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“Social relationships and their conflicts [operate] symbolically [BC + A → BA + C] and
the moral symbols [A = –ΔG] used in the natural sciences [physics & chemistry] are the
elective affinities [free energies] discovered and employed by the great Bergman [1775],
which are more meaningful and permit themselves to better connect with poetry and
society; the idea in my new novel Elective Affinities [1809], wherein I have hidden many
things, is to show forth social relationships and the conflicts between them in symbolic
concentration.”
— Johann Goethe (1796/1808-1809), aggregate quote1

“This universe may in truth be compared to a vast heat engine, and this is the reason
why we have brought such engines so prominently before our readers. The sun is the
furnace or source of high temperature heat of our system, just as the stars are for other
systems, and the energy which is essential to our existence is derived from the heat
which the sun radiates, and represents only a very small portion of that heat.”
— Balfour Stewart and Peter Tait (1875), on the transformation of heat into work2
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Historical calls
“Crebillon treats the passions like playing
cards, that one can shuffle, play, reshuffle,
and play again, without their changing at all.
There is no trace of the delicate, chemical
affinity, through which they attract and
repel each other, reunite, neutralize [each
other], separate again and recover.”
— Goethe (1799), Letter to Friedrich
Schiller, Oct 23

“I concur.”
— Schiller (1799), Letter
to Johann Goethe, Date

German thinkers Johann Goethe and Friedrich Schiller,
respectively, in Weimar, who in 1793 entered into a prolific
eleven-year investigative dialog on how evolution theory,
physical chemistry, and chemical reaction diagrams explain the
nature of human affairs: a subject otherwise known as reality.

“How I look forward to the effect that this [physicochemical-based] novel [Elective Affinities] will have in a few
years on many people upon rereading it.”
— Johann Goethe (1809), comment to Karl Reinhard
“Now that the human mind has grasped celestial and terrestrial physics, mechanical and chemical, organic physics,
both vegetable and animal, there remains one science, to fill up the series of sciences or observation—social
physics. This is what men have now most need of; and this it is the principal aim of the present work to establish.”
— Auguste Comte (1842), Positive Philosophy
“What is man the wiser or the happier for knowing how the air-plants feed, or how my centuries the flint-stone
was in forming, unless the knowledge of them can be linked on to humanity, and elucidate for us some of our
hard moral mysteries?”
— James Froude (1849), The Nemesis of Faith, first English (anonymous) translator (1854) of Goethe’s
Elective Affinities
“Social 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.”
— Henry Adams (1885), letter to wife, Clover Adams, eight months before her suicide
“I intend to seek analogies between social movement with physical movements, therefore, to compare the
mechanics of social science with thermodynamics. I owe you some explanations on this design. There is need to
establish a new science if analogies and relations that unite science are already established. In doing so, the
human mind obeys the feeling that he has the web link and continuity of natural phenomena at the same time, if
using the similarities found it is possible to determine more accurately the specific content of the new science and
to classify the essential elements, then they serve it as it touchstone of human theories.”
— Maurice Hauriou (1899), Lessons on Social Movement

“There are men who would be better off in a small village than in a large town, if you had some sort of human
chemical reaction to determine in advance which man's nature was suited to the smaller place and which to the
larger.”
— Henry Pritchett (1906), on “Large vs. Small Colleges” and his “two sons experiment”
“Every university should have a Department of Applied Greek and a complementary Department of Humanized
Physics, and the benefits of these departments also should be extended as freely as is practicable to those who
need them most, that is, to those whose main work is in another field.”
— Edwin Slosson (1910), Great American Universities
“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), Annual Report of the American Historical Association
“The most familiar attempts to explain how evolution takes place are restricted to special aspects of evolution, and
are often epitomized in personal names, such as Darwinism, Lamarkism, Weismannism, Mendelism. Among us
there are naturalists, morphologists, physiologists, and psychologists; breeders, experimentalists, and biochemists. And surrounding us on all sides are the physicists, chemists, geologists, and astronomers, with whom
we must reckon, for their domains and their subject matter overlap ours in countless ways. But unfortunately
between all these workers there is little common understanding and much petty criticism. ... We shall use the
terms morality, behavior, conduct, or constructive action in the same broad way. It may sound strange to speak of
the morals of an atom, or of the way in which a molecule conducts itself. But in the last analysis, science can draw
no fundamental distinction between the conduct of an animal, a bullet, or a freshman, although there may be
more unknown factors involved in one case than in the other.”
— William Patten (1920), AAAS address “The Message of the Biologist” + The Grand Strategy of Evolution:
the Social Philosophy of a Biologist
“Suppose that this hypothetical experiment could be realized, which seems not unlikely, and suppose we could
discover a whole chain of phenomena, leading by imperceptible gradations from the simplest chemical molecule
[H2] to the most highly developed organism [human molecule]. Would we then say that my preparation of this
volume [Anatomy of Science] is only a chemical reaction? Perhaps our genius for unity will some time produce a
science so broad as to include the behavior of a group of electrons [or molecule] and the behavior of a university
faculty, but such a possibility seems now so remote that I for one would hesitate to guess whether this wonderful
science would be more like mechanics or like a psychology.”
— Gilbert Lewis (1925), The Anatomy of Science
“Why should no social chemistry ever been developed?” He states that “nobody would suggest that the social
scientists should imitate meteorology, for this discipline does not appear to have got very far … but what about
chemistry? A sociology based on chemistry [has] in fact been called for, but, significantly, [this call has] found no
echo. It would have been easy to take up this suggestion and develop it further. An intending social chemist would
have found it one whit more difficult to manufacture a sociological parallel to the Boyle-Charles law than Haret did
to the Newtonian propositions. But the experiment appears never to have been tried. Why?”
— Werner Stark (1962), commentary on Thomas Huxley’s 1871 call for the development of the field of
social chemistry
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“Adapting thermodynamic ideas to the study of culture is limited by a very simple fact: nobody has yet figured out
what might be the cultural equivalent of heat or energy … nobody has yet found the ‘heat’ or the ‘energy’ in
cultural matters … the concepts of ‘cultural temperature’ to refine our understanding of ‘cultural heat’ have not
yet appeared. This is one of the most pressing problems for the next generation of anthropologists, and the
difficulties are profound.”
— Paul Bohannan (1995), How Culture Works
“There seem to be ‘laws’ [of] social systems that have at least something of the character of natural physical laws,
in that they do not yield easily to planned and arbitrary interventions. Over the past several decades, social,
economic and political scientists have begun a dialogue with physical and biological scientists to try to discover
whether there is truly a ‘physics of society’, and if so, what its laws and principles are. In particular, they have
begun to regard complex modes of human activity as collections of many interacting ‘agents’—somewhat
analogous to a fluid of interacting atoms or molecules, but within which there is scope for decision-making,
learning and adaptation.”
— Philip Ball (2003), “The Physics of Society”, talk delivered at the London School of Economics
“We firmly believe that thermodynamic ideas, in particular those of Clausius, may find an application outside of
thermodynamics, even outside of physics, namely in the fields of economics and sociology. It is interesting
[however] to note that socio-thermodynamics is only accessible to chemical engineers and metallurgists. These are
the only people who know phase diagrams and their usefulness. It cannot be expected, in our society, that
sociologists will appreciate the potential of these ideas.”
— Ingo Muller (2005/2007), Energy and Entropy + A History of Thermodynamics
“Consolidation—of thermodynamics currently taught in physics, chemistry (general and physical), and chemical
engineering (material and energy balances and a separate thermodynamics course), which often may involve a
wide disparity in nomenclature, conventions and rigor—is recommended to be handled by the chemical
engineering faculty ... with simultaneous and substantial incorporation of the thermodynamic [discussion] of the
creation of order and complexity due to [seeming] purposive processes observed in biology, sociology, and
economy.”
— Edison Bittencourt (2007), “Thermodynamics of Irreversible Processes and the Teaching of
Thermodynamics in Chemical Engineering”
“The apparently common field of sociology has the potential of producing and proving that the laws of physics can
be reproduced as laws in human interaction, in social constructions, and even in relationships. In sociophysics, the
first objective is the treatment of individuals, somewhat analogously to particles, or to atoms in a gas, and this
allows for the application of statistical physics methodologies. Why [is] sociophysics necessary in a modern
university? [Because] entropy and syntropy [energy organization] realties prove that econophysics is virtually the
most necessary science discipline in a modern university.”
— Gheorghe Savoiu and Ion Siman (2012), “Why Sociophysics is Necessary in a Modern University”

Image: “Man in piston” cartoon drawn by Mark Warmbrunn (1994); re-annotated by
Libb Thims (2013) to illustrate the conception of ‘social boundaries’, e.g. Great Wall of
China), originally published in Ingo Muller’s 1994 Grundzüge der Thermodynamik : mit
historischen Anmerkungen (Essentials of Thermodynamics: with Historical Notes); also
shown on cover of Muller’s 2009 Fundamentals of Thermodynamics and Applications;
Warmbrunn being a then 14-year old “genius with a pencil and paper”, was a friend of
Muller’s son, an art school applicant.
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Contents
“Thermodynamics [applied to humanities] would involve the author into calculations of fantastic difficulty,
if he were to take it seriously, and it is also a comparison of the complicated with the complicated.”
— Vera Daniel (1954), on Leon Winiarski’s 1894 social thermodynamics and Wilhelm
Ostwald’s 1909 social energetics3
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Aim
“At the very beginning of a course of study, in a new discipline, the ‘why’ questions are difficult to avoid,
at least initially. When the ‘whys’ are unavoidable, the most frequent recourse is to the putative ‘laws’ of
the phenomenon: laws of nature, laws of behavior, laws of thought, laws of regularity. I have always been
a little uneasy and perhaps even ambivalent about this curious appeal to laws. The very metaphor itself
embodies a contradiction. Laws are conventions constructed by human beings, yet often they are
invested with legitimacy through appeals to overarching principles or rules that are not the handiwork of
humans. Particularly in the disciplines that seek to explain human society, the concept of law is
frequently used, but not without a certain defensiveness. ‘We have laws, too,’ the social scientists
maintain, with a nervous glance in the direction of their colleagues, the physical scientists.”
— Philip Mirowski (1988), Introduction to Against Mechanism

I

n the disciplines that seek to explain human society, as American economist Philip Mirowski explains above,
recourse or fallback to the concept of ‘law’ is frequently used, albeit not without a certain defensiveness, and
mostly justified by alluding to the mist of often unstated principles and rules of the physical sciences.1 Far off

in this mist, are the ‘many-side applications of thermodynamics to physical chemistry’, which has ‘led to a maze of

mathematical expressions which is bewildering to the beginner and confusing even to the initiated’, as newly MITminted age twenty-six American physical chemist Gilbert Lewis saw things in 1901.2
When these many-sided applications of thermodynamics to physical chemistry—a subject otherwise known as
chemical thermodynamics—are extended to the social sciences, one arrives at a subject known as ‘physicochemical
sociology’, or physicochemical humanities in general, a term introduced in 1943 by Russian-born American
sociologist Pitirim Sorokin, in reference to the earlier 1930s physical chemistry based socioeconomic teachings and
work of his Harvard colleague American physical chemist Lawrence Henderson; and the maze of equations only
becomes more intricate and extensive, as is evidenced by the some 500-plus thinkers and scholars over the last two
centuries to have attempted thermodynamic formulations of the humanities.3
There is, however, a starting point in this maze and this entrance point are the laws of nature. The ‘following
development’, as Lewis succinctly put it, ‘will be based upon the four laws of nature and upon no other hypothesis
or assumptions of any kind.’ These four laws of nature, according to Lewis, are the following:2
1. The first law of thermodynamics
2. The second law of thermodynamics
3. Every gas, when rarefied indefinitely, approaches a limiting condition in which PV = RT, where P
represents pressure, V molecular volume, R the gas constant, and T the absolute temperature.
4. Every solution diluted indefinitely approaches a limiting condition in which ΠV = RT, where Π
represents osmotic pressure.
The first three of these laws of nature, which form the basis of thermodynamics, will form the basis of this textbook.
The fourth natural law, applied sociologically, i.e. treating a society as a type of transformable solution of people
defined as molecules, is dealt with rather extensively and impressively in Indian-born Pakistani organometallic
chemist Mirza Beg’s 1987 pioneering book New Dimensions in Sociology: a Physico-Chemical Approach to Human
Behavior, and will only touched on herein.

When the first three laws of nature are applied to physical chemistry, the subject of chemical thermodynamics is
the product. While not everyone will have the time and proficiency to become an expert in the subtleties of the
science of chemical thermodynamics—one of the most notoriously difficult and densest of all subjects—the study of
the nature of heat and work in chemical reactions and processes, the
aim of the present work will be to situate the basics of chemical
thermodynamics into the learning repertoire of both cultures of the
erudite crowd, the humanities scholars and the physical scientists, so
that the adventurous and inquisitive thinker can intelligently go
beyond basic coffee napkin human chemical thermodynamics—an
example of which is sketched adjacent—the study of the nature of
heat and work in human chemical reactions and processes, of the
‘heat equals passion’ adage variety, that while a nice visual ideas
stimulating good start, have much to be learned.4
American

business

entrepreneurial

theorist

Ben

Biddle

describes the adjacent Starbuck’s fueled napkin ideas sketch as
follows: ‘catalysts are problems in need of a solution. Adding heat
means tapping into the passion of the individuals working on the
problem. Increasing the surface area amounts to opening up your

A 2013 innovation chemical analogy sketch by
business model theorist Ben Biddle, in a blog
entitled “Innovation is like a Chemical Reaction”,
the coffee napkin sketch representative of what he
calls a ‘powerful analogy for innovation’.5

organization and exposing it to more ideas. Motion comes from changing the context—just mentally re-framing
things in a new way or even physically moving your location, as you might do with an offsite. When they all come
together, there’s a transformative reaction.’5 Heated, catalyzed, transformative, surface-area delineated reactions of
organizations in motion? Is this all pure metaphor or analogy or is there some substance and underlying framework
of reality being discussed and theorized about here?
While certainly it can be said, in reference to an innovative moving business organization conceptualized as a
swirling-bubbling reaction beaker, that ‘people are like particles, they behave in groups as if they were molecules in
a test tube’, as American writer Forbes Allan put it in 1999, that passion can be equated, translated, and or quantified
as ‘heat’ as defined by physics, chemistry, and thermodynamics, in equation form, e.g. as shown on the napkin, is
something that has not yet matured into the format of hard science:

| A.1
Nevertheless, the subject of chemical thermodynamics applied to the humanities, in progressively refined outlined
form, has much historical precedence.
The first to explicitly state that a social system, when properly defined, can be quantified as a physicochemical
system, defined by chemical thermodynamics, according to American engineer and mathematical physicist Willard
Gibbs, the main founder of chemical thermodynamics, was American physical chemistry trained physiologist
Lawrence Henderson, who, in his 1935 Pareto’s General Sociology: a Physiologist’s Interpretation, stated the
following:6
“The social system thus defined and characterized is clearly an instrument that may be employed, within
limits, similar to those explained [by Gibbs] for the physico‐chemical system, in studying all the subjects
of the first class (history, literature, economics, sociology, law, politics, theology, education, etc.). For like
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history, literature, law, and theology, all these subjects are conversant with the interactions of individuals
in their manifold relations, with their sentiments and interests, with their sayings and doings, while none
can dispense with considerations of the mutual dependence of many factors.”
Henderson, prior to this, during the years 1932 to 1936, ran a very influential seminar at Harvard, entitled ‘Pareto
and the Methods of Scientific Investigation’, wherein he explained sociology and economics via a mixture of Italian
engineer and physical socioeconomist Vilfredo Pareto’s social mechanics based Treatise on General Sociology
(1912) and Willard Gibbs’ On the Equilibrium of Heterogeneous Substances (1876). This seminar produced what
has since been classified as the Harvard Pareto circle, an epicenter that influenced some two dozen of the leading
intellectuals of the 20th century, including sociologists Talcott Parsons and Pitirim Sorokin, economist Joseph
Schumpeter, historian Bernard DeVoto, among others; a noted precipitate of which being polymath Edwin Wilson
teaching a thermodynamics and physical chemistry based course on what he called ‘mathematical economics’ at
Harvard and his discerning suggestion to his PhD student Paul Samuelson to use equation 133, shown below (as
A.2), of Gibbs’ On the Equilibrium of Heterogeneous Substances, subsection ‘Internal Stability of Homogeneous
Fluids as indicated by Fundamental Equations’, to work out a theory of economic stability:7

| A.2
In other words, to quantify the stability of an economic system in terms of the thermodynamics quantities: internal
energy U, temperature T, entropy S, pressure P, volume V, of the economic system, as well as the energy associated
with the masses of the components (people) entering or leaving the economic system. The jump from loose verbal
states, such as captured by A.1, to precise quantitative statements, such as defined by A.2, is indicative of the outline
of this textbook.
The first person, historically, to make a connection between thermodynamics and passion, to note, was Scottish
mathematical physicist and mechanical engineer William Rankine who in his circa 1845 poem ‘The Mathematician
in Love’ stated to near correctness that love is a type of potential—or what would eventually come to be known,
partially via Rankine’s efforts, as ‘thermodynamic potential’—akin to gravity, and gave an equations of love, a type
of calculus based evolutionary psychology derivative with respect to time logic, the four main (of eight) stanzas,
shown below:8
IV.

The lady loved dancing: — he therefore applied,
To the polka and waltz, an equation;
But when to rotate on his axis he tried,
His center of gravity swayed to one side,
And he fell, by the earth's gravitation.

V.

No doubts of the fate of his suit made him pause,
For he proved, to his own satisfaction,
That the fair one returned his affection; — “because,
“As every one knows, by mechanical laws,
“Re-action is equal to action.”

VI.

“Let x denote beauty, — y, manners well-bred, —
“z, fortune, — (this last is essential), —
“Let L stand for love” — our philosopher said, —

William Rankine (1820-1872) – Scottish
engineer and mathematical physicist, who in
1845 defined love as thermodynamic potential
and who in 1859 gave the first succinct
definition of the subject of thermodynamics.

“Then L is a function of x, y, and z,
“Of the kind which is known as potential.”
VII.

“Now integrate L with respect to dt,
“(t standing for time and persuasion);
“Then, between proper limits, 'tis easy to see,
“The definite integral Marriage must be: —
“(A very concise demonstration).”

Rankine goes on to state, in the last stanza of this sharp poem, that just as the motion of the moon can be predicted
so to, in the near future, will the motions of the passions be predicted. Very discerning indeed.
In 1857, in similar fashion, American social theorist Albert Brisbane penned his ‘Theory of the Functions of the
Human Passions’, in which he stated the following:9
“It may be laid down as a law, that forces can operate naturally and rightly only in mechanisms which are
suited to them. This is as true of the passions as it is of all other forces in nature—of steam, for example,
which cannot produce its legitimate effects in mechanics, except on condition that it operates in an
engine perfectly fitted to it.”
Brisbane’s telling words, to note, were made in the era when the steam engine had only recently been introduced
into the United States. The famous 1830 Tom Thumb, the first steam locomotive built in America, racing a horse is
adjacent, so to give some dated conceptual perspective in respect to Brisbane’s theories on the relation between
passions, forces, steam engines, and mechanical effect.
Thermodynamics, as a science derived from study of the steam
engine, has come a long way since Rankine’s 1845 poem about a
thermodynamic potential function based equation of love and
Brisbane’s 1857 theories about steam, social systems, heat and
passion, and in this historical retrospect, our aim herein will be to give
an updated presentation on what exactly modern thermodynamics,
chemical thermodynamics in particular, has to say about the human
movements, driven by the passions, operating according to the forces
in nature producing the observed social
mechanisms seen and mediated thereby.
The famous 1830 race between the Tom Thumb,
the first American-built steam locomotive, built by
Peter Cooper, and a horse; a model employed by
American social theorist Charles Brisbane, in 1857,
to understand the human passions; society
conceptualized, in like manner, as some type of
passional social engine.

To clarify further, using the above steam engine vs. horse visual,
the reactions that occur between the oxygen molecules in the air and
the hydrocarbon compounds of the coal in the boiler, between the two
humans who bet against each other in the race, between those being
pulled in box cars for fun, between woman waving and the man that
produced the child shown in the picture, between the horse and driver,

and in the total set of reactions that occur in the societal system within which these animate motile atomic entities
are found, and between this system and the surrounding environment, including the dynamic process by which heat,
in the steam engine, flows from the hot body (boiler) to the cold body (condenser), thereby producing reciprocative
motion work, are all reactions and processes governed by one and the same thermodynamics. While the
thermodynamics of the reactions between oxygen molecules and hydrocarbon molecules, in the last two centuries,
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have been clarified to a significant hardened degree, into the form of a hard science known as chemical
thermodynamics, the thermodynamics of the reactions between humans and other humans is largely lacking in
respect to a similar level of hardened clarification. The focus herein will be to bring about clarification of the latter
to the same degree as the former.
Verbal physics-like equation equivalences, such as eq. A.1, to note, are what American animal heat physiologist
Mark Blumberg classifies as ‘thermal word’ equivalencies.10 Other examples include: heat of passion, cold war, heat
of battle, burning passion, hot sex, getting stoked, dead heat, lukewarm to something, getting burned out, boiling
with anger, a cool person, animals or humans being in heat, working hard, the break up phrase ‘it’s not working
between us any more’, and so on. While the legal system may recognize the phrase ‘heat of passion’ as a legitimate
defense in a homicide case, that may work to get a murder charge reduced to manslaughter, the legal system of
modern science—namely the laws of textbook physics and chemistry—does not yet recognize this phrase. In fact,
the passing mention or statement of the premise that a thermal saying such as the heat of passion has anything to do
with thermodynamics tends to bring about kneejerk like fits of laughter among physical scientists. American
quantum chemist Edward Sanville, for instance, gives his opinion that any attempt to use chemical or
thermodynamic terminology to describe sociological phenomena is paramount to formulating pseudoscience: ‘the
interchanging of words with precise scientific meanings, i.e. ‘bond’, ‘energy’,
‘reaction’, ‘hot’, with their everyday meanings or referring to things which
would not fit the scientific definition at all, is one of the cornerstones of
pseudoscience.’11 These types of kneejerk reactions, however, are but result of
two cultures atrophy: in the physical sciences, textbook mentions of
thermodynamics applied to the humanities, are marginalized and or given a
passing footnote, if mentioned at all; hence, education in this area is lacking.
In this direction, before these connections between heat, work, and passion,
in thermodynamics terms—beyond the veil of enticing metaphor, poetical

The symbol L in flames. The subject of
combustion, heat, flames (or fire), and
light in respect to passions, naturally
enough, is at the heart of human
chemical thermodynamics.

rhyme, and strong analogy—can be properly understood there stand in its path a
number of derivations, dozens of experiments, and several types of natural phenomena that one must become
acquainted with, etc., not to mention a good deal of chemically-neutral deanthropomorphized terminology reform
that needs to be digested. The deeply meaningful term ‘passion’, for example, is not something found when
hydrogen reacts with oxygen.12 This is an example of what is called terminology reform. A walk down this obstacleladen path will be the objective herein. Barring prolonged digression, at this point, suffice it to say, here, without
such basic education of this sort, incorrect statements about human nature will forever proliferate.13
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(d) eoht.info/page/Chemical+teleology
(e) Talanquer, Vincete. (2007). “Explanations and Teleology in Chemistry Education”, International Journal of
Science Education, 00(0):1-18.
(f) Mahaffy, Peter, Bucat, Bob, and Tasker, Roy, Kotz, John C, Weaver, Gabriela, C. treichel, Paul M., and McMurry,
John E. (2011). Chemistry: Human Activity, Chemical Reactivity (philosophy). Nelson Canada.
13. (a) Note: a ripe example of mislearning is the following 2001 statement by American sociologist David Hachen:
“The bonds that connect people together are not chemical bonds, although we sometimes use a chemical analogy,
like when we say that there is real chemistry between two lovers. Rather, the bonds among people are social
connections formed through social relationships, group affiliations, networks, and organizational memberships.
Connections forge bonds, and it is these bonds that hold society together. Form his theoretical framework, much
of what goes on in our social worlds concerns bonding, and sociologists who use this framework view the need to
form bonds as the central driving force in society”; an older example if a mis-proclamation is Karl Marx’s 1867
statement that: “In the analysis of economic forms neither microscopes nor chemical reagents are of use.”
(b) Hachen, David S. (2001). Sociology in Action: Cases for Critical and Sociological Thinking (“chemical analogy” +
sociology, pgs. 67-68). Pine Forge Press.
(c) Marx, Karl. (1867). Capital: a Critique of Political Economy – the Process of Capitalist Production (microscopes,
pg. 13). Publisher.
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Preface
“In March 2011, I graduated with a master's degree in theoretical physics at the University of Bologna
(Italy). I am strongly interested in sociophysics or in general in physics applied to human behavior: in my
thesis, I solved a sociological problem using statistical mechanics, and machine learning methods. I am
looking for a PhD in socio‐physics or human thermodynamics and or funds for it. Do you know something
about it? Any advice is welcome.”
— Simone Loreti (2012), Internet posting and email query to author

T

his textbook intended to be the required reading for a course on the basics of physical chemistry and
chemical thermodynamics applied to the general humanities. This includes applications of the principles
and laws of thermodynamics in sociology, economics, philosophy, history, ethics, psychology, politics,
aesthetics, anthropology, demographics, jurisprudence, literature studies, business, government, war
studies, etc., and in their allied fields, such as evolutionary psychology, ecological economics, etc., for a course
entitled physicochemical humanities, on the general subject of the physical sciences applied to the humanities.1 The
general term ‘physical humanities’ aims to embody, collectively, and in core structure, the following historical
namesake precursors: social physics (Auguste Comte, 1822), human physics (Adolphe Quetelet, 1835), social
chemistry (Thomas Huxley, 1871), human chemistry (Henry Adams, 1875), physical economics (Patrick Geddes,
c.1880s), social mechanics (Francis Edgeworth, 1881), human thermodynamics (Bryan Donkin, 1893), physical
sociology (Edward Payson, 1898), human energetics (Wilhelm Ostwald, 1908), among others, as chronologically
listed online, up to the present day, with terms being used such as animate thermodynamics (Sture Nordholm, 1997),
socio-thermodynamics (Ingo Muller, 2002), relation thermodynamics (Wayne angel, 2005), or econo-engineering
(Gheorghe Savoiu, 2008), among others.2 The subtle difficulties with this umbrella term naming issue was first
addressed by American social physicist John Q. Stewart—founder of the Princeton school of social physics—who in
his 1950 article ‘The Development of Social Physics’ included an historical discussion on alternative titles, after
which he concedes to the conclusion that a ‘special name’ is needed.3
Some of the outline of this book originated from five guest lectures on thermodynamics applied to the
humanities, delivered by the author, three to bioengineering students at University of Illinois (2010-2012), one to
mechanical engineering students and faculty at Northern Illinois University (2013), and one as key speaker at the
fifth annual University of Pitesti, Romania, Econophysics and Sociophysics Workshop (2013), the latter two of
which are available on YouTube.4

Equation | Foundation | Derivation
A significant issue, in modern thermodynamics presentations, has to do with the duce ex machina nature of equation
introduction and derivation, many seemingly dropped in from above with a crane, without adequate explanation as
to how such equations derive, in step-by-step formulation, from phenomena. In 1910, German-born American
physicist Albert Einstein, to exemplify, had the following to say about Austrian physicist Ludwig Boltzmann’s
monoatomic gas theory formulation of entropy:5
“The equation S = k log W + const appears without an elementary theory—or however one wants to say
it—devoid of any meaning from a phenomenological point of view.”

Einstein’s objection was that without a complete underlying molecular mechanical theory, the equation lacked any
‘real meaning’, as he put it. As the aim herein his to situate real meaning into the nature of human movement and
processes, a significant focus will be on derivation from underlying foundational theory based on phenomenon.
In this direction, in outline, the following equation flow chart, commented on by some as being helpful during
the author’s 2013 university lectures, in some sense, gives a general backbone to the equation derivation outline of
the structure of this textbook, namely from the invention of the equation by Welsh physician and mathematician
Robert Recorde in 1557, via the introduction of the symbol of the equal sign, up through the so-called real world
theorem of American physical chemist and chemical thermodynamicist Frederick Rossini that certain chemical
thermodynamic equations govern the nature of freedom and security in social movement:6

The aim, in short, will be to introduce, as outlined above, the partial differential equations of human existence and
experience, as chemical thermodynamics defines things.

Atomic theory | Molecular purview
Long ago, in 390BC, Greek philosopher Democritus announced ‘there are but atoms and void’. While the physical
sciences, over the recent centuries, have been slowly catching up to this truth, the humanities, by comparison, have
largely been at a relative standstill in regards to what atoms and voids have to do with daily human social and
economic activity, remaining some two-millennia in the dark on these implications.
Barring prolonged digression, an atomic theory based perspective, conceptualization, and or methodology — of
humans, human movements, and so-called ‘social’ groupings or aggregates of humans — will be adroitly followed
herein. The inquisitive reader his referred to the author’s 2008 booklet The Human Molecule, along with online
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human molecular science (HMS pioneers) timeline, a listing 122+ thinkers to have grappled with the implications of
the atomic nature of human existence, for further introduction to the conception of social systems being comprised
of atoms and voids.7 To cite one example, in 1926, at the reaction extent (age) of 73, German physical chemist and
social energetics pioneer Wilhelm Ostwald self-defined himself as follows:8
“I am made from the C‐H‐N‐O‐S‐P combination from which a Bunsen, Helmholtz, Kirchhoff came.”
— Wilhelm Ostwald (1926), Lifelines: an Autobiography
Ostwald, in other words, conceptualized himself correctly as a ‘CHNOPS+ combination’, namely an integration of
carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulphur; among 20 other elements, as we know measureable
define things. This definition will be followed herein, with the clarification that humans are ‘powered’ CHNOPS+
combinations, in other words, atomic geometries or animate chemicals that are moved—quantified as work per unit
time—via the combined action of the electromagnetic force and gravity or the cyclical heating action of the sun, in
short.
In regards to the atomic view of society, as a whole, the following circa 1975 molecular goggles like statement
by Hungarian physiologist Albert Szent-Gyorgyi may facilitate a visual conception of the society purview followed
herein:9
“If one had the kind of vision [e.g. electron microscope] that allowed one to see molecules and were in a
jungle, one would see molecules wandering about everywhere, at random. In this ceaseless wandering,
one might recognize a locus in which molecules of various types were particularly concentrated, which
held its form approximately while myriads of molecules streamed in and out; and that locus would be a
monkey in the jungle. That continuous inflow and outflow of material, and whatever of its structure
endured, would not only make that a unique monkey from among monkeys but would ensure that it
changed from moment to moment throughout its entire existence.”
According to Szent-Gyorgyi, in short, society or a jungle is to be seen as an atomic system an each individual human
is to be seen as a unique locus of atoms, with daily inflow and outflow of matter or molecules streaming in and out,
the latter of which is known as ‘turnover rate’, a phenomena quantified by American physicist Paul Aebersold, who
in 1930s did the first work on the production and application of the radioactive materials (sodium-24 and
phosphorus-32) administered to humans, for application and studies in medicine.10 The following images, from
Indian-born Pakistani organometallic chemist Mirza Beg’s 1987 physicochemical sociology book, may facilitate this
atomic-molecular reinterpreted vision:11

The following, in short, is a chronological outline of the atomic theory based perspective followed herein, namely
that in 450BC Greek philosopher Leucippus initiated atomic theory, which according to English philosopher Francis
Bacon was the start of atheism, which is the overt belief system followed herein; which was followed by

introduction of the term molecule, defined as joined atoms, by French thinker Pierre Gassendi in 1649, the
conception of a human as an evolved molecule in 1789 by French philosopher Jean Sales, and finally the precarious
1993 cell not as first ‘living thing’, which is a religio-mythology based conception, but ‘cell-as-molecule’, which is
an atomic theory based line of reasoning introduced rather intuitively by American physical chemist Lionel
Harrison:12

The recent completion of the 3,000th online article of Hmolpedia: an A-Z Encyclopedia of Human Thermodynamics,
Human Chemistry, and Human Physics (eoht.info) on 19 Sep 2013, a project started on 24 Dec 2007, is in some
sense a prolegomenon to this textbook. This is inclusive of the writing and researching over 500 thinkers over the
centuries to have ruminated on the applications of thermodynamics to the humanities, verbally or equation wise,
statistically or chemically.

Thematic precursors
While this textbook is a first of its kind—Mirza Beg’s New Dimensions in Sociology: a Physico-Chemical Approach
to Human Behavior (1987) aside—precursors conclude, in part: American historian Henry Adams’ collected works
set on physico-chemical humanities, which includes his: personal communications (1885) about the social chemistry
of human molecules, ‘The Rule of Phase Applied to History’ (1909), and his A Letter to American Teachers of
History (1910), among others, wherein he defines people as molecules and suggests that history teachers being
employing thermodynamics in lessons about the nature of the rise and fall of civilizations, cultural revolutions, and
history in general; American physical chemist Frederick Rossini’s ‘Chemical Thermodynamics in the Real World’
(1971) address, a chemical thermodynamic interjection on the nature of freedom and security in the dynamics of
social movement; American chemical engineer Benjamin Kyle’s CD-ROM ‘The Mystique of Entropy’ attachment
to his Chemical and Process Thermodynamics (1999), a quick history on variegated ways thermodynamics has been
applied in the humanities; Japanese chemical engineer Tominaga Keii’s ‘Chemical Affinity in 1806’ subsection of
his thermodynamics of chemical reactions chapter (2004), wherein he gives a digression on German polyintellect
Johann Goethe’s human affinity reaction theories; Russian-born Israeli chemical engineer Alec Groysman’s 2011
symposium call for the implementation of Goethe-Thims based human chemistry teaching in chemical engineering
curriculum, which he advocates as a ‘new scientific field’; and Indian-born American mechanical engineers Kalyan
Annamalai, Ishwar Puri, and Milind Jog’s Advanced Engineering Thermodynamics (2011), wherein humans, per
citation of the author’s 2002 human molecular formula calculation, are defined explicitly as: ‘26-element
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energy/heat driven atomic structures’. The list of thermodynamics textbooks that incorporate cursory aspects of
thermodynamics applied to the humanities is available online.13
Implementation wise, Polish socioeconomist Leon Winiarski, at the University of Geneva from 1894 to 1900, to
his credit, was the first to teach a rudimentary outline of a course on physical humanities, which he called ‘pure
political economics and social mechanics’, based on a mixture of the Lagrangian mechanics and the Clausius
inequality. Italian engineer and socioeconomist
Vilfredo Pareto, from 1893 to 1895, began
teaching a course on political economy, at the
University of Switzerland, wherein, though not
based explicitly on the Clausius inequality,
people, as economic agents, were conceptualized
as abstract molecules, acting in response to
economic forces, whose operation and
governance was described by the physicochemical sciences.
From 1934 to 1937, at Harvard, American
polymath Edwin Wilson, Willard Gibbs’ sole
protégé, was teaching, as mentioned, a course he
Italian engineer and socioeconomist Vilfredo Pareto’s 1896
called ‘mathematical economics’, based on the molecular conceptualized homo economicus, being acted on by the
steam engine, thermodynamics, and equilibrium economic forces of ophelimity, formed the basis of his course on
political economy taught at the University of Switzerland.
defined by physical chemistry. In the academic
year 1935-38, American physical chemistry trained physiologist Lawrence Henderson began teaching a GibbsPareto based course called ‘Sociology 23’ at Harvard, in which the social system was defined as a physico-chemical
system. Likewise, American social physicist John Q. Stewart, as mentioned, from 1946 to 1963 ran an entire
research department and laboratory on social physics, pure and applied, at Princeton University, funded by a
Rockefeller Foundation grant, whose group included none other than American physicist Percy Bridgman, one of
the foremost thermodynamicists of the 20th century, eponym of the so-called ‘Bridgman paradox’ about the seeming
impossibility of being able to calculate thermodynamic state functions of humans. Of late, in 2011, Korea University
began offering a graduate course on social thermodynamics. The full list of thermodynamics-based humanities
education teaching implementations is available online.14
Thematically, outlines of the subject of humanities—humans viewed explicitly as reactive animate molecules—
presented through the clarifying lens of chemical thermodynamics, are found in American physical chemist and
chemical thermodynamicist Frederick Rossini’s 1971 ‘Chemical Thermodynamics in the Real World’ lecture, as
well as somewhat humorously in American astrophysicist Christopher Hirata’s 2000 ‘The Physics of Relationships’,
and more seriously in American physical chemist Thomas Wallace’s 2009 Wealth, Energy, and Human Values, with
its appendix ‘The Fundamentals of Thermodynamics Applied to Socioeconomics’, some of which, Rossini in
particular, will serve as role models for this textbook. Another thinker of note, though his methods are not as
chemical as the former three, includes German metallurgist Jurgen Mimkes and his 2006 ‘Thermodynamics
Formulations of Economics and Social Sciences’ chapters, similar conference presentations, who over the last
decade has been running a research group on ‘Applied Thermodynamics: Physical Socioeconomics’ out of the
physics department at the University of Paderborn, Germany, producing graduate students in this field.

Chemical thermodynamics
The chemical thermodynamic backbone of this textbook includes: On the Motive Power of Fire (Sadi Carnot, 1824),
which initiated thermodynamics, The Mechanical Theory of Heat (Rudolf Clausius, 1865), which founded
thermodynamics, On the Equilibrium of Heterogeneous Substances (Willard Gibbs, 1876), which founded chemical
thermodynamics, ‘On the Thermodynamics of Chemical Processes’ (Hermann Helmholtz, 1882), which famously
disproved the thermal theory of affinity, in its place proving that that free energy, not heat, is the true measure of
chemical affinity, i.e. the driving force of chemical reactions (or ‘social chemical reactions’ as conceptualized here),
Thermodynamics and the Free Energy of Chemical Substances (Gilbert Lewis, 1923), which presented all of the
former in a digestible manner, and which has since become the most-cited thermodynamics textbook, by other
thermodynamics textbook authors, of all time. Secondary backbone works include: Modern Thermodynamics by the
Method of Willard Gibbs (Edward Guggenheim, 1933), a work parallel to that of Lewis, the pair of textbooks—
Lewis (1923) and Guggenheim (1933)—said to be the foundation of modern chemical thermodynamics, Chemical
Thermodynamics (Frederick Rossini, 1950), the textbook of Lewis’ greatest chemical thermodynamics protégé, and
Nonequilibrium Thermodynamics in Biophysics (Aharon Katchalsky and Peter Curran, 1965), which gives a wellseasoned chemical thermodynamics derivation method. Third backbone books include the author’s thermodynamics
book collection, currently at the 390+ book mark.15

Red thread | Affinity ↔ Free energy
The so-called ‘red thread’ that runs through this text, arising from the physical sciences and stitching into the
humanities, is the notion of chemical affinity, otherwise known as the force of reaction, as was introduced in English
physicist Isaac Newton’s famous 1718 last and final ‘Query 31’, which later became incorporated into German
polyintellect Johann Goethe’s 1809 physical chemistry based novella Elective Affinities, wherein he upgraded Greek
philosopher Empedocles’ circa 420BC chemical aphorisms about how friends mix like water and wine whereas
enemies separate like oil and water, in modern affinity chemistry terms, to show how the forces of chemical
affinities govern and determine human relationship reactions as they do chemical reactions, and how in the era of
American physical science based historian Henry Adams, the measure and conception of chemical affinity became
reinterpreted as free energy change of the reacting system, i.e. in terms of enthalpy and entropy. A cogent synopsis
of this red thread transformation comes from American
organic chemist Richard Schowen’s 1984 University of
Kansas Humanities Lecture Series address ‘Elective
Affinities: Science, Certainty and Freedom in Goethe, Henry
Adams and Thomas Pynchon’, who—following discussion
of the semi-fictional philosophical thermodynamic ideas of
American writer Thomas Pynchon—states the following:16
“The English Navy, Goethe tells us, had all its ropes
manufactured each with a single red thread, twisted
so intimately among the fibers of the rope,
throughout its length from beginning to end, so that
the red thread could be removed only by complete destruction of the rope. Even the shortest section of a
rope of the Royal Navy could therefore be identified instantly by the red thread, always present and
always visible. The ‘red thread’ has come to mean, in the German and Scandinavian languages, a subtle
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but vital theme, always present and always visible, which runs inexorably through a body. In this
examination of texts of Goethe from 1809, of Henry Adams from 1909 and of Thomas Pynchon from
1973, we have, I think never lost the read thread. The theme of affinity, certainty and binding, of election,
freedom and flux, and of the hidden variable that lies beyond the veil, rendering certainty and freedom
equally illusory, pervades the texts. Variations on the theme have come with times. The growth of
thermodynamics and precise rendering of affinity and flux in the language of enthalpy and entropy
gave Henry Adams’ phase rule of history a form that would have been incomprehensible to Goethe but
which, because of further change, seems quant and eccentric to us today. But always there is the red
thread. It shows the power of affinity and election, uncertainty and flux and of the conflicting promise of
science, of a reliable mapmaker with continual revision underway, that has run the strands of our culture
for two centuries.”
This humanities to physical sciences connecting red thread—the force of affinity measured by the change in free
energy, or equivalently enthalpic energy, aka ‘heat content’ energy (in Gibbs phraseology), less entropic energy, aka
‘transformation content’ energy (in Clausius phraseology), of the social system—in modern times, has come to be
defined as the science of human chemical thermodynamics, a term introduced by the author in 2007, which would
be the more apt title of this book, being that ‘humans’ are types of powered reactive animate ‘chemicals’ governed
by the laws of ‘thermodynamics’, albeit less recognizable to most.17

Proofs
A frequently arising query seen during lectures on thermodynamics applied to the humanities is the question in
regards to proof; students, audience members, and visiting professors asking matter-of-factly ‘has this been proved
anywhere’? Thermodynamics proper long ago reached a point where its laws were proved beyond doubt and
accepted to hold for every conceivable system and process in the universe, as Henry Adams so clearly enunciated a
1903, in his discussions about how thermodynamics has overthrown Darwin’s ‘survival’ theory, as he put it:18
“Gentle mathematicians and physicists still cling to their laws of thermodynamics, and are almost epileptic in
their convulsive assurances that they have reached a generalization which will hold good. Perhaps it will. Who
cares?”
The same level of assured confidence, however, has not yet been the seen with regard to human social systems and
processes. This largely has to do with a belief system conflict. Accordingly, a significant portion of the text will be
devoted to proofs, proofs via step-by-step equation derivation, proofs via concepts derived from classical heat and
work experiments, and most importantly quantitative visceral experimental proofs that thermodynamics—chemical
thermodynamics in particular—applies to systems of humans. The latter types of proof is something that seems
beguilingly in need.
“Nothing ought to be received as truth until it has been proved by good and solid reasons.”
— Rene Descartes (c.1620), quote especially impressed Benedict Spinoza
The classic 1975 ‘Beauty is Power: the Use of Space on the Sidewalk’, by American sociologists James Dabbs and
Niel Stokes, wherein time-lapsed video recorded personal space volume change measurements were made, from
above, of passerbyers on sidewalks, is a prime example, which found, quantitatively, that sex, number of people, and
physical attractiveness, i.e. beauty, can be regarded and quantified as an aspect of power, power defined as work per

unit time, in a pressure-volume work conceptualization of the
personal space dynamics.19 These types of studies and
measureable data sets are used herein to make derived
calculations of thermodynamic variables, such as social
volume, and in term pressure-volume work, etc., of the SI unit
thermodynamics

variety—thus

yielding

quantitative

connections between verbal labels of terms such as beauty, sex,
or group size, that when converted energy, work, or power,
yield quantitative and falsifiable proof, i.e. falsifiable in the
Karl Popper prediction test sense, that thermodynamics governs
human activity as it does all activity in the universe.

Religion | Belief conflicts

A caricature of American physical chemist Gilbert Lewis
as the new preacher of the ‘physicochemical belief
system’, his 1902 electron dot structure of chemical
bonds (replacing the eye-n-hook model) as one of the
letters in the alphabet of this new knowledge, and his
1923 Thermodynamics and the Free Energy of Chemical
Substances (acting as one of the bibles of science).

Religion and thermodynamics, both alternative explanations of the nature of power and work, in respect to
movements in the universe, invariably conflict. The former, however, must now bow to the latter, a conclusion that
has been increasingly been re-stated over the last two centuries:
1802
“I have no need of the hypothesis of
god in my celestial mechanics.”

— Pierre Laplace , comment to
Napoleon Bonaparte

1909
“Research workers were, at one
time, obliged to endeavor to
ensure that their theories did not
contradict those of the church;
nowadays, in contrast the church
is at pains to prove that its
teachings are compatible with
those of science. In other words,
the church acknowledges science
as the higher authority.”

1933
“Any further assumption implied
by belief in a god which one may
have in one’s faith is inadmissible
from the point of view of modern
science, and should not be needed
in a well‐organized society.”

— Wilhelm Ostwald, “On
Catalysis”, Nobel Lecture

— Paul Dirac, hand‐written note,
in reaction to Einstein’s mentions
of god and dice20

In spite of these clear directives, tensions continue to exist, which is but a result of the fact that much overhaul in
conceptual belief systems needs to be done, much of which revolves around yet-corrected god-theory related terms
and concepts, such as: life, death, afterlife, morals, soul, spirit, right and wrong, etc., terms not found to exist in the
periodic table, yet believed to exist in and around the dinner table.
The dividing line between what one was taught, via parental instruction, culture, and or the standard education
process, and what one comes to accept as believed truth, on their own, via self-study, reflection, experiment, and or
independent thinking, is referred to as one’s mental belief state, an example of which is found in the following
humorous 1998 statement by Scottish sociologist Barry Barnes, in response to American solid-state physicist David
Mermin in regards to whether he might be into astrology:25
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“The belief state of an obscure lump of molecules wandering around a remote corner of England is of no
importance whatsoever epistemologically speaking.”
The intended aim, of the chapters to follow, will be to bring about a change in the belief state in the mind of the
reader.
In modern times, the two, religion and science, conflict so much so that the subject of the implications of
modern hard physical science on religious thought tends to be completely avoided in classroom discussions. In
2010, American philosophy professor Stephen Asma, who frequently writes on topics that bridge the humanities and
sciences, including thermodynamics, gives the following well-representative state of the situation in American
college classrooms, in respect to the hot bed term ‘soul’, a moral movement religio-mythology theory, and
‘thermodynamics’, the science of natural movements, as follows:21
“No self‐respecting professor of philosophy wants to discuss the soul in class. It reeks of old‐time
theology, or, worse, new age quantum treacle. The soul has been a dead end in philosophy ever since the
positivists unmasked its empty referential center. Scientific philosophy has shown us that there's no
there there. But make no mistake, our students are very interested in the soul. In fact, that is the main
reason many of us won't raise the soul issue in our classes: The bizarre, speculative, spooky metaphysics
that pours out of students, once the box has been opened, is truly chaotic and depressing. The class is a
tinderbox of weird pet theories—divine vapors, God particles, reincarnation, astral projections, auras,
ghosts—and mere mention of the soul is like a spark that sets off dozens of combustions. Trying to put
out all these fires with calm, cool rationality is exhausting and unsuccessful.”
Here we see the situation soaked with thermal words:
spark, tinderbox, combustions, fires, and cool, which
are but graspings at chemical thermodynamic
meaning,

but

done

so

without

structured

understanding. Moreover, Asma, in his Chronicle of
Higher Education article ‘Soul Talk’, goes on to
mention concepts such as energy conservation, local
entropy decrease, thermodynamic processes, physical
systems, energy exchange, etc., supposedly, to
‘quench the fire’, none of which, however, are
actually

concepts

taught

in

standard

Left: thermodynamics (physics) and religion (e.g. Bible), both
being alternative types of ‘power’ theories, invariably have
conflicting and irreconcilable views. Right: Sun (fire) born of
kēme (earth) following flood (water).

college

thermodynamic textbooks, in respect to applications to human movements.
Herein, subsequently, to bring about resolve, ancient metaphysical reasoning will be supplanted with modern
chemical thermodynamic reasoning. In plain speak, in the steam engine, there is no ‘god’, ‘spirit’, ‘soul’, ‘karma’,
‘life’, or vital force, etc., in operation—and so is with an evolving or transforming society, which as defined by
Scottish physicists Balfour Stewart and Peter Tait in 1875 is a type of heat engine. Thermodynamics does, however,
distinguish between ‘natural’ and ‘unnatural’ movements; this is where the conflict will find resolution.
Religion, in short, is a term deriving from Latin religare, meaning ‘to bind’, referring to a belief system that
binds a culture, ideologically. Tension will exist, subsequently, because both chemical thermodynamics and religion
are ‘heat’ based belief systems, each explaining human existence in alternative, albeit incompatible ways.

To explain, without going into prolonged digression about the reverse deconstruction of the world’s religions,
in short, over 75 percent of the world’s modern religions are Abraham (or Brahma) based creationism belief
systems, being Egyptian theology based in root. This is summarized, superficially, below, via the common
etymologies of Abraham and chemistry:22
Name

Etymology

Abraham (or Brahma)

Father (Ab) "Ra" (sun) born of the "Nun" (-ham or -hma), the latter from the
Egyptian kēme, pronounced: ‘chem’ (Greenberg, 1996), the name of the black
fertile soil left behind following the receding of the annual 150-day Nile flood.

Chemistry

From Coptic word for "Egypt", kēme (pronounced: chem) or chēmia,
according Plutarch (On Isis and Osiris, 100AD), named as such owing to the
black color of its soil; hence the synonym “black art” (Partington, 1936).

Here, the etymology of the names Abraham (a god turned man) and Brahma (a god) are both shown compared to the
etymology of the term chemistry. All three, by no coincidence, have the common root kēme (pronounced: chem),
meaning ‘black soil’, earth, or elements (modern); the former, Abraham (or Brahma), have the additional affix ‘ra’,
referring to the Egyptian sun god Ra, or ‘heat’ (modern). Hence, with thermodynamics etymologically referring to
the study of thermo- (heat) and –dynamics (power) or ‘force producing motion’ phenomena, both modern chemical
thermodynamics and the ancient Abrahamic (and Brahmaic) faiths are heated chemicals producing motion theories,
the former being the modern replacement of the later. This transition process is where the tension will, decreasingly,
over time, reside.

Problem sets
Problem sets found herein derive, conceptually, firstly
from Swedish physical chemist Sture Nordholm’s 1997
set of eight problems found in his Journal of Chemical
Education article ‘In Defense of Thermodynamics: an
An example ‘physical humanities’ stylized problem, from
Animate Analogy’. Others come from a set of four
Indian geographer S.K. Manocha’s 2009 book Geography
problems found in American physicist Alan Lightman’s
Work Book, which is similar, in conceptual theme, albeit
1992 Great Ideas in Physics, on the thermodynamics of
simpler, to the types of problem sets found herein
(answer: name mentioned previously).
the rise and fall of empires. Some come from
Christopher Hirata’s set of about a dozen problems from his five-part circa 2000 online ‘The Physics of
Relationships’ article, particularly sections ‘Relationship Thermochemistry’ and the ‘Complex Equilibria of Men
and Women’. Korean-born American philosopher Jaegwon Kim's 1992 ‘library walk’ problem is included as well as
other heated historical problems dating back to the 19th century, such as ones erupting during the 1874 British
Association for the Advancement of Science debate, involving physicists James Maxwell and John Tyndall on
thermodynamic views verses religious views of humanity. Lastly, recent homework problems come from submitting
Journal of Human Thermodynamics authors, each of which have been requested to provide two homework problems
per each published article.23
Most end of chapter problems are solvable based on the content of the given chapter, whereas some problems
will require independent research, such via consultation of search engine of Hmolpedia, the Internet, Google Books,
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or the library. Others may require original thinking and some may not yet have ever been solved, but only posed—it
has been said that posing a problem is often the hardest part of the process of solution.

Prerequisites
In terms of prerequisites, one should have ‘studied physical chemistry and some calculus’, as American physical
chemist Frederick Rossini advised in the preface to his 1950 Chemical Thermodynamics; or as Pakistani sociologist
Jameel Jalibi advised, in the foreword to Indian-born Pakistani organometallic Mirza Beg’s 1987 New Dimensions
in Sociology: a Physico-Chemical Approach to Human Behavior, the subject ‘demands adequate knowledge of
physical chemistry’. Ideally, one should have already taken a course in partial differential equations and chemical
thermodynamics.
A more stringent listing of prerequisites, prior to reading any type of Gibbsian chemical thermodynamics based
equilibrium theory applied sociologically, and or at the cellular or above level, was given by American applied
scientist Herbert Salzer in 1957 as follows:18
“For a number of years the reader should study rather thoroughly the life and works of that greatest of all
American theoretical scientists, Josiah Willard Gibbs (Wheeler, 1952), with more emphasis upon the first
of the two volumes of his collected works, that dealing with thermodynamics and heterogeneous
equilibrium. The reader is assumed to be familiar with that part of Gibbs’ work. A number of semi‐
popular articles (Garrison, 1909; Donnan, 1924; Miller, 1925) contain convenient summaries and
explanations of the more important ideas of Gibbs, sufficient to familiarize the reader with his work and
to follow most of this discussion. For a better understanding, the writer advises study of the collected
works of Gibbs (first volume only) and the two volume commentary by Donnan and Haas.”
This latter requirement would be only for the very advanced student. As this world is not ideal and this text is geared
toward everyone, and not just chemical engineers, presentation will aim to be readable and largely standalone for
those who may have not yet met these prerequisites, but who are able to self-educate in areas where one is lacking.
At a bare minimum, one should have at least taken a course in or read one book each on chemistry and physics.
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1. Introduction | Educational need
“The trend towards the already mentioned diversified society of ‘specialists’ and the related danger of
narrower way of thinking (idiot savant) necessarily leads to a growing helplessness of the individual.
Related to this is a growing blind belief in science. Since Leibnitz, probably the last universal genius, we
know more and more about a shrinking area of knowledge. Biology and physics, chemistry and medicine
are divided already today into dozens of individual disciplines, which like a ‘hydra’, keep dividing into
other individual disciplines.”
— Hans‐Wolff Graf (1995), “We Need a New World View”1

I

n the mid-20th century, the set of human knowledge had grown so much that the lineage of said-to-be last
universal geniuses German mathematical physicist Gottfried Leibniz to American chemical engineering
mathematician John Neumann, the last apocryphal clamant of the lineage, were beginning to face extinction.2
As a result, a growing rift or wall had begun to emerge between the so-called natural scientists, depicted below
left, and social scientists, depicted below right—as American social physics pioneer John Q. Stewart in 1950 saw
things:3

Said another way, into the 1950s, intellectuals were unwearyingly being separated into the so-called Clausius culture
(‘natural scientists’), those able to understand the second law of thermodynamics, and the Shakespeare culture
(‘literary intellectuals’), those able to understand Hamlet—as English novelist and physicist C.P. Snow in 1959
characterized things—the latter group being labeled, by French-born American physicist turned literary critic
George Steiner (1971) as ‘word-helots’, namely those only able to understand and explain the world according to
words or verbal skills, but not via equation; the former group, classified by James Maxwell (1863) as: ‘men who see
all nature in symbols, and express themselves conformably whether in Quintics or Quantics, Invariants or
Congruents.’4 The aim herein will be to find a meeting ground between these two groups: word-helots and symbol
mongers, closer to latter than to the former.
The exact location of this meeting ground, however, is still yet to be determined. We continue, as synthesized
powered atomic geometries, to be brought into this universe, at a current rate of 100-million reproductive reactions
per year, idealized or rather culturally-mandated, so-to-speak, to spend the first 2.5-decades of existence educating
ourselves—yet without any clear notion as to why or given any basic semblance of an idea as to how the two
cultures might integrate to yield answers to why questions?

“Frankly, sir,

I don’t even know why I’m going to college and studying engineering.”

— Anon (1950), query letter, from 19-year-old engineering student, to Einstein about purpose5
Presently, we enrich ourselves in the classics, in the physical sciences, in chemistry, in mathematics, in engineering
fields, we learn about the internal operation of the body, about nature, ecosystems, and historical change, we study
evolution theories, we probe the workings of the universe, we take our soft humanities classes, but without any
overarching understanding of the connectivity of it all? Yet, throughout this process, ‘nothing in education’,
according to American Harvard-educated historian Henry Adams, who spent some five decades attempting to
understand the humanities in terms of chemistry and thermodynamics, ‘is so astounding as the amount of ignorance
it accumulates in the form of inert facts.’ Resultantly, much of current educational process is time wasted, as Adams
reflectively described his own elementary, high
school, and college educational process; thus
his resultant vicarious and haphazard later path
of

self-education

through

experiences,

friendships, and extensive reading in the
physical

science.

Correctly,

as

Adams

concluded in 1907, the object of a person’s
education should be that one should learn, as
best as one can, how to react:6

“I’m sorry Lord Kelvin (1824‐
1907) is dead. I would travel a few
thousand‐million miles to discuss
with him the thermodynamics of
socialistic society.”
— Letter to English lawyer
Charles Gaskell, 1909
American physical science historian Henry Adams, at his desk in
1883, someone who spent over 50‐years (1865‐1918) attempting to
understand how chemistry, physics, and thermodynamics applied to
human history.

“The object of education should be the
teaching [of] how to react with vigor and economy. No doubt the world at large will always lag so far
behind the active mind as to make a soft cushion of inertia to drop upon; but education should try to
lessen the obstacles, diminish the friction, invigorate the energy, and should train minds to react, not at
haphazard, but by choice, on the lines of force that attract their world.”
Subsequently, per Adams’ suggestion, with proper education in the physicochemical sciences, the learned student,

who comes to understand humans as evolved (Darwin’s term) or metamorphized (Goethe’s term) types of powered
animated chemicals will be able to better find palatable answers to why questions, in terms of why or how chemical
reactions occur, and how to best facilitate chemical reaction processes with vigor and economy, as one so desires.
To elaborate and clarify further, we will quote Indian-born Pakistani organometallic chemist Mirza Beg’s 1987
physicochemical sociology based definition of ‘learning’, in regards to the 2.5-decade long socialization education
process and chemical thermodynamics:7
“Human behavior is a combined interaction of (a) the internal forces set into action or stimulated by the need
[of the organism] and (b) the reaction stimulated by the situation in the environment with which an organism
is interacting. The energy needed for the completion of the interaction, in order to obtain the desired result, is
usually obtained from the environment. This constitutes a cyclic process. An organism seeks pleasure and
fulfils the need and during the processes it seeks the required energy for the environment. The fulfilment of
the need depletes it of some energy which in turn creates another need for the input in the form of food. The
need for food sets the organism into interaction with the environment where it is obliged each time it is
approached. The whole process is then composed of depletion and building up of the energy potential in the
body. In the beginning, for each behavior, whether it is towards day-to-day processes or any other fulfillment
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of desire, there are a series of random interactions. This randomness and imperfection has to be reduced
considerably so that errors are minimized. The knowledge of the process of reduction of these errors is what is
known as learning. The curtailment of errors, its rectification and perfection are some of the processes which
one can see in the growh of a child from infancy to adulthood. During infancy there are a lot of errors and the
children learn through their mistakes. The drive to get past the errors is there and hence the rectification
process keeps working all the time.”
Beg, in his New Dimensions in Sociology: a Physico-Chemical Approach to Human Behavior (1987), goes on, in a
pioneering manner, to clarify ‘drive’ in terms of Gibbs free energy change, the so-called driving force of isothermalisobaric earth-bound freely going chemical reactions, which is the thermodynamic potential for human interactions
and reactions; the same logic of which as will be given in detail herein.
In order to understand ‘how to react’, subsequently, one must learn how atoms and molecules react and in turn
how the laws of thermodynamics govern chemical reactions, laws that, according to Fredrick Rossini, ‘govern the
change of matter from one molecular or atomic species to another.’8 As humans, as we will come to explain, are
types of molecular or chemical species, it thus becomes a moral imperative—the term ‘moral imperative’ by
Immanuel Kant as a principle originating inside a person's mind that compels one to act—to study chemical
thermodynamics.9 If, consequently, the principles inside a person’s mind, are not in accordance with the way nature
operates, he or she will be compelled to act unnaturally or one might say immorally; although, again, to clarify,
moral and amoral are terms to be clarified, via upgrade chemical thermodynamically neutral terminology, herein.10
In this light, as we know that the nature of reactions are governed by chemical thermodynamics, the object of
education should thus be the teaching of chemical thermodynamics, starting from an early age. There are, however,
some rather large immediate conceptual reinterpretations that need to be digested along the way, many of which
will be easier for children to digest than for adults, similar to the way children are able to learn new languages faster
than adults, being that youthful brains are more plastic and less hard-wired to certain preconceived modalities.
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1.1 Terminology reform | Conceptual Reinterpretations
“Pareto’s Treatise on General Sociology is the hardest boiled book I have ever read. Three times, since I passed
my puberty, has my mind been made over. Once by a nexus of which Henry Adams was the center, once by a
matrix of which Frazer burned brightest, and once by a long study of genetics and evolution. Pareto is doing
the job a fourth time, and far more vitally than any others.”
— Bernard DeVoto (1928), reflection on Italian engineer Vilfredo Pareto’s physicochemical sociology1

I

n chemical thermodynamics, a significant pill to swallow, complexity aside, will be the deanthropomorphism
process that one needs to follow in order to conceptually understand the implications of the terms heat, energy,
and work applied as absolute arbiters and descriptors of human movement, existence, and experience. In short,
according to 1936 opinion of German physicist Max Planck, we will have to eliminate all the anthropomorphic
elements from our descriptions and conceptions:3
“There is only one method of apprehending the real nature of causality. This method is to begin with the
world of data which we possess, i.e. our experiences, to generalize, to eliminate as far as possible all
anthropomorphic elements and thus cautiously to elaborate an objective conception of causality. The many
attempts which have been made in this direction show us that the best approach to the concept of causality
consists in attaching it to the capacity of foretelling future events which we have acquired and tested in daily
experience. And indeed there is no better means of demonstrating the causal connection between two events
than to show that the occurrence of the one event can regularly permit us to forecast the occurrence of the
other.”
Said another way, in the erudite discernment of English physiologist Charles Sherrington, who builds on the
Aristotelian physics debunking work of French physiologist Jean Fresnel (On the Hidden Causes of Things, 1548)
before him, when questions of heat in respect to human existence come to the fore, we must deanthropize
ourselves:4
“Our sixteenth-century Fernel viewed the body as a tenement for faculties. One faculty was that which
actuated the various bodily movements. Then came Descartes with is robot, a mechanism actuating itself.
Such too had been Descartes’ thought with respect to the motions of the macrocosm. For Kepler still, a
century later than Fernel, each planet was ridden by an angel. Then later with the ‘reign of law’ that guidance
became a ‘force’, e.g. gravitational. Today that ‘force’ has in turn disappeared. There remains a curvature of
space. The human mind looking at nature has had to dehumanize its point of view—it has, using Samuel
Alexander’s word, to ‘deanthropize' itself. It has to dispense with ‘causation’, which is regarded as an
anthropism, but is yet a final cause. It is more faithful to William of Occam.”
In short, in the study of human existence, viewed through the cleansing lens of chemical thermodynamics, one is
advised, as suggested by Planck and Sherrington, to discard any and all anthropomorphisms, specifically if they are
not conceptions recognized by the laws of thermodynamics and the nature of the periodic table. In plain speak, just
as German mathematical astronomer Johannes Kepler, in his day, had to do away with the then prevalent conception
that planets in there motion about the sun were driven by an angels ‘beating their wings and pushing the planets’, as
Richard Feynman put it in 1965, so too will we herein have to do away with a large number of now-prevalent albeit
defunct conceptions.

To clarify, via example, in circa 1845, English naturalist Charles Darwin was reading his copy of Scottish
evolution theory philosopher Robert Chambers’ newly-released, albeit anonymously (at the time), book Vestiges of
the Natural History of Creation, with passages such as ‘the idea that any of the lower animals have been concerned
in any way with the origin of man—is not this degrading?’ or ‘there is, also, in this prejudice, an element of
unkindness towards the lower animals, which is utterly out of place’, penned the following note to self in the
margins:4
“Never use the words higher or lower.”
Darwin, in other words, advised himself, in his thinking, do away with the notion that man is the supreme or highest
form of creation in the universe, in its place situating the physicochemically-neutral view that humans evolved via
natural selection mechanism steps out of a heated aqueous chemical mixture.5 On this model, herein we will
likewise advise ourselves to adhere to the following rule-of-thumb:
“Never use the words [blank] or [blank] when discussing humans from the physicochemical perspective.”
The list of ‘blank’ or ‘blank’ no-no terms, not to be used in the physicochemical humanities, e.g. teleology, is
extensive, some of which are listed online, e.g. chemical teleology.6

Life | Defunct terminology
The first, foremost, and most difficult to assimilate and
digest, of the so-called no-no defunct terminologies are the
terms ‘life’ and ‘death’, which are words, according to
American physiologist Charles Sherrington (1938), not
recognized by chemistry and physics:7
“When physics and chemistry have entered on their
description of the perceptible, life disappears from the
scene, and consequently death. Both are anthropisms.”
Life and death, in short, are metaphysical terms, as Gilbert
Lewis in 1925 defined things; largely handed down to us
One of Scottish moral philosopher Francis Macnab’s
from our religio-mythology heritage, and as such are terms
arrived at "apparent" absurdities, i.e. that growing plants
are neither alive nor dead (1818)—an intermediate view
not recognized by thermodynamics.12
to the defunct theory of life (2009)—a statement
The short reason why the term life is not recognized by
resulting from attempts to reconcile religious theory
modern science is that when one scales down the so-called
(Biblical views) with modern science (fossil evidence,
‘great chain of being’, as Charles Bonnet (1764) envisioned
heliocentrism, law of gravitation, heat, light, atomic
things, or evolution mechanism timeline, as Charles Darwin
theory, chemistry, etc.).9
(1859) conceptualized things, or ‘molecular evolution table’,
as the author (2005) conceptualized things, the premise of finding a reaction mechanism step, definable by chemical
thermodynamics, that ‘comes alive’ is a non-sensical premise, as is the premise of finding a so-called living
molecule, living chemical, or living chemical reaction13 It is these types anathemas or absurdities that led English
genetic physicist and 1953 DNA co-discovery Francis Crick to conclude, correctly, in 1966, that we ‘must abandon

7
the word alive’.14 The details of this conclusion are partially listed on online; the full elaboration requiring a rather
lengthy discourse.9
This non-recognition of the term ‘life’ by thermodynamics exists in face of numerous attempts, over the last one
and half centuries, at finding such recognition, via thermodynamic-conceptualized origin of life theories, life
definition theories, or ‘life principle’ theories, such as: Ludwig Boltzmann (1886), Erwin Schrodinger (1943), Leon
Brillouin (1949), Ilya Prigogine (1955), Georgi Gladyshev (1977), Stuart Kauffman (1995), Eric Schneider (2005),
Karo Michaelian (2011), to name a few prominent theorists.8
The issue of why physics, chemistry, and
thermodynamics do not recognized the term ‘life’ is a subtle
one, not easily recognized, an issue having to do with
ingrained belief system conflict. The 1818 views of Scottish
barrister Francis MacNab, as described in his A Theory of the
Moral and Physical System of the Universe, quoted above,
defining a plant as ‘not dead, nor alive’, per his attempts to
reconcile the views of the Bible, which declares that God
A YouTube screen shot of the famous "Businessman's
Special" riddle, aka the missing dollar bill puzzle, the
created ‘moving creatures that have life’, via verbal
punchline of which is that "there is NO missing dollar
declaration, with the views of chemistry, physics, and fossil
bill!", which is the about the same punchline to the what
evidence, which indicated, to him, a progressive form change
is riddle of life puzzle, which is that "there is NO such
of atomic structures, via heated animation, is one example of
thing as life!", it is a religio-mythology concept, not a
this. The statement ‘a growing plant is not dead, neither is it
term recognized by physical science, something that
does not exist, akin to ether or caloric.10
alive’, subsequently, is one that seems absurd to the modern
thinker, but nevertheless is a true statement. In MacNab’s conception of things, ‘mechanical, chemical, and
vegetable phenomena’ are ‘set a-going and kept in order by the sun; but the animal organic machine is set a-going
and kept in order by a particular agent which inhabits it. This agent is its soul, or animal spirit, and belongs to the
predicament of mind, or the right side of the [evolution] scale of mind from matter.’11
MacNab, in short, set the ‘life | non-life’ divide above that of vegetable matter. The modern thinker will
likewise set their own divide, which varies per thinker, but generally coincides at or above the RNA, DNA, cell or
virus level, concluding something to the effect that ‘a growing or reproducing virus is not dead, neither is it alive.’
The same logic, thermodynamics being scale invariant, holds for people, concluding that: ‘a growing human is not
dead, neither is it alive’, when religious views have been discarded as obsolete and defunct.9
The reason why life is something that does not exist, to explain another way, is something that is akin to the
riddle of the missing dollar bill riddle, aka the ‘businessman’s special’ joke. The riddle goes as follows. Three men,
in town for a business convention, check into a hotel. The hotel manager tells them it will be 30 dollars for the room.
They pay and go to their room. The manager then summons the bellhop to take their luggage to their room, and
while doing so recalls that this week is the ‘businessman’s special’ week, according to which rooms for
businesspersons of the convention are only 25 dollars. He then gives 5 dollars to the bellhop to return to the three
businessmen when delivering their luggage. When in route to their room, with the luggage, the bellhop notices that 5
dollars will not divide evenly between 3 men and, therefore, to remedy the situation puts 2 dollars in his pocket, to
keep for himself, and when he arrives at the room gives each man one dollar. Each businessman, subsequently, now
paid 9 dollars for the room. Therefore, to sum things up, 9 times 3 equals 27. The bellhop has 2 dollars in his pocket.
The number 27 plus 2 is 29. The question remains thus: ‘where is the missing dollar?’
The punch line, after allowing the person to think on the puzzle for a time, is that ‘there is no missing dollar
bill!’, it’s a play on words and math angled so to trick the person into thinking there is a missing dollar bill. The

same is the case in regards to life. We are told, from a young age, that life is something that exists, that it originated,
on or near the surface of the earth, 3.5 billion years ago, via the action of heat, electricity, and gravity acting on
chemicals. The question remains thus: where or what is the mechanism that brought chemicals to life?
The punch line, after allowing the person to think on the puzzle for a number of years, is that “there is no such
thing as ‘life’ it is a religio-mythology term”, it’s a play on words and physicochemical math angled so to trick the
person into thinking that life exists and is explainable via modern science as having originated on one specific sparkfilled day in the past. Baring prolonged digression, the historically-employed chemical thermodynamically neutral
alternative ‘life terminology’ upgrades are listed online.6 Likewise, also listed online are the historical thinkers
behind the ‘defunct theory of life’ purview.9
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