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Abstract

A social system, as a set of people, is considered as a set of human molecules contained in a system and
social human behavior, called as ‘state’ of the social system, is modeled from a physico-chemical
approach. On the universality of statistical physics, a social equation of state is derived and correlated to
the degree of dissatisfaction and or satisfaction with the political, economic, cultural, and social rules of
the given system. The social state equation is first presented for a hypothetical social system of noninteracting people. The terms social ‘pressure’, ‘freedom’, and ‘excitement’ are defined as a measure of
different social rules, individual rights, and personal motivation, respectively. The proposed social state
equation is then extended to real social systems containing interacting people. The human interactions are
divided into two parts: the strong family interactions and average societal interactions. These interaction
contributions to the proposed state equations have been considered based on a statistical thermodynamic
approach. The proposed social state equation is then used to derive an expression for social entropy
changes.

Introduction
Modeling of social behavior in a society involving interacting people is a challenging problem because
the knowledge of human interactions is a key factor to success in different activities, e.g. business,
friendship, marriage, lifeN1 (‘reaction existence’), and especially for natural crisis managements.1
Considering the important role of knowledge of social behavior on social managing science, many
attempts have been made to apply the accurate models for describing the human behaviors.2 Due to the

Journal of Human Thermodynamics, 2013, Vol. 9

30

complexity of human interactions, in many cases, human behavior is typically modeled only at the level
of a single person.3 Although, individual human behavior has an important role on social behavior
especially when his or her decision is a crucial and major determinant of the society’s management
programs, in the most cases, the individual decisions are also affected by socially-mediated human
interactions. The mutual relationship between local individual behavior and global social structure,
therefore, makes the human behavior representation as a complex topic.4 In economics, there are various
different approaches to making physics-based mathematical models tractable by gross simplification of
human behavior that might make sociologists blanch. But sociology, while trying to find a scientific
method, has been loath to abandon a more complex psychological-based methodology of human
behavior.5 However, based on the concept of universality in statistical physics, an assumption is that this
universality applies in the study of complex human systems. So, it is remarkable that modern statistical
physics theories may be used for study of the collective behavior of components, e.g., human molecules
or fluid molecules.
Due to their individual character and repulsive and attractive interactions of components in systems at
the specific system conditions, phase transitions—social phase transitions—may be expected. To explain,

as homogeneity decreases, social phenomena can exhibit drastic changes, such changes herein
referred to as phase transitions—similar to gas to solid phase change—which occur with small
changes in external parameters, such as pressure and volume. In social phase transitions, it is
hypothesized that society redistributes its energy according to which society’s motivation
through the movement of individuals and localized human aggregates results to the effect that a
complex pattern of social phenomena unfolds over time. Social systems usually react gradually
to gradual changes in external forces, but as in physical systems, there also can be phase
transitions in which the behavior of the individuals, taken collectively, exhibits a dramatic
change with a small change in external conditions, e.g. in political revolutions, a large fraction of
the population changes from apparent support to protest within a short period of time by a small
changes in the external conditions such as in pressure or volume. In many cases, these phenomena
may have seemed rather insignificant before the revolution.
It does not really matter what system is observed and only the influence of interactions between
components in the system is the key factor for the phase transition prediction that is explored in physicsbased models of social behavior.6 An analogy with statistical physics might be the way in which the state,
behavior, and phase transitions of a system of interacting components can be evaluated. In this method,
the properties which define the ‘universality class’ of the social system depend not only on the individual
characteristics but also on the collective behavior. According to the notion of universality in statistical
physics, the gross behavior of complex many-particle systems may not depend at all on the detailed
mathematical form assumed for the intermolecular forces. The attempts to model social systems using the
statistical physics methods have now provided ample reason to suppose that the behavior of large groups
of people in a society can be understood on the basis of very simple interaction rules, so that individuals
may be stimulated automatically by their environmental factors. Therefore, it can be assumed that, in
many situations, the details do not matter and the certain aspects of social behavior transcend the
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particularities of a given system. The most important factors are the dimensionality of the system and the
long or short range forces.7
The social structure may be considered as a mixture (collection) of interacting components (persons)
with different characteristic factors.8 However, for simplicity, the collection can often be treated as
a pseudo pure component. In this manner, a ‘social equation of state’ or social state equation, in short, can
be used for evaluating the social human behavior at least for societies with low diversity in different
conditions. This approach, therefore, shows a quantitative way in which to study the role played by
individual human personality and human interactions in shaping the kind of aggregate behavior observed
at a population level in social structures. This model can be used for determining social entropy, which is
a key factor in social managing operations.

Social equation of state
In physics and thermodynamics, an equation of state is a relation describing the interconnection between
various macroscopically measurable properties of a system under a given set of physical conditions. It is
a constitutive equation which relates the thermodynamic variables of pressure P, temperature T, volume
V, and number of molecules n. For a given amount of non-interacting particles contained in a system, the
thermodynamic variables are not independent quantities; they are connected by the following well-known
ideal gas law relation:9
|1
where ρ, as we have defined the ideal gas law here, is number density:

|2
or number of particles n in the system divided by the volume of the system. The development of the ideal
gas law equation, historically, followed into formulation in the three-centuries following German engineer
Otto Guericke’s invention of the vacuum pump in circa 1649, which he built during his prolonged efforts
to disprove Greek philosopher Aristotle’s nature abhors a vacuum argument.
Guericke attended the University of Helmstedt, then worked as an engineer during the Thirty Years’
War (1618–1648), and eventually became mayor of Magdeburg, a position he held for three decades
years—this period, 1648 onward was devoted to vacuum research. Guericke, in particular, devoted a
considerable portion of his spare time to experimentation and was especially fascinated with the nature of
cold. He thought: ‘could empty space exist, and is heavenly space unbounded?’11
In researching this query, he was brought into contact with German mathematical physicist Gaspar
Schott, an adherent to Aristotle’s version of the denial of the void, albeit open to new experimental
information, and ultimately and to French scientist philosopher Rene Descartes’ adherence to the ‘denial
of the vacuum’ dictum.N2 This puzzle intrigued Guericke and he went to work trying to evacuate the air
from a well-caulked beer keg, which introduced him to the sealing problem, i.e. how to make a container
air tight. After solving the sealing problem, he was said to have discovered the phenomenon of the
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compressibility of air after inventing a vacuum pump, the details of which prompted Irish inventor Robert
Hooke, under the commission of English chemist-physicist Robert Boyle to invent the pneumatical
engine, which is the experimental apparatus basis behind the penning of the various ideal gas laws. This
three-step invention transition is depicted below:
Beer Keg (c.1648)

Vacuum Pump (c.1650)

Pneumatical engine (1658)

Schematic of the three main steps in the invention of the pneumatical engine: German engineer Otto
Guericke’s circa 1648 attempt to make a vacuum in a beer keg (left), his better-sealed vacuum bulb and
mechanical vacuum pump (center),the design upon which the pneumatical engine (right), built Irish
inventor Robert Hooke, under the direction of English physico-chemist Robert Boyle, an air pump
designed to study the nature of air compression and expansion, was constructed in 1658, and used to
discover Boyle’s law, stated in 1662 as: “the pressures and expansions are in reciprocal proportion.”
The above circa 1648 depiction of two men pulling a suction pump, i.e. doing work on the body of air in
the beer keg, in an attempt to make a vacuum (inside the keg)—the experimental details of which first
being illustrated and explained, to the general public, in German physical mathematics professor Gaspar
Schott’s 1657 Mechanica Hydraulico-Pneumatica (Mechanical Air Hydraulics)—is one of the first
depictions of strong force connections between what we might call horizontal electromagnetic force—two
human molecules pulling on a suction pump—and vertical electromagnetic force (gravity)—the weight of
surrounding layer of atmosphere, piled upwards 62-miles above the keg, as is the case for all bodies on
the surface of the earth, to the Karman line earth-space boundary, where point weightlessness begins,
acting with great force to strongly hold or keep the air inside of the keg, whereby only through strong
opposing resistance can such a keg, if it were sealed absolutely, be made evacuated completely of all
atoms and molecules.
In any event, in 1658, based on these experiments and mechanical designs, the air pump was invented
by the combined effort of English physical chemist Robert Boyle and Irish engineer physicist Robert
Hooke, with which the discovered the first of the gas laws, namely that, as stated in 1662:
“The pressures and expansions are in reciprocal proportion.”
or in modern formulation:
|3
with the subscript note that particle count n and temperature T is constant. This statement and equation
soon came to be called ‘Boyle’s law’. This law is also sometimes called Mariotte’s law (or sometimes
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Boyle-Mariotte’s law), named after French physicist Edme Mariotte, who in 1676 published an essay
entitled De la Nature de l'air (The Nature of Air) in which it is said he recognized Boyle’s law, in his
statement that ‘the volume of a gas varies inversely as the pressure’.10
Whatever its namesake, this pressure-volume law is the root of the derivation attempted herein,
namely an attempt to derive a social equation of state extrapolated from Boyle’s law, or, generally
speaking, from the modern five variable ideal gas law:

approximated to model the nature of pressures (social pressures) and volumes (social volumes) in
boundary regulated social systems. Historically, before proceeding, three noted theorists to have
attempted human, human molecule, human particle, or sociological equivalent extrapolations of the
classical "ideal gas law" as models of human behavior, in the form of a "human ideal gas law" or "social
ideal gas law", include: American physicist John Q. Stewart (1947), English physicist C.G. Darwin
(1952), and English mechanical engineer John Bryant (2009).16
To get a visual conception of ‘boundary’ and ‘volume’, socially speaking, a prime example of a
boundary regulated social system, shown below right, is the Great Wall of China, a semipermeable workregulated boundary between to societies, namely the human molecules of the Chinese empire, and those
human molecules of the surrounding territory, consisting of various nomadic groups and or military
enclaves, as compared with the well-defined and studied nature of pressures and volumes in the body of
air inside Boyle’s vacuum bulb of the pneumatical engine, the glass bulb in this case being the restrictive
social boundary between the air molecules inside the bulb with those of the surrounding atmosphere,
extended upwards 62-miles in height, to the Karman line boundary of outer space, the turn-regulated
stopcock valve of the bulb being the representation of the turn-regulated gates of the Great Wall.
These two respective volumes, territory of China, inside wall, and territory of air, inside bulb, are
shown below. The center diagram, shows a small boy (right) holding a vacuumed out bulb, during one of
Guericke’s circa 1670 ‘lifting device’ experiments, wherein, when the boy connects the bulb to connector
x and then turns the stopcock—the stopcock device, this case, being the semipermeable work-regulated
part of the boundary; similar to the guard-controlled ‘gates’ of the great wall—thus releasing the vacuum,
at which point the piston is pushed down, or pulled down, depending on point of view, and the 20+ men
are jerked forward, like toys.12 This was an early demonstration of the so-called ‘power’ of the vacuum.
This is an inlet into understanding the so-called ‘power’ of various social systems:
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Left: German engineer Otto Guericke’s 1663 design—the third of his various designs—of a vacuum bulb
(top part) and vacuum pump (bottom part). Center: a circa 1670 ‘lifting device’ experiment in which a
small boy in possession of stopcock-closed vacuumed out bulb, which he can connect to a piston and
cylinder arrangement, has the miraculous power to beat a tug-of-war with 20+ men. Right: the great
wall of China, according to which the wall can be likened to the glass bulb, the guard regulated passages
can be likened to the guard-regulated stopcock, and the people or rather human molecules of China can
be likened to the air molecules inside the bulb, in various ‘states’ of pressure, or states of ‘social
pressure’, depending on context.
Based on these arguments, and using thermodynamics and or statistical mechanics, depending, as our
framework of investigation, we will make an attempt, as follows, to redefine some social variables for the
social systems in thermodynamic terms. Short statements of these redefinitions are as follows:
Term
People
Closed system

Symbol

Open system
Internal energy

U

Heat

Q

Pressure

p

Social freedom
Social excitement
Number density

V
T

Work

ߩൌ
W

݊
ܵ

Redefinition
Human molecules or surface-attached fluid-like molecules, depending.
A society defined by a boundary, permeable to energy and work, but not to
migrants.
A society defined by a boundary, permeable to energy and work, and to
migrants.
The amount of energy which is stored in a society and accounts for the
movements of people which constitutes the society.
A form of energy that is sustained by the difference of society excitement
between the two systems as a driving force.
A measure of existence of different rules, e.g. political, economic, cultural
and social rules which should be obeyed by all people in such a system to
avoid totally chaotic systems; considered as ‘social pressure’. Of course,
sometimes the pressure may be applied for the restriction of freedom by
current government systems.
Freedom of movement in society.
A measure of the society’s motivation.
Social system population per unit area.
An interaction between the system and its surroundings. This is a form of
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energy that flow between a system and its surroundings. In the
thermodynamic systems, more commonly this may be expressed as pressure
times a change in volume in the system interacting with its surroundings. In
the social systems, the work can be defined as pV which is a measure of
necessary energy for making a regular social system.
Entropy

S

Social system disorder. From thermodynamic viewpoint, it can be defined as
S  Q / T or dS  dQ / T for reversible processes. The same definition
may be used for variation of social entropy.

A human social system, in this framework, may be thus defined as a nation or any social-political unit for
this analysis. For the sake of simplicity, eq. 1, if we assume particle count n to be constant, meaning that
we defined a set number of people to the confines of our hypothetical social system, can be written in the
following form:
|4
where, using the above social variable estimation table, P is considered to be a type of social pressure, V
is considered as social freedom, in the sense that in a larger volume one has more social freedom, T is
considered to be social excitement, and RS is a social equation of state constant. The author, however, to
note, does not consider RS, as used in eq. 4, to be a general constant for various societies, on the premise
that social behavior is dependent on past transformations of the society. If the effects of culture, religion,
and history on the education process, along with behavior patterns and psychology-based personalities of
the people in the specific social system are considered, the author posits that unique equation of state
constants will be unique to each social system and obtained separately.
Based on eq. 4, using a thermodynamic approach, a symbolic expansion model is proposed in the
following form:

|5
where BT is a social excitement T dependent coefficient, which is hypothesized to have several
contributions depending on the dominant interpersonal interactions between people. For a real human

society, two kind of human interactions are dominant. The family interactions which lead to

family formation are represented by  ்ܤand social interactions are represented by ்ܤ௦ . Therefore,
for a real society, BT is separable into the two parts in the following form:13
|6
By combining eqns. 5 and 6, the social equation of state can be presented as:

|7
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For simplicity, we assume that BTf  BTs , so we have:

|8
Based on a statistical thermodynamic approach, BTs can be determined using a realistic interpersonal
potential model in a homogenous social system, u (r ) in the following form:17

|9
where r is the interpersonal personality distance, which can be evaluated by a standard personality
assessment test.9 Considering the social features, i.e., personal characteristics, culture, religion, etc., the
obtained interpersonal potential model, u (r ) can be used for derivation of the social equation of state
using eqns. 8 and 9. For a homogenous social system, however, to avoid unwarranted complications, it
proves useful to restrict our choice to the interpersonal potential models established for no more than two
independent parameters as presented in the previous work by the author.9 The proposed social equation of
state may be used for some important social characters such as social entropy.

Entropy changes for a social system
The second law of thermodynamics deduced the principle of the increase of entropy and explains the
phenomenon of irreversibility in nature. It expresses the irreversibility of actual physical processes by the
statement that the entropy of an isolated macroscopic system never decreases. In a human society, without
society’s own ability to create organized systems and sub systems, the second law predicts a chaotic
situation for human society.N3 A nation or any major political unit may be defined as a human society for
this analysis. While different rules, e.g. political, economic, cultural, and social rules are observed and
followed by the individuals within the system, the system will be orderly, ‘regular’. Although the
majority of people follow the society rules, but in different full stress situations e.g., different natural
disaster such as: flood, tornado, hurricane, volcanic eruption, earthquake, heat-wave, or landslide which it
leads to financial, environmental or human losses. In these situations normally, minority of people may
obey the society rules and this may be caused to increase the losses. Of course, sometimes the disorder is
a precise measure of expressed dissatisfaction with the society rules or the current system. Anyway the
social entropy can be considered as a realistic measure of people’s response to their situation. Therefore,
from the social management social science, the measurement of the social entropy and defining a
methodology for evaluation of the disorder in society especially in the specific conditions is very
important.
The first law of thermodynamics is the conservation of energy principle: the change in internal energy
of a system is equal to the heat added to the system plus the work done on the system:
| 10
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Differentiating we have:
| 11
where it is assumed, for the sake of notation simplicity, the reader understands that dQ and dW are inexact
differentials and that dU is an exact differential. The definitions of entropy:

| 12
and of pressure-volume work:
| 13
are then combined with eqn. 11 to yield:
| 14
whereby:

| 15
Next, Joule's second law, which states that the internal energy of an ideal gas is solely a function of
temperature:
| 16

is employed to derive an approximate formula for social internal energy, according to which,
based on Joule’s second law, this social internal energy is argued to have a proportional relation
with the excitement of society, correlated here to temperature, T which may be expressed in the
following form:
| 17
where C is a proportionality constant and with differentiation:
| 18
and with substitution in eqn. 15:

| 19
which can be integrated to arrive at a change in entropy for a real system:

Journal of Human Thermodynamics, 2013, Vol. 9

38

| 20
The first term of eqn. 20 can be determined based on the social excitement evaluation of the system which
can be achieved by a standard questionnaire and statistical analysis. For the second term, the social
equation of state and a simple graphical or numerical method can be used for the entropy calculations of
social system.
For entropy changes for a social system in full stress situations or natural disasters, we must consider
the important role of accurate prediction of entropy change especially in the different natural disaster in
disaster management processes, according to which eqn. 20 can be used for evaluating of the entropy
change. The entropy change of a social system is the difference between the final and initial states. The
initial state is considered as a hypothetical reference state (T0, P0, V0) where the entropy of the system
is zero. Therefore, using eqn. 20, the entropy change can be derived in the following form:

| 21

In the shock situation such as natural disaster, minority of people may be affected by the
personal interactions and the ideal social equation of state can be considered for the entropy
change calculations. Therefore, with substitution of eqn. 4 in eqn. 21, and with integration, we
have:
| 22
according to which the first and second terms refer the effect of social excitement and the social freedom
respectively. In the shock situation, the social excitement is very high especially in the first hours or days
after disaster events. Therefore, the social freedom should be reduced by different management and
controlling policies. This may be achieved by applying different social crisis rules as the social pressure
for the control and decreasing of the social entropy.
Conclusion
A new approach to social system behavior has been developed. In this work, based on physicochemical theories, the molecular model has been used for prediction of human society behavior. The
proposed social equation of state (eq. 8) describes the relation between social ‘pressure’, ‘freedom’, and
‘excitement’, which are here hypothesized as a measure of different social rules, individual rights and
people motivation respectively. The ideal social equation of statek which is proposed for non-interacting
social system, is extended to real social system containing interacting people. The human interactions
including the strong family interactions and usual social interactions are considered for the real social
system modeling. The proposed social equation of state is used to evaluate the social entropy changes.
According to the results, the social entropy change is related to the social excitement and degree of
freedom.
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Notes
N1. (a) All life-terms, e.g. bio-, living, alive, etc., and their antonyms, e.g. dead, death, non-life, etc., per
2012-initiated JHT life terminology upgrade protocol—typified by the keen discernment that: “chemistry
does not know the word life” (Charles Sherrington, 1938)—have been editorially redacted and or
clarified with brackets into the chemical thermodynamically ‘neutral’ terminology. Defunct terms, such
as ‘plant life’ and ‘animal life’, e.g., have been rephrased as CHNOPS+ systems or molecules,
respectively; defunct process conceptions such as ‘birth’ and ‘death’, e.g., have been redacted into the
chemically-neutral equivalents of synthesis and analysis, respectively, as shown below—terms
applicable hydrogen to human:

The following, e.g., shows the old and now defunct 2000 Merriam-Webster Collegiate Dictionary
definition of a human as compared to the new and accurate chemical thermodynamically neutral 2011
Advanced Engineering Thermodynamics textbook definition of a human (citation: Libb Thims, 2002),
shown with the "Hu" human element symbol over the baby, the difference between the two being that
the term "living" is not found in the latter:14
Human definition

Date

Source

2000

Merriam-Webster
Collegiate Dictionary

“A bipedal primate mammal (Homo sapiens);
broadly : any living or extinct member of the
family (Hominidae) to which the primate belongs.”
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“A 26-element energy/heat driven dynamic atomic
structure.”

40

2011

Advanced Engineering
Thermodynamics

(b) eoht.info/page/Life+terminology+upgrades
(c) eoht.info/page/Defunct+theory+of+life
N2. A large portion of the article was strengthened with additional clarification, support, and or
historical background, by JHT editor Libb Thims, to facilitate the readability of the argument being made.
N3. (a) This is the author’s personal speculation; based generally on the Helmholtz 1882 magnitude of
entropy equals measure of disorder model. The statement: “second law predicts a chaotic situation for
human society”, is a reinterpretation of the original Clausius statement that “second law predicts that
transformation will tend to increase, reaching a maximum at equilibrium.”
(b) eoht.info/page/Disorder
(c) eoht.info/page/Prediction
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