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Preface

The fundamental theories of physics were all conceived and completed well before
we acquired any significant knowledge about the extent and contents of our Universe.
By 1930, we had a seemingly mature structure of theoretical physics, with the Special
Theory of Relativity, the General Theory Relativity, Quantum Mechanics, and the
Quantum Field Theory, as well as the complete descriptions of the interactions of
electromagnetism (Maxwell electrodynamics) and gravity (Einstein’s General Rela-
tivity). But, the realization about the matter content and the vast size of the Universe
dawned only after 1930, when observational cosmology expanded its horizons with
the aid of large telescope installations. Prior to that, the physical space was consid-
ered as largely empty. As a consequence, our fundamental theories were structured
assuming explicitly that the space in which physical phenomena occur was essen-
tially empty, devoid of matter and its gravity. In particular, the theories of dynamics
and relativity, which are the basis of all of physics, have the empty space as their
arena. However, factually, all physical theories are written down and tested in this
‘once-given’ Universe, in the unavoidable gravitational presence of its vast amount of
matter. The current theories are operative in this matter-filled Universe, but their theo-
retical structure does not include its enormous gravity and physical consequences.
The fundamental thesis developed and proved in this monograph, Cosmic Relativity,
shows that it is indeed the gravity of the matter-energy in the Universe that deter-
mines all of dynamics and relativistic effects. The empirical proof and overwhelming
support of the gravitational paradigm are evident in several crucial experiments,
spanning several fields.

Matter and energy constitute the charge of gravity; our Universe is gravitation-
ally charged and it affects the motion of every other gravitational charge—any form
of matter with mass or energy. From this natural and simple premise, I develop
all features of dynamics and relativity as the gravitational consequences of the
factual matter distribution in the Universe, without further postulates or assumptions.
The fundamental results that follow include the Principle of Relativity, the laws of
dynamics (Newton’s law of motion), the Equivalence Principle and the Universality
of Free Fall, the solution to the enigma of inertia, the origin of inertial forces, the
relativistic modification of spatial and temporal intervals, etc. The whole structure
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of fundamental physics is held together by the gravity of the matter-filled Universe,
and it has no physical support in an empty Universe. The matter-filled Universe
constitutes an absolute reference frame for motion and it also provides a universal
time, physically represented, for example, in the slowly changing temperature of the
cosmic microwave background radiation. The maximal velocity of motion as well
as the propagation of light are determined by cosmic gravity, in the absolute frame
of the Universe.

Cosmic Relativity is a grand generalization of the Machian idea on the relation
between space and matter. If there is one large gap in fundamental physics today, it is
our continuing ignorance about the origin of inertia and Newtonian pseudo-forces, or
forces without sources. Einstein’s General Theory of Relativity inherited the enigma,
but converted it to its founding postulate. The theory of Cosmic Relativity solves
this problem decisively, synthesizing Galileo, Newton, Einstein, and Mach into one
coherent gravitational framework. With a necessary and significant modification of
Einstein’s equation of general relativity to a ‘centenary equation’, I have achieved a
consistent completion of Einstein’s theory of gravity. Cosmic Relativity brings back
logical integrity and consistency into the theory of relativity and provides a complete
picture of the relativistic physical world, adequately satisfying to both physicists and
philosophers of physics. One will see in detail how completely, and naturally, the
new paradigm solves and clarifies several fundamental issues that have been debated
and researched for centuries.

As one progresses through the book, getting familiar with the concepts and quanti-
tative estimates, one will find a thrilling turn to applications in satellite-based naviga-
tion, global time transfer, propagation of light, general dynamics, tropical cyclones,
spectroscopy, electron transport in helical molecules, Pauli exclusion and the spin-
statistics connection, and even a comprehensive and successful unified theory of the
integer and fractional quantum Hall effects, all tied together through the universal
nature of cosmic gravity.

The crucial predictions of Cosmic Relativity on the behaviour of precision clocks
in motion, on the propagation of light, on the unipolar induction in electrody-
namics, etc. are all unambiguously confirmed in experiments and empirical data.
These predictions are closely linked to the role of the matter-filled gravitational
Universe with its absolute cosmological time as the factual absolute reference frame
for motion. The prediction that the relative velocity of light is Galilean, relative to
inertial observers, and not an invariant constant, was verified in an experiment that
devised a novel method for the measurement of the genuine one-way relative speed of
light. Surprising as this may seem to most physicists, it is a fact that the one-way rela-
tive speed of light has never been experimentally scrutinized. All known experiments
either compare the two-way speed of light, in which the first-order effects cancel out,
or depend on spatially separated clocks to monitor the propagation, in which case
there are unverifiable theoretical assumptions that introduce logical circularity. In any
case, several crucial experiments spanning two centuries are discussed and analysed
rigorously in this book to affirm the empirical basis of Cosmic Relativity.

A central result that anchors Cosmic Relativity on a strong empirical founda-
tion is the Galilean nature of the genuine one-way propagation of light. The results
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from my experiments and the transparent evidence from Global Navigational Satel-
lite Systems like the GPS establish the Galilean nature of light. Considering the
singular importance of this experimentally proven fact about the true nature of light,
respecting the existence of the gravitational absolute frame of the Universe, I have
taken pedagogic care to explain and illustrate the refutation of Einstein’s hypothesis
of the invariant relative velocity of light.

The cosmic gravitational paradigm of relativity and dynamics is both universal
and encompassing, covering a wide basis, without the distinction between classical
physics and quantum physics. Several fundamental results in spin physics amply
illustrate this unity. The gravitational basis determines also the absolute notions of
simultaneity, causality, and locality. Within the robust framework of Cosmic Rela-
tivity, there is no place for irrational nonlocal physical influences. This is shown in
the clearest manner in a discussion on some deep aspects of quantum physics.

Historical accuracy is an important factor when we deal with the development
of physics over an extended duration. I have paid particular attention to depend on
primary resources in those situations where significant incidents of importance to
physics are discussed.

The writing of this monograph to explain this discovery and its far-reaching conse-
quences, finally putting together cosmology and physics in a credible consistent
interconnected paradigm, was not a difficult task, because of the driving charm of
the theory and the rock-solid empirical support it derived from experimental results
spanning more than two centuries. However, it still required the kind support from
several friends, some believing and some dismissive. In return, what I intend to
present is akin to a well-harmonized symphony, with an ever-lasting significance
and encompassing reach.

The necessity for a paradigm change, evident and explicit in this book, is analogous
to the need for a change from a geocentric astronomy to a heliocentric astronomy,
and as important, both in terms of the call to recognize the physical truth based on
observational data and in terms of a conceptual leap. It is understandable that it might
take some time before this cosmic gravitational paradigm for relativity and dynamics
is universally accepted, but an exceptionally robust and consistent basis built on a
wealth of experimental data is the unwavering strength of Cosmic Relativity.

Mumbai, India/Paris, France/St. Agreve, France C. S. Unnikrishnan
March 2022
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