Chapter 14

Human thermodynamics | Chemical-Physical-Engineering

“The time may come when human affairs may be described no longer by words and
sentences, but by a system of symbols or notation similar to those used in algebra or
chemistry … then it may be possible, as Adams suggests, to invent a common
formula for thermodynamics and history.”
– William Thayer (1918), American historian

14.1 Introduction
This chapter will give an overview of the methodology of thermodynamics applied to humans and systems of
humans, such as family systems, governmental systems, economic systems, social systems, historical regimes, and
so on—a methodology that can be generalized in application to animated atomic structures (biological entities) and
systems comprised of animated motile matter (biospheric systems). The following caricature of American physical
chemist Gilbert Lewis, formulator of the 1902 dot structure model of chemical bonding and author of the 1923
founding chemical thermodynamics textbook Thermodynamics and the Free Energy of Chemical Substances, gives
a well-rounded depiction of the main tenets of ‘human
thermodynamics’, a subject defined in 1952 by English physicist
C.G. Darwin (Charles Darwin’s grandson) as the
‘thermodynamical study of systems of human molecules’:1
In very truncated sense, to the left: humans are made of atoms,
26 types of elements to be exact, in the form of a ‘molecule’,
historically known by the name human molecule, a term coined in
1789 by French philosopher Jean Sales, which can form or break
bonds to each other, in the form of couples, relationships, friends,
family, marriages, corporations, states, countries, unions, etc., each
of which can be quantified in terms of changes to chemical bond
energy—the notation ‘A + B’, for example, representative of
single reactants, tending to be in possession of heighted kinetic
energy, ‘A=B’ representing bonded products, tending to be in possession of stored chemical energy and stability; to
the right: is the Gibbs free energy, the thermodynamic potential or force function that governs reactions between
people (human molecules), symbol G, according to which equation that governs the ‘naturalness’ of these types of
reactions, technically called freely-going, isothermal-isobaric, surface-attached chemical reactions, is the Gibbs free
energy equation:

ΔG = ΔH – TΔS
where ΔG is the change in Gibbs free energy of the system, namely the final measure Gf of the Gibbs free energy of
the system less the initial measure Gi of the Gibbs free energy of the system, in their respective states of existence;
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according to which a ‘spontaneous’ or what is defined
as a naturally occurring reaction or process will only
occur if the following condition is met:

ΔG < 0
meaning that Gf must be less than Gi over the course
of the extent (time frame) of the reaction, process, or
transformation—time frames of interest in human
thermodynamics typically being in measured in terms
of years, decades, or generations. The changes in this
process can be mapped out on what is called a
reaction coordinate, which plots the Gibbs free energy
on the ordinate (x-axis) and extent of reaction on the
abscissa (y-axis), as was first done for reactions between people by Americans computational chemist David Hwang
(2001), electrochemical engineer Libb Thims (2007), and physical chemist Thomas Wallace (2009), such as
depicted adjacent, for a multi-year human combination reaction:22
When Gibbs free energy measurements, descriptions, formulations, and or quantifications are attempted, in the
context of human social processes, the namesake human free energy is used, for clarification sake, although, to note
there is no difference in physical structure between the free energy changes involved in the reaction between two
hydrogen atoms or between two people, both of which are measured in joules.2
The above synopsis is what can be defined as the modern view of human thermodynamics, a representative
summarized example of which can be found in American physical chemist Thomas Wallace’s 2009 appendix
section ‘The Fundamentals of Thermodynamics Applied to Socioeconomics’.3 The inquisitive reader, curious to
know more of the two-century long used (and abused) history behind the slow and rather underground history of
human thermodynamics can consult the human thermodynamics pioneers table online at Hmolpedia, a chronological
listing of the main 500+ thinkers, from German polymath Goethe, and his 1799 theory of human affinity reactions,
up to modern times, an example being American chemical engineering professor James Ferri, and his 2011 studentproduced YouTube ‘Thermodynamics of Occupy Wall Street’ video projects, to have attempted to apply
thermodynamics to questions of human existence.4

14.2 Objection
That the laws of thermodynamics govern the entire universe, every system, and every material body in it, a
methodology originally laid down by thermodynamics initiator French engineer Sadi Carnot, is generally taken as a
motto seen to most scientists and engineers as a factual stone platform on top of which modern day physical science
sits—an unquestionable fact of universal operation—the second law being the supreme law of nature, in the famous
1927 words of English physicist Arthur Eddington:
“The law that entropy always increases — the second law of thermodynamics — holds, I think, the supreme
position among the laws of nature. If someone points out to you that your pet theory of the universe is in
disagreement with Maxwell’s equations — then so much the worse for Maxwell's equations. If it is found to be
contradicted by observation — well, these experimentalists do bungle things sometimes. But if your theory is
found to be against the second law of thermodynamics I can give you no hope; there is nothing for it but to
collapse in deepest humiliation.”
Yet, paradoxically, and somewhat strangely, however, when this factual bedrock motto is turned around and pointed
at humans, the human condition, human experience, and the deepest, darkest, and or brightest facets and queries of
the process of human existence, observer bias becomes a factor—old belief systems clashing with new belief
systems—lines become quickly blurred (for many), objection comes immediately to the fore, and often is the case
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that reason for objection becomes lies deeply buried tenuous and insecure beliefs concerning purpose, morality, and
being—which are generally terms outside of thermodynamics proper. The following listing, to get our feet wet to
examples of common objection, gives a quick outline of the
prominent objectors to the premise of thermodynamics governing
human behaviors.5
In 1909, supposedly with ‘one foot in the grave’, a few
months before his end, American psychologist William James, in
objection to the history thermodynamics theories of his Harvard
colleague Henry Adams, commented his opposition opinion:
“The ‘second law’ is wholly irrelevant to ‘history’—save that it
sets a terminus—for history is the course of things before the
terminus.” In 1939, French surgeon and biologist Alexis Carrel commented his view that: “The second law of
thermodynamics, the law of dissipation of free energy, indispensable at the molecular level, is useless at the
psychological level. As much importance should be given to feelings as to thermodynamics.”
In 1942, French-born American mathematician, biophysicist, and religious philosopher Pierre du Nouy’s used a
Boltzmann-stylized statistical view of thermodynamics, to argue that the second law does not apply to humanity and
that God is synonymous with anti-chance; in particular, he stated: “Obviously, Carnot-Clausius law, sometimes
called the second law of thermodynamics, does not apply to living organisms.” In 1969, in objection to the
psychological thermodynamics work of Sigmund Freud, English developmental psychologist John Bowlby
commented: “Nor is it to be supposed that the principle of entropy apples to living as it does to non-living
systems.” In his 1977 Nobel Lecture “Time, Structure and Fluctuations”, Belgian chemical thermodynamicist Ilya
Prigogine opened to the following view: “Thermodynamic equilibrium may be characterized by the minimum of the
Helmholtz free energy defined usually by: F = E – TS. Are most types of ‘organisations’ around us of this nature? It
is enough to ask such a question to see that the answer is negative. Obviously in a town, in a living system, we have
a quite different type of functional order.”
In 1981, American economist Julian Simon commented that in regard to the second law in relation to human
activity and economics that: “The notion of entropy, in the large, is entirely irrelevant to us.” In 1981, Greek
economist Xenophon Zolotas argues that: “If it were eventually possible for man to put to use other forms of energy
(solar, Aeolian, etc.), which by their nature are virtually unlimited, the entropy law would be practically irrelevant,
since the economic process would occur as part of an open system.” In his 1981 and 2000 publications, American
political scientist George Gilder advocated the view that: “Gone is the view of a thermodynamic world economy,
dominated by natural resources being turned into entropy and waste by human extraction and use … the key fact of
knowledge is that it is anti-entropic: it accumulates and compounds as it is used … Concerning the microcosm, the
mind transcends every entropic trap and overthrows matter itself. Through learning, civilization defies the
thermodynamic laws of decline and fall.”
In 2003, American physicist and econophysicist Joseph McCauley, founder of the newly-launched
Econophysics department at the University of Houston, in his “Thermodynamic Analogies in Economics and
Finance: Instability of Markets”, argued that: “Real financial markets cannot behave thermodynamically.”
Likewise, in 2011 McCauley further corroborated this with his opinion that: “Thermodynamics is impossible in
economics.” In 2005, American computational chemist and quantum molecular dynamics researcher Edward
Sanville commented: “Of course, human beings obey the laws of thermodynamics like everything else in the
universe, but the Gibbs free energy equation [ΔG = ΔH – TΔS] only [can be used] to describe large systems of
microscopic particles; [and cannot be applied] to analogous situations between human beings, just because the
everyday and scientific words involved happen to correspond (in English).”
In 2005, Wikipedian The Literate Engineer, a civil engineering intern, commented: “I admit, open systems do
exist and can be described with thermodynamics; nonetheless, their application to group dynamics is a major stretch,
and modeling human relationships on them involves all sorts of unstated assumptions, for instance that a state
function (like Gibbs free energy) even applies. Or that they're spontaneous.” In 2005, Wikipedian Ten of All Trades,
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with a BS in physics and chemistry and a PhD in biology and biophysics, stated his view that: “Thermodynamics
isn't meant to describe human relationships.”
In the 2006 Journal of Chemical Education platformed Rossini debate, American physical chemistry professor
John Wójcik, in objection to the suggestion that American chemical thermodynamicist Fredrick Rossini’s 1970
human chemical thermodynamics formulations might have some bearing in regards to the questions of freedom and
security in a post 9/11 world, commented: “Worst of all, there is some danger that chemical thermodynamics will
have ascribed to it a power that it simply does not have, namely, the power to explain the human condition.”23
In 2009, after being told (by Libb Thims) that an arrangement of students in a field has a measurable and
quantifiable entropy, as does every body or material system in the universe, and that the original view of
thermodynamics, according to Willard Gibbs (1876), is that “the comprehension of the laws which govern any
material system is greatly facilitated by considering the energy and entropy of the system in the various states of
which it is capable.’ A society is one such material system. If you think that you are exempt from these laws, that is
your prerogative”, Irish thermal physics professor Philip Moriarty went on to argue for nearly two-months that you
cannot say that a particular arrangement of students has a thermodynamics entropy and moreover that: “Where did
Gibbs say that ‘a society is one such material system’? He didn’t –that is your particular (incorrect) reading of the
application of thermodynamics.”24
In response to this comment, YouTube user PenguinJin commented to Moriarty: “So, why are we exempt
from this application of thermodynamics? Why would energy alter its behavior in a fundamental way when it began
manifesting as the patterns of human behavior? Recursion is everywhere.” To exemplify the notion of recursion, as
PenguinJin seems to be using the term, the following diagram a visual form of
recursion known as the Droste effect. The woman in this image is holding an
object which contains a smaller image of her holding an identical object, which in
turn contains a smaller image of herself holding an identical object, and so forth.
To this ‘recursion is everywhere’ comment, Moriarty offered the following
terse reply: “The main points are: (i) An arrangement of students (or socks, or
objects in a room) will not *spontaneously* rearrange themselves (unlike the milk
molecules mentioned in the video). (ii) There is no change in the thermodynamic
free energy of, e.g., socks [or students], if we rearrange them.” Moriarty, to
summarize his views, also offered the following in-video interview statement:
“Concepts of entropy [only] apply to gas molecules; you cannot say that a
particular arrangement of students has a thermodynamic entropy.”
In 2010, following a lecture by American electrochemical engineer Libb
Thims on an introduction to human thermodynamics to bioengineering students at
a Chicago university, to exemplify, one anon student commented, in rather
overtypical and frank style of homogenized American belief system rhetoric, in
written response: “I believe thermodynamics can only function in man-made things: mechanical devices (such as
vehicles), combustion, politics, and stuff. However, things like morals and love go far beyond thermodynamics. It
can perhaps be argued to a certain point that thermodynamics can explain these phenomena. But if thermodynamics
can’t even be fully explained in the physical body, how can it explain the mind and the soul.” In 2010, CzechAmerican theoretical physicist, black hole thermodynamicist, and former Harvard physicist professor Lubos Motl
commented: “You've got to realize the blatant absurdity of trying to model the laws governing human relationships
using the rules of thermodynamics, a set of rules that only apply at a molecular level. Human beings are not
molecules, they are composed of molecules, but we aren't giant molecules. Human relationships are governed
mostly by human psychology. I can only assume you're senile or crazy to believe this nonsense.”
In 2011, Irish atheist biochemistry student Ryan Grannell commented: “This is all just a horrendous analogy.
Chemical laws apply to humans, but our behavior is more complex than something that can be modeled with a
couple of thermodynamic equations. A + B → AB is just a pretentious way of stating something we already know; it
tells us absolutely nothing new.” In 2011, American chemical engineer and ecological thermodynamicist Robert
Ulanowicz, noted for his three decades worth of work on his free energy themed ‘ascendency’ model of evolution,
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commented rather paradoxically his stern opinion that: “Entropy or entropy-related measures (such as free energy)
should *not* be invoked for living systems!”
It will not be our intention herein this short chapter to digress into a prolonged analysis of each of these
objections, but quickly to classify objectors by reason: (a) religious reasons: views in the Bible conflict with
thermodynamic views (Pierre du Nouy, Ilya Prigogine, John Wojcik, anon bioengineering student, Robert
Ulanowicz), (b) thermodynamic misunderstandings: most have a greatly uneducated and misunderstood notion of
what entropy is and what the second law means in regards to social systems, most thinking naively that entropy and
the second law means the tendency of systems to disorder (William James, Alexis Carrel, , Julian Simon, Xenophon
Zolotas, George Glider, and (c) free will objection: many have a misunderstood conception of how the mind works
in regards to the physical forces and movement (John Bowlby). Beyond these loose classifications many have very
difficult to discern objections to thermodynamics applied to humans, often times owing to technical
misunderstandings of which equations have applicability and which do not, which amount to derivation issues and
obscure technical issues and a general lack of education in pure chemical thermodynamics and or those who may
have a statistical mechanics or the physics viewpoint of thermodynamics but be weak in chemical thermodynamics
(Joseph McCauley, Edward Sanville, The Literature Engineer, Ten of All Trades, Philip Moriarty, Lubos Motl,
Ryan Grannell).
To summarize, the viewpoint followed herein is that thermodynamics governs systems of humans and their
respective system behaviors as it does every system in the universe—as was firmly clarified stated firmly by English
physical chemist Fredrick Soddy in the early 20th century:
“The laws [thermodynamics] that express the relation between matter and energy govern the rise and fall of
political systems, the freedom or bondage of societies, the movements of commerce and industries, the origin of
wealth and poverty, and the general physical welfare of a people.”
“The energy laws that govern the life of men provide the intellectual foundations of sociology and economics,
and expose some of the principles causes of failure, not only of our own but, of all the great civilizations that
came before.”
The original initiator of the subject of thermodynamics French physicist Sadi Carnot left no exemption clause when,
in 1824 (Reflections on the Motive Power of Fire), he framed out his newly defined subject as being applicable, in
its governing framework, to any material system, anywhere in
the universe, whatever its nature, as follows:
“[Thermodynamics] is the study of the principles and
laws behind the phenomenon of the production of motion
by heat, considered from a sufficiently general point of
view, applicable to not only steam engines, but to all
imaginable heat engines, whatever the working substance
and whatever the method by which it is operated.”
The ‘working substance’ (or working body), the original name
for the ‘system’, here, to clarify, is the animated system in
question, originally a body of water/steam in a piston-andcylinder, made to expand and contract owing to cyclical heat
input and removal, and which for most purposes will be a system of interacting humans delineated by a boundaried
region containing a volumetric regions of space. To clarify, the original heat engine upon which Carnot based his
thermodynamics formulations and upon which the entirety of the science of thermodynamics is based and hence its
equations derived from is the Papin engine, outlined in diagrammatic theory by French physicist Denis Papin in
1890, upon which the famous Carnot engine was conceived by Carnot in the form of his famous heat engine cycle.
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Prior to the design of the Papin engine, the design pre-cursor to all steam and heat engines, the fundament of the
logic that all bodies of the universe can be made to expand and contract was seeded several years earlier when in
1679 Papin invented his ‘bone digester’ a type of pressure cooker that could liquefy bones and rocks, in effect bring
about a volumetric change of state. The basic tenet of this universal volume change principle was enunciated in 1685
by English scientist Robert Hooke who asserted the principle that thermal expansion and contraction might be a
general property of matter:
“The property of expansion with heat, and contraction with cold, is not peculiar to liquors only, but to all kinds
of solid bodies, especially metals.”
In the 1720s, at Leyden University, Dutch physician and chemist Herman Boerhaave, in his chemistry lectures at the
University of Leyden, introduced the idea of volume expansion by heat as a general law of nature. The logic of this
volumetric law soon came to be known as Boerhaave’s law—and famously in 1787 French chemist Antoine
Lavoisier, in his Elements of Chemistry, dedicated the opening paragraph to Boerhaave and his law:
“That every body, whether solid or fluid, is augmented in all its dimensions by any increase of its sensible heat,
was long ago fully established as a physical axiom, or universal proposition, by the celebrated Boerhaave.”
Lavoisier then went on to devote nearly the first half of his famous chemistry textbook to laying out his model of
quantities of heat defined as caloric particles, which were deemed as the hypothesized fluid-like quantity of matter
that caused the bodies to expand (if added to bodies) or contract (if taken away from bodies). Seventy-eight years
later, in 1865, Lavoisier’s caloric particle became or rather was transformed mathematically, through the integrating
factor methodology of Swiss mathematician Leonhard Euler (1739), into that as what has famously come to be
known to us as the differential quantity entropy, as formulated by German physicist Rudolf Clausius (1850-1865).6
The history of thermodynamics, of course, goes much deeper and in-depth than this terse overview, but the main
point to remember, as stated by Lavoisier, is that ‘every body is augmented in all its dimensions by heat’, and this
law applies to every body (humans included) or system (social system of humans), in the universe—no exceptions.

14.3 Terminology
To remain unbiased with respect to terminology and applied theory, neutral non-anthropomorphic terminology is the
suggested usage in thermodynamics applied to humans, human systems, and or animate systems; examples of
standard terminology can be found in what American physical chemist Gilbert Lewis calls ‘pure thermodynamics’,
the pinnacle example being work defined as force moving an object through a distance, a cornerstone definition of
thermodynamics, otherwise known as the principle of the transmission of work (Gustave Coriolis, Calculation of the
Effect of Machines, 1829). Hence, to exemplify, correctly, and in a manner of neutrality that has stood the test of
time, German physicist Rudolf Clausius opens his 1875 The Mechanical Theory of Heat, the book that founded
thermodynamics as it is known today, with the following sentence:
“Every force tends to give motion to the body on which it acts; but it may be prevented from doing so by other
opposing forces, so that equilibrium results, and the body remains at rest. In this case the force performs no
work. But as soon as the body moves under the influence of the force, work is performed.”
Incorrectly, as is often the case in novice and or laymanized attempts a human thermodynamics formulation, one
will find anthropomorphized and or perpetual motion stylized versions of the above statement to the effect that a
person chooses to move based on the decisions of the mind—an example being Indian chemical engineer DMR
Sekhar who in 2011 commented in defense of his self-drive human thermodynamic model: “The ‘self-drive’ of a
human being, using his ‘internal biological energy’ and his will is not same as perpetual motion machine as a human
being takes food from external environment to accumulate and or store ‘internal biological energy’.”7 In the former
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(correct), a body moves when acted on by a force, in the latter (incorrect) a body is said to have self-drive and move
itself.
Beyond this human perpetual motion issue, there is the thermodynamics of life issue, namely that, in the
combined discernments of Gilbert Lewis (1925), Nikola Tesla (1925), Charles Sherrington (1940), and Alfred
Ubbelohde (1954), physics, chemistry, and thermodynamics, do not
recognized the word life (or its Greek equivalent bio-) or the origin of life,
but only that which is animated, motile, moves, and or reacts.7
The reason for this terminology neutrality, such as exemplified above,
is that in the study of thermodynamics applied to humans there is a
tendency to insert biasing and underlying and often times unconscious and
unwritten objective into theory and presentation, a path that tends to lead to
unsound conclusions. To exemplify, when we say that a given human goes
about his or her day and performs work, the meaning is very clear; when,
conversely, we say that a force moves a human through a distance of so
many miles in the performance of his or her occupation, questions about
free will immediately come to the fore—which in turn leads to questions
and beliefs about choice and right and wrong. In this case, siding with the terminology of pure thermodynamics is
the preferred method, over that of siding with historical pre-conceived notions regarding supposed innate properties
of a human.
Hence, the term animate matter, on English thermodynamicist Alfred Ubbelohde’s suggestion (Man and
Energy, 1956), will be used in place of the more contentious term ‘life’ (its synonyms, e.g. ‘bio’, etc.); chemicallyneutral terms will be employed, e.g. reactive as compared to inert in place of the anthropomorphized classifications
living vs. dead; and the umbrella subject classification animate thermodynamics, on Swedish physical chemist Sture
Nordholm’s suggestion (“In Defense of Thermodynamics: an Animate Analogy”, 1997), will be assigned to the
study of systems of an animate nature—humans, which are types of motile animated matter, being of central focus.

14.4 Human engineering thermodynamics
In respect to applied human thermodynamics, recent decades have seen a growth of the usage of thermodynamics as
an applied engineering science to problems of human social concern, outside of the standard in vivo, Latin for
‘within the living’, applications (e.g. energetics of metabolism, protein thermodynamics, cell membrane transport
thermodynamics, etc.), or in vitro, Latin for ‘within the glass’, applications (e.g. electrochemical thermodynamics,
chemical reaction thermodynamics, etc.), in a field categorized as applied human thermodynamics.8
To cite a few examples, from 1894 to 1900, Polish scientist Leon Winiarski taught a course at the University of
Geneva entitled Social Mechanics on thermodynamics applied in sociology, economics, and politics. From 1895 into
the 1920s, Austrian psychologist Sigmund Freud, as mentioned, used the bound energy (entropy) and free energy
(available energy) versions of thermodynamics, as found in the chemical thermodynamics work of German physicist
Hermann Helmholtz (“On the Thermodynamics of Chemical Processes”, 1882), as a theoretical base on which to
pen out a 23-volume collected works set that has come to define psychology as we currently know it.
Into the turn of the 20th century engineers began to apply human thermodynamics to questions of human
concern. From 1918 to 1933, Columbia University funded a project to develop a type of physical science based
bureaucracy, eventually named as technocracy, a project headed by American engineer Howard Scott, which
attempted to model societal activities and phenomena on thermodynamics, using energy currency in place of money,
among other notions (a group still active to this day).
In 1960, American combat pilot John Boyd, having flown 22 combat sorties in an F-86 Sabre during the Korean
war (1953), enrolled at Georgia Tech to complete a degree in industrial engineering in order to better understand, in
a physical science sense, certain anomalies of combat behavior, namely why the Korean pilots in quicker, faster,
more-maneuverable Mig-15 planes (below right) had a worse kill ratio than the Americans in their bigger, slower,
less-maneuverable planes, the F-86 Sabre (below left). During his engineering education, Boyd sought not to worry
about mathematical details, but to understand the underlying principles and concepts of physics and

8
thermodynamics, in regards to human
dog fight behaviors. Over the next 20
years, Boyd would go on to develop his
thermodynamics-based combat theory,
about which he consulted the pentagon
on over in over 1,500 briefings, and with
which he used in the successful
formulation of the successful invasion of
Iraq during the first Gulf War (19901991). Boyd’s efforts in this direction
are summarized well in the retrospect opinion of Marine Corps general Charles Krulak: “The Iraqi army collapsed
morally and intellectually under the onslaught of American and Coalition forces. John Boyd was an architect of that
victory as surely as if he’d commanded a fighter wing or a maneuver division in the desert.”
In 1964, English biophysicist James Lovelock, while working on the voyager mission project, funded by
NASA, proposed that a local entropy decrease detection device should be installed in the two probes to be sent to
Mars, as the only verifiable way to recognize any type of extraterrestrial life from that which might not be
discernible in the guise of the standard carbon-based life point of view. In 1998, Indian-born American mechanical
engineer Satish Boregowda completed his PhD dissertation, funded by NASA, on the thermodynamics of human
stress, from both the physical and mental perspective. In the early 2000s, Russian physical chemist Georgi
Gladyshev, obtained a $2 billion dollar patient to quantify foods in terms of their anti-aging value using the GibbsHelmholtz equation. In 2007, Russian biometrician Viktor Minkin began marketing emotion facial recognition
technology, in part based on thermodynamic arguments, namely emotion quantified entropically. In 2009, Spanish
telecommunications engineer Gregory Botanes and physicist Alberto Hernando launched a business consulting
company called Social Thermodynamics Applied Research (Sthar.org) in which they use thermodynamics principles
to improve and predict business performance.
From 2009 to 2011, US defense advanced research projects agency (DARPA) program manager Todd Hylton
funded a project to build a new version of physical intelligence, employable on the battlefield, conceived to be an
upgrade replacement for artificial intelligence, one that spontaneously evolves as a consequence of the
thermodynamics of open systems, built from a mixture of chemical and electrical components, conceived to be
something along the lines of American chemical engineer John Neumann’s famous 1948 free energy automaton
theory. In December 2011, American civil and ecological engineer Jeff Tuhtan became the first to complete a PhD
on the thermodynamic modeling of Alpine River fish behaviors and habitats based on the second law inequality,
using the C.G. Darwin stylized human thermodynamics principles as conceptual starting point, using Hmolpedia
articles as a conceptual reference framework.

14.5 Thermodynamic potentials
The starting point of thermodynamics applied to animate systems is the choice of which thermodynamic potential to
employ in the modeling of a given animated system: entropy or negentropy (isolated system), internal energy
(quantities of extensity constant), enthalpy (entropy, pressure, and amount of substance constant), Helmholtz free
energy (temperature, volume, and amount of substance constant), Gibbs free energy (temperature, pressure, and
amount of substance constant), or some other modified variant of these, such as employed in the framework of an
open systems (chemical potentials), non-equilibrium (force flux pairs), or far-from-equilibrium perspective (internal
entropy generation). The following table, to set things straight, gives the correct overview the various
thermodynamic potentials or force functions, as they were originally called, and systems of application, as modern
science sees things.
Historically, great confusion abounds in regards to which thermodynamic potential governs humans social
systems, the dominant misconception being that entropy is the main potential of society, that entropy is the
magnitude of disorder, that the second law states that systems tend to maximal disorder, hence humans systems, e.g.
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rooms, relationships, societies, etc., will always tend
towards disorder. This viewpoint, however, is what is
called laymanized thermodynamics gone wrong, a
subject that is a subject in itself, too long to digress into
at this point.
A few quick examples, to illustrate the disparity of
view, firstly German physical chemist Wilhelm
Ostwald’s view (1910s) that entropy is small and
negligible in the chemical realm but large and significant
in the moral and social realm; Russian physical chemist
Georgi Gladyshev’s view (2000s) that, conversely,
entropy is small in the social and moral realm of human
interactions but large and significant in the chemical
realm; Belgian chemical thermodynamicist Ilya
Prigogine’s belief (1970s) that the Helmholtz free
energy does not apply to societies, but that internal
entropy generation does; and lastly Iranian-born
American material science engineer Robert Kenoun’s
view (2006) that it is the internal energy that governs the
behaviors of countries and families.
To elaborate a bit more, in regards to confusion,
Prigogine, as noted above, famous opened his 1977
Nobel Prize speech ‘Time, Structure, and Fluctuations’,
to the comment that it is ‘obvious’ that the Helmholtz free energy F = E – TS is not the equation of thermodynamics
that characterizes the nature of towns, animate systems, and the other various structures that we see around us.
Prigogine’s overall mindset, however, to clarify, was biased from the get-go by his objection against determinism
and his near five-century long effort to formulate a version of thermodynamics that would account for a supposed a
non-deterministic nature of humans; outlines of which can be found in his 1937 article ‘The Problem of
Determinism’.
Conversely, in the 1956 book Thermodynamics of Humans, Iranian thermodynamicist Mehdi Bazargan argues
that the isothermal-isochoric potential, the Helmholtz free energy, F = E – TS, is the governing equation of human
existence and gives examples of how the activity and work of human
existence can be explained in terms of free energy, F, internal energy
E, and bound energy, TS. Bazargan argues that this perspective can
account for factors such as love, life, and purpose, and be even used as
a basis on which to found a system of government. As we know see
things, Bazargan is closer to the truth than was Prigogine.
What Bazargan fails to take into account in his human
thermodynamic formulation, however, is the pressure-volume work
factor, PV, namely that during the course of human interactions
volumes and social boundaries are changed significantly, and done so
with great energetic force—the phenomenon of personal space
expansion occurring when both a tall person, supermodel, and or alpha
female or male walks through a crowed, as has been measured by sociologists, being one simple example.9
The expansion in the territory of the Rome during its 900-year rise to power, shown below, is a more complex
example, involving a system (shown in red) comprised of about 45-million human molecules (people), war,
migrations, synthesis (births), de-synthesis (deaths), migrations, occupations, politics, governments, takeovers, and
so on, all factors that can be quantified thermodynamically.36
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In the correct sense, the Gibbs free energy, G = U + PV – TS is the correct force function or thermodynamic
potential of social behavior and transformation. As summarized well recently by American physical chemist Thomas
Wallace, in his 2009 appendix The Fundamentals of Thermodynamics Applied to Socioeconomics:3
“The spontaneity of a thermodynamic process is measured by its free energy change ΔG, which at constant
temperature is mathematically represented by the function ΔG = ΔH – TΔS, whereby the parameters enthalpy H
and entropy S represent the variables of heat content and probability, respectively, for the physical, chemical,
and biological processes of nature and society, and where free energy G represents the fundamental driving
force in nature and determines whether physical and chemical processes conducted by nature and society will
take place.”
The point to be taken away from this section is that differential changes in Gibbs free energy is the starting point in
the study of thermodynamics applied to human behaviors, individually and socially, and that, subsequently, study of
internal energy, U, pressure volume work energy PV, and transformation content energy (as Clausius called it) or
bound energy (as Helmholtz called it) TS are the three starting point investigations in the study of human
spontaneous processes, in other words in the study of human nature.10 The next factors to take into account are, in
descending order: (a) chemical potential, symbol μ, the energy change (to the potential of the system) that occurs
when a human molecule (person) enters or leaves
a system; (b) turn over factor, the finding that 98
percent of the atoms of a person turn over or are
replaced every two years; (c) the free energy
coupling issue, the finding that natural processes
(exergonic processes) are coupled to unnatural
processes (endergonic processes) in such a way
that the former drive the latter; and (d) the spin
problem.
The spin problem, involves explaining what
the various spins of the universe have to do with
each other, i.e. what speed of the local cluster
(600 km/s towards the great attractor) has to do
with the milky way spin (200 million years/cycle)
has to do with the spin of the earth about the sun
(365 days/cycle), and what this has to do with the
spin of the earth on its axis (24 hours/cycle), which thus initiates daily "heat cycles", and what this has to do with the
spin of person in his or her daily orbitals (one day/cycle), i.e. human molecular spin, and what this has to do with
nuclear spin and electron spin and what all of this has to do with the movement and spins of fundamental particles
(fermions: spin 1) and forces (bosons: spin ½) all in relation to Lewis equality governed synthesis (evolution) and
the arrow of time? These types of questions, as diagramed above, however, are subjects of more advanced branches
of human chemical thermodynamics and need not concern ourselves in this introductory chapter.
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14.6 Human molecule | Chemical thermodynamics perspective
The starting point of human thermodynamics, according to the 1952 definition of the science of human
thermodynamics by English physicist C.G. Darwin, is the definition of a person as an individual reactive ‘molecule’.
The conceptual model of a person as a molecule, in both a chemical and thermodynamic sense, however, dates back
much farther.11 The coining of the term human molecule occurred in the 1789 edition of French philosopher Jeans
Sales’ The Philosophy of Nature: Treatise on
Human Moral Nature, in which he surmised rather
adeptly that:
“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.”
Sales, of course, was imprisoned for promoting this
viewpoint.12 A chronological listing of the main
120+ thinkers to have utilized the human molecular
logic point of view can be found online in timeline format.13
The main point to take away from this subject, which is called human molecular science, or hmolscience in
short, is that three times, in the last decade, three independent calculations of the molecular formula for an average
human or human molecular formula, as it is technically called, has been done, namely by Robert Sterner and James
Elser (Ecological Stoichiometry, 2002), an anon staff writer (New Scientist, 2005), and Libb Thims (Human
Chemistry, 2007), the latest version of which determines the molecular formula for an average 70-kilogram person
to be the following 26-element molecular formula:14

CE27HE27OE27NE26PE25SE24CaE25KE24ClE24NaE24MgE24FeE23FE23
ZnE22SiE22CuE21BE21IE20SnE20MnE20SeE20CrE20NiE20MoE19CoE19VE18
According to polls, to note, some 43 percent of people object to the viewpoint that a human is in reality a ‘giant
molecule’, for a number of reasons, e.g. philosophical, religious, metaphysics, etc., such as exemplified in American
sociologist Steve Fuller’s 2004 New Scientist article ‘I Am Not A Molecule’ (religious objection), but these issues
need not concern ourselves here.13

14.7 Human synthesis
A rather significant point of view change that is followed in human chemical thermodynamics is that a person is not
‘born’, given life at a particular second, or given the breath of life, as olden Egyptian theories would have things, but
rather, according to the viewpoint of chemical thermodynamics, is synthesized by the universe, from the elements of
the system.
“To create a [human] out of nothing and place it on
the table, the magician need not summon up the
entire enthalpy, H = U + PV. Some energy, equal
to TS, can flow in spontaneously as heat; the
magician must provide only the difference, G = H
– TS, as work.”
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The previous diagram, from American physicist Daniel Schroeder’s 2000 Thermal Physics, gives a visual depiction
of human synthesis as thermodynamics sees things.32 In short, the formation of an individual human (human
molecule) in a given "state" of existence, firstly birth (emergence from the womb), followed by other states:
elementary school, college, relationship, marriage, occupation, retirement, etc., is a jump or rather transformation to
a new state that requires a certain amount of quantifiable Gibbs free energy decrease to occur.
The details of how this is done is embodied in what are called free energy tables or thermodynamic data tables,
the methodology of such construction was pioneered by American physical chemist Gilbert Lewis, wherein each
chemical species in a given state has a tabulated measure of what is called the standard Gibbs free energy of
formation. This methodology has yet to be scaled up to the human molecular level, but nevertheless the
methodology of constructing free energy tables for biochemical species was recently pioneered by Keith Burton
with the publication of his 1957 “Free Energy Data of Biological Interest”. How this methodology scales up to the
level of medium-sized animate entities, such as a frog, is explained well in American physical chemist Martin
Goldstein’s 1993 chapter section the “Entropy of a Mouse”, in which he gives an idea of what is means for a
biochemical species or for that matter a so-called biological entity, such as a mouse (or a human) to have a free
energy value in a given state:
“To apply thermodynamics to the problem of how life got started, we must ask what net energy and entropy
changes would have been if simple chemical substances, present when the earth was young, were converted into
living matter [as in the formation of a mouse] … to answer this question [for each process], we must determine
the energies and entropies of everything in the initial state and final state.”
In other words, any standard free energy table, showing the Gibbs free energies of formation for different
biochemical species, such as Fructose (218 kgcal), molecular formula C6H12O6, gives way to the idea that this logic
of assigning free energy values to chemical entities in a given state can be extrapolated upward to calculate the
standard Gibbs free energy of formation for different types of proto-life entities, chemicals, or molecules, such as a
mouse or a human. This, however, is a prolonged discussion that has its roots in what are called affinity tables, the
pre-cursors to free energy tables, and hence to future human free energy tables, all of which have their origin in
English physicist Isaac Newton’s famous 1718 ‘Query 31’ wherein he speculated on the nature of the forces of
chemical reactions.33

14.8 Human particle | Statistical mechanics perspective
A secondary and often-used starting point in human thermodynamics is the
viewpoint of a person from the viewpoint of statistical mechanics or statistical
thermodynamics as material point whose bulk properties show certain regularities
that can be modeled from a statistical thermodynamics point of view.15 English
chemist and physicist Philip Ball’s award-winning 2004 book Critical Mass, a
cover section of it shown adjacent, gives a well-rounded historical overview of
this human particle model research approach:
The most dominate usage of this type of application is to use the famous
Boltzmann-Planck logarithmic formulation of entropy the formula:

in the natural logarithm format, or:

with base e assumed, is called the Boltzmann-Planck entropy formula, a statistical mechanics, i.e. particle position,
interpretation of Clausius entropy, where S is the entropy of an ideal gas system, k is the Boltzmann constant (ideal
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gas constant R divided by Avogadro's number N), and W, from the German Wahrscheinlichkeit (var-SHINE-leashkite), meaning probability, often referred to as multiplicity (in English), is the number of “states” (often modeled as
quantum states), or "complexions", the particles or entities of the system can be found in according to the various
energies with which they may each be assigned; wherein the particles of the system are assumed to have
uncorrelated velocities and thus abide by the Boltzmann chaos assumption.16
A random example of an attempt at human thermodynamics formulation, one of many dozens (if not hundreds),
is American physicist Edwin Jaynes' 1991 article “How Should we Use Entropy in Economics”, in which is he
introduces some tentative outlines of how an economic system can be modeled as a thermodynamic system, such as
how Willard Gibbs' 1873 graphical thermodynamic ideas on entropy convexity can be mixed with logarithmic
interpretations of what he calls "economic entropy", which he defines as follows:

where (X,Y,Z ...) are some type of macroeconomic variables, which he doesn't really go into, and W is the
multiplicity factor of the macroeconomic state, which he describes as the "number of different microeconomic ways
in which it can be realized", whatever that means, and tries to connected in some way to French mathematician Rene
Thom’s 1960s catastrophe theory and the thermodynamics of a ferromagnet and Curie temperature. The justification
for these types of theories or models, however, are near baseless (based on the idea that humans move like gas
particles with non-interacting velocities), in that multiplicity approximations of entropy are only good for ideal gas
systems, generally—although, to note, the work of Max Planck, in radiation thermodynamics, successfully showed
how the Boltzmann model of entropy could be employed to solve certain anomalies, such as black body radiation
and the ultraviolet catastrophe problem, solutions which thus launched the field of quantum mechanics.

14.9 Boundary-system issue
The third starting point or rather sticky point in attempting human thermodynamics or animate thermodynamics
formulation or theory is the question of the boundary: where is it, how is it measured, is it imaginary or real, is it the
skin of a human, the territory of a village or town, or some type of probabilistic movement orbital, among other
blurry queries? Once a boundary is defined, then by definition, one has a thermodynamics system. When boundaries
and systems are not clearly defined, error quickly surfaces. This is exemplified by Austrian physicist Erwin
Schrodinger’s famous 1944 lecture-turned-book What is Life?, in which he attempts to defined life as something that
feeds on negative entropy, a rather sloppy groping at thermodynamic formulation as it has come to be known. In his
lecture, however, Schrodinger never defines his boundary or his system. In 1987, American chemical engineer Linus
Pauling had the following to say on this matter:27
“When I first read this book, over 40 years ago, I was disappointed. It was, and still is, my opinion that
Schrodinger made no contribution to our understanding of life. Several physicists and biologists with whom I
have discussed this question have disagreed with me. When I asked what the contribution made by Schrodinger
to our understanding of life is, each answered essentially by saying that Schrodinger showed that life is negative
entropy, that living organisms utilize entropy in a way different from non-living matter.I have not had the
opportunity to discuss this matter with a physical chemist, a person with a good understanding of the great work
by J. Willard Gibbs on chemical thermodynamics. I am sure that he or she would agree with me. Schrodinger’s
discussion of thermodynamics is vague and superficial to an extent that should not be tolerated even in a
popular lecture. In the discussion of thermodynamic quantities it is important to define the system. When he
is writing about a change in entropy of the system, Schrodinger never even defines the system. Sometimes he
seems to consider that the system is a living organism with no interaction whatever with the environment; and
sometimes it is a living organism in thermal equilibrium with the environment; and sometimes it is the living
organism plus the environment, that is the universe as a whole.”
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In the original Papin-Carnot engine, the boundary was very observable and
quantifiable, namely the boundary or region of volume contained within the
piston and cylinder engine, according to which what is called an ‘indicator’, as
shown below, can be used to graphically map out the pressure-volume changes
on what is called an ‘indicator diagram’ otherwise known to modern engineers
as a PV-diagram:17
The indicator, consisting of a sliding board (horizontal part) and pencil
tracer (attached to the indicator), invented by John Southern in 1796, produces
the pressure volume graph, according to which the region inside the delineated
volume is the measure of the pressure-volume work done by the working body
(system) during the operation of the cycle. In human thermodynamics there are
no indicator diagrams, and as such the quest to invent or find equivalent style human thermodynamic instruments is
an ongoing subject of investigation—a subject riddled with both conceptual, theoretical, and practical issues, to say
the least.18
To illustrate the complex nature of ‘animate system boundaries’, a summary of the famous 1970-1974 Gombe
national park chimpanzee war, studied in step-by-step detail by Jane Goodall, is as follows:19
“In the Gombe, wild chimps patrol territories of up to five to eight square miles. Regularly, small groups of
males steal along the border of their range, sniffing the ground for the trace of strangers, and climbing trees to
peer across neighboring territories. When an unfamiliar chimp, all except childless females, comes too close,
they charge, attack, and occasionally severely injure the intruder. In one instance, an older female was attacked
so severely by four males that she died five days later of her wounds. And in 1970 a chimpanzee war began. A
splinter group of seven males and three females with their young split off from their comrades in the north of
the reserve and began a group of their own in the south. For a while individuals met at the border to solve their
differences by loud calling, hurling branches and mock charges at each other. But in 1974 five males from the
original Gombe community began to roam deep into the southern territory. Within three years, they attacked
and murdered all of the adult males (except two who died of natural causes) and one old female—extinguishing
the splinter enclave and extending their territory to the south.”
Here, the boundaries in question are (a) changing, as the story depicts, (b) often demarcated merely by a natural
formation, such as a large rock, river, or irregular tree or land formation, (c) involve a huge amount of energy and
time in respect to regulation and maintenance, and (d) boundary transmission of chemical species result in large
transformations to the system, as exemplified by the genocide result depicted here.
The volumes in question here, whether territorial chimpanzee ranges, boundaries between warring countries,
two people getting married and merging their existence residences into one home, or changes in personal space, etc.,
are all types transformation that involve pressure-volume work, measured in joules. To some it may seem that this is
only metaphor and that the volume changes related to combustion or heat effects in the piston and cylinder are
merely an analogy or metaphor that have no connection to changes in volumes of human existence—and this is
indeed a very conceptually complex issue to explain, one revolving around the two-and-a-half millennium long
debate on whether or not nature abhors a vacuum, an argument famous position by Greek philosopher Parmenides
in his circa 485BC essay On Nature.27
To explain, by way of historical development of the steam engine, in 1649 to test the nature abhors a vacuum
dictum, German engineer Otto Guericke attempted to make a vacuum in tightly sealed beer keg, as shown below
(left), by attempting to suck the air out of the keg by pulling on the suction pump; this failed effort, in turn, lead to
the sealing problem, the result of which led Guericke to the idea of replacing the wooden keg with two brass
spheres, tightly fitted together, and sealed on the rim with grease, as shown below (right), after which he found he
could make a substantial vacuum, that turned out to have rather power properties:

15

To demonstrate the so-called power of the vacuum, Guericke devised a number of public demonstrations, in one of
which (below left) he showed that the vacuum had the power of twenty plus men; in a second (below right) he
showed that the vacuum had the power to lift some 2,686 pounds of load through a vertical distance of height, a
phenomenon now known to us as work:

In 1678, in an effort to capitalize on this so-called power of the vacuum, Dutch physicist Christiaan Huygens began
to experiment with the construction of a gunpowder engine, in which the vacuum was created by the ignition of
gunpowder. In a 1682 demonstration, Huygens showed that the gunpowder explosion created enough vacuum to pull
down the piston and to lift 7-8 boys in the air (adjacent).
The central problem with the gunpowder engine was fouling, namely the
products of the reaction accumulated and resulted to make an imperfect vacuum.
The fouling problem was what eventually led to an alternative vacuum making
engine—the steam engine—later invented, as mentioned, by Denis Papin,
Huygens’ working associated—in which the contact of the working body with the
hot body causes firstly volume expansion, according to Boerhaave’s law, then
secondly vacuum creation when put in contact with the cold body, that when
repeated in a cyclic manner results in the production of reciprocative motion and
hence useful work output. The central point to take away from this historical
digression is power associated with the creation of the vacuum, whether made by
alternating hot and cold contact or by combustion.
The translation of this up to the scale of reactions occurring between people is
that human chemical reactions are types of large scale combustion reactions, so to
speak, that involve vacuum creation—the human reproduction reaction in
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particular being what is technically called a double displacement reaction, as depicted symbolically below:29

AB + CD → AC + BD
where A and C are a man and women, B and D the sperm and egg, AC the newly formed couple, and BD the newly
formed child, respectively, beginning to detach from the parental structure at about the 15-year mark—a process that
tends to involve a great deal of volume change, and hence vacuum creation. To exemplify this volume expansion,
and or contraction, effect, we note that 80 percent of American millionaires are first generation millionaires,
meaning that they accumulated their wealth in one generation.30 In volumetric terms, on average, a new millionaire
will transform the state of his her existence from, say an apartment existence of 500 square feet to a million dollar
home existence of 1,800 square feet (New York) to 5,500 square feet (Oregon) in the course of one generation (2533 years) and in each case we are discussing thermodynamic system volume expansion, which will involve
correlative changes to the vacuum, and hence a process quantified by a measureable power: Gibbs free energy
change per unit time.

14.10 Units
A very tricky point in human thermodynamics is that of units: how to measure human phenomenon, such as
occupation, work, sex, war, arguments, etc., in SI units. This subject involves the construction and theoretical design
of what are called human thermodynamic instruments, human reaction scale version of standard thermodynamic
instruments, such as the thermometer (temperature measuring device), barometer (pressure measuring device),
indicator (volume measuring device), reaction calorimeter (heat release during reaction measuring device), and so
on.18
Development of needed instrumentation aside, nearly all units in chemical thermodynamics, Gibbs free energy,
enthalpy, entropy, are measured in joules per unit mole, which is based on historical precedence of chemists
measuring reactions using gram measurements of reactants to form products, and the eventual discovery that there
are some 1024 atoms in an average gram of reactant, such as a gram of carbon. The obvious issue here is that there
are only in the neighborhood of 109 existing humans that can become reactants—hence a new gram-mole type of
unit is needed with which to base human chemical thermodynamic measurements on. The first to allude to this type
of formulation was French philosopher Pierre Levy who in his 1994 Collective Intelligence used human molar
methodology in the context of human thermodynamics stylized discussion—to cite one example:
“Families, clans, and tribes are organic groups [carbon-based entities]. Nations, institutions, religions, larger
corporations, as well as the revolutionary ‘masses’ are organized groups, molar groups, which undergo a
process of transcendence or exteriority in forming and maintaining themselves. Finally, self-organized, or
molecular, groups realize the ideal of direct democracy within very larger communities in the process of
mutation and deterritorialization.”
Here, to upgrade this into the language of the modern 21st century, humans, clans, and tribes are not simply ‘organic’
groups, but are in effect molecular groups—in other words, humans, as molecular formula shows, are not simply
made of carbon atoms, but 25 other types of elements. In any event, the first to make an attempted calculation at
what this unit of the human mole might be was Hungarian sociologist Babics Laszlo, to crudely derived what he
called a ‘social Avogadro number’, which he determined to be 60. This is still an open-ended subject of discussion,
but one that has been since classified under the rubric of ‘hmol’ the number of human molecules in one human mole
or reactive mass.31 Hence, to exemplify, when the hmol, whether it is 60, 150 (Dunbar number), or 150,000, is
determined, one will be able to quantify a process, such as WWI and or WWII in units of joules per hmol.

14.11 Information theory
In regards to entropy, there are many Pied pipers. This is exemplified by the following cover diagram of American
biophysicist Harold Morowitz’s 1992 book Entropy and the Magic Flute, which shows the crude idea, held loosely
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in the mind of many scientists, that entropy, symbol S, the exact differential formulation of heat conceived by
Clausius in 1865 (middle equation), is the same as the Boltzmann-Planck 1901 formulation of entropy (first
equation), which is the same as the Gibbs 1902 statistical
mechanics formulation of entropy (latter equation), which is the
same as the Bekenstein-Hawking 1972 formulation of black hole
entropy (spiral cloud):20

all of which are played to a sweet formulaic tune that seems to
captivate one and all into a delightful trance of scientific inquire
that leads many down the incredulous path of wonder and
intrigue:
While each of these various entropy formulations, as depicted above, has a certain utility to them, each comes
with certain conditions according to which the given formulation finds reasonal applicability—this is what is called
the fine print of thermodynamics, and more often than not, novice investigators in thermodynamics fail to read the
fine print. One of the most used and abused of these so-called entropy formulations is that of information entropy,
otherwise known as Shannon entropy or information theoritic entropy, among other convoluted names, which as
many do not know has absolutely nothing to do with thermodynamics. The new engineer needs to be acutely aware
of this fact—namley, because information entropy is one of the ‘weeds’, using the language of American science
historian Erwin Hiebert, that has grown fervently in the ‘garden of thermodynamics.’37
To give a bit of explainitory history, in 1928 American electronics researcher Ralph Hartley gave his famous
presentation "Transmission of Information", at the International Congress of Telegraphy and Telephony, in which he
explained how the "logarithm", in the form of x = y log z, is the best "practical measure of information", specifically
in regard to a telegraph operator sending 1s (high pulses) and 0s (low pulses) transmission.
To
illustrate
his
logarithmic conception of
information, as depicted
below, Hartley gives the
situation in which a handoperated
submarine
telegraph cable system in
which an oscillographic
recorder traces the received message or rather ‘information’ on photosensitive tape, which amount to the sending
and receiving of 1s and 0s, such as in a telegraphy cable, in an advanced type of Morris code or Boolean algebra,
which can be translated into words and hence information. The sending operator has at his or her disposal three
positions of a sending key which correspond to either a high voltage, low voltage, and no applied voltage.
The above figure shows three different recordings of a given transmission, where A shows the sequence of the
key positions as they were sent, and B, C, and D are traces made by the recorder when receiving over an artificial
cable of progressively increasing length. Figure B shows a signal that can be reconstructed to read the original
sequence, whereas C shows that more care is needed to reconstruct the original message, and D show a hopelessly
indistinguishable message.
To put this information transmission into formulation, Hartley explains that at each point in the reading of the
recorded tape of the transmitted single, the reader must select one of three possible symbols (high, no-signal, low), a
number which Hartley assigns to the symbol s, which to be clear has no connection at all to the symbol S of
thermodynamics, as originally assigned by German physicist Rudolf Clausius in 1865 to represent the a differential
quantity of heat divided by the boundary temperature of the body at the point wherein the heat enters or leaves the
body. The former, Hartley information s, to state again, being nothing but a telegraphy operator randomly picking
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whether to send a high, low, or no pulse down a telegraphy cable; the latter, Clausius entropy S, being precisely a
state function formulation of a quantity of heat, entering or leaving a given body, and thus able to cause volume
expansion or contraction, according to Boerhaave’s law. The two, Hartley information s and Clausius entropy S,
have absolutely nothing to do with each other and are completely different subjects of study, united by nothing by
similarity of letter choice.
To continue with Hartley’s illustration, if the telegraphy reader makes two successive selections, symbolized by
n, he or she will have 3², or 9, different permutations or symbol sequences. This system can then be extended to that
in which, instead of three different current or voltage levels to select from, the sender has n different current values
to be applied to the line and to be distinguished from each other at the receiving end of the line. The number of
symbols (or voltage levels) available at each selection is s and the number of distinguishable sequences is:

As such, the measure of the amount of information transmitted will increase exponentially with the number of
selections. On this basis, Hartley states that the value ‘H’, a symbol which he seems to employ in honor of himself,
is the amount of information associated with n selections for a particular system. Then, through some derivation,
arrives at the following logarithmic expression for information:

Hartley then comments in summary: ‘what we have done is to take as our practical measure of information the
logarithm of the number of possible symbol sequences.’
In the decades to follow, Bell Telephone Labs began funding an extraordinary amount of research into the
development of early computer technology and information transmission theory and in the midst of this hotbed of
scientific research, in the 1940s, American electrical engineer Claude Shannon was looking for a way to
mathematize information into a general theory and in the midst of this effort he delved into a discussion of this with
his associate American mathematician and chemical engineer John Neumann, who had been working on various
thermodynamic subjects, including quantum thermodynamics (1927), economic thermodynamics (1834), and free
energy automaton theory (1948), and during this period Neumann told Shannon how Hartley’s logarithmic
formulations of information, quantified by his H formulation of the ‘amount of information associated with n
selections for a particular system’ was similar, via what is called a mathematical isomorphism, to Austrian physicists
Ludwig Boltzmann’s famous H-theorem formulation of Clausius’ entropy, which equated entropy or heat to the
average particle velocities of a given body, and suggested, to the disdain and what has become the bugbear of all
modern competent thermodynamicists, that Shannon utilize the namesake ‘entropy’ for his theory. The original
conversation, although retold in many different forms, is as follows:21
“My greatest concern was what to call it. I thought of calling it ‘information’, but the word was overly used, so I
decided to call it ‘uncertainty’. When I discussed it with John von Neumann, he had a better idea. Von
Neumann told me, ‘You should call it entropy, for two reasons. In the first place your uncertainty function has
been used in statistical mechanics under that name, so it already has a name. In the second place, and more
important, nobody knows what entropy really is, so in a debate you will always have the advantage.”
This spurious suggestion, invariably, has resulted in one of the biggest blunders and intellectual messes in all of
human history—with those competent in thermodynamics aware of the idiocy of the situation—those incompetent in
thermodynamics believing that Shannon entropy (an electrical engineering concept) has something to do with
Clausius entropy (a chemical engineering concept)—and those in between lost like a sheep in field—the online
Entropy journal, launched in 1999 by Chinese chemist Shu-Kun Lin, host to the continued confusion. To exemplify,
in 1948 American engineer Myron Tribus was asked during his examination for his doctoral degree, at UCLA, to
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explain the connection between Shannon entropy and Clausius entropy. In retrospect, in 1998, Tribus commented
that he went on to spend ten-years on this issue:
“Neither I nor my committee knew the answer. I was not at all satisfied with the answer I gave. That was in
1948 and I continued to fret about it for the next ten years. I read everything I could find that promised to
explain the connection between the entropy of Clausius and the entropy of Shannon. I got nowhere. I felt in my
bones there had to be a connection; I couldn’t see it.”
The backlash to Shannon’s choice of terminology soon came to the surface and by 1955 Shannon had to put forward
the following clarifying defense of his action:
“Workers in other fields should realize that the basic results of the subject [communication channels] are aimed
in a very specific direction, a direction that is not necessarily relevant to such fields as psychology, economics,
and other social sciences.”
Likewise, in 1961 French mathematician Benoit Mandelbrot commented:
“Everyone knows that Shannon’s derivation is in error.”
To conclude, in his 2007 A History of Thermodynamics, German physicist Ingo Müller summarizes the matter well
with his frank and sharp take on the situation:
“No doubt Shannon and von Neumann thought that this was a funny joke, but it is not, it merely exposes
Shannon and von Neumann as intellectual snobs. Indeed, it may sound philistine, but a scientist must be clear,
as clear as he can be, and avoid wanton obfuscation at all cost. And if von Neumann had a problem with
entropy, he had no right to compound that problem for others, students and teachers alike, by suggesting that
entropy had anything to do with information.”
Müller clarifies that “for level-headed physicists, entropy (or order and disorder) is nothing by itself. It has to be
seen and discussed in conjunction with temperature and heat, and energy and work. And, if there is to be an
extrapolation of entropy to a foreign field, it must be accompanied by the
appropriate extrapolations of temperature, heat, and work.” In summary, do not
use Shannon information theory together with thermodynamics, the two are
completely different subjects, an original connection based on nothing but a joke.

14.12 Religion
Religion, as we all know, has had a long and tenuously combative history with
modern science, since its modern rise to power five centuries ago, with the
publication of Polish astronomer Nicolaus Copernicus’s 1543 On the Revolution
of the Heavenly Spheres, and its earth-shattering conclusion that the ‘earth
moves’, a tenet that would eventually cost Italian physicists Galileo Galilee his
freedom, spending his remaining days of existence in house arrest. English
naturalist Charles Darwin’s 1859 On the Origin of Species was the next big scandal, with its bold conclusion that
humans were not created in their existing form several thousand years ago, but were formed through a selective
process of evolution over millions of years—a principle that many over the years have been burned at the stake for
advocating, such as was the fate of Italian natural philosopher Lucilio Vanini in 1619.
The next big scandalous publication was German physicist Rudolf Clausius’ 1865 The Mechanical Theory of
Heat, which in very indirect ways attacked the very heart of religion: morality, ethics, and God himself. The
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following glimpses into this transformation by H.G. Wells (1906) and Ernesto Sabato (1981), respectively, illustrate
the subtle effect of thermodynamics:25
“He was a practical electrician fond of whiskey, a heavy, red-haired brute with irregular teeth. He doubted the
existence of a Deity but accepted Carnot’s cycle, and he had read Shakespeare and found him weak in
chemistry.”
“On the shelves there was also to be found, naturally, Ostwald’s Energetics, that sort of thermodynamic bible in
which God is replaced by a lay entity called energy.”
These views are hardly news to the modern engineer and scientist, who by
large part, in the neighborhood of ninety-five percent, are atheist in belief
system, but what still remains an issue to modern culture is the void in
regards to the nature of morality, purpose, and human values that
heliocentrism, evolution, and thermodynamics have left in their wake,
which to say the least is not a simple matter to brush off as a trivial issue.
The above depiction of a baby with USB plug belly button, to
exemplify, is the poster for an upcoming 2012 Wake Forest University,
North Carolina, “Engineering Human Nature” conference, with speakers
(none of which are engineers) including: Patricia Churchland (talk:
Braintrust: How Minds Make Morals), Paul Churchland (talk: Rule: the
Basis of Morality), Kevin Jung (talk: Explaining Moral Values in a
Physical World), among others, and depicts the general concerns, e.g. human values, morality, etc., that nonscientists tend to have when it comes to the subject of human engineering—subjects that can be explained
thermodynamically, but ones that tend to result quickly in heated debate, to say the least—to give a bit of warning.10
Yet, as we were told a century ago, by English physical chemist Fredrick Soddy:
“The phenomenon of life derives the whole of its physical energy or power not from anything self-contained in
living matter, but solely from the inanimate world. It is dependent for all necessities of its physical continuance
upon the principles of the steam engine. The principles of ethics of all human conventions must not run counter
to those thermodynamics.”
Likewise, a century before, this physical-chemistry-replacing-religion theme was also echoed by German polymath
Johann Goethe who summarized his view in 1809 that in the future morality would be found and explained in the
symbols of physical chemistry or more properly the equations of chemical thermodynamics, as affinity chemistry
has come to be known:34
“The moral symbols of the natural sciences are the elective affinities discovered and employed by the great
Bergman [and] there is, after all, only one nature.”
The details of this solution, however, involve what is called thermodynamic or free energy coupling, and is a very
complex subject, to say the least, that has only recently begun to see the theoretical light of day.35

14.12 Social engineering gone wrong
In the application of engineering and science principles to questions of human concern, governance, and
implementation, what originally can seem to be well-intentioned arguments can often times turn disastrous. Two
classic examples being the Stalin model of machine socialism, modeling people as particles or molecules, that could
be engineered socially to a more ideal state, and the Hitler model of progressive eugenics, the results of which,
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combined, terminated the existences, through starvation and murder, respectively, of some 30 million humans. The
new engineer should be well aware of these types of potential repercussions.

14.13 Homework problems
The following are selected human thermodynamics homework problems from the appendix section (Problems and
Discussion Questions) of American physicist Alan Lightman’s 1992 Great Ideas in Physics and from end section of
Swedish physical chemist Sture Nordholm’s 1997 Journal of Chemical Education article ‘In Defense of
Thermodynamics: an Animate Analogy’.
1. Discuss the human driving forces that brought down the Berlin wall.
2. Which physical property most directly influences the relative importance of energy minimization and entropy maximization in
an inanimate physical system? Can you think of an equivalent property applicable to human behavior?
3. Discuss the political systems dictatorship and democracy from the point of view of the proposed rules of human behavior.
Which system of government is most in tune with animate thermodynamics? How might the level of education in a society
influence the choice of system government?
4. Is it true that spontaneous processes observable to us appear to be driven mainly by energy minimization? Why might this be
so?
5. In many texts disorder is associated with high entropy. Give a critical analysis of the relevance of this analogy within first
animate then animate thermodynamics. Is it true that anarchy maximizes freedom for individuals? How is the need for law and
order related to the population density in society? Is there an inanimate analogy for this aspect of government of humans?
6. In inanimate thermodynamics energy is usually conserved in the total system considered. However, in the world of human
behavior, wealth is created and consumed by each individual to a varying extent. Consider the implications of this difference.
Does it invalidate the analogy?
7. Is human behavior more complicated than the behavior of inanimate matter? Consider this question and give supporting
arguments for you conclusion.
8. Do you think the second law governs human ‘will’?
9. Some have proposed that the dissolution of empires—in which political power is first consolidated into large, centralized
regimes and then ultimately dispersed into many smaller nation states—can be understood on the basis of the second law. To
you agree or disagree with this proposal?
10. Does thermodynamics contradict the theory of evolution, or can they both be explained in terms of one unified perspective?
The reader is encouraged to go online to see a tabulation of the full set of homework problems along with a list of
linked hints through which solution may be possible.36
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