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Abstract

Various methods for the science of human behavior are discussed with regard to their merits and with
regard to inherent problems. These methods include traditional evolutionary science, the use of cellular
automata, genetic compatibility tests, the historical method, and physical intelligence. Within the
framework of human chemistry, emphasis is placed on compatibility, perhaps most easily tracked by
genetic tests. Various philosophical standpoints—determinism, ‘life’ as a defunct concept—are also
discussed and evaluated for their correctness. Hard science approaches to the prediction of mate selection
and human behavior are considered.

New methods for evolutionary predictions
The term ‘predictions’ perhaps should go in italic because usually what evolutionary science does is look
at the past. A rare exception to this rule is evolution theory founder English naturalist Charles Darwin’s
grandson, English physicist C.G. Darwin who, in his 1952 The Next Million Years, attempted to extend
his illustrious grandfather’s work in the opposite direction, namely to predict the next million years of
evolution. C.G. Darwin reasoned that evolutionary theory together with physical science, chemistry and
statistical mechanics in particular, combined in the form of a new branch of science he termed human
thermodynamics, would have the ability to predict the next million years of human evolution.1 In science,
in general, however, predicting or rather formulating testable predictions in scientific method is the
standard rather than the exception.
Theories in evolution, in regards to humans, conversely, always lead back to the principle of
evolutionary fitness. The problem is that these theories usually only retrospectively say why a particular
behavior was done. A preference for a male, for instance, tends to be explained in terms of fitness and
providership. In terms of predictions, it gives us few insights into future events: when the issue of fitness
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is used as an explanation for mating choices, usually ad hoc explanations are given as to why this
particular male was preferred over the other, i.e. why that male was more fit, or more providing than the
other male.
An exception to this fitness approach, again coming from thermodynamics, is English evolutionary
statistician Ronald Fisher’s 1930 The Genetic Theory of Natural Selections, wherein he suggested that the
second law of thermodynamics, in particular entropy arguments, might be used to explain fitness.18
Building on the 1863 pea pod genetics work of Silesian natural scientist Gregor Mendel, Fisher argued
that if the gene, rather than the individual was chosen as the unit of selection, that Charles Darwin’s
evolution-based fitness conclusions could be deduced from Austrian physicist Ludwig Boltzmann’s
statistical mechanical representation of a thermodynamic process. Specifically, Fisher saw fitness as
maximized in the same way that entropy is maximized, viewing equilibrium as a Boltzmannian state
where all structural changes cease.47
As entropy, symbol S, otherwise known as ‘transformation content’, is a component of what is called
free energy (Helmholtz, 1882) or available energy (Gibbs, 1876), the isothermal-isobaric system variety
of which is called Gibbs free energy, symbol G:
|1
where U is internal energy, P is pressure, V is volume, T is absolute temperature, the product PV is the
pressure-volume work energy, and the product TS is the transformation content energy, respectively, of
the system—where G itself is the correct thermodynamic potential for standard temperature and pressure
earth-bound surface-attached freely-going evolutionary systems, such as ecosystems or social systems, we
see that, in modern retrospect, Fisher was digging in the correct direction with his short discussions on
entropy and fitness.34
We say ‘correct’ here, because it is a long-standing practice for many to think erroneously that the
quantity entropy—by itself—is the correct thermodynamic potential earth-bound evolving systems, which
is not the case.36 Austrian physicist Erwin Schrodinger’s infamous retraction ‘Note to Chapter Six’, to his
1943 laymanized ‘What is Life?’ lecture series, wherein he later was forced to append an end chapter
correction notice, following vehement objection from his fellow physicists, that he should have turned the
discussion to free energy, rather than entropy alone, being a case in point.36
To illustrate further that Fisher’s entropy-fitness ideas were in the correct direction, in a ball park
sense, as the negative of the given characteristic function, Gibbs free energy G in this case, can also be
defined, properly speaking, as the force function for evolutionary systems:35
|2
in the same way, approximately speaking, that the product of the mass m of an object times the height h of
that object, above the surface of a given planet, times the gravitation constant g of that given planet:
|3
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can be considered as gravitational force function for a given object in its given gravitational field, we can
also define the negative of the change in Gibb free energy:
|4
as the driving force—as was done in 1923 by American physical chemist Gilbert Lewis, for the reaction
or process, we thus glean insight into the premise of prediction, in the framework of thermodynamics, in
the sense that if one places a given object in a given reactionary field, wherein the force function for that
object is known, whether gravitational or thermodynamical, one can then use the force function to predict
the outcome of the placement, in the same way that one can ‘predict’ that a rock released from a given
height above the ground will fall, through the pull of the gravitational field of the earth, to the ground in
so many seconds through so much distance.37 Reaction prediction being but a more complicated variety
than gravitational prediction, in that changes in chemical bonds are involved.
Another recent step in the direction of evolutionary predictions has been seen in the arena of artificial
life theories. Specifically, in 2002 British mathematics software designer Stephen Wolfram, in his New
Kind of Science, reasoned that cellular automata and other computer simulations should, in supplement
with mathematical rules, be used to ‘predict’ the behavior of complex systems, for, in his view,
mathematics alone cannot yet deal with this enormous complexity. The basic subject of Wolfram’s
computer science is the study of simple abstract rules; essentially, elementary computer programs. In
almost any class of computational system, one very quickly finds instances of great complexity among its
simplest cases. This seems to be true regardless of the components of the system and the details of its
setup. For a program to qualify as simple, there are several benchmarks:2
1.
2.
3.
4.

Its operation can be completely explained by a simple graphical illustration.
It can be completely explained in a few sentences of human language.
It can be implemented in a computer language using just a few lines of code.
The number of its possible variations is small enough so that all of them can be computed.

The most-famous self-reproducing computer programmed variety of such is American computer scientist
Christopher Langton’s 1984 self-reproducing loop, a type of artificial computer life that consist of a twodimensional loop of cells, its growth, programmed by code, flows continuously around the loop and out
along an ‘arm’, which through 151 iterations becomes the daughter loop. N1 The computer coded ‘genes’
instruct it to make three left turns, completing the loop, which then disconnects from its parent. The
simulated growth and reproduction of the Langton loop is shown below:3
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Langton’s two-dimensional computer programmed loop, historically, was itself based on the earlier 1948
computer component ‘floating lake’ automaton theories of Hungarian-born American chemical engineer
and mathematician John Neumann, who was of the view that reproduction among animate organisms was
the result of the transfer and re-implementation of a Boltzmann-Heisenberg based type of thermodynamic
information.16 Since computers were nothing more than information driven machines, he thought that a
computer could eventually emulate life (animate matter) by passing its information along to a new
generation of regenerating computers.4 Neumann first outlined his theory, in his 20 Sep 1948 lecture ‘The
General and Logical Theory of Automata’, wherein he elaborated on a thought experiment in which he
imagined a robot or automaton, made of wires, electrical motors, batteries, etc., constructed in such a way
that when floating on a lake stoked with component parts, it will reproduce itself (self-replicate).
Neumann, in his lecture, first compares electromechanical relays and vacuum tubes of large computers to
neurons then outlines a theory of ‘automata that produce automata’, the gist of which is captured in the
following statement:5
“Can one build an aggregate out of such elements in such a manner that if it is put into a reservoir,
in which there float all these elements in large numbers, it will then begin to construct other
aggregates, each of which will then at the end turn out to be another automaton exactly like the
original ones?”
These so-called floating elements, as noted by American mathematician and computer designer Arthur
Burks, who would later attempt to create a two-dimensional realization of Neumann's three-dimensional
thought experiment premise, were spoken about prior to the lecture, by Neumann in the summer of 1948,
as consisting of eight kinds of parts: a ‘stimulus organ’, a ‘coincidence organ’, an ‘inhibitory organ’, a
‘stimuli producer’, a ‘rigid member’, a ‘fusing organ’, a ‘cutting organ’, and a ‘muscle’.6 The following
is an artistic rendition of a Neumann automaton that reproduces automaton, the result of a 1980 summer
study in which NASA spent 11.7-million dollars into an investigation of a potential future space station
realization of Neumann’s evolving automaton theory:

An artistic rendition of Neumann’s automaton that produce automaton, the original
caption of which is: "proposed demonstration of simple robot self-replication", based
on the Advanced Automation for Space Missions NASA/ASEE summer study held at the
University of Santa Clara in Santa Clara, California, from June 23-August 29, 1980.48

Journal of Human Thermodynamics, 2013, 9(1)

5

The following is a simpler working computer-programmed screen cellular grid of Neumann's reproducing
cellular automaton, according to which a binary signal is passed repeatedly around the blue wire loop,
using excited and quiescent ordinary transmission states, during the course of which a confluent cell
duplicates the signal onto a length of red wire consisting of special transmission states; the then signal
passes down this wire and constructs or so-called self-replicates a new cell at the end, i.e. in the form of a
new red arrow:5

The important point about Neumann’s automaton, as summarized in 2003 retrospect by Lebanese-born
Danish theoretical chemist and physicist John Avery, from his thermodynamics-centric book Information
Theory and Evolution, is that it would require a source of free energy in order to function:7
“The important point about von Neumann’s automaton theory is that it requires a source of free
energy (i.e. a source of energy from which work can be obtained) in order to function. We can
imagine that the free energy comes from electric batteries which the automaton finds in its
environment. Alternatively we can imagine that the automaton is equipped with photocells, so that
that it can use sunlight as a source of free energy, but it is impossible to imagine the automaton
reproducing itself without some energy source from which work can be obtained to drive its
reproductive machinery. If it could be constructed, would von Neumann’s automaton be alive? Few
people would say yes. But is such a self-reproducing automaton could be constructed, it would have
some of the properties which we associate with living organisms.”
In extension of these various so-called cellular automaton theories, the idea proposed herein is to insert
these types of simple fundamental rules, for instance, ‘behavior A is fit’, into cellular automata, to outline
a physical based evolutionary theory. This is in much the same way as Japanese-America complexity
scientist Hiroki Sayama, in 1999, building on Langton’s loop, reached the following result: ‘we
succeeded in transforming the structurally dissolvable self-reproducing loop into an actually evolving one
in a simple deterministic 9-state 5-neighbor cellular automata space, by enhancing robustness of its statetransition rules, besides a slight modification of initial configuration of the loop. The experiment with the
improved loop, named evoloop, met with the intriguing result that the process of spontaneous evolution
emerged in the cellular automata space, where loops varied by direct interaction of their phenotypes, fitter
individuals were naturally selected, and the whole population gradually evolved toward the fittest
species.’3
It is argued herein that cellular automata hold promise for predicting evolution and human behavior in
general. Yet, as pointed out by Avery, such evolving reproducing automatons, whether computer-based or
floating-lake component based, will require an accompanying free energy theory, Gibbs free energy G in
the evolution case, in order to have explanatory function. This free energy explanatory function issue will
be discussed superficially in what follows.
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Bio-terminology neutrality note
In the follow sections, per 2012-initiated JHT terminology neutrality protocol, as introduced in JHT 8(1)
and 8(2), specifically per the Tesla (1915), Sherrington (1938), Ubbelohde (1954), Nordholm (1997),
Thims (2009) aggregate defunct theory of life perspective, all life or bio-related terms, such as alive
‘living organisms’, ‘biological’, etc., and their antonyms, e.g. dead, death, etc., have been editorially
redacted from the author’s 20+ original bio- usages, either by bracketed clarification or term
modification, into chemically-neutral terminology. Regarding chemical neutrality, in respect to
terminology, we are referring specifically to English physiologist Charles Sherrington’s 1938 statement
that ‘chemistry does not know the word life’, which subsequently, in his conclusive view, ‘deletes life as
a scientific category.’24
In regards to suggested upgrade terminology usage—as the term life, according to Sherrington, not a
scientific category—the following depiction and namesake, below left, is American plant physiologist and
ecologist Frank Thone’s 1936 depiction of a plant, using chemically-neutral terminology, NOT as a living
system, but as a CHNOPS plus system, i.e. a reactive animate structure, comprised, elementally, in
composition, using agreed upon scientifically-neutral terminology, as: carbon, hydrogen, nitrogen,
oxygen, phosphorus, and sulfur (CHNOPS), plus calcium, potassium, etc., up to vanadium, depending on
the reactive animate systems in question, i.e. plant, monkey, or human, the latter of which, being motile
and animate, can be referred to as CHNOPS+ molecules:17

Left: American plant physiologist Frank Thone's 1936 depiction and definition of a
plant NOT as a living system (or vegetable life), but, using chemically-neutral
terminology, as a "CHNOPS plus system".17 Right: modern evolutionary-depicted
examples of "CHNOPS plus" systems, monkeys upwards through humans. Each
animate structure, plant, monkey, human, comprised, elementally, in composition,
using agreed upon neutral terminology, as: carbon, hydrogen, nitrogen, oxygen,
phosphorus, and sulfur (CHNOPS), plus calcium, potassium, etc. up to vanadium,
depending, reactive animate systems.
In short, bio-based namesake usages and or bio-antonym namesake usages, in the sections to follow, have
been editorially redacted into physical science neutral terminology, e.g. by using the term ‘reactive’ and
or ‘animate’ in place of alive, the prefix chnops- in place of the prefix bio-, and so on, in aims to remain
chemically and thermodynamically neutral in terminology usage. Further discussion and history of this
upgrade process can be found online.N2
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Human chemistry | Replacing ad hoc explanations by predictions?
It seems requisite that biological (chnopsological) verbal ad hoc explanations of evolution be replaced or
at least supplemented by chemical predictions. Furthermore, there exist more parsimonious methods to
analyze behavior, than coming up with an ad hoc explanation of why this mate was preferred.
If we are to reformulate the classical theory of evolution, it should be the more parsimonious, broader
explanation that explains both phenomena at the same time, both physical attraction and natural selection.
We argue that biochemistry (chnopschemistry) serves as such a parsimonious framework. The Darwinian
paradigm struggles with concepts as attraction between two lovers and tries to disguise this by seeing the
question of mate choice from a universal standpoint, as if we were all attracted to the same partner. The
chemical theory of attraction can explain why this female chooses that male over another or vice versa,
depending on system constraints (e.g. in aquatic state systems, females tend to be the dominate sex). The
Darwinian theory of mate selection either fails, or there exists no such theory of mate selection,
evolutionary psychology discussions aside.49 The Darwinian theory, in short, tries to give a universal mate
ideal, which is essentially no theory of mate selection, since mate selection is the choice of one specific
partner over the other. Depending on the circumstances, this ideal mate will be described as the dominant
male, or a providing husband.
The problem is that female primates—bonobo females to use a well-documented example—have no
preference for dominant males, as has been observed for instance by Belgian zoologist Stevens Jeroen,
but instead always prefer some bonobo male over all the others—despite having sex with all the males,
these preferred males can copulate longer and more frequently with the female.9 Another problem with
these concepts as ‘dominant’ and the ‘providing’ is that they can be interpreted in a multitude of ways. In
the study mentioned by Stevens, for instance, ‘dominance’ was defined as ‘lowest number of flees after
aggression’. Other researchers might argue, alternatively, that the dominant individual is the one who
copulates most often and longest with the females. This is even more problematic, as this is a rather
circular reasoning: Darwinian theory predicts that the female will choose the dominant male, but the
researchers choose who is dominant by looking who copulates the most.
The main point here is that there is no solid definition for dominance, and hence, an even less solid
test for it. The same argument goes for ‘providing’. Suppose that providing is a well-defined concept,
which means emotional support, protection, and also food. It should be clear that no predictions, nor
differentiations between individuals can be made: every father gives emotional support, protection or
food, unless he suddenly leaves. Not only this, American anthropologist Sarah Hrdy has given the
following argument against the role of a providing male. After birth of a child, men have little interest in
women. Also, women have high libido at the first and second trimester of pregnancy, but low libido postpartum—while at the moment the woman is in most need for provision by the male. So female sexuality
seems to have little to do with securing a providing male.10
Thus, where Darwin’s theory is successful in natural selection, it should be clear that it makes no
theory of mate selection with predictive power. Retrospectively evolutionary biologists (chnopsologists)
claim that this female chose that male over another because he was a better provider. But, not only does
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the female not know in advance what this male will do after the child is born, mainly the point is that
every father, in some way or another ‘provides’ for the mother.
Another such vague concept, as touched on, is ‘fitness’. Leaving aside the fact that some are indeed
too weak to survive and manage themselves properly—and either do not survive, or survive miserably—
one could argue that everybody is fit or adapted in one way or another. Thus, by the Darwinian theory,
Fisher entropy-fitness digressions aside, there is no proposal made for predicting mate selection. Only in
very specific conditions, where adaptation is really hard, does the Darwinian framework make mate
selection predictions: only the fit survive, so only the fit can mate.
Other more recent biological (chnopsological) explanations of mate selection often include ‘genetic
compatibility’, a somewhat more promising approach with regard to mate selection, perhaps because it
relies on chemistry. This genetic compatibility mate selection prediction approach is the result of the 1995
‘Sweaty T-shirt’ study conducted by Swiss evolutionary zoologist Claus Wedekind, re-enacted as shown
below, according to which he found that females are most sexually attracted to the males with the most
dissimilar major histocompatibility complex (MHC), meaning in short that a child with such male would
produce the child with the healthiest immune system:11

The name of the major histocompatibility complex in humans is called the human leukocyte antigen
(HLA), which contains a large number of genes related to immune system function in humans.
The HLA molecules play a central role in controlling the activation of immunological effectors during an
immune response and are therefore essential for immune resistance. A greater variety in HLA genes
offers a greater variety in possible immune responses. In terms of evolution, children of couples with a
higher variety in their HLA genes, and hence, immune responses, will have better protection from a
greater variety of diseases.
In 2003, GenePartner.com launched in aims to take this gene attraction immune system compatibility
finding one step further, namely to see if there are specific patterns of HLA genes that ‘attract each other’
moreso than others. In collaboration with the Swiss Institute for Behavioural Genetics, a large number of
individuals, both romantically involved couples and persons not in a relationship, were tested for their
HLA genes. The results, according to the site, proved to be promising.12 Thus, it seems that molecule-
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based predictions, in this instance, may turn out to be a better predictor of sexual attraction, than vague
notions of ‘dominance’, ‘fitness’, or ‘providership’.

Human as a molecule?
In this direction of molecule-based predictions, the namesake human molecule, historically, has been the
chemical term used to classify people as molecules. The term human molecule, as the atomic definition of
a person, dates back to the 1789 usage by French philosopher Jean Sales, who, in his The Philosophy of
Nature: Treatise on Human Moral Nature, stated the following logic:26
“We conclude that there exists a principle of the human body which comes from the great process
in which so many millions of atoms of the earth become many millions of human molecules.”
In 2000, American limnologists Robert Sterner and James Elser took the next bold step and calculated,
based on actual mass composition measurements, just how many of these ‘so many millions of atoms’
there are in one average human. Specifically, they calculated the following 22-element empirical
molecular formula for one person, first published in 2002:27
H375,000,000 O132,000,000 C85,700,000 N6,430,000 Ca1,500,000 P1,020,000 S206,000 Na183,000 K177,000
Cl127,000 Mg40,000 Si38,600 Fe2,680 Zn2,110 Cu76 I14 Mn13 F13 Cr7 Se4 Mo3 Co1
a calculation about which they define, terminologically, as one human molecule, and conclude firstly that
‘this formula combines all compounds in a human being into a single abstract molecule’, and secondly
that ‘organisms can be thought of as complex evolved chemical substances that interact with each other
and the abiotic world in a way that resembles a complex, composite, chemical reaction.’ In short, humans
are now technically-defined, as of 2002, as ‘molecules’ that interact with each other through complex
composite ‘chemical reactions’, or what are called human chemical reactions, a logic that back to the
1809 theories of German polymath Johann Goethe.50
As chemical reactions can be predicted, so to, likewise, in theory, can human chemical reactions be
52
predicted.51 American science historian Henry Guerlac, in 1969, put it like this:

“By means of chemical thermodynamics the physical chemist can indeed, without leaving
the ‘cabinet’, predict the course of many chemical reactions.”
It is but a matter of technical details how this logic scales up to the level of reactions between humans, the
subject matter of which has only recently begun to be worked out, but the conclusive point is still the
same—namely that by means of chemical thermodynamics, the human physical chemist, without leaving
the research laboratory, can predict human chemical reactions.
In 2002, independing of the Sterner-Elser calculation, American electrochemical engineer Libb Thims
calculated a 26-element molecular formula for a person, shown below, first published online in 2005 and
in textbook form in 2007, according to which, from the chemical thermodynamic point of view, a person
is now defined as a human molecule:22
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ܥଵమళ ܪଵమళ ܱଵమళ ܰଵమల ܲଵమఱ ܵଵమర ܽܥଵమఱ ܭଵమర ݈ܥଵమర ܰܽଵమర ݃ܯଵమర ݁ܨଵమయ ܨଵమయ
ܼ݊ଵమమ ܵ݅ଵమమ ݑܥଵమభ ܤଵమభ ܫଵమబ ܵ݊ଵమబ ݊ܯଵమబ ܵ݁ଵమబ ݎܥଵమబ ܰ݅ଵమబ ܯଵభవ ܥଵభవ ܸଵభఴ
Thims’ more exacting definition has recently found thermodynamics textbook inclusion, in Indian-born
American mechanical engineers Kalyan Annamalai, Ishwar Puri, and Milind Jog’s in the 2011 Advanced
Thermodynamics Engineering, as the standard ‘formulaic model’ of the human, defined as follows:23
“Humans may be called a 26-element energy/heat driven dynamic atomic structure.”
In the science of human chemistry, according to American historian Henry Adams’ 1885 definition, each
person is also defined as a human molecule.19 It is difficult to research presently, however, whether two
people—defined as human molecules—can be ‘attracted’ to each other, for pure sake of chemical
composition. Though, to note, Adams originally specified that this was a science of the future:20
“I am not prepared to deny or assert any proposition which concerns myself; but certainly this
solitary struggle with platitudinous atoms, called men and women by courtesy, leads me to wish for
my wife again. How did I ever hit on the only woman in the world who fits my cravings and never
sounds hollow anywhere? Social chemistry [human chemistry]—the mutual attraction of equivalent
human molecules—is a science yet to be created, for the fact is my daily study and only satisfaction
in life.”
A more accessible way of testing compatibility, at present, thus lies in testing for HLA genes. Another
interesting approach is from the molecular biological (chnopsological) perspective, namely pheromones
and the olfactory sensory theory. Pheromones have been shown to play a significant role in mate
selection, by signaling gene compatibility and ensuring that MHC alleles are different, so to avoid
interbreeding.
There is a further layer of complexity in olfactory communication. In evolutionary terms there is little
advantage for an animal to simply to communicate its species and specify its sex with pheromones. While
this may invoke the responses described above, a much more powerful tool is the use of pheromones to
specify an individual member of a species; such unique coding will allow an individual response to a set
of genes over those of another. Such a system does indeed exist, and the coding may arise from the major
histocompatibility complex (MHC).
The MHC is a set of proteins expressed on cellular surfaces that uniquely specifies that individual,
and aids in recognition of self from non-self in immune responses. Continual diversity in the MHC
through multiple allelic combinations is thought to be central to the success of sexual reproduction;
variation in the immune system creates a moving target for any potential pathogen. MHC allele
combinations are found to be more diverse than would be expected by chance alone, implying that there is
a mechanism of selecting a mate with a differing MHC from one’s own, to avoid inbreeding. Such a
mechanism of mate selection has been demonstrated in mice, which will preferentially choose mates that
express different MHC alleles to themselves. Again, pheromone odorants in urine appear to be the main
method of such communication in mice.13

Journal of Human Thermodynamics, 2013, 9(1)

11

Interestingly, sexual orientation as well can be related to pheromones. Recent functional neuroimaging experiments have shown that the presentation of the pheromone AND, found in male sweat, as
an olfactory stimuli produced normal olfactory responses in heterosexual men and homosexual women,
while activating the anterior hypothalamus in homosexual men and heterosexual women.14 The
pheromone EST, found in the urine of pregnant women, produces normal olfactory activation in
homosexual men and heterosexual women while homosexual women and heterosexual men demonstrated
sexually-related hypothalamic responses.15
Given the vague and ad hoc nature of some cognitive explanations for mate selection, a framework
that comprises both natural selection and mate selection thus should be proposed. This framework
inevitably is an explanation via chemistry. Since genes are chemical in nature, sexual attraction and gene
compatibility perhaps might relate to the same principles. It is proposed that mate choice is a combination
of cognitive factors, and factors related to chemistry, which signal gene compatibility. The cognitive
factors are necessary to make the choice, after chemistry has made this mate an option.

Human as a particle?
Humans, theoretically, can also be modeled as particles.23 The use of real-time GPS tracking devices, e.g.
smart phones, while driving, biking, or running, etc., such as depicted below left, gives a visceral feel to
the human-as-particle model. Human particle models are also used in crowd dynamics. Studies of people,
as types of fluid particles, moving in alternative directions, in densely-packed confined spaces, such as
shown below right, for example, are conducted in aims to reduce fatalities in crowd disasters, which
frequently reoccur, owing to poor exit design.28

Left: the GPS time-dynamic tracking movement of a person, depicted as a particle, in a car moving along
a roadway. Right: a circa 2010 crowd dynamics video study, conducted by German physicist Andreas
Schadschneider at Cologne University, who recorded various interaction scenarios of people, viewed as
particles (red, left-moving; black, right-moving), from above, as opposite flows interject in close-paced
hallways and as people leave stadiums.25
There is something strange, however, about this type of ‘particle’, as compared to the standard particle
models of physics, namely it, in some sense, it seems, chooses when to use it internal energy. ‘Chooses’
in the sense that memory of past events causes a use of internal energy towards a desirable goal or away
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from an undesirable event. This is known, psychologically, as ‘conditioning’. This conditioning of course
follows deterministic rules.
Debates over the nature of choice, when viewing a human in the molecular or reactive chemical
perspective, historically, again, similar to the origins of human chemical reaction theory, date back to the
1809 physical chemistry work of German polymath Johann Goethe, namely his Elective Affinities, the
title of which in the original German is Die Wahlverwandtschaften. The German term Die translates as
‘the’, whereas term ‘wahlverwandtschaft’ has a complex two-part meaning:
wahl [choice or election] verwandtschaft [affinity]
Meaning, specifically, that in Goethe’s treatise on human physical chemistry, the title is more correctly
rendered as ‘the choice or elections of one’s affinities’, implying that the book is about the nature of the
‘choice’ of one’s affinities, attractions, elections, and or repulsions and aversions, to others, in working
association with the external forces that act to mediate one’s mental internal state of affairs.29 In other
words, where does ‘the’ choice come from, when a confined social system is looked at as a complex
reactive system of reactive human molecules or human particles?
The human can indeed be seen as a particle in some approaches—such as in calculating the measure
of the gravitational force, the influence of the external milieu—but in some approaches this approach is
not (yet) practical, because of the large number of unknown factors. It will be fast to calculate one’s
actions when using the historical-cognitive method, i.e. ‘this history of events’ happened in reaction
existence (life) of this person, so the person will likely do that in the future, however guessing it might be.
Calculating the action of a person solely via a description of forces will be quite difficult. Of course,
the historical-cognitive method does not contradict that the human is a particle and that theoretically
speaking a description via forces, that preserves the cognitive (memory) aspect of human behavior, is
possible: the external forces acting on the person, the things that take place in the extern milieu of the
person, turn into internal energy in the person, such as in the form of memories which may give rise to
behaviors. A decent historical discussion and critique on the internal force versus external force debate,
in the chemical perspective, tracing back to David Hume, Immanuel Kant, and Johann Goethe, up through
Belgian chemist Ilya Prigogine’s more recent dissipative structures theory, to note, is found in the 1985
article ‘Self-Organization: Kant’s Concept of Teleology and Modern Chemistry’ by Cuban-born
American anti-reductionism philosopher Alicia Roque.53

Human as a wave?
Whether we can also relate sexual attraction to gross chemical composition, i.e. the ‘human molecule’
perspective, is a question that is hard to answer by existing methods. Concepts such as human molecular
orbitals, as depicted below, right, an extrapolation of classical molecular orbital theory scaled up to the
human movement scenario, for application in human chemical bonding models, as introduced in 2007 by
Thims, in his Human Chemistry, deserves further attention with regard to friendship and sexual attraction.
Thims’ human molecular orbital theory acknowledges that the wave-particle nature duality of matter,
as originally conceived by French physicist Louis de Broglie who in 1923 showed that every particle (or
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molecule) has what is called a wave function associated with it, might apply to larger molecules, such as
in the movement of human molecules in the form of a wave function.30 Historically, a loose outline of
human particle and human wave behavior combined was first documented in circa 1885 by Austrian
physicist Ernst Mach and his curiosity about the nature of what he called ‘turning tendencies’, in troops
lost in a snow storm, shown below left:31

Austrian physicist Ernst Mach's circa 1885
turning tendencies, the first visual
depictions of what might be considered as
graphical depictions of types of human wave
functions.31

American electrochemical engineer Libb Thims’ 2007
view of time-accelerated movements of humans, viewed
as particles, in the form of hybridized types of molecular
SP3 orbitals, albeit in the form of 90% probablity activity
movement locals or movement orbtials.38

A molecular orbital, by technical definition, is the a solution of the Schrödinger equation that describes
the ninety percent probable location of an electron relative to the nuclei in a molecule and so indicates the
nature of any bond in which the electron is involved. Electrons (and possibly also molecules) act as both
waves and particles, tending to have orbital motions in their trajectories. The difficulty then lies, if this
logic is scaled up to the human molecule level, is the establishment of a human chemical bonding theory
that explains the nature of the free energy aspects of the human reproduction reaction, shown below, in
particular the bond energy nature of AC parental bond, in regards to the electrons that are involved in the
bond, in the products phase of the human reproduction, wherein the single child yielding reproduction
process is viewed as double displacement reaction:

AB + CD → A≡C + BD

|5

where AB is reactant male A with his internal germ cell B (sperm), CD is a reactant female C with her
internal germ cell D (egg), A≡C is the product state parental structure, shown attached in a union via a
human chemical bonding ‘≡’, and BD is the newly formed child product, i.e. a newly-synthesized human
molecule. In short, in the before state (day one) to final state (year 18), the time when the child begins to
detach from the parental structure, reaction timeframe, one needs the free energy measures, specifically
the Gibbs free energy G, of the AC bond, at a minimum, if one is going to attempt to predict any given
mate selection reaction, and subsequently, as modern chemical bonding theory is based on wave function
theory, the repercussion of this purview is that a human as a wave function needs to be considered.
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Proposals exist with regard to the human orbital theory to perform GPS tracking. If humans are
modeled as particles moving along a surface then orbitals can be mapped and then by studying orbital
changes and transitions one can measure Planck’s energy element on the social scale. The gist of this
proposition is outlined below, namely that if nodal plane orbital transitions are to occur, quantum amounts
of energy at the social scale must released or absorbed from the molecular orbital structure:

Left: the 2007 Thims 'orbital structure' model of a human molecule, wherein weekly, monthly, and or
yearly particle movements of a typical person, over the surface of the earth, are viewed at a sped-up
pace, forming wave-like activity orbitals. Right: the 1914 Bohr model of the atom, according to which a
quantum amount of energy, ΔE, has to be emitted or absorbed, in order for an electron to make a nodal
plane quantum jump to a new orbital position. The proposal, in human molecular orbtial theory, is that
the Bohr model, in regards to energy elements and orbital transitions, scales up, in an aggregate
manner, to the human molecular level.
Planck’s energy element, in its original formulation, refers to the base energy unit of the total internal
energy U of an irradiated, monochromatic, vibrating resonator, i.e. blackbody, defined to be proportional
to the frequency ν of the emitted or absorbed radiation.32
One might argue, conversely, that quantum physics cannot be applied to large scale objects. This does
not, however, seem to be the case: researchers are now confirming that larger scale things also show
quantum mechanical behaviors; however, a threshold, which may exist, is not yet determined. The results
of recent nanotechnology research led by German quantum nanophysicist Thomas Juffmann, has led to
the following conclusion:
“We're still in the strange situation that if you believe that quantum physics is everything, then all of
us are somehow quantum-connected, which is hard to believe. But it's also hard to believe that
quantum physics ends at some point. That's why groups like us are trying to increase the complexity
[of our molecules] to see if there is a threshold at some point.”
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Juffmann and his associated reached this conclusion based on wave particle duality studies of a 58-atom
molecule and also a 114-atom molecule. It is conceivable, extrapolating upwards, that such a conclusion
39
holds for a trillion-atom molecule or an octillion-atom molecule (in the case of a human).
Our conclusion on the merits of the human orbitals theory is the following: it may be truthful that the
human exhibits the properties of a quantum mechanical particle. What this predicts is another matter.
Thims has suggested this logic may be used as a theoretical tool to help in the thermodynamic explanation
of the dynamics of marriage and love; although there is no concrete evidence as of yet for this.

The instinct of sympathy
To continue, in regards to instinct, Darwin argued that our moral qualities stem from our basic ‘instinct of
sympathy’, a statement that is close to circular reasoning. The proposition is that, because we have a basic
instinct of empathy, e.g. caring about the beings of the same species and the same tribe, we care about
what other people think of us, and hence, in war, we might be encouraged to fight bravely, and help each
other out (moral qualities). Tribes that have the most people with moral quality will be victorious over
others. These moral qualities originate from our instinct of empathy, and our instinct of empathy arose by
natural selection.33 While it is clear that there exists such a mechanism of instinctual empathy, few
explanations have been provided in either evolutionary framework. If this instinct is the cause of the
deeds that made our tribe victorious over others, and this instinct itself arose from natural selection, then
where did this instinct come from? The instinct itself is not the cause for better survival, but the moral
deeds are. One might argue, that was way before those moral deeds even came into being. But, what
explanation then for the instinct can be proposed? The only propositions to explain moral behavior from
the view of natural selection focus on the behavioral consequences, coined by Darwin as ‘moral
qualities’, of this ‘instinct of empathy’, not on the instinct itself. It seems necessary to provide a very
simple explanation for the ‘instinct of empathy’ here. It is via the human molecule approach proposed by
Thims, and his predecessors, and in general, the first and second law of thermodynamics, embodied in the
notion of free energy, that this instinct as a primary force can be explained.
However, if instinct is to be interpreted as a module in the brain, similar to the conceptions of
evolutionary psychologists, then Darwin may have a point. In ethology, for instance, Austrian zoologist
Konrad Lorenz has studied the behavior of geese and concluded that there were innate releasing stimuli,
which caused the baby geese to follow their mother. Certain stimuli, it seems, can cause some very
specific action. However, in this paper, it is suggested that there is a broader mechanism at work. The law
of frequency dictates that the more often an organism hears some frequency prenatally, the more
preference it shows for this frequency. This law of frequency, in the case of the geese, means that they
have already established a preference for their mother—by being often exposed to her noise and her
appearance—which leads to following the mother. This law of frequency can also be used to explain the
basic instinct where Darwin was talking about.
Clearly, to use an example, the friends of the tribe often conversed, and it is this frequency that leads
them to have preferences. Because of the law of frequency, we prefer things that look like us: we often
are confronted with our own appearance, odor and sound, so it is logical that we prefer things or beings
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that are quite similar to us. American economist Thomas Schelling 1969 article ‘Models of Segregation’,
wherein he showed that small preferences for one's neighbors to be of the same color, could lead to total
segregation, being one example of this.40 This law of frequency then explains some part, but not all, of the
module for specific behaviors: while some modules are sensitive to some stimuli and are applicable to
some behaviors, the law of frequency still dictates what will be the preference for the organism, given
such neurological conditions. The law of frequency also makes sense with regard to the recalibration
hypothesis, which assumes that the perceptions are recalibrated depending on the input of sensory
information.
We can connect the ethological debate to a chemical perspective as well: in this paper it is suggested
that another such fundamental law exist: the law of chemical compatibility. With this law, the instinct is
more primary, since it is independent of the psychological law of frequency and other cognitive modules.
Thus, another way to explain love and relations is to assume that there exist special chemical
compatibilities with some, and not with others. It is also likely in the case of the tribes, in the evolutionary
sense, that those tribesmen started functioning as ‘social atoms’, an hypothesis recently extolled by
American-born English physicist Mark Buchanan, who in turn aggregated to form a ‘social molecule’. In
his 2007 The Social Atom, to exemplify suggested point of view, Buchanan states:33
“We should think of people as if they were atoms or molecules following simple rules and try to
learn patterns to which those rules lead.”
This framework acknowledges that, as humans are macrostructures comprised of atoms, whole groups of
people can also be seen as macrostructures comprised of individual persons as atoms.

Predicting marital happiness
Another inlet into physical science based prediction, is the mathematical psychology relationship analysis
work of American mathematical psychologist John Gottman who beginning in the late 1970s began to
study the dynamics couples in relationships using slow-motion video recording methods.

Artistic reconstruction of American psychologist John Gottman’s 1983iniated video relationship analysis studies, wherein he found that stable
marriages have a 5-to-1 ratio of positive-to-negative moments.46
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The results of Gottman’s multi-decade long analysis, involving video analysis of over 2,000 couples, as
published in his 1994 Why Marriages Succeed or Fail, reached the following conclusion:
“Amazingly, we have found that it all comes down to a simple mathematical formula: no matter
what style your marriage follows, you must have at least five times as many positive to negative
moments together if your marriage is to be stable.”
In formulaic terms:

|6
where RS is referred to as relationship stability ratio, sometimes referred to as the Gottman stability ratio,
MP is the number of positive moments, and MN is the number of negative moments in a given interaction
timeframe, respectively.41 This is one of the experimental components in theory of human chemical bond,
e.g. the A≡C bond of eq. 5, namely that this measured 5-to-1 stability ratio of successful marriages fits
well with way bonds are understood to operate throughout the universe. As summarized by Thims from
his 2007 Human Chemistry chapter on attraction and repulsion:42
“Attraction forces counterbalanced by repulsive forces are an ever-present feature of the universe.
Within stars, gravitational attraction is balanced by thermonuclear repulsion; in atoms,
electromagnetic attraction is balanced by coulombic repulsion; in nucleons, quarks are strongly
affixed together owing to gluonic attraction balanced by gluonic repulsion. The overall trend is clear:
repulsion tendencies function or actuate to stabilize attraction tendencies, in such a manner, so as
to create various spatial-temporal bonding configurations, e.g. the human pair bond.”
In sum, through low-motion video recordings of human couple interactions, Gottman’s original study was
able to develop a formulaic methodology that he claims is able to ‘predict’, with 94 percent accuracy,
which couples will divorce in the long run and which will stay bonded in the long run. Gottman, in
addition, frames his theory into a thermodynamical explanation. In 1999, he gave his view that:43
“Something like a second law of thermodynamics seems to function in marriage—that is, when
marital distress exists, things usually deteriorate (entropy increases).”
The primary method used by Gottman was to establish, via video recordings, a ‘positive-to-negative
moments ratio’, which was assumed to give ‘bonding’ for 5-to-1 ratio, and ‘debonding’ for worse ratios,
and even divorce for the worst ratios. This method, however, does not seem to rely directly on any
thermodynamics, but instead uses standard psychological methods such as phenomenological
observation, interpretation and questionnaires. Therefore this study cannot be seen as an example for
human thermodynamics, but rather only as a study using thermodynamics logic as a guiding explanatory
metaphor. This method can be seen in the 2010 article ‘A Mathematical Model of Sentimental Dynamics
Accounting for Marital Dissolution’, by Spanish mathematical economist Jose-Manuel Rey, in which,
inspired by Gottman’s work, he argues using equations, formulation, and graphs that the process of
marriage and relationship dissolution is based on the second law of thermodynamics.44
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These methods, however, to err on the side of caution, do not seem to be very rigorous, but instead
seems to be relying on vague interpretations of phenomenological utterances. Furthermore, 94 percent
accuracy may not mean that much, given that there is a relatively low base rate of divorce—43 percent of
US marriage, currently, end in divorce at the 15-year mark—and the fact that most of those marriages still
have the chance to be terminated. Also, if we follow the subsequent studies that employed Gottman’s
terminology, we come to the conclusion that its accuracy declined over time: in 1998 we get 90%, in 2000
we get 87.4%.C2
In 2004, American couples psychotherapist Richard Heyman, in his ‘The Hazards of Predicting
Divorce without Crossvalidation’, argued that Gottman’s study did not use cross-validation, and, as a
consequence, an overfitting of the data to a saturated model occurred.45 This would mean that although
the accuracy seems high, this only occurred because a very specialized model was applied to the data of
this one study. Given another sample, it would be highly unlikely to occur again: a more general model is
to be preferred if one wants to make predictions; one cannot simply take datapoints of one study and fit
them to a model and say it to be predictive. American journalist Laurie Abraham, who for more than a
year, sat in with five troubled couples as they underwent the searing process of group marriage therapy, as
well acknowledges that Gottman based his formula on the data, when they were already known, and
hence claimed a high success ratio. Abraham summarizes her objects as such:46
“While researching my book The Husbands and Wives Club [2010], I looked into Gottman's research
and saw that there were reasons other than a silly attachment to romance to think twice before
trusting his formula—or anyone else's—to predict the outcome of your marriage. Gottman's
"predictions" are not exactly what most of us think of as real predictions. And the way he reports
them in all likelihood makes them seem much more robust than they really are.”
Gottman’s pioneering attraction-to-repulsion ratio work, whatever the case, initiated the premise that
stability ratios exist in stable bondings of human couples.

Predicting human behavior
One problem with any paradigm trying to predict human behavior is the fact that we cannot fully predict
systems that are equally or more intelligent than we are. Not only are humans not smart enough to know
what all their peers’ motives are, but also, once we might establish a comprehensive rule, it might be the
fact that these peers adapt and refuse to follow the rule we have discovered. But even without all these, it
is still easy to see that human thermodynamics disregards any cognitive factors. Although the philosophy
that everything is chemical is of course undeniable, people are determined by their previous relations and
the content, potential and inclinations of their own neural networks and capabilities. Behavior is too
complex to predict via just a few equations.
Yet it is shown, by the principle of cellular automata, that, with a few simple rules, there can arise
very complex behaviors over time. But, to make any precise prediction, in this case, you would have to be
able to replicate every given memory and capacity of each individual to predict the behavior of this
human. In this paper, it is argued that sufficiently complex cellular automata might aid in the process of
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actually precisely predicting human behavior. However, the computational capacities of computers are
too low, for now. Another challenge is that we have to provide the correct initial conditions: our science
must be absolutely flawless. If any flaw in our theoretical assumptions exists, the end result will be very
different.
So, it seems we are very far away from predicting each other’s behavior. But the point of ‘human
thermodynamics’ or ‘human chemistry’ is not how to predict choices of partners which are cognitive and
too multifactorial, but rather to give insight into the attraction of partners. That is, if we, via this method,
are able to predict whether we will have a successful marriage, then this science is able to predict
something very useful.

Quantum physics | Random behavior?
The vision of free will relies on ages of spiritualism and dualism. Descartes was one of the philosophers
to introduce the concept of res cogitans the ‘thinking thing’ which basically was the same as the notion of
the soul. This res cogitans was uniquely human and was based in an immaterial world, and only via the
epiphysis, could it interact with res extensa, the ‘physical body’. Animals, Descartes argued from a very
anthropocentric standpoint, are different than humans, in that they have no res cogitans. Therefore
animals were seen as automated machines, subject to the material world, whereas humans were somehow
different. It should be clear that, if we substitute res cogitans with life force, or free will, or soul, that we
have the same result. This result is inconsistent: it assumes some beings have contact with an immaterial
world, whereas others have not, a somewhat egocentric, but also unfalsifiable and unscientific standpoint
which will never have empirical evidence going for it.
Another such attempt to invoke free will involves modern quantum physicists. The general idea is
called ‘consciousness causes collapse’. In the 1960's, Hungarian-born American physicist Eugene
Wigner reformulated the ‘Schrödinger's cat’ thought experiment as ‘Wigner's friend’ and proposed that
the consciousness of an observer is the demarcation line which precipitates collapse of the wave function,
independent of any realist interpretation. Wigner identified the non-linear probabilistic projection
transformation which occurs during measurement with the selection of a definite state by a mind from the
different possibilities which it could have in a quantum mechanical superposition. Thus, the non-physical
mind is postulated to be the only true measurement apparatus. This interpretation has been summarized
thus:54
“The rules of quantum mechanics are correct but there is only one system which may be treated
with quantum mechanics, namely the entire material world. There exist external observers which
cannot be treated within quantum mechanics, namely human (and perhaps animal) minds, which
perform measurements on the brain causing wave function collapse.”
However popular the vision in the layman community might have become, most quantum physicists
disagree with this interpretation; and even Wigner, having changed his stance, has admitted that he has
faultily applied microscopic scales to macroscopic scales. But as should be clear, this vision that Wigner
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has produced is, in effect, dualism. It introduces the concept that mind is fundamentally different from
matter.
Other attempts to reinstate free will are the attempts to prove that some processes are random. It
should be clear that very few processes are random, otherwise we won’t have so much successful
predictions in science. In this paper, it is proposed that ‘determinism equals scientism’, meaning that,
following a non-deterministic philosophy, one can only conclude that science, which aim is to predict, is
useless. Since predicting is only possible if the world follows deterministic rules, science is useless in an
undeterministic rule. In short, if nature really was non-deterministic.
Anything that is described in the true world to be random with regard to some property, is, in reality
not: if we are playing cards, a hyperintelligent being that knew of all preceding actions would know
exactly what cards will be dealt. The faster the shuffling of the cards, the harder to predict, and the more
complex brains or other 'thinking stuff' (such as silicon) would be necessary. But in the simulated world,
it becomes clear that cards are dealt by a random generator, and thus the process is more random. We
have come to this randomness, however, by a deterministic rule, e.g. create a random number with spade,
club, diamond, or clubs. It is difficult, however, to predict the outcome. To give an idea of how this could
happen, a being with sufficient insight, would know the underlying algorithms of the random card
generator. In this case, it might be still predictable, if it is not truly random. An illustration of how random
generators in fact are predictable, is the following statement from random.org:
“Perhaps you have wondered how predictable machines like computers can generate randomness.
In reality, most random numbers used in computer programs are pseudo-random, which means they
are generated in a predictable fashion using a mathematical formula. This is fine for many
purposes, but it may not be random in the way you expect if you're used to dice rolls and lottery
drawings.”
The same website then claims to offer truly random numbers, from supposedly, atmospheric noise. This
might make us think that atmospheric noise is a truly random process in nature. If this were true of
course, Laplace's demon would be falsified. However, it is quite conceivable, that we cannot differentiate
between 50% and 50.000001%, in the case where there are only two options. Underneath seemingly
random processes can lie a very deterministic rule—as can be shown via complexity theory—which the
maker or knower of the rule would know. A sufficiently complex rule is inseparable from randomness to
most observers.
If there are truly random processes—where there is no rule, however complex, underlying—in nature,
one might guess that one cannot predict every move one will make, thus falsifying Laplace’s demon. This
does not mean, however, that we make fully autonomous choices, free from influence of the material
world—what free will would imply. This would only mean that the process specified is somehow
detached from predictable influence. Suppose atmospheric noise is truly random, then does this change
the predictability of events that do not relate to atmospheric noise? It does not seem so, since science has
a long history of successful predictions.
A strange view presented by some quantum physicists is the many-worlds interpretation of quantum
mechanics, which asserts the objective reality of the universal wavefunction, but denies the actuality of
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wave function collapse. Many-worlds implies that all possible alternative histories and futures are real,
each representing an actual ‘world’ or universe.55 So, in effect, following this interpretation, it is argued
that everything that can happen, does happen. This, however, is an untestable concept, so we cannot prove
it. The same goes for the Copenhagen interpretation where the act of measurement causes the collapse of
the wave function. Both interpretations are philosophical arguments we cannot really test.
Something we can test is whether our scientific predictions work. Apparently, our world is very
predictable, given all scientific progression. A deterministic world implies that cause-effect chains are
predictable, and this is exactly what science achieves. Thus it seems necessary to explain randomness for
what it is: apparent randomness. Any rule that is complex enough, multi-determinate, is indistinguishable
from randomness.

Determinism | an indication by complexity theory
Exact locations of quanta, as with behaviors of humans, are hard to predict. It seems necessary to apply
complexity theory to systems such as human behavior and quantum mechanics. One approach to answer
the question of determinism and randomness is chaos theory. Chaos theory studies the behavior of
dynamical systems that are highly sensitive to initial conditions, an effect which is popularly referred to
as the butterfly effect. Small differences in initial conditions yield widely diverging outcomes for chaotic
systems, rendering long-term prediction impossible in general.56 This happens even though these systems
are deterministic, meaning that their future behavior is fully determined by their initial conditions, with no
random elements involved. In other words, the deterministic nature of these systems does not make them
predictable.57 Indeed, rules can underlie seeming randomness, as was proposed above.
It has been shown that algorithms are a broader—or at least, an easier to handle—class than are
mathematical rules, since there are actions that can be done algorithmically, but not mathematically at this
moment. Computer science holds great promise for predicting all sorts of phenomena.

Historical method | Cognitive method
German-born American evolutionary biologist (chnopsologist) Ernst Mayr, in his 2004 What Makes
Biology Unique, claims that entropy is not applicable to biological (chnopsological) systems since the
latter are open systems.58 He believes there to be an unbridgeable gap between biology and physics.59
Mayr distinguishes two aspects of biology: functional biology (chnopsology) that relies on experimental
approaches of the hard science and asks how something happens, and evolutionary biology (chnopsology)
that is driven by asking why and uses methodologies familiar to the humanities like historical narratives
and comparison, for instance in anatomy and genomics (studying similarities). Physical principles that do
not apply to biology (chnopsology), according to Mayr, include essentialism, determinism, reductionism,
and general applicability of laws of nature. All four approaches may be suitable to functional biology
(chnopsology), but cannot be used to explain evolution. For most of biology (chnopsology), there are no
laws and logic based on math. Mayr refers to Darwin's treatise on the origin of species, a scientific work
utterly devoid of physical laws and mathematical formalism. The absence of laws makes biology
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(chnopsology) unique and different from the physical sciences, yet biology (chnopsology) very much
depends on underlying concepts, e.g. selection, populations, phylogeny, imprinting, and development.
The uniqueness of biology (chnopsology) is found in the complexity of macromolecules, cells, organisms,
populations, and ecosystems. It is also found in the crucial element of chance and random changes
without which evolution cannot be explained.60
Three criticisms can be posed to this position. The first is the principle already stated that via very
simple equations, or initial conditions, there can arise very complex behaviors. The second is that his
vision on entropy is not correct. Firstly, entropy is a crucial element in understanding the formation of
complex structures in the absence of a vis vitalis (living force).60 But perhaps Ernst Mayr mistake is partly
justified because he really believes there is a vis vitalis: he believes that there is a fundamental difference
between ‘animate’ and ‘inanimate’. Secondly, there are two kinds of entropy. Libb Thims has stated that
There are two kinds of entropy, one when heat is put into a system, such as to turn an ordered ice cube
into disordered water vapor, which seems to be the kind that Helmholtz discussed when in 1882 he
described the magnitude of entropy as a measure of disorder.61
The second kind of entropy is what is commonly known as ‘entropy increase’, which has to do with
the Carnot cycle, namely when a certain amount of heat is added to the system (volume expansion),
followed by removal of nearly the same amount of heat (volume contraction), so to bring the system back
to its so-called ‘original state’. The first state and the second state will not exactly be the same, the
quantifiable difference between the two states is what German physicist Rudolf Clausius called the
equivalence value of uncompensated transformations, symbol N. This is what is commonly known as the
increase in the entropy of the system and is the quantitative measure of change and hence evolution (as
Darwin called it) or metamorphosis (as Goethe called it) or as chemical synthesis (as modern views calls
it). The problem is that biologists (chnopsologists) get the two types of entropy mixed up.62
Third, Mayr may not have known that Einstein gave a theoretical explanation of Brownian motion,
one of the few physical phenomena where chance is crucial and is an essential ingredient in the behavior
of all cellular structures.60 Even chance, it seems, can be fully consoled with a vision of physical
determinism. Furthermore, chance in many cases merely refers to the fact that we have not yet found a
rule for it. The word seems somewhat discouraging further inquiry.
Still, as already pointed out, the historical method has its merits: since all intelligent organisms are
determined by their memories, it is useful to know what those memories might include, namely historical
facts. The subjective experience of those historical facts is often hard to discern, but to fully predict any
human being, we would have to know all of its memories and the neurological proclivities of that being.
Thus a combination of full knowledge of a person’s history and his or her neurological composition,
qualifies as a strong predictor of the person’s behavior.

Physical intelligence
In yet another interesting paradigm, physical intelligence is a recently developed theory that intelligence
spontaneously evolves as a consequence of thermodynamics in open systems, and that such types of
evolved intelligences can be built from chemical and electrical components.63 The concept of physical
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intelligence, having a similar feel to the NASA-funded Neumann’s automaton theory, was conceived in
2009 as a two-year research and development project, by US Defense Advanced Research Projects
Agency (DARPA), particularly through the efforts of DARPA program manager Todd Hylton.
The program plan is organized around three interrelated task areas: (1) creating a theory (a
mathematical formalism) and validating it in natural and engineered systems; (2) building the first humanengineered systems that display physical intelligence in the form of abiotic (achnopsotic), self-organizing
electronic and chemical systems; and (3) developing analytical tools to support the design and
understanding of physically intelligent systems. If successful, the program would launch a revolution of
understanding across many fields of human endeavor, demonstrate the first intelligence engineered from
first principles, create new classes of electronic, computational, and chemical systems, and create tools to
engineer intelligent systems that match the problem/environment in which they will exist.64 As this is a
fairly recent approach, only a few details of results have been made public.

Conclusion
While the Darwinian theory of natural selection has its merits, it can be integrated into a broader approach
based on thermodynamics and chemistry. The Darwinian theory has little predictive power in the field of
mate selection, mainly due to the use of vague notions such as ‘fitness’, ‘dominance’, or ‘providership’,
terms that are very variable in their operationalizations. The Darwinian theory seems to retrospectively
explain rather than predict. True predictions in the science of human behavior is, in theory, perfectly
possible if we postulate the basic physical conditions in an algorithmic fashion, and consequently devise
cellular automata as the behaving ‘organisms’ in a virtual world. When the system is a chaotic, however,
it will be hard to do so, regardless of computational powers, since all initial conditions should be exactly
matching. More conventional methods with predictive power include neuroscience and artificial
intelligence. Promising methods, relying on hard science, include studies of genetic compatibility, human
chemistry/thermodynamics and the physical intelligence approach. Chemical attractions are argued to
signal gene compatibility. Knowledge of individual histories and neurological composition as well serve
as a strong predictor—if full knowledge was somehow possible, the person would, arguably, be highly
predictable. The primary force that leads to moral qualities, coined by Darwin as ‘instinct of sympathy’,
perhaps can be best explained by molecular attractions. If not, then perhaps there is no such primary
force: the instinct of empathy then is an unneeded assumption without any proposal about how it
originated. Some proposals were discussed here: the social atom hypothesis, innate releasing stimulus and
the law of frequency. The rough conclusion made is that different methods can supplement each other,
and that each method has its merits and its weaknesses. With regard to philosophical questions, we have
reviewed the question of determinism. It is argued that, if determinism was a false philosophy, then clear
scientific predictions would not be allowed, contrasting much of the existing evidence that science has
progressed much. Also, what may seem random may reflect that we have not yet found the underlying
rule.
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