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produced. The more the heat engine works, the more entropy it will 
produce.13  

If heat flows from a warmer object to a cooler object (where no engine is 
involved), no work results, but entropy is still produced (or you could say 
that the entropy of the system under consideration increases). Thermal 
conduction itself results in lots of entropy production but little work. A 
thermal conductor can be thought of as a lazy heat engine. Chemical 
reactions, such as burning coal and oil or metabolizing sugars also results in 
entropy production. The Second Law of Thermodynamics states that overall 
entropy (of an entire system) will tend to increase. 

 

3.2.3 Ways Entropy Increases 
 

There are commonly several situations where entropy increases. When heat 
flows result in no work, or less than the Carnot ideal, entropy increases. 
Many chemical reactions result in increases of entropy, such as when 
gasoline is combusted to propel an automobile. Entropy is increased when 
substances become more mixed even where no chemical reaction occurs, 
such as when helium and neon gasses become mixed together. 

 

3.2.4 Cosmological Perspective 
 

In Chapter 2, contrasting cosmological trends were identified. The Second 
Law requires that the total entropy of the universe must increase over time.14 
Yet, the expansion of the universe result in decreasing, not increasing, mean 
entropy density of the universe. These two trends are not inconsistent. Total 
entropy of the universe is indeed increasing, but it is being spread out more 
quickly than it increases.15 
 

Yet, locally, gravity pulls together matter and produces local regions of 
higher entropy such as stars and planets. So really, there are several 
contrasting trends. The total entropy of the universe increases. Yet as the 
universe expands, the mean entropy density decreases. Nevertheless, locally, 
gravity may result in local clumps of high entropy. Then, eventually the 
entropy of those clumps dissipates into the surrounding universe. 

 

                                                
13 In theory, a heat engine is not required to produce entropy if the temperature of the cold region is absolute 
zero (which is about – 273° C). In practice, such a low temperature is physically impossible. 
14 Such a trend extrapolated into the distant suggests that the universe will die a classic heat death, in which 
no work or life is possible. 
15 As long as this continues to be the case, reports of the universe’s impending heat death may be greatly 
exaggerated, or at least further off than once thought. 
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3.2.4 Controversy 
 

The First and Second Laws of Thermodynamics are well accepted by nearly 
all physicists, at least as far as the examples stated in this chapter. Yet, the 
First and Second Laws are sometimes rejected by many non-physicists.16 The 
author has observed that such rejections are typically upon philosophical 
grounds, or are based upon examples that consider only part of a system 
rather than a whole system. 

However, if you can locate those people, it is frequently possible to make 
money by selling them investment opportunities in super-efficient energy 
technologies. Energy technologies that violate the First and Second Laws of 
Thermodynamics can always outperform those that obey these laws, at least 
on paper, and therefore show a superior financial return. The author has 
known several such investors who have continuing high hopes and equally 
high tax write-offs. 

This book completely accepts the First and Second Laws of 
Thermodynamics. However, the following chapters will move beyond what 
is well accepted, even by physicists. The following material has not been 
disproved, but rather has rarely been considered, or considered in different 
terms. 

 
 

 

                                                
16 But see Georgescu-Roegen, N., The Entropy Law and the Economic Process. Harvard University Press, 
1971. Georgescu-Roegen asserted that the Second Law of Thermodynamics applies to economics and 
consequently, economic processes are irreversible. An example of a physical irreversible event is tearing 
apart a sheet of paper, since when the pieces are held together they do not recombine. Since the Second Law 
of Thermodynamics is so linked to irreversibility, it has been poetically termed the “arrow of time” and there 
is even a related book of that title. 
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C H A P T E R 

4  
 

Fast Entropy and the eth Law 
 

 
Chapter 4 introduces the eth Law of Thermodynamics, also known more 
colloquially as the Second and A Half Law of Thermodynamics, or more 
descriptively as Fast Entropy. (Here, “e” represents the transcendental 
number e, which is about 2.718.  The number e fits nicely between Laws 2 
and 3 of Thermodynamics and expresses the importance of the e th Law in 
numerous cases of exponential growth.) 

Physics is a relatively clean subject. Physics is not as pure as 
mathematics. However, the motions and behaviors of subatomic particles 
exhibit a beauty and perfection reminiscent of the celestial spheres of the 
ancient Greeks. Newton’s Three Laws likewise brook no ambiguity, and 
describe a precise ballet of mechanical motion in the vacuum of the planetary 
heavens. 

With this cleanliness in mind, physicists tend to consider thermodynamic 
systems in terms of before and after a change. The state of a system in terms 
of entropy, temperature and other quantities is compared before and after a 
change, such as heat flow or the performance of work. By doing so, it is 
possible to neglect the amount of time required for thermodynamic changes 
to take place. This works well in physics, and the First and Second Laws of 
Thermodynamics typically suffice. 

However, much of the world is a mess and frequently must be studied in 
less than ideal conditions. Further, in the fields of Physical History and 
Economics, time is of the essence. Utopian idealism aside, how long changes 
take can make all of the difference in societies. For example, people can’t 
wait forever to be fed and late armies will often lose wars. 

The element of time must be introduced in order to apply 
thermodynamics to social science, which is the thrust of this entire book. 
This chapter will do so. 

 

4.1 Introduction 
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Fast entropy can be used as a unifying principle among both the physical and 
social sciences. Fast entropy has application to applied and professional 
fields as well. A better name for fast entropy could be the “e” th Law of 
Thermodynamics, or more simply, the Second and A Half Law of 
Thermodynamics.  

The eth Law of Thermodynamics states that a system will tend to 
configure itself to maximize the rate of entropy production.17 

 

4.1.1 Heat flow through a thermal conductor example  
 

Actually, most introductory physics textbooks do have an example 
concerning thermodynamics that involves time.18 Picture a simple example 
concerns a thermal conductor through which energy flows from a warmer 
reservoir to the cooler reservoir. The term reservoir here refers to a body 
whose temperature remains constant regardless of how much heat energy 
flows in or out of it. 19 

Heat flow through a thermal conductor is proportional to the area of the 
conductor as well as its thermal conductivity. More heat will flow through a 
broad conductor than a narrow one. Also, more heat will flow through a 
material with a high thermal conductivity such as aluminum than through one 
with low thermal conductivity such as wood. Heat flow is inversely 
proportional to the conductor's length. Thus, more heat will flow through a 
short conductor than a long one. 
 

Heat flow is also proportional to the difference in two temperatures that 
the thermal conductor bridges. This difference in temperatures has nothing to 
do with the conductors themselves. A greater temperature difference will 
provide a greater heat flow across a given conductor, regardless of the 
characteristics of that conductor. 

 
Equation for heat flow through a conductor: 

                                                
17 However, the behavior of systems the atomic level can vary from that discussed in this chapter. 
18 One can infer the passage of time by multiplying the calculated heat flow by time. However, this is 
example is not really time dependent. The heat flow remains constant regardless of how much time passes in 
this idealized example. It is nevertheless a good approximation for many real situations. 
19 Heat flow is also proportional to the difference in two temperatures that the thermal conductor bridges. 
This difference has nothing to do with the conductors themselves. Heat flows through a thermal conductor in 
proportion to the area of the conductor as well as its thermal conductivity. More heat will flow through a 
broad conductor than a narrow one. Also, more heat will flow through a material with a high thermal 
conductivity such as aluminum than through a material with low thermal conductivity such as wood. Heat 
flow is inversely proportional to the conductor's length. More heat will flow through a shorter conductor than 
a long one. This is known as Fourier’s heat conduction law  
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Q = constant x (area/length) x (1/temperature difference) 

 

Electrical engineers will find this equation similar to an arrangement of 
Ohms Law, where electric current is proportional to voltage divided by 
resistance (I = V/R). 

This equation states how much heat will flow through a conductor, 
assuming the temperature difference remains constant. So once again, we 
face an example that is time insensitive, but it provides a reasonable starting 
point. 

 

4.2 Recalling The Second Law of Thermodynamics 
 

The Second Law of Thermodynamics states that the universe is moving 
towards greater entropy. Stated another way, the entropy of an isolated 
system shall tend to increase.20 A corollary is that a system will approach a 
state of maximum entropy if given enough time. A system in a state of 
maximum entropy is analogous to a system in equilibrium. 

However, neither law nor corollary describe the rate at which entropy 
shall be produced, nor how long it would take a system to produce maximum 
entropy. 

 

4.3 The eth Law—Fast Entropy 
 

The author has proposed21 that the Second Law can be extended by stating 
that not only will entropy tend to increase, but also it will tend to do so as 
quickly as possible.22 In other words, entropy increase will not happen in a 

                                                
20 A more precise definition is that “any large system in equilibrium will be found in the macrostate with the 
greatest multiplicity (aside from fluctuations that are normally too small to measure).” D. Schroeder, An 
Introduction to Thermal Physics.  San Francisco: Addison-Wesley, 2002.   
21 This proposed extension was anticipated in a talk given by the author to a COSETI conference (San Jose, 
CA, Jan. 2001, SPIE Vol. 4273), was presented at a talk entitled Hurting Towards Heat Death (Sept. 2002) 
and appeared in the Fall 2003 issue of the North American Technocrat. Subsequent to this proposal, the 
author has observed that a form of this extension is already in use by astrophysicists and meteorologists. 
When modeling atmospheres, their models will tend to choose the form of energy transfer that maximizes 
heat flow, such as convection versus conduction or radiation. See B. Carroll and D. Ostlie, An Introduction to 
Modern Astrophysics, 2nd Ed., Pearson Addison-Wesley, 2007, p. 315. 
22 The Second and A Half Law is not well known and therefore is neither generally accepted nor rejected by 
most physicists. Although the Second and A Half Law is fairly consistent with standard physics, it is 
primarily intended for use in the applied physical sciences and the social sciences.  There is some possibility 
that this proposed law is flawed. However, it has some merit and is somewhat better than what we have 
without it. 
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lazy, casual way. Rather, entropy will increase in a relentless, vigorous 
manner.  The author calls this extension the eth of Thermodynamics23 or, 
more simply, the Second and A Half Law of Thermodynamic, or more 
descriptively, Fast Entropy. A more precise statement of the eth Law is that 
"entropy increase shall tend to be subject to the principle of least time." The 
eth Law gives teeth to the Second Law. It will need those teeth in order to be 
useful for the social sciences.  

Really, though, the eth Law is already widely practiced astrophysicists 
and atmospheric scientists. Whether a stellar or planetary atmosphere tends 
to convect or radiate depends on which results in the greatest heat flow. The 
maximization of heat flow results in the maximization of entropy increase, so 
this scenario represents the eth Law in action. 

Fast Entropy can be used as a unifying principle among both the physical 
and social sciences. Fast entropy has applications to applied and professional 
fields as well.  

 

4.4 More Precise Statement of eth Law 
 

The eth Law needs to be stated more precisely to be of much use. A more 
precise statement is that "entropy increase shall tend to be subject to the 
Principle of Least Time." The Principle of Least Time is a general principle 
in physics that applies to diverse areas such as mechanics and optics. Snell’s 
Law of Refraction is an example. 

 

4.5 Physical Examples 
 

Neither the eth Law nor Fast Entropy will be found in a typical physics 
textbook, although it could said to fall under non-equilibrium 
thermodynamics or transport theory discussed in some texts. Fast Entropy 
involves an element of change over time that can involve challenging 
mathematics and measurements. Nevertheless, a few simple examples can be 
offered to support the validity of Fast Entropy. 

One example is heat flow through two parallel conductors each bridging 
the same two thermal reservoirs (Figure 4-1). No matter what area, materials 
or other characteristic comprise each of the conductors, the percentage of 
heat that flows through each conductor is always that which maximizes total 
heat flow. In this case, when total heat flow is maximized, so to is entropy 
production maximized. 

                                                
23 As stated above, e in eth law referring to the transcendental number e, that is 2.718. 
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FIGURE 4-1 Parallel heat conductors 

 

Another example is heat flow through conductors in series between a 
warmer and cooler heat reservoir (Figure 4-2). This example replicates the 
classic demonstration the applicability of the Principle of Least Time in 
optics (Snell’s Law), but using thermal conductors in place of refractive 
material, and replacing the entrance point of light with a contact point with a 
warmer reservoir and the exit point of light with a contact point with a cooler 
reservoir.  

 

 
FIGURE 4-2 Heat conductors in series 

 
While heat flow tends be a nebulous affair, the path of maximum heat 

flow can nevertheless be ascertained. This can be accomplished by noting 
perpendicular paths to isotherms indicated by placing temperature sensitive 
color indicator film upon the conductors (Figure 4-3). The greatest color 
change gradient represents the path of maximum heat flow. Observations 
show that the path of maximum heat flow is consistent mathematically with 
Snell’s Law (which is based upon the principle of least time but usually 
reserved for light rays). This example is admittedly bush-league, yet it is 
reasonably easy to replicate.  
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FIGURE 4-3 Heat conductors in series with isotherms 

 
A third example is well known to atmospheric scientists. Here, in an 

atmosphere where heat is flowing from a warm planetary or stellar surface, 
whether thermal radiation or conduction will occur tends to be dependent 
upon whichever produces the greatest heat flow. Whichever produces the 
greatest heat flow tends to produce the entropy most quickly. 

 

 
4.6 A Heat Engine and Limited Reservoirs 
 

A system that has pure physical aspects as well as social aspects is that of the 
engine. The Second Law of Thermodynamics tells that even the best engines 
will produce entropy along with work. No engine can produce work alone. 
(Thermal conduction itself results in lots of entropy production but little 
work). 

 

FIGURE 4-4 Simple heat engine 

A simple heat engine is shown here. Most technical details have been 
omitted. Here, a tank of water that is presumably heated into high pressure 
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steam by a flame or other energy source. The tank contains a piston that 
converts some of that heat energy into a cyclic in-out motion that represents 
work done upon a load, here represented by the wheel. The little puffs of 
steam represents the waste heat. 

Heat engines need to work between warmer and cool heat reservoirs.  
Warmer heat reservoirs can be flames, hot air or steam, for example. Cooler 
heat reservoirs can be ice, cold air or cool water, for example. Air at room 
temperature can serve as either kind of reservoir depending on how hot or 
cold the other reservoir is. 

Here we see a heat engine working between a warmer reservoir and a 
cooler reservoir (fig. 5-5). Warmth is represented by redder shading (in your 
version is in color) and greater height. The redder and higher the warmer heat 
reservoir, the hotter is it. Conversely, coolness is represented by bluer 
shading and lower height. The bluer and lower the cooler heat reservoir, the 
colder it is.  Our heat engine begins operating between a quite hot and a quite 
cold reservoir as shown here (Figure 4-5) 

 

 
FIGURE 4-5 Heat engine operating between thermal reservoirs 

 

As the heat engine continues to operate, the warmer heat reservoir 
becomes less hot and the cool reservoir becomes less cold (Figure 4-6). 

 

 

FIGURE 4-6 Thermal reservoirs partially depleted 
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FIGURE 4-7 Thermal reservoirs completely depleted 

 

Eventually, both the warmer and cooler heat reservoirs reach the same 
temperature (Figure 4-7).24 When this happens, no more work is possible. 
The heat engine is no longer operable.  

 

4.7 A Heat Engine Begetting Heat Engines 
 

The work done by heat engines can be used for human activities.  Part of 
it can be used to maintain the heat engine. More significantly, part of the 
work can go to build additional heat engines. These additional heat engines 
can produce more work to produce even more heat engines. This idea is 
pictured here (Figure 4-8). The growth of heat engines is then exponential, at 
least until limiting factors come into play. This is a key point.  Because heat 
engines can beget heat engines, an exponential increase in entropy can take 
place 

 

 

                                                
24 At this point, the reservoirs are said to be in thermal equilibrium. 
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FIGURE 4-8 Heat engines begetting heat engines 

 

Here, entropy production is proportional to the quantity of heat engines.  
Fast entropy favors exponential growth in entropy production, so fast entropy 
favors the "spontaneous" appearance and endurance of heat engines. Under 
the Second Law alone, the spontaneous appearance of a heat engine is 
possible, but improbable. Fast entropy then utilizes those improbable 
appearances to create self-sustaining, exponentially growing systems. 

 

 

4.8 Applicability of Fast Entropy to Life and Social Sciences 
 

If Fast Entropy is a fundamental tendency in physics that especially applies 
to living organisms, life would have evolved to produce entropy in a manner 
consistent with the Principle of Least Time. Evolution is quite similar to 
statistical mechanics.  It finds the answer it is seeking by rolling the dice an 
unimaginable amount of times. Statistical mechanics, including 
thermodynamics, operates most reliably upon systems of many components. 
Evolution likewise requires a sufficiently high population to operate upon. 
Endangered species are especially at risk, because their populations often 
become to small to support the evolution of that species, making it especially 
vulnerable to change. Evolution is whatever survives the "dice throwing" in 
response to environmental change. Successful mutations out survive non-
mutants and other mutations to multiply and dominate their environment. 

In thermodynamics, the Second Law statistically allows small regions of 
lower entropy. Most of these regions will quickly disappear due to the 
random motion of molecules.  However, a rare few of these regions, by pure 
statistical chance, will be able to act as heat engines and will increase overall 
entropy (despite their own lower entropy). If these rare, entropy-creating 
regions can reproduce, then they will be favored by fast entropy, and will 
come to dominate their region. Certain chemical reactions are examples, and 
from chemistry comes life. 

So then, life can be viewed as a literal express lane from lower to higher 
entropy. Although living organisms comprise regions of reduced entropy, 
they can only maintain themselves by producing entropy. Life has produced 
a diversity of organisms in order to maximize entropy production with 
respect to time. For example, if one drops a sandwich in a San Francisco 
park, a dog will rush by to bite off a big piece of the sandwich, then the large 
seagulls will tear away medium sized pieces to eat. Smaller birds will eat 
smaller pieces, and injects and bacteria will consume smaller pieces yet. If 
only one or two of those organisms existed, some of the pieces or certain 
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sizes could not easily be consumed. If they couldn't be consumed, they could 
not be used to increase entropy. 

Humans are living organisms and do their part to contribute to 
maximizing entropy production with respect to time. In fact, the more 
complex, structured and technologically advanced human civilization 
becomes, the faster it creates entropy. It is true that cities and technology 
themselves represent regions of lower entropy, but only at the cost of 
increased overall entropy. 

 

4.9 Further Applications 
 

There are both physical and social applications for Fast Entropy.25 Physically, 
Fast Entropy might be used to improve heat distribution and removal. 
Socially, Fast Entropy drives Hubbert Curves. Further, Fast Entropy might be 
used to determine key parameters of Hubbert curves and constraints upon 
them.   

Fast Entropy analysis requires that some indication of entropy production 
with respect to time be determined. An exact determination might prove to be 
difficult, but comparisons of entropy production are easier. For example, if 
people consume a known mean number of calories, then the more people a 
regime has, the more entropy it produces. Most historic regimes have a 
sufficiently low level of technology that this type of analysis is quite 
practicable. 

 

4.10 Conclusions and Future Research 
 

Fast Entropy can be used in history as a criterion of success for a regime. 
Was a regime overtaken by another regime that was able to produce more 
entropy more quickly? In economics, Fast Entropy can be used to study the 
progress of a regime along its Hubbert curve, and infer factors such as 
efficiency, economic centralization and wealth distribution. Fast Entropy can 
be a power tool for the analysis of proposed social policy. However, an 
important issue to be investigated is whether and how the value of entropy 
production needs to be weighted with regards to its distance in time. 

                                                
25 Psychologist and musician Rod Swenson had proposed some elements of this, perhaps as early as 1989. He 
suggested that a law of maximum entropy production could apply to economic phenomena. 
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5 
 

Formation and Endurance of Life 
 

 
Chapter 5 discusses the formation of living organisms as a consequence of 
Fast Entropy. 

 
5.1 Recall the Contrasted Universe 

 

Recall that due to expansion, the universe has become much cooler and 
darker over time. In fact, the typical temperature of the space between stars is 
nearly absolute zero. We have learned that heat energy tends to flow from 
warmer places to cooler places, as systems attempt to move towards thermal 
equilibrium (that is, until their temperatures are the same). Space is much 
cooler than stars, so energy tends to flow from within stars out into space. 
This is why we see stars shine.26  

Planets are typically much cooler than stars. In fact, the temperature of a 
geologically dead, barren rocky planet would be about the same as space, 
that is nearly absolute zero. Shaded areas of moons and planets that lack 
atmospheres quickly drop to near zero. The side of the planet Mercury that 
faces away from the sun is such an example. 

Yet planets orbiting around a star receive a significant continuing dose of 
energy in the form of light emitted from that star that then warms up the 
planet. The planet then becomes warmer than space, and so then the planet 
must start shedding energy into space. For example, the Earth receives 
significant amounts of sunlight that warms the earth. The Earth must then 
shed some of the energy into to attempt to move towards thermal equilibrium 
with space.27 

                                                
26 That humans should have developed eyes that are particularly sensitive to the peak wavelengths 
emitted from the star our planet orbits should not be surprising. 
27 As long as the sun shines upon the Earth, the Earth will not reach thermal equilibrium with 
space. This continuing energy flow between the sun and the Earth maintains a continuing 
potential. 
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5.2 Heat Engine Analogy to Life 
 

Recall the heat engine example. A heat engine bridges a temperature 
difference. Heat flows across that difference through the heat engine. Some 
of that heat energy is converted to work while the rest is exhausted as waste 
heat. Entropy is produced while the engine continues to function. 

Part of the work done by a heat engine can be used to maintain that heat 
engine. More significantly, part of the work can go to build additional heat 
engines. These additional heat engines can produce yet more work to 
produce even more heat engines. The growth of heat engines is then 
exponential, at least until limiting factors come into play. This is a key point. 
Because heat engines can beget heat engines, an exponential increase in 
entropy production can take place. 

Here, entropy production is proportional to the quantity of heat engines. 
Fast entropy favors exponential growth in entropy production, so fast entropy 
favors the "spontaneous" appearance and endurance of heat engines. Under 
the Second Law along, the spontaneous appearance of a heat engine is 
improbable but possible.28 Fast entropy then utilizes those improbable 
appearances to create probable, self-sustaining, exponentially growing 
systems. Some of those systems have developed into what we call life. 

 

5.3 Formation of Life 
 

5.3.1 Steps  
 

The motion of atoms and small molecules in a liquid or gas is nearly random. 
The statistics of these particles is known as statistical mechanics, or more 
traditionally, thermodynamics. The formation of life from this random 
motion involves several steps. 

1. Microscopic structures frequently appear by random chance. For 
example, atoms can combine to form molecules, and some molecules 
combine form to larger molecules.  

                                                
28 I. Prigogine has proposed that dissipative structures can appear that increase entropy production. In his 
terminology, living organisms can be viewed as dissipative structures. Astrobiologist J. Lunine has 
paraphrased Prigogine’ s finding as follows: “complicated systems that are held away from equilibrium and 
have access to sufficiently large amounts of free energy exhibit self-organizing, self-complexifying 
properties.” (J. Lunine, Astrobiology, A Multidisciplinary Approach. Peason Addision Wesley, 2005).  
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2. Even more complex microscopic structures occasionally appear by 
random chance.  

3. Some very complex microscopic structures form. Some of those forms 
will be durable.  

4. Some of those durable structures will be self-replicating. (Or they will 
be replicated by environment such as by catalysts). Such structures can 
be defined as the simplest form of life. 

5. Durable, self-replicating structures that degrade energy more quickly 
than their environment will be more probable (they will be favored under 
the principle fast entropy). Free energy will tend to be degraded through 
these structures.  

6. Where frequent chemical reactions can take place, where they can be 
durable and where there is an available source of free energy (such as 
from a thermodynamic potential), then the existence of the most basic 
life forms (as defined above) will approach being a certainty, given the 
passage of sufficient time.  

 
 

5.3.2 Voila!  
 

Once these steps have occurred, life has developed. One can view life as the 
residue of random action subjected to the principle of fast entropy. 



Physical History and Economics —Statistical and Evolutionary Intelligence 31 

C H A P T E R 

6 
 

Statistical and Evolutionary 
Intelligence (Random Intelligence) 

 
 

Reproducing molecules are a far cry from the complex genetic machinery of 
the living cell. Yet, Chapter 6 explains how Fast Entropy results in the 
development of a form of random intelligence known as evolution. 

 

6.1 Random Action Recalled 
 

Random action involves a statistically significant amount of actors that are 
free to behave independently of each other in at least one way.  

One example of random action would involve the roll of a dice. The 
results of a large number of rolls should be random. Another example of 
random action is the movement of molecules in a gas. Even though the gas 
may have an overall motion, such as in a gust of wind, the individual 
molecules may be moving in absolutely any direction. Molecules moving 
about in a liquid may be a reasonable representation of random movement. 

 

6.2 Steps in the Development of Random Intelligence 

 

1. Random action can “figure out and solve” some problems. Recall the 
parallel conductor example, where the correct proportion of heat flow 
through each conductor was channeled through each conductor to maximize 
free energy degradation. The combination of the random actions of many 
tiny particles29 within the conductors effectively figures out how to solve this 
problem and maximize entropy production. 

                                                
29 Typically electrons, if the conductors are metals. 
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The term “random action intelligence” may seem an oxymoron. Perhaps 
a more appropriate sounding term would be “dumb luck” or to refer to the 
proverbial monkey at a typewriter who eventually pounds out Shakespeare. 
Yet, the term “dumb luck” here is not accurate. In reality, random action is 
not quite random. There are slight asymmetries in the distribution of 
behavior. It is the combination of these asymmetries along with large 
numbers of nearly random acting actors (such as particles) that produces the 
intelligent result.  

2. Some of the durable complex structures (see Chapter 5) developed into 
RNA30 and (most likely later) DNA31 and represent the genetic code and 
operating instructions for all known living organisms.  

3. RNA and DNA mutations may themselves involve a significant 
component of random chance in forming mutations. (Naturally occurring 
radiation, itself a random phenomena, may have played a role in this).  

4. Most RNA and DNA mutations are of no known consequence, and most 
others will be detrimental and even fatal.  

Neutral changes will be passed on but not favored.  

Detrimental changes will be disfavored and less likely to be passed on.  

Positive changes will be favored and be more likely to be passed on.  

5. Therefore, the mutations of RNA and DNA can be viewed as a form of 
random intelligence. Essentially, nature throws the dice again and again until 
it gets to solve problems (such as maximizing entropy production), if given 
enough time. This process is commonly known as evolution. Typically 
considerable time is required.  

Fast entropy represents an asymmetry that tilts the random mutations of 
RNA and DNA in favor of maximizing entropy production. Therefore, the 
desire to maximize entropy production is essentially the driving desire of 
each one of our cells. Yet remember, what matters is the maximization of 
entropy by an entire system. Cells within multi-cellular organisms have 
specialized. So each such specialized individual cell will act in a manner to 
maximize entropy production by the organism (or some larger system), and 

                                                
30 More fully known as ribonucleic acid. RNA is involved in the synthesis of proteins, that in turn 
form much of the structure and processes of cells. 
31 More fully known as deoxyribonucleic acid. DNA encodes genetic information that is vital for 
cell and organism reproduction.  
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not necessarily in a manner to maximize entropy production as an individual 
cell. 
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7 
 

Smarter Intelligence 
 
 

In Chapter 4, the random action of microscopic particles and energy 
reactions acted as a “brain” to “figure out and solve” problems such as 
degrading free energy more quickly. Evolution (the random mutation of 
RNA and DNA) acts to figure out problems related to the endurance of more 
complicated life, typically requires considerable time. If faster energy 
degradation is favored, then it is conceivable that faster means of problem-
solving and intelligence will have developed. Chapter 7 discusses how Fast 
Entropy encourages the formation of more powerful, efficient forms of 
intelligence. 

 
7.1 Random Action Considerations 
 

Random action intelligence uses considerable amounts of time and is 
relatively inefficient. Evolution can take many millions of years to solve 
problems and can result in incomprehensibly large amounts of wasted 
mutations. 

 

7.2 Chemical Signaling  

 

Even simple living organisms have developed chemical signaling that can 
respond to internal and environmental changes, such as the need for a cell to 
absorb more oxygen within seconds as compared to millions of years for 
evolution. Chemical signaling may be sufficiently quick to help an organism 
decide to move out of the sunlight into shade to keep from overheating. 
However, chemical signaling may itself be dependent upon evolution to 
adapt the way it functions, so its short-term abilities apply to only a range of 
situations, and cannot easily keep pace with unprecedented environmental 
changes.  
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7.3 Nervous Systems 

 

Nervous systems are electric networks in more complex, multi-cellular 
organisms. They can perceive and relay information nearly instantaneously 
across many cells, and so they can make decisions quickly. Yet, their 
reactions are in the form of reflexes, so that their problem-solving is quite 
limited and inflexible.  

 

7.4 The Development of Brains and Bigger Brains 

 

Nervous systems can further develop so that they can be partially controlled 
and operated by a computing organism known as a brain. Nervous system 
brains have formed that can make decisions quickly. Such brains can change 
the way in which decisions are made and make more complicated decisions. 
Further, brains can learn, and so are more quickly adaptable. The formation 
of such brains is favored to the extent that they improve endurance of their 
entropy-producing species. Species with bigger brains displace other groups 
of less brainy organisms who degrade free energy less quickly, so there is a 
thermodynamic push for brain size and capability to grow. 

 

7.5 Characteristics of Brains 

 

The simplest brains, such as of a worm or insect, follow regular patterns 
of decision making that vary relatively little among members of a species 
(although there is some variation). However, even for the simplest of 
organisms that possess a brain, changes in environment and physical 
characteristics will provide a large range of actions. Imagine a fly deciding 
which direction to fly. Wind direction and the presence of predators can be 
from any direction, and so the fly may decide to fly in any direction. Yet, an 
individual brain does not appear to make decisions randomly, but rather it 
tends to act in particular ways with patterns of reaction These traits are often 
called habit and stubbornness.  

The more complex a brain, the greater flexibility it has to vary its 
decisions from those of other members of its species. Memory becomes more 
consciously accessible. Processing becomes more sophisticated. For 
example, a simple nervous system may respond to one-dimensional changes 
of light intensity. A sudden change in light might cause a jerking reaction, 
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which may be sufficient to escape from a predator. However, a brain may be 
able to organize sensations of light and recognize images. Predator versus 
prey can be distinguished visually. Plans for hunting or escape can be 
devised and improvised. Certain types of problems can be solved more 
quickly or with greater sophistication.  

Further, organisms with brains have more complicated social 
interactions, particularly with members of its own species. Brains allow 
organisms to differentiate between other members of its species, so that 
organisms become individual, rather than just another member of their 
species. Preferences, grudges and hierarchy can be formed, organized and 
remembered. 

So the development of nervous systems allow living organisms (and by 
inference nature) to solve numerous problems of entropy maximization much 
more quickly than they could have been solved by mere random intelligence. 
Therefore the formation of such “smarter” intelligence is favored under the 
principle of fast entropy. For example, the human brain learned how to make 
and master fire, which more quickly produces entropy from materials such as 
wood than mere rotting. The human brain’s next type of solution, 
civilization, would really put entropy maximization into the fast lane. 
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C H A P T E R 

8 
 

Development of Civilizations 
 

 
Chapter 8 discusses how Fast Entropy leads to the development of 
civilizations. 

 

Introduction 
 

Fast Entropy explains the development of civilizations. Societies involve 
collective action between individual organisms such as individual humans 
that tends to increase entropy production by increasing efficiency or 
accessing otherwise inaccessible free energy. Civilization tends to further 
involve centralization and coordination that even further increases efficiency 

 

8.1 From Brains to Civilization 

 

1. Although brains do not make random decisions, a collection of brains can 
exhibit nearly random behavior. Recall that even the simplest brains provide 
a large range of actions in response to environmental factors. Further, the 
more complex a brain, the greater flexibility it has to vary its decisions from 
those of other members of its species.  

Admittedly, diverse action is not necessarily purely random. Certainly, 
brains of a particular species will tend to exhibit similar responses to certain 
types of events, to the extent that brains are an artifact of evolution. This can 
be thought of as evolutionary “inertia”. Further, an individual brain does not 
appear to make decisions randomly, but rather it tends to act in particular 
ways with patterns of reaction. These traits are often called habit and 
stubbornness.  

Nevertheless, despite the particular habits and stubbornness of individual 
brains, a collection of brains, especially the highly developed brains of 
humans, act in many different ways. For some purposes, a large of 
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collections of brains produces a roughly random set of reactions.  (Although 
for other purposes, brains make very similar decisions, such as where 
“swarm logic” applies). Random types of decisions can be modeled 
statistically, in some ways even thermodynamically. In fact, the random 
aspects of brain decision-making can be used to give predictability to social 
models.  

2. Fast entropy still favors the more rapid degradation for free energy.  
Although an individual brain can make decisions that are highly 
unencumbered by the considerations of fast entropy, there will still be the 
subtle pressure of fast entropy on each deciding brain.  Therefore a collection 
of brains will, everything else being equal, tend to make decisions that are 
consist with more rapidly degrading energy. Otherwise, the collection of 
brains may lack endurance, especially when there are other competing 
collections of brains.  

3. Civilization tends to act to more rapidly degrade free energy. It forms 
organization and develops technology. In fact, civilization often replicates 
biological structures that themselves increase entropy production. Roads and 
railroad lines are analogous to blood vessels. Telephone and internet lines are 
analogous to nerves. 

4. Civilized, more organized groups of people (who degrade free energy 
more quickly) tend to displace other groups of less civilized, less organized 
groups of people who degrade free energy less quickly. This there is 
thermodynamic pressure to become more and more civilized. The term 
civilization refers to developing a complex, organized, technologically 
capable society rather than polite “civilized” behavior. For example, having 
the complex social structure required to build a nuclear weapon would be 
considered being civilized here, while merely wiping ones mouth with a 
napkin after dinner would not, although those traits often do go hand in hand. 
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C H A P T E R 

9 
 

The Emergence of Regimes 
 
 

Chapter 9 discusses how Fast Entropy leads to the formation of dynasties or 
regimes. Within the background of a civilization developing over the 
millennia, it is often possible to degrade energy even more quickly even 
given current types of organizations and technology for a particular area. 
Hence, regimes form to more quickly bridge the potential  (just as a 
convection bubble forms in a boiling pot of water). Regimes result in more 
rapid degradation of energy than a more static society.  

Each regime has a lifecycle, but is not a true cycle. A regime is similar to 
an individual biological organism than a swinging pendulum. A regime is 
born, endures for awhile, then dies. A new regime will not necessarily follow 
an old one, or might not immediately appear. Yet regimes will continue to 
form as long as there exists a potential that cannot be more quickly bridged 
by other means.  

 

9.1 Exponential Growth Revisited 
 

A new regime will tend to experience exponential growth. A chief 
characteristic is that growth feeds even more growth, resulting in an 
increasing rate of growth. Increases in population and consumption can 
become explosive. Nevertheless, the growth rate in early stages tends to be 
relatively flat, while the growth rate later on tends to be relatively steep. In 
reality, the change between "flat" and "steep" can be surprisingly sudden 
despite warning signs.32 Regimes that are unprepared can suffer greatly. A 
regime, past its prime and dependent upon a limited resource, will tend to 
experience exponential decline. 

 

9.1.1 Recalling Exponential Growth 
 

                                                
32 Meadows, et al. makes this point in Limits to Growth. 
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Recall our example of heat engines begetting heat engines. That is an 
example of exponential growth, because the rate of growth of heat engines 
was proportional to the existing population of heat engines at a particular 
instant. 

 

 

FIGURE 9-1 et versus t (arbitrary scale) 

 

9.1.2 Theory—Pure, Unlimited Growth 
 

In principle, a system that is capable of self-replication can experience pure 
exponential growth. Examples include bacteria, fire and certain nuclear 
reactions. Humans can self-replicate, so human societies can also experience 
pure exponential growth, in the form of y = et, where the value of e is 
approximately 2.72. An example of pure exponential growth is graphed in 
Figure 9-1. 

Human social movements can also experience exponential growth.  
Many philosophies have been subject to exponential growth, because the 
founder could teach others to teach yet others. Investment pyramid schemes 
can also experience exponential growth. 

Indeed, certain types of growth not only grow, but cause changes in their 
environment to enable further growth. 

Some futurists make dire projections of explosive population growth and 
resource consumption by extending a pure exponential function into the 
future.33 In reality, exponential growth is never seen for long periods of time, 
due to limiting factors. 

                                                
33 For an opposing, but still dire view, see D. H. Meadows et al, Limits to Growth, Universe Books, New 
York (1972). 
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9.2 Limiting Factors 
 

In reality, there will always be factors that limit the growth even of a self-
replicating system. A regime that experiences pure exponential growth will 
eventually begin to experience such limiting factors.34 The magnitude of 
these limiting factors will increase during growth (more than 
proportionately). These limiting factors restrain growth and sometimes stop it 
altogether. 

Limiting factors usually exist due to a shortage of some essential 
resource or an excess of some “negative” resource.  In a simple case of 
exponential bacteria growth, limiting factors can include insufficient 
nutrients and production of excessive toxin. A toxin can reduce or prohibits 
growth even in a resource-rich environment. 

 Turning to the biotechnology, an examination of the case of growing 
cells shows that the chief limiting factors are typically a nutrient limitation or 
an accumulation of a toxic metabolite.35 Even in an environment that is 
overall rich in resources, scaling issues result in the decrease of surface area 
to volume ratio of the organism colony. In other cases, some cells require a 
growth surface to anchor to. A lack of oxygen can be a limiting factor for 
large cell cultures. The organisms often cannot get access to abundant 
resources because they are crowded out by their neighboring organisms. 
Multi-cell organisms attempt to overcome the surface area limitation with 
structures such as veins and folding. However, an elephant still faces many 
challenges as compared with an ant, such as expelling sufficient body heat. 

Human civilization meets a similar surface area challenge with similar 
structures. The great freeways and road networks in cities and even across 
the countryside in many ways resemble the blood circulation system in out 
own bodies.  

Another source of limiting factors is the growing cost per unit to extract 
limited resources such as minerals. Societies attempt to use large-scale social 
and technical structures to overcome this challenge, but these structures 
create additional challenges.36 

 

9.2.2 Reality—Examples of Factors the Limit Growth 
 
                                                
34 The work of Forrester on system dynamics and the Club of Rome project Limits to Growth by Meadows et 
al involve attempts to better understand these limiting factors. The work of M. K. Hubbert and Howard Scott 
on peak oil and technocratic governance are other examples. 
35 M. Butler, Animal Cell Culture and Technology.  Oxford: IRL Press at Oxford University Press, 1996. 
36 M. Ciotola, San Juan case study.  Also see M. K. Hubbert. 
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In the U.S., the "closing" of the western frontier marked a limit of growth to 
homesteading. In petroleum production, the increasing cost of drilling for oil 
is a limit to growth. P. Malthus37 pointed out limiting factors in the growth of 
agricultural production. 

 

9.2.3 The Real Limiting Factor is Decreasing Efficiency  
 

The key impact of limiting factors, whether insufficient positive 
resources or excessive negative resources, is a decrease in the efficiency of 
whatever is acting as the “heat engine” to do work. 

 

9.2.4 The Logistics Curve  
 

A resource that is renewable, but limited in the short-run, can be modeled 
with a logistics curve. Examples of such resources are new-growth forests 
and wild Pacific salmon. They can be nearly totally consumed in the short 
run, but these resources can restore themselves if they have not been 
exploited too completely. A logistics curve is not shown here, but is in the 
shape of an elongated “S” and can be found in many differential equations 
textbooks. The beginning (and bottom) of the “S” represents the initial 
exploitation. The forward-sloping “back” of the “S” represents nearly pure 
exponential growth. The end and top of the “S” represents a leveling off of 
growth, as consumption of the resource matches its ability to restore itself. 

 

9.3 Exponential Growth Where A Conserved Resource Exists 
 

The effect of limiting factors, even upon exponential growth, is that growth 
will either reach a plateau or will become negative. In all cases, given 
sufficient time, growth will become negative, and that negative growth shall 
substantially cancel out past positive growth. Here, growth refers to that 
derived from consumption of a critical limited resource. 

Production in a society is ultimately dependent upon a scarce, conserved 
resource. The term conserved means that the resource is non-renewable. The 
total amount ever recoverable cannot exceed a fixed quantity. In the case of a 
gold mine, certainly no more gold than is already present in the mine can be 
captured. A regime will typically consume both conserved and renewable 
resources. It is the consumption of the critical conserved resource that shall 
determine the growth characteristics of the regime. 

                                                
37 Heilbroner, R. L., The Worldly Philosophers 5th Ed.  (Touchstone (Simon and Schuster), 1980. 
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9.3.1 A Zero-Sum Game—Hubbert Curves 
 

Growth will not only slow down but often will actually start to reverse.  Such 
growth and decline can be represented by a Gaussian distribution, where the 
area under the curve represents either the total production or consumption of 
a conserved resource over time. Hubbert curves are named for M. King 
Hubbert, a geologist who used such curves to model domestic petroleum 
production as well as labor models. The graph of this curve represents 
production versus time, pictured here.38  

Note that the critical resource becomes more expensive as each 
successive unit of it is utilized. In the case of petroleum or a precious ore, the 
least expensive deposits are extracted first. Then the next least expensive 
deposits are extracted and so on. 

 
FIGURE 9-2 Hubbert Curve where e-t^2 versus t (arbitrary y scale) 

 
That negative growth occurs often indicates resource exhaustion. 

External competition can result in negative growth, but the success of 
external competition can often be described as a function of internal resource 
exhaustion. 

For example, by the early 13th century, the Byzantine empire had 
consumed much of its timber reserves, so essential for the maintenance of its 
navy. The Byzantine capital fell for the first time in 1205 A.D. 

                                                
38 Such curves were proposed by W. Hewitt as early as 1926 (source unavailable). 
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9.4 Normal Distribution A Baseline Profile 
 

The baseline profile for the regime’s production with respect to time will be 
essentially a normal distribution, sometimes called a Gaussian distribution. 
The area under the curve represents cumulative production and may be 
proportional to the initial quantity of the conserved resource. 

For example, gold and silver production in the New World under Spanish 
rule can be described reasonably well using a normal distribution.39 

-2 5 -2 -1 5 -1 -0 5 0 0 5 1 1 5 2

0

0 2

0 4

0 6

0 8

1

t

exp(

 

FIGURE 9-3 Normal Distribution utilized as a Hubbert Curve (arbitrary 

scale) 

 

In actuality, sometimes production is better modeled with another type of 
distribution, for example one that is more similar to a Maxwell-Boltzmann 
distribution (MBD). A normal distribution (ND) is symmetric while an MBD 
has a "tail". In physics, this tail is to the "right", but for an MBD curve it 
could be to the left. An ND is a good first approximation. Conceptually and 
mathematically, the ND is simpler, so the ND is usually utilized throughout 
this text. MBDs are further discussed in the Appendix. 

 

9.5 Modeling Entire Societies and Regimes 
 

                                                
39 See Gibson, C., Spain in America. Harper and Row, 1966. 
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Hubbert curves can be used to model entire regimes within a society. A 
regime can be a dynasty or corpus of government. A society here is defined 
to be a particular people or culture over time. The people occupying the area 
of modern day France from the time of the Frankish invasions to the present 
could be viewed as French society.  

A dynasty, such as the Capets in France, would be viewed as a regime.  
The nominal term "government" does not always describe a regime, 
however. A regime can be recognized by having a clear rise and fall 
connected with production or consumption of a critical resource. 

 

9.5.1 Regimes As Vast Numbers of People 
 

Regimes are comprised of vast numbers of individuals. Even a small city 
might contain tens of thousands of people. Most large urban areas contain 
millions of people. Most powerful countries contain at least 50 million 
people inn modern times.   

Even if a regime is governed by a single individual such as a monarch or 
dictator, the regime is comprised of all of the individuals governed. 

 

9.5.2 Individual Freedom of Action 
 

As pointed out in the introduction, these thousands and millions of people 
each possess their own interests and scope of action. Individuals appear to 
have a significant scope of freedom of action, even when they have limited 
civil rights. 

 
9.5.3 Does the Time Make The Hero? 

 
Does individual freedom translate into freedom of action for the entire 
regime? This brings to mind an age-old question. Does the time make the 
hero or does the hero make the time? Consider the following two cases. 

In football, the San Francisco 49ers were a legendary football team in the 
1980s. For much of that time, they were lead by a legendary quarterback, Joe 
Montana. In one game, the 49ers were behind with 15 seconds left in that 
game. Then Joe Montana threw a winning touchdown pass and the rest was 
history. Joe Montana was certainly a great quarterback. Yet, while 
acknowledging Montana’s skill, coach Bill Walsh pointed out that this last 
minute play had been rehearsed time and again in a comprehensive system of 
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team training. Montana was part of that system.40 Without that system, 
Montana could have thrown a great pass, but there would have been no one 
there to catch it. 

A second case applies to factory assembly lines.41  In an assembly line a 
conveyer belt moves an uncompleted product past a series of workers. Each 
worker completes a task, which is often dependent upon the already-
expended efforts of workers “up-line.” What if one worker works 
exceptionally diligently and quickly? What will happen? If the worker 
processes products too fast, there will be a pile of “work-in-process” waiting 
in front of the next worker who is working more slowly. Unless that next 
worker speeds up, all that will happen is that the factory’s inventory of 
unfinished goods will increase, which is a waste of money and resources.  
The factory will be harmed. Or the hard-working worker, dependent upon an 
“up-line” worker for work-in-process, will simply run out of product to work 
on and have idle time. In neither case do the extra efforts of the diligent 
worker contribute to the productivity of the factory and in one case even 
reduces productivity.42 

In a large, interdependent system, such as a large society, the conclusion 
here is that it is the time that makes the hero, even if the time is silent as to 
which individual will earn the title of hero. 

 

9.5.4 Regime As The Summation of Individual Behavior 
 

A regime can be viewed as the sum of the individual contributions and 
actions of its individuals.  When one thousand carpenters strike one thousand 
nails with one thousand hammers, the regime is one thousand nails-hits 
richer. A city is a single legal entity, but is comprised of numerous houses, 
factories, shops and other structures. 

This summation effect appears to tend to cancel out any effect of 
individual free will over material lengths of time.  Many individuals will 
behave in one way while many others will behave in the opposite way. Some 
carpenters will drive nails into boards, while others will remove nails. The 
larger the society, the greater this canceling effect will tend to be. 

Is a regime then completely at the mercy of historical destiny? This is not 
necessarily so, but the ways a regime can escape its "destiny" are limited and 
fairly specific in nature. 

 

                                                
40 William Walsh et al, Finding the Winning Edge. 
41 This example is inspired from Elihu Goldratt, The Goal. 
42 E. Goldratt, The Goal.  Great Barrington, MA: North River Press, 1992 
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9.5.5 Regimes As Producers and Consumers of Resources 
 

Regimes can be viewed as produces and consumers of resources. Just as an 
individual human requires air, water, food and other goods, so does a city 
albeit in larger amounts. Humans are to regimes as are cells to the human 
body. Great networks of blood vessels supply nutrients to individual cells 
and carry away waste. Networks of nerves convey information. In a 
contemporary society, water is carried in great aqueducts, rail lines and 
freeways channel in nutrients and remove garbage, and a myriad of telephone 
and internet lines transmit information. Such resources can be anything 
necessary to sustain the regime.  

 

9.5.6 Resource Exhaustion 
 

Some resources are partially renewable, such as agriculture production.  
Others are limited and can be totally exhausted. Such resources can include 
fossil fuels, ground water, and old growth forests for example. Social 
resources can also be exhausted. In business, social resources are accounted 
under the term "good will" and even have a quantitative financial value 
placed upon them. 

 

9.5.7 Societies Dependent Upon a Nonrenewable Resource 
 

When a regime is substantially dependent upon a limited, nonrenewable 
resource, it can be modeled as a function of a normal distribution or other 
similar distribution. Regimes which are substantially dependent upon mining 
mineral reserves such as gold and silver are a prime example. Spanish 
governance over the New World and the mining communities of the San 
Juan region of Colorado were both highly dependent upon producing gold 
and silver. Even where a critical physical resource is not apparent, most 
regimes are dependent upon limited social resources and can therefore be 
modeled as a Hubbert curve. 

 

9.5.8 Transition Points 
 

A new society grows exponentially. Its people expect that exponential 
growth will continue. They frequently do not recognize limits to growth soon 
enough. Production does not match expectations, leading to social disruption. 
Where growth slows and expectations diverge from actual production 
represents a transition point and may graphically appear as an inflection 
point. 
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9.6 Superposition of Independent Functions and Hubbert 
Curves 
 

Actual data regarding production or consumption of a critical resource will 
not be smooth function, but rather lots of jagged peaks and dips. These peaks 
and dips often represent independent functions that are not functions of the 
critical resource. Sometimes the independent functions are harmonic in 
nature.  Often they are chaotic in nature. Sometimes the peaks and dips are 
due to random events or "noise". Usually the magnitude of the random events 
will not seriously disrupt the regime. Sufficiently complex regimes are "self-
healing." They will react in a manner to compensate for these random events. 
(See discussion regarding conservation of shock under meta-mechanics). 

The simplest form of an independent function will be sinusoidal: 

y = a sin (bt + c) + d 

 
Further, although a regime can be expressed as a function of a conserved 

critical resource, in some cases other resources may be good substitutes.  
Such resources will entail their own infrastructure and merit a Hubbert curve 
in their own right. Consider the example of oil versus coal. The U.S. is 
heavily dependent upon petroleum. There are large oil companies as well as 
drilling operations and a significant oil processing and distribution network. 
Petroleum acquisition is supported by powerful lobbyists and the deployment 
of the U.S. military where required. 

Coal can be an important substitute for petroleum. Gasoline can be made 
from coal. It's more expensive, but not prohibitively so. Coal has its own 
companies, its own processing facilities and its own distribution network and 
customer base. Coal has its own lobbyists as well. Sometimes coal interests 
are at odds with petroleum interests. 

Consumption of petroleum and coal can each be expressed as separate 
Hubbert curves. When describing the U.S. regime, the more significant of the 
two resources may considered as the critical resource. However, a better 
representation would be to superimpose both the oil and coal curves. This 
involves adding them up, period-by-period. Doing so for the past where data 
exists is relatively simple. Extending those curves into the future is possible, 
but more challenging. Standard economic analysis can provide some 
indication of relative demand for each resource. 

 

9.7 Secondary Functions from Hubbert Curve 
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Other functions may themselves be secondary functions that are driven by 
the main Hubbert curve function. The social values and moods of a society 
are to some extent a function of position along the Hubbert curve. Such 
social values and moods can be considered secondary Hubbert functions. 
Examples include the distribution of wealth, economic centralization, 
development of infrastructure, aspects of philosophy, tolerance for 
“immoral” behavior and even number and size of libraries. 

 

9.8 Describing A Society As A Series of Regimes 
 

A society can be modeled as a series of regimes or Hubbert curves. Each 
curve would typically represent a dynasty for a traditional historic monarchy. 
Traditional, monarchical, agricultural-based regimes have historically tended 
to endure for about 300 or so years.43 This is a rough rule of thumb. Other 
types of societies will tend to have a governance change in that period of 
time but may maintain better legal continuity of government. 

Not all regimes last for about 300 years. Where a potential has not 
restored itself, of those who attempt to rule the regime are not competent (i.e. 
a defective or inherently inefficient “heat engine”), a regime will be short 
lived. The other extreme is where the potential is too great. This can happen 
when neighboring regimes have become weak. In this case, a regime can 
expand too quickly and become a great, but brief empire. Such appears to 
have been the case of the first French Empire lead by Napoleon. There are 
plenty of exception to this 300 Year Rule. Yet, focusing attention on regimes 
that fit in this pattern can be useful to identify more general principles and 
constraints that govern humans. This is similar to the case of the 
development of astronomy, where first the easily observed bodies such as the 
Moon, Sun and visible planets were modeled first and lead to Newtonian 
mechanics. Later, smaller, further and more exotic objects were studied and 
modeled. 

Further, the 300 Year Rule is much less likely to be applicable to most of 
the regimes in existence when this book is written. Few regimes today are 
traditional agricultural monarchies. Further, regimes have become much 
more interdependent with each other, so it can be expected that Hubbert 
Curves will become more distorted and even more merged than any time in 
the past, even for the largest regimes in existence today. Also, most of the 

                                                
43 Why has the 300-year pattern appeared so frequently in history from France to China to West Africa? It 
could be that humans who organize in large, durable regimes traditionally chose monarchies. It could be that 
the values that lead to success and failure go through a roughly fifteen generation progression. It could be that 
these regimes have utilized the same sort of resources such as agriculture, and perhaps land becomes 
excessively exhausted after about 300 years. Conserved social resources could include good will or social 
flexibility. Property rights, concentration of wealth and gentrification could eventually petrify a regime. Or, 
this could be viewed in terms of a standard 300 year predator-prey prey scenario. 
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current regimes are dependent upon non-renewable resources such as 
petroleum that have never driven regimes before the 19th century. Yet, as 
mentioned above, a study of historical traditional 300 Year regimes can help 
to develop generic principles that can be applied to a much broader range of 
regimes. 

 

 

FIGURE 9-2 Series of Hubbert Curves (arbitrary scale) 

 

A common error would be to assume that the series of Hubbert Curves 
represents a periodic function. It's not. However, many functions can be 
expressed as a Fourier series (a combination of sinusoidal functions) so 
perhaps a series of Hubbert Curves can be as well. 

Regimes might not follow immediately one after another. Or there could 
be some overlap between older and newer regimes. 

 

9.9 Simultaneously Existing Regimes 
 

A Hubbert Curve is a fairly robust creature, but it can still be affected by 
simultaneous or co-existing regimes or even overwhelmed. Potentials can 
exist between regimes, such as in the case where one regime has a persistent 
trade deficit with a co-existing regime. 

Only something out of a science fiction movie could have eliminated either 
the Roman Empire or the Chinese Tang dynasty at their heights, for example. 
The Hubbert curves for the very largest human regimes in history will be 
largely independent of each other. Many smaller regimes are still powerful 
enough to be fairly robust. However, regimes of small states that are highly 
affected by their neighbors. Likewise, new or dying regimes of larger states 
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lie along portions of their Hubbert curves that are not as robust as middle 
portions.   

Such vulnerable regimes may have Hubbert Curves that are abruptly 
terminated rather than gradually terminated. The remaining critical resource 
of the regime must either be considered to have been discarded, or must be 
consolidated into the Hubbert Curve of a conquering regime. Such 
consolidation can be handled by superposition.  

 

9.10 Catastrophic Events and the Unexpected 
 

Sometimes something out of a science fiction movie does occur and really 
can eliminate regimes or seriously deform their Hubbert curve. Catastrophic 
tsunamis and volcanoes, great floods, extraordinary plagues and giant 
meteors can change the typical patterns of Hubbert Curves. Invasions, new 
philosophies and religions, and truly revolutionary new technologies can 
seriously distort Hubbert Curve patterns. After such an unusual event occurs, 
the regime will attempt to stabilize itself44 and reestablish a Hubbert curve of 
different parameters, or a new regime will appear that will exhibit a new 
Hubbert Curve. Where such events occur, the model for the regime will have 
to be substantially reinitialized. 

 

9.11 Summary 
 

So far, the discussion has been largely speculation. The correct application of 
factual evidence will demonstrate to what degree the above is valid. Yet, 
since the underlying mathematical formulae will be proposed in the 
following chapters, this discussion is different than mere philosophy or 
opinion, because it is capable of being numerically disproved or restricted to 
limiting cases. 

 

 

                                                
44 Movements towards stabilization can be described as a march towards thermodynamic or statistical 
equilibrium. There is a short term type of equilibrium related to on-going flows and a longer-term 
equilibrium that relates to the “life-cycle” of the regime itself. 
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C H A P T E R 

10 
 

Bubbles and Flows 
 
 

Chapter 10 discusses how social phenomena can be examined in terms of 
bubbles and flows. 

 

10.1 Generalizing the Emergence of Regimes 
 

We discussed how regimes can emerge from civilizations as a dissipative 
structure to increase entropy production. Here, we generalize the concept of a 
regime. 

 

10.2 Bubbles 
 

Heat engines begetting heat engines results in exponential growth in both 
quantity of heat engines and entropy production. Where the magnitude of 
potential is fixed, as entropy is produced, the potential decreases. As 
potential decreases the efficiency of the heat engines decreases. This 
decrease in efficiency comprises a limiting factor.  

This decreased efficiency decreases the ability of heat engines to do 
work. Eventually, the total amount of both work and entropy production will 
decrease. Less work will be available to beget heat engines. If the heat 
engines require work to be maintained, the number of functioning heat 
engines will decline. Irreplaceable potential entropy continues to decrease as 
it gets consumed. Eventually, the potential entropy will be completely 
consumed, and both work and entropy production will cease.  

As this scenario begins, proceeds and ends, a dissipative structure (a 
literal thermodynamic “bubble”) forms, grows, possibly shrinks and 
eventually disappears. Entropy production versus time can often be graphed 
as a roughly bell-shaped curve, giving a graphic illusion of a rising bubble. 
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10.2.1 Bubbles Involving Life  
 

Populations of living organisms can experience thermodynamics bubbles. A 
bacteria colony placed in a media dish full of nutrients faces a potential of 
fixed magnitude. Each bacterium fills the role of a heat engine, producing 
both work and entropy. The bacteria reproduce exponentially, increasing the 
consumption of potential entropy exponentially. Eventually, it becomes 
increasingly difficult for the bacteria to locate nutrients45, decreasing their 
efficiency. As efficiency decreases, the bacteria will reproduce at a slower 
rate and eventually stop functioning.  

 

10.2.2 Revisiting Regimes As Bubbles 
 

A human civilization can experience thermodynamics bubbles. A new 
dynasty within a civilization faces a potential of good will and other physical 
and social resources of fixed magnitude. The society governed by the 
dynasty fills the role of a heat engine, producing both work and entropy. 
Prosperity expands exponentially, increasing the consumption of potential 
entropy exponentially. Eventually, it becomes increasingly difficult for the 
dynasty to rely upon its store of goodwill and physical and social resources, 
decreasing its efficiency. As efficiency decreases, the dynasty will 
experience social crises and will eventually stop functioning.  

 

10.2.2 Bubbles Involving Business 
 

Businesses can also represented as heat engines (or collections of heat 
engines). A business faces a new market opportunity of fixed magnitude. 
Businesses exploit the market opportunity, producing both work and entropy. 
The business or its industry reproduces exponentially, increasing the 
consumption of potential entropy exponentially. Eventually, it becomes 
increasingly difficult for the business or industry to locate new customers or 
orders, resulting in increased competition and decreased margins, hence 
lower efficiency. As efficiency decreases, the business will expand at a 
slower rate and eventually stop functioning.  

 

10.2 Bubbles and Flows 
 

Ultimately, all potentials are fixed in magnitude. Possibly, the entire Big 
Bang and its progression could be viewed as a bubble. In practice, many 

                                                
45 Or escape toxins produced by the colony. 
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potentials are renewable to a limited extent. For example, as long as the Sun 
shines upon the Earth in cold space, a potential will exist there. Therefore, 
potentials can be modeled in terms of flows and bubbles. A flow involves a 
potential that gets replenished. A bubble involves a potential with a fixed 
magnitude.  

In the case of a flow, heat engines will exponentially grow until they 
reach a limiting efficiency. Heat engine population and entropy production 
will reach a limit called a carrying capacity.  

Yet even in the case of a flow, the rate of replenishment will be limited. 
Yet the rate of engine reproduction may have continued beyond carrying 
capacity. This can be called overshoot, a systematic “momentum” in a sense. 
In this case, even the flow can be treated as a substantially fixed (or 
“conserved” in the physics sense) quantity. A thermodynamic bubble will 
form.  

As long as a system maintains the ability to produce new heat engines, 
then instead of a single bubble, there will be a series of bubbles over time. 
There are several reasons that systems form bubbles instead of maintaining a 
single flow. Chaos (in the mathematical sense) provides one reason. Another 
reason is that a series of bubbles may provide for an overall higher entropy 
production rate than a more steady, consistent rate of production. Heat 
engines in a bubble may be able to obtain much higher efficiency during a 
bubble than during steady state, so that the average production in a series of 
bubbles may be much higher than during a steady flow, despite the below 
average production between bubbles.  

Another case such as predator-prey cycles can also form where overshoot 
occurs, where the population of a predator overshoots the available prey, 
reducing both the population of the predators and the prey, so that there are 
cycles where the population of the predator is always “reacting “ to the 
population of the prey. Predator-prey cycles can also be expressed in terms of 
flows, bubbles and efficiencies.  

 

10.3 Warning regarding the next chapter 
 

Chapter 11 is speculative and, and for many, mathematically involved. It can 
provide some useful ideas and approaches for Chapters 11 and 12. However, 
the reader is urged to skim or skip Chapter 11 for now, but be aware of it in 
case it is needed later on. 
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C H A P T E R 

11 
 

Time Derivatives 
 
 

Chapter 11 introduces time derivatives as method to analyze regimes and 
other bubbles. The reader is encouraged skim over (or even skip) this 
chapter, but be aware of it in case it is needed. This particular chapter is 
highly speculative, even by the standards of this book. It is included since it 
may provide useful ideas for analyzing regimes.  

In physics, mechanics typically relates position and time, including time 
derivatives of the position function. In physics, position means a physical 
location with respect to a coordinate system. In contrast, here, we will relate 
a dependent variable (usually that refers to output or entropy production) 
with an independent variable (usually time). That dependent variable might 
not have any relation to physical location or to a particular physical object.46 

In physics, mass is multiplied by time derivatives of a position function 
to obtain momentum and force. Here, a weighting factor is used instead of 
mass. The weighting factor could represent nearly anything. The quality and 
relevance of the weighting factor expands the scope of the applicability of 
this analysis, but unfortunately decreases its rigor. The development of 
improved weighting factors will be important. Time is usually taken as an 
independent variable, and will be assumed to be so for this chapter. 47 

The following operational definitions would apply to regimes as well as 
processes and decision-making. 

 
 

11.2 Time Derivatives Where A Hubbert Curve is Represented 
By A Normal Distribution Function 
 

The simplest form of a Hubbert curve is produced by following equation 
which is a normal distribution, also called a Gaussian distribution: 

                                                
46 Although an entire regime could be viewed as a physical object. 
47 In some cases outside the scope of this chapter, time can be the dependent variable. 
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y = e(-t^2) 

This equation differs from pure exponential growth in that the value of y 
starts from essentially zero as t increases from negative infinity and rises to 
its maximum value at t = zero. As t further increases from zero to positive 
infinity, y decreases and approaches zero. The area under the pure 
exponential growth curve approaches infinity as t increases. However, the 
area under a Hubbert curve can never increase beyond a certain fixed value. 

Its graph is show below (this is essentially the same graph shown in the 
section in Chapter 9 as a normal distribution example of a Hubbert Curve). 
This graph begins with nearly exponential growth. 

 
FIGURE 11-1 Hubbert curve (arbitrary scale) 

 
The first derivative of a Hubbert curve taken as with respect to t, that is 

its first time derivative, is (see Figure 11-2): 

 

dy/dt = -2*t*e(-t^2) 

 

Please feel free to ignore the constants for this discussion, unless you are 
trying to practice the mathematics. They are extremely important in real life, 
but they will change for each particular case, anyway.  

The first time derivative is a measure of how quickly the independent 
variable, such as output, regime power, or entropy production is changing. 
Note how the independent variable (such as output) has a highly positive 
peak of change about one quarter of the way though its life-cycle. This 
represents rapid growth. There is also a strongly negative peak about three 
quarters into the life-cycle that represents rapid declines. 
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FIGURE 11-2 First time derivative of a Hubbert curve (arbitrary scale) 

 
The second time derivative (see Figure 11-3) is: 

 

d2y/dt2 = -2*e(-t^2)+4*t2*e(-t^2) 

It is a measure of how quickly the rate of change itself is changing with 
respect to time. The second derivative tends to be a measure of how much 
pressure the regime feels due to change. A regime can often adjust 
reasonably well to a steady rate of change (up to a point). A steady rate of 
change often feels fairly stable. For people in a regime, a steady rate of 
change is easy to predict and plan for. There are few surprises, and it almost 
feels as if the regime is in equilibrium.  

However, when the rate of change itself changes, regimes have a hard 
time adjusting. People have a hard time thinking about changing rates of 
change, so people and social institutions often don’t plan or adjust properly. 
People are often feeling they are in a game of catch-up that is very 
frustrating, or if the changes are viewed positively, people feel exhilarated. 
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FIGURE 11-3 Second time derivative of a Hubbert curve (arbitrary 

scale) 

 
The third time derivative of the Hubbert curve (see Figure 11-4) is: 

 
d3y/dt3 = 12*t*e(-t^2)-8*t3*e(-t^2) 

 

 

 

 

 

FIGURE 11-4 Meta-jerk of a normal distribution (superimposed on an ND) 
 

Derivatives upon derivatives! Does this seem to be making a mountain 
out of a mathematical molehill, with each round moving further from reality? 
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Just the opposite is true. The third time derivative can have the strongest 
impact, for the third derivative represents shock.48 Shock is not merely 
frustrating, it is disruptive and often destructive. It can tear apart a regime. It 
can mark the birth or death of a regime. 

Shock has a special use in profiling and comparing Hubbert curves. The 
first local maximum can be used as the “birth date” of the regime. Although 
this date might not correspond to the legal birth date, it does provide an 
objective and quantitative way to assign a birth date. The first minimum 
could represent a transition point of the regime.  It is entering middle age. 
The second maximum could represent the end of middle age and the 
beginning of decline. The second minimum could be assigned at the effective 
end date of the regime.  Such end date might not correspond to the legal end 
date. However, this avoids the issue of the endless "tail" that distributions 
exhibit. The regime will tend to be quite weak as it approaches the second 
minimum, and in fact might not even survive that long. 

Note that the magnitude of shock is greatest at the second and third 
transition points. An economic regime will frequently experience capital 
shortages at transition point 2 and severe labor crises at transition point 3. 

                                                
48 Analogous to mass times jerk in physical mechanics, that the author also calls shock. The author asserts 
that no single force has ever hurt anyone. It is only changes of net force (i.e. mass x jerk = shock) that does 
any damage. So an automobile infinitely accelerating on a straight highway will never itself hurt anyone, 
although the introduction or loss of a slight additional force, such as the electrostatic force of an automobile 
coming from a different direction or a change on the grade or angle of the freeway could prove fatal. 
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C H A P T E R 

12 
 

Modeling History and the Future 
 
 

Chapter 12 discusses how to use fast entropy and other methods described in 
this text to model history. 

 

12.1 Modeling Single Historical Regimes 

 
12.1.1 Quantitative Challenges 

 
What can be more difficult than identifying a regime is to identify its 
beginning and endpoints as well as quantifying the regime. For example, the 
Bourbon dynasty was disrupted by the French revolution in 1791, yet there 
were three more Bourbon kings up to the year 1848. Further, the movements 
behind many regimes begin well before the official birth date of the regime. 
For example, the family that become rulers of the Carolingian had ruled 
France in all but name since 700, which would have given it a duration of 
287 years (see Table 12-1). 

 

12.1.2 General Approach 
 

A general approach for modeling a single historic regimes is to guess 
Gaussian or Maxwell-Boltzmann distributions and adjust the constants 
involved to produce the best fit for the data. The ways to do so could fill 
whole volumes in themselves, and are better covered in mathematical texts 
devoted to that subject. For purposes of this text, adjusting the parameters of 
the proposed function to provide the best visual fit provides a method that 
anyone who knows how to use a graphing program can utilize. Although this 
method is easy to implement, make sure to use the proper units for the 
constants!  
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If you do not have any data, this method cannot be used. Also, if you 
only a small amount of data, or data for only a short time period, be warned 
that the model could be less accurate.  

If you have data that appears to contain a great deal of noise (random 
variations), is quite inconsistent from period to period or contains a cyclic 
variation (such as an annual cycle or a regular seven year weather pattern), 
you may need to smooth out the data. To reduce noise, you can use a moving 
average smoothing technique. For purposes of this text, you could average 
the each value with the value immediately before and after it. For cyclical 
data, you can average over half a cycle before and afterwards. There are 
much more sophisticated smoothing techniques that can be found in 
textbooks on various types of forecasting. 

 

12.1.3 Regional Example—San Juan Mining Region 
 

An example of a single historical regime is the mining society that developed 
in the San Juan mining region. Since precious metals tend to be a non-
renewable resource, they can be said to be conserved (that only a fixed 
amount of the resource ever will exist) for a given region.  

The San Juan mining region of Colorado produced gold and silver from 
dozens of mines, around which towns and communities eventually 
developed. Mining began as early as 1765. Its heydays were between about 

1889 and 1900.1 There is again mining in miscellaneous minerals, but the 
not much in gold, which was the primary economic driver for the “great 
days”. The region is now used primarily for recreation and some 

agriculture.2 

Spanish gold mining of placer deposits took place between about 1765-
1776 (native pieces of nearly pure gold found on the surface). Some mining 
took place in 1860, but it was interrupted by U.S. Civil War. At this point, 
“only the smaller deposits of high-grade ore could be mined profitably.”  

Mining slowly started again in 1869.3 There were 200 miners by 1870 4 An 
Indian Treaty was negotiated in 1873, which removed a major obstacle to an 

increase of mining.5 

By 1880 there was nationally a “surplus of silver; pressures to lower 

wages; labor troubles.”6 In 1881 a railroad service was established, resulting 

in a “decline in ore shipping rates.”7 By 1889, $1 million49 in gold and silver 
were being produced each year (for one particular subregion). Around 1889, 

English investors had come to control the major mines by this time.8 The 

                                                
49 (Note that dollar amounts are unadjusted for inflation — they reflect actual historical figures).  
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1890 production total for San Juans was  $1,120,000 in gold; $5,176,000 in 
silver. The region produced saw $4,325,000 in gold and $5,377,000 in silver 

in 1899.9 

By 1900, the region began to take on more of the characteristics of a 
settled community. There was a movement for more “God” and less “red 

lights.”10 By 1909, “the gilt had eroded” (dilapidation set in; decreasing 

population).11 In 1914, production greatly fell, due to decreased demand 
from Europe (because of World War I) and the region lost workers. Farming 

becomes more important to local economy than mining.12 Recreation and 

tourism revenues become the only bright spot for many mining towns.13 

Silver and gold mining all but ceased by about 1921.14 

 

Here, the end of mining has a fairly clear cut-off date. However, the 
beginning of mining seems to have stretched out over a longer period of 
time, during which mining levels were quite small. Therefore, it seems 
reasonable to model this region with an asymmetric Hubbert Curve with a 
“tail” at the beginning of the regime. Such a curve can be modeled using a 
Maxwell-Boltzmann distribution. Although only a few data points were 
readily available50, a rough range of beginning dates was known as well as a 
firm end date. That information was sufficient to create a model MB Hubbert 
curve for the region. A simplified equation for that Maxwell-Boltzmann 
distribution is shown below. Although the scale here is nominal, the shape 
and scale of the curve are consistent with the known data.  If more data is 
located, deviations will be shown in the curve due to random events, business 
cycles and major external events such as the U.S. Civil War. (See the 
Appendices for further information on this example). 

 

                                                
50 See M. Ciotola, Journal of Physical History and Economics, Vol. 1, Is. 1 (1996). 
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FIGURE 12-1 Hubbert Curve for San Juan region modeled as a Maxwell-

Boltzmann distribution (nominal y scale) 

 

12.1.4 Colonial Example—Spanish New World Gold and Silver 
 

Imports by Spain of gold and silver mined from the New World (mostly 
Mexico, Central America, Peru and Argentina) can be modeled utilizing a 
Hubbert curve. In this case there is a fixed amount of gold and silver under 
the ground that was accessible using Spanish colonial-era technology. Here, 
the total amount of the gold and silver imported over time roughly 
approximated the total amount under the ground, so that the area under the 
curve should approximately equal, and certainly not exceed, the amount 
under the ground. Here, gold and silver are conserved resources: more silver 
and gold to not form to replace that extracted within the time sales under 
consideration. 

The beginning and endpoints are worthy of note. The New World was 
unknown before 1492 CE (the mainland was discovered somewhat later) so 
this date limits the beginning point where the curve can begin. This is about 
when the Spanish colonial regime began. The curve continues on but recedes 
back to about zero in the early 1660s. A second bulge of precious metals 
occurred in the 1700s due to the utilization of blasting, but by this time taxes 
had replaced metals as the primary source of value of the New World to 
Spain. By the end of the 1700s, New World autonomy began to escalate due 
to Spain’s weaknesses at home. The New World proclaimed its independence 
from Spain shortly there after in 1821.  

So when the critical resource was exhausted, and when the lagging 
resource (taxation) consumed Spain’s remaining store of goodwill, the 
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Spanish colonial regime in South and Central America became weakened 
and died. (Spain held on to several islands in the Caribbean for nearly 
another century, but these were not part of its mineral colonial empire). 

 

 

FIGURE 12-2 Spain in New World and Imports of New World Gold and Silver to 

1665   

(imports data from Gibson) 

 

12.1.5 Thermodynamic Approach 
 

The thermodynamic approach is similar to the second approach above. 
However, an effort should be made to express parameters in terms of a 
potential and changing efficiency. If the quantity of the most critical 
conserved resource is known, then the model for total consumption over time 
should match that quantity.  

 
12.1.6 Derivative Approach  

 
Full quantitative data for a historical regime is often unavailable, or is only 
available at great expense of time or money. Yet, historians frequently come 
across information that is anecdotal or qualitative rather than quantitative. 
Fortunately it is often possible to convert qualitative data into quantitative 
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data using a trick from calculus. It is nearly always possible to attach some 
date to anecdotal information. Often the date assigned can be quite precise. 

Major trends can often be identified anecdotally, and numerical dates can 
be matched to anecdotal data. Therefore, a series of date-trend pairs can be 
created for whether the regime is growing, reaching a plateau or declining. A 
table such as that below can be created. 

Anecdotal information indicating an increase or a decrease represents a 
positive or negative slope of an underlying function. Such a slope can be 
seen as the derivative of that underlying function.  Such slopes can typically 
be crudely plotted on a meta-velocity versus time graph. Then an underlying 
function can be proposed that is consistent with the meta-velocity graph. A 
change in slope indicates meta-acceleration that further indicates the 
presence of a net meta-force. Hence, even anecdotal or qualitative data can 
frequently be used to generate a meta-mechanical function. 

 

TABLE 12-1 Date-Anecdote Data Pairs for a Hypothetical Regime  

 

   Date    Regime Growth 

   603 CE (e.g. or AD)  Official birth of regime 

   612 CE    + 

   650 CE      + 

   692 CE      + 

   724 CE      + 

   780 CE      Level 

   807 CE      Level 

   876 CE      - 

   892 CE      - 

   906 CE      - 

   917 CE    No longer exists 

 

An exponential function can be created, whose first derivative function 
matches the anecdotal date-trend data. This is certainly rough approach, but it 
can give a first approximation of the quantitative rise and fall of the regime. 
If the potential and other characteristics can be identified, then a better 
quantitative characterization can be achieved. 
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Of course, there may be shorter term upward and downward trends. 
These can be modeled with a secondary function. Minor victories and 
setbacks should not be included in trend data for the major regime 
characterization. 

12.1.7 Thermodynamic Approaches to Model a Single Regime 
 

It is possible to create a distribution function, but determining the parameters 
with thermodynamic concepts in mind, such as potential, efficiency and the 
most critical conserved resource (CCR). Ideally the CCR would be potential 
entropy, but it may be easier to express it in terms of another resource, such 
as extractable gold in the Americas. If the quantity of the most critical 
conserved resource is known, then the projected total consumption over time 
should match that quantity.  

If you have appropriate software, you can literally reverse-simulate a 
past regime to determine a past potential at each point of the regime as well 
as the total quantity of the CCR. Such parameters can be sometimes useful 
for forecasts. The function that expresses the potential in terms of time (age 
of regime) is its potential profile. 

A simple way to model a single historical regime is multiply a pure 
exponential growth curve times the regime’s thermodynamic efficiency, both 
as a function of time. The increasing pure exponential growth component 
will dominate during the first half of the regime, but the decreasing 
efficiency component will dominate during the second half. The known 
beginning and end dates can be used to constrain the model’s beginning and 
end dates. The magnitude should be normalized, unless actual data indicating 
the time dependent magnitude is known or can be deduced. Efficiency is 
adjusted as according to the approximation: (1 – year/total years). This 
approximation is better during the middle parts of the regime than the 
beginning and end, but may be reasonable. Such a model can be called the 
power profile for the regime.  

See Figure 12-3, where the above simple method is used to model each 
of a series of regimes. Here, the magnitudes of different regimes cannot be 
compared with each other, but the magnitude of different times within a 
regime can be compared. 

 

12.1.8 Sample Description of the Progression of a Traditional 
Single Regime 

 

A major dynasty (e.g. China, France, West Africa) would typically begin 
with a daring, competent, often unpolished leader, but with effective power 
loosely distributed. The future generations of rulers will become increasingly 
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desirous of luxurious living and will also demand expensive "trophies" such 
as palaces, major public works or optional conquests. This will stress the 
natural resources of that society, and the dynasty will experience financial 
difficulty. Taxes will be raised. Bureaucracy will need to be greatly expanded 
in order too collect the increased and taxes and to administer increasingly 
complex tax codes. Internal dissatisfaction will increase, so greater internal 
military effort will be required to suppress rebellions The dynasty rulers will 
become increasingly dependent upon their military to maintain internal order 
and to enforce tax collection. At the same time, the rulers will tend to 
become increasingly occupied with court etiquette and pursuit of such 
civilized activities as art and scholarship; but they will become less 
competent at governance and further removed from the realities of the 
population they govern. Eventually competing figures from within the 
society, backed by military figures, will challenge the rulers. These initial 
challenges will be put down brutally, further increasing discontent, and 
destroying much of the social structure and institutions required for the 
effective maintenance and defense of the society and its economy. 

 

Due to the decreasing magnitude of economic activity, the population 
and strain on natural resources will decline, allowing for some recovery of 
productive capabilities. Then, eventually, further challenges from either 
within or without the society will replace the dynasty, and a new dynasty will 
form. 

 

12.1.9 Thermodynamic Interpretation of Sample Description 

of the Progression of a Traditional Single Regime 
 

A thermodynamic potential has built up. A new major dynasty in effect 
represents a new collection of heat engines that is capable of consuming such 
built-up potential. The magnitude of built-up potential is relatively high, so 
heat engine efficiencies are relatively high. Such heat engines utilize some of 
their work to produce additional heat engines. The population will rise, and 
economic activity will increase. As future generations of rulers become 
increasingly desirous of luxurious living and will also demand expensive 
"trophies" such as palaces, the thermodynamic costs of maintaining such heat 
engines will increase. Initially, due to high efficiencies and growth of 
production, such maintenance costs will not be problematic. Yet while 
demands for maintenance increase, built-up potential is being depleted 
resulting in decreasing thermodynamic efficiency. (Although a continuing 
flow of potential exists from such sources as agriculture, it cannot keep up 
with consumption).  
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Centralization temporarily successfully regains high efficiencies by 
increasing economies of scale and allowing access to difficult-to-extract 
potential (that has a high “activation energy”). Yet thermodynamic 
maintenance costs continue to escalate while efficiency decreases due to 
continued consumption of built-up potential. Overshoot results. The dynasty 
will no longer be able to maintain its structure, and total production 
(thermodynamic work) declines. This decline continues, but additional 
attempts at overshoot cause the decline to be chaotic. 

 

The population of heat engines continues to decrease. Chaotic decline 
place the population of heat engines below what can be supported by 
“renewable” flows of potential. Hence a thermodynamic potential will build 
up again. Then, eventually, a new dynasty (thermodynamic "bubble") will 
form.  

An exception is where the original built-up potential is from a source that 
can never be replenished, or that can be replenished over periods of time 
much longer than a typical dynasty lifetime. Rainforests, agricultural lands 
vulnerable to erosion, and mineral deposits may fall into this latter category. 
New dynasties can form in these areas, but their absolute magnitudes may be 
different from the original regime, since they are consuming a different 
source of potential. 

Another exception is where a truly breakthrough technology becomes 
utilized, such as dynamite versus manual labor for accessing mineral 
deposits. Very few technologies are sufficiency significant to fit in this 
category, though, and are usually incremental in nature and are already 
anticipated by the thermodynamic approach. 

 

12.2 Modeling History As A Series of Regimes 

 
12.2.1 Historical Regimes 

 
 

Regimes in major historical civilizations are typically easy to identify. In a 
sense, regimes are what fill the pages of historical textbooks. The flowing is 
a chronological list of French regimes, along with duration data. 

 

TABLE 12-2 Regime Series for France 

 

  Dates (e.g. CE or AD)  Regime   Duration 
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  481–751 CE  Merovingian dynasty  270 years 

  754–987 CE  Carolingian dynasty  233 years 

  987–1328 CE  Capetian dynasty  341 years 

  1429–1588 CE  Period of relative discontinuity 

  1589–1791*/1848 CE Bourbon dynasty  202/259 years 

*1791 represents the French Revolution that interrupted the regime that 
was restored for awhile after the fall of Napoleon until 1848. 

 

 
FIGURE 12-3 Power Profiles for a Series of French Dynasties 

 

 

12.2.2 Thermodynamic Approaches to Model a Series of 
Regimes 

 
An exciting next step it to attempt to model a series of past regimes. You 
could simply do this by superimposing a best fit set of distributions over 
time. This is fairly simple to do any might provide some utility and 
satisfaction.  

However, the above series of French regimes has been modeled and 
presented in Figure 12-3.  In this case, each regime was modeled individually 
using the simple thermodynamic method described in Section 12.1.7. (The 
graphing software used here does not handle the dates on the x axis 
elegantly.) An important point about applying fast entropy to real life 
situations is keeping the expression “it takes two to tango” in mind. Fast 
entropy only creates a potential. There must also be the equivalent of an 
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engine (or conductor) to bridge the potential to observe fast entropy in action. 
In history, that engine may be produced by a new royal family replacing the 
prior family, or a group of organized invaders. Sometimes that engine comes 
along immediately after the end of the prior regime, or sometimes it may take 
a few hundred years before a new major regime takes root. 

However, there is a more powerful approach. If you can determine past 
potential profiles for past regimes, and if they seem consistent or to follow 
some pattern, then you can create a “boiler” program to literally boil a series 
of regimes. In that sort of program, potential builds up until it reaches a 
trigger threshold, then a regime forms and goes through its lifecycle and 
exhausts the built-up potential and dies. Then the potential starts building up 
again and eventually another regime forms. If the pattern varies from actual 
history, it may be possible to identify catastrophes, unexpected events, and 
interference from more powerful regimes.  

If you have appropriate software, you can literally reverse-simulate a 
past regime to determine a past potential at each point of the regime as well 
as the total quantity of the CCR. Such parameters can be sometimes useful 
for forecasts. The function that expresses the potential in terms of time (age 
of regime) is its potential profile. 

 

12.3 Modeling History As A Set of Interacting Regimes 

 

Regimes often interact with each other. Therefore, one regime can 
impact another. This interaction can become quite complicated, especially for 
smaller regimes. However, the largest, most durable regimes can be studied, 
for there is often more data for them and they tend to be somewhat less 
affected by other regimes, so that the effects are more discernable. 

 

12.3.1 The China Clock 
 

Disclaimer: this example only applies to history preceding 1911. Since that 
time, China has had new forms of government and has also embraced fossil 
fuels. So regimes since 1911 will have fundamental characteristics that are 
different from those of traditional regimes. This same disclaimer could apply 
to most other contemporary societies as well. 

To study a system of interacting regimes, it is best to study the greatest 
series of regimes. China has historically described itself as the central 
kingdom. Then have other historic regimes circles about china as do the 
planets circle around the Sun in a heliocentric system of astronomy? Does 
PHE propose a Sinocentric sociology? Yes, but to a limited degree. The mass 
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of the sun is about thousand times greater than that of even the largest planet 
Jupiter. The social “mass” of China is generally historically larger than that 
of other societies, but not by far of such a high proportion, and at times other 
empires have eclipsed or absorbed China’s social “mass.” Yet to the extent 
that there has been any solar equivalent in history, it would be China. 
Further, the Han people of China has exhibited a series of traditional regimes 
for a much longer period than any other single society, so it could be argued 
that it is the closest thing that exists to a historical “clock.” Yet perhaps and 
argument could be made for central Asia being such a clock, since its 
invasions have frequently affected societies in the continents of Asia, Europe 
and Africa. What drives the waves of invasions in history of central Asia? Is 
it a social cause or the build-up of a resource-driven potential? The answer to 
this question is not well known. 

 

TABLE 12-3 Major Traditional Regime Series for China  

 

  Dates (e.g. CE = AD)  Regime  Duration 

  -2000–1500 BCE  Hsia  500 years 

  -1500–1028 BCE  Shang  472 years 

  -1028–642* BCE  Chou 1  386 years 

  -642*–256 BCE   Chou 2   386 years 

  -202–220 CE   Han  422 years 

  618–906 CE   Tang  288 years 

  960–1279 CE   Sung  319 years 

  1368–1644 CE   Ming  276 years 

  1644–1912 CE   Manchu 268 years 

* Chou dynasty became essentially symbolic by about 700 BC, and China was chiefly 
ruled by small states during this symbolic “second” Chou dynasty. 

 

So at times that China is ruled by a regime during the strong part of its 
lifecycle, does this block the Central Asiatic invaders so that their only outset 
is India, the Middle-East or Europe? The answer to this question depends 
upon several factors and changes depending on the state of those factors at a 
given time.  

The following table shows several strong traditional regimes in China 
and corresponding waves of invasions in Europe. This list is not complete, 
but is suggestive for several regimes. 
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TABLE 12-4 Major Traditional Regime Series for China and  

Asiatic Invasions in European  

 

 Dates (e.g. CE or AD) Regime  Duration Invasion 

 618–906 CE  Tang  288 years Lombards, Avars 

 960–1279 CE  Sung  319 years Slavs, Magyars 

 1368–1644 CE  Ming  276 years Ottoman Turks 

 

Yet there are exceptions. The Huns, and later the Mongols, overwhelmed 
both China and much of the West. Conversely, a strong Roman empire might 
have pushed the Huns eastward before they went Westward, for the Huns 
attacked China in 317, while they did not invade western Europe until the 
mid 400s.It could be the coincidence of strong empires in both the East and 
the West built up potential in central Asia up to the point that the Huns 
became extremely potent. That both Russia and China were both relatively 
strong during the time of the Sung dynasty may have contributed to a build-
up of potential in central Asia that helped the Mongols become so powerful. 
Such speculation should not detract from the achievements Mongols such as 
their innovative battle tactics. (The author is not as familiar with the history 
the Huns, so cannot comment further upon them).  

 

12.4 Modeling The Near Future Of A Single of Regime 

 
Modeling an existing regime may provide an indication of the magnitude of 
fast entropy tendencies upon that regime, especially if it is quite similar to a 
past regime, or is well advanced in age. Yet, the interdependent nature of 
today’s regimes and the possibility for nuclear or biochemical warfare or 
catastrophes create greater uncertainties than in the past, so that caveat must 
always be kept in mind. Further, the existence “unknown unknowns” must 
not be forgotten. 

 
12.4.1 General Approaches 

 
There are two major approaches for modeling a future single regime. The 
first approach is to guess Gaussian or Maxwell-Boltzmann distributions and 
adjust the constants involved to produce the best fit for the data that you have 
so far. The ways to do so could fill whole volumes in themselves, and are 
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better covered in mathematical texts devoted to that subject. For purposes of 
this text, adjusting the parameters of the proposed function to provide the 
best visual fit provides a method that anyone who knows how to use a 
graphing program can utilize. Although this method is easy to implement, 
make sure to use the proper units for the constants!  

If you do not have any data, this method cannot be used. Also, if you 
only a small amount of data, or data for only a short time period, be warned 
that the forecasts could wildly vary from what will actually occur, even if 
nothing unexpected happens.  

If you have data that appears to contain a great deal of noise (random 
variations), is quite inconsistent from period to period or contains a cyclic 
variation (such as an annual cycle or a regular seven year weather pattern), 
you may need to smooth out the data. To reduce noise, you can use a moving 
average smoothing technique. For purposes of this text, you could average 
the each value with the value immediately before and after it. For cyclical 
data, you can average over half a cycle before and afterwards. There are 
much more sophisticated smoothing techniques that can be found in 
textbooks on various types of forecasting. 

The second approach is to combine the initial characteristics of the data 
already obtained with the values of parameters of past regimes. This 
approach is more intelligent, but equally more complicated. A simple way to 
do this is described as follows. The first step is to try to create a pure 
exponential growth function that describes the growth seen in the initial data 
and identify the parameters in that function. Then plug these parameters into 
a distribution function, and use parameters from past regimes to fill in the 
remaining parameters. The past regime should be as similar to the present 
regime as possible, taking into account location, historical point of time, size 
of regime, type of resource use, and any other characteristics that seem 
applicable. If you need to alter any of these parameters to improve the fit, 
only do so if you have a rational basis for doing so.  It is also possible that 
old values might give better long-term projections than parameters merely 
altered to improve the short-term fit. 

 

12.4.2 Thermodynamic Approach 
 

The thermodynamic approach is similar to the second approach above. 
However, an effort should be made to express parameters in terms of a 
potential and changing efficiency. If the quantity of the most critical 
conserved resource is known, then the projected total consumption over time 
should match that quantity. If the present regime uses the same types of 
resources and does not utilize any major new technologies, then it may be 
possible to use the potential profile from that past regime 
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12.5 Modeling The Future As A Series of Regimes 

 
12.5.1 Future Horizon Challenge 

 
Modeling a single existing regime may be fairly reliable.  Modeling a series 
of regimes into the future may be much less reliable. First, all of the reasons 
that challenge modeling a single present regime apply even more so to 
modeling a series of regimes. Even worse, human society may face a 
fundamental change over the next hundred years, if not sooner. This could 
nearly completely throw off most forecasts. However, once society has made 
that transition, whatever it may be, then the nature of resource use and 
technologies of regimes may become more constant over time, so that it may 
be reasonably reliable to model a series of regimes after that point. If humans 
are involved and go back to traditional, agricultural technologies, and the 
same traditional population centers remain, then even the 300 Year Rule and 
the old potential profiles might be applicable. If robots replace humans in 
future regimes and they live off of nuclear fusion or some more exotic energy 
source, than some other potential profile may apply. 

12.5.2 Methodology 
 

A similar methodology to that described in 12.5.5 may be useful in modeling 
a future series of regimes, especially if the probable potential and “heat 
engine” characteristics can be reasonably identified. 

 

 

12.4 Modeling The Future As A Set of Interacting Regimes 

 
12.5.1 Many Simultaneous Regimes 

 
Numerous simultaneous regimes may co-exist. Such was the case of the 
ancient Greek city-states before the time of the wars between Athens and 
Sparta.  Each regime has some freedom of action. However, the collection of 
those states can often be considered aggregately to form a larger “super” 
regime. 

12.5.2 Interaction Between Two Simultaneous Regimes 
 

A frequent tale in history is the interaction between two simultaneous 
regimes, often of apparent equal power. There will typically be oscillatory 
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flow of wealth or military strength back and forth between the two powers as 
they compete with each other, or there will be the ongoing flow of wealth or 
military strength from one to the other. The second case represents a 
potential, and can be modeled by utilizing that potential as a conserved 
resource. 
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C H A P T E R 

13 
 

Economic Bubbles 
 
 

Chapter 13 discusses economic regimes, more commonly known as 
“bubbles”. 

 

13.1 Modeling Business Growth  

 
13.1.1 Businesses as consumers of limited resources 

 
Businesses can be modeled as of consumers of limited resources and 
therefore as Hubbert curves. A business based upon an oil well or a gold 
mine is an obvious example. The limited resource can be intangible. Nearly 
all businesses are ultimately dependent upon a particular business 
opportunity that is often in turn dependent upon a limited resource. That 
limited resource might be satiable customer demand for a highly durable 
product. It might be a technology niche that has a limited lifetime or 
marketing window in a rapidly transforming marketplace. Other examples 
include resources can include intangibles such as goodwill and patents. 

 

13.1.2 Business Development Stages 
 

Businesses tend to develop through fairly well-defined stages: start-up, 
growth, stalling, acquisition of or by other businesses (or decline and then 
termination). 

 

13.1.3 Business Modes of Operation 
 

Businesses tend to operate in one of two modes, depending upon their current 
development stage. Growing start-ups are in an exponential growth (EG) 
mode, while established businesses move to an exponential decay (ED) 
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mode. Operation in the EG mode is characterized by emphasis on revenue 
growth. Sources of revenue growth include new products, increased sales or 
acquisition of other businesses. Operation in the ED mode is characterized by 
emphasis on cost cutting. Forms of cost-cutting include consolidating 
product lines, reduced R&D spending, and layoffs. (The former case of 
stable major airline striving to raise profits by removing an olive per salad 
served is such an example). A firm that is experiencing the plateau of a 
logistic growth curve will rend to oscillate between the EG and ED modes, 
depending on short-term events. 

The transition from the EG mode to the ED mode can be a dangerous 
time for a business. Sometimes businesses grow too quickly and cannot make 
a successful transition. Cash shortages and the inability to fulfill customer 
orders are symptoms. Frequently the founder and the original management 
will be replaced at this point. 

 

13.1.4 Modeling Business Managers 
 

Some business managers desire growth, so much that they don’t especially 
mind the ensuing disorder. Other people prefer order and harmony, even at 
the expense of growth. 

Managers who emphasize getting sales, launching truly new products, 
and even mergers and acquisition tend to be operating in an exponential 
growth mode. Managers who attempt to increase profits by focusing on 
reducing product costs and decreasing workforce size tend to be operating in 
a plateau of exponential decline mode. 

 

13.2 Precautionary Considerations 
 

General statements about a society or a category of people within a society 
should certainly not be taken to apply to individuals. Individuals tend to have 
a wide range of freedom to act and don't fit into most generalizations. 

 

13.3 Direct Logistic or Gaussian Approach  

 

It is traditional to model growth by one of two types of curves, the pure 
exponential growth curve or the logistic growth curve. Since most new 
business plan for three to five years, this is a reasonable approach. 
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All things end sooner or later, so it might make more sense to model 
growth with a Gaussian or Maxwell-Boltzmann distribution. However, most 
businesses don’t like to plan for a downturn. Yet for particular products or 
businesses in industries where the typical lifetime may only be a few year or 
a single season, either of these curves may be superior to the pure 
exponential or logistic approaches. 

 
13.3.1 Beginning Point 

 
None of these approaches has a clear beginning point, mathematically 
speaking. The pure exponential, logistic and Maxwell-Boltzmann curves can 
arbitrarily be assigned a beginning point without too much thought.  

The Gaussian curve can prove more challenging to assign a beginning point. 
A fair approach is to initially establish a pure exponential growth curve, then 
later fit a Gaussian to that curve. 

 

13.3.1 Pure Exponential Growth Phase  
 

Sometimes it is hard to determine the parameters soon enough to make useful 
forecasts. Yet there are ways to handle this, although they are imperfect. 
However, if a business has a great product, and there is strong demand for it, 
the question is how quickly can the business expand to meet that demand? If 
the expansion cost and resultant speed can be calculated, then a model 
exponential growth curve can be generated, assuming that the business will 
expand as quickly as possible. Also assumed is that the growth of the 
business at a particular time will be proportional to its size at that time. If the 
business can only expand linearly, then a linear model must be generated. 

 

 

13.3.3 Leveling or Decline Phases  
 

Eventually, limiting factors will level off growth and even cause a decline in 
business. A logistics curve is appropriate for a product or business that will 
have relatively long-term, stable sales, such as a popular soft drink. For 
products that will have a known or likely decrease, a Gaussian or Maxwell-
Boltzmann curve can model both the growth and decline. 

 

 

13.4 Efficiency Approach  
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A more fundamental approach is to use efficiency data for modeling. This 
approach can work better if there are similar cases available for comparison 
so that reasonable parameters for reproduction costs and efficiency can be 
proposed at an early phase so that reasonable forecasts might be possible. 
This approach is similar to modeling a single historical regime. 

 
 

13.4.1 Two Places to Begin—Relation to Supply and Demand 
 

There are two placed to begin using the efficiency approach. One way is to 
determine the total lifetime sales for the product or business. (Take the raw 
value, not the Net Present Value-discounted value). If you can then 
determine what the peak sales amount will be, and the beginning and end 
dates of the business, you can treat efficiency as a linearly decreasing 
quantity (this is not entirely accurate, particularly for the beginning and end 
of the lifecycle, but can be a reasonable approximation).  

A perhaps better, but more complicated way is to first model demand for 
the product (in terms of a series of classical economic demand curves over 
time). Then determine a series of classic supply curves over time. This will 
tell you the sales revenue and volume over time. The trick is to use fast 
entropy and thermodynamic efficiency to model how the supply and demand 
curves will change over time. Fast entropy will cause the quantity supply 
curve to fall: as the business develops, the business will likely increase 
production capacity, so that it can afford to sell more at a lower per unit 
price.  

However, as time goes on, the demand curve will also fall due to growth 
leveling off or falling as the market becomes saturated. It is also possible, 
that there will be limits to how much production can grow is a required 
resource becomes scarcer (and thus expensive), so that the supply curve can 
only fall so far. These events represent decreasing thermodynamic efficiency. 
Thermodynamic efficiency should be differentiated from empirical 
efficiency, which may be due to such factors as economies of scale. In fact, it 
is often falling thermodynamic efficiency that required increased economies 
of scale to meet demand at sufficiently low prices. This is one reason why 
there is often consolidation in maturing industries. 

 

13.5 Modeling Macroeconomic Business Cycles  

 
It is possible to use this approach to model entire macro economic business 
cycles. (Despite their name, these cycles are really thermodynamic bubbles). 
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13.5.1 US Adjusted GNP Example 
 

Figure 13-1 shows US adjusted GNP for 1993-2008 (the scale is nominal; 
2008 figure marked by “r” is tentative). Long-term trends have been stripped 
out of the data. The figure shows the dot com bubble peaking around 2001 
and the housing bubble peaking around 2006. These bubbles are not just 
random occurrences, for they share a similar structure. There is an underlying 
thermodynamic potential. . An engine of GNP growth forms to bridge that 
potential, such as firms that can create or take advantage of new computing 
technology or a relaxation of banking standards. At the beginning of the 
bubble, the potential is high, so that exploitation can take place at a high 
thermodynamic efficiency. However, as potential is consumed, the amount 
potential decreases, so efficiency necessarily drops. At the same time, old 
firms are expanding and new firms are being formed, resulting an increasing 
amount of heat engines” to consume potential.  

Once formed, these firm heat engines remain “hungry”. They need to 
consume potential to survive and they very badly want to survive and grow. 
So they keep growing, even though potential is decreasing. Eventually, the 
potential (and therefore thermodynamic efficiency) drops so low and there 
are so many heat engines, that most of the heat engines can no longer support 
themselves. Chances are, industry overshoot has occurred (i.e. formation of 
too many hungry heat engines), and a crash occurs. This cycle usually 
repeats itself for each macroeconomic business cycle bubble, although the 
chief industries involved may vary among bubbles. The bubble itself 
apparently increases overall entropy production of a society, which is 
consistent with the principle of fast entropy. 
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FIGURE 13-1 Adjusted US GNP Growth versus Year (1993-2008) 
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C H A P T E R 

14 
 

Psychology Versus Fast Entropy 
 

 

If you don’t hate this book the first time you read 
it, then either you don’t understand it or you aren’t 
human. 

 

Chapter 14 discusses the inherent conflict between fast entropy and 
psychology. It is ironic, but fast entropy has shaped human psychology to 
reject the very idea of fast entropy. 

 

14.1 People View Science Through the Filter of Feelings  

 
14.1.1 People are emotional beings 

 
People have emotions. They naturally form impulsive judgments based upon 
their feelings or physiological reaction. Thinking takes time. Emotion can be 
instantaneous. People evolved from times when there was little time to think. 
Organisms who thought first were eaten by something bigger. Organisms 
who emotionally reacted (were immediately scared and ran way) lived to 
have offspring. Our ancestors evolved to be emotional reactors and we 
inherit this trait. 

 

14.1.2 New Ideas Are Psychologically Costly 
 

New ideas typically require changing ideas about what is already known. 
This can make a person feel ignorant, uncertain, out-of-control and even 
unsafe. 

 

14.1.4 New Ideas Can Be Deadly  
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To some extent, the social status of all people is at least partially dependent 
upon their knowledge and wisdom. New discoveries and theories therefore 
automatically decrease the social status of existing people, for there are by 
definition unknown. Status has been demonstrated the most important 
determinant of longevity (how long the worker lives).51 Therefore the 
decrease in status caused by new discoveries can shorten the longevity of 
people, especially older people. 

Since new discoveries are actually life-threatening, it is natural that 
people will resist new discoveries, as if their life depends on their resistance, 
which it indeed does. Of course, new discoveries are often in fact incorrect in 
one or more aspects, so it is reasonable for people to initially reject new 
ideas. 

However, the duty to winnow and sift is often not enough to explain the 
visceral negative reactions that academic workers sometimes have towards 
new ideas. Therefore, emotions often color judgment. Incidentally, this 
subject has been studied, such as by Kuhn in the Structure of Scientific 
Revolutions. Such impulsive judgments cannot be stopped. However, many 
decisions and final judgments can be accepted after time passes and reason 
has a chance to examine new discoveries. 

 

14.2 People Don’t Like the Second Law of Thermodynamics 

 
14.2.1 People life freedom of choice 

 
People have the need to feel that they have freedom of choice. Although the 
Second Law of Thermodynamics is statistical in nature, it tends to be 
deterministic in effect. People prefer having choices and feel that they do 
have choices. Therefore anything that is deterministic is unacceptable. 

 

14.2.1 People don’t like limits 
 

People don’t like limits. They don’t like to feel that the choices they do have 
are limited. Unfortunately, the laws of physics suggest all sorts of limits. The 
limits on efficiency under the Second Law, or the limited amount of 
petroleum under the surface of the Earth don’t seem very pleasant to people. 

 

14.2.3 People like immortality 
                                                
51 BBC News article. 
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People like immortality. Therefore the illusion of immortality, infinity and 
perfection are extremely desirable images. People like circles, for they are 
perfect and have no end. People also like pure sine waves, for they have no 
end, either. If you can view one cycle of the wave, you will know how it is 
forever and from one end of the universe to the other, so to speak; by 
grasping a piece of a pure sine wave, you grasp the whole. Also, pure sine 
waves exhibit the same sort of perfection as circles. 

 

14.2.4 Motivation Is Inherently Irrational 
 

People need to maintain their motivation. Indeed, the more they maintain 
their motivation, the more entropy they can each produce. Yet, the laws of 
physics feel constraining; it is hard to feel motivated when one is aware one 
is trapped by the laws of physics. So the principle of fast entropy has dictated 
through the evolution of the brain that people tend to deny the existence of 
fast entropy or other laws of physics. 

Instead, people live by impossible maxims. Have you not heard the saying 
“You can achieve anything you put your mind to.” You could solve world 
hunger, cure cancer and finish reading this book by dinnertime. Yet you 
haven’t done those things yet. Don’t you care about the starving children of 
the world? Perhaps not. Mother Theresa didn’t solve the problems of poverty 
or world under either. According to the above maxim, she could have, but 
chose not to, so she apparently didn’t care either, or was all in favor of 
starving children. Another maxim is to give something 110% effort. That is 
physically impossible. 

The point is that such impossible maxims help us to achieve more in life. We 
may not achieve everything we wish to, but we’ll achieve more than the 
scientifically cynic.  

 

14.3 The Complete Picture 

 
14.3.1 Inner and Outer Philosophy 

 
In Chapter 1, you may recall that it was asserted that both inner and outer 
philosophies are needed for a complete social science. The emotions and 
motivational necessities of inner philosophy need to be considered along 
with the cold, hard scientific facts of outer philosophy, and vice versa. If you 
can appreciate and practice this, then you have learned the most important 
lesson in this book. 



Physical History and Economics—Great Escapes 85 

C H A P T E R 

15 
 

Great Escapes 
 
 

Chapter 15 discusses ways to escape the limitations of thermodynamics. 

 
The author periodically presents on fast entropy to conferences of 
sociologists and other social scientists. A frequent audience reaction is to 
devote the rest of their lives to disproving the principle of fast entropy, or at 
least its application to the social sciences. How can we escape from the jaws 
of its limits? 

The best way to escape is to remember that as individuals, our rate of 
entropy consumption is not the primary determinant of our happiness. The 
quality of our personal relationships and sense of community may be far 
more important to our happiness, self-esteem and status. 

A second point is that, as individuals, we have a great scope of freedom. 
Specific consideration of the laws of thermodynamics rarely constrain the 
day-to-day actions or decisions of individuals, even of physicists. You only 
need to worry about them if you are deciding whether to invest in an exotic 
energy technology, designing a mechanical device or promulgating a macro 
social policy. 

Third, time is often your friend as much as your enemy. The world is not 
going to run out of oil today, tomorrow or even next year. To paraphrase 
French King Louis XV, it may very well last your time. Just as 
thermodynamic processes are nearly inevitable, they are rarely instantaneous. 

Finally, if you are able to use fast entropy as a crystal ball (albeit an often 
foggy one), you can arrange your life so to use fast entropy to your 
advantage. 
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C H A P T E R 

16 
 

Conclusion 
 
 

Chapter 16 provides concluding remarks. 

 
Physical History and Economics represents a solid foundation for the future 
development of history and economics. PHE can provide new insight into 
some of the pressures and influences upon historical societies and the 
constraints that governed them. PHE can help to provide economists with 
another means to analyze regimes over their entire lifetime. 

However, Physical History and Economics is not alone sufficient to 
develop practical solutions for society. Rather, think of Advanced Social 
Science as one of two filters. Physical History and Economics can be used to 
anticipate and also to filter out scientifically impractical solutions. Such 
solutions are impractical because they run counter to the tendencies of nature 
and probably will not work.  

The other filter is human psychology. Even if a solution is scientifically 
valid, if it cannot be implemented due to the limitations and constraints of 
human psychology, then it is equally impractical and is doomed to probably 
failure. A good solution is one that can pass through both filters, that of 
Physical History and Economics and that of human psychology.  

Thus, Physical History and Economics, used in conjunction with an 
understanding of human psychology, can save humanity the trouble and 
expense of attempting impractical solutions and can provide options that will 
probably work. That is the goal and dream of Physical History and 
Economics. 
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the author does not claim the statements are new. Nevertheless, to the author’s 
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discovered some of the major pieces. 



Physical History and Economics—Appendices 89 

A P P E N D I X 

A-1 
 

Maxwell-Boltzmann Distributions and 
San Juans Mining Region Example 

 
 

Maxwell-Boltzmann Distributions 

 
This case study was published by the author in the Journal of Physical History & 
Economics in Spring 1997. Disclosure: that issue was self-published and not peer-
reviewed. Minor editing has taken place. 
 

San Juans Mining Region Case Study:  

Application of Maxwell-Boltzmann Distribution Function  
 
 
Abstract: This study utilizes an equation derived from the Maxwell-Boltzmann distribution 
function to model economic output over time for mining production of the San Juans region in 
Colorado during the 19th and early 20th centuries.   
 

Introduction: 
 
This study will briefly present the history of the San Juans mining region, discuss the 
development and use of the Boltzmann-Maxwell distribution function in physics and then discuss 
the distributions use in modeling economic behavior behavior using San Juans data as an 
example. 
 
 

Brief Chronological History 
 
(Note that dollar amounts are unadjusted for inflation — they reflect actual historical figures). 
 
The San Juans mining region of Colorado produced gold and silver from dozens of mines, around 
which towns and communities eventually developed. Mining began as early as 1765.  Its heydays 

were between about 1889 and 1900.1 There is again mining in miscellaneous minerals, but the 
not much in gold, which was the primary economic driver for the “great days”. The region is now 

used primarily for recreation and some agriculture.2 
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Spanish gold mining of placer deposits took place between about 1765-1776 (native pieces of 
nearly pure gold found found on the surface). Some mining took place in 1860, but it was 
interrupted by U.S. Civil War. At this point, “only the smaller deposits of high-grade ore could 

be mined profitably.”  Mining slowly started again in 1869.3 There were 200 miners by 1870 4 
An Indian Treaty was negotiated in 1873, which removed a major obstacle to an increase of 

mining.5 
 

By 1880 there was nationally a ‘surplus of silver; pressures to lower wages; labor troubles.’6 In 

1881 a railroad service was established, resulting in a ‘decline in ore shipping rates.’7 By 1889, 
$1 million in gold and silver were being produced each year (for one particular subregion). Around 

1889, English investors had come to control the major mines by this time.8 The 1890 production 
total for San Juans was  $1,120,000 in gold; $5,176,000 in silver. The region produced saw  

$4,325,000 in gold and $5,377,000 in silver in 18999. 
 
By 1900, the region began to take on more of the characteristics of a settled community. There 

was a movement for more “God” and less “red lights.”10 By 1909, “the gilt had eroded” 

(dilapidation set in; decreasing population).11 In 1914, production greatly fell, due to decreased 
demand from Europe (because of World War I) and the region lost workers. Farming becomes 

more important to local economy than mining.12 Recreation and tourism revenues become the 

only bright spot for many mining towns.13 Silver and gold mining all but ceased by about 

1921.14 
 

Development and use of the Boltzmann-Maxwell  

distribution function in physics 
 
An equation derived from the Maxwell-Boltzmann distribution function is used to model 
economic output over time for mining production of this region. 
 
The Maxwell-Boltzmann distribution function is used in physics to describe the distribution of 
molecular speeds in a gas. 
 
It can be expressed in the form: 
 

(1) f(v) = [4 / 
1/2

] [m/2KT]
3/2

 (v
2
) [e(-mv2/2kT)] 

 
 where m is the mass of an individual molecule of the gas, 
 k is the Boltzmann constant 
 and T is the temperature expressed in degrees Kelvin (absolute degrees) 
 
 

The distribution’s use in modeling economic behavior  

using San Juans data as an example 
 
Background 
 
It has long been suggested that statistical tools should be used to study human behavior. Science 
fiction author Isaac Asimov suggested this in his Foundation series. Of course statistical analysis 
is the mainstay of market researchers, political polsters and social science faculty and graduate 
students. 
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In particular, the bell-shaped curve of the normal distribution has been used as an alleged crystal 
ball to explain why one student should get such a grade as compared to another student and the 
intelligence of different groups as compared with others. 
 
This bell-shaped curve has been of important use in geology, at least as it pertains to economics.  
M. King Hubbert used a bell-shaped curve to model domestic U.S. petroleum production over 
time. So far, time has proved him correct.  
 
Conceptually, Hubbert’s model essentially utilizes a normal probability distribution, which is 
conceptually reasonable, since distribution of national petroleum reserves are widely scattered.  
 
However, Hubbert’s model is symmetric around the point of maximum production. Yet, many 
instances in society and economics are not symmetric over time. 
 
Conceptual Application of Maxwell-Boltzmann Distribution 
 
The San Juans offer such a case.  While data obtained this far is extremely limited, there is enough 
qualitative information to provide a few data points and qualitative information to paint a picture 
of life in the San Juans.  This information primarily draws from the book Song and Hammer. 
 
In the case of a mining region, there is a veritable “cloud” of people 
 
Quantitative Analysis of Application of Maxwell-Boltzmann Distribution 
 
An equation derived from the Maxwell-Boltzmann distribution function is used to model 
economic output over time for mining production of this region. 
 
As mentioned, supra, the Maxwell-Boltzmann distribution, used in physics to describe the 
distribution of molecular speeds in a gas, can be expressed in the form: 
 

(2) f(v) = [4 / 
1/2

] [m/2kT]
3/2

 (v
2
) [e(-mv2/2kT)] 

 
 where m is the mass of an individual molecule of the gas, 
 k is the Boltzmann constant 
 and T is the temperature expressed in degrees Kelvin (absolute degrees) 
 
It is useful to note that the quantity m/2kT is itself composed of values that together can be 
considered as a single constant, which we will call “K.”  Although the temperature of a real gas of 
course can vary over time in nature, we can nevertheless consider a distribution for which there is 
no significant change in temperature.  Using our constant K, we have: 
 

(3) f(v) = [4 / 
1/2

] [K]
3/2

 (v
2
) [e(-Kv2)] 

 
Further note, that of this distribution is plotted from the domain -  to +  that 
there is are two maxima, resulting in a “double-humped” curve, instead of the usual single 
maximum shown when this distribution is traditionally plotted from  0 to + . There is symmetry 
about the y axis. For purposes of this example, we will use the maximum produced when plotting 
from -  to 0, for no better reasons than that there is a better data fit. Specifically, the domain 
produces a curve with a “tail” for lower values. It may be useful to further study the reasons for 
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this better fit, but the thing to remember is that the total area under the curve is the same as in the 
traditional domain used. 
 
Further, the distribution in this case study is plotted in unit of monetary value of production 
versus time to better study its fit with historical data, so units of both variable and constants need 
to be adapted. Further, a new constant D is added, particularly for the purpose of producing a 
function that can be plotted on an axis with units of millions of dollars (old ones). 
 
Using our constant D, we have: 
 

(4) f(t) = D [4 / 
1/2

] [K]
3/2

 (t
2
) [e(-Kt2)] 

 
The real exercise is finding a K that will best fit the very limited data. Since there is more of a 
physical basis (using the Maxwell-Boltzmann analogy) for working with K rather than D, most of 
the fitting will utilize varying K. D will mostly work with units. 
 
Further, one cannot expect to merely plug in a calendar year into a formula.  Dates must be 
converted into an appropriate time scale. Since the original distribution considers velocity, and we 
want to consider time, we replace v with t (with awareness of the impact on K), with t being a 
function of calender year. 
 
The three specific data points we have are:  
 
  Year  Total Production ($) 
 
  1889  ~6,000,000 
 
  1899  ~10,000,000 
 
  1921  ~ 0 
 
However, the distribution function must also be consistent with anecdotal data, 
which indicates that there was significant mining activity in the early 1870’s as well as some 
before the U.S. Civil War.  It may be very well that there was in reality more mining going on 
after 1921 than before about 1877, but that the earlier mining has been more “played up” being the 
stuff of folklore and legends and the later mining being down-played.  This would allow us to use 
the traditional distribution with the tail to the right.  However, this is merely speculation and 
mining has certainly lost its position as the primary economic driver that it has during the initial 
settlement of the San Juans.  The sketchy information obtained thus far about the earlier mining is 
partially quantitative (i.e. number of miners and productivity of some individual mines and towns) 
and does indicate activity which must be considered. 
 
The peak economic production chosen for the mining of the region activity is 1899. This is the 
year which the data obtained indicates the highest level of activity.  Even anecdotal indications 
suggest that the actual peak could not have happened more than a few years later. 
 
With blind trial and error fitting of the constant K and date conversion, we have:   
 

(5) f(t) = D [4 / 
1/2

] [135]
3/2

 (t
2
) [e(-135t2)] 
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using values of: D = y
-1/2 

x 1 million dollars US (old), K = 135 y
-1 

and t = (1921 - year)/255. 
 

 

 

FIGURE A1-1 Hubbert Curve for San Juan region modeled as a Maxwell-

Boltzmann distribution (nominal y scale) 

 
 
Generic Mining Town History  
 
The operation of this distribution can be qualitative utilized to produce a generic history or profile 

for a mining region.15 While the actual economic production of the regions mines will be affected 
by external events such as national recessions or even wars, the generic profile can be used as a 
starting point to understand the operation of these external shocks upon the mining region’s actual 
history. Here is such a generic history  
 
The existence of valuable, high-grade ore is found at a site. Often the site is in the wilderness with 
no major settlements nearby, since the site is often rocky and not suited to agriculture. Unless the 
ore is placer (nearly pure gold), the discovery will not yet attract much attention. 
 
Sustained finding of valuable, high-grade ore, often by individual miners who are literally 
scratching at the surface of the ground, attract serious investigation by larger mining operations. 
 
Small mining camps are established. They tend to be taking advantage of select, high grade ore 
veins and despite their inefficiencies, many make a healthy return. Such camps tend to involve the 
labor on a particular mine, an owner or manager, and perhaps a camp cook, carpenter and a 
blacksmith. 
 
New veins are often being discovered, and the area gets a reputation for the possibility of making 
one rich. Many miners and mining operations come to establish stakes. Since most, but not all, of 
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the “easy” areas to mine have already been claimed, newer stakes tend to require more financial 
capital to try to exploit.  Some veins are rich and make their owners a fortune, which enhances the 
reputation of the area.  Many more discoveries turn out to be small, and many fortunes are lost. 
 
A lively mining town begins to develop, including with professions that do not exist purely for 
the physical operation of mines. There may be a livery facility, sellers of mining equipment, an 
assayer to buy the findings of the smaller miners. Entertainment exists for the miners.   
 
Since most of the discovered ore near the surface has been removed by now, costs to extract the 
remaining ore become higher. The cost of extracting the ore moves closer to the market price for 
such ore.  As much of the ore becomes lower grade, transportation costs become more of an issue.  
While some surface discoveries are still made, some of them very valuable and high grade (which 
will still attract the fortune seekers), market fluctuations in the price for ore and its underlying 
valuable metal drive some mines to financial crisis. Larger mining outfits, owned by outsiders 
who are more often professional financiers than actual miners or technical types, purchase many of 
the smaller mines. With their capital and financial credibility, such financiers are able to undertake 
substantial capital improvements that increase the efficiencies of mining such as larger tunnels, 
better extraction equipment and railroads. 
 
Along with institutionalization of many of the mines, a professional class begins to come to 
mining town. Hotels, rather than saloons with lodging, need to be built for visiting financiers and 
professionals. Banks replace the assayers.  Better mercantile stores develop to serve the clerical and 
professional class.  Also, miners who have been in the area start to form families. Schools are built 
to serve the population. 
 
As time passes, and more ore is removed, the costs of extracting much of the remaining ore 
exceeds the market price for such ore, even though significant amounts of ore may remain in the 
ground. Indeed, there will be new discoveries of ore that is inexpensive (i.e. near the surface or 
close to old veins) to exploit, so that mining activities may continue for a long time to come, and 
there may even be newly-made millionaires, so to speak. Nevertheless, as time passes, an 
increasing percentage of the remaining ore reserves will become uneconomical to exploit, until 
mining activity essentially vanishes at the site.  
 
 
Conclusion 
 
The ability to express economic output of a mining region quantitatively using the Maxwell-
Boltzman distribution is conceptually satisfying, even if the data is limited and the unit 
transformations not fully substantiated, because the analogy itself does seem appropriate. Throngs 
of grizzly, independent prospectors scattered widely over a confined region does not seem so 
unlike a the cloud of kinetic, widely-space particles comprising an ideal gas. Even well financed, 
corporate mining operations (in the later stages of the region’s mining life) trying to find 
mysteriously hidden and placed pockets of gold and silver among mountains of rock seems to fit 
within the gas cloud analogy. 
 
However, it will be the ability find patterns in the value of K across mining regions and the 
application of that value of K to other social and economic regimes that will allow development of 
a truly useful tool for the analysis of history. 
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A-2: Reference Equations and Data 
 
Simple exponential formulas 

y = et (exponential increase) 

y = e-t^2 (normal distribution) 

 

Trigonometric formulas 

y = a sin (b t + c) + d 

y = a cos (b t + c) + d 

 

Thermodynamic formulas 

Simple Thermal Conduction 

dQ/dt = -ktc A T/ x     (ktc is a 
constant) 

Heat Engine Efficiency 

e = 1 - TC/TH 

 

Conversions 

Temp in °C = (5/9)(°F - 32) 

Temp in K = °C + 273.15 

1 "food cal" = 1000 cal = 4.186 J 

1 Btu/1054 = 1 J 

1 W = 1 J/s = (1/1054) Btu/s 

 

More Exponential formulas 

y = k1e
 k2t (exponential increase 

w/constants) 

y = k1e
- k2t^2 (normal distribution 

w/constants) 

y = k1t
2e- k2t^2 (simplified Maxwell-

Boltzmann distribution w/constants) 

 

Constants 

Baseline Regime Lifetime 

  300 years 

Maxwell-Boltzmann 

  1.381 x 10-23 J/K 
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Points of Contact 
Points of Contact 

 

Modeling and Graphics Commercial Site 

 
www.timetravelsystems.com 

 

Fast Entropy Press Commercial Site 

 
www.fastentropy.com 

 

Fast Entropy Research Site 

 
www.fastentropy.org 
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