kT

∑

ν e
−g(v)/kT

Again, as in the usual theory, a comparison with Wien’s functional relation,

gives,

f = νF (ν/kT ),

whence,

E = g(ν) ∝ ν,

which is Planck’s law.

Yet another way of looking at it is, as the momentum and frequency of the

classical oscillator have discrete spectra so does the energy.

2.4 Further Considerations

To see all this in greater detail, we observe that if we treat an electron as

a Kerr-Newman Black Hole, then we get the correct Quantum Mechanical
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g = 2 factor, but the horizon of the Black Hole becomes complex [130, 45].

r+ =
GM

c2
+ ıb, b ≡

(

G2M2

c4
− GQ2

c4
− a2

)1/2

(2.21)

G being the gravitational constant, M the mass and a ≡ L/Mc,L being the

angular momentum. While (2.21) exhibits a naked singularity, and as such

has no physical meaning, we note that from the realm of Quantum Me-

chanics the position coordinate for a Dirac particle in conventional theory

is given by

x = (c2p1H
−1t) +

ı

2
c~(α1 − cp1H

−1)H−1 (2.22)

an expression that is very similar to (2.21). Infact as was argued in detail

[130] the imaginary parts of both (2.21) and (2.22) are the same, being of

the order of the Compton wavelength.

It is at this stage that a proper physical interpretation begins to emerge.

Dirac himself observed as noted, that to interpret (2.22) meaningfully, it

must be remembered that Quantum Mechanical measurements are really

averaged over the Compton scale: Within the scale there are the unphysical

zitterbewegung effects: for a point electron the velocity equals that of light.

Once such a minimum spacetime scale is invoked, then we have a non com-

mutative geometry as shown by Snyder more than fifty years ago [145, 146]:

[x, y] = (ıa2/~)Lz, [t, x] = (ıa2/~c)Mx, etc.

[x, px] = ı~[1 + (a/~)2p2
x]; (2.23)

The relations (2.23) are compatible with Special Relativity. Indeed such

minimum spacetime models were studied for several decades, precisely to

overcome the divergences encountered in Quantum Field Theory [130],[146]-

[151], [152, 153].

Before proceeding further, it may be remarked that when the square of a,

which we will take to be the Compton wavelength (including the Planck

scale, which is a special case of the Compton scale for a Planck mass viz.,

10−5gm), in view of the above comments can be neglected, then we return

to point Quantum Theory.

It is interesting that starting from the Dirac coordinate in (2.22), we can

deduce the non commutative geometry (2.23), independently. For this we

note that the α’s in (2.22) are given by

~α =

[

~σ 0

0 ~σ

]

,
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the σ’s being the Pauli matrices. We next observe that the first term on

the right hand side is the usual Hermitian position. For the second term

which contains α, we can easily verify from the commutation relations of

the σ’s that

[xı, xj ] = βıj · l2 (2.24)

where l is the Compton scale.

There is another way of looking at this. Let us consider the one dimensional

coordinate in (2.22) or (2.21) to be complex. We now try to generalize this

complex coordinate to three dimensions. Then as briefly noted, in the

previous Section, we encounter a surprise−−we end up with not three, but

four dimensions,

(1, ı) → (I, σ),

where I is the unit 2× 2 matrix and σs are the Pauli matrices. We get the

special relativistic Lorentz invariant metric at the same time. (In this sense,

as noted by Sachs [143], Hamilton who made this generalization would have

hit upon Special Relativity, if he had identified the new fourth coordinate

with time).

That is,

x+ ıy → Ix1 + ıx2 + jx3 + kx4,

where (ı, j, k) now represent the Pauli matrices; and, further,

x2
1 + x2

2 + x2
3 − x2

4

is invariant. Before proceeding further, we remark that special relativistic

time emerges above from the generalization of the complex one dimensional

space coordinate to three dimensions, just as the relativistic time came out

of the one dimensional space coordinate as seen earlier.

While the usual Minkowski four vector transforms as the basis of the four

dimensional representation of the Poincare group, the two dimensional rep-

resentation of the same group, given by the right hand side in terms of

Pauli matrices, obeys the quaternionic algebra of the second rank spinors

(Cf.Ref.[154, 155, 143] for details).

To put it briefly, the quarternion number field obeys the group property

and this leads to a number system of quadruplets as a minimum extension.

In fact one representation of the two dimensional form of the quarternion

basis elements is the set of Pauli matrices. Thus a quarternion may be

expressed in the form

Q = −ıσµxµ = σ0x
4 − ıσ1x

1 − ıσ2x
2 − ıσ3x

3 = (σ0x
4 + ı~σ · ~r)
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This can also be written as

Q = −ı
(

ıx4 + x3 x1 − ıx2

x1 + ıx2 ıx4 − x3

)

.

As can be seen from the above, there is a one to one correspondence between

a Minkowski four-vector and Q. The invariant is now given by QQ̄, where

Q̄ is the complex conjugate of Q.

However, as is well known, there is a lack of spacetime reflection symmetry

in this latter formulation. If we require reflection symmetry also, we have

to consider the four dimensional representation,

(I, ~σ) →
[(

I 0

0 − I

)

,

(

0 ~σ

~σ 0

)]

≡ (Γµ)

(Cf.also.ref. [156] for a detailed discussion). The motivation for such a

reflection symmetry is that usual laws of physics, like electromagnetism do

indeed show the symmetry.

We at once deduce spin and Special Relativity and the geometry (2.23) in

these considerations. This is a transition that has been long overlooked

[157, 158]. It must also be mentioned that spin half itself is relational and

refers to three dimensions, to a spin network infact [159, 45]. That is, spin

half is not meaningful in a single particle Universe.

While a relation like (2.24) above has been in use recently, in non commu-

tative models, we would like to stress that it has been overlooked that the

origin of this non commutativity lies in the original Dirac coordinates.

The above relation shows on comparison with the position-momentum com-

mutator that the coordinate ~x also behaves like a “momentum”. This can

be seen directly from the Dirac theory itself where we have [75]

c~α =
c2~p

H
− 2ı

~
x̂H (2.25)

In (2.25), the first term is the usual momentum. The second term is the

extra “momentum” ~p due to zitterbewegung.

Infact we can easily verify from (2.25) that

~p =
H2

~c2
x̂ (2.26)

where x̂ has been defined in (2.25).

We finally investigate what the angular momentum ∼ ~x × ~p gives−−that

is, the angular momentum at the Compton scale. We can easily show that

(~x × ~p)z =
c

E
(~α× ~p)z =

c

E
(p2α1 − p1α2) (2.27)
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where E is the eigen value of the Hamiltonian operator H . Equation (2.27)

shows that the usual angular momentum but in the context of the mini-

mum Compton scale cut off, leads to the “mysterious” Quantum Mechanical

spin.

In the above considerations, we started with the Dirac equation and de-

duced the underlying non commutative geometry of spacetime. Interest-

ingly, starting with Snyder’s non commutative geometry, based solely on

Lorentz invariance and a minimum spacetime length, which we have taken

to be the Compton scale, (2.23), it is possible to deduce the relations (2.27),

(2.26) and the Dirac equation itself as we will see later.

We have thus established the correspondence between considerations start-

ing from the Dirac theory of the electron and Snyder’s (and subsequent)

approaches based on a minimum spacetime interval and Lorentz covariance.

It has been argued in Chapter 1 from an alternative point of view that Spe-

cial Relativity operates outside the Compton wavelength.

We started with the Kerr-Newman Black Hole. Infact the derivation of the

Kerr-Newman Black Hole itself begins with a Quantum Mechanical spin

yielding complex shift, which Newman has found inexplicable even after

several decades [160, 161]. As he observed, “...one does not understand

why it works. After many years of study I have come to the conclusion

that it works simply by accident”. And again, “Notice that the magnetic

moment µ = ea can be thought of as the imaginary part of the charge times

the displacement of the charge into the complex region... We can think of

the source as having a complex center of charge and that the magnetic mo-

ment is the moment of charge about the center of charge... In other words

the total complex angular momentum vanishes around any point za on

the complex world-line. From this complex point of view the spin angular

momentum is identical to orbital, arising from an imaginary shift of origin

rather than a real one... If one again considers the particle to be “localized”

in the sense that the complex center of charge coincides with the complex

center of mass, one again obtains the Dirac gyromagnetic ratio...”

The unanswered question has been, why does a complex shift in classical

theory somehow represent Quantum Mechanical spin about that axis? The

question has now been answered. Complexified spacetime is symptomatic

of fuzzy spacetime and a non commutative geometry and Quantum Me-

chanical spin and relativity. Indeed Zakrzewski has shown in a classical

context that non commutativity implies spin [162, 163]. We will return to

these considerations later.

The above considerations recovered the Quantum Mechanical spin together
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with classical relativity, though the price to pay for this was minimum

spacetime intervals and noncommutative geometry.

2.5 The Path Integral Formulation

We come to another description of Quantum Mechanics and first argue

that the alternative Feynman Path Integral formulation essentially throws

up fuzzy spacetime. To recapitulate [122, 164, 165], if a path is given by

x = x(t)

then the probability amplitude is given by

φ(x) = eı
∫ t2

t1
L(x,ẋ)dt

So the total probability amplitude is given by
∑

x(t)

φ(x) =
∑

eı
∫ t2

t1
L(x,ẋ)dt ≡

∑

e
ı
~
S

In the Feynman analysis, the path

x = x̄(t)

appears as the actual path for which the action is stationery. From a

physical point of view, for paths very close to this, there is constructive in-

terference, whereas for paths away from this the interference is destructive.

We will see later that this is in the spirit of the formulation of the ran-

dom phase. However it is well known that the convergence of the integrals

requires the Lipshitz condition viz.,

∆x2 ≈ a∆t (2.28)

We could say that only those paths satisfying (2.28) constructively inter-

fere. We would now like to observe that (2.28) is the same as the Brownian

or Diffusion equation (2.3) related to our earlier discussion of the Weiner

process. The point is that (2.28) again implies a minimum spacetime cut

off, as indeed was noted by Feynman himself [122], for if ∆t could → 0,

then the velocity would → ∞.

To put it another way we are taking averages over an interval ∆t, within

which there are unphysical processes as noted. It is only after the average is

taken, that we recover physical spacetime intervals which hide the fractality

or unphysical feature. If in the above, ∆t is taken as the Compton time

and a is identified with the earlier ν, then we recover for the root mean
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squared velocity, the velocity of light.

As we have argued in detail this is exactly the situation which we encounter

in the Dirac theory of the electron. There we have the unphysical zitterbe-

wegung effects within the Compton time ∆t and as ∆t→ 0 the velocity of

the electron tends to the maximum possible velocity, that of light [15].

This existence of a minimum spacetime scale, it has been argued is the

origin of fuzzy spacetime, described by a noncommutative geometry, con-

sistent with Lorentz invariance viz., equations (2.23) and (2.24).

We reiterate that the momentum position commutation relations lead to

the usual Quantum Mechanical commutation relations in the usual (com-

mutative) spacetime if O(l2) is neglected where l defines the minimum scale.

Indeed, we have at the smallest scale, a quantum of area reflecting the frac-

tal dimension, the Quantum Mechanical path having the fractal dimension

2 (Cf.ref.[111]). It is this “fine structure” of spacetime which is expressed in

the noncommutative structure (2.23) or (2.24). Neglecting O(l2) is equiv-

alent to neglecting the above and returning to usual spacetime. In other

words Snyder’s purely classical considerations at a Compton scale lead to

Quantum Mechanics as will be discussed in Chapter 6.

In the light of the above comments, we can now notice that within the

Compton time, we have a double Weiner process leading to non differen-

tiability with respect to time. That is, at this level time in our usual sense

does not exist. To put it another way, within the Compton scale we have

the complex or non-Hermitian position coordinates for the Dirac electron

and zitterbewegung effects−−as we saw, these are unphysical, non local

and chaotic in a literal sense.

This is a Quantum Mechanical and an experimental fact. It expresses

the Heisenberg Uncertainty Principle−−spacetime points imply infinite

momenta and energies. However as noted earlier Quantum Theory has

lived with this contradiction. To reiterate to measure space or time inter-

vals we need units which can be to a certain extent and not indefinitely

subdivided−−but already this is the origin of discreteness. That is, our

measurements are resolution dependent. So physical time emerges at val-

ues greater than the minimum unit, which has been shown to be at the

Compton scale. Going to the limit of space-time points leads to the well

known infinities of Quantum Field Theory (and classical electron theory)

which require renormalization for their removal.

The conceptual point here is that time is in a sense synonymous with

change, but this change has to be tractable or physical. The non differentia-

bility with respect to time, symbolized and modeled by the double Weiner
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process, within the Compton time, precisely highlights time or change which

is not tractable, that is, is unphysical. However Physics, tractability and

differentiability emerge from this indeterminism once averages over the zit-

terbewegung or Compton scale are taken. It is now possible to track time

physically in terms of multiples of the Compton scale.

2.6 Remarks

1. We would like to make the following observations:

i) We have in effect equated the statistical fluctuations, when there are N

particles to the Quantum Mechanical fluctuations. The former fluctuations

take place over a scale ∼ R/
√
N , where R is the size of the system of

particles and N is the number of particles in the system. The Quantum

Mechanical fluctuations take place at a scale of the order of the Compton

wavelength as we will see in the next Chapter. Apart from the fact that

the equality of these two has been taken to be an empirical coincidence, we

actually deduce this equality in our cosmology in the next Chapter. Thus

the equality is no longer accidental or ad hoc. However a nuance must

be borne in mind. In the conventional theory, the Quantum Mechanical

fluctuation is a reductionist effect, whereas the statistical fluctuation is a

“thermodynamic” or statistical effect in a collection of particles.

We may further add, in this context, that it is possible to arrive at the

Hamilton-Jacobi equation (2.11) and thence Quantum Mechanics, by con-

sidering the fluctuations in the General Relativistic metric from a cosmolog-

ical point of view. This will be examined briefly in the next two Chapters.

ii) In the random mechanical approach, including Nelson’s, we encounter

the “potential” Q– this represents in the usual theory a peculiar correlation

between the random motion of a particle and its probability distribution

function.

iii) We would like to point out that it would be reasonable to expect that

the Weiner process discussed earlier is related to the ZPF which is the Zero

Point Energy of a Quantum Harmonic oscillator. We can justify this expec-

tation as follows: Let us denote the forward and backward time derivatives

as before by d+ and d−. In usual theory where time is differentiable, these

two are equal, but we have on the contrary taken them to be unequal. Let

d− = a− d+ (2.29)
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Then we have from Newton’s second law in the absence of forces,

ẍ+ k2x = aẋ (2.30)

wherein the new nondifferentiable effect (2.29) is brought up. In a normal

vacuum with usual derivatives and no external forces, Newtonian Mechanics

would give us instead the equation

ẍ = 0 (2.31)

A comparison of (2.30) and (2.31) shows that the Weiner process converts

a uniformly moving particle, or a particle at rest into an oscillator. Indeed

in (2.30) if we take as a first approximation

ẋ ≈ 〈ẋ〉 = 0 (2.32)

then we would get the exact oscillator equation

ẍ+ k2x = 0 (2.33)

for which in any case, consistently (2.32) is correct. We can push these con-

siderations even further and deduce alternatively, the Schrodinger equation,

as seen earlier. The genesis of Special Relativity too can be found in the

Weiner process. Let us examine this more closely.

We first define a complete set of base states by the subscript

ı and U(t2, t1) the time elapse operator that denotes the passage of

time between instants t1 and t2, t2 greater than t1. We denote by,

Cı(t) ≡< ı|ψ(t) >, the amplitude for the state |ψ(t) > to be in the state

|ı > at time t, and [129, 130]

< ı|U |j >≡ Uıj , Uıj(t+ ∆t, t) ≡ δıj −
ı

~
Hıj(t)∆t.

We can now deduce from the super position of states principle that,

Cı(t+ ∆t) =
∑

j

[δıj −
ı

~
Hıj(t)∆t]Cj(t) (2.34)

and finally, in the limit,

ı~
dCı(t)

dt
=
∑

j

Hıj(t)Cj(t) (2.35)

where the matrix Hıj(t) is identified with the Hamiltonian operator. We

have argued earlier at length that (2.35) leads to the Schrodinger equation

[129, 130]. In the above we have taken the usual unidirectional time to
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deduce the non relativistic Schrodinger equation. If however we consider a

Weiner process in (2.34) then we will have to consider instead of (2.35)

Cı(t− ∆t) − Cı(t+ ∆t) =
∑

j

[

δıj −
ı

~
Hıj(t)∆t

]

C
(t)
j (2.36)

Equation (2.36) in the limit can be seen to lead to the relativistic Klein-

Gordon equation rather than the Schrodinger equation [166]. This is an al-

ternative justification for our earlier result that Special Relativity emerges

from the above considerations. Furthermore, the Klein-Gordon equation

describes the normal mode vibrations of Harmonic Oscillators−−that is,

we recover (2.33), again.

2. We have seen that the path integral formulation is an alternative to the

Schrodinger equation, an alternative that has a resemblance to the stochas-

tic mechanics encountered earlier. However we should bear in mind that

these paths are merely mathematical tools for computing the evolution of

the wave functions [167]. Nevertheless we should note that the path inte-

gral formulation does not give the probability distribution on the space of

all paths, so that we cannot legitimately conclude that nature chooses one

of the several paths at random according to the probability distribution.

Unfortunately in this formulation the measures is complex (and not even

rigorously defined in the limit of the continuum). Nor will the imaginary

or real paths of the measure give the actual Quantum Mechanical picture.

It would be more correct to say that the paths are possible paths for a part

of the Quantum Mechanical wave. In any case, all this reflects via (2.28),

the unphysicality within the minimum interval ∆t.

On the other hand there is the well known Bohmian formulation of

Quantum Mechanics which uses the Schrodinger wave function, and the

Schrodinger equation to deduce the Hamilton-Jacobi equation exactly as in

the stochastic case. But the resemblance is superficial. This non relativistic

formulation is one in which the observer plays no part. There is a hidden

variable in the form of the position coordinate of the particle. Thus one

of the Bohmian paths represents the actual motion of the particle, which

exists separately from the wave function. Moreover the Quantum potential

Q in the Bohmian case has a non local character and no clear explanation.

Furthermore there is no clear generalization to the relativistic case. For all

these reasons, though Bohm studied this approach in the 1950s, it has not

really caught on and we will not pursue the matter further.

3. As mentioned discrete spacetime and some of their effects have been

studied from different points of view for several decades now. It is worth
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mentioning here that the usual notion of time as an operator with continu-

ous eigen values in Quantum Theory runs into difficulty, as was appreciated

by Pauli a long time ago[168]. This can be seen by a simple argument, and,

we follow Park [169]: Let the time operator be denoted by T̂ , satisfying
[

T̂ , Ĥ
]

= ı.

Let |E′ > be an eigenfunction of Ĥ belonging to the eigenvalue E ′, and let

|E′ >ε= eıεT̂ |E′ >. Then

Ĥ |E′ >ε= eıεT̂ e−ıεT̂ ĤeıεT̂ |E′ >= (E′ + ε)|E′ >) (2.37)

Remembering that ε is arbitrary, (2.37) gives a continuous energy spectrum,

contrary to Quantum Theory. The difficulty is resolved if in the above con-

siderations time were discrete.

4. It must be emphasized that in the stochastic formulation given in this

Chapter, there are no hidden variables as in the Bohm formulation, due to

the randomness or stochasticity, itself[121].

5. Though we will return to some of the above considerations later, it

must be re-emphasized that in the absence of the double Weiner process al-

luded to, the imaginary part of the complex velocity potential U , vanishes,

that is, so does ν of equation (2.3). In this case we come back to the do-

main of classical non-relativistic physics. So the origin of special relativity

and Quantum Mechanics is to be found here in this double Weiner pro-

cess within the Compton scale [16]. As pointed out in [130] non-relativistic

Quantum Mechanics is not really compatible with Galilean or Newtonian

Mechanics.

6. Finally, we would like to reemphasize the following point: By neglect-

ing terms of the order l2 (the squared Compton length) but not l itself,

we return to point, commutative space time and can still have Quantum

Mechanics and even relativistic Quantum Mechanics and Quantum Field

Theory, though we would then have to introduce Quantum Mechanical spin

by separate arguments and consider averages over the Compton scale any-

way. But in the process, we are neglecting the Quantum of area or Abbot

and Wise’s fractal dimension of the Quantum Mechanical path. That is,

we are snuffing out the fine structure implied by Quantum Theory and are

then using, as remarked earlier, a thick brush to fudge. A quick way to see

the result of Abbot and Wise is as follows [121]. From (2.3) it follows that

〈v2〉 ∝ (∆t)−1

Now if the Hausdorf dimension [112] is D, we would have,

∆t = (∆x)D
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whence

〈v2〉 ∝ (∆t)2[(
1

D
)−1]

A comparison yields, D = 2.
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Chapter 3

The Universe of Fluctuations

3.1 The New Cosmos

It may appear paradoxical, but the next step in our considerations of the

microscopic structure of spacetime would be to consider the universe at

large. Indeed this was a cue we could get from (2.1) and (2.2) of the previ-

ous Chapter itself. In the last century, we inherited the Newtonian Universe

which was one in which there was an absolute background space in which

the basic building blocks of the Universe were strewn about−−these were

stars.

When Einstein proposed his General Theory of Relativity early in the last

century, the accepted picture of the Universe was one where all major con-

stituents were stationary. This had puzzled Einstein, because the gravita-

tional pull of these constituents should make the Universe collapse as the

nett force would be directed inwards. So he invented his famous cosmolog-

ical constant, essentially a repulsive force that would counterbalance the

attractive gravitational force.

Shortly thereafter as we saw briefly in Chapter 1, two dramatic discoveries

completely transformed that picture. The first was due to astronomer Ed-

win Hubble, who discovered that the basic constituents or building blocks

of the Universe were not stars, but rather, huge conglomerations of stars,

called galaxies. The second discovery, aided by the redshift observations

of the light of the galaxies was the fact that these galaxies are rushing

away from each other. Rather than being static, the Universe is exploding.

There was no need for the counterbalancing cosmic repulsion any more and

Einstein dismissed his proposal as his greatest blunder.

By the end of the last century, the Big Bang Model had been worked out.

It contained a huge amount of unobserved, hypothesized ”matter” of a new

73
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kind−−dark matter. This was postulated as long back as the 1930s to

explain the fact that the velocity curves of the stars in the galaxies did

not fall off, as they should. Instead they flattened out, suggesting that the

galaxies contained some undetected and therefore non-luminous or dark

matter. The identity of this dark matter has been a matter of guess work,

though. It could consist of Weakly Interacting Massive Particles (WIMPS)

or Super Symmetric partners of existing particles. Or heavy neutrinos or

monopoles or unobserved brown dwarf stars and so on. In fact Prof. Abdus

Salam speculated some two decades ago [170] “And now we come upon the

question of dark matter which is one of the open problems of cosmology.

This is a problem which was speculated upon by Zwicky fifty years ago. He

showed that visible matter of the mass of the galaxies in the Coma cluster

was inadequate to keep the galactic cluster bound. Oort claimed that the

mass necessary to keep our own galaxy together was at least three times

that concentrated into observable stars. And this in turn has emerged as a

central problem of cosmology.

“You see there is the matter which we see in our galaxy. This is what we

suspect from the spiral character of the galaxy keeping it together. And

there is dark matter which is not seen at all by any means whatsoever.

Now the question is what does the dark matter consist of? This is what we

suspect should be there to keep the galaxy bound. And so three times the

mass of the matter here in our galaxy should be around in the form of the

invisible matter. This is one of the speculations.”

The universe in this picture, contained enough of the mysterious dark mat-

ter to halt the expansion and eventually trigger the next collapse. It must

be mentioned that the latest WMAP survey [171], in a model dependent re-

sult indicates that as much as twenty three percent of the Universe is made

up of dark matter, though there is no definite observational confirmation

of its existence.

That is, the Universe would expand up to a point and then collapse.

There still were several subtler problems to be addressed. One was the

famous horizon problem. To put it simply, the Big Bang was an uncon-

trolled or random event and so, different parts of the Universe in different

directions were disconnected at the very earliest stage and even today, light

would not have had enough time to connect them. So they need not be

the same. Observation however shows that the Universe is by and large

uniform, rather like people in different countries showing the same habits

or dress. That would not be possible without some form of faster than

light intercommunication which would violate Einstein’s Special Theory of

Relativity.
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The next problem was that according to Einstein, due to the material con-

tent in the Universe, space should be curved whereas the Universe appears

to be flat. There were other problems as well. For example astronomers

predicted that there should be monopoles that is, simply put, either only

North magnetic poles or only South magnetic poles, unlike the North South

combined magnetic poles we encounter. Such monopoles have failed to show

up even after seventy five years.

Some of these problems as we noted, were sought to be explained by what

has been called inflationary cosmology whereby, early on, just after the Big

Bang the explosion was super fast [46, 172].

What would happen in this case is, that different parts of the Universe,

which could not be accessible by light, would now get connected. At the

same time, the super fast expansion in the initial stages would smoothen

out any distortion or curvature effects in space, leading to a flat Universe

and in the process also eliminate the monopoles.

Nevertheless, inflation theory has its problems. It does not seem to explain

the cosmological constant observed since. Further, this theory seems to im-

ply that the fluctuations it produces should continue to indefinite distances.

Observation seems to imply the contrary.

One other feature that has been studied in detail over the past few decades

is that of structure formation in the Universe. To put it simply, why is the

Universe not a uniform spread of matter and radiation? On the contrary

it is very lumpy with planets, stars, galaxies and so on, with a lot of space

separating these objects. This has been explained in terms of fluctuations

in density, that is, accidentally more matter being present in a given re-

gion. Gravitation would then draw in even more matter and so on. These

fluctuations would also cause the cosmic background radiation to be non

uniform or anisotropic. Such anisotropies are in fact being observed. But

this is not the end of the story. The galaxies seem to be arranged along

two dimensional structures and filaments with huge separating voids. We

will return to this very curious feature in the last Chapter.

From 1997, the conventional wisdom of cosmology that had concretized

from the mid sixties onwards, began to be challenged. It had been believed

that the density of the Universe is near its critical value, separating eternal

expansion and ultimate contraction, while the nuances of the dark matter

theories were being fine tuned. But that year, the author proposed a contra

view, which we will examine in this Chapter. To put it briefly, the universe

is permeated by a background dark energy, the Quantum Zero Point Field.
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There would be fluctuations in this all permeating Zero Point Field−−or

dark energy in the process of which, particles would be created [173–176].

This model while consistent with astrophysical observations predicted an

ever expanding and accelerating Universe with a small cosmological con-

stant. It deduces from theory the so called Large Number coincidences

including the purely empirical Weinberg formula that connects the pion

mass to the Hubble Constant [43, 17]−−“coincidences” that have troubled

and mystified scientists from time to time.

However the work of Perlmutter and others [177, 178] began appearing in

1998 and told a different story. These observations of distant supernovae

indicated that contrary to widely held belief, the Universe was not only

not decelerating, it was actually accelerating though slowly. All this was

greeted by the community with skepticism−−either it was plain wrong, or,

let us wait and see.

A 2000 article in the Scientific American [179] observed, “In recent years

the field of cosmology has gone through a radical upheaval. New discover-

ies have challenged long held theories about the evolution of the Universe...

Now that observers have made a strong case for cosmic acceleration, theo-

rists must explain it.... If the recent turmoil is anything to go by, we had

better keep our options open.”

On the other hand, an article in Physics World in the same year noted

[180], “A revolution is taking place in cosmology. New ideas are usurping

traditional notions about the composition of the Universe, the relationship

between geometry and destiny, and Einstein’s greatest blunder.”

The infamous cosmological constant was resurrected and now it was “dark

energy” that was in the air, rather than dark matter. The universe had

taken a U turn.

Let us now examine this new cosmology and some of its implications. We

will first go over the essentials and then examine the nuances.

3.2 The Mysterious Dark Energy

We first observe that the concept of a Zero Point Field (ZPF) or Quantum

vacuum (or Aether) is an idea whose origin can be traced back to Max

Planck himself. Quantum Field Theory attributes the ZPF to the virtual

Quantum effects of an already present electromagnetic field [181]. What is

the mysterious energy of supposedly empty vacuum? [182].

It may sound contradictory to attribute energy or density to the vacuum.
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After all vacuum in the older concept is a total void. However, over the

past four hundred years, it has been realized that it may be necessary to

replace the vacuum by a medium with some specific physical properties.

These properties were chosen to suit the specific requirements of the time.

For instance Descartes the seventeenth century French philosopher math-

ematician proclaimed that the so called empty space above the mercury

column in a Torricelli tube, that is, what is called the Torricelli vacuum, is

not a vacuum at all. Rather, he said, it was something which was neither

mercury nor air, something he called aether.

The seventeenth century Dutch Physicist, Christian Huygens required such

a non intrusive medium like aether, so that light waves could propagate

through it, rather like the ripples on the surface of a pond. This was the

luminiferous aether. In the nineteenth century the aether was reinvoked.

Firstly in a very intuitive way Faraday could conceive of magnetic effects in

vacuum in connection with his experiments on induction. Based on this, the

aether was used for the propagation of electromagnetic waves in Maxwell’s

Theory of electromagnetism, which in fact laid the stage for Special Rel-

ativity. This aether was a homogenous, invariable, non-intrusive, material

medium which could be used as an absolute frame of reference at least

for certain chosen observers. The experiments of Michelson and Morley

towards the end of the nineteenth century were sought to be explained in

terms of aether that was dragged by bodies moving in it. Such explana-

tions were untenable and eventually lead to its downfall, and thus was born

Einstein’s Special Theory of Relativity in which there is no such absolute

frame of reference. The aether lay discarded once again.

Very shortly thereafter the advent of Quantum Mechanics lead to its rebirth

in a new and unexpected avatar. Essentially there were two new ingredients

in what is today called the Quantum vacuum. The first was a realization

that Classical Physics had allowed an assumption to slip in unnoticed: In

a source or charge free “vacuum”, one solution of Maxwell’s Equations of

electromagnetic radiation is no doubt the zero solution. But there is also

a more realistic non zero solution. That is, the electromagnetic radiation

does not necessarily vanish in empty space.

The second ingredient was the mysterious prescription of Quantum Me-

chanics, the Heisenberg Uncertainty Principle, according to which it would

be impossible to precisely assign momentum and energy on the one hand

and spacetime location on the other. Clearly the location of a vacuum with

no energy or momentum cannot be specified in spacetime.

This leads to what is called a Zero Point Field. For instance a Harmonic
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oscillator, a swinging pendulum for example, according to classical ideas

has zero energy and momentum in its lowest position. But the Heisenberg

Uncertainty endows it with a fluctuating energy. This fact was recognized

by Einstein himself way back in 1913, who contrary to popular belief, re-

tained the concept of aether though from a different perspective [183]. It

also provides an understanding of the fluctuating electromagnetic field in

vacuum. Indeed, we have already seen in the previous Chapter, that this

can be modeled by a Weiner process.

From another point of view, according to classical ideas, at the absolute

zero of temperature, there should not be any motion. After all the zero

is when all thermodynamic motion ceases. But as Nernst, father of the

third law of Thermodynamics himself noted, experimentally this is not so.

There is the well known superfluidity due to Quantum Mechanical−−and

not thermodynamic−−effects. This is the situation where supercooled He-

lium moves in a spooky fashion.

This mysterious Zero Point Field or Quantum vacuum energy has since been

experimentally confirmed in effects like the Casimir effect which demon-

strates a force between uncharged parallel plates separated by a charge free

medium, the Lamb shift which demonstrates a minute jiggling of an elec-

tron orbiting the nucleus in an atom−−as if it was being buffeted by the

Zero Point Field, and as we will see, the anomalous Quantum Mechanical

gyromagnetic ratio g = 2, the Quantum Mechanical spin half and so on

[184]-[186], [45].

The Quantum vacuum is a far cry however, from the passive aether of

olden days. It is a violent medium in which charged particles like electrons

and positrons are constantly being created and destroyed, almost instantly,

in fact within the limits permitted by the Heisenberg Uncertainty Princi-

ple for the violation of energy conservation. One might call the Quantum

vacuum as a new state of matter, a compromise between something and

nothingness. Something which corresponds to what the Rig Veda described

thousands of years ago: “Neither existence, nor non existence.”

Quantum vacuum can be considered to be the lowest state of any Quantum

field, having zero momentum and zero energy. The fluctuating energy or

ZPF due to Heisenberg’s principle has an infinite value and is “renormal-

ized”, that is, discarded. The properties of the Quantum vacuum can under

certain conditions be altered, which was not the case with the erstwhile

aether. In modern Particle Physics, the Quantum vacuum is responsible

for apart from effects alluded to earlier, other phenomena like quark con-

finement, a property we already encountered, whereby it would be impos-

sible to observe an independent or free quark, the spontaneous breaking of
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symmetry of the electro weak theory, vacuum polarization wherein charges

like electrons are surrounded by a cloud of other opposite charges tending

to mask the main charge and so on. There could be regions of vacuum

fluctuations comparable to the domain structures of ferromagnets. In a

ferromagnet, all elementary electron-magnets are aligned with their spins

in a certain direction. However there could be special regions wherein the

spins are aligned differently.

Such a Quantum vacuum can be a source of cosmic repulsion, as pointed by

Zeldovich and others [187, 130]. However a difficulty in this approach has

been that the value of the cosmological constant turns out to be huge, far

beyond what is observed. This has been called the cosmological constant

problem [188].

There is another approach, that we briefly encountered in the previous

Chapter, Stochastic Electrodynamics which treats the ZPF as independent

and primary and attributes to it Quantum Mechanical effects [82, 92]. It

may be re-emphasized that the ZPF results in the well known experimen-

tally verified Casimir effect [189, 190]. We would also like to point out

that contrary to popular belief, the concept of aether has survived over the

decades through the works of Dirac, Vigier, Prigogine, String Theorists like

Wilzeck and others [68],[191]-[195]. As pointed out it appears that even

Einstein himself continued to believe in this concept [196].

We would first like to observe that the energy of the fluctuations in the

background electromagnetic field could lead to the formation of elemen-

tary particles. Indeed this was Einstein’s belief. As Wilzeck (loc.cit) put

it, “Einstein was not satisfied with the dualism. He wanted to regard the

fields, or ethers, as primary. In his later work, he tried to find a unified field

theory, in which electrons (and of course protons, and all other particles)

would emerge as solutions in which energy was especially concentrated, per-

haps as singularities. But his efforts in this direction did not lead to any

tangible success.”

We will now argue that indeed this can happen. In the words of Wheeler

[45], “From the zero-point fluctuations of a single oscillator to the fluctu-

ations of the electromagnetic field to geometrodynamic fluctuations is a

natural order of progression...”

Let us consider, following Wheeler a harmonic oscillator in its ground state.

The probability amplitude is

ψ(x) =
(mω

π~

)1/4

e−(mω/2~)x2
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for displacement by the distance x from its position of classical equilibrium.

So the oscillator fluctuates over an interval

∆x ∼ (~/mω)1/2

The electromagnetic field is an infinite collection of independent oscillators,

with amplitudes X1, X2 etc. The probability for the various oscillators to

have amplitudes X1, X2 and so on is the product of individual oscillator

amplitudes:

ψ(X1, X2, · · · ) = exp[−(X2
1 +X2

2 + · · · )]
wherein there would be a suitable normalization factor. This expression

gives the probability amplitude ψ for a configuration B(x, y, z) of the mag-

netic field that is described by the Fourier coefficientsX1, X2, · · · or directly

in terms of the magnetic field configuration itself by

ψ(B(x, y, z)) = Pexp

(

−
∫ ∫

B(x1) ·B(x2)

16π3~cr212
d3x1d

3x2

)

.

P being a normalization factor. Let us consider a configuration where the

magnetic field is everywhere zero except in a region of dimension l, where

it is of the order of ∼ ∆B. The probability amplitude for this configuration

would be proportional to

exp
[

−
(

(∆B)2l4/~c
)]

So the energy of fluctuation in a volume of length l is given by finally

[45, 197, 198]

B2 ∼ ~c

l
(3.1)

We will return to (3.1) subsequently but observe that if in (3.1) above l

is taken to be the Compton wavelength of a typical elementary particle,

then we recover its energy mc2, as can be easily verified. In the previous

Chapter, we had seen how inertial mass and energy can be deduced on

the basis of viscous resistance to the ZPF. We will also deduce this from

Quantum Mechanical effects within the Compton scale. The above gives

us back this result in the context of the ZPF. In any case (3.1) shows the

inverse dependence of the length scale and the energy (or momentum).

It may be reiterated that Einstein himself had believed that the electron was

a result of such a condensation from the background electromagnetic field

(Cf.[199, 130] for details). The above result is very much in this spirit. In

the sequel we also take the pion to represent a typical elementary particle,

as in the literature.
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To proceed, as there are N ∼ 1080 such particles in the Universe, we get,

consistently,

Nm = M (3.2)

where M is the mass of the Universe. It must be remembered that the

energy of gravitational interaction between the particles is very much in-

significant compared to the above electromagnetic considerations.

In the following we will use N as the sole cosmological parameter.

We next invoke the well known relation [200, 131, 126]

R ≈ GM

c2
(3.3)

where M can be obtained from (3.2). We can arrive at (3.3) in different

ways. For example, in a uniformly expanding Friedman Universe, we have

Ṙ2 = 8πGρR2/3

In the above if we substitute Ṙ = c at R, the radius of the universe, we get

(3.3). Another proof will be given later in Section 3.10.

We now use the fact that givenN particles, the (Gaussian)fluctuation in the

particle number is of the order
√
N [126, 125, 175, 176, 173, 174], while a

typical time interval for the fluctuations is ∼ ~/mc2, the Compton time,

the fuzzy interval we encountered in the previous Chapter within which

there is no meaningful physics. We will come back to this point later in

this Chapter, in the context of the minimum Planck scale. So particles are

created and destroyed−−but the ultimate result is that
√
N particles are

created just as this is the nett displacement in a random walk of unit step.

So we have,

dN

dt
=

√
N

τ
(3.4)

whence on integration we get, (remembering that we are almost in the

continuum region that is, τ ∼ 10−23sec ≈ 0),

T =
~

mc2

√
N (3.5)

We can easily verify that the equation (3.5) is indeed satisfied where T is

the age of the Universe. Next by differentiating (3.3) with respect to t we

get

dR

dt
≈ HR (3.6)
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where H in (3.6) can be identified with the Hubble Constant, and using

(3.3) is given by,

H =
Gm3c

~2
(3.7)

Equations (3.2), (3.3) and (3.5) show that in this formulation, the correct

mass, radius, Hubble constant and age of the Universe can be deduced

given N , the number of particles, as the sole cosmological or large scale

parameter. We observe that at this stage we are not invoking any particular

dynamics−−the expansion is due to the random creation of particles from

the ZPF background. Equation (3.7) can be written as

m ≈
(

H~
2

Gc

)
1

3

(3.8)

Equation (3.8) has been empirically known as an “accidental” or “mysteri-

ous” relation. As observed by Weinberg [17], this is unexplained: it relates

a single cosmological parameter H to constants from microphysics. We will

touch upon this micro-macro nexus again. In our formulation, equation

(3.8) is no longer a mysterious coincidence but rather a consequence of the

theory.

As (3.7) and (3.6) are not exact equations but rather, order of magnitude

relations, it follows, on differentiating (3.6) that a small cosmological con-

stant ∧ is allowed such that

∧ ≤ 0(H2)

This is consistent with observation and shows that ∧ is very small−−this

has been a puzzle, the so called cosmological constant problem alluded to,

because in conventional theory, it turns out to be huge [188]. But it poses

no problem in this formulation. This is because of the characterization of

the ZPF as independent and primary in our formulation this being the mys-

terious dark energy. We shall further characterize ∧ later in this Chapter.

To proceed we observe that because of the fluctuation of ∼
√
N (due to the

ZPF), there is an excess electrical potential energy of the electron, which

in fact we identify as its inertial energy. That is [175, 126],
√
Ne2/R ≈ mc2.

On using (3.3) in the above, we recover the well known Gravitation-

Electromagnetism ratio viz.,

e2/Gm2 ∼
√
N ≈ 1040 (3.9)
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or without using (3.3), we get, instead, the well known so called Weyl-

Eddington formula,

R =
√
Nl (3.10)

(It appears that (3.10) was first noticed by H. Weyl [110]). Infact (3.10) is

the spatial counterpart of (3.5). If we combine (3.10) and (3.3), we get,

Gm

lc2
=

1√
N

∝ T−1 (3.11)

where in (3.11), we have used (3.5). Following Dirac (cf.also [201]) we treat

G as the variable, rather than the quantities m, l, c and~ which we will call

micro physical constants because of their central role in atomic (and sub

atomic) physics.

Next if we use G from (3.11) in (3.7), we can see that

H =
c

l

1√
N

(3.12)

Thus apart from the fact that H has the same inverse time dependance on

T as G, (3.12) shows that given the microphysical constants, and N , we

can deduce the Hubble Constant also, as from (3.12) or (3.7).

Using (3.2) and (3.3), we can now deduce that

ρ ≈ m

l3
1√
N

(3.13)

Next (3.10) and (3.5) give,

R = cT (3.14)

Equations (3.13) and (3.14) are consistent with observation.

Finally, we observe that using M,GandH from the above, we get

M =
c3

GH

This relation is required in the Friedman model of the expanding Universe

(and the Steady State model too). In fact if we use in this relation, the

expression,

H = c/R

which follows from (3.12) and (3.10), then we recover (3.3). We will be

repeatedly using these relations in the sequel.

As we saw the above model predicts a dark energy driven ever expand-

ing and accelerating Universe with a small cosmological constant while the

density keeps decreasing. Moreover mysterious large number relations like
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(3.7), (3.13) or (3.10) which were considered to be miraculous accidents

now follow from the underlying theory. This seemed to go against the

accepted idea that the density of the Universe equalled the critical den-

sity required for closure and that aided by dark matter, the Universe was

decelerating. However, as noted, from 1998 onwards, following the work

of Perlmutter, Schmidt and co-workers, these otherwise apparently heretic

conclusions have been vindicated.

It may be mentioned that the observational evidence for an accelerat-

ing Universe was the American Association for Advancement of Science’s

Breakthrough of the Year, 1998 while the evidence for nearly seventy five

percent of the Universe being Dark Energy, based on the Wilkinson Mi-

crowave Anisotropy Probe (WMAP) and the Sloan Sky Digital Survey was

the Breakthrough of the Year, 2003 [202, 171].

3.3 Issues and Ramifications

Cosmologies with time varying G have been considered in the past, for ex-

ample in the Brans-Dicke theory or in the Dirac large number theory or by

Hoyle [203–207]. In the case of the Dirac cosmology, the motivation was

Dirac’s observation that the supposedly large number coincidences involv-

ingN , the number of elementary particles in the universe had an underlying

message if it is recognized that √
N ∝ T (3.15)

where T is the age of the universe. Equation (3.15) which is essentially

equation (3.5) lead to a G decreasing inversely with time.

The Brans-Dicke cosmology arose from the work of Jordan who was mo-

tivated by Dirac’s ideas to try and modify General Relativity suitably. In

this scheme the variation of G could be obtained from a scalar field φ which

would satisfy a conservation law. This scalar tensor gravity theory was fur-

ther developed by Brans and Dicke, in which G was inversely proportional

to the variable field φ. (It may be mentioned that more recently the ideas

of Brans and Dicke have been further generalized.)

In the Hoyle-Narlikar steady state model, it was assumed that in the

Machian sense the inertia of a particle originates from the rest of the matter

present in the universe. This again leads to a variable G. The above refer-

ences give further details of these various schemes and their shortcomings

which have lead to their falling out of favour.

Then there is the author’s cosmology seen briefly in the last section in which
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particles are fluctuationally created from a background dark energy, in an

inflationary type phase transition as we will briefly see, and this leads to

a scenario of an accelerating universe with a small cosmological constant.

Moreover, to reiterate, in the author’s cosmology the various supposedly

miraculous large number coincidences as also the otherwise inexplicable

Weinberg formula which gives the mass of an elementary particle in terms

of the gravitational constant and the Hubble constant are also deduced

from the underlying theory rather than being ad hoc as seen in the previ-

ous Section. We will discuss this point in Section 3.8. The gravitational

constant is given from (3.11) by

G =
G0

T
(3.16)

where T is time (the age of the universe) andG0 is a constant. Furthermore,

other routine effects like the precession of the perihelion of Mercury and the

bending of light, the flattening of rotational curves of galaxies and so on are

also explained in this model as will be discussed below. Moreover in this

model, Λ is given by Λ ≤ 0(H2) and shows the inverse dependence 1/T 2

on time. We will also see that there is observational evidence for (3.16).

With this background, we now give some tests for equation (3.16).

3.4 Tests

There have been some observations, like the precession of the perihelion of

Mercury or the bending of light, which could not be explained by Newto-

nian mechanics. As is well known, it was a triumph of General Relativity,

that these could be accounted for. The question arises, if the new theory,

particularly (3.16), could also explain these phenomena. We first deduce

using (3.16), the perihelion precession of Mercury [208]. We observe that

from (3.16) it follows that [43]

G = Go(1 − t

to
) (3.17)

where Go is the present value of G and to is the present age of the Universe

and t the (relatively small) time elapsed from the present epoch. Similarly

one could deduce that (cf.ref.[43]),

r = ro

(

to
to + t

)

(3.18)
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We next use Kepler’s Third law[209]:

τ =
2πa3/2

√
GM

(3.19)

τ is the period of revolution, a is the orbit’s semi major axis, and M is the

mass of the sun. Denoting the average angular velocity of the planet by

Θ̇ ≡ 2π

τ
,

it follows from (3.17), (3.18) and (3.19) that

Θ̇ − Θ̇o = Θ̇0
t

to
,

where the subscript o refers to the present epoch.

Whence,

ω(t) ≡ Θ − Θo =
π

τoto
t2 (3.20)

Equation (3.20) gives the average perihelion precession at time “t”. Spe-

cializing to the case of Mercury, where τo = 0.25 year, it follows from (3.20)

that the average precession per year at time “t” is given by

ω(t) =
4πt2

t0
(3.21)

Whence, considering ω(t) for years t = 1, 2, · · · , 100, we can obtain from

(3.21), the correct perihelion precession per century as [208],

ω =
100
∑

n=1

ω(n) ≈ 43′′,

if the age of the universe is taken to be ≈ 2 × 1010 years.

Conversely, if we use the observed value of the precession in (3.21), we can

get back the above age of the universe.

Interestingly it can be seen from (3.21), that the precession depends on the

epoch.

We next demonstrate that orbiting objects will have an anamolous inward

radial acceleration.

Using the well known equation for Keplarian orbits (cf.ref.[209]),

1

r
=
GMm2

l2
(1 + ecosΘ) (3.22)

ṙ2 ≈ GM

r
− l2

m2r2
(3.23)
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l being the orbital angular momentum constant and e the eccentricity of

the orbit, we can deduce such an extra inward radial acceleration, on dif-

ferentiation of (3.23) and using (3.17) and (3.18),

ar =
GM

2torṙ
(3.24)

It can be easily shown from (3.22) that (on the average),

ṙ ≈ eGM

rv
(3.25)

For a nearly circular orbit rv2 ≈ GM , whence use of (3.25) in (3.24) gives,

ar ≈ v/2toe (3.26)

For the earth, (3.26) gives an anomalous inward radial acceleration ∼
10−9cm/sec2, which is known to be the case [210].

We could also deduce a progressive decrease in the eccentricity of orbits.

Indeed, e in (3.22) is given by

e2 = 1 +
2El2

G2m3M2
≡ 1 + γ, γ < 0.

Use of (3.17) in the above and differenciation, leads to,

ė =
γ

eto
≈ − 1

eto
≈ −10−10

e
per year,

if the orbit is nearly circular. (Variations of eccentricity in the usual theory

have been extensively studied (cf.ref.[211] for a review).) On the other

hand, for open orbits, γ > 0, the eccentricity would progressively increase.

We finally consider the anomalous accelerations given in (3.24) and (3.26)

in the context of space crafts leaving the solar system.

If in (3.24) we use the fact that ṙ ≤ v and approximate

v ≈
√

GM

r
,

we get,

ar ≥
1

eto

√

GM

r

For r ∼ 1014cm, as is the case of the space crafts Pioneer 10 or Pioneer 11,

this gives, ar ≥ 10−11cm/sec2 We will soon further refine this result.

Interestingly Anderson et al.,[212] claim to have observed an anomalous

inward acceleration of ∼ 10−8cm/sec2 for more than a decade.
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3.5 Other Consequences

We could also explain the correct gravitational bending of light. Infact in

Newtonian theory too we obtain the bending of light, though the amount is

half that predicted by General Relativity[43, 213–215]. In the Newtonian

theory we can obtain the bending from the well known orbital equations

(Cf.also(3.22)),

1

r
=
GM

L2
(1 + ecosΘ) (3.27)

where M is the mass of the central object, L is the angular momentum

per unit mass, which in our case is bc, b being the impact parameter or

minimum approach distance of light to the object, and e the eccentricity of

the trajectory is given by

e2 = 1 +
c2L2

G2M2
(3.28)

For the deflection of light α, if we substitute r = ±∞, and then use (3.28)

we get

α =
2GM

bc2
(3.29)

This is half the General Relativistic value.

We now note that the effect of time variation of r is given by equation

(3.18)(cf.ref.[208]). Using (3.18) the well known equation for the trajectory

is given by,

u” + u =
GM

L2
+ u

t

t0
+ 0

(

t

t0

)2

(3.30)

where u = 1
r and primes denote differenciation with respect to Θ.

The first term on the right hand side represents the Newtonian contribution

while the remaining terms are the contributions due to (3.18). The solution

of (3.30) is given by

u =
GM

L2

[

1 + ecos

{(

1 − t

2t0

)

Θ + ω

}]

(3.31)

where ω is a constant of integration. Corresponding to −∞ < r < ∞ in

the Newtonian case we have in the present case, −t0 < t < t0, where t0 is

large and infinite for practical purposes. Accordingly the analogue of the

reception of light for the observer, viz., r = +∞ in the Newtonian case is

obtained by taking t = t0 in (3.31) which gives

u =
GM

L2
+ ecos

(

Θ

2
+ ω

)

(3.32)
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Comparison of (3.32) with the Newtonian solution obtained by neglecting

terms ∼ t/t0 in equations (3.18),(3.30) and (3.31) shows that the Newtonian

Θ is replaced by Θ
2 , whence the deflection obtained by equating the left side

of (3.32) to zero, is

cosΘ

(

1 − t

2t0

)

= −1

e
(3.33)

where e is given by (3.28). The value of the deflection from (3.33) is twice

the Newtonian deflection given by (3.29). That is the deflection α is now

given not by (3.29) but by the formula,

α =
4GM

bc2
, (3.34)

The relation (3.34) is the correct observed value and is the same as the

General Relativistic formula which however is obtained by a different route

[215, 39, 216].

We now come to the problem of galactic rotational curves mentioned earlier

(cf.ref.[43]). We would expect, on the basis of straightforward dynamics

that the rotational velocities at the edges of galaxies would fall off according

to

v2 ≈ GM

r
(3.35)

However it is found that the velocities tend to a constant value,

v ∼ 300km/sec (3.36)

This, as noted, has lead to the postulation of the as yet undetected addi-

tional matter alluded to, the so called dark matter.(However for an alter-

native view point Cf.[217]). We observe that from (3.18) it can be easily

deduced that[130, 218]

a ≡ (r̈o − r̈) ≈ 1

to
(tr̈o + 2ṙo) ≈ −2

ro
t2o

(3.37)

as we are considering infinitesimal intervals t and nearly circular orbits.

Equation (3.37) shows (Cf.ref[208] also) that there is an anomalous inward

acceleration, as if there is an extra attractive force, or an additional central

mass, as indeed we saw a little earlier.

So,

GMm

r2
+

2mr

t2o
≈ mv2

r
(3.38)
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From (3.38) it follows that

v ≈
(

2r2

t2o
+
GM

r

)1/2

(3.39)

From (3.39) it is easily seen that at distances within the edge of a typical

galaxy, that is r < 1023cms the equation (3.35) holds but as we reach the

edge and beyond, that is for r ≥ 1024cms we have v ∼ 107cms per second,

in agreement with (3.36). In fact as can be seen from (3.39), the first term

in the square root has an extra contribution (due to the varying G) which

is roughly some three to four times the second term, as if there is an extra

mass, roughly that much more.

Thus the time variation of G explains observation without invoking dark

matter. There could be other explanations, too. The author and A.D.

Popova have argued that if the three dimensionality of space asymptotically

falls off, then the above can be explained [219]. Yet another prescription was

given by Milgrom [220] who approached the problem by modifying Newto-

nian dynamics at large distances. This approach is purely phenomenologi-

cal.

The idea was that perhaps standard Newtonian dynamics works at the

scale of the solar system but at galactic scales involving much larger dis-

tances perhaps the situation is different. However a simple modification

of the distance dependence in the gravitation law, as pointed by Milgrom

would not do, even if it produced the asymptotically flat rotation curves

of galaxies. Such a law would predict the wrong form of the mass velocity

relation. So Milgrom suggested the following modification to Newtonian

dynamics: A test particle at a distance r from a large mass M is subject

to the acceleration a given by

a2/a0 = MGr−2, (3.40)

where a0 is an acceleration such that standard Newtonian dynamics is a

good approximation only for accelerations much larger than a0. The above

equation however would be true when a is much less than a0. Both the

statements in (3.40) can be combined in the heuristic relation

µ(a/a0)a = MGr−2 (3.41)

In (3.41) µ(x) ≈ 1 when x >> 1, andµ(x) ≈ x when x << 1. It must be

stressed that (3.40) or (3.41) are not deduced from any theory, but rather

are an ad hoc prescription to explain observations. Interestingly it must be

mentioned that most of the implications of Modified Newtonian Dynamics
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or MOND do not depend strongly on the exact form of µ.

It can then be shown that the problem of galactic velocities is now solved

[221–225].

3.6 The Anomalous Acceleration of the Pioneer Spacecrafts

The inexplicable anomalous accelerations of the Pioneer spacecrafts already

alluded to, which have been observed by J.D. Anderson and coworkers at

the Jet Propulsion Laboratory for well over a decade [226, 212] have posed

a puzzle. This can be explained by (3.16), in a simple way as follows: In

fact from the usual orbital equations we have [227]

vv̇ ≈ −GM
2tr

(1 + ecosΘ) − GM

r2
ṙ(1 + ecosΘ)

v being the velocity of the spacecraft and t is the time in general. It must

be observed that the first term on the right side is the new effect due to

(3.16). There is now an anomalous acceleration given by

ar = 〈v̇〉anom =
−GM
2trv

(1 + ecosΘ)

≈ −GM
2tλ

(1 + e)3

where

λ = r4Θ̇2

If we insert the values for the Pioneer spacecrafts we get

ar ∼ −10−7cm/sec2

This is the anomalous acceleration reported by Anderson and co-workers.

We will next deduce that the equation (3.16) explains correctly the observed

decrease in the orbital period of the binary pulsar PSR 1913 + 16, which

has also been attributed to as yet undetected gravitational waves [228].

3.7 The Binary Pulsar

It may be observed that the energy E of two masses M and m in gravita-

tional interaction at a distance L is given by

E =
GMm

L
= constant (3.42)
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We note that if this energy decreases by any mechanism, for example by

the emission of gravitational waves, or by the decrease of G, then because

of (3.42), there is a compensation by the decrease in the orbital length and

orbital period. This is the standard General Relativistic explanation for

the binary pulsar PSR 1913 + 16. We will show that the same holds good,

if we are given instead, (3.16). That is, we will not invoke gravitational

waves. In this case we have, from (3.42)

µ

L
≡ GMm

L
= const. (3.43)

Using (3.16) we can write, for a time increase t,

µ = µ0 −Kt (3.44)

where we have

K ≡ µ̇ (3.45)

In (3.45) µ̇ can be taken to be a constant in view of the fact that G varies

very slowly with time as can be seen from (3.16). Specifically we have

G(T + t) = G(T ) − t
G

T
+
t2

2

G

T 2
+ · · · ≈ G(T ) − t

G

T
(3.46)

where T is the age of the universe and t is an incremental time. Whence

using (3.46), K in (3.45) is given by

K ∝ G

T

and so

K̇ ∼ G

T 2
≈ 0

So (3.43) requires

L = L0(1 − αK)

Whence on using (3.44) we get

α =
t

µ0
(3.47)

Let us now consider t to be the period of revolution in the case of the binary

pulsar. Using (3.47) it follows that

δL = −L0tK

µ0
(3.48)
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We also know (Cf.ref.[227])

t =
2π

h
L2 =

2π√
µ

(3.49)

t2 =
4π2L3

µ
, (3.50)

h being the usual unit angular momentum and µ has the units gm cm4sec−1.

Using (3.48), (3.49) and (3.50), a little manipulation gives

δt = −2t2K

µ0
(3.51)

(3.48) and (3.51) show that there is a decrease in the size of the orbit, as

also in the orbital period. Such a decrease in the orbital period has been

observed in the case of binary pulsars in general [228, 229].

Let us now apply the above considerations to the specific case of the binary

pulsar PSR 1913 + 16 observed by Taylor and coworkers (Cf.ref.[229]). In

this case it is known that, t is 8 hours while v, the orbital speed is 3×107cms

per second. It is easy to calculate from the above

µ0 = 104 × v3 ∼ 1026

which givesM ∼ 1033gms, which of course agrees with observation. Further

we get using (3.15) and (3.44)

∆t = η × 10−5sec/yr, η <≈ 8 (3.52)

Indeed (3.52) is in good agreement with the carefully observed value of

η ≈ 7.5 (Cf.refs.[228, 229]).

It should also be remarked that in the case of gravitational radiation, there

are some objections relevant to the calculation (Cf.ref.[228]).

Finally, we may point out that a similar shrinking in size with time can

be expected of galaxies themselves, and in general, gravitationally bound

systems. We will see a special case for the solar system in the next Section.

3.8 Change in Orbital Parameters

To consider the above result in a more general context, we come back to

the well known orbital equation [227]

d2u/dΘ2 + u = µ0/h
2 (3.53)
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where µ0 = GM and u is the usual inverse of radial distance.

M is the mass of the central object and h = r2dΘ/dt−−a constant. The

solution of (3.53) is well known,

lu = 1 + ecosΘ

where l = h2/µ0.

It must be mentioned that in the above purely classical analysis, there is

no precession of the perihelion.

We now replace µ0 by µ and also assume µ to be varying slowly because

G itself varies slowly and uniformly, as noted earlier:

µ̇ = dµ/dt = K, a constant (3.54)

remembering that K̇ ∼ 0(1/T 2) and so can be neglected.

Using (3.54) in (3.53) and solving the orbital equation (3.53), the solu-

tion can now be obtained as

u = 1/l+ (e/l)cosΘ +Kl2Θ/h3 +Kl2eΘcosΘ/h3 (3.55)

Keeping terms up to the power of ’e’ and (K/µ0)
2, the time period ’τ ’ for

one revolution is given to this order of approximation by

τ = 2πL2/h (3.56)

From (3.55)

L = l − Kl4Θ

h3
(3.57)

Substituting (3.57) in (3.56) we have

τ =
2π

h

(

l2 − 2Kl5Θ

h3

)

(3.58)

The second term in (3.58) represents the change in time period for one

revolution. The decrease of time period is given by

δτ = 8π2l3K/µ2
0 (3.59)

The second term in (3.57) indicates the decrease in latus-rectum.

For one revolution the change of latus-rectum is given by

δl = 2πKl2.5/µ1.5
0 (3.60)

In the solar system, we have,

K = 898800 cmgm
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Using K and µ0 to find the change in time period and the latus rectum

in the varying G case by substituting in (3.59) and (3.60) respectively for

Mercury we get

δT = 1.37× 10−5sec/rev

δl = 4.54cm/rev (3.61)

We observe that the equations (3.59), (3.60) or (3.61) show a decrease in

distance and in the time of revolution. If we use for the planetary motion,

the General Relativistic analogue of (3.53), viz.,

d2u

dΘ2
+ u =

µ0

h2
(1 + 3h2u2),

then while we recover the precession of the perihelion of Mercury, for exam-

ple, there is no effect similar to (3.59), (3.60) or (3.61). On the other hand

this effect is very minute−−just a few centimeters per year in the case of

the earth−−and only protracted careful observations can detect it. More-

over these changes could also be masked at least partly, by gravitational

and other perturbations.

However as noted, the decrease of the period in (3.59) has been observed

in the case of Binary Pulsars.

3.9 Remarks

i) With regard to the time variation ofG, it must be mentioned that without

reference to the tests alluded to, different observations have yielded differ-

ent values. Observations on the earth, in the solar system and with Pulsars

have yielded for Ġ
G a value ∼ 10−10/yr as in (3.16). However other model

dependent observations have yielded values ∼ 10−11/yr and 10−12/yr [230].

ii) We may also remark that Fred Hoyle had suggested that a variation in G

could be responsible for the Tectonic activity on the Earth in the following

way [231]. As the gravitational effect weakens, the Earth tends to expand,

leading to a cracking of its crust. Perhaps this could explain the formation

of continents. Further, the internal pressures of the fluid layers below the

crust may be strong enough to move the broken crust or continents, thus

leading to the continental drift.

iii) There has been a wealth of data from the WMAP (Cf. for example

[232, 233]). One of the intriguing findings is that the dark energy domi-

nation and the CMB power suppression, both occur around the same red
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shift and energy scale−−corresponding to the Hubble radius ∼ 10−33eV .

As has been earlier pointed out [21] this raises three disturbing questions,

viz., the small magnitude, the so called tuning problem and why this should

occur during this epoch, that is the coincidence problem, and finally why

do both coincidences occur at the energy scale of our present Hubble radius

of 10−33eV . The question has also been asked, “Does all this suggest new

physics?”.

We now show that this is explained in terms of the Planck scale under-

pinning for the universe, as has been discussed in detail by the author

(Cf. refs.[157, 158, 234, 175] and references therein) and indeed is an ob-

servational confirmation for the cosmological model discussed earlier. We

summarize the main results. The universe as we will see later, can be

considered to have an underpinning of N̄ Planck oscillators. Further we

have

R =
√

N̄ lP (3.62)

In (3.62) R(∼ 10−33eV ) is the radius of the universe and lP ∼ 10−33cms is

the Planck length. It can also be shown that N̄ ∼ 10120. All this is similar

to the earlier Compton scale considerations. Moreover there is a minimum

mass (or minimum dark energy scale) in the universe which is given by

m = mP /
√

N̄ ∼ 10−65gm ∼ 10−33eV (3.63)

It can now be seen that the puzzling small energy scale ∼ 10−33eV referred

to earlier is exactly the same as the minimum allowable energy (or mass m)

given in (3.63). Moreover the Compton wavelength of this mass is exactly

∼ R, the Hubble radius. What all this means is, at this point of time in

the universe, there is a minimum energy of the background dark energy

∼ 10−33eV .

Another way of deriving this result is directly from (3.1). If for the extension

l, we take the radius of the universe itself, then we get the residual energy

10−33eV . We will return to this result again, later.

iv) We note that there is an acceleration ∼ 10−7cm/sec at R. But this is

true everywhere as all points of space are on the same footing. This is the

so called empirical “Milgrom” acceleration.

The Milgrom acceleration can be written as

a0 ∼ H(∼ 10−7cmsec−2)(∼ c2/R) (3.64)

whereH is the Hubble constant. In fact this follows from the earlier varying

G theory. For, we have in this case from (3.37),

a0 ∼ r/t20
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Feeding the values of r, the radius of the universe = ct0 and the fact

that H ∼ 1
t0

, we get (3.64), which now shows up no longer as an ad hoc

prescription but rather as a consequence of the theory. Curiously enough,

a particle obeying Newtonian dynamics, which has the acceleration (3.64)

over the life time of the universe, attains the velocity of light and moreover

covers a distance equalling the size of the universe.

It may be noted that the Boomerang results are in tune with MOND rather

than the Dark Matter scenario, the WMAP model notwithstanding [235].

We reiterate that the variation of G discussed in Sections 5 and 6, shows

that there is an inward acceleration in gravitationally bound systems−−this

would imply as noted that such systems (galaxies included) would tend to

become progressively smaller, as with binary pulsar orbits−−in the absence

of other dynamical considerations.

v) We have alluded to relations like (3.5), (3.7), (3.8), (3.9) and (3.10), the

so called Large Number relations. In all these cases it turns out that T , the

age of the Universe is proportional to a suitable power of N the number

of particles in the Universe. Rather than dismiss these relations as mere

coincidences, Dirac as noted suspected that these pointed to a relationship

with time. In his words [236]:

“I call this principle the

LargeNumbers Hypothesis

According to it, all the very large dimensionless numbers, which turn up in

Nature, are related to one another, just like t = 7 × 1039 and e2/Gmemp.

“There is one further very large dimensionless number which we have to take

into consideration. That is the total mass of the universe when expressed

in units of, say, the proton mass. That will be, if you like, the total number

of protons and neutrons in the Universe. It may be, of course, that the

Universe is infinite and that, therefore, this total number is infinite. In

that case we should not be able to talk about it. Yet we can use another

number to replace it. We need only consider that portion of the Universe

which is sufficiently close to us for the velocity of recession to be less than,

let us say, half the velocity of light. We are then considering just a certain

chunk of this infinite Universe, for which recession velocities are less than

half the velocity of light. We then ask, what is the total mass of this

chunk of the Universe? That again will be a very Large Number and will

replace the total mass of the Universe, to give us a definite number when

the Universe is infinite.

“We may try to estimate this total mass using the mass of those stellar



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

98 The “Thermodynamic” Universe

objects which we can observe, and making an allowance for unobservable

matter. We do not know very well how big that allowance should be: there

may be quite a lot of unobservable matter in the form of intergalactic gas

or black holes or things like that. Still, it is probable that the amount of

dark matter is not very much greater than the amount of visible matter.

If you make an assumption of that kind, you find that the total mass, in

terms of the proton mass, is

total mass

protonmass
= 1078,

with a suitable factor allowed for the invisible matter. We, therefore get a

number which is, roughly, the square of t (in atomic units).

“Now, according to the Large Number Hypothesis, all these very large di-

mensionless numbers should be connected together. We should then expect

that

total mass

protonmass
= 1078 :: t2,

Using the same argument again, we are therefore led to think that the total

number of protons in the Universe is increasing proportionally to t2. Thus,

there must be creation of matter in the Universe, a continuous creation of

matter.

“There have been quite a number of cosmological theories working with

continuous creation of matter. A theory like that was very much developed

by Hoyle and others. The continuous creation which I am proposing here

is entirely different from that. Their continuous creation theory was intro-

duced as a rival to the Big Bang theory, and it is not in favor at the present

time.

“The continuous creation which I have here is essentially different from

Hoyle’s continuous creation, because Hoyle was proposing a steady state of

the Universe, with continuous creation to make up for the matter which is

moving beyond our region of vision by the expansion. In his steady-state

theory, he had G constant. Now, in the present theory, G is varying with

time, and that makes an essential difference.

“I propose a theory where there is continuous creation of matter, together

with this variation of G. Both the assumption of continuous creation and

the variation of G follow from the Large Numbers Hypothesis.

This continuous creation of matter must be looked upon as something quite

independent of known physical processes. According to the ordinary phys-

ical processes, which we study in the laboratory, matter is conserved. Here
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we have direct nonconservation of matter. It is, if you like, a new kind

of radioactive process for which there is nonconservation of matter and by

which particles are created where they did not previously exist. The effect

is very small, because the number of particles created will be appreciable

only we wait for a very long time interval compared with the age of the

Universe.”

There were however, some inconsistencies in this Dirac cosmology. For

instance, if there would be no particle creation, then we would have,

R ∝ T 1/3

He vacillated over the decades between versions using the conservation of

energy and also violating it.

In our cosmology, using fluctuations, all these apparently disparate rela-

tions are derived from underlying principles, not to mention the prediction

of a dark energy driven accelerating Universe with a permissible cosmolog-

ical constant. That is what science is all about - finding a minimum set of

principles to explain a maximal set of observations.

vi) The above cosmology as we saw exhibits a time variation of the gravi-

tational constant of the form of (3.16),

G =
β

T
(3.65)

Indeed as noted, this is true in a few other schemes also, including the so

called Brans-Dicke and Dirac cosmologies. We have also shown that such

a time variation can explain the precession of the perihelion of Mercury

and several other effects (Cf. [208]). For example it can also provide an

alternative explanation for dark matter and the bending of light (while the

Cosmic Microwave Background Radiation is also explained (Cf.[130])) and

so on.

It is also possible to deduce the “existence” of gravitational waves given

(3.65) (or (3.16)). This is suggested by the considerations of Section 3.7.

To see this quickly let us consider the Poisson equation for the metric gµν

∇2gµν = Gρuµuν (3.66)

The solution of (3.66) is given by

gµν = G

∫

ρuµuν
|~r − ~r′|d

3~r (3.67)

Indeed equations similar to (3.66) and (3.67) hold for the Newtonian gravi-

tational potential also. If we use the second time derivative of G from (3.65)
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in (3.67), along with (3.66), we can immediately obtain the D’alembertian

wave equation for gravitational waves, instead of the Poisson equation:

Dgµν ≈ 0

vii) Recently a small variation with time of the fine structure constant has

been detected and reconfirmed by Webb and coworkers [237, 238]. In a

sense, this is shocking−−the fine structure constant has been a hallowed

quantity and that it should vary with time is not easy to accept. However,

this observation is consistent with the above cosmology. We can see this as

follows. We use an equation due to Kuhne [239]

α̇z
αz

= αz
Ḣz

Hz
, (3.68)

If we now use the fact that the cosmological constant Λ is given by

Λ ≤ 0(H2) (3.69)

as can be seen from (3.6), in (3.68), we get using (3.69),

α̇z
αz

= βHz (3.70)

where β < −αz < −10−2.

Equation (3.70) can be shown to be the same as

α̇z
αz

≈ −1× 10−5Hz. (3.71)

which is the same as Webb’s result.

We give another derivation of (3.71) in the above context wherein, as the

number of particles in the Universe increases with time, we go from the

Planck scale to the Compton scale (a theme to which we will return soon).

This can be seen as follows: In equation (3.9), if the number of particles

in the Universe, N = 1, then the mass m would be the Planck mass. In

this case the classical Schwarzschild radius of the Planck mass would equal

its Quantum Mechanical Compton wavelength. To put it another way, all

the energy would be gravitational (Cf.[130] for details). However as the

number of particles N increases with time, according to (3.5), Gravitation

and Electromagnetism get differentiated and we get (3.9) and the Compton

scale.

It is known that the Compton length, due to zitterbewegung causes a cor-

rection to the electrostatic potential which an orbiting electron experiences,

rather like the Darwin term [181].

Infact we have

〈δV 〉 = 〈V (~r + δ~r)〉 − V 〈(~r)〉
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= 〈δr ∂V
∂r

+
1

2

∑

ıj

δrıδrj
∂2V

∂rı∂rj
〉

≈ 0(1)δr2∇2V (3.72)

Remembering that V = e2/r where r ∼ 10−8cm, from (3.72) it follows that

if δr ∼ l, the Compton wavelength then

∆α

α
∼ 10−5 (3.73)

where ∆α is the change in the fine structure constant from the early Uni-

verse. (3.73) is an equivalent form of (3.71) (Cf.ref.[239]), and is the result

originally obtained by Webb et al (Cf.refs.[237, 238]).

viii) The latest observations of distant supernovae referred to above indi-

cate that the closure parameter Ω ≤ 1.

Remembering that Ω is given by [204]

Ω =
8πG

3H2
ρ

we get therefrom on using (3.2)

H2

2G
R3 = mN

which immediately leads to the mysterious Weinberg formula (3.8).

ix) In General Relativity as well as in the Newtonian Theory, we have,

without a cosmological constant

R̈ = −4

3
πGρR (3.74)

We remember that there is an uncertainty in time to the extent of the

Compton time τ , and also if we now use the fact that G varies with time,

(3.74) becomes on using (3.65),

R̈ = −4

3
πG(T − τ)ρR

= −4

3
πGρR+

4

3
πρR

( τ

T

)

G (3.75)

Remembering that at any point of time, the age of the Universe, that is

T itself is given by (3.5), we can see from (3.75) that this effect of time

variation of G, which again is due to the background Zero Point Field is

the same as an additional density, the vacuum density given by

ρvac =
ρ√
N

(3.76)
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Alternatively, this term in (3.75) is also equivalent to the presence of a

cosmological constant Λ. On the other hand, we know independently that

the presence of a vacuum field leads to a cosmological constant given by

(Cf.ref.[130] and references therein)

Λ = Gρvac (3.77)

Equation (3.77) is pleasingly in agreement with (3.75) and (3.76) that is,

the preceding considerations of fluctuational creation: In fact, due to fluc-

tuational creation ρvac should be given by

ρvac =
√
Nm/R3,

as
√
N particles are created. This gives, on using (9),

ρvac =
m

l3N
= ρ/

√
N,

which is (3.76).

In other words quantitatively we have reconfirmed that it is the background

Zero Point Field that manifests itself as the cosmological constant described

in Section 3.2. This also gives as pointed out an explanation for the so called

cosmological constant problem [188] viz., why is the cosmological constant

so small rather than being very large.

x) In the above cosmology of fluctuations, our starting point was the cre-

ation of
√
N particles within the minimum time interval, a typical elemen-

tary particle Compton time τ . We can look upon this in another way. It

is well known that energy conservation can be violated, by the Uncertainty

Principle, within the Compton time τ . Thus an energy +E or −E can

appear−−the latter denoting the disappearance of energy. The nett en-

ergy dispersion for the N particles of the universe would be
√
NE−−this

denoting the creation of
√
N particles. Indeed, as we saw and will see,

there as N̄ ∼ 10120 Planck particles that are created (Cf.equation (3.63).

So E = mP c
2. So the total energy this manifests is

√
N̄mP c

2 which gives

correctly the mass energy of the universe, viz., M = 1055gm:

Mc2 =
√

N̄mP c
2

In this picture, as indeed we saw in the previous Chapter, our physical

universe−−spacetime and matter−−is the dispersion from a larger back-

drop of dark energy. A rationale for this, very much in the spirit of the

condensation of particles from a background Zero Point Field as discussed

at the beginning of Section 3.2, can also be obtained in terms of a phase

transition from the Zero Point Field or Quantum vacuum as we will see in
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the sequel. In this case, particles are like the Benard cells which form in

fluids, as a result of a phase transition. While some of the particles or cells

may revert to the Zero Point Field, on the whole there is a creation of
√
N

of these particles. If the average time for the creation of the
√
N particles

or cells is τ , then at any point of time where there are N such particles,

the time elapsed, in our case the age of the Universe, would be given by

(3.5). While this is not exactly the Big Bang scenario, there is nevertheless

a rapid creation of matter from the background Quantum vacuum or Zero

Point Field. Thus over 1040 particles would have been created within a

fraction of a second.

In any case when τ → 0, we recover the Big Bang scenario with a singular

creation of matter, while when τ → Planck time we recover the Prigogine

Cosmology (Cf.[130] for details). However in neither of these two limits we

can deduce all the above consistent with observation Large Number rela-

tions with the cosmological constant Λ, which therefore have then to be

branded as accidents.

xi) The above cosmological model is related to the fact that there are mini-

mum space time intervals l, τ . Indeed in this case as we saw in the previous

Chapter, there is an underlying non commutative geometry of spacetime

given by

[x, y] ≈ 0(l2), [x, px] = ı~[1 + βl2], [t, E] = ı~[1 + γτ2] (3.78)

Interestingly (3.78) implies as we saw, modification to the usual Uncertainty

Principle. (This in turn has also been interpreted in terms of a variable

speed of light cosmology [240–242]).

The relations (3.78), leads to the modified Uncertainty relation

∆x ∼ ~

∆p
+ α′ ∆p

~
(3.79)

To see how this follows, in a simple way, we note that (3.78) implies that h

goes over to h′ = h(1+βl2). We then get (3.79) from the usual Uncertainty

Principle. (3.79) appears also in Quantum Super String Theory and is

related to the well known Duality relation

R→ α′/R

(Cf.[243, 52]). The interpretation here is that as we go down to very small

scales, we end up at the large scale as in a wormhole or a Klein’s bottle.

In any case (3.79) is symptomatic of the fact that we cannot go down to

arbitrarily small space time intervals. That is, there is a minimum cut off.

We now observe that the first term of (3.79) gives the usual Uncertainty
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relation. In the second term, we write ∆p = ∆Nmc, where ∆N is the

Uncertainty in the number of particles, in the Universe. Also ∆x = R, the

radius of the Universe where

R ∼
√
Nl,

the famous Eddington relationship (3.9). It should be re-emphasized that

the otherwise empirical Eddington formula, arose quite naturally in our

cosmology.

We now get back,

∆N =
√
N

This is the uncertainty in the particle number, we used earlier. Substituting

this in the time analogue of the second term of (3.79), we immediately get,

T being the age of the Universe,

T =
√
Nτ

which is equation (3.5). So, our cosmology is self consistent with the mod-

ified relation (3.79). The fluctuational effects are really couched in the

modification of the Heisenberg Principle, as given in (3.79). To put it an-

other way, the extra term in (3.79) refers to the large scale universe and

the uncertainty in the momenta, extension, energy and time spread at this

scale in the sense of spacetime in the previous Chapter.

Interestingly these minimum space time considerations can be related to

the Feynmann-Wheeler Instantaneous Action At a Distance formulation

seen earlier, a point which we shall elaborate further in the sequel.

We finally remark that relations like (3.78) and (3.79), which can also be

expressed in the form, a being the minimum length,

[x, px] = ı~[1 +
(a

~

)2

p2]

(and can be considered to be truncated from a full series on the right hand

side (Cf. [244])), could be deduced from the rather simple model of a

lattice−−a one dimensional lattice for simplicity. In this case we will have

(Cf.[130])

[x, px] = ı~cos
(p

~
a
)

,

where a is the lattice length, l the Compton length in our case. We will

revisit a generalized version later. The energy time relation now leads to a

correction to the mass energy formula, viz [245]

E = mc2cos(kl), k ≡ p/~
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This is the contribution of the extra term in the Uncertainty Principle and

we will return to it in a later Chapter, in the context of observational tests.

xii) As noted the Planck scale is an absolute minimum scale in the Uni-

verse. Later we will argue that with the passage of time the Planck scale

would evolve to the present day elementary particle Compton scale. To

recapitulate: We have by definition

~G/c3 = l2P

where lP is the Planck length ∼ 10−33cms. If we use G from (3.11) in the

above we will get

l = N1/4lP (3.80)

Similarly we have

τ = N1/4τP (3.81)

In (3.80) and (3.81) l and τ denote the typical elementary particle Compton

length and time scale, and N is the number of such elementary particles in

the Universe.

We could explain these equations in terms of the Benard cell like elemen-

tary particles referred to above. This time there are a total of n =
√
N

Planck particles and (3.80) and (3.81) are the analogues of equations (3.5)

and (3.10) in the context of the formation of such particles. Indeed as we

know a Planck mass, mP ∼ 10−5gms, has a Compton life time and also

a Bekenstein Radiation life time of the order of the Planck time. These

spacetime scales are much too small and we encounter much too large en-

ergies from the point of view of our experimental constraints. (Moreover,

the Planck scale in addition, does not show up Quantum Mechanical spin.)

As noted in the previous chapter our observed scale is the Compton scale,

in which Planck scale phenomena are moderated. In any case it can be

seen from the above that as the number of particles N increases, the scale

evolves from the Planck to the Compton scale via n =
√
N .

So, the scenario which emerges is, that as the Universe evolves, Planck par-

ticles form the underpinning for elementary particles, which in turn form

the underpinning for the Universe by being formed continuously.

This can be confirmed by the following argument: We can rewrite (3.80)

and (3.81) as

l =
√
nlP , τ =

√
nτP , (3.82)

l2P =
~

mP
τP
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The last equation is the analogue of the diffusion process seen in the last

Chapter, which is in fact the underpinning for equations like (3.5) or (3.10),

except that this time we have the same Brownian process operating from

the Planck scale to the Compton scale, instead of from the Compton scale

to the edge of the Universe as seen above (Cf. also [157, 130]).

Interestingly, let us apply the above scenario of
√
n Planck particles forming

an elementary particle, to the extra term of the modified Uncertainty Prin-

ciple (3.79), as we did earlier in this section. Remembering that α′ = l2P
in the theory, and ∆p =

√
nmP c = N1/4mP c, in this case, we get back, as

∆x = l, (3.82) which is the same as (3.80) itself! Thus once again we see

how the above cosmology is consistently tied up with the non commutative

space time expressed by equations (3.78) or (3.79).

It may be mentioned that, as indeed can be seen from (3.80) and (3.81), in

this model, the velocity of light remains constant.

xiii) We would now like to comment further upon the Compton scale and

the fluctuational creation of particles alluded to above. In this case par-

ticles are being produced out of a background Quantum vacuum or Zero

Point Field which is pre space time. First a Brownian process alluded to

above defines the Planck length while a Brownian random process with the

Planck scale as the fundamental interval leads to the Compton scale (Cf.

also ref.[158]).

This process can also be modelled as a phase transition, a critical phe-

nomenon. To see this briefly, let us start with the Landau-Ginsburg equa-

tion [246]

− ~
2

2m
∇2ψ + β|ψ|2ψ = −αψ (3.83)

Here ~ and m have the same meaning as in usual Quantum theory. It

is remarkable that the above equation (3.83) is identical with a similar

Schrödinger like equation based on amplitudes where moreover |ψ|2 is pro-

portional to the mass (or density) of the particle (Cf. ref.[130] for details).

The equation in question is,

ı~
∂ψ

∂t
=

−~
2

2m′
∂2ψ

∂x2
+

∫

ψ∗(x′)ψ(x)ψ(x′)U(x′)dx′, (3.84)

The equation (3.84) is a generalization of a two state equation deduced by

Feynman a long time ago (Cf.refs.[130, 16]). We saw this in the previous

Chapter. If C1 and C2 are the probability amplitudes for a system to be in

either of two states then, we have

ı~
dC1

dt
= H11C1 +H12C2 (3.85)
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ı~
dC2

dt
= H21C1 +H22C2 (3.86)

leading to two stationary states of energies E − A and E + A, where

E ≡ H11 = H22, A = H12 = H21. We can choose our zero of energy

such that E = 2A. Indeed as has been pointed out by Feynman, when this

consideration is applied to the hydrogen molecular ion, the fact that the

electron has amplitudes C1 and C2 of being with either of the hydrogen

atoms, manifests itself as an attractive force which binds the ion together,

with an energy of the order of magnitude A = H12.

The generalization of (3.85 or (3.86) is

ı~
dCı(t)

dt
=
∑

j

Hıj(t)Cj(t) (3.87)

where the matrix Hıj(t) is identified with the Hamiltonian operator. A fur-

ther generalization of (3.87) leads to (3.84) if we remember that considering

the continuum,

H(x, x′) =< ψ(x)|ψ(x′) >

In (3.84), ψ(x) is the probability amplitude of a particle being at the point

x and the integral is over a region of the order of the Compton wavelength.

From this point of view, the similarity of (3.84) with (3.83) need not be

surprising considering also that near critical points, due to universality

diverse phenomena like magnetism or fluids share similar mathematical

equations. Equation (3.84) was shown to lead to the Schrödinger equation

with the particle acquiring a mass (Cf.also ref.[247]).

Infact in the Landau-Ginsburg case the coherence length is given by

ξ =
(γ

α

)
1

2

=
hνF
∆

(3.88)

which can be easily shown to reduce to the Compton wavelength (Cf. also

ref.[248]).

Thus the emergence of Benard cell like elementary particles from the Quan-

tum vacuum mimics the Landau-Ginsburg phase transition. In this case we

have a non local growth of correlations reminiscent of the standard inflation

theory.

As is known, the interesting aspects of the critical point theory (Cf.ref.[249])

are universality and scale. Broadly, this means that diverse physical phe-

nomena follow the same route at the critical point, on the one hand, and

on the other this can happen at different scales, as exemplified for example,

by the course graining techniques of the Renormalization Group [250]. To
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highlight this point we note that in critical point phenomena we have the

reduced order parameter Q̄ (which gives the fraction of the excess of new

states) and the reduced correlation length ξ̄ (which follows from (3.88)).

Near the critical point we have relations [251] like

(Q̄) = |t|β , (ξ̄) = |t|−ν

Whence

Q̄ν = ξ̄β (3.89)

In (3.89) typically ν ≈ 2β. As Q̄ ∼ 1√
N

because
√
N particles are created

fluctuationally, given N particles, and in view of the fractal two dimension-

ality of the path

Q̄ ∼ 1√
N
, ξ̄ = (l/R)2 (3.90)

This gives back the Eddington formula,

R =
√
Nl

which is nothing but (3.10).

There is another way of looking at this. The noncommutative geometry

(3.78) brings out the primacy of the Quantum of Area. Indeed this has

been noted from the different perspective of Black Hole Thermodynamics

too [252]. We would also like to point out that a similar treatment can be

easily shown to lead from the Planck scale to the Compton scale. We will

return to this in a later Chapter.

In other words the creation of particles is the result of a critical point phase

transition and subsequent coarse graining (Cf. also ref.[248]). So there are

two equivalent models, which we have just seen. One is via a Brownian

process and the second term of the modified Uncertainty Principle (3.79).

This was related to large scale effects involving subconstituents like elemen-

tary particles or Planck particles. The other is through a Landau-Ginzburg

process.

The above model apart from mimicking inflation also explains as we saw,

the so called miraculous Large Number coincidences.

The peculiarity of these relations as noted is that they tie up large scale

parameters like the radius or age of the Universe or the Hubble constant

with microphysical parameters like the mass, charge and the Compton scale

of an elementary particle and the gravitational constant. That is, the Uni-

verse appears to have a Machian or holistic feature. We will see that one

way to understand why the large and the small are tied up is that there
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is an underpinning of normal mode Planck oscillators, that is, collective

phenomena all across the Universe.

For another perspective, let us go over our development. There are two

types of fluctuations. One is a large scale statistical one, given by (2.1), as

we saw in the previous Chapter. Here R, N and l are general. The other

is the fluctuation we encounter in Quantum Mechanics−−these are at the

Compton scale, l. By identifying the large scale Brownian steps l with the

Compton length, we are effectively considering Quantum effects to be a

result of the large scale statistical (or thermodynamic) effects. If now N is

made to tend to ∞, in the thermodynamic limit, then the consequence is

that l = R/
√
N → 0 and so also τ . We return to the Big Bang scenario

as noted and so also the Quantum Mechanical canonical commutation in

(3.78) vanish and we are back with Classical Physics.

We will return to this point soon, but to re-emphasize: It has been known

that there is a deep connection between a stochastic and Brownian be-

haviour on the one hand and critical point phenomena and the Renormal-

ization Group on the other hand. Fractality itself is a manifestation of

resolution dependent measurements, while Renormalization Group consid-

erations arise due to coarse graining at different resolutions. A good ex-

ample of the fractal behaviour is Quantum Mechanics itself which as noted

earlier has been shown to have the fractal dimension 2.

3.10 Further Considerations

1. We will now provide yet another rationale for (3.4), which was our

starting point. Let us start with equations encountered earlier, viz., (3.5),

(3.7), (3.8), (3.9) or (3.10). For example

R =
√
Nl

Gm2

e2
=

1√
N

∼ 10−40

or the Weinberg formula

m =

(

H~
2

Gc

)
1

3

where N ∼ 1080 is the number of elementary particles, typically pions, in

the Universe. All except the last are interrelated. The very mysterious

feature of (3.7) was stressed by Weinberg as we saw “...it should be noted
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that the particular combination of ~, H,G, and c appearing (in the formula)

is very much closer to a typical elementary particle mass than other random

combinations of these quantities....

In contrast, (the formula) relates a single cosmological parameter, H , to

the fundamental constants ~, G, c and m, and is so far unexplained...”

We will now take a different route and provide an alternative theoretical

rationale for these equations, and in the process light will be shed on the

new cosmological model and the nature of gravitation.

Following Sivaram [253] we consider the gravitational self energy of the

pion. This is given by

Gm2

l
= Gm2/(~/mc)

If this energy were to have a life time of the order of the age of the Universe,

T , then we have by the Uncertainty relation
(

Gm3c

~

)

(T ) ≈ ~ (3.91)

As T = 1
H , this immediately gives us the Weinberg formula. It must be

observed again that (3.91) gives the same time dependent gravitational

constant G.

We could also derive (3.8) by using a relation given by Landsberg [254].

We use the fact that the mass of a particle is given by

m(b) ∼
(

~
3H

G2

)1/5 (
c5

~H2G

)b/15

(3.92)

where b is an unidentified constant. Whence we have

m(b) ∼ G−3/5G−3b/15 = G−(b+1)/5

The mass that would be time independent, if G were time dependent would

be given by the value

b = −1

With this value of b (3.92) gives back (3.8). This provides another justifi-

cation for treating m as a microphysical (constant) parameter.

Let us now proceed along a different track. We rewrite (3.91) as

G =
~

2

m3c
· 1

T
(3.93)

If we use the fact that R = cT , then (3.93) can be written as

G =
~

2

m3R
(3.94)
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Let us now use the well known relation encountered earlier viz., equation

(3.3) [44]

R =
GM

c2
(3.95)

We have already seen a demonstration of (3.95) or (3.3). For another deriva-

tion, we note that the equation follows if we equate the gravitational po-

tential energy of the pion in a three dimensional isotropic sphere of pions

of radius R with the rest energy of the pion. This gives,

GmM

R
= mc2,

which is (3.95). If we use (3.95) in (3.94) we will get

G2 =
~

2c2

m3M
(3.96)

LetM/m = N be called the number of elementary particles in the Universe.

In fact this is just (3.1). Then (3.96) can be written as (3.10),

G =
~c

m2
√
N

which can also be written as (3.8)

Gm2/e2 ∼ 1√
N

Whence we get (3.10)
√
Nl = R

We now remark that (3.93) shows an inverse dependence on time of the

gravitation constant, while (3.10) shows an inverse dependence on
√
N .

Equating the two, we get back,

T =
√
Nτ

the relation (3.5) which we have encountered several times. If we now take

the time derivative of (3.11) and use (3.5), we get back

Ṅ =

√
N

τ

To put it briefly in a phase transition from the Quantum vacuum
√
N

particles appear within the Compton time τ . In terms of our unidirectional

concept of time, we could say that particles appear and disappear, but the

nett result is the appearance of
√
N particles.

We now make a few remarks. Firstly it is interesting to note that
√
Nm
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will be the mass added to the Universe. Let us now apply the well known

Beckenstein formula for the life time of an arbitrary mass M viz., [44],

t ≈ G2M3/~c4

to the above mass. The life time as can be easily verified turns out to be

exactly the age of the Universe!

A final remark. To appreciate the role of fluctuations in the otherwise

mysterious Large Number relations, a feature that escaped Dirac, let us as

noted following Hayakawa [126] consider the excess of electric energy due

to the fluctuation ∼
√
N of the elementary particles in the Universe and

equate it to the inertial energy of an elementary particle. We got
√
Ne2

R
= mc2

This gives us back electromagnetism-gravitation ratio if we use (3.95). If

we use the Eddington formula on the other hand, we get

e2/mc2 = l,

another well known relation from micro physics−−the so called classical

electron radius.

2. We have noted that a background ZPF of the kind we have been consid-

ering can explain the Quantum Mechanical spin half as also the anomalous

g = 2 factor for an otherwise purely classical electron [255, 256, 184]. The

key point here is (Cf.ref.[255]) that the classical angular momentum ~r×m~v
does not satisfy the Quantum Mechanical commutation rule for the angu-

lar momentum ~J . However when we introduce the background Zero Point

Field, the momentum now becomes

~J = ~r ×m~v + (e/2c)~r × ( ~B × ~r) + (e/c)~r × ~A0, (3.97)

where ~A0 is the vector potential associated with the ZPF and ~B is an ex-

ternal magnetic field introduced merely for convenience, and which can be

made vanishingly small.

It can be shown that ~J in (3.97) satisfies the Quantum Mechanical com-

mutation relation for ~J × ~J . At the same time we can deduce from (3.97)

〈Jz〉 = −1

2
~ω0/|ω0| (3.98)

Relation (3.98) gives the correct Quantum Mechanical results referred to

above.

From (3.97) we can also deduce that

l = 〈r2〉 1

2 =

(

~

mc

)

(3.99)
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Equation (3.99) shows that the mean dimension of the region in which the

ZPF fluctuation contributes is of the order of the Compton wavelength of

the electron as we had noted earlier in the previous Chapter. By relativistic

covariance (Cf.ref.[256]), the corresponding time scale is at the Compton

scale. Thus once again we return to the Compton scale, as at the beginning

of this Chapter.

3. In the light of the preceding considerations, let us now investigate the

neutrino and weak interactions. We start by following Hayakawa [126] to

balance the gravitational force and the Fermi energy of the “cold” back-

ground neutrinos and further identify it with the intrinsic energy of the

neutrinos to get

GNνm
2
ν

R
=
N

2/3
ν ~

2

mνR2
= mνc

2 (3.100)

(All this is in the Large Number sense) mν is the neutrino mass. From

(3.100) we can immediately deduce that

mν = 10−8me, Nν ∼ 1090 (3.101)

Both the relations in (3.101) are known to be correct. Indeed this mass

of the neutrino was predicted by the author before the Super Kamiokande

experiment threw it up in 1999 [42].

We then use the fact that due to the fluctuation in the number of neutrinos,

we have an energy which is the inertial energy again:

ḡ2
√
Nν
R

≈ mνc
2 (3.102)

where ḡ2 gives the weak interaction coupling constant.

Interestingly we have just seen a similar relation for the electrons

e2
√
N

R
= mc2 (3.103)

From (3.102) and (3.103) on using (3.101) we get

ḡ2/e2 ∼ 10−13 (3.104)

which ofcourse is again known to be correct.

We have thus recovered from theory the well known values of the weak

coupling constant and the neutrino mass. We would next like to show

that there is a complete parallel between the Large Number Relations for

elementary particles with similar relations for the neutrino. We start with

the simplest relation, which can be easily verified

Nνmν = Nm = M = 1055gm,
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M being the mass of the Universe. We next return to the fact used above

in (3.100) and consider the equality of the gravitational mass of a particle

due to the remaining n particles with the inertial mass of the particle

Gnm2

r
= mc2 (3.105)

In (3.105), if n is replaced by N and r is replaced by the radius of the

Universe, we get the mass of an elementary particle like the pion. On the

other hand if in (3.105) we replace n by the number of neutrinos Nν instead

of N then we recover the mass of the neutrino. Finally if we take n = 1 and

r = lP , the Planck scale we recover the Planck mass mP , which indeed is

to be expected because as Rosen had shown and we saw earlier, the Planck

mass black hole is a Universe in itself [257].

Similarly we see the complete parallel between (3.102) and (3.103). To

proceed further we consider (3.10) in an alternative form viz.,

~ =
Gm2

√
N

c
(3.106)

For the neutrino number and neutrino mass given in (3.101), (3.106) gives

~
′ =

Gm2
ν

√
Nν

c
= 10−12

~ (3.107)

(3.107) shows that the magnetic moment of the neutrino is given by

µν ∼ 10−11 Bohr magnetons (3.108)

Indeed (3.108) is consistent with observation [258]. That is for the neutrino

we have effectively ~
′ given by (3.107), instead of ~. It is then simple

to verify that the analogue of the Eddington formula (9) applies for the

neutrinos viz.,

R =
√

Nν lν ,

where lν = ~
′

mνc
, the neutrino analogue of the Compton length. Interest-

ingly, this neutrino “Compton” wavelength in ∼ 10−15cm, corresponding

roughly to the mass of a W boson, the carrier of weak interaction.

It has been shown on the basis of black hole radiation life times that we

have

Gm2

l
=

~

T
, T = 1017sec (3.109)

where T is the life time of the Universe (Cf. also [253]). Indeed as we

saw (3.109) is just a variant of the Weinberg formula, and can now be

interpreted as the fact that the gravitational self energy of the elementary
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particle, viz., Gm2

l has a life time of the order of the age of the Universe,

due to the Uncertainty Principle. It can immediately be verified that for

the neutrino we have the equation

Gm2
ν

lν
=

~
′

T
(3.110)

In the author’s model, it has been shown that [130] the pion can be con-

sidered to be an electron positron bound state so that we have

l =
e2

mec2
(3.111)

where l is the pion Compton wavelength. Equation (3.111) is on a different

footing from an electron-positron pair annihilating itself. This is because in

our picture time (and space) is no longer continuous. Similarly one could

consider the pion to also be the bound state of a quark anti-quark in QCD

so that we have

g2

mqc2
= l (3.112)

where mq is the quark mass and g2 is the strong interaction coupling con-

stant. There is an immediate analogue of (3.111) and (3.112) for the neu-

trino viz.,

lν =
ḡ2

mνc2
(3.113)

Finally it may be pointed out that there is an immediate analogue of the

Weinberg formula (7) as well, viz.,

mν =

(

H~
′2

Gc

)1/3

(3.114)

It must be mentioned that these analogues like (3.102), (3.107), (3.110),

(3.113) and (3.114) between the neutrino and an elementary particle are

not mere numerical coincidences. This is because the various relations for

the elementary particles are the result of a theoretical structure, and are

not mere accidents. What the foregoing means is that the neutrino has a

similar theoretical structure.

4. Remaining with the neutrino background, we can show that this too

provides us with a physical mechanism for the cosmological constant. Let

us first treat the cold cosmic neutrino background as a degenerate Fermi

assembly. We have [125]

p2
F = ~

3(N/V ) (3.115)
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Feeding in the known neutrino parameter, viz., [259] Nν ∼ 1090 we get

from the above, the correct neutrino mass ∼ 10−3eV and the background

temperature T ∼ 1◦K. More recently there has been hope that neutrinos

can also exhibit the ripples of the early Big Bang and in fact, Trotta and

Melchiorri claim to have done so [260].

It may be mentioned that there is growing evidence for the cosmic back-

ground neutrinos [261]. The GZK photo pion process to which we will

return in a later Chapter, seems to be the contributing factor.

Let us now consider this neutrino background to deduce the correct cosmo-

logical constant. We note that the cosmological constant is given by

λ =< 0|H |0 >≡ cosmological constant (3.116)

The cosmological constant λ is now given by its familiar expression [26]

λ =

∫ Λ

0

4πp2

(2π)3
dp

1

2

√

p2 +m2 (3.117)

In (3.117) Λ is the cut off which takes care of the divergent integral. If we

now use the value of the neutrino mass ∼ 10−3eV in (3.117) then we get

the value of the cosmological constant as

λ ∼ 10−50GeV 4 (3.118)

which is consistent with the latest observations pertaining to the accelerat-

ing universe with a small cosmological constant.

On the other hand, in the usual theory, Λ has been taken to correspond

to the Planck scale and the Planck mass ∼ 1019GeV . This has lead to the

value of the cosmological constant which is 10120 times its actual value. We

have already encountered the famous cosmological constant problem. On

the contrary, in (3.117) we could consider the photon mass ∼ 10−65gms

which we have alluded to. This gives a contribution many orders of mag-

nitude below the correct value given in (3.118)−−as such the contribution

of the photon background is negligible.

We can now see that by considering the cosmic neutrino background rather

than the Planck cut off, we get the right order of the cosmological constant.

Further references to the cosmological constant may be found in

[209, 263–265] (and references therein).

5. We finally observe that it is not surprising that Quantum Theory should

be the effect of fluctuations in the universe as a whole. In fact as pointed

out [126] the fluctuation in the mass of a typical elementary particle, for
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example the pion, due to the fluctuation ∼
√
N of the particle number

N ∼ 1080 is given by (Cf.ref.[198])

∆mc2 ≈ G
√
Nm2

R

As this energy is proportional inversely to the time period, which in this

case of the age of the universe, T , we have

β = T · ∆mc2 = G
√
Nm2T/R (3.119)

where β in (3.119) is the constant of proportionality. We can easily verify

that β ∼ ~ if T = cR. In fact Equation (3.119) itself is an expression of the

uncertainty relation

∆E∆t ≈ ~

So Equation (3.119) suggests the origin of Quantum Theory in cosmic fluc-

tuations.

Inaba [266] deduces for a nearly flat Robertson-Walker universe from a

minimum average curvature principle, the Hamilton-Jacobi equation for a

single particle,

∂tS +
1

2m
gıj(∇, S) − xR = 0 (3.120)

where the curvature R is given by

R = R(b) −R′ : R(b) = 6

(

ȧ

a
+
ȧ2

a2

)

R′ being the fluctuation effect and R(b) being the curvature in the standard

Robertson-Walker geometry.

Equation (3.120) leads by the standard Madelung-Bohm or Nelson theory

to the Schrodinger equation

ı~∂ψ =
~

2

2m
∆ψ + V ψ − ~

2

4m
R(b) (3.121)

We can then argue that (3.121) is indeed the Quantum Mechanical equation

in the classical Robertson-Walker geometry. It is the perturbation R′ in

the Robertson-Walker geometry that leads to (3.121). Also we are able to

see the origin of the mysterious Quantum potential term V in the above

equation−−it comes for the fluctuation R′ in the curvature.

We can justify the above conclusion as follows: We have already observed

in the previous Chapter and earlier in this Chapter that in the random

motion of N particles the fluctuation in the length is given by (3.10).
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Further as we saw, the diffusion equation describing the motion of a particle

with position given by x(t) subject to random corrections is given by the

well-known equation

|∆| =
√

〈∆x2〉 ≈ ν
√

∆t

where the diffusion constant ν is related to the mean free path l and the

mean velocity v

ν ≈ lv (3.122)

Identifying l of Equation (3.122) with that in (3.10) we arrive at the

Hamilton-Jacobi equation (3.120) and thence the Schrodinger equation

(3.121) [130, 127, 176, 267].

Thus using the equations of Brownian motion in the context of all the par-

ticles in the universe, we arrive at the equations (3.120) and (3.121) based

on a minimum curvature principle and Santamato’s geometric Quantum

Mechanics which too we will briefly encounter later.

In fact one can look upon the above results in terms of the fluctuation of the

metric itself. In Santamato’s original formulation [268]-[271] the geometry

is Weyl’s gauge invariant geometry, where there is no invariant length and

in fact we have

δl2 ∼ l2δgık (3.123)

It must be stressed that (3.123) is valid for arbitrary vectors Aµ in which

case l would be their length.

Using the usual geometrodynamic formula for the fluctuation of the metric

[45] we have

l2δgık ≈ lP
l
, (3.124)

where lP is the Planck length.

Whence we get

δgık ∼ l (3.125)

if l is of the order 10−11cm or the electron Compton wavelength.

Similarly using (3.10) in (3.123), we recover (3.125), as in the Weyl geome-

try. Finally it may be mentioned that even from the usual geometrodynamic

point of view, the fluctuations in the curvature over a region of length a

are given by [45],

∆r ∼ lP /a
3,
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where r is the curvature. In the macro world this is small, but if a is the

Compton wavelength, then ∆r ≥ 1. Thus at this scale, Quantum effects

come in.

This establishes the equivalence of the two approaches and reconfirms the

cosmic, Machian feature, from a more general viewpoint. This apart it

provides a rationale for the Quantum Potential term encountered in the

Brownian (and Bohmian) characterization of the last Chapter. It must be

reiterated that this is the only “non-classical” term in an otherwise classical

development of the theory.
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Chapter 4

The Thermodynamic Universe

4.1 Introduction

The view we are trying to put forward is that the Universe is in some sense

immersed in a bath of “Dark Energy” and is “Thermodynamic” in the sense

that for example the temperature of some material has a certain value. This

value emerges from the combined statistical motion of several individual

molecules whereas in a reductionist view, in this particular example, we

would be determining the motion of one of these typically 1023 molecules.

To get a flavour, let us first re-derive the recently discovered [21] residual

cosmic energy directly from the background Dark Energy. We may reiterate

that the “mysterious” background Dark Energy is the same as the quantum

Zero Point Fluctuations in the background vacuum electromagnetic field as

seen in the last Chapter. Let us recall that the background Zero Point Field

is a collection of ground state oscillators [45]. The probability amplitude is

ψ(x) =
(mω

π~

)1/4

e−(mω/2~)x2

for displacement by the distance x from its position of classical equilibrium.

So the oscillator fluctuates over an interval

∆x ∼ (~/mω)1/2

The background electromagnetic field is an infinite collection of independent

oscillators, with amplitudes X1, X2 etc. The probability for the various

oscillators to have amplitudes X1, X2 and so on is the product of individual

oscillator amplitudes:

ψ(X1, X2, · · · ) = exp[−(X2
1 +X2

2 + · · · )]
wherein there would be a suitable normalization factor. This expression

gives the probability amplitude ψ for a configuration B(x, y, z) of the mag-

netic field that is described by the Fourier coefficientsX1, X2, · · · or directly

121
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in terms of the magnetic field configuration itself by, as we saw,

ψ(B(x, y, z)) = Pexp

(

−
∫ ∫

B(x1) ·B(x2)

16π3~cr212
d3x1d

3x2

)

.

P being a normalization factor. At this stage, we are thinking in terms

of energy without differenciation, that is, without considering Electromag-

netism or Gravitation etc as separate. Let us consider a configuration

where the magnetic field is everywhere zero except in a region of dimension

l, where it is of the order of ∼ ∆B. The probability amplitude for this

configuration would be proportional to

exp[−((∆B)2l4/~c)]

So the energy of fluctuation in a region of length l is given by finally, the

density [45, 16]

B2 ∼ ~c

l4

So the energy content in a region of volume l3 is given by

β2 ∼ ~c/l (4.1)

This energy is minimum when l is maximum. Let us take l to be the

radius of the Universe ∼ 1028cms. The minimum energy residue of the

background Dark Energy or Zero Point Field (ZPF) now comes out to be

10−33eV , exactly the observed value. This observed residual energy is a

cosmic footprint of the ubiquitous Dark Energy in the Universe, a puzzling

footprint that, as we have noted, has recently been observed [21].

If on the other hand we take for l in (4.1) the smallest possible length,

which has been taken to the Planck length lP , as we will see in the sequel,

then we get the Planck mass mP ∼ 10−5gm.

The minimum mass ∼ 10−33eV or 10−65gms, will be seen to be the mass of

the photon. Interestingly, this also is the minimum thermodynamic mass

in the Universe, as shown by Landsberg from a totally different point of

view, that of thermodynamics as we saw in the previous Chapter [254]. So

(4.1) gives two extreme masses, the Planck mass and the photon mass. We

will see how it is possible to recover the intermediate elementary particle

mass from these considerations later in this Chapter.

As an alternative derivation, it is interesting to derive a model based on

the theory of phonons which are quanta of sound waves in a macroscopic

body [125]. Phonons are a mathematical analogue of the quanta of the

electromagnetic field, which are the photons, that emerge when this field is
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expressed as a sum of Harmonic oscillators. This situation is carried over

to the theory of solids which are made up of atoms that are arranged in a

crystal lattice and can be approximated by a sum of Harmonic oscillators

representing the normal modes of lattice oscillations. In this theory, as is

well known the phonons have a maximum frequency ωm which is given by

ωm = c

(

6π2

v

)1/3

(4.2)

In (4.2) c represents the velocity of sound in the specific case of photons,

while v = V/N , where V denotes the volume and N the number of atoms.

In this model we write

l ≡
(

4

3
πv

)1/3

l being the inter particle distance. Thus (4.2) now becomes

ωm = c/l (4.3)

Let us now liberate the above analysis from the immediate scenario of

atoms at lattice points and quantized sound waves due to the Harmonic

oscillations and look upon it as a general set of Harmonic oscillators as

above. Then we can see that (4.3) and (4.1) are identical as

ω =
mc2

~

So we again recover with suitable limits the extremes of the Planck mass and

the photon mass. (Other intermediate elementary particle masses follow if

we take l as a typical Compton wavelength.)

We now examine separately, the Planck scale and the photon mass. As

we saw earlier, there were basically two concepts of space which we had

inherited from the early days of modern science. The predominant view

has been the legacy from the Newtonian world view as we saw. Here we

consider spacetime to form a differentiable manifold. We also saw that

Liebniz had a different view of space, not as a container, but rather as

made up of the contents itself. This lead to a view where spacetime has the

smallest unit, and therefore non differentiable.

Max Planck had noticed that, what we call the Planck scale today,

lP =

(

~G

c3

)
1

2

∼ 10−33cm (4.4)

is made up of the fundamental constants of nature and so, he suspected it

played the role of a fundamental length. Indeed, modern Quantum Gravity
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approaches have invoked (4.4) in their quest for a reconciliation of gravita-

tion with other fundamental interactions. In the process, the time honoured

prescription of a differentiable spacetime has to be abandoned. Later, we

will try to give a rationale for (4.4) being the smallest scale.

There is also another scale made up of fundamental constants of nature,

viz., the well known Compton scale (or classical electron radius which we

encountered in Chapter 1),

l = e2/mec
2 ∼ 10−12cm (4.5)

where e is the electron charge and me the electron mass. We had seen how

the Compton scale emerges from the ZPF, in the previous Chapter. This

had appeared in the Classical theory of the electron unlike the Planck scale,

which was a product of Quantum Theory. Indeed if (4.5) is substituted for

l in (4.1), we get the elementary particle mass scale.

The scale (4.5) has also played an important role in modern physics, though

it is not considered as fundamental as the Planck scale. Nevertheless, the

Compton scale (4.5) is close to reality in the sense of experiment, unlike

(4.4), which is well beyond foreseeable direct experimental contact. More-

over another interesting feature of the Compton scale is that, as we saw in

the last Chapter, it brings out the Quantum Mechanical spin, unlike the

Planck scale.

A very important question this throws up is that of a physical rationale for

a route from (4.4) to (4.5). Is there such a mechanism? We have already

seen one such route in the last Chapter: via phase transitions, n ∼ 1040

Planck particles “condense” into an elementary particle. Let us investigate

further.

4.2 The Planck and Compton Scales

We have seen that String Theory, Loop Quantum Gravity and a few other

approaches start from the Planck scale. This is also the starting point in our

alternative theory of Planck oscillators in the background dark energy. We

first give a rationale for the fact that the Planck scale would be a minimum

scale in the Universe [272]. Our starting point [158, 16] is the model for

the underpinning at the Planck scale for the Universe. This is a collection

of N Planck scale oscillators where we will specify N shortly.

Earlier, we had argued in the last Chapter that a typical elementary particle

like a pion could be considered to be the result of n ∼ 1040 evanescent

Planck scale oscillators. We will now consider the problem from a different
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point of view, which not only reconfirms the above result, but also enables

an elegant extension to the case of the entire Universe itself. Let us consider

an array of N particles, spaced a distance ∆x apart, which behave like

oscillators that are connected by springs. We then have [157, 246, 273, 16]

r =
√
N∆x2 (4.6)

ka2 ≡ k∆x2 =
1

2
kBT (4.7)

where kB is the Boltzmann constant, T the temperature, r the extent and

k is the spring constant given by

ω2
0 =

k

m
(4.8)

ω =

(

k

m
a2

)
1

2 1

r
= ω0

a

r
(4.9)

We now identify the particles with Planck masses and set ∆x ≡ a = lP ,

the Planck length. It may be immediately observed that use of (4.8) and

(4.7) gives kBT ∼ mP c
2, which of course agrees with the temperature of a

Black Hole of Planck mass. Indeed, Rosen [257] had shown that a Planck

mass particle at the Planck scale can be considered to be a Universe in

itself with a Schwarzchild radius equalling the Planck length. We also use

the fact alluded to that a typical elementary particle like the pion can be

considered to be the result of n ∼ 1040 Planck masses.

Using this in (4.6), we get r ∼ l, the pion Compton wavelength as required.

Whence the pion mass is given by

m = mP /
√
n

Further, in this latter case, using (4.6) and the fact that N = n ∼ 1040, and

(4.7),i.e. kBT = kl2/N and (4.8) and (4.9), we get for a pion, remembering

that m2
P /n = m2,

kBT =
m3c4l2

~2
= mc2,

which of course is the well known formula for the Hagedorn temperature

for elementary particles like pions [140]. In other words, this confirms the

earlier conclusions that we can treat an elementary particle as a series of

some 1040 Planck mass oscillators.

However it must be observed from (4.9) and (4.8), that while the Planck

mass gives the highest energy state, an elementary particle like the pion
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is in the lowest energy state. This explains why we encounter elementary

particles, rather than Planck mass particles in nature. Infact as already

noted [18], a Planck mass particle decays via the Beckenstein radiation

within a Planck time ∼ 10−42secs. On the other hand, the lifetime of an

elementary particle would be very much higher.

In any case the efficacy of our above oscillator model can be seen by the fact

that we recover correctly the masses and Compton scales in the order of

magnitude sense and also get the correct Bekenstein and Hagedorn formulas

as seen above, and further we even get the correct estimate of the mass and

size of the Universe itself, as will be seen below.

Using the fact that the Universe consists of N ∼ 1080 elementary particles

like the pions, the question is, can we think of the Universe as a collection

of nN or 10120 Planck mass oscillators? This is what we will now show.

Infact if we use equation (4.6) with

N̄ ∼ 10120,

we can see that the extent is given by r ∼ 1028cms which is of the order

of the diameter of the Universe itself. We shall shortly justify the value for

N̄ . Next using (4.9) we get

~ω
(min)
0 〈 lP

1028
〉−1 ≈ mP c

2 × 1060 ≈Mc2 (4.10)

which gives the correct mass M , of the Universe which in contrast to the

earlier pion case, is the highest energy state while the Planck oscillators

individually are this time the lowest in this description. In other words the

Universe itself can be considered to be described in terms of normal modes

of Planck scale oscillators.

More generally, if an arbitrary mass M , as in (4.10), is given in terms of N̄

Planck oscillators, in the above model, then we have from (4.10) and (4.6):

M =
√

N̄mP andR =
√

N̄lP ,

where R is the radius of the object. Using the fact that lP is the

Schwarzchild radius of the mass mP , this gives immediately,

R = 2GM/c2

a relation we have deduced alternatively in the previous Chapter. In other

words, such an object, the Universe included as a special case, shows up as

a Black Hole.

We will return to these considerations later: this and the preceding consid-

erations merely set the stage (Cf.refs.[158, 157, 16, 274, 273] for details).
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In fact, we do not need to specify N . We have in this case rewriting the

relations (4.6) to (4.9),

R =
√
Nl,Kl2 = kT,

ω2
max =

K

m
=

kT

ml2
(4.11)

In (4.11), R is of the order of the diameter of the Universe,K is the analogue

of spring constant, T is the effective temperature while l is the analogue

of the Planck length, m the analogue of the Planck mass and ωmax is the

frequency−−the reason for the subscript max will be seen below. We do

not yet give l and m their usual values as given in (4.4) for example, but

rather try to deduce these values.

We now use the well known result alluded to that the individual minimal

oscillators are black holes or mini Universes as shown by Rosen [257]. So

using the Beckenstein temperature formula for these primordial black holes

[44], that is

kT =
~c3

8πGm

in (4.11) we get,

Gm2 ∼ ~c (4.12)

which is another form of (4.4). We can easily verify that (4.12) leads to

the value m ∼ 10−5gms. In deducing (4.12) we have used the typical

expressions for the frequency as the inverse of the time−−the Compton time

in this case and similarly the expression for the Compton length. However

it must be reiterated that no specific values for l or m were considered in

the deduction of (4.12).

We now make two interesting comments. Cercignani and co-workers have

shown [275, 276] that when the gravitational energy becomes of the order

of the electromagnetic energy in the case of the Zero Point oscillators, that

is

G~
2ω3

c5
∼ ~ω (4.13)

then this defines a threshold frequency ωmax above which the oscillations

become chaotic. In other words, for meaningful physics we require that

ω ≤ ωmax.
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Secondly as we saw from the parallel but unrelated theory of phonons

[125, 108], which are also bosonic oscillators, we deduce a maximal fre-

quency given by

ω2
max =

c2

l2
(4.14)

In (4.14) c is, as we saw in the particular case of phonons, the velocity of

propagation, that is the velocity of sound, whereas in our case this velocity is

that of light. Frequencies greater than ωmax in (4.14) are again meaningless.

We can easily verify that using (4.13) in (4.14) gives back (4.12).

Finally we can see from (4.11) that, given the value of lP and using the

value of the radius of the Universe, viz., R ∼ 1027, we can deduce that,

N ∼ 10120 (4.15)

In a sense the relation (4.12) can be interpreted in a slightly different vein

as representing the scale at which all energy– gravitational and electromag-

netic becomes one. In any case (4.15) justifies our earlier choice of N̄ . If

N ∼ 1080 elementary particles in the Universe is taken as an input, then

we can deduce n ∼ 1040 is the number of Planck oscillations in a typical

elementary particle.

It should also be borne in mind that, a Planck scale particle is a

Schwarzchild Black Hole. From this point of view, we cannot penetrate

the Planck Scale−−it constitutes a physical limit.

The Compton scale (4.5) comes as a Quantum Mechanical effect, within

which we have zitterbewegung effects and a breakdown of causal Physics as

emphasized [15]. Indeed as we noted Dirac had noticed this aspect in con-

nection with two difficulties with his electron equation. Firstly the speed

of the electron turns out to be the velocity of light. Secondly the position

coordinates become complex or non Hermitian. His explanation as we saw

was that in Quantum Theory we cannot go down to arbitrarily small space-

time intervals, for the Heisenberg Uncertainty Principle would then imply

arbitrarily large momenta and energies. So Quantum Mechanical measure-

ments are actually an average over intervals of the order of the Compton

scale.

Weinberg also noticed the non physical aspect of the Compton scale [17].

Starting with the usual light cone of Special Relativity and the inversion of

the time order of events, he goes on to add, and we quote again at a little

length and comment upon it,

“Although the relativity of temporal order raises no problems for classi-

cal physics, it plays a profound role in quantum theories. The uncertainty
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principle tells us that when we specify that a particle is at position x1 at

time t1, we cannot also define its velocity precisely. In consequence there

is a certain chance of a particle getting from x1 to x2 even if x1 − x2 is

spacelike, that is, |x1 −x2| > |x0
1 −x0

2|. To be more precise, the probability

of a particle reaching x2 if it starts at x1 is nonnegligible as long as

(x1 − x2)
2 − (x0

1 − x0
2)

2 ≤ ~
2

m2

where ~ is Planck’s constant (divided by 2π) and m is the particle mass.

(Such space-time intervals are very small even for elementary particle

masses; for instance, if m is the mass of a proton then ~/m = 2× 10−14cm

or in time units 6× 10−25sec. Recall that in our units 1sec = 3× 1010cm.)

We are thus faced again with our paradox; if one observer sees a particle

emitted at x1, and absorbed at x2, and if (x1 −x2)
2 − (x0

1 −x0
2)

2 is positive

(but less than or = ~
2/m2), then a second observer may see the particle

absorbed at x2 at a time t2 before the time t1 it is emitted at x1.

“There is only one known way out of this paradox. The second observer

must see a particle emitted at x2 and absorbed at x1. But in general the

particle seen by the second observer will then necessarily be different from

that seen by the first. For instance, if the first observer sees a proton turn

into a neutron and a positive pi-meson at x1 and then sees the pi-meson

and some other neutron turn into a proton at x2, then the second observer

must see the neutron at x2 turn into a proton and a particle of negative

charge, which is then absorbed by a proton at x1 that turns into a neutron.

Since mass is a Lorentz invariant, the mass of the negative particle seen by

the second observer will be equal to that of the positive pi-meson seen by

the first observer. There is such a particle, called a negative pi-meson, and

it does indeed have the same mass as the positive pi-meson. This reasoning

leads us to the conclusion that for every type of charged particle there is an

oppositely charged particle of equal mass, called its antiparticle. Note that

this conclusion does not obtain in non-relativistic quantum mechanics or in

relativistic classical mechanics; it is only in relativistic quantum mechanics

that antiparticles are a necessity. And it is the existence of antiparticles

that leads to the characteristic feature of relativistic quantum dynamics,

that given enough energy we can create arbitrary numbers of particles and

their antiparticles.”

In Weinberg’s analysis, one observer sees only protons at x1 and x2, whereas

the other observer sees only neutrons at x1 and x2 while in between, the

first observer sees a positively charged pion and the second observer a neg-

atively charged pion. In other words, the event seen by the first observer is
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different from that seen by the second observer in a profound way. There

is no longer the “same” event, for example a proton decaying into neu-

tron, but seen by different observers. We will come back to this point later

but remark that Weinberg’s explanation is in the spirit of the Feynman-

Stuckleberg diagrams.

4.3 The Transition

We now address the question we raised earlier, that of the mechanism by

which there is a transition from the Planck scale to the Compton scale. We

have already seen this in the previous Chapter, but look at it now, from

a different perspective. For this we will need a relation we encountered in

the last Chapter [175, 176]

G = Θ/t (4.16)

As we saw, the relation (4.16) shows the gravitational constant as varying

with time. This dependence also features in the Dirac Cosmology and a

few other cosmologies as noted[43].

We now observe the following: It is known that for a Planck mass mP ∼
10−5gm, all the energy is gravitational and in fact we have, as in (4.12),

Gm2
P ∼ e2

For such a mass the Schwarzschild radius is the Planck length or Compton

length for a Planck mass
GmP

c2
= lP ∼ ~/mP c ∼ 10−33cm (4.17)

To push these considerations further, we have from the theory of black hole

thermodynamics [44] for any arbitrary mass m, the well known Beckenstein

temperature encountered earlier and given by

T =
~c3

8πkmG
(4.18)

We can deduce this relation (4.18), even from our Planck oscillator theory.

For this we use the following relations for a Schwarzchild black hole [44]:

dM = TdS, S =
kc

4~G
A,

where T is the Beckenstein temperature, S the entropy and A is the area

of the black hole. In our case, the mass M =
√
NmP and A = Nl2P , where

N is arbitrary for an arbitrary black hole. Whence,

T =
dM

dS
=

4~G

kl2P c

dM

dN
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If we use the fact that lP is the Schwarzchild radius for the Planck mass

mP and use the expression for M , the above reduces to (4.18).

Equation (4.18) gives the thermodynamic temperature of a Planck mass

black hole. Further, in this theory as is known [44],

dm

dt
= − β

m2
, (4.19)

where β is given by

β =
~c4

(30.8)3πG2

This leads back to the usual black hole life time given by, for any mass m,

t =
1

3β
m3 = 8.4 × 10−24m3secs (4.20)

Let us now factor in the time variation (4.16) of G into (4.19). Equation

(4.19) now becomes [18]

m2dm = −B µ−2t2dt, B ≡ ~c4

λ3π
, µ ≡ lc2τ

m
, λ3 = (30.8)3π

Whence on integration we get

m =
~

λπ1/3

{

1

l6

}1/3

t =
~

λπ1/3

1

l2
t (4.21)

If we use the pion Compton time for t, in (4.21), we get for m, the pion

mass. In other words, due to (4.16), the evanescent Planck mass decays

into a stable elementary particle.

We can also come to this conclusion from an alternative viewpoint. We can

compare (4.17) with (4.5) which defines l as what may be called the “elec-

tromagnetic Schwarzschild” radius viz., the Compton wavelength, when e2

is seen as an analogue of Gm2.

If now we carry out the substitution Gm2 → e2 in the above we have instead

of (4.18), the relation

kT ∼ mc2 (4.22)

Equation (4.22) is the well known relation expressing the Hagedorn tem-

perature of elementary particles [140]. Similarly instead of (4.19) we will

get

dm

dt
= − ~c4

Θ3e4
m2,Θ3 = (30.8)3π
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Whence we get for the life time

~c4

Θ3e4
t =

1

m
(4.23)

From (4.23) we get, for the pion, a life time

t ∼ 10−23secs,

which is the pion Compton time. So the Compton time shows up as an

“electromagnetic Beckenstein radiation life time.”

Thus for elementary particles, working within the context of gravitational

theory, but with a scaled up coupling constant, we get the meaningful re-

lations (4.22) and (4.23) giving the Compton time and Compton length

as also the Hagedorn temperature as the analogues of the Schwarzschild

radius, radiation life time and black hole temperature obtained with the

usual Gravitational coupling constant.

Before proceeding, we observe that we have deduced that a string of N

Planck oscillators, N arbitrary, form a Schwarzchild black hole of mass√
NmP = M . Using the analogue of (4.11) and considerations before

(4.19), we can deduce that

dM

dt
= mP /tP ,

M = (mP /tP ) · t,
Whence t being the “Beckenstein decay time” this is like the equation

(4.21). For the Planck mass, M = mP , the decay time t = tP . For

the Universe, the above gives the life time t as ∼ 1017sec, the age of the

Universe! Interestingly, for such black holes to have realistic life times

≥ 1sec, we deduce that the mass ≥ 1038gm.

A long standing puzzle has been the so called Gauge Hierarchy Problem.

This deals with the fact that the Planck mass is some 1020 times the mass

of an elementary particle, for example Gauge bosons or protons or electrons

(in the large number sense). Why is there such a huge gap? In a sense,

this is the same as the question, why the Planck scale is 1020 times smaller

than the elementary particle scale [272].

We now recall that [175, 176, 277, 16]

G =
~c

m2
√
N

(4.24)

In (4.24) N ∼ 1080 is as before the number of elementary particles in the

Universe.
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What is interesting about (4.24) is that it shows gravitation as a distri-

butional effect over all the N particles in the Universe [277, 16]. We will

return to this important aspect in a later Chapter.

Let us rewrite (4.17) in the form

G ≈ ~c

m2
P

(4.25)

remembering that the Planck length is also the Compton length of the

Planck mass. (Interestingly an equation like (4.17) or (4.25) also follows

from Sakharov’s treatment of gravitation [278] as we will see later.) A

division of (4.24) and (4.25) yields

m2
P =

√
Nm2 (4.26)

Equation (4.26) which we saw earlier as

mP =
√
nm

where n ∼ 1040, immediately gives the ratio ∼ 1020 between the Planck

mass and the mass of an elementary particle.

Comparing (4.24) and (4.25) we can see that the latter is the analogue of

the former in the case N ∼ 1. So while the Planck mass in the spirit of

Rosen’s isolated Universe and the Schwarzchild black hole uses the (gravi-

tational) interaction in isolation, as seen from (4.24), elementary particles

are involved in the gravitational interaction with all the remaining particles

in the Universe.

Finally rememebring that Gm2
P ∼ e2, as can also be seen from (4.25), we

get from (4.24)

e2

Gm2
∼ 1√

N̄
(4.27)

Equation (4.27) is the otherwise empirically well known Electromagnetism-

Gravitation coupling constant ratio encountered earlier.

It may be remarked that one could attempt an explanation of (4.26) from

the point of view of Super Symmetry or Brane theory, but these latter

have as yet no experimental validation [279]. On the other hand, as seen

in the previous Chapter the crucial equation (4.24) was actually part of a

cosmology which predicted a dark energy driven accelerating Universe with

a small cosmological constant (besides a deduction of hitherto empirical

Large Number relations).
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4.4 Photon Mass

We next come to the mass of the photon. As is well known the concept of

the photon grew out of the work of Planck and Einstein, though its ear-

liest origin was in Newton’s Corpuscular Theory. Thereafter the photon

got integrated into twentieth century physics, be it Classical or Quantum.

Though it is considered to be a massless particle of spin 1 and 2 helicity

states (as proved later for any massless particle with spin by Wigner), it is

interesting to note that there had been different dissenting views.

De Broglie himself [280] believed that the photon has a mass, a view shared

by a few others as well. (Interestingly in 1940 and 1942, De Broglie pub-

lished two volumes on the Theory of Light, La mecanique ondulatoire du

photon Une nouvelle theorie de la lumiere, the first volume, La lumiere dans

le vide (Paris, Hermann, 1940); the second volume, Les interactions entre

les photons et la matiere (Paris, Hermann, 1942) [281, 282]. An apparent

objection to this view has been that a photon mass would be incompatible

with Special Relativity. However it is interesting to note that nowhere in

twentieth century physics has it been proved that the photon has no mass

[283]). It would be correct to say that there are a number of experimental

limits to the mass of the photon. These limits have become more and more

precise [284, 165]. The best limit so far is given by

mγ < 10−57gm (4.28)

that is, the photon mass would be very small indeed!

It may also be mentioned that there has been a more radical view that the

photon itself is superfluous [285–288].

It is interesting that we can pursue the gravito thermodynamic link with

Electromagnetism further. In fact if we start with the Langevin equation

in a viscous medium as we did in Chapter 2 [18, 138] then as the viscosity

becomes vanishingly small, it turns out that the Brownian particle moves

according to Newton’s first law, that is with a constant velocity. Moreover

this constant velocity is given by (Cf.refs. [18, 138]), for any mass m,

〈v2〉 =
kT

m
(4.29)

We would like to study the case where m → 0. Then so too should T for

a meaningful limit. More realistically, let us consider (4.29) with minimal

values of T and m, in the real world. We consider in (4.18) the entire

Universe so that the mass M is ∼ 1055gms. The justification for this is

that the Universe mimics a black hole, as shown in detail several years ago
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by the author and as noted earlier. This can be seen in a simple way by

the fact that as we saw in the last Chapter, the size of the Universe is given

by the Schwarzchild radius:

R ≈ 2GM

c2

Further the time taken by light to reach the boundary at a distance R from

a given point is the same as for a black hole of the mass of the Universe

(Cf.refs.[130] and [44] for further details). Substitution in (4.18) gives

T =
104

1032
∼ 10−28K (4.30)

We next consider in (4.29), m to be the smallest possible mass encountered

earlier, viz.,

m ∼ 10−65gms (4.31)

Equation (4.31) has been obtained from different points of view, namely

the Planck scale underpinning for the Universe and from thermodynamics

as seen. Substitution of (4.30) and (4.31) in (4.29) gives

〈v2〉 =
kT

m
=

10−16 × 10−28

10−65
= 1021, i.e.

v = c (cm/sec) (4.32)

We can see from (4.29) and (4.32) that the velocity c is the velocity of light!

So m in (4.31) indeed represents the mass of the photon. We can derive

this velocity of light (4.32) in a heuristic way from a different angle. We

have already seen that the ZPF causes a harmonic motion. Let us assume

that the particle has a small charge e, just to couple it to the ZPF. The

equation of motion is now given by (Cf.[289])

ẍ+ ω2J = (e/m)E0
x

along the x axis, where, suppressing the polarization states for the moment,

the random field ~E is given by

~E ∝
∫

d3 ~Kexp[−ı(ωt−K · ~r)]~aK + c · c·

where, owing to the randomness in phase, their averages vanish. What this

means is that, finally,

L2 = 〈x2〉 = ~/(2mω) and 〈ẋ〉2 = (~/2m)ω = v2 (4.33)
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In (4.33) above, the frequency is given by,

ω = mc2/~

Using this in the above, with mγ ∼ 10−65gm we get, for L, the radius of

the Universe and for v, the velocity of light.

The question is, for how long such a particle with vanishingly small inertial

mass can maintain the constant velocity c, that is the velocity of light. In

fact the energy uncertainty mc2 is associated with the lifetime ∼ ~/mc2,

the Compton time. The Compton time for a particle with the mass given

by (4.31) is, as can be easily checked 1017secs, which is the age of the

Universe! We should recover the same result from (4.21) and indeed we do!

We have argued that the photon has a small mass given by (4.31),

mγ = m = 10−65gm

This conclusion follows from the Planck scale underpinning model and is

compatible with special relativity [18, 19, 277, 16] and also from thermo-

dynamics. In any case (4.31) is compatible with the limit (4.28).

It is interesting to note that the mass of the photon given in (4.31) has

some experimental support. This mass would imply a dispersive effect in

High Energy Cosmic Rays which we receive from deep outer space−−and

it appears that we may already be observing such effects as we will see later

[19, 290].

This apart another experimental evidence for the photon mass (4.31) comes

from laboratory diffraction experiments [291]. In these experiments, it turns

out that the vacuum is a dissipative medium, which has been our theoreti-

cal point of view as seen in Chapters 2 and 3.

Finally it may be mentioned that this photon mass would imply that the

Coulomb potential becomes a short range Yukawa potential with a range

∼ 1028cms, that is the radius of the Universe itself. Such a Yukawa poten-

tial would lead to a small shift in the hyperfine energy levels as we will see

shortly [292].

4.5 Further Theoretical Support

We now give a further theoretical justification for the above. We first

observe that as is well known [160], Maxwell’s equations can be written in

the following form

Ψ = ~E + ı ~B, (4.34)
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~∇×Ψ = ıΨ̇ (4.35)

~∇ ·Ψ = 0 (4.36)

Equations (4.34) to (4.36) will be useful in the sequel.

We next observe that Maxwell’s equations have been deduced in a fash-

ion very similar to the Dirac equation, from first principles [293]. In this

deduction, we use the usual energy momentum relation for the photon

E2 − p2c2 = 0

and introduce matrices given in

Sx =





0 0 0

0 0 − ı

0 ı 0



 , Sy =





0 0 ı

0 0 0

−ı 0 0



 ,

Sz =





0 − ı 0

ı 0 0

0 0 0



 , I(3) =





1 0 0

0 1 0

0 0 1



 , (4.37)

from which we get
(

E2

c2
− p2

)

Ψ =

(

E

c
I(3) + p · S

)

Ψ

−





px
py
pz



 (p · Ψ) = 0, (4.38)

where Ψ is a three component wave function and in general bold letters

denote vector quantities.

Equation (4.38) implies
(

E

c
I(3) + p · S

)

Ψ = 0, (4.39)

p · Ψ = 0, (4.40)

where S is given in (4.37). There is also an equation for Ψ∗ namely
(

E

c
I(3) − p · S

)

Ψ∗ = 0, (4.41)

p · Ψ∗ = 0, (4.42)
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It is then easy to verify (Cf.ref.[293]) that with the substitution of the usual

Quantum Mechanical energy momentum operators, we recover equations

(4.34) to (4.36) for Ψ and its complex conjugate.

Recently a similar analysis has lead to the same conclusion. In fact it has

been shown that under a Lorentz boost [294–296],
(

Ψ′

Ψ∗′

)

=

(

1 − (S·p)
mc + (S·p)2

m(E+mc2) 0

0 1 + (S·p)
mc + (S·p)2

m(E+mc2)

)

(

Ψ

Ψ∗

)

(4.43)

We would like to point out that equations (4.35), (4.36), (4.39) to (4.43)

display the symmetry

p → −p ,Ψ → Ψ∗

We now invoke the Weinberg-Tucker-Hammer formalism (Cf.[296]) which

gives, for a Lorentz boost, the equations

φ′R =

{

1 +
S · p
m

+ (S · p)2m(E +m)

}

φR, (4.44)

φ′L =

{

1 − S · p
m

+ (S · p)2m(E +m)

}

φL, (4.45)

where the subscripts R and L refer to the states of opposite helicity, that

is left and right polarised light in our case.

We observe that equations (4.43) and (4.44)-(4.45) are identical, but there

is a curious feature in both of these, that is that the photon of electromag-

netism is now seen to have a mass m.

4.6 Remarks

It is interesting to note that it has been demonstrated that the mass of

the photon is incompatible with the magnetic monopole [295]. Indeed the

author himself has presented different arguments to the effect that there are

no magnetic monopoles [297]. We will encounter that argument in the last

Chapter. It may be mentioned that Dirac the originator of the idea of the

magnetic monopole, himself expressed his pessimism about the existence of

the magnetic monopole as long back as 1981, during the fiftieth year of the

monopole seminar [298].

Returning to the mass of the photon, it can be argued that this is a result

of the non commutativity of spacetime at a micro scale. We observe that a

photon mass would imply the equation

∂µFµν = −m2Aν , (4.46)
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where we have the usual equations of electromagnetism

∂µAµ = 0, (4.47)

Fµν = ∂µAν − ∂νAµ (4.48)

We note that from (4.48) we get

∂µFµν = DAν − ∂µ∂νAµ (4.49)

where D denotes the D’Alembertian. In view of (4.47), the second term on

the right side of (4.49) would vanish, provided the derivates commute. In

this case we would return to the usual Maxwell equations. However in the

non commutative case this extra term is

p2Aµ ∼ m2Aµ

remembering that we are in units c = 1 = ~.

Thus because of the non commutativity we get (4.46) instead of the usual

Maxwell equation.

The question of non commutativity and mass generation in the context of

gauge theory has been studied by the author elsewhere (Cf.[299, 300, 16]).

We give another but this time heuristic estimate for the photon mass. Let

us consider the “large scale” part of the Uncertainty Principle, encountered

in the previous Chapter, viz., Equation (3.79):

∆x = l2 · ∆p

~

If we take the whole Universe into consideration, we have

∆x = l

the radius of the Universe. So if the photon has a mass mγ , then we have

mγc ≈ ~/R

This gives back the photon mass. Interestingly, the same conclusion can

be obtained by using the usual Uncertainty relation. This means that the

mass mγ emphasizes that the photon’s position is indeterminate within the

Universe and likewise for its energy having the life time of the Universe.

In any case the above points to the fact that there would be no massless

particles in nature. The point is, that in an idealized situation in which the

radius R → ∞, (and, as we saw earlier, the number of particles N → ∞),

the mass mγ → 0.

We briefly consider some of the consequences of the photon mass and also

look for experimental verification, apart from consistency with theory.
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It may be reiterated that the mass for the photon has been proposed in the

past, though from phenomenological considerations [301, 302]. Indeed it is

remarkable that exactly the above mass was indicated from experimental

observation (Cf.ref.[291] and references there in), and has been attributed

as noted to a vacuum induced dissipative mechanism.

With a non zero photon mass we would have, for radiation

E = hν = mνc
2[1 − v2

γ/c
2]−1/2 (4.50)

From (4.50) one would have a dispersive group velocity for waves of fre-

quency ν given by (Cf. also ref.[291])

vγ = c

[

1 −
m2
γc

4

h2ν2

]1/2

(4.51)

We would like to point out that (4.51) indicates that higher frequency radi-

ation has a velocity greater than lower frequency radiation. This is a very

subtle and minute effect and is best tested in for example, the observation

of high energy gamma rays, which we receive from deep outer space. It is

quite remarkable that we may already have witnessed this effect– higher

frequency components of gamma rays in cosmic rays do indeed seem to

reach earlier than their lower frequency counterparts [290]. The GLAST

satellite of NASA to be launched in 2007 may be able to throw more light

on these high energy Gamma rays. We will return to these considerations

in Chapter 5.

Another result of the non zero mass of the photon is that in addition to the

two traverse polarizations of light, there will be a longitudinal component

also (Cf. for example ref.[303]).

This apart, a finite photon mass would imply a slight modification of the

Coulomb interaction, which would go over into a Yukawwa type potential,

this given by, (in natural units ~ = 1 = c.)

V (r) = e−µr/r (4.52)

where µ is the mass in these units. As can be seen from (4.52), the potential

V has a finite range. However this range is ∼ 1
µ which is ∼ 1028cms, as

can be easily calculated. This range is in fact the radius of the Universe!

Nevertheless this cut off does imply that there will not be any infra red

divergences [165].

The range of the Yukawa type Coulomb potential (4.52) being of the or-

der of the radius of the Universe, we would expect that the modification

would be miniscule. Nevertheless from a strictly mathematical point of
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view, the photon mass converts the otherwise long range Coulomb poten-

tial into a short range Yukawa potential with the consequence that several

otherwise strictly divergent integrals become convergent. It then becomes

possible to use techniques suitable for short range potentials (Cf. for exam-

ple [303, 304]). The rather laborious modifications required for handling

the Coulomb potential in scattering theory (Cf. for example [305, 306])

can be eased. For instance there is an interesting recurrence relation for

the large l phase shifts of the Yukawa potential [307] viz.,

δl+1/δl ≈ 1 − (µ/K)

valid for a large range of energies K. This relation can now be used, though

as µ is very small, it shows that the convergence of the phase shifts with

respect to l is extremely slow.

Let us introduce the Yukawa potential,

V (r) = αe−µr/r (4.53)

into the Dirac equation instead of the usual Coulomb potential [308]. In

(4.53), µ is proportional to the mass of the photon ∼ 10−65gms and is

therefore a very small quantity. We introduce (4.53) into the stationary

Dirac equation to get

[c~α · ~p+ βm0c
2 − (E − V (r))]ψ(r) = 0 (4.54)

From (4.54) and (4.53), we can immediately see that roughly the effect of

the photon mass is to shift the energy levels by a miniscule amount.

We further introduce the notation

Q = 2λr, whereλ =

√

m2
0c

4 −E2

hc
, (4.55)

After the standard substitutions (Cf.ref.[308]) we finally obtain

dΦ1

dQ
=

(

1 − αE

hcλQ

)

Φ1 −
(

χ

Q
+
αm0c

2

hcλQ

)

Φ2,

dΦ2

dQ
=

(

− χ

Q
+
αm0c

2

hcλQ

)

Φ1 +

(

αE

hcλQ

)

Φ2 (4.56)

The substitutions

Φ1(Q) = Qγ
∞
∑

m=0

αmQ
m,

Φ2(Q) = Qγ
∞
∑

m=0

βmQ
m. (4.57)
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in (4.35) leads to

αm(m+ γ) = αm−1 −
(

αE

hcλ

)

αm −
(

χ+
αm0c

2

hcλ

)

βm,

βm(m+ γ) =

(

−χ+
αm0c

2

hcλ

)

αm +

(

αE

hcλ

)

βm. (4.58)

As is well known γ in (4.57) is given by

γ = ±
√

χ2 − α2, (4.59)

where λ is given by (4.55).

At this stage we remark that the usual method adopted for the Coulomb

potential is no longer valid−−mathematically, Sommerfeld’s polynomial

method becomes very complicated and even does not work for a general

potential: We have to depart from the usual procedure for the Coulomb

potential in view of the Yukawa potential (4.53). Nevertheless, it is possible

to get an idea of the solution by a slight modification. This time we have

from (4.58), instead the equations

αm(m+ γ) = αm−1 −
αE

~cλ
αm +

αEµ

~cλ
αm−1

(−χβm) − αmoc
2

~cλ
βm +

µαm0c
2

~cλ
βm−1 (4.60)

and

(m+ γ)βm = −
(

χ+
αm0c

2

~cλ

)

αm − µαm0c
2

~cλ
αm−1

+
αE

~cλ
βm − µαE

~cλ
βm−1 (4.61)

After some algebra on (4.60) and (4.61) we obtain

Pαm +Qβm = Rαm−1 (4.62)

Sαm + Tβm = Uβm−1 (4.63)

where P,Q, S, T can be easily characterized, in the derivation of which we

will neglect µ2 and higher orders.

If

αm/βm ≡ pm
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then we have from (4.62) and (4.63),

Spm + T =
U(QS − PT )

(RSpm−1 − PU)

We note that the asymptotic form of the series in (4.57) will not differ much

from the Coulomb case and so we need to truncate these series. For the

truncation of the series we require

QS = PT

This gives
{

1 +
χ~cλ

αm0c2

}[

E

(

χ+
αm0c

2

~cλ

)

+m0c
2

(

m+ γ − αE

~cλ

)]

=

(

m+ γ − αE

~cλ

)

~cλ

αm0c2

[

E

(

m+ γ +
αE

~cλ

)

+m0c
2

(

χ+
αm0c

2

~cλ

)]

Further simplification yields

(m+ γ)2 +

{

χ~cλ+ αm0c
2

~cλ

}2

+
α2E2

~2c2λ2

where γ is given by (4.59). Finally we get, in this approximation,

E2 = m2
0c

4

[

1 − 2α2

α2 + (m+ γ)2 − χ2

]

+AO(
1

m2
) (4.64)

In (4.64) A is a small quantity

A ∼ m2
0c

4 −E2

The second term in (4.64) is a small shift from the usual Coulombic energy

levels. In (4.64) m is a positive integer and this immediately provides a

comparison with known fine structure energy levels. To see this further let

us consider large values of m. (4.64) then becomes

E = m0c
2

[

1 − α2

m2
1

]

(4.65)

while the usual levels are given by

E = m0c
2

[

1 − α2

2m2
2

]

(4.66)

We can see from (4.65) and (4.66) that the photon mass reproduces all the

energy levels of the Coulomb potential but interestingly (4.65) shows that

there are new energy levels because m2
1 in the new formula can be odd or

even but 2m2
2 in the old formula is even. However all the old energy levels
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are reproduced whenever m2
1 = 2m2

2. If µ = 0, then as can be seen from

(4.54), we get back the Coulomb problem. In any case, the above calcula-

tion was suggestive and more to indicate how the problem changes.

It must be remembered that all these effects are small and consistent with

the size of the Universe. Nevertheless there are experimental tests, in ad-

dition to those mentioned above, which are doable. It is well known that

for a massive vector field interacting with a magnetic dipole of moment

M, for example the earth itself, we would have with the usual notation

(Cf.ref.[165])

A(x) =
ı

2

∫

d3k

(2π)3
M× k

eık,x

k2 + µ2
= −M×∇

(

e−µr

8πr

)

B =
e−µr

8πr3
|M|

{[

r̂(r̂ · ẑ) − 1

3
ẑ

]

(µ2r2 + 3µr + 3) − 2

3
ẑµ2r2

}

(4.67)

Considerations like this have yielded as noted in the past an upper limit

for the photon mass, for instance 10−48gms and 10−57gms. Nevertheless

(4.67) can be used for a precise determination of the photon mass. It may

be reiterated here that contrary to popular belief, there is no experimental

evidence to indicate that the photon mass is zero! (Cf. discussion in ref.

[301]). We will return to this in a later Chapter.

Finally, it is interesting to observe that the above value for the photon mass

was also obtained by Terazawa [309], using the Dirac Large Number Hy-

pothesis, something which is in fact a consequence of our Planck oscillator

approach.

4.7 The Mass Spectrum

We have deduced the minimum and maximum masses as also the Planck

mass in earlier sections. We also indicated how it is possible to obtain

the mass scale of elementary particles, using the Compton length. We

now refine the argument. One of the problems that has eluded a solution

is precisely that of a mass spectrum for elementary particles as noted in

Chapter 1. In other words, why should there be such a plethora of particles,

and why should they have such and such masses? Is there any formula,

based on dynamics, which would generate all these known masses? Such a

formula would be intimately tied up with inter quark interactions which as

mentioned are tied up to the ZPF. We will now use the inter quark or QCD

potential to deduce such a formula, which as will be seen, surprisingly
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covers all known elementary particles besides predicting any number of

others. The well known QCD potential we encountered in Chapter 1 is

given by [30, 130]

U(r) = −α
r

+ βr (4.68)

where in units ~ = c = 1, α ∼ 1. The first term in (4.68) represents the

Coulombic part while the second term represents the confining part of the

potential. The potential in (4.68) explains two well known features viz.,

quark confinement and asymptotic freedom. We will see in a later Chapter

how (4.68) follows from our theory.

Let us consider the pion made up of two quarks along with a third quark,

one at the centre and two at the ends of an interval of the order of the

Compton wavelength, r. Then the central particle experiences the force

α

(x2 + r)2
− α

(x2 − r)2
≈ −2αx

r3
(4.69)

where x is the small displacement from the mean position. Equation (4.69)

gives rise to the Harmonic oscillator potential, and the whole configuration

resembles the tri-atomic molecule. This is pleasingly similar to the oscillator

scenario we encountered earlier wherein the pions themselves were made up

of Planck scale oscillators.

Before proceeding we can make a quick check on (4.69). We use the fact

that the frequency is given by

ω =

(

α2

mπr3

)
1

2

=
α

(mπr3)
1

2

whence the mass of the pion mπ is given by

(hω ≡)ω = mπ (4.70)

Remembering that r = 1/mπ, use of (4.70) gives α = 1, which of course is

correct.

To proceed, the energy levels of the Harmonic oscillator are now given by,
(

n+
1

2

)

mπ,

If there are N such oscillators, then over the various modes the energy of

the particle is given by

E =

3N
∑

r=1

(

nr +
1

2

)

~ω = m

(

n+
1

2

)

~ω
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m and n being positive integers. The mass of the particle P is now given

by

mP = m

(

n+
1

2

)

mπ (4.71)

where mP now is the mass of the corresponding elementary particle. The

formula (4.71) gives the mass of all known elementary particles with an er-

ror of less than one percent for sixty three percent of the particles, less than

two percent for ninety three percent of the particles, and less than three

percent for all particles with the lone exception of ω(782), in which case

the error is 3.6%. The known elementary particles for which the formula

(4.71) is valid include the recently discovered Ds(2317) and the 1.5GeV

Pentaquark, all be it still debated, discovered after the above formula was

deduced. All the values are displayed in the Tables.

In fact it is surprising that there is such a good fit for all the particles [310]

considering that only bare details of the interaction have been taken into

consideration. Once other details are included, the agreement could be even

better. It may also be mentioned that a similar approach, but using the

proton as the base particle had lead to interesting, but not such compre-

hensive results [311–313, 42, 314]. Furthermore, instead of starting with

quarks in (4.68) or (4.69), we could have very well started with electrons

and positrons. Indeed, this would be in the spirit of the fact that quarks

are electrons at a smaller scale [130].

4.8 Further Remarks

We have already seen in the previous Chapter, that the indeterminable part

in General Relativity due to the mass distribution can be treated as a fluc-

tuation in the curvature. This leads to Quantum theory from the Classical

theory−−specifically, it characterizes the mysterious Quantum Potential

that appears in the transition from classical to Quantum theory. We have

also seen how Quantum theory can be considered to be a result of large

scale cosmic fluctuations, very much in the spirit of Chapter 2.

Another way of looking at this is that the large scale fluctuation in gravita-

tional energy of elementary particles is the same as the energy of fluctuation

in the ZPF, given in (4.1). That is,

G
√
Nm2

R
= ~c/R (4.72)
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Equation (4.72) gives us the value of ~c in terms of G,N andm. Equiva-

lently we could also get the residual energy ∼ 10−33eV alluded to from the

left side of (4.72), this being also the mass of the photon in our theory.

In any case, the point we have been putting forward is, that the Universe

is “thermodynamic” in the sense that it is governed by large scale fluc-

tuations, rather than being, as Prigogine noted (quoted in Chapter 2), a

“mechanistic” process.

We finally make the following remark. We have already seen that a particle

in the ZPF modeled by a Random electromagnetic field, leads to equation

(4.33), viz.,

L2 = 〈x2〉 = ~/2mω,

〈ẋ〉 = (~/2m)ω,

where the frequency is given ω = mc2/~. In the equation leading to (4.33),

we could also include a term which gives the third derivative of x, this

corresponding to the Schott term we saw in Chapter 1. However the con-

tribution of this term, which was introduced for energy conservation to

compensate the radiation loss of an accelerated charge [6] in the classical

dectron electron theory, is of the order of the Compton wavelength [14] and

does not effect the conclusion. The above show that there is oscillation of

the particle within the Compton wavelength L, with velocity c. This mod-

els the well known zitterbewegung of Dirac. However, what all this means

is that via the Compton length L, we get the inertial mass of the particle,

which is now seen to be due to the energy of this oscillation. All this very

pleasingly in accordance with our earlier conclusions also (Cf.[129]).
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Particle and Mass Mass from Formula Error % (l, n)

p(938) ± 0.00008 959 −2.23881, (2, 3)

n(939)939.56533± 0.00004 959 −2.12993, (2, 3)

P11N(1440)(1420− 1470) 1438.5 (0.138889, )0 (1, 10)

D13N(1520)(1515− 1525) 1507 (0.855263, ) (2, 5)

S11N(1535)(1525− 1545) 1507 1.9442 (2, 5)

S11N(1650)(1645− 1670) 1644 (0.363636, )0 (8, 1)

D15N(1675)(1670− 1680) 1644 1.85075, (8, 1)

F15N(1680)(1680− 1690) 1644 2.14286, (8, 1)

D13N(1700)(1650− 1750) 1712.5 (−0.705882, )0 (1, 12)

P11N(1710)(1680− 1740) 1712.5 (−0.116959, )0 (1, 12)

P13N(1720)(1700− 1750) 1712.5 (0.465116, )0 (1, 12)

P13N(1900) 1918 −0.947368, (4, 3)

F17N(1990) 1986.5 0.201005, (1, 14)

F − 15N(2000) 1986.5 0.7, (1, 14)

D13N(2080) 2055 1.20192, (2, 7)

S11N(2090) 2123.5 −1.57895, (1, 15)

P11N(2100) 2123.5 (−1.09524, ) (1, 15)

G17N(2190)(2100− 2200) 2123.5 (3.05936, )0 (1, 15)

D15N(2200) 2260.5 −2.72727, (3, 5)

H19N(2220)(2200− 2300) 2260.5 (−1.8018, )0 (3, 5)

G19N(2250)(2200− 2350) 2260.5 (−0.444444, )0 (3, 5)

I1;11N(2600)(2550− 2750) 2603 (−0.115385, )0 (2, 9)

K1;13N(2700) 2671.5 1.05556 (1, 19)

P33∆(1232)(1231− 1233) 1233 (−0.0811688, )0 (2, 4)

P33∆(1600)(1550− 1700) 1575.5 (1.5625, )0 (1, 11)

S31∆(1620)(1600− 1660) 1644 (−1.46148, )0 (8, 1)

D33∆(1700)(1670− 1750) 1712 (−0.705882, )0 (1, 12)

P31∆(1750) 1781 −1.77143, (2, 6)

S31∆(1900) 1918 −0.947368, (4, 3)

F35∆(1905)(1865− 1915) 1918 (−0.682415, )0 (4, 3)

P31∆(1910)(1870− 1920) 1918 (−0.418848, )0 (4, 3)

P33∆(1920)(1900− 1970) 1918 (0.104167, )0 (4, 3)

D35∆(1930)(1900− 2020) 1918 (0.621762, )0 (4, 3)

D33∆(1940) 1918 1.13402, (4, 3)



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

The Thermodynamic Universe 149

Particle and Mass Mass from Formula Error % (l, n)

F37∆(1950)(1915− 1950) 1918 1.64103, (4, 3)

F35∆(2000) 1986 0.7, (1, 14)

S31∆(2150) 2123.5 1.25581, (1, 15)

G37∆(2200) 2260 −2.72727, (1, 16)

H39∆(2300) 2329 −1.26087, (2, 8)

D35∆(2350) 2329 0.893617, (2, 8)

F37∆(2390) 2397.5 −0.292887, (1, 17)

G39∆(2400) 2397.5 0.125, (1, 17)

H3;11∆(2420)(2300− 2500) 2397.5 (0.950413, )0 (1, 17)

I3;13∆(2750) 2740 0.363636, (8, 2)

K3;15∆(2950) 2945.5 0.152542, (1, 21)

Λ(1115)± 0.006 1096 1.7000, (16, 0)

P01Λ(1600)(1560− 1700) 1575.5 1.53125, (1, 11)

S01Λ(1405)± 4 1438.5 −2.3130, (1, 10)

D03Λ(1520)± 1.0 1507 0.855263, (2, 5)

P01Λ(1600)(1560− 1700) 1575.5 (1.5625, )0 (1, 12)

S01Λ(1670)(1660− 1680) 1644 1.55689, (8, 1)

D03Λ(1690)(1685− 1695) 1712.5 −1.30178, (1.12)

S01Λ(1800)(1720− 1850) 1781 (1, 05556, )0 (2, 6)

P01Λ(1810)(1750− 1850) 1781 (1.60221, )0 (2, 6)

F05Λ(1820)(1815− 1825) 1849.5 (2.14286, ) (1, 13)

D05Λ(1830)(1810− 1830) 1849.5 −1.03825, (1, 13)

P03Λ(1890)(1850− 1910) 1918 −1.48148, (4, 3)

∗Λ(2000) 1986.5 0.7, (1, 14)

F07Λ(2020) 2055 −1.73267, (2, 7)

G07Λ(2100)(2090− 2110) 2123.5 −1.09524, (1, 15)

F05Λ(2110)(2090− 2140) 2123.5 (−0.616114, )0 (1, 15)

D03Λ(2325) 2329 −0.172043, (2, 8)

H09Λ(2350)(2340− 2370) 2329 0.893617, (2, 8)

Λ(2585) 2603 0.309478, (2, 9)

P11Σ + (1189.37)± 0.07 1164.5 2.10261, (1, 8)

P11Σ0(1192.642)± 0.024 1164.5 2.34899, (1, 8)

Σ − (1197.440)± 0.030 1164.5 2.75689, (1, 8)

P13Σ(1385)± 0.4 1370 (0.108), (4, 2)

Σ(1480) 1438.5 2.83784, (1, 10)

Σ(1560) 1575.5 −0.961538, (1, 11)



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

150 The “Thermodynamic” Universe
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D13Σ(1580) 1575.5 0.316456, (1, 11)

S11Σ(1620) 1644 −1.48148, (8, 1)

P11Σ(1660)(1630− 1690) 1644 (0.963855, )0 (8, 1)

D13Σ(1670)(1665− 1685) 1644 1.55689, (8, 1)

Σ(1690) 1712.5 −1.30178, (1, 12)

S11Σ(1750)(1730− 1800) 1781 (−1.77143, )0 (2, 6)

P11Σ(1770) 1781 −0.621469, (2, 6)

D15Σ(1775)(1770− 1780) 1781 (−0.338028, )0 (2, 6)

P13Σ(1840) 1849.5 −0.48913, (1, 13)

P11Σ(1880) 1849.5 1.64894, (1, 13)

F15Σ(1915)(1900− 1935) 1918 (−0.156658, )0 (4, 3)

D13Σ(1940)(1900− 1950) 1918 (1.13402, )0 (4, 3)

S11Σ(2000) 1986.5 0.7, (1, 14)

F17Σ(2030)(2025− 2040) 2055 −1.23153, (2, 7)

F15Σ(2070) 2055 0.724638, (2, 7)

P13Σ(2080) 2055 1.20192, (2, 7)

G17Σ(2100) 2123 −1.09524, (1, 15)

Σ(2250)(2210− 2280) 2260 (−0.444444, )0 (3, 5)

Σ(2455) 2466 −0.448065, (4, 4)

Σ(2620) 2603 0.648855, (2, 9)

Σ(3000) 3014 −0.466667, (4, 5)

Σ(3170) 3151 0.599369, (2, 11)

P11Ξ0,Ξ− (1314.83)± 0.20 1301.5 1.01156, (1, 9)

Ξ(1321) ± 0.13 1301.5 1.47615, (1, 9)

P13Ξ(1530)± 0.32 1507 1.50327, (2, 5)

Ξ(1620) 1644 −1.48148, (8, 1)

Ξ(1690)± 10 1712.5 −1.30178, (1, 12)

D13Ξ(1820)± 5 1849.5 −1.59341, (1, 13)

Ξ(1950)± 15 1918 1.64103, (4, 3)

Ξ(2030) ± 5 2055 −1.23153, (2, 7)

Ξ(2120) 2123.5 −0.141509, (1, 15)

Ξ(2250) 2260.5 −0.444444, (1, 16)

Ξ(2370) 2397.5 −1.13924, (1, 17)

Ξ(2500) 2534.5 −1.36, (1, 18)
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Ω − (1672)± 0.29 1644 1.67464, (8, 1)

Ω − (2250)± 9 2260.5 (−0.444444, )0 (1, 16)

Ω − (2380) 2397.5 −0.714286, (1, 17)

Ω − (2470) 2466 0.161943, (4, 4)

Λc+ 2286.46± 0.14 2260.5 1.09409, (1.16)

Λc+ (2593)2595.4± 0.6 2603 −0.385654, (2, 9)

Λc+ (2625)2628.1± 0.6 2603 0.838095, (2, 9)

Λc+ (2765) 2740 0.904159, (8, 2)

Λc+ (2880) 2877 0.104167, (2, 10)

Σc(2455)2454.02± 0.18 2466 −0.448065, (4, 4)

Σc(2520)2518.4± 0.6 2534.5 −0.555556, (1, 18)

Ξc+ (2466)2467.9± 0.4 2466 0, (4, 4)

Ξc0(2471)2471.0± 0.4 2466 0.202347, (4, 4)

Ξc+ (2574)2575.7± 3.1 2603 (1.12665, )0 (2, 9)

Ξc0(2578)± 2.9 2603 (0.96974, )0 (2, 9)

Ξc(2645)2646.6± 1.4 2671.5 −0.982987, (1, 19)

Ξc(2790)2789.2± 3.2 2808.5 −0.645161, (1, 20)

Ξc(2815)2816.5± 1.2 2808.5 0, 248668, (1, 20)

Ωc0(2697)± 2.6 2671.5 0.964034, (1, 19)

Λb0(5624)± 9 5617 (0.124467, )0 (2, 20)
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Particle and mass Mass From Formula Error % (l, n)

π±(139.57018)± 0.00035 137 −1.43885 (2, 0)

π0(134.9766)± 0.0006 137 1.481481 (2, 0)

K±4064± 0.016 496 1.9 (1, 3)

η(547.51)± 0.18 548 0.182815 (8, 0)

f0(600)(400− 1200) 616.5 (2.75)0 (1, 4)

ρ(775.5)± 0.4 753.5 −2.14286 (1.5)

ω(782)± 0.12 753.5 −3.6445 (1, 5)

η′(958) ± 0.14 959 0.104384 (2, 3)

f0(980)± 10 959 −2.14286 (2, 3)

a0(980)± 1.2 959 −2.14286 (2, 3)

φ(1020) ± 0.020 1027.5 0.735294 (1, 7)

h1(1170)± 20 1164.5 (−0.47009)0 (1, 8)

b1(1235)± 3.2 1233 (−0.16194)0 (2, 4)

a1(1260)1230± 40 1233 (−2.14286)0 (2, 4)

f2(1270)1275.4± 1.1 1233 −2.91339 (2, 4)

f1(1285)1281.8± 0.6 1301.5 1.284047 (1, 9)

η(1295)1294± 4 1301.5 0.501931 (1, 9)

π(1300) ± 100 1301.5 0.115385 (1, 9)

a2(1320)1318.3± 0.6 1301.5 −1.40152 (1, 9)

f0(1370)(1200− 1500) 1370 0 (4, 2)

h1(1380) 1370 0.72464 (4, 2)

π1(1400)1376± 17 1370 −2.14286 (4, 2)

f1(1420)1426.3± 0.9 1438.5 1.302817 (1, 10)

ω(1420)1400− 1450 1438.5 (1.302817)0 (1, 10)

f2(1430) 1438.5 0.594406 (1, 10)

η(1440)(1400− 1470) 1438.5 −0.10417 (1, 10)

a0(1450)1474± 19 1438.5 −0.7931 (1, 10)

ρ(1450)1459± 11 1438.5 −0.7931 (1, 10)

f0(1500)1507± 5 1507 (0.466667)0 (2, 5)

f1(1510) 1507 −0.19868 (2, 5)

f ′
2(1525)± 5 1507 −1.18033 (2, 5)

f2(1565) 1575.5 0.670927 (1, 11)
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h1(1595) 1575.5 −1.22257 (1, 11)

π1(1600)1653± 8 1575.5 −1.53125 (1, 11)

χ(1600) 1575.5 −1.53125 (1, 11)

a1(1640) 1644 0.243902 (8, 1)

f2(1640) 1644 0.243902 (8, 1)

η2(1645)1617± 5 1644 (0.06079)0 (8, 1)

ω(1670) 1644 (1.55688)0 (8, 1)

ω3(1670)1667± 4 1644 −1.55689 (8, 1)

π2(1670)1672.4± 3.2 1644 −1.55689 (8, 1)

φ(1680) ± 20 1712.5 1.934524 (1, 12)

ρ3(1690)1688.8± 2.1 1712.5 1.331361 (1, 12)

ρ(1700)1720± 20 1712.5 (0.735294)0 (1, 12)

a2(1700) 1712.5 0.735294 (1, 12)

f0(1710)1718± 6 1712.5 (0.146199)0 (1, 12)

η(1760) 1781 1.193182 (2, 6)

π(1800)1812± 14 1781 −1.05556 (2, 6)

f2(1810) 1781 −1.60221 (2, 6)

φ3(1850)1854± 7 1849.5 (−0.02703)0 (1, 13)

η2(1870) 1849.5 −1.09626 (1, 13)

ρ(1900) 1918 0.947368 (4, 3)

f2(1910) 1918 0.418848 (4, 3)

f2(1950)1944± 12 1918 −1.64103 (4, 3)

ρ3(1990) 1986.5 −0.17588 (1, 14)

X(2000) 1986.5 −0.675 (1, 14)

f2(2010)(+60/− 80) 1986.5 (−1.16915)0 (1, 14)

f0(2020) 1986.5 1.65842 (1, 14)

a4(2040)2001± 10 2055 0.735294 (2, 7)

f4(2050)2025± 10 2055 0.243902 (2, 7)

π2(2100) 2123.5 1.119048 (1, 15)

f0(2100) 2123.5 1.119048 (1, 15)

f2(2150) 2123.5 −1.23256 (1, 15)
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ρ2(2150) 2123.5 −1.23256 (1, 15)

f0(2200) 2260.5 2.75 (1, 16)

fJ(2220) 2260.5 1.824324 (1, 16)

η(2225) 2360 1.595506 (1, 16)

ρ3(2250) 2260 0.466667 (1, 16)

f2(2300)2297± 28 2329 1.26087 (2, 8)

f4(2300) 2329 1.26087 (2, 8)

Ds(2317) 2329 0.5 (2, 8)

f0(2330) 2329 −0.04292 (2, 8)

f2(2340)2339± 60 2329 −0.47009 (2, 8)

ρ5(2350) 2329 −0.89362 (2, 8)

a6(2450) 2466 −0.89362 (4, 4)

f6(2510) 2534.5 0.976096 (1, 18)

K∗(892)± 0.26 890.5 −0.16816 (1, 6)

K1(1270)1272± 7 1233 2.91338 (2, 4)

K1(1400)1402± 7 1370 −2.14286 (4, 2)

K∗(1410)1414± 15 1438.5 2.021277 (1, 10)

K∗
0 (1430)1414± 6 1438.5 0.594406 (1, 10)

K∗
2 (1430)1425.6± 1.5 1438.5 0.594406 (1, 10)

K(1460) 1438.5 −1.4726 (1, 10)

Pentaquark(1.5GeV ) 1.5 0 (2, 5)

K2(1580) 1575.5 −0.28481 (1, 11)

K(1630) 1644 0.858896 (8, 1)

K1(1650) 1644 −0.36364 (8, 1)

K∗(1680)1717± 27 1712.5 (1.934524)0 (1, 12)

K2(1770)1773± 8 1781 (0.621469)0 (2, 6)



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

The Thermodynamic Universe 155

Particle and mass Mass From Formula Error % (l, n)

K∗
3 (1780)± 7 1781 (0.05618)0 (2, 6)

K2(1820)± 13 1849.5 1.620879 (1, 13)

K(1830) 1849.5 1.065574 (1, 13)

K∗
0 (1950) 1918 −1.64103 (4, 2)

K∗
2 (1980) 1986.5 0.328283 (1, 14)

K∗
4 (2045)± 9 2055 (0.488998)0 (2, 7)

K2(2250) 2260.5 0.466667 (1, 16)

K3(2320) 2329 0.387931 (2, 8)

K∗
5 (2380) 2397.5 0.735294 (1, 17)

K4(2500) 2466 −1.36 (4, 4)

K(3100) 3082.5 −0.56452 (1, 22)

D±(1869.3) 1849.5 −1.05922 (1, 13)

D±
0 (1968.5)± 0.6 1986.5 0.914402 (1, 14)

D∗
0(2007)2006.7± 0.4 1986.5 −1.02143 (1, 14)

D∗
±(2010)± 0.4 1986.5 −1.16915 (1, 14)

DS(2317)2317.3± 0.6 2329 0.51791 (2, 8)

D1(2420)2422.3± 1.3 2397.5 −0.92975 (1, 17)

D±
1 (2420) 2397.5 −0.97067 (1, 17)

D∗
2(2460)2461.1± 1.6 2466 0.243902 (4, 4)

D∗
±(2460)2459± 4 2466 0.243902 (4, 4)

D±
S1(2536)2535.35± 0.34 2534.5 −0.07885 (1, 18)

DSJ (2573)± 1.5 2534.5 −1.49631 (1, 18)

B±(5278)2579± 0.5 5274.5 −0.08524 (1, 38)

B0(5279.4)± 0.5 5274.5 −0.09281 (1, 38)

Bj(5732) 5754 −0.47009 (4, 10)

B0
S(5369.6)5367.5± 1.8 5343 −0.49538 (2, 19)

B∗
SJ(5850) 5822.5 −0.47009 (1, 42)

B±
c (6400)6286± 5 6370.5 0.4609 (3, 15)

ηc(1S)(2979)2980.4± 1.2 2945.5 −1.12454 (1, 21)

J/ψ(1S)(3096)3096.916± 0.011 3082.5 −0.46402 (1, 22)

χc0(1P )(3415.1)3414.76± 0.35 3425 0.289889 (2, 12)

χc1(1P )(3510.5)± 0.07 3493.5 −0.48426 (1, 25)

χc2(1P )(3556)3556.20± 0.09 3562 0.168729 (4, 6)
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ψ(2S)(3685.9)3686.093± 0.034 3699 0.355408 (2, 13)

ψ(3770)3771.1± 2.4 3767.5 (−0.06631)0 (1, 27)

ψ(3836) 3836 0 (8, 3)

χ(3872)3871.2± 0.5 3876 0.13 (3, 9)

χc2(28)3929± 5 3944 0.38 (2, 14)

ψ(4040)4039± 1 4041.5 (0.037129)0 (1, 29)

ψ(4160)4153± 3 4178.5 (0.444712)0 (1, 30)

ψ(4415)4421± 4 4452.5 0.84937 (1, 32)

γ(1S)(9460.3)± 0.26 9453 −0.07716 (2, 34)

χb0(1P )(9859.9)9859.4± 0.42± 0.31 9864 0.041583 (16, 4)

χb1(1P )(9892.7)± 0.6 9864 −0.29011 (16, 4)

χb2(1P )(9912.6)± 0.5 9864 −0.49029 (16, 4)

γ(2S)(10023)± 0.00031 10001 0.21949 (2, 36)

χb0(2P )(10232)± 0.0006 10275 0.42026 (2, 37)

χb1(2P )(10255)± 0.0005 10275 0.1945027 (2, 37)

χb2(2P )(10268)± 0.0004 10275 0.068173 (2, 37)

γ(3S)(10355)± 0.0005 10343.5 0.11105 (1, 75)

γ(4S)(10580)10579.4± 1.2 10549 −0.29301 (2, 38)

γ(10860)10865± 8 10891.5 0.290055 (3, 26)

γ(11020)11019± 8 11028.5 0.077132 (1, 80)
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Chapter 5

Spacetime Models and Tests

5.1 The Nature of Spacetime

Quantum Field Theory, General Relativity, Relativistic and Non Relativis-

tic Quantum Theory and Classical Physics, all are based on a differentiable

spacetime manifold, as indeed we have stressed earlier. This lead to an

impasse, particularly in providing a unified description of Quantum phe-

nomena and General Relativity. In particular, as Wheeler noted [45], there

appeared no way of introducing the Quantum Mechanical spin half into

General Relativity or the concept of curvature into Quantum Physics. In

his words,

“the most evident shortcoming of the geometrodynamic model as it stands

is this, that it fails to supply any completely natural place for spin half in

general and for the neutrino in particular”, while “it is impossible to accept

any description of elementary particles that does not have a place for spin

half.”

So as we noted in Quantum Gravity including the author’s approach, String

Theory and other theories, be it at the Planck scale, or at the Compton

scale we have turned to a non differentiable spacetime with minimum cut

off intervals [315–317, 69]. The underlying reason for this breakdown of

a differentiable spacetime manifold is the Uncertainty Principle−−as we

go down to arbitrarily small spacetime intervals, we encounter arbitrarily

large energy momenta. As Wheeler put it [45], “no prediction of spacetime,

therefore no meaning for spacetime is the verdict of the Quantum Principle.

That object which is central to all of Classical General Relativity, the four

dimensional spacetime geometry, simply does not exist, except in a classical

approximation.”

Before proceeding to analyze the nature of spacetime beyond the classical

157
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approximation, let us first analyze briefly the nature of classical spacetime

itself. We can get an insight into the nature of the usual spacetime by revis-

iting the formulation of Quantum Theory in terms of stochastic processes

more precisely, a Wiener process which, as we saw, models fuzzy spacetime

[69, 318, 131, 130].

In the stochastic approach, we deal with a double Wiener process which

leads to a complex velocity V −ıU . As noted in Chapter 2 it is this complex

velocity that leads to Quantum Theory from the usual diffusion theory.

To see this in a simple way, let us write the usual diffusion equation as

∆x · ∆x =
h

m
∆t ≡ ν∆t (5.1)

We saw that equation (5.1) can be rewritten as the usual Quantum Me-

chanical relation,

m
∆x

∆t
· ∆x = h = ∆p · ∆x (5.2)

We are dealing here, with phenomena within the Compton or De Broglie

wavelength.

We now treat the diffusion constant ν to be very small, but non vanishing.

That is, we consider the semi classical case. This is because, a purely

classical description, does not provide any insight.

It is well known that in this situation we can use the WKB approximation

[319]. Whence the right hand side of the wave function,

ψ =
√
ρeı/~S

goes over to, in the one dimensional case, for simplicity,

(px)
− 1

2 e
1

h

∫

p(x)dx

so that we have, on comparison,

ρ =
1

px
(5.3)

ρ being the probability density. In this case the condition U ≈ 0, that is,

the velocity potential becoming real, implies

ν · ∇ln(
√
ρ) ≈ 0 (5.4)

This semi classical analysis suggests that
√
ρ is a slowly varying function

of x, in fact each of the factors on the left side of (5.4) would be ∼ 0(h),

so that the left side is ∼ 0(h2) (which is being neglected). Then from (5.3)
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we conclude that px is independent of x, or is a slowly varying function of

x. The equation of continuity now gives

∂ρ

∂t
+ ~∇(ρ~v) =

∂ρ

∂t
= 0

That is the probability density ρ is independent or nearly so, not only of

x but also of t. We are thus in a stationary and homogenous scenario.

This is strictly speaking, possible only in a single particle Universe, or for a

completely isolated particle, without any effect of the environment. Under

these circumstances we have the various conservation laws and the time re-

versible theory, all this taken over into Quantum Mechanics as well. This is

an approximation valid for small, incremental changes, as indeed is implicit

in the concept of a differentiable spacetime manifold.

Infact the well known displacement operators of Quantum Theory which de-

fine the energy momentum operators are legitimate and further the energy

and momenta are on the same footing only under this approximation[320].

If we retain terms ∼ O(l2), where l is the minimum cut off, we encounter

complex coordinates and spin half. Let us see this briefly.

In Dirac’s theory of displacement operators [15] the operator dx ≡ d
dx is a

purely imaginary operator, and is given by

δx(dx + d̄x) = δx2dxd̄x = 0

if

0(δx2) = 0

as is tacitly assumed. However if

0(δx2) 6= 0 (5.5)

then the operator dx becomes complex, and therefore, also the momentum

operator, px ≡ ı~dx and the position operator. In other words if (5.5) holds

good then we have to deal with complex or non-Hermitian coordinates. The

implication of this is that (Cf.[299] for details) spacetime becomes non- com-

mutative as seen earlier.

In any case here is the mysterious origin of the complex coordinates and

spin [154]. The complex coordinates−−more specifically, an imaginary

shift−−lead as we noted to the Kerr-Newman metric in the classical theory

which describes the electron’s field including the anomalous gyro magnetic

ratio which are symptomatic of the electron’s spin. It also means that the

classical naked singularity in the Kerr-Newman metric is shielded by the

fuzzy spacetime (Dirac’s original averages over the zitterbewegung interval)
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or equivalently the noncommutative geometry as we saw (Cf. also [60]).

We would now like to point out the well known close similarity between the

stochastic formulation mentioned above and discussed in Chapter 2 and the

hydrodynamical formulation for Quantum Mechanics, which also leads to

identical equations on writing the wave function as above. These two ap-

proaches were reconciled by considering quantized vortices at the Compton

scale (Cf.[130, 127]).

To proceed further, we start with the Schrödinger equation

ı~
∂ψ

∂t
= − ~

2

2m
∇2ψ + V ψ (5.6)

Remembering that for momentum eigen states we have, for simplicity, for

one dimension

~

ı

∂

∂x
ψ = pψ (5.7)

where p is the momentum or p/m is the velocity v, we take the derivative

with respect to x (or ~x) of both sides of (5.6) to obtain, on using (5.7),

ı~
∂(vψ)

∂t
= − ~

2

2m
∇2(vψ) +

∂V

∂x
ψ + V vψ (5.8)

We would like to compare (5.8) with the well known equation for the veloc-

ity in hydrodynamics[321, 322], following from the Navier-Stokes equation,

ρ
∂v

∂t
= −∇p− ραTg + µ∇2v (5.9)

In (5.9) v is a small perturbational velocity in otherwise stationary flow

between parallel plates separated by a distance d, p is a small pressure, ρ

is the density of the fluid, T is the temperature proportional to Q(z)v, µ is

the Navier-Stokes coefficient and α is the coefficient of volume expansion

with temperature. Also required would be

β ≡ ∆T

d
.

v itself is given by

vz = W (z)exp(σt+ ıkxx+ ıkyy), (5.10)

z being the coordinate perpendicular to the fluid flow.

We can now see the parallel between equations (5.8) and (5.9). To verify

the identification we would require that the dimensionless Rayleigh Number

R =
αβgd4

κν
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should have an analogue in (5.8) which is dimensionless, κ, ν being the

thermometric conductivity and viscosity.

Remembering that

ν ∼ h

m
and

d ∼ λ

where λ is the Compton wavelength in the above theory (Cf.[130, 129] for

details) and further we have

ρ ∝ f(z)g = V (5.11)

for the identification between the hydrostatic energy and the energy V of

Quantum Mechanics, it is easy using (5.11) and earlier relations to show

that the analogue of R is

(c2/λ2) · λ4 · (m/h)2 (5.12)

The expression (5.12) indeed is dimensionless and of order 1. Thus the

mathematical identification is complete.

Before proceeding, let us look at the physical significance of the above con-

siderations (Cf.[5] for a graphic description.) Under conditions of station-

ary flow, when the difference in the temperature between the two plates

is negligible there is total translational symmetry, as in the case of the

displacement operators of Quantum Theory. But when there is a small

perturbation in the velocity (or equivalently the temperature difference),

then beyond a critical value the stationarity and homogeneity of the fluid

is disrupted, or the symmetry is broken and we have the phenomenon of

the formation of Benard cells, which are convective vortices and can be

counted. This infact is the “birth” of space It must be stressed that before

the formation of the Benard cells, there is no “space”, that is, no point to

distinguish from or relate to another point. Only with the formation of the

cells are we able to label space points.

In the context of the above identification, the Benard cells would corre-

spond to the formation of “quantized vortices” at the Compton (Planck)

scale from the ZPF, as we saw, which latter had been discussed in detail in

the literature (Cf.[130] and [323]). This phase transition discussed from the

Landau-Ginzburg theory earlier, would correspond to the “formation” of

spacetime. As discussed in detail in [130] these “quantized vortices” can be

identified with elementary particles. Interestingly, as noted Einstein him-

self considered electrons as condensates from a background electromagnetic

field.
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However in order to demonstrate that the above formulation is not a mere

mathematical analogy, we have to show that the critical value of the wave

number k in the expression for the velocity in the hydrodynamical flow

(5.10) is the same as the critical length, the Compton length. In terms of

the dimensionless wave number k′ = k/d, this critical value is given by[321]

k′c ∼ 1

In the case of the “quantized vortices” at the Compton scale l, remembering

that d is identified with l itself we have,

l′c(≡)k′c ∼ 1,

exactly as required.

In this connection it may be reiterated that due to fluctuations in the Zero

Point Field or the Quantum vacuum, there would be fluctuations in the

metric given by[45]

∆g ∼ lP /l

where lP is the Planck length and l is a small interval under consideration.

At the same time the fluctuation in the curvature of space would be given

by

∆R ∼ lP /l
3

Normally these fluctuations are extremely small but as discussed in detail

elsewhere[175], this would imply that at the Compton scale of a typical

elementary particle l ∼ 10−11cms, the fluctuation in the curvature would

be ∼ 1. This is symptomatic of the formation of what we have termed

above as elementary particle “quantized vortices”.

Further if a typical time interval between the formation of such “quantized

vortices” which are the analogues of the Benard cells is τ , in this case the

Compton time, then as in the theory of the Brownian Random Walk[108],

the mean time extent would be given by, as noted earlier,

T ∼
√
Nτ (5.13)

where N is the number of such quantized vortices or elementary particles

(Cf.also [130, 127]). The equation (5.13) holds good for the Universe it-

self because T the age of the Universe ∼ 1017secs and N the number of

elementary particles ∼ 1080, τ being the Compton time ∼ 10−23secs. Inter-

estingly, this “phase transition” nature of time would automatically make

it irreversible, unlike the conventional model in which time is reversible.
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We will return to these considerations later in this section.

As we saw an equation similar to (5.13) can be deduced by the same argu-

ments for space extension also as indeed we did earlier, and this time we

get back the well known Eddington formula viz.,

R ∼
√
Nl (5.14)

where R is the extent or radius of the Universe and l is the cell size or

Compton wavelength. We can similarly characterize the formation of ele-

mentary particles themselves from cells at the Planck scale.

Once we recognize the minimum spacetime extensions, then we immedi-

ately are lead to the underlying non commutative geometry encountered in

earlier chapters and given by

[x, y] = 0(l2), [x, px] = ı~[1 + 0(l2)], [t, E] = ı~[1 + 0(τ2)] (5.15)

As we noted relations like (5.15) are Lorentz invariant. At this stage we

recognise the new nature of spacetime as given by (5.15) in contrast to the

stationary and homogeneous spacetime discussed earlier. Witten [243, 166]

has called this Fermionic spacetime as contrasted with the usual Bosonic

spacetime. Indeed we will trace later on, the origins of the Dirac equation

of the electron to (5.15). We will also argue that (5.15) leads to the long

sought after reconciliation between Electromagnetism and Gravitation in

an extended gauge formulation [299, 324].

The usual differentiable spacetime geometry can be obtained from (5.15)

if l2 is neglected, and this is the approximation that has been implicit.

Retaining terms of the order of l leads us to Quantum Theory including

Quantum Field Theory. Finally if we neglect O(l), too, then we are lead to

Classical Physics (including General Relativity).

Thus spacetime is a collection of such cells or elementary particles. As

pointed out earlier, this spacetime emerges from a homogeneous stationary

non or pre spacetime when the symmetry is broken, through random pro-

cesses. The question that comes up then is, what is the metric which we

use? We will examine it now.

We first make a few preliminary remarks. When we talk of a metric or the

distance between two “points” or “particles”, a concept that is implicit is

that of topological “nearness”−−we require an underpinning of a suitably

large number of “open” sets [325]. Let us now abandon the absolute or

background spacetime and consider, for simplicity, a Universe (or set) that

consists solely of two particles. The question of the distance between these

particles (quite apart from the question of the observer) becomes mean-

ingless. Indeed, this is so for a Universe consisting of a finite number of
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particles. For, we could isolate any two of them, and the distance between

them would have no meaning. We can intuitively appreciate that we would

in fact need distances of intermediate or more generally, other points.

In earlier work[326, 197], motivated by physical considerations we had con-

sidered a series of nested sets or neighborhoods which were countable and

also whose union was a complete Hausdorff space. The Urysohn Theorem

was then invoked and it was shown that the space of the subsets was metriz-

able. Let us examine this in more detail.

Firstly we observe that in the light of the above remarks, the concepts of

open sets, connectedness and the like reenter in which case such an iso-

lation of two points would not be possible. More formally let us define a

neighborhood of a particle (or point or element) A of a set of particles as

a subset which contains A and atleast one other distinct element. Now,

given two particles (or points) or sets of points A and B, let us consider

a neighborhood containing both of them, n(A,B) say. We require a non

empty set containing at least one of A and B and at least one other particle

C, such that n(A,C) ⊂ n(A,B), and so on. Strictly, this “nested” sequence

should not terminate. For, if it does, then we end up with a set n(A,P )

consisting of two isolated “particles” or points, and the “distance” d(A,P )

is meaningless.

We now assume the following property[326, 197]: Given two distinct ele-

ments (or even subsets) A and B, there is a neighborhood NA1
such that A

belongs to NA1
, B does not belong to NA1

and also given any NA1
, there

exists a neighborhood NA 1

2

such that A ⊂ NA 1

2

⊂ NA1
, that is there exists

an infinite topological closeness.

From here, as in the derivation of Urysohn’s Lemma[327], we could define

a mapping f such that f(A) = 0 and f(B) = 1 and which takes on all in-

termediate values. We could now define a metric, d(A,B) = |f(A)−f(B)|.
We could easily verify that this satisfies the properties of a metric.

With the same motivation we will now deduce a similar result, but with dif-

ferent conditions. In the sequel, by a subset we will mean a proper subset,

which is also non null, unless specifically mentioned to be so. We will also

consider Borel sets, that is the set itself (and its subsets) has a countable

covering with subsets. We then follow a pattern similar to that of a Cantor

ternary set [325, 328]. So starting with the set N we consider a subset N1

which is one of the members of the covering of N and iterate this process

so that N12 denotes a subset belonging to the covering of N1 and so on.

We note that each element of N would be contained in one of the series
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of subsets of a sub cover. For, if we consider the case where the element p

belongs to some N12···m but not to any N1,2,3···m+1, this would be impos-

sible because the latter form a cover of the former. In any case as in the

derivation of the Cantor set, we can put the above countable series of sub

sets of sub covers in a one to one correspondence with suitable sub intervals

of a real interval (a, b).

Case I
If N1,2,3···m → an element of the set N as m → ∞, that is if the set is

closed, we would be establishing a one to one relationship with points on

the interval (a, b) and hence could use the metric of this latter interval, as

seen earlier.

Case II
It is interesting to consider the case where in the above iterative countable

process, the limit does not tend to an element of the set N , that is set

N is not closed and has what we may call singular points. We could still

truncate the process at N1,2,3···m for some m > L arbitrary and establish

a one to one relationship between such truncated subsets and arbitrarily

small intervals in a, b. We could still speak of a metric or distance between

two such arbitrarily small intervals.

This case which may be termed “Fuzzy Topology”, is of interest because

of our description of elementary particles in terms of fuzzy spacetime (Cf.

also ref.[130]), where we have a length of the order of the Compton wave-

length as seen in the previous sections, within which spacetime as we know

it breaks down. Such cut offs as seen lead to a non commutative geometry

(5.15) and what may be called fuzzy spaces[329, 45].(We note that the cen-

tre of the vortex in the above model is a singular point). In any case, the

number of particles in the Universe is of the order 1080, which approximates

infinity from a physicist’s point of view.

Interestingly, we usually consider two types of infinite sets−−those with

cardinal number n corresponding to countable infinities, and those with

cardinal number c corresponding to a continuum, there being nothing in

between [328]. This is the well known but unproven Continuum hypothesis.

What we have shown with the above process is that it is possible to con-

ceive of an intermediate possibility with a cardinal number np, p > 1.

In the above considerations three properties are important: Firstly the set

must be closed i.e. it must contain all its limit points. Secondly, it must be

perfect i.e. in addition, each of its points must be a limit point. Finally it

must be disconnected i.e. it contains no non null open intervals. Only the

first was invoked in Case I.
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We notice that there is the holistic feature. A metric emerges by con-

sidering large encompassing sets. Finally, we could deviate from a strict

mathematical analysis and introduce an element of physics. We could say

that a point or particle B would be in a neighborhood of another point or

particle A, only if A and B interact”. Thus the universe would consist of

a network of “interacting” particles, reminiscent of the Feynman-Wheeler

perfect absorber model encountered in Chapter 1.

It may be remarked that much of Quantum Theory, like much of Classical

Theory was couched in the concepts of Newtonian two body mechanics and

determinism. The moment we consider even a three body problem, as was

realized by Poincare more than a century ago and noted in Chapter 1, the

picture gets altered. As he noted [330],

“If we knew exactly the laws of nature and the situation of the Universe

at the initial moment, we could predict exactly the situation of that same

Universe at a succeeding moment. But even if it were the case that the nat-

ural laws had no longer any secret for us, we could still know the situation

approximately. If that enabled us to predict the succeeding situation with

the same approximation, that is all we require, and we should say that the

phenomenon had been predicted, that it is governed by the laws. But it

is not always so; it may happen that small differences in the initial condi-

tions produce very great ones in the final phenomena. A small error in the

former will produce an enormous error in the latter. Prediction becomes

impossible.”

In a similar vein, Prigogine observes as we noted, [5], “Our physical world

is no longer symbolized by the stable and periodic planetary motions that

are at the heart of classical mechanics. It is a world of instabilities and

fluctuations...”

Indeed, the departure from the two body formulation began with Electro-

magnetism itself, which has to invoke the environment. However, a nuance

must be brought up. This realization of chaos in the physical universe, is

still compatible, and in fact has been worked out in, the usual Newtonian

space. We on the other hand, are emphasizing the chaotic or stochastic

feature of spacetime itself.

We now return to the current view of Planck scale oscillators in the back-

ground dark energy or Quantum vacuum. In this context we saw in the last

Chapter that elementary particles can be considered to be normal modes

of n ∼ 1040 Planck oscillators in the ground state, while the entire Uni-

verse itself has an underpinning of N̄ ∼ 10120 such oscillators, there being

N ∼ 1080 elementary particles in the Universe [157, 158]. These Planck
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oscillators are formed out of the Quantum vacuum (or dark energy, as we

repeatedly emphasized). Thus we noticed that, mP c
2 being the energy of

each Planck oscillator, mP being the Planck mass, ∼ 10−5gms,

m =
mP√
n

(5.16)

l =
√
nlP , τ =

√
nτP , n =

√
N (5.17)

where m is the mass of a typical elementary particle, taken to be a pion in

the literature. The ground state of N̄ such Planck oscillators would be, in

analogy to (5.16),

mγ =
mP√
N̄

∼ 10−65gms (5.18)

This we had identified with the mass of the photon. The Universe is an

excited state and consists of N such ground state levels or elementary par-

ticles and so we have, from (5.18)

M = mN =
√

N̄mP ∼ 1055gms,

as required, M being the mass of the Universe. It must be noted that M is

expressible in two different ways−−one in terms of the elementary particle

mass and the other in terms of the Planck mass. In the latter case, we

have a coherent collection of N̄ Planck oscillators. In the former, we have

a collection of N , what may be called, disentangled elementary particles.

Hence the difference. We will come back to this nuance soon.

Due to the fluctuation ∼ √
n in the levels of the n oscillators making up an

elementary particle, the resulting energy is, remembering that mc2 is the

ground state,

∆E ∼
√
nmc2 = mP c

2,

using (5.17), and so the indeterminacy time is

~

∆E
=

~

mP c2
= τP ,

as indeed we would expect.

The corresponding minimum indeterminacy length would therefore be lP .

One of the consequences of the minimum spacetime cut off is that the

Heisenberg Uncertainty Principle takes an extra term as we saw in the

previous Chapter [331]. Thus as we saw

∆x ≈ ~

∆p
+ α

∆p

~
, α = l2(or l2P ) (5.19)



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

168 The “Thermodynamic” Universe

where l (or lP ) is the minimum interval under consideration. The first term

gives the usual Heisenberg Uncertainty Principle.

Application of the time analogue of (5.19) for the indeterminacy time ∆t

for the fluctuation in energy ∆Ē =
√
Nmc2 in the N particle states of the

Universe gives exactly as above,

∆t =
∆E

~
τ2
P =

√
Nmc2

~
τ2
P =

√
NmP c

2

√
n~

τ2
P =

√
nτP = τ,

wherein we have used (5.17). In other words, for the fluctuation
√
N , the

time is τ as indeed we saw in Chapters 2 and 3. It must be re-emphasized

that the Compton time τ of an elementary particle, is an interval within

which there are unphysical effects like zitterbewegung−−as pointed out by

Dirac, an averaging over this interval is required. This gives us,

dN/dt =
√
N/τ (5.20)

Equation (5.20) was the starting point for the cosmology discussed in Chap-

ter 3. Here we have re-derived this relation from a consideration of the

underlying Planck oscillators. On the other hand due to the fluctuation

in the
√
N̄ oscillators constituting the Universe, the fluctuational energy is

similarly given by
√

N̄mP c
2,

which gives the mass of the universe. As we already saw, this shows that

like spacetime, the matter of the universe too is a dispersion or fluctuation

in the background dark energy or ZPF.

Another way of deriving (5.20) is to observe that as
√
n oscillators appear

fluctuationally in time τP which translates, in the elementary particle time

scales,
√
n
√
n =

√
N particles in

√
nτP = τ , the rate of the fluctuational

appearance of particles is
(√

n

τP

)

=

√
N

τ
= dN/dt

which is again (5.20). From here by integration,

T =
√
Nτ

T is the time elapsed from N = 1 and τ is the Compton time. This gives T

its origin in the fluctuations−−there is no smooth “background” (or “be-

ing”) time−−as noted, the root of time is in “becoming”. It is the time of

a Brownian or double Wiener process: A step l gives a step in time l/c ≡ τ

and therefore ∆x =
√
Nl gives T =

√
Nτ . Time is born out of acausal
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fluctuations which are random and therefore irreversible. Indeed, there is

no background time. Time is proportional to
√
N , (N being the number of

particles) which are being created spontaneously from the ZPF. It is in this

sense that spacetime and matter are a dispersion. We already had argued

for this in Chapter 2. To emphasize further, if there were N steps of length

l, the usual displacement would be Nl and not
√
Nl.

On the other hand the time we actually use is what may be called station-

ary time and it is an approximation as we saw earlier [325].

Further, Quantum Mechanics, Gravitation etc. follow from here. In Quan-

tum Mechanics, the measurement of the observer triggers the acausal col-

lapse of the wave function−−an irreversible event−−but the wave function

itself as noted in Chapter 2, satisfies a deterministic and reversible equation,

paradoxically. Yet the Universe is “irreversible”. It appears spontaneous

irreversibility or indeterministic time [127] is the real time. This can be

contrasted to the usual time reversibility embedded in Newtonian dynam-

ics and thence Quantum Theory. So, if to put it simply, t→ −t (or we use

the Time Reversal Operator), the laws of physics remain invariant. Specif-

ically, in the case of Quantum Theory, we observe that the wave function

is given by [144]

ψ(r, t) =
1

(2π~)3/2

∫

a(p) exp

[

ı

~

(

p · r − p2

2m
t

)]

dp,

a(p), the amplitude in momentum space being independent of time. So we

have at any other time t′:

a(p) =
1

(2π~)3/2

∫

ψ(r′, t′) exp

[

− ı

~

(

p · r′ − p2

2m
t′
)]

dr′

Substitution of a(p) yields the result

ψ(r, t) =

∫

K(r, t′; r′, t′)ψ(r′, t′)dr′, (5.21)

the Kernel function K being given by

K(r, t; r′, t′) =
1

(2π~)3

∫

exp

{

ı

~

[

p · (r − r′) − p2

2m
(t− t′)

]}

dp

or after some manipulation, in the form

K(r, t; r′, t′) =

[

2πı~

m
(t− t′)

]−3/2

exp

[

ı
m

2~

|r − r′|2
(t− t′)

]

The point is that in (5.21) ψ(r, t) at t is given in terms of a linear expansion

of ψ(r, t′) at earlier times t′. But what is to be noted is, the symmetry
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between t and t′. This is not surprising as the original Schrödinger equation

itself remains unchanged under t → −t. On the contrary, as we saw in

Chapter 2, in a diffusion process, this symmetry between past and future

ceases.

Thus it is possible to understand the fluctuations, that is, the equation

(5.20) which was the starting point for fluctuational energy in terms of the

underpinning of Planck scale oscillators in the Quantum vacuum or dark

energy.

We would now like to reiterate the following. Starting from a completely

different point of view namely Black Hole Thermodynamics, Landsberg

[254] as noted deduced that the smallest observable mass in the Universe is

∼ 10−65gms, which is exactly the minimum mass encountered earlier and

given in (5.18).

Now due to the fluctuational appearance of
√
N particles, the fluctuational

mass associated with each of the N particles in the Universe is
√
Nm

N
=

m√
N

∼ 10−65gms,

that is once again the smallest observable mass or ground state mass in the

Universe.

We have already argued that there must be fluctuations of the Quantum

Electromagnetic Field, as required by the Heisenberg Principle, so that we

have for an extent ∼ L (B being the magnetic field), the energy density

(∆B)2 ≥ ~c/L4 (5.22)

Whence from (5.22), the energy in the entire volume ∼ L3 is given by, as

we saw in Chapter 4,

∆E ∼ ~c/L (5.23)

From another angle Braffort and coworkers deduced the Zero Point Field

from the Absorber Theory of Wheeler and Feynman, which we encountered

earlier in Chapter 1. In the process they found that the spectral density of

the vacuum field was given by [80, 332]

ρ(ω) = const · ω3 (5.24)

This result also follows from (5.22) or (5.23), remembering that ω = c/L,

as we saw earlier in Chapter 3. There have been other points of view which

converge to the above conclusions. In any case as we have seen a little

earlier, it would be too much of an idealization to consider an atom or a

charged particle to be an isolated system. It is the interaction with the rest
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of the universe that produces a random field.

It has also been shown that the constant of proportionality in (5.24) is given

by (Cf.ref.[80])

~

2π2c3

a result which can be obtained also from (5.22) or (5.23). Interestingly such

a constant is implied by Lorentz invariance.

From the point of view of Quantum Electrodynamics we reach conclusions

similar to those seen above. As Feynman and Hibbs put it [122]

“Since most of the space is a vacuum, any effect of the vacuum-state energy

of the electromagnetic field would be large. We can estimate its magni-

tude. First, it should be pointed out that some other infinities occurring in

quantum-electrodynamic problems are avoided by a particular assumption

called the cut off rule. This rule states that those modes having very high

frequencies (short wavelength) are to be excluded from consideration. The

rule is justified on the ground that we have no evidence that the laws of

electrodynamics are obeyed for wavelengths shorter than any which have

yet been observed. In fact, there is a good reason to believe that the laws

cannot be extended to the short-wavelength region.

“Mathematical representations which work quite well at longer wavelengths

lead to divergences if extended into the short wavelength region. The wave-

lengths in question are of the order of the Compton wavelength of the pro-

ton; 1/2π times this wavelength is ~/mc ' 2 × 10−14cm.

“For our present estimate suppose we carry out sums over wave numbers

only up to the limiting value kmax = mc/~. Approximating the sum over

states by an integral, we have, for the vacuum-state energy per unit volume,

Ee
unit vol

= 2
~c

2(2π)3

∫ kmax

0

k4πk2dk =
~ck4

max

8π2

“(Note the first factor 2, for there are two modes for each k). The equivalent

mass of this energy is obtained by dividing the result by c2. This gives

m0

unit vol
= 2 × 1015g/cm3

“Such a mass density would, at first sight at least, be expected to produce

very large gravitational effects which are not observed. It is possible that

we are calculating in a naive manner, and, if all of the consequences of

the general theory of relativity (such as the gravitational effects produced

by the large stresses implied here) were included, the effects might cancel

out; but nobody has worked all this out. It is possible that some cutoff
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procedure that not only yields a finite energy density for the vacuum state

but also provides relativistic invariance may be found. The implications of

such a result are at present completely unknown.

“For the present we are safe in assigning the value zero for the vacuum-

state energy density. Up to the present time no experiments that would

contradict this assumption have been performed.”

However the high density encountered above is perfectly meaningful if we

consider the Compton scale cut off ∼ 10−13cm: Within this volume the

density gives us back the mass of an elementary particle like the pion as

already seen.

5.2 Other Formulations

We now consider alternative formulations which retain the spirit of a “ther-

modynamic” spacetime. We start with our view of spacetime as a collection

of Planck oscillators.

Let us denote the state of each Planck oscillator by φn; then the state of the

Universe can be described in the spirit of entanglement discussed earlier by

ψ =
∑

n

cnφn, (5.25)

So ψ represents the state of the universe in terms of coherent Planck os-

cillators and φn which can be considered to be eigen states of energy with

eigen values En. It is known that (5.25) can be written as [333]

ψ =
∑

n

bnφ̄n (5.26)

where |bn|2 = 1 ifE < En < E+∆ and = 0 otherwise under the assumption

(cn, cm) = 0, n 6= m (5.27)

(In fact n in (5.27) could stand for not a single state but for a set of

states nı, and so also m.) Here the bar denotes a time average over a

suitable interval. This is the well known Random Phase Axiom and arises

due to the total randomness amongst the phases cn. We have already

encountered, essentially equation (5.27), in the previous Chapter−−these

random jigglings in the ZPF, as we saw, averaged off over the real life

Compton scale.

We stress that the difference between (5.25) and (5.26) is that in the latter,

the “eigen” states (or energy) are not so sharply defined. This is the real
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world scenario−−rather than the Planck scale, described by (5.25). The

expectation value of any operator O is given by

< O >=
∑

n

|bn|2(φ̄n, Oφ̄n)/
∑

n

|bn|2 (5.28)

Equation (5.28) is as in the usual theory of Quantum Mechanical operators.

Equations (5.27) and (5.26) show that effectively we have incoherent states

φ̄1, φ̄2, · · · once averages over time intervals for the phases cn in (5.27) van-

ish owing to their relative randomness. This is in contrast to the entangled

states in (5.25). It was in this sense that, as we saw a little earlier the mass

of the universe is given in terms of
√
N̄ Planck oscillators, but N elemen-

tary particles. All this has to be viewed in the perspective of the discussion

of Schrondinger’s Cat in Chapter 1.

In the light of the preceding discussion of random fluctuations, we can inter-

pret all this meaningfully: We can identify φn with the ZPF. The time aver-

ages are the same as Dirac’s zitterbewegung averages over intervals ∼ ~

mc2

this being due to the presence of ∼ 1040 Planck oscillators per elemen-

tary particle, bunched together (Cf.ref.[130]). We then get disconnected

or incoherent particles from a single background of vacuum fluctuations

exactly as before. The incoherence arises because of the well known ran-

dom phase relation (5.27), that is after averaging over the suitable interval,

this again being symptomatic of the unphysical (zitterbewegung) processes

within the Compton scale. Here the entanglement is weakened by the in-

teractions and hence we have (5.26) for elementary particles, rather than

(5.25) (Cf.ref.[274]).

Let us look at this from another point of view. We observe that the co-

herent N ′ Planck oscillators referred to above could be considered to be a

degenerate Bose assembly. In this case as is well known we have

v =
V

N ′

(Cf.ref.[125]−−here z of the usual theory ≈ 1). V the volume of the universe

∼ 1084cm3. Whence

v =
V

N ′ ∼ 10−36

So that the wavelength

λ ∼ (v)1/3 ∼ 10−12cm = l (5.29)

What is very interesting is that (5.29) gives us the Compton length of a

typical elementary particle like the pion. So from the Planck oscillators we
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are able to recover the elementary particles exactly as before [157, 158].

So our description of the universe at the Planck scale is that of an entangled

wave function as in (5.25). However we perceive the universe at the ele-

mentary particle or Compton scale, where the random phases would have

weakened the entanglement, and we have the description as in (5.26). Does

this mean that N elementary particles in the universe are totally incoherent

in which case we do not have any justification for treating them to be in

the same spacetime?

We can argue that they still interact amongst each other though in com-

parison this is “weak”. For instance let us consider the background ZPF

whose spectral frequency is given by (5.24). If there are two particles at

A and B separated by a distance r, then those wavelengths of the ZPF

which are at least ∼ r would connect or link the two particles. Whence

the force of interaction between the two particles is given by, remembering

that ω ∝ 1/r,

Force ∝
∫ ∞

r

ω3dr ∝ 1

r2
(5.30)

Thus from (5.30) we are able to recover the familiar Coulomb Law of in-

teraction. The background ZPF thus enables us to recover the action at a

distance formulation. We had discussed this in Chapter 1. In fact a similar

argument can be given [334] to recover from QED the Coulomb Law−−here

the carriers of the force are the virtual photons, that is photons whose life

time is within the Compton time of uncertainty permitted by the Heisen-

berg Uncertainty Principle.

It is thus possible to synthesize the field and action at a distance concepts,

once it is recognized that there is the ZPF and there are minimum spaetime

intervals at the Compton scale [14]. Many of the supposed contradictions

arise because of our characterization in terms of spacetime points and a

differentiable manifold. Once the minimum cut off at the Planck scale is

introduced, this leads to the physical Compton scale and a unified formu-

lation free of divergence problems. We now make a few comments.

We had seen in Chapter 1 that the Dirac formulation of Classical Elec-

trodynamics needed to introduce the acausal advanced field. However the

acausality was again within the Compton time scale. In fact this fuzzy

spacetime was modelled by a Wiener process as discussed in Chapters 2

and 4 [16] (Cf. also ref.[131]). The point here to recapitulate, is that the

backward and forward time derivatives for ∆t→ 0− and0+ respectively do

not cancel, as they should not, if time is fuzzy. So we automatically recover

from the electromagnetic potential the retarded field for forward derivatives
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and the advanced fields for backward derivatives. In this case we have to

consider both these fields. Causality however is recovered as we saw. This

is a transition to intervals which are greater in magnitude compared to the

Compton scale.

It must also be mentioned that a few assumptions are implicit in the conven-

tional theory using differentiable spacetime manifolds. In the variational

problem we use the conventional δ (variation) which commutes with the

time derivatives. So such an operator is constant in time. So also the

energy momentum operators in Dirac’s displacement operators theory are

the usual time and space derivatives of Quantum Theory. But here the

displacements are “instantaneous”. They are valid in a stationary or con-

stant energy scenario, and it is only then that the space and time operators

are on the same footing as required by Special Relativity [320]. In fact we

have argued that in this theory we neglect intervals ∼ 0(δx2). But if δx

is of the order of the Compton scale and we do not neglect the square of

this scale, then the space and momentum coordinates become complex in-

dicative of a noncommutative geometry which has been discussed in detail

earlier [154, 335, 16].

What all this means is that it is only on neglecting 0(l2) that we have the

conventional spacetime of Quantum Theory, including relativistic Quantum

Mechanics and Special Relativity, that is the Minkowski spacetime. Com-

ing to the conservation laws of energy and momentum these are based on

translation symmetries [49]−−what it means is the operators d
dx or d

dt are

independent of x and t. There is here a homogeneity property of space-

time which makes these laws in effect non local. This has to be borne in

mind, particularly when we try to explain the EPR paradox encountered

in Chapter 1.

We noted that John Wheeler had stressed that the divide between Classical

and Quantum Theory lies in the spin half (of Fermions) [45]. This half in-

tegral spin gives rise to such non classical and purely Quantum Mechanical

results as the anomalous gyromagnetic ratio of the electron (g = 2). We

will now argue that the non classical half integral spin feature arises from

the multiply connected nature of Quantum Spacetime, and it is this which

distinguishes Quantum Mechanics from Classical Theory. Specifically, we

will argue that the usual space R with a compactified space S1, in R× S1

reproduces Quantum Mechanical spin. On the other hand, spacetime is

simply connected in Classical theory.
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5.3 Multiply Connected Space and Spin

Let us start by reviewing Dirac’s original derivation of the Monopole

(Cf.ref.[51]). He started with the wave function

ψ = Aeıγ , (5.31)

He then considered the case where the phase γ in (5.31) is non integrable.

In this case (5.31) can be rewritten as

ψ = ψ1e
ıS , (5.32)

where ψ1 is an ordinary wave function with integrable phase, and further,

while the phase S does not have a definite value at each point, its four

gradient viz.,

Kµ = ∂µS (5.33)

is well defined. We use temporarily natural units, ~ = c = 1. Dirac then

goes on to identify K in (5.33) (except for the numerical factor hc/e) with

the electromagnetic field potential, as in the Weyl gauge invariant theory.

Next Dirac considered the case of a nodal singularity, which is closely related

to what was later called a quantized vortex a term we have already noted

(Cf. for example ref.[323]). In this case a circuit integral of a vector as

in (5.33) gives, in addition to the electromagnetic term, a term like 2πn,

so that we have for a change in phase for a small closed curve around this

nodal singularity,

2πn+ e

∫

~B · d~S (5.34)

In (5.34) ~B is the magnetic flux across a surface element d~S and n is the

number of nodes within the circuit. The expression (5.34) directly lead to

the Monopole in Dirac’s formulation.

Let us now reconsider the above arguments in terms of our earlier devel-

opments. As we saw the Dirac equation for a spin half particle throws

up a complex or non Hermitian position coordinate [158, 154]. Dirac as

noted identified the imaginary part with zitterbewegung effects and argued

that this would be eliminated when averages over intervals of the order

of the Compton scale are taken to recover meaningful physics [15]. Over

the decades the significance of such cut off space time intervals has been

stressed by T.D. Lee and several other scholars as noted earlier in Chap-

ter 2 [130, 147, 150, 153]. Indeed we saw that with a minimum cut off

length l, it was shown by Snyder that there would be a non commutative
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but Lorentz invariant spacetime structure. At the Compton scale we would

have [16],

[x, y] = 0(l2) (5.35)

and similar relations.

In fact starting from the Dirac equation itself, we deduced directly the non

commutativity (5.35) (Cf.refs.[158, 154]).

Let us now return to Dirac’s formulation of the monopole in the light of

the above comments. As noted above, the non integrability of the phase S

in (5.32) gives rise to the electromagnetic field, while the nodal singularity

gives rise to a term which is an integral multiple of 2π. As is well known

[127] we have

~∇S = ~p (5.36)

where ~p is the momentum vector. When there is a nodal singularity, as

noted above, the integral over a closed circuit of ~p does not vanish. In fact

in this case we have a circulation given by

Γ =

∮

~∇S · d~r = ~

∮

dS = 2πn (5.37)

It is because of the nodal singularity that though the ~p field is irrotational,

there is a vortex−−the singularity at the central point associated with the

vortex makes the region multiply connected, or alternatively, in this region

we cannot shrink a closed smooth curve about the point to that point.

In fact if we use the fact as seen above that the Compton wavelength is

a minimum cut off, then we get from (5.37) using (5.36), and on taking

n = 1,
∮

~∇S · d~r =

∫

~p · d~r = 2πmc
1

2mc
=
h

2
(5.38)

l = ~

2mc is the radius of the circuit and ~ = 1 in the above in natural

units. In other words the nodal singularity or quantized vortex gives us

the mysterious Quantum Mechanical spin half (and other higher spins for

other values of n). In the case of the Quantum Mechanical spin, there

are 2 × n/2 + 1 = n + 1 multiply connected regions, exactly as in the

case of nodal singularities. Indeed in the case of the Dirac wave function,

which is a bi-spinor

(

Θ

φ

)

, as is known [181], far outside the Compton

wavelength, it is the usual spinor Θ, preserving parity under reflections

that predominates, whereas at and near the Compton scale it is the spinor
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φ which predominates, where under a reflection φ goes over to −φ.

To get a better insight, we consider a Hydrogen like atom in two dimensional

space, for which the Schrodinger equation is given by [336, 319]

− ~
2

2µ

[

1

r

∂

∂r

(

r
∂

∂r

)

+
1

r2
∂2

∂φ2

]

ψ(r, φ) − Ze2

r
φ(r, φ) = Eψ(r, φ) (5.39)

As is well known the energy spectrum for (5.39) is given by

E = − Z2e4µ

2~2(n+m+ 1
2 )2

(5.40)

If we require that (5.40) be identical to the Bohr spectrum, then m should

be a half integer, which also means that the configuration space is multiply

connected. In the simplest case of a doubly connected space, we are dealing

with R2 ×S1, where S1 is a compactified space, generally considered to be

a Kaluza-Klein space. However we would like to point out the following:

The energy is given by

E =

(

k2 +
S2

ρ2

)

~
2

2µ
(5.41)

In (5.41) there is an additional ground state energy E = S2
~

2/2µρ2, where

µ is the reduced mass and ρ is the radius of the compactified circle S1. If ρ

were to be the Planck length as in the Kaluza-Klein theory, then this extra

energy becomes very large and is generally taken to be unobservable. On

the other hand if ρ is taken to be the Compton wavelength as in our earlier

discussion, then the above extra ground energy, as can be easily verified is

of the same order as the usual energy.

In any case it can be seen that the Quantum Mechanical spin is a symptom

of the multiply connected nature of Quantum spacetime, even in this non

relativistic example. We remark that, as is well known, in (5.40), we can

continue to take integral values of the quantum number m, provided, to

the Coulomb potential energy an additional energy

∆E = ~

(

√

E/2µ
)

/r (5.42)

is added. It is immediately seen that if in (5.42) r is of the order of the

Compton wavelength, which is also ∼ e2/mc2, then we recover e2.To put

it another way, if there was no Coulomb interaction in the conventional

theory, then this additional contribution shows up as the Coulomb field.

This points to the origin of the fundamental charge itself from topological

conditions.
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In Dirac’s theory of displacement operators [15] as we saw, the operator

dx ≡ d
dx , if

0(δx2) 6= 0 (5.43)

becomes complex, and therefore, also the momentum operator, px ≡ ı~dx
and the position operator. In other words if (5.43) holds good then we have

to deal with complex or non-Hermitian coordinates. The implication of this

is that (Cf.[299] for details) spacetime becomes non- commutative as seen

above.

In any case here is the mysterious origin of the complex coordinates and

spin. As noted it is the complex coordinates that lead from the Coulomb po-

tential to the electromagnetic part of the Kerr-Newman metric and the elec-

tron’s field including the anomalous gyro magnetic ratio which are symp-

tomatic of the electron’s spin [160]. It also means that the naked singularity

is shielded by the fuzzy spacetime or equivalently the noncommutative ge-

ometry (5.35) (Cf. also [60]). Indeed, if we remember that ~∇S in (5.38)

gives the momentum ~p, we can see that (5.38) is an expression, indeed the

origin, of the Wilson-Sommerfeld quantization rule [337, 318].

What all this means is that the presence of a Fermion in usual simply con-

nected space tantamounts to making the space multiply connected−−like

a hole in a sheet or like a vortex. In the case of the vortex, there are two

velocities: that around the vortex, that is, the circulation, and that of the

vortex itself. These correspond to the imaginary and real parts, respectively

of the non-Hermitian (complex) momentum.

5.4 Lorentz Symmetry Violation Tests

Our fuzzy spacetime can be expected to lead to corrections to the Theory of

Relativity, as the latter is based on the old ideas of differentiable spacetime

whereas our approach yields a spacetime where there is non-commutativity

and non-differentiability. Let us address this issue now.

Indeed we may already be observing a violation of Lorentz symmetry due to

the observed time lags of cosmic gamma rays of different energies [290]. In

fact it has been suspected that this could be the case from an observation of

ultra high energy cosmic rays. In this case, given Lorentz symmetry there

is the GZK cut off such that particles above an energy of about 1020eV

would not be able to travel cosmological distances and reach the earth (Cf.

ref.[16, 338–343] for details). However, it is suspected that some twenty

contra events have already been detected, and phenomenological models of
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Lorentz symmetry violation have been constructed by Glashow, Coleman

and others while this also follows from the author’s fuzzy spacetime theory

[344–349]. The essential point here is that the energy momentum relativistic

formula is modified leading to a dispersive effect.

We would like to point out that apart from observation based models such

a result follows from a fundamental point of view in modern approaches

like ours in which the differentiable Minkowski spacetime is replaced by

one which is fuzzy or noncommutative owing to a fundamental minimum

length l being introduced.

Based on our earlier considerations, we can deduce from theory that the

usual energy momentum formula is replaced by (c = 1 = ~) (Cf.[16, 338])

E2 = m2 + p2 + αl2p4 (5.44)

where α is a dimensionless constant of order unity. (For fermions, α is

positive). To see this in greater detail, we note that, given a minimum

length l, we saw that the usual commutation relations get modified and

now become

[x, p] = ~
′ = ~[1 +

(

l

~

)2

p2] etc (5.45)

where we have temporarily re-introduced ~ (Cf. also ref.[333]). (5.45) shows

that effectively ~ is replaced by ~
′. So,

E = [m2 + p2(1 + l2p2)−2]
1

2

or, the energy-momentum relation leading to the Klein-Gordon Hamilto-

nian is given by,

E2 = m2 + p2 − 2l2p4, (5.46)

neglecting higher order terms.

For Fermions the analysis can be more detailed, in terms of Wilson lat-

tices [350]. The free Hamiltonian now describes a collection of harmonic

fermionic oscillators in momentum space. Assuming periodic boundary

conditions in all three directions of a cube of dimension L3, the allowed

momentum components are

q ≡
{

qk =
2π

L
vk; k = 1, 2, 3

}

, 0 ≤ vk ≤ L− 1 (5.47)

(5.47) finally leads to

Eq = ±
(

m2 +

3
∑

k=1

a−2sin2qk

)1/2

(5.48)
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where a = l is the length of the lattice, this being the desired result. (5.48)

shows that α in (5.44) is positive. We have used the above analysis more to

indicate that in the Fermionic case, the sign of α is positive. A rigid lattice

structure imposes restrictions on the spacetime−−for example homogene-

ity and isotropy. Such restrictions are not demanded by fuzzy spacetime,

and we use the lattice model more as a computational device (Cf. ref.[16]).

This leads to a modification of the Dirac and Klein-Gordon equations at

ultra high energies (Cf.ref.[16, 338, 339]). It may be remarked that pro-

posals like equation (5.44) have been considered by several authors (Cf.

refs.[351]-[360]). Our approach however, has been fundamental rather than

phenomenological.

With this, it has been shown by the author that in the scattering of radia-

tion, instead of the usual Compton formula we have

k =
mk0 + α l

2

2 [Q2 + 2mQ]2

[m+ k0(1 − cosΘ)]
(5.49)

where we use natural units c = ~ = 1,m is the mass of the elementary

particle causing the scattering, ~k,~k0 are the final and initial momentum

vectors respectively and Q = k0−k, and Θ is the angle between the incident

and scattered rays. Equation (5.49) shows that k = k0 + ε, where ε is a

positive quantity less than or equal to ∼ l2, l being the fundamental length.

It must be remembered that in these units k represents the frequency. The

above can be written in more conventional form as

hν = hν0[1 + 0(l2)] (5.50)

Equation (5.50) effectively means that due to the Lorentz symmetry vi-

olation in (5.44), the frequency is increased or, the speed of propagation

of a given frequency is increased. As noted such models in a purely phe-

nomenological context have been considered by Glashow, Coleman, Carroll

and others. In any case what this means in an observational context is that

higher frequency gamma rays should reach us earlier than lower frequency

ones in the same burst. As Pavlopoulos reports (Cf.ref.[290]) this indeed

seems to be the case.

Subject to further tests and confirmation, for example by NASA’s GLAST

satellite [361], spacetime at a microscopic length scale or ultra high energy

level is not a smooth manifold, brought out by this manifestation in for

example (5.44).

The small mass of the photon too, as seen in the last Chapter has con-

sequences. It must be remembered that all these effects are small and
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consistent with the size of the Universe. Nevertheless there are experimen-

tal tests, in addition to those mentioned above, which are doable. As noted

it is well known that for a massive vector field interacting with a magnetic

dipole of moment M, for example the earth itself, we would have with the

usual notation (Cf.ref.[165])

A(x) =
ı

2

∫

d3k

(2π)3
M× k

eık,x

k2 + µ2
= −M×∇

(

e−µr

8πr

)

B =
e−µr

8πr3
|M|

{[

r̂(r̂ · ẑ) − 1

3
ẑ

]

(µ2r2 + 3µr + 3) − 2

3
ẑµ2r2

}

(5.51)

We saw that considerations like this have yielded in the past an upper limit

for the photon mass, for instance 10−48gms in one estimate and 10−57gms

in later estimates. Nevertheless (5.51) can be used for a precise determina-

tion of the photon mass. It may be reiterated here that contrary to popular

belief, there is no experimental evidence to indicate that the photon mass

is zero! (Cf. discussion in ref.[301]).

Finally, we noted that the above value for the photon mass was also ob-

tained by Terazawa [362], using the Dirac Large Number Hypothesis, some-

thing which is in fact a consequence of the Planck oscillator approach al-

luded to in Chapter 3 (Cf.ref.[16]).

5.5 The Finsler Spacetime Approach

In this approach not only the violation of GZK cut off in ultra high energy

cosmic rays but also the anisotropy as indicated by data from COBE is

taken into account. Then we have a Finsler metric [363–365], which in two

dimensions can be written as

x′ = erα L(x), tan ~α =
u

c
(5.52)

r being the anisotropy factor and L stands for the usual Lorentz transfor-

mation u being the velocity, which is not evident in (5.52) because there is

only one space dimension. From observation it appears that

r ≥ 10−10

Finally the Finslerian metric in three dimensions is given by

ds2 =

[

(dx0 − dx1)2

(dx0)2 − (dx1)2 − (dx2)2 − (dx3)2

]r

·
[

(dx0)2 − (dx1)2 − (dx2)2 − (dx3)2
]

(5.53)
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It can be seen from (5.53) that there is a prefered direction like the x1

axis in this special choice. The metric in (5.53) leads to a modified energy

momentum formula which is given by

[

(E/c− ~p · ~ν)2
E2/c2 − p2

]−r
(E2/c2 − p2) = m2c2(1 − r)1−r(1 + r)1+r(ν2 = 1)

(5.54)

In (5.54) the anisotropy direction is given by ~ν. As r is small, (5.54) sim-

plifies to a form similar to (5.31), with suitable approximations.

5.6 Remarks

We would like to point out that a Lorentz symmetry violation would also

imply a violation of the CPT invariance, though this could be expected

only from high energies, the effect itself being small (Cf.ref.[366] and refer-

ences therein). Indeed in the light of (5.44), the modified Dirac equation

(Cf.ref.[339]) throws up a Lagrangian with a parity violating term. Specif-

ically, this term in the Dirac Hamiltonian is

γ5lp2,

which is clearly CPT violating.

It must also be remarked that given a fuzzy spacetime or equivalently a

noncommutative geometry, we can deduce the photon mass. It has already

been pointed out that such noncommutativity of coordinates leads to a

term in gauge theory which is similar to the symmetry breaking Higgs field

term [16]. It is this term which in the case of U(1) electromagnetic field

gives ∼ l2, which as argued is the photon mass [367]. From this point of

view, the different routes to Lorentz symmetry violation, except the Finsler

spacetime approach, are all really due to the 0(l2) effect. However, as noted

above, even the Finsler spacetime case, (5.54), approximates (5.44).

Finally, it must be pointed out that experiments by Mignani and cowork-

ers [368–370] indicate a violation of Lorentz symmetry in the low energy

regime while a more updated experimental set up for the photon mass effect

in (5.51) is described in [284].
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5.7 A Test for Non Commutative Spacetime

We first observe that non commutativity means that simple coordinates

like x and y do not commute but rather we have relations of the type

encountered earlier, viz.,

[x, y] = βΘ (5.55)

where β ∼ l2, l being the minimum extension and Θ are matrices. The

Equation (5.55) suggests that the coordinates also contain some type of a

momentum with a suitable dimensional factor [371, 54]:

y = h′px (5.56)

It has been shown that

h′ = l2/h (5.57)

On the other hand, it has been shown by the author, Saito and others

[297, 372] that the above non commutative geometry gives rise to a mag-

netic field ~B given by

Bl2 = hc/e (5.58)

where B = | ~B|. Use of (5.58) with (5.56) and (5.57) gives

y =
c

eB
px (5.59)

Equation (5.59) is familiar from the theory of a particle in a uniform mag-

netic field, first worked out by Landau [373, 308]. What happens there is,

given a uniform magnetic field along the z axis, the particle in the classical

sense executes circles in the x, y plane with quantized energy levels given

by, with the usual notation

E = (n+
1

2
)hωB + p2

z/2m− µσB/s (5.60)

where ωB is given by

ωB = |e|B/mc
while (5.59) holds good. These are the so called Landau levels. Thus the

non commutative geometry would show up as a quantization of the energy

as in (5.60). It must be observed that in (5.60) pz is itself not quantized.

It is surprising that Landau’s original formulation of the particle in a uni-

form magnetic field also throws up a non commutative geometry−−in fact

the coordinates of the centre of the above concentric circles representing

Landau levels do not commute. But this non commutative geometry was

overlooked! Interestingly if one considers the usual Harmonic oscillator

problem, but this time in the context of the non commutative geometry

(5.55), then again we recover the Landau problem (Cf.ref.[374] for details).
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Chapter 6

The Origin of Mass, Spin and

Interaction

6.1 The Unification Mantra

If we look back at prehistory, we find bewildered man assigning to different

natural phenomena, different controlling powers or deities. But gradually,

we could discern underlying common denominators. Over the millennia

man’s quest for an understanding of the universe has been to perceive dis-

parate phenomena in terms of a minimal set of simple principles. Today

looking back we can see the logic of Occam’s razor (literally, “A satisfactory

proposition should contain no unnecessary complications”), or an economy

of hypothesis– a far cry from prehistoric times.

In the words of F.J. Dyson[375], “.... the very greatest scientists in each

discipline are unifiers. This is especially true in Physics. Newton and Ein-

stein were supreme as unifiers. The great triumphs of Physics have been

triumphs of unification. We almost take it for granted that the road of

progress in Physics will be a wider and wider unification...”.

Sir Isaac Newton was the first great unifier. He discovered the Universal

Law of Gravitation: The force which kept the moon going round the earth,

or the earth round the sun was also the force which kept binary stars go-

ing around each other and so on. All this was basically the same force of

gravitation which brought apples down from a tree. This apart his Laws of

Motion were also universal.

In the nineteenth century the work of Faraday, Ampere and others showed

the close connection between the apparently totally dissimilar forces of elec-

tricity and magnetism. It was Maxwell who unified electricity not just with

magnetism but with optics as well[376].

There was another great unification in the nineteenth century: Thermody-

namics linked the study of heat to the kinetic theory of gases[377].

185
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In the early part of the twentieth century Einstein fused space and time,

giving them an inseparable identity, the Minkowski spacetime[378]. He

went on to unify spacetime with Gravitation in his General Theory of

Relativity[229]. However the unification of Electromagnetism and Grav-

itation has eluded several generations of physicists, Einstein included [39].

Meanwhile, thanks to the work of De Broglie and others, the newly born

Quantum Theory unified the two apparently irreconcilable concepts of New-

ton’s “particles” and Huygen’s waves[15].

Yet another unification in the last century, which often is not recognised as

such is the fusion of Quantum Mechanics and Special Relativity by Dirac,

through his celebrated equation of the electron[15].

One more unification took place in the seventies due to the work of Salam,

Weinberg, Glashow and others– the unification of Electromagnetism with

the weak forces. This has given a new impetus to attempts for unifying all

interactions, Gravitation included.

The weak force is one of two forces, the other being the strong force, discov-

ered during the twentieth century itself. Earlier studies and work revealed

that there seemed to be three basic particles in the Universe, the protons,

the neutrons and the electrons. While the proton and the electron interact

via the electromagnetic force, in the absence of this force the proton and

the neutron appear to be a pair or a doublet. However the proton and

the neutral neutron interact via “strong forces”, forces which are about ten

times stronger than the electromagnetic but have a much shorter range of

just about 10−13cms. These are the forces which bind, for example, the

protons in the nucleus.

The existence of the neutrino was postulated by Pauli in 1930 to explain

the decay of the neutron, and it was discovered by Reines and Cowan in

1955. The weak force which is some 10−13 times the strength of the electro-

magnetic force is associated with neutrino type particles and has an even

shorter range, 10−16cms. The neutrino itself has turned out to be one of

the most enigmatic of particles, with peculiar characteristics, the most im-

portant of which is its handedness. This handedness property appears to

be crucial for weak forces.

Later work revealed that while particles like the electron and neutrino,

namely the leptons may be “truly” elementary, particles like the protons

may be composite, infact made up of still smaller objects called quarks –

six in all as we saw in Chapter 1 [35]. Today it is believed that the quarks

interact via the strong forces or the QCD forces, we have already encoun-

tered.
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All these “material” particles are Fermions, with half integral spin. Forces

or interactions while originating in Fermions, are mediated by messengers

like photons which are Bosons, with integral spin, spin 1 in fact. This is

crucial, for, now there is the formalism of gauge theory which can describe

all these interactions. We briefly saw all this.

In this sense Gravitation is not a gauge force. It is supposedly mediated by

particles of spin 2.

To picturise the above let us consider the interaction between a proton and

an electron. A proton could be imagined to emit a photon which is then

absorbed by the electron. These studies, in the late forties and fifties cul-

minated in the highly successful theory of Quantum Electro Dynamics or

QED.

Instead of a single mediating particle we could think of multiplets, all having

equal masses. With group theoretical inputs, one could shortlist, singlets

with one particle like the photon, triplets, octets and so on as possible

candidates[35].

Motivated by the analogy of Electromagnetism mediated by the spin one

photon, it was realized in the fifties that the W+ and W− Bosons could

be possible candidates for the mediation of the weak force. However there

had to be one more messenger so that there would be the allowable triplet.

It was suggested by Ward and Salam that the third candidate could be the

photon itself, which would then provide not only a description of the weak

force but would also unify it with Electromagnetism. However while the

W particles were massive, the photon was massless so that they could not

form a triplet. A heavy photon or Z0 was then postulated to make up a

triplet, while the photon was also used for the purpose of unification, and

moreover a mixing of Z0 and the photon was required for the well known

renormalization, that is the removal of infinities.

The question was how could the photon be massless while the W and Z

particles would be massive? It was suggested that this could be achieved

through the spontaneous breaking of symmetry[35]. For example a bar

magnet when heated, looses its magnetism. In effect the North and South

pole symmetry is broken. Conversely, when the magnet cools down, polar-

ity or asymmetry is restored spontaneously. This infact is a phase transition

from symmetry to asymmetry.

In our case, before the spontaneous breaking of symmetry or the phase

transition, the W s, Zs, and the photons would all be massless. After the

phase transition, while the photons remain mass less, the others would ac-

quire mass. This phase transition would occur at temperatures ∼ 1015◦
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Centigrade. At higher temperatures there would be a single electroweak

force. As the temperature falls to the above level Electromagnetism and

weak forces would separate out.

The next problem was, the inclusion of the strong forces. Clearly the direc-

tion to proceed appeared to be to identify the gauge character of the strong

force– mediated by spin one particles, the gluons. (The approach differed

from an earlier version of strong interaction in terms of Yukawa’s pions.)

This force binds the different quarks to produce the different elementary

particles, other than the leptons. This is the standard model. It must be

mentioned that in the standard model, the neutrino is a massless particle.

However we have not yet conclusively achieved a unification of the elec-

troweak force and the strong force. We proceed by the analogy of the

electroweak unification to obtain a new gauge force that has been called by

Jogesh Pati and Abdus Salam as the electro nuclear force, or in a similar

scheme the Grand Unified Force by Glashow and Georgi.

It must be mentioned that one of the predictions is that the proton would

decay with a life time of about 1032 years, very much more than the age

of the Universe itself. However some believe that we are near a situa-

tion where this should be observable[379]. Others have given up on this

idea. This “unifying” theory as we saw in Chapter 1, still relies on eigh-

teen arbitrary parameters, apart from being plagued by problems like the

“hierarchy problem”, which arises from the widely different energies and

therefore masses associated with the various interactions, the as yet non-

existent monopole, infinities or divergences (which have to be eliminated

by renormalization), and so on [380]-[382], [27].

The super Kamiokande determination of neutrino mass in the nineties, is

the first evidence of what may be called, Physics beyond the standard

model. Interestingly in this theory we would also require a right handed

neutrino in this case.

Meanwhile extended particles had come into vogue from the seventies, with

string theory[103, 383, 384]. Starting off with objects of the size of the

Compton wavelength, the theory of superstrings now deals with the Planck

length of about 10−33cms.

We have already noted that all interactions except Gravitation which is

mediated by spin 2 gravitons are generalizations of the electromagnetic

gauge theory. String theory combines Special Relativity, and General

Relativity−−we need ten, (9 + 1), dimensions for quantizing strings, and

we also get a mass less particle of spin two which is the mediator of the

gravitational force. This way there is the possibility of unifying all interac-
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tions including Gravitation. Further, in the above ten dimensions there are

no divergences. This is because the spatial extension of the string fudges

the singularities (or vertices). However, we require, for verification of the

string model, energies ∼ 1018mP , as against the presently available 103mP .

For this and other reasons, as we briefly saw in Chapter 1, String theory

too is falling out of favour.

As noted modern Fuzzy Spacetime and Quantum Gravity approaches to

the problem deal with a non differentiable spacetime manifold. In the lat-

ter approach as we saw there is a minimum spacetime cut off, with, what

is nowadays called a non commutative geometry, a feature shared by the

Fuzzy Spacetime also [145, 315, 16, 316, 60, 317]. The new geometry is

given by, as seen repeatedly,

[dxµ, dxν ] ≈ βµν l2 6= 0 (6.1)

While equation (6.1) is true for any minimum cut off l, we will argue that it

is most interesting and leads to physically meaningful relations including a

rationale for the Dirac equation and the underlying Clifford algebra, when

l is at the Compton scale (Cf.ref.[16]). In any case given (6.1), the usual

invariant line element,

ds2 = gµνdx
µdxν (6.2)

has to be written in terms of the symmetric and nonsymmetric combinations

for the product of the coordinate differentials. That is, the right side of

equation (6.2) would become

1

2
gµν [(dxµdxν + dxνdxµ) + (dxµdxν − dxνdxµ)] ,

In effect we would have

gµν = ηµν + khµν (6.3)

So the noncommutative geometry introduces an extra term, that is the

second term on the right side of (6.3). It has been shown in detail by the

author that (6.1) or (6.2) lead to a reconciliation of electromagnetism and

gravitation and lead to what may be called an extended gauge formulation

[324, 371, 300, 385].

The extra term in (6.3) leads to an energy momentum like tensor but it

must be stressed that its origin is in the non commutative geometry (6.1).

All this of course is being considered at the Compton scale of an elementary

particle.
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6.2 Compton Scale Considerations

As in the case of General Relativity [229, 45], but this time remembering

that neither the coordinates nor the derivatives commute we have

∂λ∂
λhµν − (∂λ∂

νhµλ + ∂λ∂
µhνλ)

−ηµν∂λ∂λh+ ηµν∂λ∂σh
λσ = −kT µν (6.4)

It must be reiterated that the non commutativity of the space coordinates

has thrown up the analogue of the energy momentum tensor of General

Relativity, viz., T µν . We identify this with the energy momentum tensor.

At this stage, we note that the usual energy momentum tensor is symmet-

ric, this being necessary for the conservation of angular momentum. This

condition does not hold in (6.4), and the circumstance requires some dis-

cussion. Let us first consider the usual case with commuting coordinates

[386]. Here as is well known, we start with the action integral

S =

∫

Λ

(

q,
∂q

∂xı

)

dV dt =
1

c

∫

ΛdΩ, (6.5)

In (6.5) Λ is a function of the generalized coordinates q of the system, as

also their first derivatives with respect to the space and time coordinates.

In our case the q will represent the four potential Aµ (Cf.[386]) as will be

seen again in (6.24). Requiring that (6.5) should be stationery leads to the

usual Euler-Lagrange type equations,

∂

∂xı
∂Λ

∂q, ı
− ∂Λ

∂q
= 0 (6.6)

In (6.6), the summation convention holds. We also have from first principles

∂Λ

∂xı
=
∂Λ

∂q

∂q

∂xı
+

∂Λ

∂q,k

∂q,k
∂xı

(6.7)

At this stage we note that in the usual theory we have in (6.7)
{

∂q,k
∂xı

− ∂q,ı
∂xk

}

= Alk,ı −Alı,k = 0 (6.8)

Using (6.8) it then follows that conservation of angular momentum requires

T ık = T kı, (6.9)

However in our case the right side of (6.8) does not vanish due to the non

commutativity of the coordinates and the partial derivatives, as will be seen

more explicitly in (6.24). This means that the condition (6.9) does not hold
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for non commutative coordinates, and hence (6.4) does not contradict the

conservation of angular momentum. However there is new physics here and

this new physics will be seen in equations following from (6.24): we recover

Electromagnetism as an effect.

Remembering that hµν is a small effect, we can use the methods of linearized

General Relativity [229, 45], to get from (6.4),

gµv = ηµv + hµv , hµv =

∫

4Tµv(t− |~x− ~x′|, ~x′)
|~x− ~x′| d3x′ (6.10)

It was shown several years ago in the context of linearized General Relativ-

ity, that for distances |~x− ~x′| much greater than the distance ~x′, that is well

outside the Compton wavelength in our case, we can recover from (6.10)

the electromagnetic potential (Cf.ref.[130] and references therein). We will

briefly return to this point.

In (6.10) we use the well known expansions [45]

T̄µν(t− |x− x′|, x′) =

∞
∑

n=0

1

n

[

∂n

∂tn
T̄µν(t− r, x′)

]

(r − |x− x′|)n, (6.11)

r − |x− x′| = xj

(

xj
′

r

)

+
1

2

xjxk

r

(

xj
′

xk
′ − r

′2δjk
r2

)

+ · · · , (6.12)

1

|x− x′| =
1

r
+
xj

r2
xj

′

r
+

1

2

xjxk

r3
(3xj

′

xk
′ − r

′2δjk)

r2
+ · · · , (6.13)

where r ≡ |~x|. We note that

r = |~x| ∼ l (6.14)

where l is of the order of the Compton wavelength. So the expansion of the

integral in (6.10) now gives using (6.12) and (6.13),

T

r
+ T ′ · 1

r
(r − |x− x′|) +

1

2
T ′′ (r − |x− x′|)

r
(6.15)

where primes denote the derivatives and we have dropped the superscripts

for the moment. Denoting (r − |x − x′|) ≡ r′, where 0 ≤ r′ ≤ r, we can

write

〈r′〉 ≈ γrwhere γ ∼ 0(1) (6.16)

Finally the expansion gives on the use of (6.15) and (6.16), the expression

T

r
+ γT ′ +

γ2

2
T ′′ · r (6.17)
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That is we have, from (6.10) and (6.17),

hµv = 4

∫

Tµv(t, ~x
′)

|~x− ~x′| d
3x′ + (terms independent of~x) + 2

∫

d2

dt2
Tµv(t, ~x

′).|~x− ~x′|d3x′ + 0(|~x− ~x′|2) (6.18)

The last term in (6.18) can be neglected, as we are dealing with points

near the Compton wavelength. The first term gives on the use of (6.17),

a Coulombic α
r type interaction except that the coefficient α is of much

greater magnitude as compared to the gravitational or electromagnetic case,

because in the expansion (6.12) and (6.13) all terms are of comparable order.

The second term on the right side of (6.18) is of no dynamical significance

as it is independent of ~x. The third term however is of the form constant

×r. That is the potential (6.18) is exactly of the form of the QCD potential

[30]

−α
r

+ βr (6.19)

In (6.19) α is of the order of the mass of the particle as follows from (6.18)

and the fact that T µν is the energy momentum tensor given by

T µν = ρuµuν (6.20)

where in (6.20), remembering that we are at the Compton scale, uı ∼ c. We

now deduce two relations which can be deduced directly from the theory of

the Dirac equation [15]. We do it here to show the continuity of the above

theme. Remembering that from (6.1), we are within a sphere of radius

given by the Compton length where the velocities equal that of light, as

noted above, we have equations

|duv
dt

| = |uv|ω (6.21)

ω =
|uv|
R

=
2mc2

~
(6.22)

Alternatively as remarked, we can get (6.21) from the theory of the Dirac

equation itself [15], viz.,

ı~
d

dt
(uı) = −2mc2(uı),

Using (6.20), (6.21) and (6.22) we get

d2

dt2
T µv = 4ρuµuvω2 = 4ω2T µv (6.23)
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Equation (6.23) too is obtained in the Dirac theory (loc.cit). Whence, as

can be easily verified, α and β in (6.19) have the correct values required

for the QCD potential (Cf. also [130]). (Alternatively βr itself can be

obtained, as in the usual theory by a comparison with the Regge angular

momentum mass relation: It is in fact the constant string tension like po-

tential mentioned in Chapter 1 which gives quark confinement and its value

is as in the usual theory [387].)

Let us return to the considerations which lead via a non commutative ge-

ometry to an energy momentum tensor in (6.4). We can obtain from here

the origin of mass and spin itself, for we have as is well known (Cf.ref.[45])

m =

∫

T 00d3x

and via

Sk =

∫

εklmx
lTm0d3x

the equation

Sk = c < xl >

∫

ρd3x·

While m above can be immediately and consistently identified with the

mass, the last equation gives the Quantum Mechanical spin if we remember

that we are working at the Compton scale so that

〈xl〉 =
~

2mc
·

Returning to the considerations in (6.1) to (6.4) it follows that (Cf.ref.[324])

∂

∂xλ
∂

∂xµ
− ∂

∂xµ
∂

∂xλ
goes over to

∂

∂xλ
Γνµν −

∂

∂xµ
Γνλν (6.24)

Normally in conventional theory the right side of (6.24) would vanish. Let

us designate this non vanishing part on the right by

e

c~
F µλ (6.25)

We have shown here that the non commutativity in momentum components

leads to an effect that can be identified with Electromagnetism and in fact

from expression (6.25) we have

Aµ = ~Γµνν (6.26)

where Aµ ≡ q, which we encountered in (6.6), as noted can be identified

with the electromagnetic four potential and the Coulomb law deduced for
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|~x − ~x′| in (6.10) much greater than |~x′| that is well outside the Compton

scale (Cf.ref.[16] and also ref. [130]). (Cf. also equation (6.3)). Indeed

we have referred to this in the discussion after (6.4). It must be mentioned

that despite non commutativity, we are using as an approximation the usual

continuous partial derivatives, though these latter do not commute amongst

themselves now. This facilitates the analysis and brings out the physical

effects. In any case as can be seen from (6.1), the effects are of the order

l2.

To see this in the light of the usual gauge invariant minimum coupling

(Cf.ref.[130]), we start with the effect of an infinitesimal parallel displace-

ment of a vector in this non commutative geometry,

δaσ = −Γσµνa
µdxν (6.27)

As is well known, (6.27) represents the effect due to the curvature and non

integrable nature of space - in a flat space, the right side would vanish.

Considering the partial derivatives with respect to the µth coordinate, this

would mean that, due to (6.27)

∂aσ

∂xµ
→ ∂aσ

∂xµ
− Γσµνa

ν (6.28)

Letting aµ = ∂µφ, we have, from (6.28)

Dµν ≡ ∂ν∂
µ → D′

µν ≡ ∂ν∂
µ − Γµλν∂

λ

= Dµ − Γµλν∂
λ (6.29)

Now we can also write

Dµν = (∂µ − Γµλλ)(∂ν − Γλλν) + ∂µΓλλν + Γµλλ∂ν

So we get

Dµν − Γµλλ∂ν = (pµ)(pν)

where

pµ ≡ ∂µ − Γµλλ

Or,

Dµµ − Γµλλ∂µ = (pµ)(pµ)

Further we have

D′
µµ = Dµµ − Γµλµ∂

λ
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Thus, (6.29) gives, finally,

D′
µν = (pµ)(pν)

That is we have

∂

∂xµ
→ ∂

∂xµ
− Γνµν

Comparison with (6.26) establishes the required identification.

It is quite remarkable that equation (6.26) is mathematically identical to

Weyl’s unification formulation, though as noted this was not originally ac-

ceptable because of the ad hoc insertion of the electromagnetic potential.

Here in our case it is a consequence of the geometry - the noncommutative

geometry.

We have also described how in the usual commutative spacetime the Dirac

spinorial wave functions conceal the noncommutative character (6.1) [16].

Indeed we can verify all these considerations in a simple way as follows. To

recapitulate, first let us consider the usual spacetime, in which the Dirac

wave function is given by

ψ =

(

χ

Θ

)

,

where χ and Θ are two component spinors. It is well known that under

reflection while the so called positive energy spinor Θ behaves normally, on

the contrary χ → −χ, χ being the so called negative energy spinor which

comes into play at the Compton scale. That is, space is doubly connected.

Because of this property as shown in detail [371], there is now a covariant

derivative given by, in units, ~ = c = 1,

∂χ

∂xµ
→ [

∂

∂xµ
− nAµ]χ (6.30)

where

Aµ = Γµσσ =
∂

∂xµ
log(

√

|g|) (6.31)

Γ denoting the Christofell symbols.

Aµ in (6.31)is now identified with the electromagnetic potential, exactly as

in Weyl’s theory except that now, Aµ arises from the bi spinorial character

of the Dirac wave function or the double connectivity of spacetime. In other

words, we return to (6.26) via an alternative (but connected) route.

What all this means is that the so called ad hoc feature in Weyl’s unification

theory is really symptomatic of the underlying noncommutative spacetime
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geometry (6.1). Given (6.1) (or (6.3)) we get both Gravitation and Elec-

tromagnetism in a unified picture, because both are now the consequence

of spacetime geometry. We could think that Gravitation arises from the

symmetric part of the metric tensor (which indeed is the only term if 0(l2)

is neglected) and Electromagnetism from the antisymmetric part (which

manifests itself as an 0(l2) effect). It is also to be stressed that in this

formulation, we are working with noncommutative effects at the Compton

scale, this being true for the Weyl like formulation also.

6.3 Remarks

As we saw, the Compton scale comes as a Quantum Mechanical effect,

within which we have zitterbewegung effects and a breakdown of causal

Physics [15]. We, on the other hand have studied all this in the context of

a non differentiable spacetime and noncommutative geometry.

Weinberg also noticed the non physical aspect of the Compton scale as we

saw in detail [17]. Elaborating on the non-causal behavior he goes on:

“There is only one known way out of this paradox. The second observer

must see a particle emitted at x2 and absorbed at x1. But in general the

particle seen by the second observer will then necessarily be different from

that seen by the first. For instance, if the first observer sees a proton turn

into a neutron and a positive pi-meson at x1 and then sees the pi-meson

and some other neutron turn into a proton at x2, then the second observer

must see the neutron at x2 turn into a proton and a particle of negative

charge, which is then absorbed by a proton at x1 that turns into a neutron.

Since mass is a Lorentz invariant, the mass of the negative particle seen by

the second observer will be equal to that of the positive pi-meson seen by

the first observer. There is such a particle, called a negative pi-meson, and

it does indeed have the same mass as the positive pi-meson. This reasoning

leads us to the conclusion that for every type of charged particle there is an

oppositely charged particle of equal mass, called its antiparticle. Note that

this conclusion does not obtain in non-relativistic quantum mechanics or in

relativistic classical mechanics; it is only in relativistic quantum mechanics

that antiparticles are a necessity. And it is the existence of antiparticles

that leads to the characteristic feature of relativistic quantum dynamics,

that given enough energy we can create arbitrary numbers of particles and

their antiparticles.”

We reiterate however that in Weinberg’s analysis, one observer sees only
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protons at x1 and x2, whereas the other observer sees only neutrons at

x1 and x2 while in between, the first observer sees a positively charged

pion and the second observer a negatively charged pion. In a sense this is

another perspective on the charge independence of strong interactions (or

Heisenberg’s isospin). We remark that in Weinberg’s explanation which is

in the spirit of the Feynman-Stuckleberg diagrams there is no charge con-

servation, though the Baryon number is conserved. The explanation for this

is to be found in the considerations leading from (6.10) to (6.19)−−within

the Compton scale we have the QCD interactions−−electromagnetic inter-

action is outside the Compton scale.

Our analysis uses the Compton length (and time) as the fundamental pa-

rameter. It may be added that there is a close parallel between the above

considerations and the original Dirac monopole theory: in the latter it is

the nodal singularity that gives rise to magnetism, while in the former, the

multiply connected nature of space (or non commutativity) gives rise to

Electromagnetism. This has been discussed in [297]and we will return to

it. So too, it may be mentioned that the considerations in equations (6.21),

(6.22) and (6.23) are connected with Dirac’s membrane (and more recently

and generally the p-brane) theory [367] - though Dirac himself approached

the membrane problem from a different route. We will shortly come to this

point.

Finally, it may be pointed out that Einstein himself always disliked the

energy momentum tensor in his General Relativistic equation [388] as it

was mechanical and non geometric! Pleasingly, in the above formulation,

this term has a geometric origin−−albeit, a non commutative geometry

which also provides a unified description of linearized General Relativity

and Quantum Mechanics.

6.4 Fuzzy Spacetime and Fermions

We now address the question: Can we take an alternative route to use

Bosonic Strings which are at the real world Compton scale to obtain a

description of Fermions without going to the Planck scale? We have already

seen that Bosonic particles could be described as extended objects at the

Compton scale. Let us rewrite, following Snyder, the following Lorentz

invariant relations,

[x, y] = (ıa2/~)Lz, [t, x] = (ıa2/~c)Mx, etc.
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[x, px] = ı~[1 + (a/~)2p2
x]; · · · (6.32)

If a2 in (6.32) is neglected, then we get back the usual canonical commuta-

tion relations of Quantum Mechanics. This limit to an established theory

is another attractive feature of (6.32).

However if order of a2 is retained then the first of equations (6.32) as we

have repeatedly seen, characterize a completely different spacetime geom-

etry, one in which the coordinates do not commute. This is a noncommu-

tative geometry and indicates that spacetime within the scale defined by a

is ill defined, or is fuzzy [60]. Indeed in M-Theory too, we have a noncom-

mutative geometry like ((6.32)). As we started with a minimum extention

at the Compton scale, let us take a = (l, τ).

We also saw this by starting from the usual Dirac coordinate [15]

xı =
(

c2pıH
−1t
)

+
1

2
c~
(

αı − cpıH
−1
)

H−1 (6.33)

where the α’s are given by

~α =

[

~σ 0

0 ~σ

]

, (6.34)

the σ’s being the usual Pauli matrices. The first term on the right side

of (6.33) is the usual Hermitian position coordinate. It is the second or

imaginary term which contains ~α that makes the Dirac coordinate non

Hermitian. However we can easily verify from the commutation relations

of ~α, using (6.34) that

[xı, xj ] = βıj · l2 (6.35)

In fact (6.35) is just a form of the first of equations (6.32) and brings out

the fuzzyness of spacetime in intervals where order of l2 is not neglected.

We now obtain a rationale for the Dirac equation and spin from (6.35)

[389, 371]. Under a time elapse transformation of the wave function, (or,

alternatively, as a small scale transformation),

|ψ′ >= U(R)|ψ > (6.36)

we get

ψ′(xj) = [1 + ıε(ıxj
∂

∂xj
) + 0(ε2)]ψ(xj) (6.37)

Equation (6.37) can be shown to lead to the Dirac equation when ε is the

Compton time. A quick way to see this is as follows: At the Compton scale

we have,

|~L| = |~r × ~p| = | ~

2mc
·mc| =

~

2
,
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that is, at the Compton scale we get the Quantum Mechanical spin from

the usual angular momentum. Next, we can easily verify, that the choice,

t =

(

1 0

0 − 1

)

, ~x =

(

0 ~σ

~σ 0

)

(6.38)

provides a representation for the coordinates in (6.32), apart from scalar

factors. As can be seen, this is also a representation of the Dirac matrices.

Substitution of the above in (6.37) leads to the Dirac equation

(γµpµ −mc2)ψ = 0

because

Eψ =
1

ε
{ψ′(xj) − ψ(xj)}, E = mc2,

where ε = τ (Cf.ref.[152]).

All this is symptomatic of an underlying fuzzy spacetime described by a

noncommutative space time geometry (6.35) or (6.32) [154].

The point here is that under equation (6.35) and (6.38), the coordinates

xµ → γ(µ)x(µ) where the brackets with the superscript denote the fact that

there is no summation over the indices. In fact, in the theory of the Dirac

equation it is well known [390]that,

γkγl + γlγk = −2gklI (6.39)

where γ’s satisfy the usual Clifford algebra of the Dirac matrices, and can

be represented by

γk =
√

2

(

0 σk

σk∗ 0

)

(6.40)

where σ’s are the Pauli matrices. Bade and Jehle noted that (Cf.ref.[390]),

we could take the σ’s or γ’s in (6.40) and (6.39) as the components of a

contravariant world vector, or equivalently we could take them to be fixed

matrices, and to maintain covariance, to attribute new transformation prop-

erties to the wave function, which now becomes a spinor (or bi-spinor). This

latter has been the traditional route, because of which the Dirac wave func-

tion has its bi-spinorial character. In this latter case, the coordinates retain

their usual commutative or point character. It is only when we consider

the equivalent former alternative, that we return to the noncommutative

geometry (6.35).

That is, in the usual commutative spacetime the Dirac spinorial wave func-

tions conceal the noncommutative character (6.35).
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6.5 Branes

The considerations leading from (6.35) to (6.40) show that we are essentially

dealing with a Clifford or C-space [391]. We will study this briefly, following

[391]. Given the γ matrices which we encountered earlier we can write

γµ · γν ≡ 1

2
(γµγν + γνγµ) = gµν . (6.41)

γµ ∧ γν =
1

2
(γµγν − γνγµ) ≡

1

2
[γµ, γν ]. (6.42)

In other words (6.42) gives an antisymmetrical tensor.

More generally we can consider a complete set of basis vectors γµ in a

n-dimensional space satisfying (6.41) and (6.42). We can then have

γµ1
∧ γµ2

∧ γµ3
=

1

3!
[γµ1

, γµ2
, γµ3

], (6.43)

... (6.44)

γµ1
∧ γµ2

∧ · · · ∧ γµn
=

1

r!
[γµ1

, γµ2
, · · · , γµn

]. (6.45)

The left sides of (6.43), (6.44) and (6.45) are termed p-vectors, where p

takes on the values, 3, 4, · · ·n. A point in this n-dimensional space can be

designated as in the previous section by

x = xµγµ. (6.46)

More generally we have poly vectors which are obtained by superposing

multivectors as follows

X = σ1 + xµγµ +
1

2
xµ1µ2γµ1µ1

+ · · · + 1

n!
xµ1···µnγµ1···µn

≡ xMγM . (6.47)

where

γµ1···µr
≡ γµ1

∧ γµ2
∧ · · · ∧ γµr

and

xM = (σ, xµ, xµ1µ2 , · · · , xµ1···µr ),

γM = (1, γµ, γµ1µ2,···, γµ1···µr
), µ1 < µ2 < · · · < µr (6.48)

The coordinate Xµ1···µp
is a p-area enclosed by a loop of dimension p− 1.

We now observe that the coordinates σ, xµ, xµ1µ2
etc. describe extended

objects and that xM is a quantity that assumes any real value and that
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all possible X forms constitute a 2n dimensional manifold, which we call

the C-space. It may be mentioned that such higher dimensional extended

objects or surfaces- the D-branes, were introduced by Polchinski [392].

In any case we can see that the C-space generates branes of different di-

mensionality as in M-Theory. If we stop with xµ, we have the point space

time of Bosons, if we stop with xµγµ (in (6.47)), then we have the Fermions

(of the earlier section) and finally we get branes by retaining other terms

in (6.47). Moreover as we saw, retaining the usual coordinates xµ tanta-

mounts to neglecting O(l2), while for Fermions we retain those terms which

are ∼ 10−22cm2 in our Compton wavelength description, while if we retain

term O(l3) for example, these are ∼ 10−33cm3 (the Planck scale) and so

on. However, it should be noted that we are really dealing with areas, vol-

umes etc. in these higher order terms, and fractal dimensions as these are

resolution dependent.

6.6 Dirac’s Membrane and p-branes

In 1962 Dirac introduced a model of the electron which in its simplest terms

was a spherical shell [51]. The important features of this model were that

the electron had a finite self energy and only two parameters were required,

viz., the mass and charge, as in the point particle case. There were excited

states describing possibly the spectrum of heavier particles. On the other

hand, Dirac’s action did not contain the minimum coupling terms between

the charge and the electromagnetic field. This coupling was obtained by a

boundary condition and was consistent in the special gauge in which the

potential on the membrane’s surface was zero. Later this model was stud-

ied by Barut, Pavsic and others [7, 393, 394]. In these studies a covariant

theory of a moving charge membrane in an arbitrary dimension coupled to

the electromagnetic field was considered and developed. Interestingly there

has been a return to similar ideas in M-theory, which is currently in vogue

amongst superstring theorists. In general p-branes are being considered.

In M-theory as we saw, coordinates become matrices and this leads to a

noncommutative geometry [16].

We would like to point out that the above brane prescription can be ob-

tained in a straightforward manner, originating from the original Dirac

theory of the electron itself, something which has been long overlooked.

Indeed in the theory of the Dirac equation for the electron [15] we have
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effectively, as noted a little earlier,

ı~
d

dt
(uı) = −2mc2(uı), (6.49)

ı~
d2

dt2
(uı) = 2mc2(u̇ı), (6.50)

(Dirac himself used the notation cαı for uı).

We would like to point out that these equations imply that the electron is a

rotating shell at the Compton wavelength we described in equations (6.21)

and (6.22). For in this case we would have (Cf.ref.[130] for details)

|duν
dt

| = |uν |ω,

where,

ω =
|uν |
R

=
2mc2

~

These can be compared with (6.49) and (6.50) above. These equations

would also follow directly from our earlier noncommutative geometry viz.,

[dxµ, dxν ] ≈ βµν l2 6= 0 (6.51)

if l were at the Compton scale.

On the other hand we have argued that the noncommutative geometry

(6.51) which is valid if there is a minimum space time cut off at an arbitrary

length l, is particularly interesting, when l is the Compton wavelength.

So the ingredients for the shell model and p-branes of M-theory were already

present but overlooked in Dirac’s original electron theory once a noncom-

mutative geometry or equivalently a minimum cut off at the Compton scale

is considered [367].

6.7 A Modified Klein-Gordan Equation

Owing to the modified dispersion relation considered in the previous Chap-

ter we have,

(D + l2∇4 −m2)ψ = 0 (6.52)

where D denotes the usual D’Alembertian.

Just to get a feel, it would be interesting to consider the extra effect in

(6.52). For simplicity we take the one dimensional case. As in conventional

theory if we separate the space and time parts of the wave function we get

l2u(4) + u(2) + λu = 0, λ = E2 −m2 > 0 (6.53)
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where u(n) denotes the nth space derivative.

Whence if in (6.53) we take,

u = eαx

and α2 = β we get,

l2β2 + β + λ = 0

whence

β =
−1 ±

√
1 − 4l2λ

2l2

So

β ≈ −1 ± {1− 2l2λ}
2l2

(6.54)

From (6.54) it is easy to deduce that there are two extra solutions, as can

be anticipated by the fact that (6.52) is a fourth order equation, unlike the

usual second order Klein-Gordan equation. Thus we have

β = −λ(< 0)

giving the usual solutions, but additionally we have

β = −
(

1 − λl2

l2

)

(< 0) (6.55)

What do the two extra solutions in (6.55) indicate? To see this we observe

that α is given by, from (6.55)

|α| ≈ ±1

l
(6.56)

In other words (6.56) corresponds to waves with wavelength of the order l,

which is intuitively quite reasonable.

What is interesting is that if l is an absolute length then the extra effect

is independent of the mass of the particle. In any case the solutions from

(6.56) are GZK violating solutions, arising as they do, from the modified

energy momentum formula of the previous Chapter.

We now make some remarks. Departures from Lorentz symmetry of the

type seen have as noted, been studied, though from a phenomenological

point of view [344–349]. These arise mostly from an observation of Ultra

High Energy Cosmic Rays. Given Lorentz Symmetry, there is the GZK cut

off already alluded to, such that particles above this cut off would not be

able to travel cosmological distances and reach the earth. However as men-

tioned, there are indications of a violation of the GZK cut off (Cf.references
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[344]-[349]).

In any case some of the effects can be detected, it is hoped by the GLAST

Satellite [361].

Interestingly, if in (6.52) we take, −l2 rather than +l2, we get two real

exponential solution of (6.52). One of them is an increasing exponential

leading to very high probabilities for finding these particles.

6.8 A Modified Dirac Equation

Once we consider a discrete spacetime structure, the energy momentum

relation, as noted in the previous Chapter, gets modified [130, 350] and we

have in units c = 1 = ~,

E2 − p2 −m2 + l2p4 = 0 (6.57)

l being a minimum length interval, which could be the Planck length or

more generally the Compton length. Let us now consider the Dirac equation

{γµpµ −m}ψ ≡ {γ◦p◦ + Γ}ψ = 0 (6.58)

If we include the extra effect shown in (6.57) we get
(

γ◦p◦ + Γ + βlp2
)

ψ = 0 (6.59)

β being a suitable matrix.

Multiplying (6.59) by the operator
(

γ◦p◦ − Γ − βlp2
)

on the left we get

p2
0 −

(

ΓΓ + {Γβ + βΓ} + β2l2p4
}

ψ = 0 (6.60)

If (6.60), as in the usual theory, has to represent (6.57), then we require

that the matrix β satisfy

Γβ + βΓ = 0, β2 = 1 (6.61)

From the properties of the Dirac matrices [181] it follows that (6.61) is

satisfied if

β = γ5 (6.62)

Using (6.62) in (6.59), the modified Dirac equation finally becomes
{

γ◦p◦ + Γ + γ5lp2
}

ψ = 0 (6.63)
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Owing to the fact that we have [181]

Pγ5 = −γ5P (6.64)

It follows that the modified Dirac equation (6.63) is not invariant under

reflections. This is a result which is to be expected because the correction

to the usual energy momentum relation, as shown in (6.57) arises when l is

of the order of the Compton wavelength. The usual Dirac four spinor

(

Θ

χ

)

as seen has the so called positive energy (or large) components Θ and the

negative energy (or small) components χ. However, when we approach the

Compton wavelength, that is as

p→ mc

the roles are reversed and it is the χ components which predominate. More-

over the χ two spinor as noted, behaves under reflection as [181]

χ→ −χ

In any case, as noted in the previous Chapter, this too provides an ex-

perimental test. We can also see that due to the modified Dirac equation

(6.63), there is no additional effect on the anomalous gyromagnetic ratio.

This is because, in the usual equation from which the magnetic moment is

determined [395] viz.,

d~S

dt
= − e

µc
~B × ~S,

where ~S = ~
∑

/2 is the electron spin operator, there is now an extra term
[

γ5,
∑

]

(6.65)

However the expression (6.65) vanishes by the property of the Dirac matri-

ces.

We remark that it has already been argued in detail that [129, 130] as

we approach the Compton wavelength, the Dirac equation describes the

quark with the fractional charge and handedness. Our above derivation

and conclusion is pleasingly in agreement with this result.
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Chapter 7

The Enigma of Gravitation

7.1 Gravitation in a New Light

More than five thousand years ago, the Rig Veda repeatedly raised the

question: “How is it that though unbound the sun does not fall down?”

This was a question that puzzled thinking men over the millennia. Indian

scholars right up to Bhaskaracharya who lived about a thousand years ago,

believed in some attractive force which was responsible for keeping the ce-

lestial bodies from falling down.

The same problem as we saw in Chapter 1, was addressed by Greek thinkers

about two thousand five hundred years ago. They devised transparent ma-

terial spheres to which each of the celestial objects was attached−−the

material spheres prevented them from falling down. Further, all motions

were circular, for, the Greeks believed, taking the cue from Plato, that cir-

cles and spheres were perfect figures. The word orbit, which comes from

orb, Greek for circle, is a vestige of that legacy.

Unfortunately too, it was this answer to the age old question, which held

up further scientific progress till the time of Kepler, for even Copernicus

accepted the transparent material spheres.

Kepler as we saw, had a powerful tool in the form of the accurate obser-

vations of Tycho Brahe. He also had the advantage of the Indian numeral

system, which via the Arabs had reached Europe just a few centuries earlier.

These lead him to his famous laws of elliptical orbits with definite periods

correlated to distances from the Sun. This couching of natural phenomena

in the terse language of mathematical symbols that could be manipulated,

was the beginning of modern science.

The important point was that the Greek answer to the problem of why

heavenly objects do not fall down−−the transparent material spheres which

207
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held them up−−was now demolished. The age old question of why celestial

bodies do not fall down came back to haunt again. Kepler himself specu-

lated about some type of a magnetic force between the Sun and the planets,

rather on the lines of earlier speculations in India.

It was Newton who provided the breakthrough.

To quote Hawking [396], “The Philosophiae Naturalis Principia Mathemat-

ica by Isaac Newton, first published in Latin in 1687, is probably the most

important single work ever published in the physical sciences. Its signifi-

cance is equalled in the biological sciences only by The Origin of Species.

The original impulse which caused Newton to write the Principia was a

question from Edmund Halley as to whether the elliptical orbits of the

planets could be accounted for on the hypothesis of an inverse square force

directed towards the Sun. This was something that Newton had worked out

some years earlier but had not published, like most of his work on math-

ematics and physics. However, Halley’s challenge, and the desire to refute

the suggestions of others such as Hooke and Descartes, spurred Newton to

try to write a proper account of this result.”

Newton using Galileo’s ideas of Mechanics, thus stumbled upon the Univer-

sal Law of Gravitation. It was audacious to dub the law universal−−for it

was observed only for the solar system. But Herschel, in the next century

noticed that the orbits of binary stars too, followed the law−−so it was

truly universal.

This held sway for nearly two hundred and twenty five years, before Ein-

stein came out with his own theory of Gravitation. There was no force in

the mechanical sense that Newton and preceding scholars had envisaged it

to be. Rather it was due to the curvature of spacetime itself. Einstein’s

bizarre ideas have had some experimental verification as we saw briefly in

Chapter 3, while there are some other experimental consequences, such as

gravitational waves, which need to be confirmed.

After Einstein’s formulation of Gravitation a problem that has challenged

and defied solution as we have seen, has been that of providing a unified

description of Gravitation along with other fundamental interactions. In-

fact Einstein spent the last decades of his life in this fruitless quest. As

he would lament [397] “I have become a lonely chap who is mainly known

because he doesn’t wear socks and who is exhibited as a curiosity on special

occasions.”

One of the earliest attempts was as seen earlier that of Hermann Weyl,

which though elegant was rejected on the grounds that in the final analy-

sis, it was not really a unification of Gravitation with Electromagnetism but
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rather an adhoc prescription. However his original Gauge Invariant Geom-

etry lead to the modern Gauge Theory for other interactions. We saw that

within the framework of our theory, it is possible to get an extended gauge

theory that includes Gravitation. A new generation of efforts to quantize

the gravitational field, notably those of de Witt and later workers [398]

have also not been successful: the gauge approach to elementary particle

interactions has not lead to fruitful results in Gravitation. As Witten ob-

served [243] “the existence of gravity clashes with our description of the

rest of physics by quantum fields”. An important reason is obvious: Other

fields are described by vector bosons (with spin one), but gravitons are spin

2 bosons (or the gravitational field is a tensor field).

Modern approaches to this problem have as discussed, finally lead to the

abandonment of a smooth spacetime manifold. Instead, the Planck scale is

now taken to be a minimum fundamental scale. Let us revisit some of our

earlier ideas, already encountered.

We have argued from different points of view to arrive at the otherwise

empirically known equations [157, 158, 175]

R =
√

N̄lP =
√
Nl

l =
√
nlP (7.1)

where lP , l and R are the Planck length, the pion Compton wavelength

and the radius of the universe and N, N̄ and n are certain large numbers.

Some of these are well known empirically for example N ∼ 1080 being the

number of elementary particles, which typically are taken to be pions in

the literature, in the Universe as we noted.

One way of arriving at the above relations as we saw is by considering a

series of N Planck mass oscillators which are created out of the Quantum

vacuum. In this case (Cf. also ref.[273]) we have

r =
√
Na2 (7.2)

In (7.2) a is the distance between the oscillators and r is the extent. Equa-

tions (7.1) follow from equation (7.2).

We would like to point out that there is another way of arriving at equa-

tions (7.1) (Cf.ref.[175]). For this, we observe that the position operator

for the Klein-Gordan equation is given by [399],

~Xop = ~xop −
ı~c2

2

~p

E2
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Whence we get

X̂2
op ≡

2m3c4

~2
X2
op − α =

2m3c6

~2
x2 +

p2

2m
(7.3)

where α is a constant scalar, irrelevant in further discussion.

It can be seen that purely mathematically (7.3) for X̂2
op defines the Har-

monic oscillator equation, this time with quantized, what may be called

space levels. It turns out that these levels are all multiples of ( ~

mc )
2. This

Compton length is the Planck length for a Planck mass particle. Accord-

ingly we have for any system of extension r,

r2 ∼ Nl2

which gives back equation (7.1). This should not be surprising, because

the Klein-Gordon equation describes a string of normal mode oscillators.

We have noted that the Planck length is also the Schwarzschild radius of a

Planck mass, that is we have

lP = GmP /c
2 (7.4)

Using equations (7.1) and (7.4), we will now re-derive a few new and valid

and a number of otherwise empirically known relations involving the var-

ious microphysical parameters and large scale parameters. Some of these

relations are deducible from the others. Many of these relations featured

(empirically) in Dirac’s Large Number Cosmology. We follow Dirac and

Melnikov in considering l,m, ~, lP ,mP and e as microphysical parameters

[43, 201]. Large scale parameters include the radius and the mass of the

universe, the number of elementary particles in the universe and so on.

In the process we will also examine the nature of gravitation. It must also

be observed that the Large Number relations below are to be considered

in the Dirac sense, wherein for example the difference between the electron

and pion (or proton) masses is irrelevant [17].

We have used the following well known equation which we obtained through

different routes:
GM

c2
= R (7.5)

For example in an uniformly expanding flat Friedman spacetime, we have

[17]

Ṙ2 =
8πGρR2

3

If we substitute Ṙ = c at the radius of the universe in the above we recover

(7.5).
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We now observe that from the first two relations of (7.1), using the Compton

wavelength expression we get

m = mP /
√
n (7.6)

Using also the second relation in (7.1) we can easily deduce

N̄ = Nn (7.7)

Using (7.1) and (7.5) we have

M =
√

N̄mP (7.8)

Interestingly (7.8) can be obtained directly, without recourse to (7.5), from

the energy of the Planck oscillators (Cf.ref.[158]). Combining (7.8) and

(7.6) we get

M =
(√

N̄n
)

m (7.9)

Further if we use in the last of equation (7.1) the fact that lP is the

Schwarzchild radius, that is equation (7.4), we get,

G =
lc2

nm
(7.10)

We now observe that if we consider the gravitational energy of the N̄ Planck

masses (which do not have any other interactions) we get,

Gravitational Energy =
GN̄m2

P

R

If this is equated to the inertial energy in the universe, Mc2, as can be easily

verified we get back (7.5). In other words the inertial energy content of the

universe equals the gravitational energy of all the N̄ Planck oscillators.

This is yet another derivation of (7.5).

Similarly if we equate the gravitational energy of the n Planck oscillators

constituting the pion we get

Gm2
Pn

R
= mc2 (7.11)

Using in (7.11) equation (7.4) we get

lPmPn

R
= m

Whence it follows on using (7.7), (7.6) and (7.1),

n3/2 =
√

N̄ , n =
√
N (7.12)
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Substituting the value for n from (7.12) into (7.10) we will get

G =
lc2√
Nm

(7.13)

a relation we deduced in Chapter 3, alternatively. If we use (7.12) in (7.9)

we will get

M = Nm (7.14)

Alternatively we could use (7.14) which expresses the fact that the mass of

the Universe is given by the mass of the N elementary particles in it and

deduce equations (7.11), (7.12) and (7.13). Indeed a rationale for this is

the fact that the Universe at large is electrically neutral and so it is the

gravitational force which predominates, and this is very weak in comparison

to Electromagnetism. Using the expressions for the Planck length as a

Compton wavelength and equating it to (7.4) we can easily deduce

Gm2 =
e2

n
=

e2√
N

(7.15)

wherein we have also used ~c ∼ e2 and (7.6). Equation (7.15) is as we saw

earlier an empirically well known equation. Interestingly, to re-emphasize,

as we have deduced (7.15), rather than use it empirically, this points to a

unified description of Electromagnetism and Gravitation. We shall explore

this relation further.

Interestingly also rewriting (7.13) as

G =
l2c2

Rm

wherein we have used (7.1) and further using the fact that H = c/R, where

H is the Hubble constant we get, as already deduced

m ≈
(

H~
2

Gc

)
1

3

(7.16)

Equation (7.16) is the so called mysterious Weinberg formula, known em-

pirically and encountered earlier [17]. As Weinberg put it, “...it should be

noted that the particular combination of ~, H,G, and c appearing (in the

formula) is very much closer to a typical elementary particle mass than

other random combinations of these quantities; for instance, from ~, G, and

c alone one can form a single quantity (~c/G)1/2 with the dimensions of

a mass, but this has the value 1.22 × 1022MeV/c2, more than a typical

particle mass by about 20 orders of magnitude!
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“In considering the possible interpretations (of the formula), one should be

careful to distinguish it from other numerical “coincidences”... In contrast,

(the formula) relates a single cosmological parameter, H , to the fundamen-

tal constants ~, G, c and m, and is so far unexplained.”

We remark that (7.13) brings out gravitation in a different light−−some-

what but not exactly, on the lines of Sakharov. In fact it shows up grav-

itation as the excess or residual energy in the universe. We will return to

this in the sequel.

Finally it may be observed that (7.13) can also be rewritten as

N =

(

c2l

mG

)2

∼ 1080 (7.17)

and so also (7.10) can be rewritten as

n =

(

lc2

Gm

)

∼ 1040

It now immediately follows that

N̄ ∼ 10120

Looking at it this way, given G and the microphysical parameters we can

deduce the large scale numbers N, N̄ and n!

7.2 Remarks

The many so called large number coincidences and the mysterious Weinberg

formula can be deduced on the basis of a Planck scale underpinning for the

elementary particles and the whole Universe. This as we saw in Chapter

3, was done from a completely different point of view, namely using fuzzy

spacetime and fluctuations in a 1997 model which as we saw successfully

predicted a dark energy driven accelerating universe with a small cosmo-

logical constant [175, 130].

However the above treatment brings out the role of the Planck scale parti-

cles in the Quantum vaccuum. It resembles to a certain extent, as remarked

earlier the Sakharov-Zeldovich metric elasticity of space approach [278].

Essentially Sakharov argues that the renormalization process in Quantum

Field Theory which removes the Zero Point energies is altered in General

Relativity due to the curvature of spacetime, that is the renormalization or

subtraction no longer gives zero but rather there is a residual energy similar

to the modification in the molecular bonding energy due to deformation of
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the solids. We see this in a little more detail following Wheeler [45]. The

contribution to the Lagrangian of the Zero Point energies can be given in

a power series as follows

L(r) = A~

∫

k3dk +B~
(4)r

∫

kdk

+~[C((4)r)2 +Drαβrαβ ]

∫

k−1dk

+(higher-order terms). (7.18)

where A,B,C etc. are of the order of unity and r denotes the curvature.

By renormalization the first term in (7.18) is eliminated. According to

Sakharov, the second term is the action principle term, with the exception of

some multiplicated factors. (The higher terms in (7.18) lead to corrections

in Einstein’s equations.) Finally Sakharov gets

G =
c3

16πB~
∫

kdk
(7.19)

Sakharov then takes a Planck scale cut off for the divergent integral in the

denominator of (7.19). This immediately yields

G ≈ c3l2P
~

(7.20)

In fact using relations like (7.1), (7.6) and (7.12), it is easy to verify that

(7.20) gives us back (7.10) (and (7.13)).

According to Sakharov (and (7.20)), the value of G is governed by the

Physics of Fields and Particles and is a measure of the metrical elasticity

at small spacetime intervals. It is a microphysical constant.

However in our interpretation of (7.13), G appears as the expression of a

residual energy over the entire universe: The entire universe has an un-

derpinning of the N̄ Planck oscillators and is made up of N elementary

particles, which again each have an underpinning of n Planck oscillators. It

must be reiterated that (7.20) obtained from Sakharov’s analysis shows up

G as a microphysical parameter because it is expressed in their terms. This

is also the case in Dirac’s cosmology. This is also true of (7.10) because n

relates to the micro particles exclusively.

However when we use the relation (7.12), which gives n in terms of N , that

is links up the microphysical domain to the large scale domain, then we

get ( 7.13). With Sakharov’s equation (7.20), the mysterious nature of the

Weinberg formula remains. But once we use (7.13), we are effectively using
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the large scale character of G−−it is not a microphysical parameter. This

is brought out by (7.17), which is another form of (7.13). If G were a micro-

physical parameter, then the number of elementary particles in the universe

would depend solely on the microphysical parameters and would not be a

large scale parameter. The important point is that G relates to elementary

particles and the whole universe [400]. That is why (7.13) or equivalently

the Weinberg formula (7.16) relate supposedly microphysical parameters

to a cosmological parameter. Once the character of G as brought out by

(7.13) is recognized, the mystery disappears. We will also touch upon this

point in the next Chapter.

Finally as remarked attempts to unite Gravitation with other interactions

have been unsuccessful for several decades. However, it is possible to get

a description of Gravitation in an extended gauge field formulation using

noncommutative geometry (to take account of the fact that the graviton is

a spin 2 particle) [385, 16].

7.3 Gravitation and Black Hole Thermodynamics Again

A few decades ago, the work of Hawking, Beckenstein (and Unruh) and

others brought out the connection between Thermodynamics, black holes

and Quantum Theory. We will now return to the striking parallel between

the disparate fields of Gravitation and thermodynamical considerations on

the one hand and Electromagnetism on the other. We will then investigate

the mechanism that leads to such a parallelism.

Our starting point is the well known relation (7.15) between the gravita-

tional and electromagnetic coupling constants encountered repeatedly [45]

Gm2

e2
=

1√
N

(7.21)

In (7.21), m is the mass of a typical elementary particle and N ∼ 1080

is the number of elementary particles in the universe. Equation (7.21) is

one of the Dirac large number relations and for this purpose it does not

really matter if m stands for the mass of a pion or a proton or an electron

(Cf.[45]). It may also be mentioned that (7.21) was considered to be a

miraculous large number coincidence along with a few other such relations.

However we have already seen in Chapter 3 that these relations can in fact

be deduced from the theory [175, 176, 277, 130, 253, 401]. As such they

are not empirical or accidental.
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In our scheme we deduced that

G =
lc2√
Nm

=
lc2τ

mt
≡ Θ/t (7.22)

where l is the Compton wavelength of a typical elementary particle ∼
10−13cms,Θ ∼ 109 and wherein we have used the relation T =

√
Nτ . Equa-

tion (7.22) shows the dependence of G on time, and leads to meaningful

observational consequences including the otherwise unexplained anomalous

accelerations of the Pioneer spacecrafts [208, 335]. We saw all this in Chap-

ter 3. Equation (7.22) is just another form of (7.21). It was also pointed

out [277] that (7.22) shows up Gravitation as an effect of Electromagnetism

spread over the N particles of the universe. It should be mentioned, as we

will see a little later that in (7.22) if we use the fact that ~c/e2 = 137 and

the Weyl-Eddington relation, we recover (7.21). As we will see (equations

(7.25) and following relations of Black Hole Thermodynamics), (7.22) plays

an important role.

We would like to stress that if N ∼ 1 then Gm2 can be replaced by e2.

This signifies the fact that at the Planck scale, that is for Planck mass

black holes all of the electromagnetic energy is of the same order as the

gravitational energy or vice versa. Carrying this out on (7.22) we get, as

indeed we saw earlier,

e2 = lmc2 or l = e2/mc2 (7.23)

Apart from the fact that (7.23) is known to be correct, it also follows by a

simple substitution of (7.21) in (7.22).

Let us now contrast the gravitational and electromagnetic aspects. For

a Planck mass the Schwarzschild radius is the Planck length or Compton

length for a Planck mass, as we have seen:

GmP

c2
= lP ∼ ~/mP c ∼ 10−33cm (7.24)

We can compare (7.24) with (7.23) which defines l as what we have called

the “electromagnetic Schwarzschild” radius viz., the Compton wavelength,

when e2 is seen as an analogue of Gm2. To push these considerations

further, we have from the theory of black hole thermodynamics [44, 402]

for any arbitrary mass m, that first the Beckenstein temperature is given

by

T =
~c3

8πkmG
(7.25)
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This was the work of Jacob Beckenstein in the seventies, of the Beckenstein-

Hawking radiation fame. Equation (7.25) gives the thermodynamic tem-

perature of a Planck mass black hole. Further, in this theory, as already

noted,

dm

dt
= − β

m2
, (7.26)

where β is given by

β =
~c4

(30.8)3πG2

This leads back to the usual black hole life time given by

t =
1

3β
m3 = 8.4 × 10−24m3secs (7.27)

Let us now factor in the time variation of G into (7.26) as we did before.

Essentially we use (7.22). Equation (7.26) now becomes

m2dm = −B µ−2t2dt, B ≡ ~c4

λ3π
, µ ≡ lc2τ

m
, λ3 = (30.8)3π

Whence on integration we get

m =
~

λπ1/3

{

1

l6

}1/3

t =
~

λπ1/3

1

l2
t (7.28)

If we use the pion mass, m in (7.28), we get for t, the pion Compton time.

In fact if we use (7.22) in (7.25) with the appropriate expression for Θ, we

get

kT =
mc3t

l
Using for t, the pion Compton time, we get for a typical elementary particle,

kT = mc2 (7.29)

We saw that equation (7.29) is the well known relation expressing the Hage-

dorn temperature of elementary particles [253]. It is an analogue of (7.25).

Alternatively if we carry out the substitution Gm2 → e2 in (7.25) in the

above, we recover (7.29). Similarly instead of (7.26) we will get, with such

a substitution,

dm

dt
= − ~c4

λ3e4
m2,

whence we get for the life time

~c4

λ3e4
t =

1

m
(7.30)
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Coupling : Gm2 Coupling : e2

Schwarzchild radius Compton wavelength

Beckenstein Temperature Hagedorn temperature

Beckenstein decay time Compton time

Planck mass mP Pion mass mπ

For an elementary particle, (7.28) and (7.30) are the same. Further from

(7.30) we get, for the pion,

t ∼ 10−23secs,

which is again the pion Compton time. So the Compton time shows up as

an “electromagnetic Beckenstein radiation life time.”

Thus for elementary particles, working within the context of gravitational

theory, but with a time varying Gravitational constant being taken into

consideration as in steps leading to (7.28), we get the meaningful relations

(7.23) and (7.28) and (7.29) giving the Compton length and Compton time

as also the Hagedorn temperature as the analogues of the Schwarzschild

radius, radiation life time and black hole temperature obtained with the

usual gravitational coupling constant. Equivalently we can deduce the same

results by scaling up the gravitational coupling constant Gm2 → e2. The

converse holds good for e2 → Gm2. The parallel is complete. The analogy

can be summarized as shown in Table 1.

7.4 Further Remarks

1. We note that the relation

λ3e4

~2c2
∼ 1

which follows from (7.30) on using the expression for the Compton time

for t gives an estimate for the fine structure constant ∼ 1/150. It must

be remarked that earlier, we could see that h itself can be characterized in

terms of fluctuations.

2. We have noticed that Gravitation in a sense is a form of weak Electro-

magnetism. A question that has perplexed us for over a century is, why is

Gravitation so much weaker than Electromagnetism– to the extent given

by (7.21), in fact. One way in which this can be understood is by realizing

that the universe is by and large electrically neutral, because the atoms con-

sist of an equal number of positive and negative charges. Strictly speaking
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atoms are therefore electrical dipoles.

With this background and in the light of considerations in Chapter 1, let us

consider the following simple model of an electrically neutral atom which

nevertheless has a dipole effect. In fact as is well known from elementary

electrostatics the potential energy at a distance r due to the dipole is given

by

φ =
µ

r2
(7.31)

where µ = eL, L ∼ 10−8cm ∼ 103l ≡ ωl, e being the electric charge of

the electron for simplicity and l being the electron Compton wavelength.

(There is a factor cosΘ with µ, but on an integration over all directions,

this becomes an irrelevant constant factor 4π.)

Due to (7.31), the potential energy of a proton p (which approximates an

atom in terms of mass) at the distance r (much greater than L) is given by

e2L

r2
(7.32)

As there are N ∼ 1080 atoms in the universe, the nett potential energy of

a proton due to all the dipoles is given by

Ne2L

r2
(7.33)

In (7.33) we use the fact that the predominant effect comes from the distant

atoms which are at a distance ∼ r, the radius of the universe.

We next use the Eddington formula encountered several times earlier,

r ∼
√
Nl (7.34)

If we introduce (7.34) in (7.33) we get, as the energy E of the proton under

consideration

E =

√
Ne2ω

r
(7.35)

Let us now consider the gravitational potential energy E ′ of the proton p

due to all the other N atoms in the universe. This is given by

E′ =
GMm

r
(7.36)

where m is the proton mass and M is the mass of the universe.

Comparing (7.35) and (7.36), not only is E equal to E ′, but remembering

that M = Nm, we get back equation (7.21),

e2

Gm2
=

1√
N
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Thus we have shown that the well known relations and parameters pertain-

ing to Planck mass Black Hole Thermodynamics go over to corresponding

elementary particle relations, as shown in Table 1, when the time variation

of the gravitational constant as given in (7.22) is invoked. It has also been

mentioned that the time variation given in (7.22) has been confirmed by

observations on earth, the solar system and, perhaps the most accurate

of all, Pulsars (though observations based on other models have yielded

slightly different results). We had seen all this in Chapter 3.

7.5 Gravitation From Fluctuations

Richard Feynman had said that gravitation has to be the fluctuation of

something [403]. Our earlier work had implied that gravitation can indeed

come out as the fluctuation of electromagnetic energy of the N particles

comprising the universe (or more correctly, the charges in them). This is

given by

E =
e2
√
N

R
(7.37)

Let us identify E with the gravitational energy of the N particles:

E =
Gm2N

R
(7.38)

We then get back equation (7.15) viz.,

e2/(Gm2) =
√
N

We are stressing repeatedly that (7.15) is not an accidental Large Number

relation, as it had been supposed, but is an expression of the character

of Gravitation itself as being non-fundamental, unlike Electromagnetism.

Rather it arises from Electromagnetism of all other particles. Gravitation

is now unified with Electromagnetism as expressed by (7.15), but in an

unexpected sense.

Incidentally, if we identify (7.38) with the inertial energy of a particle, we

get back our earlier relation,

G =
lc2√
Nm

,

expressing the distributional (or time varying) character of G.

Similarly, (7.37) gives either an expression for the fine structure constant

as,

e2/~c = me/mπ,
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remembering that strictly speaking, l refers to the Compton length of a

pion, whereas m in the fluctuational energy of electric charges refers to the

electron mass. Alternatively, we get

e2/l = mc2

which identifies the inertial energy, essentially as the electromagnetic self

energy, as discussed in Chapter 1.

A further remark is in order. Earlier, we had included Gravitation in a

gauge like formulation, retaining terms of the order of l2. It must be em-

phasized that this again is directly linked to large scale fluctuations in a

thermodynamic sense, as we saw and, as expressed, for example by the

Weyl-Eddington formula.



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

This page intentionally left blankThis page intentionally left blank



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

Chapter 8

An Adventurer’s Miscellany

8.1 “Scaled” Quantum Mechanics

Christopher Columbus, the sixteenth century Italian adventurer is a

metaphor for how wrong reasons could lead to results which are right, in

an unexpected way. His proposal to make a trip to India was rejected by

the learned scholars of Salamanaca. Rightly, they pointed out that he had

completely underestimated the earth’s circumference. Columbus, in fact

was using data from the ancient Greeks! There is another story about a

royal ball. Several of the important guests were discussing hotly how to

make a boiled egg stand upright. “Easy,” said Columbus. He bit off the tip

and made the egg stand. The spirit of Columbus can open new horizons!

Let us continue in this vein. We will first argue that there is a manifestation

of what may be called “scaled” Quantum Mechanics, at different scales in

the Universe, and not just at the usual Quantum scale.

We have already argued that in the Universe at large, there appear to be

the analogues of the Planck constant at different scales [404, 405]. Infact

we have

h1 ∼ 1093 (8.1)

for super clusters;

h2 ∼ 1074 (8.2)

for galaxies and

h3 ∼ 1054 (8.3)

for stars. And

h4 ∼ 1034 (8.4)

223
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for Kuiper Belt objects. In equations (8.1) - (8.4), the hı play the role of

the Planck constant, in a sense to be described below. The origin of these

equations is related to the following empirical relations

R ≈ l1
√

N1 (8.5)

R ≈ l2
√

N2 (8.6)

l2 ≈ l3
√

N3 (8.7)

R ∼ l
√
N (8.8)

and a similar relation for the KBO (Kuiper Belt objects)

L ∼ l4
√

N4 (8.9)

where N1 ∼ 106 is the number of superclusters in the Universe, l1 ∼
1025cms is a typical supercluster size, N2 ∼ 1011 is the number of galaxies

in the Universe and l2 ∼ 1023cms is the typical size of a galaxy, l3 ∼ 1 light

years is a typical distance between stars and N3 ∼ 1011 is the number of

stars in a galaxy, R being the radius of the Universe ∼ 1028cms,N ∼ 1080 is

the number of elementary particles in the Universe and l is the pion Comp-

ton wavelength and N4 ∼ 1010, l4 ∼ 105cm, is the dimension of a typical

KBO (with mass 1019gm and L the width of the Kuiper Belt ∼ 1010cm

cf.ref.[130]).

The size of the Universe, the size of a supercluster etc. from equations like

(8.5)-(8.9), as described in the references turn up as the analogues of the

Compton wavelength. For example we have

R =
h1

Mc
(8.10)

where M is the mass of the universe. One can see that equations (8.1) to

(8.10) are a consequence of gravitational orbits (or the Virial Theorem) and

the conservation of angular momentum viz.,

GM

L
∼ v2,MvL = H (8.11)

(Cf.refs.[404, 405]), where L,M, v represent typical length (or dispersion in

length), mass and velocities at that scale and H denotes the scaled Planck

constant.

It also appears that equations (8.5) to (8.9) resemble a typical Random

Walk relation (Cf.[108]) of Brownian motion which we encountered in Chap-

ters 2 and 3.
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All this is suggestive but empirical. The question arises whether there is

any theoretical justification. To investigate this further we observe that if

we use (8.11) along with the relation,

L = vT

where T is a typical time scale, for example the time period for an orbit,

we get the relations

L2 =
H

M
T

(

H =
GM2

v

)

(8.12)

(8.12) is the analogue of the well known diffusion equation encountered in

Chapter 2 viz.,

∆x2 = ν∆t, ν =
h

m
(8.13)

where ν is the diffusion constant, h the Planck constant and m the mass of

a typical particle.

We now observe that as we saw, the relations (8.12) or (8.13) lead to

an equation identical to the Quantum Mechanical Schrödinger equation

(Cf.ref.[131] for a detailed derivation)

hı
∂ψ

∂t
+

h2
ı

2m
∇2ψ = 0 (8.14)

(for different hı). Indeed this is not surprising because one can rewrite

equation (8.13) as

m∆x
∆x

∆t
= h = ∆x · ∆p (8.15)

which gives the Uncertainty relation. Conversely, from the Uncertainty

Principle (8.15) we could get back (8.12) or (8.13).

Interestingly it has been shown that this is true, not just for the special

form of the diffusion constant, but also for any other form of the diffusion

constant [406]. Another interesting point is that starting from (8.12) or

(8.13), we can deduce equations like (8.5), which describe a Brownian path

[157].

In any case the steps leading to equation (8.14) and (8.14) itself provide

the rationale for the scaled De Broglie or Compton lengths, for example

equation (8.10), which follow from (8.15).

All this can be linked to Critical Point Theory and the Renormalization

Group exactly as earlier. Relations like (8.5) to (8.9) would then be the

result of equations like

Q̄ν = ξβ and Q̄ ∼ 1√
N
, ξ = (l/R)

2
(8.16)
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which we encountered earlier at different scales.

We also observe that a Schrödinger equation like procedure has been used

though in an empirical way by Agnese and Festa [407] to derive a Titius-

Bode type relation for planetary distances which now appear as quantized

levels. This consideration has been extended in an empirical way to also

account for quantized cosmic distances [408].

Interestingly if we consider a wave packet of the generalized Schrödinger

equation (8.14) with h1 given by (8.1) for the Universe itself, we have for a

Gaussian wave packet

R ≈ σ√
2

(

1 +
h2

1T
2

σ4M2

)1/2 (

≈ 1√
2

h1T

σM

)

where R and T denote the radius and age of the Universe, M its mass and

σ ∼ R is the spread of the wave packet in the spirit of Chapter 2. As

R ≈ cT this gives us back (8.10), that is the “Compton wavelength” of the

Universe treated as a wave packet.

Interestingly also we can pursue the reasoning of equations like (8.1) to the

case of terrestrial phenomena. Let us consider a gas at standard tempera-

ture and pressure. In this case, the number of molecules n ∼ 1023 per cubic

centimeter, so that r ∼ 1cm and with the same l, we can get a “scaled”

Planck constant h̃ ∼ 10−44 << h, the Planck constant. That is, we come

back to the classical case.

In this case, a simple application of the WKB approximation, leads im-

mediately from the Schrödinger equation at the new scale to the classical

Hamilton-Jacobi theory, that is to classical mechanics.

Equations like (8.5) are the analogue of the well known Eddington formula.

Similarly we can have the analogue of the mysterious Weinberg relation

linking the pion mass to the Hubble constant, from H2 = M3LG. For this

we need to define the analogue of the Hubble constant H

Ĥ =
v

L

to get

M =

(

ĤH2

Gv

)
1

3

which is the required relation.

We can now argue that just as matter in the form of elementary particles,

forms or condenses within the Compton wavelength from a background

Quantum vacuum in a phase transition, matter at other scales, for example
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stars and galaxies also could be considered to condense or cluster by a

similar mechanism. This would give a rationale for the observed lumpiness

of the Universe. Similar considerations apply for the other scales referred

to.

We will now argue afresh, following the above reasoning, that the difference

between Electromagnetism at the micro scale and Gravitation at the macro

scale is merely a matter of the difference in the time and length scales.

While we saw what follows earlier, the context now is that an underlying

principle operates at different scales in the Universe.

Infact the operative equations are (8.16):

Q̄ν = ξ̄β

where Q̄ and ξ̄ are the reduced order parameter and correlation length.

We now have

Q̄ ∼ 1√
N
, ξ̄ = (l/R)

2

which gives, the Eddington like relations.

Now if we consider the representation of the Hamiltonian as the differential

time operator we will get

H(T ) =
d

dT
=

d√
Ndτ

=
H(τ)√
N

(8.17)

H(T ) in (8.17) denotes Gravitation represented by the coupling constant

Gm2 and H(τ) in (8.17) denotes Electromagnetism represented by the cou-

pling constant e2 and m referring to the same elementary particle. The

rationale for (8.17) is that Gravitation operates at the scale of the uni-

verse, whereas Electromagnetism operates at the elementary particle scale.

Whence if (8.17) is consistent, we should have,

e2

Gm2
∼

√
N (8.18)

In fact this is the well known empirical and supposedly accidental relation

which we saw several times−−the ratio of the coupling constants encoun-

tered earlier.

Let us now consider the analogue of the microscopic relation,

m
l2

τ
= h

for the macro or cosmic scale. We then get

h→ML2/T = h1 ∼ 1093 (8.19)
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This equation which is the same as (8.1), is in fact perfectly meaningful

because h1 in (8.19) is the Godel spin of the Universe [404, 408]. In fact

(8.19) immediately leads to

R =
h1

Mc
(8.20)

which is (8.10). Equations (8.19) and (8.20) again show that the Universe

itself seems to follow a Quantum Mechanical behaviour with a scaled up

Planck constant h1 as argued previously.

The above considerations in the context of universality and scaling effects

of Critical Point Phenomena and the Renormalization Group mean: The

Universe is a coarse grained scaled up version of the micro world, and

Gravitation being the counterpart of Electromagnetism should be given by

their mutual scaled ratio. Let us see if this model is correct.

In such a coarse graining, we know that at a Critical Point we have for the

coupling constants,

J (1)/kT (1)
c = 1 J (2)/kT (2)

c = 1

where from the theory, in our case,

T (1)
c /T (2)

c = l/R

Whence we get

J (1)/J (2) = l/R (8.21)

As J (1) = Gm2 and J (2) = e2 are the coupling constants at the two scales,

does (8.21) give the correct ratio? In fact it gives us back (8.18). In

other words, as can be seen from (8.17) or (8.21), the “weak” gravitational

interaction is a manifestation of the much longer time periods involved

on the macro or cosmic scale, while the much stronger electromagnetic

interaction is a manifestation of the much smaller scale of time at the micro

level. This can be elaborated upon in the following way.

The electromagnetic energy of a typical elementary particle, for example

the pion is given by

Energy =
e2

l
=

~

τ

On the other hand its gravitational energy is given by

Gravitational Energy =
Gm2

l
=

~

T
(8.22)
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Whence,

Gm2

e2
=

l

R
=

1√
N

(8.23)

which is again, (8.18). In both these cases, as we have been dealing with a

microscopic particle, the Heisenberg Uncertainty Principle holds. So while

the electromagnetic energy plays out in the Compton time τ , the gravita-

tional energy plays out during the life time of the Universe. Sivaram [140]

uses in (8.22) the relation T = 1
H , where H is the Hubble constant, to get,

as a curiosity, the mysterious Weinberg formula again. We will return to

the “scaling” in (8.23) later.

Let us now consider the gravitational energy of all the N particles in the

Universe. This is given by

E =
NGm2

l

The energy E has a low Beckenstein temperature and as can be easily

calculated from the Beckenstein Radiation decay formula viz.,

T = 8.4× 10−24(E/c2)3

the life time is T , the age of the Universe itself.

Interestingly if the above considerations are carried over to the Planck scale

versus the Compton scale, we can easily verify that there is no new scaled

down Planck constant, as for example in (8.19)−−that is the considerations

remain the same as those at the Compton scale. However, let us see what we

get if in analogy to (8.16) and (8.21) we compare the Planck and Compton

scales. This time, the Critical Point relations lead to the known relation,

l =
√
nlP , τ =

√
nτP .

Furthermore, (8.17), with a similar notation leads to,

H(τ) =
H(τP )√

n

which also we have encountered earlier. It is just,

m = mP /
√
n

Further, the Beckenstein Radiation life time of a Planck mass, gives this

time−−the Planck Compton time. We can look at the above in another

way. We have already seen that an elementary particle is the result of a

fluctuation of n Planck oscillators while the Universe is made up of the



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

230 The “Thermodynamic” Universe

fluctuation of N̄ ∼ 10120 such oscillators. So the elementary particle elec-

tromagnetic interaction bears to the “universal” gravitational interaction,

a ratio,

Hemag/Hgrav =
√

N̄/
√
n,

which is the same as (8.18).

This can be illustrated by the following amusing description in Indian

Mythology. Brahma, the creator of the Universe has a very very long

day−−while he takes a bath, many time consuming and momentous events

take place on the earth. By Brahma’s reckoning, however, the time elapsed

is still miniscule. Interestingly the ratio of the time scales would be the

same as above, because of the fact that the estimate for the age of the Uni-

verse or Brahma’s day is exactly of the same order of magnitude as modern

estimates.

We may also add that as seen earlier, the neutrino may be thought consis-

tently to have a scaled Planck constant 10−12
~.

8.2 Quantum Geometry I

One of the earliest attempts to unify electromagnetism and gravitation,

was, as we saw, Weyl’s gauge invariant geometry. The basic idea was [38]

that while

ds2 = gµνdx
µdxν (8.24)

was invariant under arbitrary transformations in General Relativity, a fur-

ther invariant, namely,

Φµdx
µ (8.25)

which is a linear form should be introduced. gµν in (8.24) would represent

the gravitational potential, and Φµ of (8.25) would represent the electro-

magnetic field potential. As Weyl observed, “The world is a 3 + 1 dimen-

sional metrical manifold; all physical field–phenomena are expressions of the

metrics of the world. (Whereas the old view was that the four-dimensional

metrical continuum is the scene of physical phenomena; the physical es-

sentialities themselves are, however, things that exist “in” this world, and

we must accept them in type and number in the form in which experience

gives us cognition of them: nothing further is to be “comprehended” of

them.)· · · ”
This was a bold step, because it implied the relativity of magnitude multi-

plied effectively on all components of the metric tensor gµν by an arbitrary
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function of the coordinates. However, the unification was illusive because

the gµν and Φµ were really independent elements. As Einstein noted, in

Stafford Little Lectures delivered in May 1921 at Princeton University [378],

“...if we introduce the energy tensor of the electromagnetic field into the

right hand side of (the gravitational field equation) we obtain (the first of

Maxwell’s systems of equations in tensor density form), for the special case

(
√−gρdxν

ds =)rµ = 0, · · · This inclusion of the theory of electricity in the

scheme of General Relativity has been considered arbitrary and unsatisfac-

tory... a theory in which the gravitational field and the electromagnetic field

do not enter as logically distinct structures would be much preferable...”

A more modern treatment is recapitulated below [39].

The above arbitrary multiplying factor is normalized and we require that,

|gµν | = −1, (8.26)

For the invariance of (8.26), gµν transforms now as a tensor density of

weight minus half, rather than as a tensor in the usual theory. The covariant

derivative now needs to be redefined as

T ι···κ··· ,σ = T ι···κ··· ,σ + ΓιρσT
ρ···
κ··· − ΓρκσT

ι···
ρ··· − nT ι···κ···Φσ , (8.27)

In (8.27) we have introduced the Φµ, and n is the weight of the tensor

density. This finally leads to (Cf.ref.[39] for details).

Φσ = Γρρσ , (8.28)

Φµ in (8.28) is identified with the electromagnetic potential, while gµν gives

the gravitational potential as in the usual theory. We had encountered

(8.28) earlier via a different route. The affine connection is now given by

Γλικ =
1

2
gλσ(gισ,κ + gκσ,ι − gικ,σ) +

1

4
gλσ(gισΦκ + gκσΦι − gικΦσ) ≡

(

λ

ικ

)

(8.29)

The essential point, and this was the original criticism of Einstein and

others, is that in (8.29), gµν and Φµ are independent entities.

Let us now analyze the above from a different perspective. Let us again

write the product dxµdxν of (8.24) as a sum of half its anti-symmetric

part and half the symmetric part. The invariant line element in (8.24) now

becomes (hµν + ~µν)dx
µdxν where h and ~ denote the anti-symmetric and

symmetric parts respectively of g. h would vanish unless the commutator

[dxµ, dxν ] ≈ l2 6= 0 (8.30)
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l being some fundamental minimum length. In fact h can be characterized

as

hµν = ηρσερσµν ,

where η is an antisymmetric tensor and ε is the Levi-Civita tensor density.

As pointed out earlier the noncommutative geometry given in (8.30) was

studied by Snyder and others though from a different perspective. We have

already shown in Chapter 6, in detail that under a time elapse transforma-

tion of the wave function, (or, alternatively, as a small scale transforma-

tion), we recover the Dirac equation, given the geometry (8.30) (Cf. also

[107, 371]).

The Dirac wave function itself is given by

ψ =

(

χ

Θ

)

,

where χ and Θ are spinors. We have seen that under reflection while the so

called positive energy spinor Θ behaves normally, χ → −χ, χ being the so

called negative energy spinor which comes into play at the Compton scale

[181]. That is, as already noted, the space is doubly connected. Because of

this property as shown in detail [371], there is now a covariant derivative

given by, in units, ~ = c = 1,

∂χ

∂xµ
→ [

∂

∂xµ
− nAµ]χ (8.31)

where

Aµ = Γµσσ =
∂

∂xµ
log(

√

|g|) (8.32)

Γ denoting the Christofell symbols.

Aµ in (8.32)is now identified with the electromagnetic potential, exactly as

in Weyl’s theory except that now, Aµ arises from the bi spinorial character

of the Dirac wave function or the double connectivity of spacetime. Further,

as we have noted already [129], the mass density of the particle is given by,

ρ = χχ∗

Indeed ρ vanishes outside the Compton scale for any particle.

What all this means is that the so called ad hoc feature in Weyl’s unification

theory is really symptomatic of the underlying noncommutative spacetime

geometry (8.30). Given (8.30) we get both Gravitation and Electromag-

netism in a unified picture, because both are now the consequence of space-

time geometry. We could think that Gravitation arises from the symmetric
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part of the metric tensor (which indeed is the only term if 0(l2) is neglected)

and Electromagnetism from the antisymmetric part (which manifests itself

as an 0(l2) effect). It is also to be stressed that in this formulation, we are

working with noncommutative effects at the Compton scale, this being true

for the Weyl like formulation also.

We reiterate, once we abandon smooth spacetime manifolds and consider

noncommutative geometries defined by, for example (8.30), then we are lead

to multiply connected manifolds which conceal the Quantum Mechanical

spin half and a unified description of Quantum Mechanics and Geometro-

dynamics becomes possible. Finally it may be mentioned that the fact that

n in (8.31) is integral, explains the discreteness or quantized nature of elec-

tric charge.

8.3 Quantum Geometry II

Let us now consider the above ideas in the context of the De Broglie-Bohm

formulation [337]. We start with the Schrödinger equation

ı~
∂ψ

∂t
= − ~

2

2m
∇2ψ + V ψ (8.33)

In (8.33), the substitution

ψ = ReıS/~ (8.34)

where R and S are real functions of ~r and t, leads as we saw earlier, to,

∂ρ

∂t
+ ~∇ · (ρ~v) = 0 (8.35)

1

~

∂S

∂t
+

1

2m
(~∇S)2 +

V

~2
− 1

2m

∇2R

R
= 0 (8.36)

where

ρ = R2, ~v =
~

m
~∇S

and

Q ≡ − ~
2

2m
(∇2R/R) (8.37)

Using the theory of fluid flow, we also saw that (8.35) and (8.36)

lead to the Bohm alternative formulation of Quantum Mechanics

(Cf.refs.[409, 323, 410] for a simple treatment). In this theory there is
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a hidden variable namely the definite value of position while the so called

Bohm potential Q in (8.37) can be non local, two features which do not

find favour with physicists. (In our formulation however, the definite value

of the position coordinate is fudged by the fuzzyness of spacetime.)

It must be noted that in Weyl’s geometry, even in a Euclidean space there

is a covariant derivative and a non vanishing curvature R.

Santamato (Cf.refs. [268–271]) exploits this latter fact, within the context

of the De Broglie-Bohm theory and postulates a Lagrangian given by

L(q, q̇, t) = Lc(q, q̇, t) + γ(~2/m)R(q, t),

He then goes on to obtain the equations of motion like (8.33),(8.34), etc.

by invoking an Averaged Least Action Principle

I(t0, t1) = E

{∫ t

t0

L∗(q(t, ω), q̇(t, ω), t)dt

}

= minimum (8.38)

with respect to the class of all Weyl geometries of space with fixed metric

tensor. Equation (8.38) now leads to the Hamilton-Jacobi equation

∂tS +Hc(q,∇S, t) − γ(~2/m)R = 0, (8.39)

Equation (8.39) leads to the Schrödinger equation (in curvilinear coordi-

nates)

ı~∂lψ = (1/2m)
{

[(ı~/
√
g) ∂ı

√
gAı] g

ık (ı~∂k +Ak)
}

ψ

+
[

V − γ
(

~
2/m

)

Ṙ
]

ψ = 0, (8.40)

As can be seen from (8.40), the Quantum potential Q is now given in terms

of the scalar curvature R.

We have already related the arbitrary functions Φ of Weyl’s formulation

with a noncommutative spacetime geometry.

This throws further light on Santamato’s postulative approach of extending

the De Broglie-Bohm formulation.

At an even more fundamental level, our formalism gives us the rationale for

the De Broglie wave length itself. Because of the noncommutative geometry

in (8.30) space becomes multiply connected, as we saw, in the sense that

a closed circuit cannot be shrunk to a point within the interval. Let us

consider the simplest case of double connectivity. In this case, if the interval

is of length L, we will have,

Γ =

∫

c

m~V · d~r = h

∫

c

~∇S · d~r = h

∮

dS = mV πL = πh (8.41)
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whence

L =
h

mV
(8.42)

We had encountered equations like (8.41) earlier. In (8.41), the circuit

integral was over a circle of diameter L. Equation (8.42) shows the emer-

gence of the De Broglie wavelength. This follows from the noncommutative

geometry of spacetime, rather than the physical Heisenberg Uncertainty

Principle. Remembering that Γ in ( 8.41) stands for the angular momen-

tum, this is also the origin of the Wilson-Sommerfeld quantization rule, an

otherwise mysterious Quantum Mechanical prescription. Indeed we have

seen all this before.

What we have done is to develop a Quantum Geometrical picture based on

the geometry (8.30) and multiply connected spaces.

We finally remark that as seen earlier, the double connectivity of space gives

the Quantum Mechanical spin, while the non integrability of the phase gives

the electromagnetic field of the particle (Cf. also [298]). Lastly the energy

within this region with radius given by the Compton wavelength, viz.
∫

ρc2dΩ = mc2,

that is we get the mass, as well (Cf. also ref.[130]).

In other words, as seen in Chapter 6, the considerations of fuzzy spacetime

yield at the Compton scale , the mass, spin and electromagnetic field of the

elementary particle.

8.4 Large Scale Structures

Our view of the universe has been continuously evolving over the centuries.

Thus Newton’s universe was one in which the stars were the building blocks.

These building blocks were stationary in the universe. After about two cen-

turies this view underwent a transformation, with the discovery in the early

twentieth century by Hubble that the so called galactic nebulae were star

systems or galaxies, each containing something like a hundred thousand

million stars, and these galaxies themselves being at distances far far be-

yond those of stars. The building blocks were now the galaxies. Then the

Red Shift studies of galaxies by V.M. Slipher showed that the galaxies were

all rushing outwards. Thus was born the precursor of what has come to

be known as the standard Big Bang Cosmology [45]. Soon it was realized

that there were clusters of galaxies which would more correctly qualify as
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the building blocks, and then super clusters. Within clusters and super

clusters, there could be departures from the Hubble velocity distance law.

The law therefore represented something happening at a very large scale.

We got a glimpse of this in Chapter 1.

A further development that came about in the 1980s threw up a dramat-

ically different scenario. The very large clusters of galaxies seemed to lie

on bubble or balloon like sheets, there being voids or very thinly populated

regions in the interiors. These voids would have dimensions of the order

of a hundred million light years [411–414]. This has been a puzzle thrown

up in the late twentieth century: Exactly why do we have the voids and

why do we have polymer like two dimensional structures on the surfaces

of these voids? The puzzle is compounded by the fact that given the dis-

persion velocities of the galaxies of the order of a thousand kilometers per

second, it would still take periods of time greater than the age of the uni-

verse, of the order of 13 billion years, for them to move out of an otherwise

uniform distribution, leaving voids in their wake. An interesting suggestion

was that the galaxies consisting of ordinary matter were floating on the

“voids” which are actually made up of dark matter. In any case, latest

developments have marginalized dark matter in favour of dark energy.

One of the few explanations for this large scale structure of the universe

has been the pancake model of Zeldovich [170]. Essentially according to

this model, much of the matter of the universe was in the form of a thin

pancake which broke up into pieces, the pieces then forming the clusters of

galaxies and galaxies, which have inherited the two dimensional character.

Indeed as we briefly noted earlier, studies have suggested this two dimen-

sional character [415].

In the above context we consider the model of “Scaled” Quantum Effects

of Section 8.1 [404, 405, 251, 130, 408, 407]. To sum up the main results:

It is argued that the structures of the unvierse at different scales mimic

Brownian effects, which again lead to a Quantum behavior with different

“Scaled” Planck constants. All this is contained in equations (8.1) to (8.10)

and subsequent relations.

These considerations lead via the diffusion process to the Schrodinger like

equation [131, 16],

hı
∂ψ

∂t
+

h2
ı

2m
∇2ψ = 0 (8.43)

for different hı given by equations (8.1) to (8.4).

Before proceeding further we may point out that (8.5) to (8.9) already

indicate the two dimensionality referred to above. In fact alternatively,
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the theory is modelled on a phase transition viz., the Landau-Ginzburg

theory applied to an equation like (8.43). Such a phase transition would

also explain what the movement of galaxies under normal circumstances

cannot, that is the large size of the voids. Under such phase transitions we

have equations like (8.16).

Whence we recover the Weyl-Eddington like equations (8.5) to (8.9). This

is yet another derivation.

Let us see if the above model can give an estimate for the size of the voids.

In fact we have to revert to the Schrodinger like equation (8.43) with a

hydrogen like atom, except that GM 2 replaces Ze2 of the hydrogen atom.

Let us consider the hydrogen like wave functions at a scale of galaxies with

hı replaced by h2 given above in equation (8.2). The radial part of a typical

wave function would be given by [416]

ψl =

{

(

6 − 6ρ+ ρ2
)

e−ρ
1

2

}

(8.44)

It is easy to verify that the expression (8.44) is a maximum with ρ given

by,

ρ =
2Ze2r

h2
2

M → 2GM3r

h2
2

∼ 10 (8.45)

In fact (8.45) gives us back, the Weinberg like formula encountered earlier.

We thus have from (8.45) after a simple calculation and feeding in the val-

ues for h2 and M ∼ 1044gm, that r ∼ 100 light years, exactly as required.

The point is that at radial distances like r given above, there would be a

greater concentration of galaxies while within this value of r the distribu-

tion would be comparatively sparse. We must also remember that there is

the angular part of the “wave function”, which means that each value of r

really corresponds to a spherical shell.

Thus it is a consequence of Scaled Quantum Effects arising due to the grav-

itational forces that lead to the bubble and void structure of the universe.

Similar arguments could be put forth for the pancake structure of galaxies

themselves.

8.5 The Puzzle of Gravitation

We will now argue that the Weinberg formula represents a Machian or

holistic effect. Indeed this is suggested by the appearance of the Hubble

constant in the expression for the mass of an elementary particle.
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Let us consider the gravitational self interaction of a particle (Cf. also

ref.[219]). Our starting point is the action functional

S = −(8πG)−1

∫

d4xφ∆2φ+

∫

d4xΨ∗
(

ı~
∂Ψ

∂t
+

~
2

2m
∆2Ψ −mφΨ

)

where φ is some potential whose nature is not as yet specified, G being some

coupling constant. The extremum conditions of action with respect to Ψ∗

and Ψ lead to the Schrodinger equation with the interaction potential φ:

ı~
∂Ψ

∂t
= − ~

2

2m
∆2Ψ +mφΨ (8.46)

and to the Poisson equation for the potential itself

∆2φ = 4πGmΨ∗Ψ (8.47)

Thus, the equations (8.46) and (8.47) describe a self-interacting particle. It

is well known that an exact solution to (8.47) is given by

φ(~r, t) = −G
∫

Ω

dΩ(~r)
ρ(~r, t)

|~r − ~r′| , (8.48)

where Ω is the three dimensional region which confines the particle, and we

have defined

ρ(~r, t) = mΨ∗(~r, t)Ψ(~r, t) (8.49)

From (8.48), we can immediately see that for distances far outside the

region Ω, that is |~r| << |~r′|, the potential φ has the form

φ ≈ GM

r
, (8.50)

where r = |~r|, and we have defined M as,

M =

∫

Ω

dΩ(~r)ρ(~r, t) = m

∫

Ω

dΩ(~r)Ψ∗(~r, t)Ψ(~r, t) (8.51)

The integral on the right hand side of (8.51) is conserved in time due to

(8.46):

∂

∂t

∫

Ω

dΩ(~r)Ψ∗(~r, t)Ψ(~r, t) = 0

Thus the quantity M is constant, and we can interpret (8.50) and (8.51) as

follows. The attractive potential (8.50) is now the classical gravitational po-

tential, M is the gravitational mass, G being the gravitational constant. If

we prescribe the unit value to the above conserved functional and interpret

it as the norm square, I2, or the full probability

I2 =

∫

Ω

dΩ(~r)Ψ∗(~r, t)Ψ(~r, t) = 1,



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

An Adventurer’s Miscellany 239

then the gravitational mass coincides with the inertial mass,

m = M, (8.52)

and the quantity (8.49) now can be interpreted as the mass probability

density. The source term on the right side of (8.47) is equal to the particle

probability density itself.

Now, let us consider the self-consistent problem−−the particle in its own

potential well. We cannot obtain an exact solution. However, we can

approximately describe some features of such a solution. The first assump-

tion will be that we deal only with a spherically symmetric wave function:

Ψ = Ψ(r, t) where r is a radial coordinate. Then the mass probability den-

sity has the same dependence: ρ = ρ(r, t). It can be easily shown that for

any spherical mass distribution, the potential (8.48) is reducible to a simple

form

φ(r, t) = G

∫ r

0

dr′
m(r′, t)

r′2
−
∫ ∞

0

dr′
m(r′, t)

r′2
, (8.53)

where we denote

m(r, t) = 4π

∫ r

0

dr′r′2ρ(r′, t),

and m(r, t) is just the mass inside a ball of radius r. Certainly, the solution

(8.53) gives an exact formula (8.50) with the mass (8.52) for the point mass

distribution. Further, we shall use the value Φ instead of the potential φ:

φ(r, t) = mGΦ(r, t)

This allows us to rewrite (8.46) in the form

ı
2m

~

∂

∂t
Ψ + ∆2Ψ − 2m3G

~2
ΦΨ = 0 (8.54)

The coefficient of Φ in (8.54) has the dimensionality of inverse length. Thus,

we denote

lG =
~

2

2m3G
, (8.55)

Equation (8.55) is nothing but the Weinberg formula again if we identify

lG with the radius of the Universe and remember that,

H =
c

lG
All this shows that the mass m of an elementary particle is very Machian,

rather than being microphysical, if G is microphysical and vice versa. We,

on the other hand, have argued for G being distributioinal, and not micro-

physical.
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8.6 A New Short Range Force

As we saw in Chapter 5, in some ways the General Relativistic gravitational

field resembles the electromagnetic field, particularly in certain approxima-

tions, as for example when the field is stationary or nearly so and the

velocities are small. In this case the equations of General Relativity can be

put into a form resembling those of Maxwell’s Theory, and then the fields

have been called Gravitoelectric and Gravitomagnetic [417]. Experiments

have also been suggested for measuring the Gravitomagnetic force compo-

nents for the earth [418].

We can ask whether such a consideration can be applied to elementary

particles, if in fact they can be considered in the context of General Rela-

tivity. Apart from Quantum Gravity, there have been different approaches

for studying elementary particles via General Relativity [288, 130, 91] and

references therein. We will now show that it is possible to extend the Grav-

itomagnetic and Gravitoelectric formulations to elementary particles within

the framework of our theory.

We saw that the linearized General Relativistic equations could describe

the properties of elementary particles, such as spin, mass, charge and even

the very Quantum Mechanical anomalous gyromagnetic ratio g = 2, apart

from several other characteristics [299, 324, 175, 312].

We recall that the linearized equations of General Relativity, viz.,

gµν = ηµν + hµν , hµν =

∫

4Tµν(t− |~x− ~x′|, ~x′)
|~x− ~x′| d3x′ (8.56)

where as usual,

T µν = ρuuuv (8.57)

lead, on using (8.57) in (8.56), to the mass, spin, gravitational potential and

charge of an electron, if we work at the Compton scale. Let us now apply

the macro Gravitoelectric and Gravitomagnetic equations to the above case.

Infact these equations are (Cf.ref.[417]).

∇ · ~Eg ≈ −4πρ,∇× ~Eg ≈ −∂ ~Hg/∂t, etc. (8.58)

~Eg = −∇φ− ∂ ~A/∂t, ~Hg = ∇× ~A (8.59)

φ ≈ −1

2
(g00 + 1), ~Aı ≈ g0ı, (8.60)

The subscripts g in the equations (8.58) and (8.59) are to indicate that

the fields E and H in the macro case do not really represent the electro-

magnetic field, but rather resemble them. Let us apply equation (8.59) to
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equation (8.56), keeping in mind equation (8.60). We then get, considering

only the order of magnitude, which is what interests us here, after some

manipulation

| ~H | ≈
∫

ρV

r2
r̄ ≈ mV

r2
(8.61)

and

| ~E| =
mV 2

r2
(8.62)

V being the speed.

In (8.61) and (8.62) the distance r is much greater than a typical Compton

wavelength, to make the approximations considered in deriving the Grav-

itomagnetic and Gravitoelectric equations meaningful.

Remembering that we have, by the Uncertainty Principle,

mV r ≈ h,

the electric and magnetic fields in (8.61) and (8.62) now become

| ~H | ∼ h

r3
, | ~E| ∼ hV

r3
(8.63)

We now observe that (8.63) does not really contain the mass of the elemen-

tary particle. Could we get a further insight into this new force?

Indeed in the above linearized General Relativistic characterization of the

electron, it turns out as indicated that the electron can be represented

by the Kerr-Newman metric which incidentally also gives the anomalous

gyromagnetic ratio g = 2 of ref. [130]. (This result has recently been

reconfirmed by Nottale [419] from a totally different point of view, using

scaled relativity.) It is well known that the Kerr-Newman field has extra

electric and magnetic terms (Cf.[160]), both of the order 1
r3 , exactly as in-

dicated in (8.63).

It may be asked if there is any candidate as yet for the above mass inde-

pendent, spin dependent (through h) short range force. There is already

one such experimental candidate−−the inexplicable B(3) [420] short range

force, first detected in 1992 at Cornell and since, it is claimed, confirmed

by subsequent experiments. It differs from the usual B(1) and B(2) long

range fields of Special Relativity.

Interestingly, if we think of the above force as being mediated by a “mas-

sive” particle, that is, work with a massive vector field we can recover (8.62)

and (8.63) [165]. In this case there is an upper limit on the mass of the

photon ∼ 10−48g, pleasingly, in consonance with our model.
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A final comment: It is quite remarkable that equations like (8.58), (8.59)

and (8.60) which resemble the equations of Electromagnetism, have in the

usual macro considerations no connection whatsoever with Electromag-

netism except in appearance. This would seem to be a rather miracu-

lous coincidence. In fact the earlier considerations of linearized General

Relativistic theory of the electron as also the Kerr-Newman metric for-

mulation, demonstrate that the resemblance to Electromagnetism is not

an accident, because in this latter formulation, both Electromagnetism

and Gravitation arise from the metric as noted in Chapter 5 (Cf.also

refs.[329, 299, 324, 130]).

8.7 Gravitational Effects

We may next point out the following. Let us introduce the minimum cut

off l into the Schwarzchild metric. This gives

dτ2 = dτ2
0 − 2MG

r
(
l

r
)(dt2 − dr2)

where dτ2
0 is the unmodified metric. The above shows that G is replaced

by

G(1 +
l

r
).

Apart from the fact that this is equivalent to an extra force,

Force ∝ GMl

r3
,

it is also equivalent to the time varying G encountered earlier in Chapter 3

and given by

Ġ = −G/t
The above follows because

r

t
=
l

τ

where r and t are the radius and age of the Universe and l and τ are a

typical Compton length and time.

It is interesting to note that in the above analysis, if we take l to be the

radius of the Universe and M to be its mass, then the extra force gives the

observed cosmological constant. (Interestingly, the Universe itself shows up

as a Schwarzchild Black Hole, as noted earlier [130].)
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8.8 Bosons as Bound States of Fermions: The Neutrino

Universe

In our formulation, Fermions are primary−−Bosons are bound states of

Fermions. This has been discussed in detail in (ref. [130]). The question

is, does the photon fit into this scheme? Indeed a long time ago, Darwin

showed that the massless, force free Dirac theory was formally identical

to source free electrodynamics in a vacuum [421]. In the absence of a

suitable physical interpretation this mathematical identity has for long been

considered to be a mere mathematical coincidence (Cf.ref.[421]). After all,

photons are spin one particles, while the Dirac equation represents spin

half particles. At the same time, it has also been recognized for a long

time−−Einstein and Meyer were one of the first to point this out−−that the

spinorial representation of the Lorentz group is more fundamental than the

vectorial representation [288]. Indeed an excessive reliance on coincidences

is not satisfactory from the point of view of science.

In the light of the above observations we would now like to point out that

the above circumstance is not a mere coincidence, but has a definite physical

interpretation.

We firstly make some preliminary remarks: Both in electromagnetic theory

and in the Dirac theory, the D’Alembertian equation

Dψµ = 0 (8.64)

where D is the D’Alembertian operator, is satisfied by the respective com-

ponents. This is merely an expression of Lorentz invariance. At this point

the two theories diverge. This is because an equation like (8.64) requires

the value of ψ at say t = 0 and so also the value of ∂ψ
∂t for specifying the

solution. This does not pose any problem in electromagnetic theory, but is

not acceptable in Quantum Theory, because the Quantum Mechanical wave

function ψ contains as complete a description of the state as is possible and

there is no room for derivatives as initial conditions. This is also the rea-

son why (8.64), or the Quantum Mechanical Klein-Gordan equation gives

negative probability densities. So the order of (8.64) needs to be depressed

to make it a first order equation, which infact is the starting point of the

Dirac theory and leads to the Dirac equation,

(γµpµ −m)ψ = 0 (8.65)

It may be mentioned that two component spinors belonging to the repre-

sentation

D( 1

2
0)orD(0 1

2
)
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of the Lorentz group are solutions of the Dirac equation (8.65). But these

are no longer invariant under reflections [156]. It is to preserve this invari-

ance that we have to consider the 4 × 4 representation

D( 1

2
0) ⊕D(0 1

2
)

Under reflections, the two spinors transform into each other thus maintain-

ing the overall invariance [399]. We also note that, as is known [7], the

Maxwell equations can also be written in the form of neutrino equations.

Defining a four vector such that

χj = Ej + ıBj , χ0 = 0 (8.66)

we can rewrite the Maxwell equations in the form

βµ
∂χν
∂xµ

= −1

c
jν (8.67)

where in a particular representation, for example,

β0 = IXI, β1 = −σ3 ⊗ σ2,

β2 = σ2 ⊗ I, β3 = σ1 ⊗ σ2,

the σ’s being the Pauli matrices and wherein for our source free vacuum

case, the current four vector on the right hand side of equation (8.67)

vanishes. It is easy to show that the four component equation (8.67) breaks

down into two component neutrino like equations, except that both these

equations are coupled owing to the additional condition χ0 = 0 in (8.66).

This has been the problem in identifying (8.67) with the Dirac theory.

In the above context let us now approach the above considerations from the

opposite point of view, that of the Dirac equation. It is well known that

the four linearly independent four spinor Dirac wave functions are given by

[181], apart from multiplicative factors,








1

0
pzc

E+mc2
p+c

E+mc2

















0

1
p−c

E+mc2
−pzc
E+mc2

















pzc
E+mc2
p+c

E+mc2

1

0

















p+c
E+mc2
−pzc
E+mc2

0

1









(8.68)

where pz is the z component of the momentum and

p± = px ± ıpy,

in a representation given by,

γı = γ0

[

0 σı
σı 0

]

, γ0 =

[

1 0

0 − 1

]
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the σ’s being the Pauli matrices.

If we consider the z axis to be in the direction of motion, for simplicity and

take the limit m→ 0, the spinors in (8.68) become,

ψ1 =









1

0

1

0









ψ2 =









0

1

0

−1









ψ3 =









1

0

1

0









ψ4 =









0

−1

0

1









(8.69)

It should be noticed that in (8.69) ψ1 = ψ3, and ψ2 = ψ4 so that effectively,

two of the spinors vanishes exactly and we are left with two solutions as in

the case of the solutions χ of (8.67).(The mass zero four component Dirac

spinor does not represent a neutrino unless an auxiliary condition, which

effectively destroys the lower two or upper two components is imposed

[399]). It can now be seen from the above considerations that the source

free vacuum electromagnetic field can be considered to be a composite of a

neutrino and an anti neutrino. We must remember that the equation (8.67)

are actually coupled neutrino equations, coupled by the condition in (8.66).

It may be mentioned that the possibility of Bosons being bound states of

Fermions, rather than being primary has been discussed by the author and

other scholars [422, 130].

We now make the following remarks:

1. Already we have referred to Sakharov’s formulation of gravitation in

terms of the background Zero Point Field (or Quantum vacuum). In this

context let us recapitulate the following well known fact encountered in ear-

lier Chapters. Due to the Zero Point oscillators, there is an electromagnetic

field density ∆B over an interval L given by

(∆B)
2 ∼ e2

L4
(8.70)

So the energy over an extension L = l is given from (8.70) by e2

l which is

the energy mc2 of the elementary particle itself,

e2

l
= mc2 (8.71)

If on the other hand we replace in (8.71) e2 by Gm2, we get, reverting to

the length L

Gm2

L
≈ mc2

whence

L ≈ Gm

c2
(8.72)
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(8.72) shows that as noted earlier, we can similarly obtain from the fluctu-

ating background Zero Point Field a Black Hole, infact a Planck scale Black

Hole, it being well known as we saw, that a Planck mass is a Schwarzchild

Black Hole at the Planck scale (Cf. also ref.[257]). From this point of view,

Planck mass particles (or oscillators) are created from the fluctuation of

the Zero Point Field and then lead up to elementary particles as indicated

above. In any case, this again brings out the interchangability, e2 → Gm2.

It is interesting to note that the substitution of Gm2 → e2 → g2
w for the

neutrino, gives us relations similar to (8.71). That is we get, this time,

T =
m~c3

8πg2
w

=
m~c3 · 1013

8π · e2 =
mec

2 · ~c · 105

8πe2
∼ 1◦,

corresponding to the Cosmic Background temperature (of the neutrino

background, as well) as we saw, and,

lv =
g2
ω

mνc2
,

as already encountered. (Conversely, if we use T ∼ 1◦K, then we recover

g2
ω ∼ 10−13e2.) The whole point is that as we noted earlier too, there is a

complete parallel between the neutrino and an elementary particle which is

particularly meaningful in the context of a Planck oscillator underpinning.

This can be expressed by,

h,m,N, n, T, N̄ → h′,m′, ′, n′, 1◦K, N̄ ′

where, as we saw in Chapter 6, h′ ∼ 10−12h,N ′, the number of neutrinos

∼ 1090,m′, the neutrino mass is 10−10m,T is the Hagedorn temperature

and 1◦K is the corresponding temperature for the neutrino which is the

Cosmic Background temperature and which lead to the Fermi temperature

considerations earlier, n′ ∼ 1060 is the number of underlying Planck oscil-

lators for a neutrino and N̄ ′ ∼ 10125 is the number of Planck oscillators

providing the underpinning for all the neutrinos. We also note that this

cosmic neutrino background was shown to lead to the correct cosmological

constant.

Further, the considerations in Section 8.1 showed that Gravitation and Elec-

tromagnetism could be thought to be different due to the different “rates”

at which these interactions played themselves out. This can be extended to

the weak interactions also. The rates are different because of the difference

in the number of sub-constituents. All this points to a parallel description

of the Universe in terms of the neutrino.

2. We have seen above how from the background Zero Point Field Planck
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scale oscillators can “condense”. Let us suppose that n such particles are

formed. We can then invoke the fact used earlier that [95] for a collection

of ultra relativistic particles, in this case the Planck oscillators, the various

centres of mass form a two dimensional disk of radius l given by

l ≈ β

mec
(8.73)

where in (8.73) me(≈ m in the Large Number sense) is the electron mass

and β is the angular momentum of the system. Further l is such that for

distances r < l, we encounter negative energies (exactly as for the Compton

length). It will at once be apparent that for an electron, for which β = ~

2 ,

(8.73) gives the Compton wavelength. We can further characterize (8.73)

as follows: By the definition of the angular momentum of the system of

Planck particles moving with relativistic speeds, we have

~

2
= mP c

∫ l

0

r2drdΘ ∼ mP cσl
3 = mecl (8.74)

In (8.74) we have used the fact that the disk of mass centres is two dimen-

sional, and σ has been inserted to stress the fact that we are dealing with

a two dimensional density, so that σ while being unity has the dimension
[

1

L2

]

The right side of (8.74) gives the angular momentum for the electron. From

(8.74) we get

σl2mP = me (8.75)

which ofcourse is correct.

Alternatively from (8.75) we can recover n ∼ 1040, in the Large Number

sense.

In any case, it is amusing to note that, if in (8.75), we replace l by lν for

the neutrino then we get for the right side, the neutrino mass.

8.9 Quantum Mechanics, General Relativity and The Land-

scape of Multiply Connected Universes

We start with some comments on Classical Mechanics and Quantum The-

ory. Though the latter is a radical departure from the former, there is as

we saw, a well known formulation that throws up a common denominator,

in the Hamilton-Jacobi theory. Moreover General Relativity itself has a
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formulation which utilizes the Hamilton-Jacobi theory. We will investigate

this commonality first and use the fact that Quantum Theory can be inter-

preted in a classical context with the additional input of multiply connected

spaces, rather than the simply connected space of Classical Theory, as we

have already seen [337, 16, 423, 336].

Let us start with the Hamilton-Jacobi theory of Classical Mechanics [209].

The action integral is given by

I =

∫

L

(

dx

dt
, x, t

)

dt (8.76)

where for the moment, for simplicity we work in one space dimension. This

can be easily generalized to three space dimensions. We now extremalize

(8.76) [101, 45]. The extremum integral is given by

S(x, t) = Ī (8.77)

It then follows that [424]

p =
∂S

∂x
(8.78)

E = −∂S
∂t

=
p2

2m
+ V (x) (8.79)

where p denotes the momentum and E denotes the energy. We can combine

these and write,

E = H(p, x) (8.80)

Using (8.78) and (8.80) in (8.79) we get

−∂S
∂t

= H

(

∂S

∂x
, x

)

=
1

2m

(

∂S

∂x

)2

+ V (x) (8.81)

Equation (8.81) is the Hamilton-Jacobi equation in one dimension with a

solution given by

S = (x, t) = −Et+ S {2m [E − V ]}1/2 dx+ S (8.82)

To facilitate later work, we re-introduce a wave mechanical description

ψ = Re(ı/~)S(x,t) (8.83)

where R is slowly varying and S is given by (8.77). Equations (8.81) and

(8.82) can now be given a more general character in terms of S, which is

the so called dynamical phase. Let us now impose the requirement

∂S

∂E
= 0 (8.84)



February 18, 2008 11:35 World Scientific Book - 9in x 6in ws-book9x6

An Adventurer’s Miscellany 249

which is now interpreted as a constructive interference in the phase of sys-

tems described by wave functions (8.83). Then as is well known (Cf.[101])

we are lead back to a description from a wave to a wave packet or particle

description as in (8.79) or (8.81).

The whole point of this discussion is to show the possible commonality with

Quantum Theory on the one hand and Classical Mechanics on the other.

We will now proceed further in this direction.

Before proceeding to the nuances of Quantum Theory vis-a-vis Classical

Mechanics, we would like to point out that a very similar line of reasoning

can also be applied to General Relativity, as shown by Wheeler and others

a long time ago (Cf. for example [101, 45]), except that the arena is now

superspace, which is a manifold in which a single point represents the whole

geometry of three dimensional space.

In this development we denote a three dimensional geometry by G(3). This

plays the role of spacetime coordinates in Classical Mechanics. Treating this

as a point we introduce the wave function like description (8.83), except

that we are in superspace which is essentially a four dimensional manifold.

The four Geometry G(4) is now the analogue of the history or trajectory

of a particle. Interestingly it has been shown by Stern that as long as

we are dealing with Euclidean type three dimensional spaces with positive

definite metric, superspace constitutes a manifold in the sense that each

point therein has a neighborhood homeomorphic to an open set in a Ba-

nach space and two distinct points are separated by disjoint neighborhoods.

This enables us to carry out the usual operations in superspace and we are

led back using the principle of constructive interference (8.84) to this time

the ten field equations of Einstein (Cf.ref.[101] for details).

Thus the Hamilton-Jacobi theory leads both to Quantum Mechanics and to

General Relativity in terms of the wave function description (8.83) together

with constructive interference. However it must be borne in mind that in

Quantum Mechanics we are dealing with the usual three dimensional space

whereas for obtaining Einstein’s equations of General Relativity, we are us-

ing the four dimensional superspace.

Let us now return to Quantum Theory. To re-emphasize we start by re-

viewing Dirac’s original derivation of the monopole though this time our

motivation is different. He started with the wave function similar to (8.83):

ψ = Aeıγ , (8.85)
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It will be recalled that he then considered the case where the phase γ in

(8.85) is non integrable. In this case (8.85) can be rewritten as

ψ = ψ1e
ıS , (8.86)

where ψ1 is an ordinary wave function with integrable phase, and further,

as we saw, while the phase S does not have a definite value at each point,

its four gradient viz.,

Kµ = ∂µS (8.87)

is well defined. We use temporarily natural units, ~ = c = 1. Dirac then

went on to identify K in (8.87) (except for the numerical factor hc/e) with

the electromagnetic field potential, as in the Weyl gauge invariant theory.

Next we considered the case of a nodal singularity, which as we saw is

closely related to what was later called a quantized vortex (Cf. for example

ref.[297]). In this case a circuit integral of a vector as in (8.87) gives, in

addition to the electromagnetic term, a term like 2πn, so that we have for

a change in phase for a small closed curve around this nodal singularity,

2πn+ e

∫

~B · d~S (8.88)

In (8.88) ~B is the magnetic flux across a surface element d~S and n is the

number of nodes within the circuit. The expression (8.88) directly lead to

the Monopole in Dirac’s formulation.

With the above background we now consider the universe at large. As we

saw the Hamilton-Jacobi theory leads both to Quantum Mechanics and to

General Relativity in terms of the wave function description (8.83) together

with constructive interference.

To push these considerations even further let us re-consider the general

relativistic formulation in terms of linearized theory. In fact this can be

applied to the case of the electron, and it was shown [130] that the spin

was given by,

SK =

∫

εklmx
lTm0d3x =

h

2
(8.89)

where the domain of integration was a sphere of radius given by the Comp-

ton wavelength. If this is carried over to the case of the Universe, it has

been shown that we get from (8.89)

SU = N3/2h ≈ h1 (8.90)

where h1 which is given by (8.1) and SU denotes the counterpart of electron

spin and N ∼ 1080 is the number of elementary particles in the Universe.
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h1 in (8.90) turns out to be the spin of the universe itself as noted ear-

lier in broad agreement with Godel’s spin value for Einstein’s equations

[425, 408]. Incidentally this is also in agreement with the Kerr limit of

the spin of the rotating Black Hole. Further as pointed out by Kogut and

others, the angular momentum of the universe given in (8.90) is compati-

ble with a rotation from the cosmic background radiation anisotropy [408].

Finally it is also close to the observed rotation as deduced from anisotropy

of cosmic electromagnetic radiation as reported by Nodland and Ralston

and others [426, 427].

As we saw h1 ∼ 1093 is the large scale analogue of the Planck constant and

we immediately got, in support of this analogy, equation (8.10).

Thus, using the formulation of linearized General Relativity as in (8.89)

and (8.90) we can get a unified description of Quantum Mechanical spin,

that is equation (8.89), and the Universe itself in a similar description as in

(8.90) and (8.1). What we are saying, as we will stress again later, is that

the Universe is rather like a blown up version of an electron.

All this becomes relevant in the light of recent developments. It is now gen-

erally believed that our observable universe is but one amongst a very large

number of what may be roughly called parallel universes, or what in the

context of Super String theory are called multiverses. There are different

routes to this conclusion. If one goes by String theory, then there are 10500

different solutions, each corresponding to a different universe. In any case

all this is in the spirit of “Scaled” Quantum Mechanics−−we need not stop

at the Universe as we know it−−this may be just another scale or step. We

will come back to this theme in a moment.

Another line of reasoning is that inflation has created any number of bubble

type universes, our own universe being one such bubble. From yet another

point of view, many astronomers are now coming round to accepting the

many worlds interpretation of Hugh Everett III−−each of the Quantum

possibilities defines a different universe, unlike the Copenhagen interpre-

tation in which there is an acausal collapse of the wave function into a

definite state. Yet another route to the many universe model is through

the singularity thrown up by Einstein’s theory of General Relativity. The

singularity itself defines any number of different universes with different

laws of physics. We have already noted that the observable universe is a

giant black hole, a blown up version of an elementary particle. There can

be any number of such universes [428, 424]. Indeed we know that

R ≈ 2GM

c2
,
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that is the Universe mimics a Schwarzchild Black Hole. (If the latest

WMAP and other results are confirmed, in addition to the usual mass

M , we have to consider the dark matter mass as well, which may be some

six times greater.) In any case an n(space) dimensional black hole is em-

bedded in at least (n+ 1) space dimensions.

Whatever be the route to the conclusion, we can now take the multiply

connected space considerations of micro physics which we saw above to the

case of the macro cosmos. In this case super space would be multiply con-

nected consisting of three (space) dimensional universes rather than points

G(3) ∼ s in the Wheeler formulation, which mimic particles with spin. In

other words, the different “parallel” universes would be multiply connected

and they would be embedded in a higher dimensional superspace. A rough

rationale for the higher dimensionality (a la Wheeler’s 4-space geometry)

is the following: If we imagine our universe of radius R to be a point, then

a sequence of points of zero dimension each, form a line of one dimension,

a sequence of lines would form a two dimensional surface and so on.

This process could go on, as in the multi verse formulation.

To proceed further, we first note that in Section 8.1, we have already char-

acterized the Universe as a Gaussian wave packet. We also saw in Section

8.4, that different mass concentrations like clusters of galaxies in the Uni-

verse can be characterized like “energy levels” in (8.45) extending this to

the Universe itself with h1 given by (8.1), we get

GM3R

h2
1

∼ 10,

which consistently gives for R, the radius of the Universe, if M is its mass.

In other words, the Universe itself is an “energy level”.

To press these considerations further we note that we can use the Becken-

stein temperature formula for a black hole

T =
hc3

8πGkm

replacing h by h1 and the mass m by M , the mass of the universe to get

kT = Mc2

This is consistent, as the right side is the energy content of the universe.

Further the decay time in this black hole is given by, as we saw

t =
1

3β
m3, β =

hc4

(30.8)3πG2
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With the scaled up Planck constant and the mass of the Universe we get,

the age to be

t ∼ 1021s

This shows that the universe would decay in a time span that is ∼ 104 times

its present age. Let us also generalize our formula for the gravitational

constant,

G =
lc2√
Nm

=
l2c

mt

We can then speak of the force between the different universes within the

super universe. If we take the number of universes in the super universe

to be ∼ 10100, say, then the replacement in the above with the cosmic

parameters gives the analogue of the gravitational constant as

G′ ∼ 10−55

This constant is some 10−47 times as weak as the gravitational constant

itself.

8.10 The Monopole

Joshi and Ignatieu had shown that a non zero photon mass implies the non

existence of the monopole [295]. We on the other hand have argued that

the photon indeed has a mass. So, there should not be any monopoles and

indeed they have not been found, as noted. This is what we hade shown

some years ago [297] and will argue now.

Ever since Dirac deduced theoretically the existence of the monopole in

1931, it has eluded physicists [51]. At the same time the possibility of

realising huge amounts of energy using monopoles has been an exciting

prospect. In 1980 when the fiftieth Anniversary of the monopole was be-

ing commemorated, Dirac himself expressed his belief that the monopole

did not exist [298]. Some scholars have indeed dismissed the monopole

[429, 430], while in a model based on quantized vortices in the hydrody-

namical formulation, the monopole field can be mathematically identified

with the momentum vector [129]. Monopoles had also been identified with

solitons [431].

In any case, it has been noted that the existence of free monopoles would

lead to an unacceptably high density of the universe [43], which in the light

of latest observations of an ever expanding universe [177, 432] would be
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difficult to reconcile.

We will now show that monopoles arise due to the non commutative struc-

ture of space time being ignored, and this would also provide an explanation

for their being undetected.

Let us start by reviewing Dirac’s original derivation of the Monopole

(Cf.ref.[51]). He started with the wave function in equation (8.85). We

can then go on as in the previous section till equation (8.88).

In (8.88) ~B is the magnetic flux across a surface element d~S and n is the

number of nodes within the circuit. The expression (8.88) directly leads to

the Monopole.

Let us now reconsider the above arguments in terms of our non commuta-

tive geometry [297].

As noted above, the non integrability of the phase S in (8.86) gives rise to

the electromagnetic field, while the nodal singularity gives rise to a term

which is an integral multiple of 2π. As is well known [127] we have

~∇S = ~p (8.91)

where ~p is the momentum vector. When there is a nodal singularity, as

noted above the integral over a closed circuit of ~p does not vanish. In fact

in this case we have a circulation given by

Γ =

∮

~∇S · d~r = ~

∮

dS = 2πn (8.92)

It is because of the nodal singularity that though the ~p field is irrotational,

there is a vortex−−the singularity at the central point associated with the

vortex makes the region multiply connected, or alternatively, in this region

we cannot shrink a closed smooth curve about the point to that point.

Infact if we use the fact as seen above that the Compton wavelength is a

minimum cut off, then we get from (8.92) using (8.91), and on taking n = 1,
∮

~∇S · d~r =

∫

~p · d~r = 2πmc
l

2mc
=
h

2
(8.93)

l = ~

2mc is the radius of the circuit and h = 2π in the above natural units.

In other words the nodal singularity or quantized vortex gives us the mys-

terious Quantum Mechanical spin half (and other higher spins for other

values of n). In the case of the Quantum Mechanical spin, there are

2 × n/2 + 1 = n + 1 multiply connected regions, exactly as in the case

of nodal singularities. Indeed in the case of the Dirac wave function, which

is a bi-spinor

(

Θ

φ

)

, we have noted that the double connectivity was shown
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to lead immediately to the same electromagnetic potential we had obtained

from the nonintegrability of the phase above, which again was identical to

that from Weyl’s guage invariant theory.

Let us revisit all this in a little greater detail. We start with a non integrable

infinitessimal parallel displacement of a four vector [39],

δaσ = −Γσµνa
µdxν (8.94)

The Γ’s are the Christoffel symbols. This represents the extra effect in

displacements, due to curvature. In a flat space, all the Γ’s on the right

side would vanish. Considering partial derivatives with respect to the µ-th

coordinate, this would mean that, due to (8.94), as we saw,

∂aσ

∂xµ
→ ∂aσ

∂xµ
− Γσµνa

ν , (8.95)

The second term on the right side of (8.95) was shown to lead to

∂

∂xµ
→ ∂

∂xµ
− Γνµν (8.96)

We identified

Aµ = Γνµν (8.97)

from the above using minimum electromagnetic coupling exactly as in

Dirac’s monopole theory.

If we use (8.96), we will get the commutator relation,

∂

∂xλ
∂

∂xµ
− ∂

∂xµ
∂

∂xλ
→ ∂

∂xλ
Γνµν −

∂

∂xµ
Γνλν (8.98)

Let us now use (8.97) in (8.98): The right side does not vanish due to

the electromagnetic field (8.97) and we have a non-commutativity of the

momentum components of quantum theory. Indeed the left side of (8.98)

can be written as

[pλ, pµ] ≈
0(1)

l2
, (8.99)

l being the Compton wavelength. In (8.99) we have utilized the fact that

at the extreme scale of the Compton wavelength, the Planck scale being a

special case, the momentum is mc.

From (8.97), (8.98) and (8.99), we have,

Bl2 ∼ 1

e
=

(

~c

e

)

, (8.100)

where B is the magnetic field.

Equation (8.100) is the well-known equation for the magnetic monopole.
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Indeed it has been shown by Saito and the author [371, 372] that a non

commutative spacetime at the extreme scale shows up as a powerful mag-

netic field.

To recapitulate, the Monopole was shown by Dirac to arise because of two

separate issues. The first was the non integrability of the phase S given

in (8.86), which gave rise to the electromagnetic potential (8.87) which

was equivalent to the Weyl potential (8.97) (which latter was originally

dismissed because it was adhoc). The other issue was that of nodal singu-

larities or alternatively the multiply connected nature of space which gave

rise to a term like 2πn as in (8.88). In effect there would be free monopoles.

However all this was considered in the context of the usual commutative

Minkowski spacetime. Effectively this means that terms ∼ 0(l2) are ne-

glected.

However once such terms are included, in other words once the non com-

mutative (and multiply connected) structure of spacetime to this order

is recognized, firstly the previously supposedly adhoc Weyl electromag-

netic formulation automatically follows and furthermore the first term in

the monopole expression (8.88) immediately gives the Quantum Mechan-

ical spin, and the elusive monopole appears as the magnetic effect at the

Compton (or Planck scale).

8.11 Fermions and Bosons

We first observe that a hydrodynamical vortex and streamline description

provides an explanation for the Fermionic and Bosonic statistics [130]. In-

deed, let nK be the occupation number for the energy or momentum state

defined by K. For Fermions nK = 0 or 1, whereas nK can be arbitrary for

Bosons. We can give a rationale for this difference between Bose-Einstein

and Fermi-Dirac statistics. Fermions are bounded by the Compton wave-

length. That is, they are localized, a description which, as we have seen,

requires both negative and positive energy solutions, which in fact is ex-

pressed by zitterbewegung effects. The localization in space automatically

implies an indeterminacy of energy or momentum K. Thus, even though an

energy or momentum state, in practical terms implies a small spread ∆K,

it is not possible to cram Fermions which also have a momentum energy

indeterminacy spread, arbitrarily into this state.

On the other hand Bosons are not bound by the Compton wavelength vor-

tices, and so have sharper momentum states, so that any number of them
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can be crammed into the state K (which really is blurred by the Uncer-

tainty Principle indeterminacy of ∆K). This point will be seen clearly in

the sequel. Another well known way of expressing these facts is by saying

that the fermionic wave function in space is weak, but not the bosonic wave

function, the latter fact being symptomatic of a field or an interaction[319].

The above considerations immediately follow from our description in terms

of fuzzy spacetime. In this case we have the non commutative geometry

given earlier

[x, y] = 0(l2), [x, px] = ı~[1 + l2] (8.101)

where l is the Compton wavelength. As we saw in Chapter 6, it is precisely

this space quantization at the Compton scale that leads to the Dirac ma-

trices and their anti-commutation relations.

Bosons on the other hand would be described as will be seen below, and as

mentioned earlier as bound states of the Fermions (Cf.[422] and other refer-

ences), or alternatively they would be a super position of vortices leading to

a streamline like description [433] rather than be tight quantized vortices.

Indeed it has been noted that the spinorial representation of the Lorentz

group is more fundamental than the vectorial representation[143].

If indeed the Fermion-Boson divide is not so rigid then, within the above

description there could be certain special situations in which the above

space localized and momentum space localized description of Fermions and

Bosons gets blurred, in which case anomalous or fractal statistics would

come into play. This could happen, for example when the Compton wave-

length l of the Fermion becomes very small, that is the particle is very

massive. In this case the non commutativity of the geometry referred to

above in (8.101) disappears and we return to the usual commutation rela-

tions of non relativistic Quantum Mechanics, that is a description in terms

of the spinless Schrodinger equation. In this case, v being the velocity of

the particle v/c would be small and the Dirac equation as is known tends

to the Schrodinger equation[181].

There would thus be a Bosonisation effect. This would also be expected

at very low temperatures, for example below the Fermi temperature, when

the energy spread of the Fermions would itself be small (or the Compton

scale would be small in comparison to scales of interest in the problem),

and anomalous behaviour, for example on the lines of the superfluidity of

He3[248, 434] can be expected.

This Bosonization effect is also suggested by the following argument which

we saw earlier in a slightly different context:
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For a collection of Fermions, we know that the Fermi energy is given by

[125],

εF = p2
F /2m = (

~
2

2m
)(

6π2

v
)2/3 (8.102)

where v1/3 is the interparticle distance. On the other hand, in a differ-

ent context, for phonons, as we saw the maximum frequency is given by,

(cf.ref.[125]),

ωm = c(
6π2

v
)1/3 (8.103)

This occurs for the phononic wavelength λm ≈ inter-atomic distance be-

tween the atoms, v1/3 being, again, the mean distance between the phonons.

“c” in (8.103) is as we saw the velocity of the wave, the velocity of sound

in this case. The wavelength λm is given by,

λm =
2πc

ωm

We can now define the momentum pm via the de Broglie relation,

λm =
h

pm
,

which gives,

pm =
~

c
ωm, ~ ≡ h

2π
(8.104)

We can next get the maximum energy corresponding to the maximum fre-

quency ωm given by (8.103),

εm =
p2
m

2m
=

~
2

2m
(
6π2

v
)2/3 (8.105)

Comparing (8.102) and (8.105), we can see that εm and pm exactly corre-

spond to εF and pF .

The Fermi energy in (8.102) is obtained as is known by counting all energy

levels below the Fermi energy εF using Fermi-Dirac statistics, while the

maximum energy in (8.105) is obtained by counting all energy levels below

the maximum value, but by using Bose-Einstein statistics.

We can see why in spite of this, the same result is obtained in both cases.

In the case of the Fermi energy, all the lowest energy levels below εF are

occupied with the fermionic occupation number 〈np〉 = 1, p < pF . Then,

the number of levels in a small volume about p is d3p. This is exactly so

for the bosonic levels also. With the correspondence given in (8.104), the

number of states in both cases coincide and it is not surprising that (8.102)
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and (8.105) are the same.

In effect, Fermions below the Fermi energy should have a strong resem-

blance to phonons, reminiscent of semions which behave like particles with

statistics in between the Fermi-Dirac and Bose-Einstein statistics [435].

A rationale for the above is the fact that, for p2

2m < εF , as ∆p ≈ 0, the

levels are very closely spaced and the density of levels in p-space is d3p as

in the case of phonons which are Bosons. This illustrates comments made

earlier about momentum states and occupation members. The point is that

Fermions are bounded by the Compton wavelength, as we have stressed re-

peatedly. So they do not have sharp momentum states and the occupation

number nk (in a small momentum interval (k − ∆k/2, k + ∆k/2)) cannot

be arbitrarily large, but rather nk = 1 or0. Bosons on the other hand have

sharp momentum states and nk the occupation number in the small mo-

mentum interval can be arbitrary. Bloch’s original analysis (cf.ref.[436])

corroborates the above considerations.

In any case, for example the conduction electrons in metals can, in the

Sommerfeld model be considered to be non interacting Fermions in a box,

as also in the Landau theory of Fermi liquids [437]. Moreover the original

Tomonaga theory in one dimension which considers the fermionic ensemble

as an ensemble of Bosons and weakly or non interacting Fermions, as in

the independent particle model has been found to be true in three dimen-

sions also [436]. It is in this context that we can use the above result that

the Dirac equation goes over to the Schrodinger equation at low velocities,

to argue that there would be Bosonization effects. So at sufficiently low

velocities, that is temperatures, we can expect that these Fermions would

exhibit a bosonic character.

Let us analyse this circumstance further to show that the above conclu-

sions indeed follow from Quantum Field Theory, without any contradiction

to the Spin Statistics Theory.

We first show specifically that the Fermi energy corresponds to scales much

larger than the Compton wavelength[248]. This follows quite easily. If v is

the average volume per particle, then scales much larger than the Compton

wavelength imply,

v >> (
~

mc
)3,

whence, in terms of the Fermi energy, we have (cf.ref.[125])

(
3
√
π

4
)2/3.

1

kT εF
(
2π~

2

mkT
) >> (

~

mc
)2
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So,

(7.6)mc2 >> εF

Alternatively,

εF ∼ 1

N

∑ p2

2m
<< mc2,

as (
p

mc
) << 1.

Either way, the length scales associated with the Fermi energy are much

greater than the Compton wavelength.

We next consider these results in the context of the Spin Statistics The-

ory. We observe that the essence of Spin Statistics Theory is that commu-

tators (corresponding to symmetric wave functions) cannot be used with

Fermionic fields while anti commutators (corresponding to anti symmetric

wave functions), cannot be used with Bosonic fields. However, as is known,

this is strictly true at scales not much greater than the Compton wave-

length [438].

Indeed, for a Klein-Gordon field while the vaccum expectation value of the

commutator,

< 0|[φr(x), φs(y)]|0 >≡ ∆(x− y)

vanishes for space like intervals, the same value for the anti commutator

for large spatial distances is given by,

∆′
1(x, 0) ∼ Ze−m|x|

|x|2 +

∫ ∞

m2

1

dσ2ρ(σ2)
e−σ|x|

|x|2

So this anti commutator is nearly zero for large space like distances, that

is the violation of microscopic causality and therefore the Spin Statistics

Theory is negligible (cf.ref.[438]).

Similarly for Fermionic fields the contradiction arises because, this time the

symmetric propogator, the Lorentz Invariant function

∆(x− x′) ≡
∫

d3k

(2π)33ωk
[e−ık.(x−x

′) + eık.(x−x
′)]

does not vanish for space like intervals (x − x′)2 < 0, where the vacuum

expectation value of the commutator is given by the spectral representation,

S(x− x′) ≡ ı < 0|[ψα(x), ψβ(x′)]|0 >

= −
∫

dM2[ıρ1(M
2)∆x + ρ2(M

2)]αβ∆(x − x′)
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Outside the light cone, r > |t|, where r ≡ |~x − ~x′| and t ≡ |xo − x′o|,∆ is

given by,

∆(x′ − x) = − 1

2π2r

∂

∂r
Ko(m

√

r2 − t2),

where the modified Bessel function of the second kind, Ko is given by,

Ko(mx) =

∫ ∞

o

cos(xy)
√

m2 + y2
dy =

1

2

∫ ∞

−∞

cos(xy)
√

m2 + y2
dy

(cf.[439, 440]). In our case, x ≡
√
r2 − t2, and we have,

∆(x− x′) = const
1

x

∫ ∞

−∞

y sinxy
√

m2 + y2
dy ∼ 0(

l

x
),

where l is the Compton wavelength (~ = c = 1).

Once again we can see that the violation of the Spin Statistics Theory is

negligible for distances large compared to the Compton wavelength. This

confirms the Bosonization effects for low temperature Fermions.

To get yet another alternative justification, we further observe that in the

Quantum Field Theory of Fermions, as is well known (cf.ref.[438]), the wave

function expansion of the Fermion should include solutions of both signs of

energy:

ψ(~x, t) = N

∫

d3p
∑

±s
[b(p, s)u(p, s) exp(−ıpµxµ/~)

+d∗(p, s)v(p, s) exp(+ıpµxµ/~)] (8.106)

where N is a normalization constant for ensuring unit probability.

In Quantum Field Theory, the coefficients in (8.106) become creation and

annihilation operators while bb+ and d+d become the particle number op-

erators with eigen values 1 or 0 only. The Hamiltonian is now given by:

H =
∑

±s

∫

d3pEp[b
+(p, s)b(p, s) − d(p, s)d+(p, s)] (8.107)

As can be seen from (8.107), the Hamiltonian is not positive definite and

it is this circumstance which necessitates the Fermi-Dirac statistics.

Now in our fuzzy spacetime model all the negative energies are pinched

off inside the Compton wavelength. So, at the scales under consideration,

these are inaccessible, so that there is no question of transition to a negative

energy level. That is, we do not require Fermi-Dirac statistics, which was

invoked only to forbid such a transition. In effect we could work with com-

mutators. This is reminiscent of the Bosonization of Fermions encountered
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in the one dimensional case (cf.ref.[436]).

However it must be observed that the above anomalous behaviour does not

mean that the gas behaves classically or that the Pauli Exclusive Principle

is inoperative. If that were the case the internal energy at the temperature

T ≈ 0◦K would have been zero, but owing to the existence of the Fermi

energy εF , this internal energy density which is proportional to εF , is non

zero [441].

For very light Fermions, for example neutrinos, the Compton wavelength

becomes very large, and in this case the double connectivity of spacetime

all but disappears and the observed anomalous features of the neutrino like

handedness show up, as discussed elsewhere in detail [218, 442].

Moreover with recent developments in nano technology and thin films, we

are able to consider one dimensional and two dimensional Fermions, in

which case, Bosonisation effects show up as discussed below. In any case

in the one dimensional and two dimensional cases, the Dirac equation be-

comes a two component equation, without an invariant mass[46], while at

the same time, handedness shows up [156]. It is worth mentioning here

that the Dirac matrices can have only even dimensionality, corresponding

to the above anomalous two component Dirac spinors, and the usual Dirac

bispinors of the three dimensional theory.

We very briefly comment on what happens in the two and one dimensional

cases in the context of the considerations seen above. These are two ex-

treme idealizations because as we have noted earlier it is spin half that leads

to and is responsible for three dimensions. Side stepping this issue for the

moment and also the fact that this corresponds to constrained Quantum

systems, we observe that this is opposite to the previous situation. We are

in the high energy relativistic domain in the sense that the shrinkage of even

a single dimension implies that we are already at the Compton wavelength,

and the concept of the particle inertial mass and other properties become

questionable.

In this case, we encounter mostly the negative energy components which as

we have seen exhibit the lefthanded behaviour as in the case of the neutrino

too. We can now argue, exactly as we did for the QFT Hamiltonian (8.107),

that the question of transition to empty states of the Dirac sea of opposite

sign of energy does not arise as these states are unavailable. Whence we

can use commutators instead of anti commutators. These conclusions can

be easily verified.

To further clarify this situation and demonstrate self consistency within our

model let us take the Lorentz covariant equation in one (spatial) dimension,
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in a well known and obvious notation:

(ıµγµ∂µ − mc

~
)ψ = 0

Apart from the fact that we get the left handed solution, it must be noticed

that the mass term (or the energy operator term) is not accompanied by

the usual factor,
(

1 0

0 −1

)

which in fact gives the positive and negative energy solutions and the zit-

terbewegung, and which leads to equations like (8.106) and (8.107), or to

the Fermion bounded by the Compton wavelength, and inertial mass itself

as seen in Chapter 2.

Another way of looking at this is that if we work only with solutions of

one sign, the current, or equivalently, the expectation value of the velocity

operator c~α, is given by (cf.ref.[181]),

J+ = 〈c~α〉+ = 〈c2p/E〉+ = 〈vgp〉+,

which is a contradiction, because, c~α has eigen values ±c, whereas we re-

quire 〈vgp〉 < c, if the particle has mass. So, either the particle has no mass,

as we saw for the neutrino, or both positive and negative energy solutions

have to be included.

In our case, we have neutrino like particles.

Indeed in low dimensions we have Fermion-Boson Transmutation and other

statistics like anyonic statistics[435, 436]. We can in fact show that the as-

sembly behaves as if it is at a temperature below the Fermi Temperature:

The average energy per unit length in one dimension is given by

e =
π(kT )2

6~νF
(8.108)

where νF ≡ ~π(N/L)/m,L being the length of the one dimensional wire

and N the number of Fermions therein. This is the one dimensional version

of the Stephan Boltzmann law for radiation[108]. Denoting the average

interparticle distance,

L

N
≡ (ν)1/3,

and using the fact that [125]

kTF = (
~

2

2m
)(

6π2

ν
)2/3,
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and remembering that,

kT = eν1/3,

we can easily deduce from (8.108) that,

T =
3

5
TF

Interestingly this not only shows that the temperature is below the Fermi

temperature, but also that the gas is in the ground state [125], whatever

be the temperature.

We now consider in greater detail two illustrative situations where anoma-

lous behaviour shows up[443–445].

A. Nearly Mono Energetic Fermions

In this case, the earlier comments lead us to expect Bosonic behaviour be-

cause there is hardly any energy spread. Our starting point is the well

known formula for the occupation number of a Fermion gas[125]

n̄p =
1

z−1ebEp + 1
(8.109)

where, z′ ≡ λ3

v ≡ µz ≈ z because, here, as can be easily shown µ ≈ 1,

v =
V

N
, λ =

√

2π~2

m/b

b ≡
(

1

KT

)

, and
∑

n̄p = N (8.110)

Let us consider in particular a collection of Fermions which is somehow

made nearly mono-energetic, that is, given by the distribution,

n′
p = δ(p− p0)n̄p (8.111)

where n̄p is given by (8.109).

This is not possible in general−−here we consider a special situation of a

collection of mono-energetic particles in equilibrium which is the idealiza-

tion of a contrived experimental set up.

By the usual formulation we have,

N =
V

~3

∫

d~pn′
p =

V

~3

∫

δ(p− p0)4πp
2n̄pdp =

4πV

~3
p2
0

1

z−1eθ + 1
(8.112)

where θ ≡ bEp0 .

It must be noted that in (8.112) there is a loss of dimension in momentum
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space, due to the δ function in (8.111)−−in fact such a fractal two dimen-

sional situation would in the relativistic case lead us back to the anomalous

behaviour already alluded to [446]. This again is symptomatic of distances

in space (and momentum space) being, more a measure of dispersion, rather

than rigid distances, as discussed in Chapter 2. In the non relativistic case

two dimensions would imply that the coordinate ψ of the spherical polar

coordinates (r, ψ, φ) would become constant, π/2 in fact. In this case the

usual Quantum numbers l and m of the spherical harmonics [144] no longer

play a role in the usual radial wave equation

d2u

dr2
+

{

2m

~2
[E − V (r)] − l(l+ 1)

r2

}

u = 0, (8.113)

The coefficient of the centrifugal term l(l+ 1) in (8.113) is replaced by m2

as in Classical Theory[209].

To proceed, in this case, KT =< Ep >≈ Ep so that, θ ≈ 1. But we can

continue without giving θ any specific value.

Using the expressions for v and z given in (8.110) in (8.111), we get

(z−1eθ + 1) = (4π)5/2
z

′−1

p0
; whence

z
′−1A ≡ z

′−1

(

(4π)5/2

p0
− eθ

)

= 1, (8.114)

where we use the fact that in (8.110), µ ≈ 1 as can be easily deduced.

A number of conclusions can be drawn from (8.114). For example, if,

A ≈ 1, i.e.,

p0 ≈ (4π)5/2

1 + e
(8.115)

where A is given in (8.114), then z′ ≈ 1. Remembering that in (8.110), λ

is of the order of the de Broglie wave length and v is the average volume

occupied per particle, this means that the gas gets very densely packed for

momenta given by (8.115). Infact for a Bose gas, as is well known, this is the

condition for Bose-Einstein condensation at the level p = 0 (cf.ref.[125]).

On the other hand, if,

A ≈ 0(that is
(4π)5/2

e
≈ p0)
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then z′ ≈ 0. That is, the gas becomes dilute, or V increases.

More generally, equation (8.114) also puts a restriction on the energy (or

momentum), because z′ > 0, viz.,

A > 0(i.e.p0 <
(4π)5/2

e
)

But ifA < 0, (i.e.p0 >
(4π)5/2

e
)

then there is an apparent contradiction.

The contradiction disappears if we realize that A ≈ 0, or

p0 =
(4π)5/2

e
(8.116)

(corresponding to a temperature given by KT =
p2
0

2m ) is a threshold mo-

mentum (phase transition). For momenta greater than the threshold given

by (8.116), the collection of Fermions behaves like Bosons. In this case, the

occupation number is given by

n̄p =
1

z−1ebEp − 1
,

instead of (8.109), and the right side equation of (8.114) would be given by
′ − 1′ instead of +1, so that there would be no contradiction. Thus in this

case there is an anomalous behaviour of the Fermions.

B. Degenerate Bosons

We could consider a similar situation for Bosons also where an equation

like (8.111) holds. In this case we have equations like (8.115) and (8.116):

p0 ≈ (4π)5/2

1.4e− 1
(8.117)

p0 ≈ (4π)5/2

e
(8.118)

(8.118) is the same as (8.116), quite expectedly. It gives the divide between

the Fermionic and Bosonic behaviour in the spirit of the earlier remarks.

At the momentum given by (8.117) we have a densely packed Boson gas

rather as in the case of Bose Einstein condensation. On the other hand at

the momentum given by (8.118) we have infinite dilution, while at lower

momenta than in (8.118) there is an anomalous Fermionisation.

Finally it may be pointed out that at very high temperatures, once again the
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energy−−momentum spread of a Bosonic gas becomes large, and Fermion-

isation can be expected, as indeed has been shown elsewhere [447]. In any

case at these very high temperatures, we approach the Classical Maxwell

Boltzmann situation.

To sum up Fermions and Bosons are divided into two different com-

partments, obeying Fermi-Dirac and Bose-Einstein statistics respectively.

While this is true in general, there are special situations, for example at

very low temperatures or in low dimensions where the distinction gets some

what blurred leading to Bosonization or Semionic effects. Our model pre-

dicts such a Bosonization effect for Fermions, at energies corresponding to

scales much larger than the Compton wavelength. Indeed such an anoma-

lous behaviour is found experimentally in the superfluidity of He3: Though

this is sought to be explained in terms of the conventional BCS theory, the

fact is that there are inexplicable anomalous features (cf.ref.[448]).

The model also predicts handedness and the blurring of Fermi-Dirac statis-

tics in the two and one dimensional cases.

Finally it may be mentioned that very recent experimental results on car-

bon nanotubes [449–452] exhibit the one dimensional nature of conduction

and behaviour like low temperature quantum wires thus confirming the re-

sults discussed. We make a few additional remarks.

Interestingly in the fuzzy spacetime related Quantum Mechanical Kerr-

Newman Black Hole hydrodynamical vortex picture (Cf.ref.[130]) as in the

usual Quantum Theory of addition of angular momenta, we can recover the

fact that the sum or bound state of two such vortices or spin half particles

would indeed give Bosons, so that spin half would be primary as already

mentioned.

This can be seen as follows, from the theory of vortices [453]. The velocity

distribution is given by

v = ν/2πr (8.119)

In our case we have to use in (8.119) v = c and r = ~/2mc, the Compton

wavelength of the particle. So we have ν = h
m which is also the diffusion

constant of Chapter 2.

If we consider two parallel spinning vortices separated by a distance d, then

the angular velocity is given by

ω =
ν

πd2

whence the spin of the system turns out to be h, that is in usual units the

spin is one, and the above gives the states ±1.
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There is also the case where the two above vortices are anti parallel. In

this case there is no spin, but rather there is the linear velocity given by

v = ν/2πd

This corresponds to the state 0 in the spin 1 case.

Together, the two above cases give the three −1, 0,+1 states of spin 1 as

in the Quantum Mechanical Theory.

It must be noted that the distance d between vortices could be much greater

than the Compton wavelength scale, so that the wave function of the Boson

in the above description would be extended in space−−it would be in the

asymptotic region in comparison to the Fermionic wave function, as pointed

out a little earlier. We can understand two puzzling features noted earlier,

also from this point of view. The first is the fact, noticed by Darwin, as

noted, that source free Electrodynamics is mathematically equivalent to the

massless, force free Dirac theory. The second is the bosonic behaviour of

the neutrino alluded to. In both these cases, the divide between the tight

vortices, and the approximate stream lines, gets blurred. In any case, all

this vindicates comments made at the beginning of this Section.

It must also be observed that in our hydrodynamical vortex picture above,

when we have a bound state of the vortices, there is really no interaction in

the sense of Particle Physics. Indeed the interaction description comes up

once we identify the background Zero Point Field with the hydrodynamical

flow. This was also seen in earlier Chapters, where interactions arose out

of the background ZPF.

Finally, we now consider the magnetism of stars and planets, in the above

context. It is known that Neutron stars or Pulsars have strong magnetic

fields of ∼ 108 Tesla in their vicinity, while certain White Dwarfs have

magnetic fields ∼ 102 Tesla. If we were to use conventional arguments that

when a sun type star with a magnetic field ∼ 10−4 Tesla contracts, there

is conservation of magnetic flux, then we are lead to magnetic fields for

Pulsars and White Dwarfs which are a few orders of magnitude less than

the required values[454].

We will now argue, that in the light of the above results that below the

Fermi temperature, the degenerate electron gas obeys a semionic statistics,

that is a statistics in between the Fermi-Dirac and Bose-Einstein, it is

possible to deduce the correct magnetic fields for Neutron stars and White

Dwarfs. Moreover this will also enable us to deduce the correct magnetic

field of a planet like the earth.
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We have for the energy density e, in case of sub Fermi temperatures,

e ∝
∫ pF

o

p2

2m
d3p ∝ T 2.5

F (8.120)

where pF is the Fermi momentum and TF is the Fermi temperature. On

the other hand, it is known that [437, 108] in n dimensions we have,

e ∝ Tn+1
F (8.121)

(For the case n = 3, (8.121) is identical to the Stefan-Boltzmann law).

Comparison of (8.121) and (8.120) shows that the assembly behaves with

the fractal dimensionality 1.5.

Let us now consider an assembly of N electrons. As is known, if N+ is

the average number of particles with spin up, the magnetisation per unit

volume is given by

M =
µ(2N+ −N)

V
(8.122)

where µ is the electron magnetic moment. At low temperatures, in the usual

theory, N+ ≈ N
2 , so that the magnetisation given in (8.122) is very small.

On the other hand, for Bose-Einstein statistics we would have, N+ ≈ N .

With the above semionic statistics we have,

N+ = βN,
1

2
< β < 1, (8.123)

If N is very large, this makes an enormous difference in (8.122).

Let us first use (8.122) and (8.123) for the case of Neutron stars. In this

case, as is well known, we have an assembly of degenerate electrons at

temperatures ∼ 107K, (cf.for example [125]). So our earlier considerations

apply. In the case of a Neutron star we know that the number density of

the degenerate electrons, n ∼ 1031 per c.c.[44, 229]. So using (8.122) and

(8.123) and remembering that µ ≈ 10−20G, the magnetic field near the

Pulsar is ∼ 1011G <∼ 108 Tesla, as required.

Some White Dwarfs also have magnetic fields. If the White Dwarf has an

interior of the dimensions of a Neutron star, with a similar magnetic field,

then remembering that the radius of a White Dwarf is about 103 times

that of a Neutron star, its magnetic field would be 10−6 times that of the

neutron star, which is known to be the case.

Such considerations have been used by the author for the earth’s magnetic

field too [455].
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