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The modern scientific worldview is based on one science only: physics. Correspondingly,
modern cosmology is a physical cosmology. Alfred North Whitehead was not satisfied with
this and developed successfully a fundamentally different, organic cosmology on new
philosophical ground.1 Considering that Whitehead was one of the most influential, yet least
understood of the 20th century’s philosophers,2 it is timely to indicate some arguments as to
why was Whitehead was not satisfied with physical cosmology.
Whitehead summarized his argument about the insufficiency of the modern scientific
worldview in his late work Modes of Thought (1938).3 As he wrote, according to the general
common-sense notion of the universe developed in the “scientific” revolution, which is
actually only a “physics” revolution, it became usual to conceive Nature as composed of
permanent things, namely bits of matter, moving about in space which otherwise is empty.
There can be no doubt that this general notion expresses large, all-pervading truths about the
world around us. The only question is as to how fundamental these truths may be.4 As
Whitehead’s philosophy argues, this modern idea is fundamentally faulty. It is the
development of natural science that has gradually discarded every single feature of this
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original materialistic notion. Why is it then that in philosophy the worldview of classical
physics is still dominant? It is because, as Whitehead points out, the state of modern thought
is that after the formation of the doctrine, every single item in this general doctrine was then
denied by recent developments of modern science itself, but “the general conclusions from the
old doctrine as a whole are tenaciously retained.”5 The modern scientific worldview not only
suffered from such profound inconsistencies, but also “omits those aspects of the universe as
experienced, and of our modes of experiencing, which jointly lead to the more penetrating
ways of understanding.”6 Namely, the scientific worldview tends to ignore other similarly
important worldviews which together form culture: the worldviews of religion, ethics, and
art.7
Nature Fundamentally Consist of Activities
What Whitehead called “process” in his main oeuvre Process and Reality had, in some
important respects, become reformulated later as “activity.”8 Instead of conceiving Nature as
consisting fundamentally of matter and space, for Whitehead’s organic cosmology, Nature
fundamentally consist of activities.9 In other words, all changes are due to activities of
underlying causes, and all activities of Nature arise from a subtle life—the life of Nature. As
he formulated it, physical science had reduced Nature to activity, and had discovered abstract
mathematical formulae which are illustrated in these activities of Nature. This interpretation
of modern physics might seem straightforward. These abstract mathematical formulae are the
fundamental equations of physics formulated as differential equations. These differential
equations describe differences in the state of matter arising over the course of time. They
describe changes of matter in space and time. These changes arise, at the quantum level, by
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the activities of virtual particle pairs generated spontaneously from the quantum vacuum, as
quantum electrodynamics teaches us. But the origin of the physical laws generating these
virtual particles has remained unexplained. In this way, the explanatory system of modern
physics is fundamentally incomplete. This means that the explanatory system of modern
science is defective. When searching for the explanations of natural phenomena, it is
irrational to stop the exploration at a certain, awkward step. Indeed, nobody will ever be
satisfied by the irrational answer “just because,” especially in science and philosophy. As
Whitehead expressed it, the fundamental question remains: How do we add content to the
notion of bare activity? This question can only be answered “by fusing life with Nature.”10
(MT 166). “It is the status of life in Nature that is the modern problem of philosophy and of
science.”11
The Problem of Activity
Now let us take into account this argument from another angle. What should we mean by the
notion of “activity?” The problem of activity in philosophy is a very profound one. It is the
topic of a significant branch of philosophy called “action theory” (Moya 1990).12 Usually we
think that when we act by moving our hands, or by some other bodily movement, we are
responsible for what we did. This is not the case according to physicalism, the view dominant
in modern philosophy of science. Physicalism tells that there are things about which most
people refer to as “actions,” that are really nothing but “occurrences”—causal consequences of
previous or simultaneous physical conditions. In this sense, all physical changes, including that
of quantum electrodynamics, are merely occurrences, as far as they are consequences of
previous or simultaneous physical conditions. Now we arrived to the point. As quantum
electrodynamics teaches us, all physical interactions, governed by physical laws, arise due to
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virtual particles created from the quantum vacuum and absorbed by material objects. Within
the conceptual framework of physics, the creation of such a flux of virtual particles occurs
spontaneously. The term “spontaneous” carries the meaning “without outer cause.” In quantum
physics this means: acausally. So the production of virtual particles violates the universal
Principle of Causality. Moreover, the production of virtual particle pairs violates also the law
of energy conservation. This twofold failure of quantum theory may be considered as important
indications. There can be no exceptions from a law of Nature that are, according to their
concrete formulations, exceptionless.13 Similarly, there can be no exceptions from a universal
principle like the Principle of Causality. This means that, in a strict sense, the generation of
virtual particles cannot be regarded as mere physical occurrence as defined above. Something
should be present there that physics cannot grasp. This something is more significant because
it acts beyond the physical aspect of the quantum vacuum, and the quantum vacuum, that is,
the “sea” of virtual particles holds the key to a full understanding of Nature.14 Moreover, let us
take into account that spontaneity is one of the determining characteristics of living
organisms.15 Whitehead’s philosophy suggests that even apparently physical phenomena are
more fundamentally genuinely organic or biological activities. This problem leads to consider
the possibility of a biological origin of physical laws governing the production of virtual
particles.
As Whitehead concluded in Modes of Thought, the main object of his work is to indicate
the need for a systematic cosmology based on the idea of life as the fundamental factor
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responsible for all activities in Nature.16 In the following pages, I aim to present such a
systematic cosmology based on the best traditions of physics. Here we show how to extend
these traditions to biology and to the science of consciousness.
The Origin of Physical Laws
After almost a century, physics seems to preserve its hegemonic status as allegedly the only
science that can be fundamental. This view is based on the implicit assumption that the world
consists fundamentally of matter (or matter-like physical entities), which is not a scientific but
a metaphysical claim that may or may not be true. Let us start from the present situation in
which physicists consider the fundamental equations of physics governing all physical activities
as brute, inexplicable and irreducible facts. Indeed, as one of the most outstanding physicists,
Paul Davies has stated,
It seems that almost all physicists who work on fundamental problems accept
that the laws of physics have some kind of independent reality. With that view,
it is possible to argue that the laws of physics are logically prior to the universe
they describe. That is, the laws of physics stand at the base of a rational
explanatory chain, in the same way that the axioms of Euclid stand at the base
of the logical scheme we call geometry.”17 (Davies 2004).
Let me make an important distinction here in order to use an unambiguous terminology.
Let me distinguish between physical equations that are the ingredients of physics and the
physical laws that are their referents in Nature. With this terminology, the physical equations
are at a deeper level in the chain of physical explanation than the results of calculations which
they determine. Correspondingly, the physical laws themselves stand at a deeper level in the
causal chain of Nature than physical phenomena. This means that, besides the explanatory chain
of physics, I am also speaking about the causal chain of Nature. In these terms, my question
here is: what is the origin of physical laws in the causal order of Nature? Should we consider
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them as brute, irrational, irreducible facts, as it is usual, or is it possible to obtain still deeper
insights into the workings of Nature? Is it possible to make a step ahead in exploring the causal
chain of Nature and answer this question with the help of modern theoretical physics?
According to some opinions, it is possible, and the only factor that may achieve that feat,
yielding all the fundamental equations of physics, is the Principle of Least Action.
The Principle of Least Action (PLA) and the Origin of Physical Laws
The Principle of Least Action determines the path of a particle, or the way in which a physical
process becomes realized, between a given initial point (or state) and its endpoint (or final state).
It indicates that the path to be realized will be the one for which a certain mathematically
defined quantity called “action” is the least. I can illustrate the meaning of the Principle of Least
Action by considering a free-falling stone dropped from a height, or an apple falling from a
tree. The stone falls down in a straight line to the ground. If it would behave differently in the
same situation, it would use more energy and more time. The end result is equilibrium—the
stone on the ground. The principle of least action tells that the path taken by the stone is the one
that is characterized by the minimum of action.
I had pointed out that all the fundamental laws of physics can be derived from the PLA,
including the Euler-Lagrange equations of mechanics, the Maxwell equations of
electrodynamics, the Einstein equations of gravitation, or the Schrödinger equation of quantum
physics.18 I argue that one can regard the Principle of Least Action as physics in a nutshell. It
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is the fundamental principle of physics, its most powerful tool and its highest achievement. It
is the defining principle of physics and physical matter. It is the most important thing to know
in physics. Physical matter is what is behaving according to the PLA. This means physics is the
science of inanimate, inert matter. Consequently, it does not describe the behavior of ‘animate’,
living organism. Regarding the key importance of the PLA in physics, the question arises: does
Nature have other, similarly fundamental principle corresponding to the realm of life?
The Universal Principle of Biology: Bauer’s Principle
Carol Cleland,19 a philosopher of science at Colorado University, has pointed out that the
solution to the problem of how to define life requires an adequately general scientific theory of
life. Unfortunately, until now most scientists and philosophers have not known about Ervin
Bauer’s powerful theoretical biology20 because Stalinism put Bauer’s works on index for
decades; it is still only available in Russian and Hungarian. To my best knowledge, this is the
most promising theory that can serve as the basis for an exact and adequately general scientific
theory of life.21 His work was compared to Einstein’s highest aspirations. Today Bauer is often
presented in Russian and Hungarian literature as a scientist who was much ahead of his time;
he is now regarded as the founder of the general theoretical biology which aims to achieve
something like Einstein’s great goal, to unify all of physics in one grand equation22. Bauer has
been the only scientist who has pointed out that the only possibility of giving a scientific answer
to the question “does biology have its own laws?” is to search systematically for these laws. He
did search these laws systematically and found the universal law of biology, which is named
after him: Bauer’s Principle.
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It is important to recognize that life has two fundamental aspects, the lawful and the
autonomous. The lawful aspect of life is given by Ervin Bauer’s theoretical biology in the form
of Bauer’s Principle, which is the universal law of life. According to this principle, “the living
and only the living systems are never in equilibrium; they unceasingly invest work on the debit
of all their free energy budget against that equilibration which should occur for the given initial
conditions of the system on the basis of the physico-chemical laws.”23 The initial state the living
organism is characterized by its potential differences and free energies (differences in pressure,
concentration, electric fields, etc.). If the living organism would be isothermally isolated, it
would lose all these potential differences and free energies due to the equilibration that would
inevitably occur as the second law of thermodynamics shows. In contrast to a similar but dead
organism, the living organism will act against equilibration and mobilize all its potentials and
energies against the deadly equilibrium. This internally initiated work against equilibration is
the characteristic and universal property of living organisms and a crucial feature that
distinguishes them from inanimate bodies.
Remarkably, Bauer was able to derive all the fundamental phenomena of life—
metabolism, growth, reproduction, and irritability—and their fundamental equations from his
principle. He derived from his principle also the law of increasing potential of living matter as
the law of evolution.24 On that basis, it seems one can regard Bauer’s Principle to be the first
principle of biology, because the term “first principle” means, in our context, the deepest and
most comprehensive principles of Nature, mathematically formulated as a variational principle
in an integral form, from which all the fundamental laws and phenomena of physics, or biology,
or psychology can be derived. Causally, only three first principles are possible, corresponding
to the three ultimate causal powers, namely: matter, life and consciousness or reason.
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Built on Bauer’s theory, I found that the adequately general scientific theory of life
requires taking into account the other basic property of all living organisms, namely, their
autonomy. Inspired by a week-long discussion at Chapman University with Henry Stapp, I
developed such a theory, and I worked out the scientific theory of biological autonomy.25
We can observe that the biological principle must be independent, since physics is
conceived as governed by the Principle of Least Action, and Bauer’s Principle acts in the
opposite direction by urging living organisms to mobilize their energy resources and to initiate
actions creating systematic deviations from the Principle of Least Action. I found it important
to bring Bauer’s Principle into the context of modern physics. Realizing the all-comprehensive
significance of the Principle of Least Action in physics I attempted to generalize the PLA in
such a way that it can be harnessed by living organisms.
The Fundamental Principle of Biology: The Principle of Greatest Action (PGA)
In biological organisms the final state is determined by the living organisms themselves.26
Ludwig von Bertalanffy, the Hungarian-born founder of theoretical biology, has suggested “to
extend principles like that of least action [into biology]”27 and to formulate a generalized
Principle of Least Action.28 Action is an ideal tool of choice to describe biological phenomena
since it can act between a given initial state and a biologically wanted end state. Living
organisms must be able to select the endpoint of the action principle according to the
requirements of life, according to their biological aims, and to realize the selected end state—
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that is, to act. I found that the only option to take into account the fundamental fact of biology,
teleology, in the context of the Principle of Least Action is to generalize it by allowing its
endpoint to be variable and selected by the living organism according to biological aims.29 Such
final causation is fully compatible with the mechanistic explanation, and it is the only means to
explain biological behavior at the global level of the living organism.30 Actually, final causation
can be realized in the physical realm only with the tool of physical causation. Biological
causation consists in mobilizing and organizing the free energies of the living organism in a
special way suitable to realize the given biological cause. This means biological causation and
physical causation occur simultaneously. It is plausible to assume that normally all the activities
of the living organisms are selected in harmony with fundamental biological aims, to live, to
live well and to live better31, throughout their lifespan. In biology, we must admit as basic
explanatory tools a special, non-human type of teleology as well as the existence of biologically
available energies corresponding to biological aims.
Being alive involves a fundamental urge to maintain life as high as possible, and as long
as possible, far above the physically expectable end state. We can define “vitality” as the free
energy mobilizable by living organisms for their biologically initiated actions. For living
organisms, both vitality and time are crucially important. I generalized the mathematical form
of the Principle of Least Action by allowing the endpoint of the integral of action to be variable
and selected by the living organism according to its living nature, maximizing both vitality and
lifespan.32 Allowing the endpoint of the action principle to be variable endows living organisms
with the ability to initiate their actions autonomously. Such a generalization would provide a
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way to build biology upon the complete theoretical framework worked out by theoretical
physics. The least action principle only needs to be generalized by one step that allows for
biologically determined endpoints: biological teleology. Selecting biological endpoints is the
prerequisite of biological action. This is why biological autonomy is the other fundamental
aspect of biology besides the lawful aspect. This generalized principle can be used maximally
for biological aims when biological actions are maximizing the capability of living organisms
to act as long as possible. The fundamental biological activity is directed towards biological
aims realizing maximal vitality on the longest possible timescale. Surprisingly, when the
biological cost is free energy and time, the tool measuring biological cost is the same “action”
that is minimized in physics by the Principle of Least Action. This means that living organisms’
biological activities contribute maximally to regenerate their free energy content and their
ability to do work as well as live their life as long as possible. Based on such considerations I
obtained the Principle of Greatest Action in a mathematical form.33
With the term “vitality” Bauer’s Principle tells that living organisms continuously work
to maintain and regenerate their vitality. Bauer’s Principle can be called as the Principle of
Maximal Vitality. The difference between the Principle of Greatest Action (PGA) and Bauer’s
Principle is that in the latter, the amount of mobilizable energy is maximized, while in the PGA,
the length of the time intervals in which the mobilizable energy is maximized is also maximized.
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properly in order to make the largest number of best decisions and actions possible during their
finite lifetime. Somewhat simplifying, while Bauer’s Principle can be regarded as the Principle
of Greatest Vitality, the PGA involves another principle, which acts to find and realize the best
decisions corresponding to maximal vitality on the longest timescale and minimize the time
necessary to find it. Because making the better decision and making the same decision faster in
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the same situation requires a smarter mind, this second principle involved in the PGA will be
named the Principle of Greatest Reason (PGR). The PGA is the decision maker, and the PLA
is the executive agent. The Principle of Greatest Vitality is the normative principle supplying
the vital energetic direction for decisions. The Principle of Greatest Reason is the normative
moral principle corresponding to decisions about what is really important life.
One can regard evolution with its upward trend34 as corresponding to the evolution of
reason or the capability of smart decisions that are the central elements of biological autonomy
(Grandpierre 2012a).35 This biocentric idea of reason fits with Whitehead’s argument that the
function of Reason is to promote the art of life.36 Because the PGA involves the optimal
combination of Bauer’s Principle and the Principle of Greatest Reason, I consider it as being
the most general, fundamental or first principle of biology expressible in terms of physics.
I emphasize that the same “action” is maximized in biology – at the biological level of
selecting biological aims according to the biological principle - that is minimized in physics,
at the physical level in the given spatial and temporal framework. Moreover, this interpretation
fits nicely with Maupertuis’s interpretation of “action” as being the “unity of the vital force in
the Universe.”37 This argument indicates that the “action” in the physical Principle of Least
Action is indeed of biological origin.
The Principle of Least Action characterizing the behavior of inanimate objects can be
regarded as the special case of the PGA in cases when the capability to act decreases to
unmeasurably small values. Remarkably, once the living organism determines its endpoint, its
action will be determined most economically, that is, on the basis of the Principle of Least
Action. The living organism must decide only as to the most important aspects at the global
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level of its organism, namely, the end to be realized, and the details will be executed by the
physical principle. The causal order of Nature makes biology primary and physics secondary.
The Anthropic Principle and the Principle of Greatest Action
It is one of the greatest unsolved puzzles of cosmology as to how the fundamental physical
parameters of the cosmological conditions are fitted in such an extremely special manner that
the result is an otherwise extremely improbable universe favorable to life.38 The anthropic
principle is, in cosmology, any consideration of the (1) structure of the material universe, (2)
the values of the constants of Nature, or (3) the form of laws of Nature that bears upon the
existence of life.39 The anthropic principle tells that (1) the quantum fluctuations giving rise to
the Big Bang and its further evolution have such special properties that they are necessary to
accommodate life. Similarly, (2) the laws of Nature have such special forms that they make life
possible. Again, (3) the fundamental physical constants take on such special values that they
are necessary to life. “The properties of matter and the course of cosmic evolution are now seen
to be intimately related to the structure of the living being and to its activities; they become,
therefore, far more important in biology than has been previously suspected. For the whole
evolutionary process, both cosmic and organic, is one, and the biologist may now rightly regard
the universe in its very essence as biocentric.”40 This are the statements of Lawrence Joseph
Henderson, one of the leading biochemists of the early 20th century. The quantum fluctuations,
the laws of Nature, as well as the fundamental constants and the properties of atoms and
molecules, are preferential for life.41
Recently, Henderson’s prediction has been confirmed.42 Updated, more detailed, but
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essentially similar conclusions were reached by Wald and Needham.43 It is claimed that not
only is carbon important, but across the periodic table each element seems to be uniquely suited
for life’s evolution and emergence. For example, Wald44 presented detailed arguments showing
that phosphorus and sulfur have surprisingly many properties making them ideally suited for
life’s purposes. Recently Morris has shown that phosphorus and zinc bring indispensable
properties at each cellular stage.45 An increasingly large number of material properties have
become known which seem to be fine-tuned for life. About 99% of the living parts of living
organisms are made of the four elements: H, O, N, and C. The striking parallels between the
relative cosmic abundances of reactive elements (especially H, C, O, and N) and the elemental
composition of living matter have been pointed out by many authors.46 “It is clear that the
universe appears remarkably “fine-tuned” for life as we know it.”47
Moreover, an increasingly large number of material properties are fine-tuned for life, too.
For example, water has 66 (!) known anomalies, most of which are inevitable for life.48 The
unique properties of water, carbonic acid, compounds of carbon, hydrogen, and oxygen are
fine-tuned for life.49 Such a context fits well with the extremely special organization of plants,
animals, humans and the almost perfect construction and working of living organisms.
Considering that the laws of Nature are the machinery by which Nature works, while the
quantum fluctuations, the fundamental constants and the atomic properties are the inputs to the
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laws of Nature, we can regard the fundamental constants, the properties of cosmic quantum
fluctuations and that of atoms as the buttons upon it. These buttons can be put into a very large
set of possible positions, but only relatively small ranges of the possible values are consistent
with the existence of life. The fundamental meaning of the “anthropic” cosmological principle
is that the buttons on the machinery of Nature are all set to the position “LIFE.”
The anthropic cosmological principle raised the possibility that the whole physical
universe may be the product of biology, and we are living in a biofriendly Universe. Paul Davies
summarizes the key points arguing for a biofriendly Universe in the following form:50
-The existence of life as we know it depends delicately on many seemingly
fortuitous features of the laws of physics and the structure of the universe.
- A famous early example of how the laws of physics seem to be fine-tuned for
life is the production of carbon in stars, which requires a numerical
“coincidence” to produce a nuclear resonance at just the right energy.
- All four forces of nature are implicated in the life story. Changing the strength
of any one of them, even by a small amount, could render the universe sterile.
- The masses of some fundamental particles could not be very different without
compromising the habitability of the universe.
- The measured value of dark energy is 120 powers of ten less than its natural
value, for reasons that remain completely mysterious. If it were 119 rather than
120 powers of ten less, the consequences would be lethal.
Davies notes that one of the possible explanations of the biofriendly nature of the
Universe is offered by the overarching “life principle” that steers the evolution of the universe
towards life and mind.51 As he writes, this solution has the advantage of “taking life seriously”
and it offers a better explanation than its alternatives. Its only apparent “disadvantage” would
50
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be that “teleology represents a decisive break with traditional scientific thinking” and “certainly
make scientists nervous.”52 As I pointed out, bringing in teleology in a way I proposed is
scientifically not only completely acceptable but makes science much more powerful: restoring
the logical consistency of quantum physics, and offering unexpectedly deeper and broader
explanations for such notoriously unsolvable problems like the mind-body problem, the origin
of physical laws and the relation between physical, biological and mental causation.
On Gaia Theory
This is all-the-more interesting since Lovelock developed a very fruitful and far-reaching theory
of the Earth as a self-regulating system.53 The self-regulation includes such processes that keep
the temperature and chemical composition of the atmosphere, the acidity, sulfur and salt content
of the oceans, and, apparently, even volcanic activity, continent drift and continent albedo in a
biologically favorable range. Lovelock has found that a whole series of parameters—like the
21% value of the oxygen content of the atmosphere, the average temperature of the atmosphere
between 10 and 20° C for over three billion years, the salinity of the oceans, the carbon dioxide
content of the atmosphere and the sea water, or plate tectonics—are regulated by Gaia.54 For
example, if the concentration of oxygen was just a few points higher, devastating forest fires
would engulf the planet. But if the oxygen level was a few points lower, animal life would
perish.55 The self-regulation of Gaia occurs in a special manner setting up parameter values
favorable for life. Loosely I can say that all parameters for life on the Earth are more or less
finely and effectively tuned into the parameter range favorable for life.
Actually, the Gaia Theory did not present an exact definition of life; yet this point can
be treated by Bauer’s theoretical biology and the Principle of Greatest Action. Although self-
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regulation exists in engineering, I call due attention to the fact that in the case of Gaia, the
regulation must have a biological nature, because it regulates the parameters according to life’s
requirements. Similarly, according to the anthropic principle, the processes of the quantum
vacuum seem to be finely and effectively tuned into the parameter range favorable for the
development of galaxies, stars and planets suitable to harbor life, as well as to the origin of
cellular life on Earth.56 The similarity between the bio-friendly aspects of the Gaia Theory and
the cosmological anthropic principle should be noted here.57 Both assume an activity towards
realizing favorable conditions for life. I suggest considering that these similarities are closely
related. If so, this may be mutually beneficial for both the Gaia Theory and the anthropic
cosmology. Such a connection seems to indicate that the Universe is, similar to Gaia, a living
superorganism. If the anthropic cosmological principle and Gaia Theory are related, as I suggest
here, then we can obtain a new and profound explanatory context for studying their relations.
The Gaia Theory may suggest that the bio-friendly Universe regulates itself in the closely
optimal range for life and evolution, and vice versa, the self-regulation of Gaia in the range
closely optimal for life is due to the same cosmic factor that explains the cosmological anthropic
principle. I propose here that this common cosmic factor explaining both the Gaia Theory and
the bio-friendly Universe theory is the Principle of Greatest Action.
The Gaia Theory posits that the organic and inorganic components of Planet Earth have
evolved together as a single living, self-regulating system. It suggests that this living system
has automatically controlled global temperature, atmospheric content, ocean salinity, and other
factors, that maintain its own habitability. In a phrase, Gaian life maintains conditions suitable
for its own survival by keeping conditions on our planet just right for life to persist. Lovelock’s
Gaia hypothesis opened unexpectedly profound and new vistas for the development of science.

56

A. Grandpierre, A. 2018a, “The Fundamental Biological Activity of the Universe,” in Eco-Phenomenology:
Life, Human Life, Post-Human Life in the Harmony of the Cosmos, S.William S. Jadwiga, D. Verducci (eds.),
vol. 121 (Analecta Husserliana, 2018).
57
Barrow and Tipler, The Anthropic Cosmological Principle.

17

It is so radical that its road towards becoming an acknowledged part of established knowledge
could cannot occur without controversies and misinterpretations. Indeed, the idea of Gaia
involves a heretic idea: the idea of life.
A Few Words about the Helios Theory
Searching for the origin of solar activity, I developed a comprehensive theory suitable
to explain the fundamental physical and conceptual problems of solar activity.58 My theory of
solar activity has two aspects. The first is the physical aspects. Some predictions of this theory
have already been confirmed. The second corresponds to the conceptual problems that the Sun
is capable of creating an extremely complex dynamo machine within it that generates magnetic
fields from scratch, from mass motions. I became aware that complex machines present a
fundamental conceptual problem because the working principle of machines incorporates
teleology in it.

Figure 1. The dynamo is a highly complex machine with a design. It works by suitably
arranged and rigidly prepared components like rotating electromagnets, armature windings,
58
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pulleys, brushes and commutators. How could a dynamo be present in the Sun? Source for the
diagram: Archives of Pearson Scott Foresman,
https://commons.wikimedia.org/wiki/File:Dynamo_(PSF).png Archived at October 10, 2020

Another conceptual problem of solar activity is that is it a mere physical occurrence or
is it a true, genuine activity of the Sun. My research led to reveal the latter option that suggests
the living nature of the Sun. I named this theory as the Helios Theory.59
Considering the Helios Theory in the context of the anthropic principle, the biofriendly
Universe and the Gaia Theory can be mutually beneficial. Indeed, if the whole Universe is
intimately related to life, then we find the Sun as existing in a biofriendly Universe. If so, it is
almost inevitable that our Sun also has biological aspects. My findings pointing toward
biological aspects of solar activity fit into this timely, already threefold biological framework:
the anthropic, life-centered cosmology, the Gaia theory and astrobiology (see below). The
Helios Theory states that the Sun continuously initiates actions from its global level and these
changes, together called solar activity, are directed in such a way as to generate conditions
favorable to maintain its own activity.60
I propose that the bio-friendly regulation of fundamental physical constants, physical
laws and quantum fluctuations arise from a fundamental, biological principle of Nature. If so,
then not only the Earth and the Universe, but also the Sun must have a fundamentally biological
aspect. This means that ultimately, the anthropic cosmological principle, the bio-friendly nature
of the Universe, the biological regulation of Gaia and the self-regenerating nature of solar
activity—can all be related. Now let us have a closer look to another closely related field,
namely, astrobiology and origin of life research.
Scientific Breakthroughs Toward Life: The Origin of Life
In the second half of the 20th century a whole series of highly significant breakthroughs
have occurred in the research of life and the Universe. Among these achievements, studies on
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the origin of life have played a pioneering role and opened unexpected perspectives towards a
new science: astrobiology. In the famous Miller-Urey experiment in 1952, Stanley Miller
demonstrated that relatively simple processes can produce complex organic molecules
necessary for life from inorganic substances. In 1955, Miller experimentally confirmed that
more than 20 percent of the mass of a gas consisting of simple carbon, hydrogen and oxygen
molecules can be converted into amino acids if the gas, which also contains methane, is
submitted to electric discharges. Bar-Nun and his co-workers in 1970 found that up to 36% of
ammonia (a molecule consisting of a nitrogen and three hydrogen atoms) present in the reaction
mixture was incorporated into the amino acids (amino acids are molecules consisting from more
than eight atoms!) when put in a hot test tube and subjected to the effects of shock waves. Such
high yields will require a highly selective set of sequential reactions in the gas phase (Bar-Nun
et al., 1970– Bar-Nun 1970).61 In such experiments, the four most abundant amino acids of
living matter, glycine, alanine, aspartic acid, and glutamic acid, are consistently formed in
appreciable yields.62 In spite of the non-biological compounds detected in these experiments a
trend toward the living state long before the first life appeared is clearly indicated. The
tantalizing conclusion suggested by the above survey of experimental data is that in every phase
of cosmic evolution, from the origin of the elements, to the appearance of protocells, there is a
discernible preferential movement toward carbon-based living states.63
As it was shown by the biogenetic experiments of Gary Steinman and Marian Cole,
amino acids might form peptide chains in a manner that was “anything but random.” Their
experiments seemed to confirm that molecules significant for life are made preferentially. They
found that “preferential interaction has been observed at higher levels of organization as well,”
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going so far as to allege that “a type of built-in ‘predestination’ can be identified at several
levels of biological order.”64 (emphasis is mine – A. G.) Sidney Fox was one of the early
pioneers in biogenesis research. He believed that “there are inherent properties in the atoms
and molecules which seem to direct the synthesis towards life”65 (emphasis is mine – A. G.).
Apparently, Fox implied that these atomic and molecular properties are the ones which
determine the biologically important information and pave the way towards life. Cyril
Ponnamperuma, who was another early pioneer in biogenesis research, also believed that “there
are inherent properties in the atoms and molecules which seem to direct the synthesis towards
life.”66 Sidney Fox and Klaus Dose67 claimed evidence that the basic laws of physics and
chemistry were biased in favor of generating biologically significant molecules (emphasis is
mine – A. G.).68 Sidney Fox also concludes that “amino acids determine their own order in
condensation,” and that this non-random “self-instruction” infuses macromolecules with crucial
biological information, paving the way for life.69 In astrobiology, a new discipline became
popular, biological determinism, claiming that given the right conditions, life will inevitably
form after a sufficiently long time, and once life gets started, it will very probably progress
toward intelligence. Nowadays biological determinism is the prevailing philosophy at NASA.70
Such experimental results had the unexpected consequence that somehow there must be
a law of Nature that is responsible for the life-favoring effects observed. It seems that most
scientists believe that this unknown law must be a yet unknown law of physics or chemistry. I
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have to disagree here because we already saw that physical laws must be derivable from the
Principle of Least Action and that life is based on the Principle of Greatest Action that is not
derivable from the PLA. In the absence of biological laws, the behavior of atoms and molecules
would be governed towards physical equilibrium. As Paul Davies demonstrated it, “bricks alone
don’t make a house.”71 If atoms and molecules are governed “upwards” from physical
equilibrium, manifesting a behavior just the contrary to the one expected on a physical basis
and given initial conditions, something beyond physics is needed.
It is important to emphasize here that these laws of Nature into which life is written cannot
be the laws of physics. Indeed, as Paul Davies argues,72 no simple law can generate, alone, a
random information-rich macromolecule to order. A law of Nature of the sort that are generally
known – physical laws - will not create biological information or any information at all.
Ordinary laws only transform input data into output data. They can shuffle information about
but they cannot create it. The laws of physics, which determine which atoms react together and
how, are algorithmically very simple; they themselves contain relatively little information.
Consequently, they cannot be responsible for creating informational macromolecules on their
own. Contrary to the oft-repeated claim, then, life cannot be “written into” the laws of physics.73
I argue that these laws, into which life is written, must be biological laws and, ultimately, the
Principle of Greatest Action.
For a long time, it was considered that, taking into account the extreme complexity of
cells, billions of years and extremely lucky conditions were required for the appearance of life.
Indeed, the popular theories require an immense number of “big bangs” so that one “universe”
could develop in which life actually forms. Now that recent findings show the almost
instantaneous appearance of life on Earth around four billion years ago, this fact is in sharp
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contrast with abiotic hypothesis. The new developments prove that the occurrence of life is
much easier than believed. The only thing that may make the appearance of life on Earth almost
instantaneous is a biotic factor preceding the first cell on Earth. The fact that most
astrobiologists accept the thesis that life is written into the laws of Nature is related, as I had
shown74 to the presence of a biotic factor that facilitates the origin of the first living cells on
Earth.
On the Origin of the First Cell on Earth
How did the first living cell arise on the Earth? Recently, I published a detailed paper in the
scientific journal Biosemiotics in which I show that the first living cells on Earth could not arise
merely on the basis of chance and physical laws from inanimate matter.75 Nowadays it is widely
held that life on Earth had originated abiotically from inanimate matter (this hypothesis is
known as “abiogenesis”). This view assumes that although the extreme complexity of cells
makes it extremely improbable, the necessary atoms and molecules were put into the right order
and into the necessary spatial structure by “abiotic evolution” and chance. Falsifying this belief,
I showed that in living cells a variety of biomolecules have a global-level function serving to
maintain the life of the cell as a whole. A cell cannot be alive if its proteins do not have their
global, biological functions, like cell signaling orchestrating cellular activities (Berridge 2012).
As the entry “biology” in the Encyclopaedia Britannica (Green 2012) states, living organisms
cannot exist without biological functions: “Living things are defined in terms of the activities
or functions that are missing in nonliving things.” I discovered that such global-level biological
functions could not arise from the physico-chemical structure of biomolecules and their locallevel functions.76
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Actually, the arrangement of atoms and molecules in a protein must be suitable, but this
is not sufficient. The physico-chemical properties are necessary since they are the conditions of
the function. Nevertheless, these physico-chemical properties do not involve the actual practice
of the potential function. An example helps: a pebble having a sharp edge could serve as a knife.
But are all sharp-edged pebbles knives? As long as men did not discover its potential function,
the pebble could not serve as a knife. A “knife” is not only a physical object, but a tool having
a function; and it can be only endowed with such a function by a human. Similarly, a protein
formed before the first viable cell cannot have its global-level biological functions merely by
physico-chemical properties. An average protein in our cells decays on a timescale of 20
minutes. Only a viable cell can make a tool having a useful function for that cell. A protein,
even if its physico-chemical properties make it suitable for serving a certain function, could not
act in the absence of a living cell. How could the protein “know” that its task is to defend the
to-be-born cell from all possible pathogens? A protein, even if it has the most suitable physical
and chemical properties, is only a tool, but it cannot act by itself. Only a biotic factor can assign
a biological function to matter. Therefore, even in the scenario of abiogenesis, assuming the
extremely improbable coincidence in which all the necessary atoms and molecules are put
together by physico-chemical forces into the same structure that is identical to that of a living
cell, its proteins would not have global-level biological functions securing the maintenance of
life at the cellular level. The protein in the zombie-cell could not have the function to defend
the cell effectively against all possible pathogens. Physico-chemical properties are necessary,
but not sufficient to establish such global-level biological functions.
It is well known that the biological function of biomolecules is not directly related to
their physico-chemical properties. For example, the same adrenalin molecule could have the
function of lowering blood pressure instead of increasing it. Another example may be the male
sex hormone, the testosterone molecule, which does not have a really complex structure. It
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increases libido and the tendency to commit aggressive actions. It plays a role in regulating
energy economy as well as self-confidence and concentration. Nevertheless, its chemical
properties are not in any clear relation with these functions. Jacob and Monod77 discovered that
there is no chemical necessity about which inducers regulate which genes.78 “The result — and
this is the essential point — is that so far as regulation through allosteric interaction is
concerned, everything is possible. An allosteric protein should be seen as a specialized product
of molecular ‘engineering’ enabling an interaction, positive or negative, to take place between
compounds without chemical affinity, and thereby eventually subordinating any reaction to the
intervention of compounds that are chemically foreign and indifferent to this reaction. The way
hence in which allosteric interactions work permits a complete freedom in the “choice” of
controls.”79 On such a basis, it becomes possible for us to grasp how in a very real sense the
organism effectively transcends physical laws—even while obeying them—thus achieving at
once the pursuit and fulfillment of its own purpose.”80 This means that the functional properties
of proteins are determined by non-physical, i.e. physically arbitrary processes. It is this arbitrary
nature of molecular biology that Monod calls “gratuity.”
The biological importance of physically arbitrary processes is frequently
acknowledged.81 Maynard Smith82 emphasizes the profundity of Monod’s idea. For example,
he calls attention to the fact that there is no chemical reason why CAC (cytosine, adenine,
cytosine) should not code for glycine instead of histidine. This means that the biological
functions are not physically determined. They arise by biological factors which are to be
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explored. Without biological functions, the first living cell could not be produced. Even the
assumed zombie cell devoid of all pre-existing biological factors could not maintain its state in
the absence of such biological functions that could preserve its structure and maintain it within
variable conditions including an unforeseeably rich zoo of pathogens. My conclusion is that the
first living cells on Earth must be generated by some pre-existing biological factors. But what
kind of biological factors could pre-exist on Earth before the first living cells on Earth?
Now let us consider the conditions prevailing in the early of Earth. As solar rays arrive
to the Earth and became absorbed by a stone, it becomes sooner or later weathered, its surface
slowly disintegrates and decays. This means that the physical state of the stone proceeds
towards equilibrium. This is just the contrary to the process realized when the same solar rays
are absorbed by a living plant in the breath-taking process known as photosynthesis. By the
remarkable organization of special appliances, molecular equipment and motors, the plant’s
cells become able to utilize the energy of solar rays for thermodynamically uphill biological
aims. This does not happen in the case of a weathering stone. In order that solar rays could exert
life-building effects, a biotic factor is required, the presence of a life building activity that is
responsible for the utilization of solar effects for life’s purposes.
In this way I found that the only solution to this problem is to hold that non-cellular life
forms exist before the appearance of the first living cells on Earth.83 We know that non-protein
based life forms could also exist like the quantum vacuum or our Sun84 and the Living
Universe.85 I propose that this biotic factor could be the Principle of Greatest Action, together
with the input of biologically active information of solar radiation.
Astrobiology and the Origin of Life’s Complex Ingredients in Cosmic Space
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Astrobiology is the study of the origin of life, its evolution, distribution and future,
encompassing not just life on Earth but also life beyond Earth. Its task is to investigate the
presence of life in the Universe and explore the relations between life and the Universe.
Astrobiology has been a recognized science by NASA since 1996, and today it is one of the
most flourishing branches of astronomy. It is now well known that the Universe is widely
populated by surprisingly complex organic molecules. The achievements of astrobiology offer
new contexts and new perspectives for studying the relations between life and the universe. In
this way, the results of astrobiology can be helpful in exploring the most universal aspects of
life, laying the foundations for the biology of the future.
With the developments of deep drilling techniques, the signs of a deep hot biosphere
having a total mass comparable to that of the biosphere at the surface are found in a depth of
10 km in the outer crust of Earth.86 Life is present within much wider conditions than it is
conceived previously. The extremophile bacteria (organisms able to survive in extreme
environments) have proved to remain not only viable in conditions of extreme temperature,
pressure, and radioactivity but also frequently even more proliferating than within terrestrial
conditions. The limits of life expanded in an unprecedented and unimagined rate, including
conditions present in deep space around -270 degrees Celsius.
The progress of space science made it possible to investigate organic molecules, the
building blocks of life and their conditions, by direct measurements in the materials of
meteorites, comets, planets and their moons. Soon it was discovered that comets and meteorites
are rich in organic materials. The rapid progress of spectroscopy opened the way to detect
organic molecules within planetary and extragalactic clouds as well.
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With the advent of the means to explore space, the prospect of developing a truly
universal science of biology now seemed possible for the first time.87 Astrobiology has become
one of the most flourishing branches of astronomy. It is now well known that the Universe is
widely populated by surprisingly complex organic molecules, and comets, meteorites and even
distant cosmic clouds are rich in organic compounds.

Organic compounds of high degrees of complexity are now known to be widespread in
the Universe in regions of “impossible” space where, according to general perception, the
density is too low for the synthesis of complex molecules.88 Within regions of cosmic clouds,
the density is so low that the collision of two atoms or molecules would require immense
amount of time. Nevertheless, as observations show us, the atoms and molecules do meet with
each other in these extremely rare cosmic clouds. What is more, they meet within conditions
favorable for the formation of more complex molecules. Observations report on the widespread
presence of surprisingly complex molecules. Furthermore, the formation of such extremely
complex molecules occurs so frequently that more than 20 percent of the carbon in the universe
is tied up in polycyclic aromatic hydrocarbon89 similar to coal and kerogen. Such molecules
form on the Earth only from living bodies, and only when high pressure is present for millions
of years. Therefore, the universal presence and abundance of such highly complex molecules
is more than surprising.
Instead of considering life to be sporadic, or a single event in the history of the Cosmos,
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as seen on the Earth, it is now almost universally accepted among astrobiologists that life has
appeared at all places in the universe where the conditions allow, and that these conditions are
much more permissible than was thought before. Life is a cosmic imperative; it is written into
the laws of Nature—as it is formulated by the Nobel laureate biologist Christian de Duve.90
Even in places where life is not present, the conditions in the whole universe are continuously
changing towards becoming more favorable for complex life.
On the basis of astrobiological observations I arrived to the proposition that life might
be a far more general phenomenon than the life forms familiar to us on the Earth. On the basis
of Bauer’s Principle, I had shown that even the cosmic vacuum can be regarded as a cosmic life
form.91 If so, the so-called “fluctuations” of the quantum vacuum may have not only physical
but also biological character as well. More concretely, the spontaneous processes of the
quantum vacuum may have not only a random, physical aspect, but also a non-random,
organized, biological or bio-friendly aspect as well. This means that the quantum vacuum may
have a fundamentally biological nature, as I predicted on the basis of Bauer’s theoretical
biology and the fundamentally cosmic nature of the principle of greatest action. Indeed, on the
basis of the above results we may expect the PGA acts by creating organized fluxes of virtual
particle pairs at every time and at every place throughout the Universe in a bio-friendly manner.
This biological aspect of the spontaneous processes of the quantum vacuum may play a role in
facilitating bio-friendly processes throughout the Universe, including cosmic space, cosmic
clouds, stars and planets as well.
On Scientific Confirmations of Whitehead’s Organic Cosmology
I found a remarkable agreement between Whitehead’s organic cosmology, an essential
agreement with the spirit of his philosophy of life, and a large number of agreements in details.
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As he stated, “The doctrine that I am maintaining is that neither physical nature nor life can be
understood unless we fuse them together as essential factors in the composition of ‘really real’
things whose interconnections and individual characters constitute the universe.”92 Nature and
life fused together is what I found in the theoretical biology of Ervin Bauer, in the Principle of
Greatest Action as the fundamental extension of the Principle of Least Action into biology, in
the Gaia Theory, in the Helios Theory, in anthropic cosmology and in astrobiology.
Whitehead required a wider scientific scheme in a way which is useful for science
itself.93 This requirement can be satisfied by my theory of the Principle of Greatest Action as
being the generalization of the Principle of Least Action. My theory about biological autonomy
as realized by decisions outside of the range of validity of physical laws is remarkably fitting
with Whitehead’s idea that “Such envisagement might reach to the attainment of the poising of
alternative values with exercise of choice lying outside the physical laws, and expressible only
in terms of purpose.”94
Whitehead stated that “The lowest stages of effective mentality, controlled by the
inheritance of physical pattern, involves the faint direction of emphasis by unconscious ideal
aim.”95 Similarly, in his Science and the Modern World, he wrote: “The prompt selfpreservative actions of living bodies, and our experience of the physical actions of our bodies
following the determinations of will, suggest the modification of molecules in the body as the
result of the total pattern.”96 Similarly, he assumed, “without any evidence, that electrons and
hydrogen nuclei are such basic organisms… So far are they (the characteristic laws of inorganic
matter – A. G.) from throwing light on the ultimate nature of things, that they blur and obliterate
the individual characters of the individual organisms (like molecules – A. G.).”97 I found
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astrobiological evidence underpinning Whitehead’s prediction, namely, that bio-friendly
activity is found to be present even in cosmic clouds.
Perhaps one of Whitehead’s most profound recognitions is found at the end of lecture
VIII, titled “Nature Alive,” in Modes of Thought: “In these lectures I have not entered upon
systematic metaphysical cosmology. The object of the lectures is to indicate those elements in
our experience in terms of which such a cosmology should be constructed. The key notion from
which such construction should start is that the energetic activity considered in physics is the
emotional intensity entertained in life.”98 I think this remarkable idea finds scientific
confirmation by the fact that the Principle of Least Action of physics, from which all the
fundamental physical laws can be derived, itself can be derived from the fundamental principle
of biology, which is the Principle of Greatest Action in the limit of unmeasurably small capacity
to act. The only thing we have to take into account is that all living beings are sensitive beings
and their decision making involves biologically governable emotional energies. This means that
the fundamental overarching principle of biology corresponds to emotional energies. Therefore,
the quantum world, where the expression of life is present, can be regarded as a world governed
by physical laws which correspond ultimately to cosmic emotional energies, underpinning the
Whitehead’s idea that the energetic activity considered in physics is the emotional intensity
entertained in life.99
It is important to note here that the Principle of Greatest Action involves within it the
Principle of Least Action, the Principle of Greatest Vitality and the Principle of Greatest
Reason. In the PGA all these three principles are unified, and so it may be suitable to serve as
the basis of an all-comprehensive scientific world picture. The three fundamental principles can
be regarded as the Principle of Matter (PLA), the Principle of Life (Bauer’s Principle, the
Principle of Greatest Vitality) and the Principle of Reason (PGR). These three fundamental
98
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principles could powerfully serve a comprehensive science just as the principle of least action
did for physics. Their apex, the Principle of Greatest Action, should be extended towards
characteristically biological concepts like feeling and thinking, because all living organisms
have a first-person perspective due to their biological autonomy. Keeping in mind that it
belongs to the nature of life to maintain life as high as possible and as long as possible, as the
PGA tells, we may realize that the extended PGA offers a scientific perspective to the existence
of values and meaning in Nature. Acknowledging the fact that life is by its very nature creative,
the cosmic presence of the PGA introduces creativity as the most fundamental aspect of the
Universe100. This is in strong agreement with Whitehead’s innovative “philosophy of
organism.”101 Remarkably, it was also intuited long before by ancient Chinese philosophy: ch’i
or “Qi” is “the ultimate foundation for the existence of the universe,” the “ontological source
of the universe.”102
.
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