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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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CHAPTER

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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Adjusted GNP Growth
(normalized)

Adjusted GNP Growth (normalized) vs. Year

Year

FIGURE 13-1 Adjusted US GNP Growth versus Year (1993-2008)
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CHAPTER

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 ldeas 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 ldeas Can Be Deadly



Physical History and Economics—Economic Bubbles 83

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).”! 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

S 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.
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CHAPTER

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.



CHAPTER

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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Note on references:

The author independently conceived the statements made in this essay, with the
exceptions, of course, of the 2™ Law of Thermodynamics and its application to heat
engines, and the Big Bang, the formation of matter, the fusion of stars, the formation of
planets and evolution. However, so many people have written on thermodynamics, that
the author does not claim the statements are new. Nevertheless, to the author’s
knowledge, the author is the first to synthesize all of these statements into an integrated
whole. The author has subsequently been introduced to relevant the prior work of J. A.
Burt, M. K. Hubbert, Meadows, R. Swenson and I. Prigogine who have themselves
discovered some of the major pieces.
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APPENDIX

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.?
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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.®

By 1880 there was nationally a “surplus of silver; pressures to lower wages; labor troubles.’® In
1881 a railroad service was established, resulting in a “decline in ore shipping rates.”” 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).}! In 1914, production greatly fell, due to decreased
demand from Europe (because of World War 1) 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:

@ ) =4/ mekT? ) [emv2ik)

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:

) fiv)y=[4/ ! 2] [m/2kT]3/ 2 (VZ) [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:

@ =[x K2 VP [etkv)

Further note, that of this distribution is plotted from the domain -co to +oo 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 +c. There is symmetry
about the y axis. For purposes of this example, we will use the maximum produced when plotting
from -0 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:

@  f)=D/ K> () [eCKP)

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:

6)  f)=D[4/x 135172 (%) [e(-135t)]
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/

2 x 1 million dollars US (old), K = 135 y'l and t = (1921 - year)/255.

using values of: D = y'1

1T

10 <+

T :

¥ =3333.86 * EXP((-135)* ((7.53333 +(-0.00332157) * X

e

FIGURE A1l-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.1® 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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1. E.g., DUANE A. SMITH, SONG OF THE DRILL AND HAMMER: THE COLORADO SAN JUANS,
1860-1914. (1982) (Colorado School of Mines Press) [hereinafter cited as SMITH, SONG OF THE
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A-2: Reference Equations and Data

Simple exponential formulas 1 Btw/1054 =11
y = ¢' (exponential increase) 1 W=11J/s=(1/1054) Btu/s
y = e (normal distribution)

More Exponential formulas

Trigonometric formulas y =k,e** (exponential increase
. w/constants)
y=asin(bt+c)+d .
y = k,e”*"* (normal distribution

y=acos(bt+c)+d

w/constants)

y = k,t%e " (simplified Maxwell-
Thermodynamic formulas Boltzmann distribution w/constants)
Simple Thermal Conduction
dQ/dt = -k, AAT/Ax (k. isa Constants
constant) Baseline Regime Lifetime
Heat Engine Efficiency 300 years
e=1-TdJTy

Maxwell-Boltzmann
1.381x 10* J/K

Conversions

Temp in °C = (5/9)(°F - 32)

Temp in K = °C +273.15

1 "food cal" = 1000 cal =4.186 J
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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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