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Abstract

This paper looks at the history of money and its mod-
ern form from a scientific and mathematical point of
view. The approach here is to emphasize simplicity.
A straightforward model and algebraic formula for a
large economy analogous to the ideal gas law of ther-
modynamics is proposed. It may be something like a
new F' = ma rule of the emerging econophysics field.
Some implications of the equation are outlined, de-
rived, and proved. The phenomena of counterfeiting,
inflation and deflation are analyzed for interrelations.
Analogies of the economy to an ecosystem or energy
system are advanced. The fundamental legitimacy
of “expansion of the money supply” in particular is
re-examined and challenged. From the hypotheses
a major (admittedly radical) conclusion is that the
modern international “fractional reserve banking sys-
tem” is actually equivalent to legalized economic par-
asitism by private bankers. This is the case because,
contrary to conventional wisdom, the proceeds of in-
flation are not actually spendable by the state. Also
possible are forms of “economic warfare” based on
the principles. Alternative systems are proposed to
remediate this catastrophic flaw.

1 introduction
“An invasion of armies can be resisted, but
not an idea whose time has come.”

— Victor Hugo

The dynamics of money is an extremely complicated
subject. It’s a foremost preoccupation of humans,

as in the way money system mechanics is intricately
woven into major plotlines of complex and influential
popular fiction works such as Rand’s Atlas Shrugged
[62] or Stephenson’s Cryptonomicon [61]. Extrapo-
lated, it even becomes a “social energy system” theme
in more futuristic or outlandish forms such as emerg-
ing from the popular science fiction movie The Ma-
triz.

Possibly the full leverage of focused worldwide sci-
entific inquiry and attention has yet to be applied
to economics. Some evidence that the science is
still in its infancy are that new fields of “economic
physics” or “econophysics,” “computational finance,”
also dubbed “phynance,” have been proposed only
recently. [@, M9, IR] Physicists are applying statisti-
cal and computational modelling techniques to come
up with creative, ad hoc, or highly realistic theories
of money flow in e.g. large economies or stock mar-
kets. [20] Despite the overused cliché, objective scien-
tific commentators sensitive to these kinds of shifts
and trends could easily identify all the signs of an
apparent Kuhnian “paradigm shift” [88] in progress.

So the blaring headlines read, “Physicists try to
break economists’ monopoly on financial theory” [d]
and “Physicists attempt to scale the ivory towers of
finance.” [9]

One major factor in the shift is increased compu-
tational power due to the so-far-uninterrupted real-
ization of Moore’s law over about four decades at the
close of the 20th century, i.e. exponential growth (in
gates per chip or many other similar measurements).
This awesome and accessible power has elevated the
computer to the status of a new scientific instrument,
roughly analogous to the invention of the microscope



or telescope, which has rapidly transformed conven-
tional scientific perspectives on laws of both nature
and societies.

Complezity is the buzzword across multiple disci-
plines, even as previously segregrated disciplines are
married [I2, BB] (e.g. in the case here, physics, fi-
nance, biology, thermodynamics, ete.). It is likely key
insights have not yet been totally realized, remaining
potential lying undeveloped. For example, virtually
all economic theory of the 20th century was devel-
oped largely without extensive computational exper-
iments, modelling, simulations, and empirical analy-
sis, so central to the new style of inquiry via the pre-
miere, even transcendental instrument(s) of science—
the computer and the algorithm. I3, 5]

The new breed of econophysicists are very open-
minded in their metaphors, borrowing seemingly al-
most indiscriminately (leaving them open to one of
the major but predictable criticisms). A particular
new meme receiving heavy attention and advance-
ment is the metaphor of the economy as an ecosystem.
Such a view seems obvious in retrospect of various re-
search delineating the parallels, but it was unfamiliar,
novel, and even somewhat radical when first exhaus-
tively and definitively proposed by e.g. Rothschild in
the seminal and foresightful book Bionomics: Econ-
omy as Ecosystem.[55] It was not clear initially if
the idea was just another shallow fad not so much
with scientific merit but to be mostly appropriated
by those seeking to justify ulterior political or social
agendas. (7]

However, subsequent quantitative research, now a
full decade after Rothschild’s manifesto, has pushed
the metaphor into reality and significantly strength-
ened the case for its validity and correctness. As
a Wall Street Journal reviewer wrote, used as the
front-cover blurb for the book, “Revolutionary... a
fascinating and highly creative alternative to the way
conventional economics views the world.” The early
tour de force analysis by Farmer, “Market force, ecol-
ogy, and evolution” [20] invokes and reapplies the
important Lotka-Volterra differential equations orig-
inally proposed for modelling population dynamics
to a stock market system (see Farmer’s work for an
excellent survey of the economy-as-ecosystem meme
thread in the scientific literature).

As usual with a paradigm shift, the perspective
flip-flops. How can the economy possibly not be
thought of as an ecosystem? In Farmer’s work, dif-
ferent traders’ strategies are fluctuating adaptations
analogous to evolutionary niches occupied by various
organisms. The Lotka-Volterra equations originally
introduced to explain oscillations in populations with
predator-prey relationships map readily into describ-
ing capital (money) gains associated with the com-
petitive speculative strategies utilized by inter- and
independent traders.

The analysis presented here will be heavily depen-
dent in places on the economy-as-ecosystem concept
and mostly take it as unequivocally justified and vir-
tually proven, even though it is not a common per-
spective among mainstream economists, and the un-
derlying research agenda is clearly only beginning.
Nevertheless, building on it, an important additional
theme proposed and explored here is that of economic
parasitism.

Along these lines, another paradigm shift is go-
ing on in the field of parasitology. Researchers are
only recently beginning to appreciate the full implica-
tions of parasites in and on ecosystems, via similarly
boundary-crossing interdisciplinary scientific collab-
orations, all forcing a serious re-evaluation of the
“big picture.” [70] In fact the study of biology is in
many ways the study of parasites; by one estimate, on
planet earth parasites outnumber ‘freeliving’ species
four to one!

New realizations are manifesting around the ubig-
uitous and crucial role(s) that parasites play in
ecosystems. In many ecosystems parasites are far
from inconsequential, insignificant, or innocuous
stowaways, but in actuality, despite their relative
physical and scientific invisibility, drive entire ecosys-
tems. Parasites have been a domininant force, and
maybe even the dominant force in the evolution of
life! [70] So... given their forefront role, what is the
presumable link to economics?

The third major theme pursued here in natural
conjunction with bionomics and parasitism is a large
scale economy seen as an energy system. While again
this concept may seem obvious, the full understand-
ing stemming from this perspective appears not yet
available. There is a strong parallel between eco-



nomics equations and e.g. thermodynamics or elec-
tronics formulas that does not seem to have been
explored systematically by researchers so far. More-
over, if the economy is an energy system, then vari-
ous laws governing it can be analyzed and regulated
based on solid engineering principles, and the mys-
tery of economic dynamics should be minimized in
e.g. the same way engineers understand the construc-
tion of buildings based on applying Newton’s law.

So far econophysicists have tended to focus on
the dynamics of markets. However it is possibly in-
evitable that they will soon arrive at a reconsidera-
tion of the classic questions of economics, one of the
chief ones being the question of the optimal policy for
expansion or contraction of the money supply. Hope-
fully new scientific light can be shed on this age-old
question and definitive rather than speculative an-
swers are within reach. This paper has been written
with that main goal in mind.

2 brief history of money

adult: Our government borrows money ev-
ery year.

child: Where does the money come from?
How can we always be in debt and not
have to pay it off?

adult: We're in debt to ourselves.

child: That doesn’t make any sense!

adult: It’s based on fractional reserve bank-
ing. Banks do not have to have all the
money that they lend.

child: 1 still don’t understand.

adult: You’ll understand it when you get
older.

Paper money was not used by Europeans until the
middle ages, partly on the discovery of its success-
ful use in China by Marco Polo in the 13th century.
The Greeks and Romans used coins. Some standard
terminology is useful: (see e.g. [32] or [B0])

commodity money Money that is made out of a
commodity e.g. typically a precious metal, ei-
ther gold or silver, i.e. coins.

receipt money This is also called “fully backed
commodity money” in [60]. A goldsmith or
banker issues paper receipts or certificates al-
ways redeemable for an exact quantity of pre-
cious metal and the receipts may be traded in-
dependently.

fractional money Money that is backed by a com-
modity only at a fraction of the face value. Also
called “fractionally backed commodity money”
in [b0). Also called “bank money” or “book
credit” in [I7). For purposes here, the exact frac-
tion is considered to be fixed in perpetuity.

fiat money Money that is declared “legal tender”
by a government with no commodity backing.
Or for purposes here, arbitrary manipulation
rather than fixed commitment to any fraction
of backing.

paper money For purposes here, money made out
of paper. Depending on backing it could be ei-
ther receipt, fractional, or fiat money. Many au-
thors use it as a synonym for fractional or fiat
money to contrast it with commodity money.

electronic money For purposes here, money as re-
duced to an abstract accounting process in-
volving ‘blips,” no longer requiring a physical
medium for transfer. Also called “digital cash”
or “cybercash.” Depending on backing it could
be either receipt, fractional, or fiat money.

As e.g. Griffin [32] and Rothbard [b4] explain, re-
ceipt money was often turned into fractional money
by bankers. They found they could temporarily loan
out additional pseudo-certificates exceeding their col-
lected inventory of gold and collect interest on these
loans. Rothbard notes that this practice was ruled le-
gal by courts in some historical cases. Griffin asserts
this practice invariably leads to an inherently unsta-
ble money system and periodic runs on banks, with
many historical examples to make his case. Griffin
also asserts that fiat money always leads to hyper-
inflation and worthless currency. These views will
be carefully reappraised here with slightly different
conclusions.



Immediately upon any inquiry into money, the top-
ics of debasement and counterfeiting arise. Someone
can take a gold coin, clip or shave it down, and pass
on that coin, or create entirely fake coins with no gold
content. Complicating the picture is that the govern-
ment itself may adopt debasement of the currency as
an official state policy! Many authors have blurred
these cases. So a strict definition of these different
forms of debasement is required.

counterfeiting The criminal practice of debasing
the currency or creating fraudulent money.

publicly-owned money expansion At the knowl-
edge and consent of citizens, the government de-
bases the currency as a matter of policy for a
revenue stream other than taxation, spent on le-
gitimate government services.

privately-owned money expansion The situa-
tion mentioned above where private bankers
transform receipt money into fractional money,
and the practice is regarded as legal by the
government. Revenue is counted as ‘profit’ by
private bankers.

Counterfeiting is equivalent to theft. The criminal
obtains tangible assets as booty at the collective rob-
bery of all who use the currency. However it is not an
overt theft in which victim is readily aware of, as, say,
when their car is stolen and missing. Embezzlement
is more accurate, presuming it is eventually detected!

As is widely understood by economists and the
general public, both counterfeiting and publicly-
owned expansion lead to, or more accurately, cause
widespread inflation of prices and, if uncontrolled,
destabilization of the integrity of the overall money
system. Often governments have had draconian laws
against counterfeiting practices as equivalent to acts
of sabotage, treason, or war. Sometimes wars were
actually waged partly via the very effective technique
of one country counterfeiting another’s currency and
‘buying’ (in actuality confiscating) resources with it.
In this sense it is a camouflaged seizure of assets, or,
economic warfare. Whereas pillaging is sometimes
the goal of warfare, counterfeiting permits an nvisi-
ble pillaging with no arms or army required!

The third case above, privately-owned money ex-
pansion, is not so sharply delineated in the eco-
nomics literature or popular treatments and is typ-
ically mixed up with the other two cases. This is a
catastrophic error as will be considered below. For
reference, call this the cui bono caveat emptor error
(Latin, “who benefits—let the buyer beware”).

The above account hides further detail and mixes
terminology based on the modern perspective. From
the historical standpoint, a nation can have two kinds
of banking or money systems:

centralized banking A universal, standardized, of-
ficial government currency is controlled and is-
sued by a central bank.

noncentralized banking Different banks may is-
sue their own receipt money as currency, also
called “banknotes.” The different banknotes cir-
culate simultaneously in the overall economy.

Most nations worldwide now have their own cen-
tral banks based on complex historical economic and
political events. American history involves eras of
alternation between centralized and noncentralized
banking systems, now currently centralized. In the
U.S. the central bank is known as the Federal Reserve
and was established in 1913. Note that the central
bank may either publicly-owned or privately-owned.
Despite its name and management protocols the U.S.
Federal Reserve is privately owned. The assumption
that a central bank is always publicly-owned is the
same cui bono caveat emptor error.

seigniorage

“By this means government may secretly
and unobserved, confiscate the wealth of the
people, and not one man in a million will de-
tect the theft.”

—John Maynard Keynes

In economics literature, the word seigniorage is typ-



ically used as a synonym for money expansion.

seigniorage: revenue or a profit taken from
the minting of coins, usually the difference
between the value of the bullion used and
the face value of the coin.

In a fractional money system the mechanism is dif-
ferent (not associated with minting coins) but with
the same effect.

Here a very careful distinction must be made. The
following are separate and distinct but are sometimes
confused by neophytes or unclear in some accounts.
The terminology is somewhat arbitrary (remarkably,
there does not seem to be a standard terminology
devised by other commentators).

straight borrowing A government borrows money
via issuing bills or bonds at a discount on face
value, promising to repay the purchaser the face
value at some specified date in the future. The
interest rate is the difference between the face
value and the purchase price.

expansion borrowing The government may also
‘borrow’ wvia money expansion, either publicly-
owned or privately-owned. Even though in this
case the standard overt procedure of “selling a
bond” seems identical to the prior case of gov-
ernment borrowing, the underlying mechanisms
and effects of the transaction are fundamentally
different.

Note that both cases involve a “shortfall of funds”
but the first case does mot constitute seigniorage,
whereas the second does. If a government’s expen-
ditures exceed revenue (government revenue is gen-
erally taxes) then it can make up some difference via
borrowing such that additional funds become avail-
able via a free-market loan by bondholders. Demand
of these bonds is mainly tied to the interest rate of-
fered by the government; higher interest rates spur
higher demand. However, even after the “auction of
debt,” the additional available borrowed funds may
still be inadequate to fully cover a budget deficit.
In which case another last resort, other than rais-
ing bond interest rates, is money expansion. Hence

the latter case can be considered in a sense a “double
shortfall” (a shortfall of demand or buyers agreeing
to loans).

A further key distinction must be made on money
expansion. A bank may lend funds either to individ-
uals or the government. In the former case typically
the “noncentral” bank lends funds deposited by other
individuals. In the latter case, typically the govern-
ment borrows money from the nation’s central bank
which controls issuance of the nation’s currency, that
is, when the bank buys government bonds. In either
case, if the bank has assets on deposit equivalent to
the borrowed funds, it’s “straight borrowing.” If only
a fraction of the loan is backed by assets, it’s “expan-
sion borrowing.” This latter case is called fractional
reserve banking (or, lending, borrowing). The frac-
tion of deposits-to-loans a bank is required to hold is
called the reserve requirement.

Hence money expansion can be localized to a given
bank’s own banknotes in the noncentral system, or
affecting the entire nation’s currency in the case of
a central bank. In the cui bono caveat emptor error,
most economics literature does not apply or blurs the
concept of the central bank owning assets to back the
government loans, not using the idea of a “reserve
requirement” relative to it.

The above establishes an important direct corre-
spondence between commodity or receipt money to
straight borrowing, and fractional or fiat money to
expansion borrowing. Moreover the two types may
be practiced by either noncentral banks or a central
bank. The banks may further be either publicly-
owned or privately-owned. An even more precise
distinction requires more sophistication than this
overview and will be pursued further below.

In economics literature and popular accounts, the
following two cases are also not always carefully dis-
tinguished. Current prices in an economy may shift
under two separate and distinct key factors:

supply and demand Demand for a particular
good or service may fluctuate due to chang-
ing economic conditions. This is the “invisible
hand” of Adam Smith’s theory. The value or
demand of the underlying assets has changed.

money manipulation In a fractional money sys-



tem, money units can be shifted or modified
based on money expansion. The value or de-
mand of the underlying assets is not changed.

This paper will focus on the latter case and reserve
the word inflation exclusively for it. (To add to the
confusion, many authors refer to the latter case as
the supply and demand of money.) The distinction is
also roughly between eztrinsic and intrinsic factors,
respectively.

The economist Keynes helped analyze the process
of publicly-owned money expansion and considered
the ensuing inflation as a pernicious “hidden tax”
on the masses. However, many monetary reformists
have proposed publicly-owned money expansion as a
very useful means of taxation superior to alternatives,
presuming it is limited and erected at full knowledge
and political consent of citizens (see e.g. [21]). Via
such a system:

= The state can obtain spendable revenue that re-
quires no vast, complex, and cumbersome ac-
counting system in e.g. the way the income tax
does.

= [t also is an extremely uniform taxation system;
representing a percent of every dollar in circu-
lation, in contrast to every reported dollar, or
every dollar in only particular types of trans-
actions. Conventional taxes on the other hand
have uneven effects which are notoriously diffi-
cult to anticipate by a legislature.

= Tax evasion is essentially impossible under
publicly-owned money expansion!

money policy

“All the perplexities, confusion and distress
in America arise, not from defects in their
Constitution or Confederation, not from
want of honor or virtue, so much as from the
downright ignorance of the nature of coin,
credit and circulation.”

—John Adams

In 1849, in a racist screed championing the righteous-
ness of slavery over free market economics, Thomas

Carlyle lambasted supply-and-demand ideology as
“the dismal science” in the first reference ever. [&1] In
modern form the preoccupations of “the dismal sci-
ence” are over money expansion and inflation but the
root issues are timeless. After centuries of commen-
tary and reaction, it seems an utterly poorly under-
stood, mysterious, intractable, and at times incom-
prehensible subject. How should money expansion be
regulated? New theories arise regularly. For example
the major trend of monetarism advanced chiefly by
Friedman came about in the second half of the 20th
century in response to dissatisfaction with existing
government policies regulating money expansion.

This lack of consensus seems tremendously ques-
tionable and unsettling given that the health of entire
world economies is at stake. Routine money expan-
sion has become the modus operandi of virtually all
magjor and minor governments worldwide. Regard-
ing different policies on its regulation, no school of
thought seems to have tangible proof of its supremacy
of interpretation and guidance. Here maybe econo-
physics research can eventually untangle the tangled
mess of conflicting and contradictory approaches.
The following is a rudimentary “first cut” in this di-
rection representing in parts a radical departure from
conventional dogma.

3 mathematical analysis

“Better cut my pizza into four slices, I'm
not hungry enough to eat six.”
—Yogi Berra

What is needed to cut through the legacy of am-
biguous verbiage and claims on money expansion and
inflation phenomena is a correct, preferrably simple
model. Extremely complex models of money expan-
sion effects on the economy have been proposed re-
cently with the help of computational simulations,
and researchers will presumably continue to pursue
these directions to yield new insights. [G, B5] As the
models reflect, the interplay between taxation, pro-
duction, and expansion is surely tremendously intri-
cate. However, while these are admirable analyses,
complicated models are only necessary if simple mod-



els do not give correct or accurate results for the pur-
poses or questions at hand.

The approach here will be to take perhaps the sim-
plest possible model(s) imaginable, with the fewest
overall “moving parts,” and derive straightforward
conclusions. These models are offered as plausible
but falsifiable hypotheses to serve as a base for fur-
ther research rather than a definitive or final anal-
ysis. They're mainly a vehicle for introducing some
key metaphors and analogies to guide intuitive think-
ing on the subject. (Also, in the following presenta-
tion, the prose will fully explain the meaning of the
mathematical equations, leaving the latter optional
for nontechnical readers.)

Economics’ basic equation for “money demand” is
the “equation of exchange” outlined by Irving Fisher
in his 1911 treatise, The Purchasing Power of Money:
(50, 7]

MV =PY (1)

where

= M is the stock of money
= V is the velocity of money
= P is the price level

= Y is the level of real output in the economy, e.g.
the GDP, Gross Domestic Product.

The velocity is typically assumed constant by the
“standard behavioral proposition;” it may also be
taken as a measurement of individuals’ preference for
saving vs. spending.

No monetary authorities appear to have ever re-
marked on the striking correspondence between this
formula and the ideal gas law from thermodynamics,
which holds for gases at low density. The equations
that follow are mainly adapted from [65]:

pv = nRT (2)

where

= p is pressure measured in dimensional units of
force/length? (i.e. force/area)

= v is volume measured in length®
= T is temperature,
= R is a conversion constant

= 1 is the number of particles (atoms or molecules)

The product p-v has units force-length, i.e. energy,
also analogous to heat and work in thermodynamics,
measured in units of joules.

The correspondence is established and metaphor
revealed when eq. [ is written in the form
1/P- MV =Y. The analogies are:

1/P & p
MV < w
Y & T

The above seems to constitute something of a
very important “bridge theorem” between economics
and statistical physics (specifically thermodynamics).
From this parallel many new insights are immedi-
ately available. The mass economy can be seen as
something like a given volume of gas under pressure.
For example, if the volume is increased, the pressure
per area decreases, assuming constant temperature;
analogously, if the money stock is increased, prices
increase (being inversely proportional to pressure),
assuming constant GDP.

In thermodynamics a process involving no heat
transfer between the system and environment is
termed adiabatic. For ideal gases, a related process
occurs at constant temperature, called isothermal.
The thermodynamic equation for the special case of
constant temperature is known as Boyle’s law:

(3)

Quite probably, economic transactions between in-
dividuals are the parallel to atomic collisions in the
ideal gas. This hypothesis and direction are very
recently being pursued by pioneering econophysicist
Doyne Farmer: “[our] results suggest that some ba-
sic properties of markets can be explained by a the-
ory much like statistical mechanics, in which each

P11 = P22



trade imparts an impact to prices, much like a molec-
ular collision.” [Z1] This concept also has strong par-
allels to fascinating new research by econophysi-
cists Bouchard and Mézard into economic models of
Pareto’s law of wealth distribution related to temper-
atures in directed polymers. [T, §]

Another link can be found in the extremely im-
portant Black-Scholes equation for derivatives (op-
tions) pricing which was actually initially adapted
from a heat transfer formula from mechanical engi-
neering. In it, price differentials become analogous to
heat variations. An overall stock market behaves as a
heat diffusion system. It seems likely that stock mar-
ket results directly correlate with general economic
transactions, although this link has apparently not
yet been systematically explored.

On the local, microscopic level, the collisions and
transactions are random and statistically distributed.
On the macroscopic level, a simple global property
emerges as one of the best scientific examples of the
“law of averages” realized. This will surely be a
very fruitful line of inquiry for future econophysics
research.

Apparently then, prices are an instantaneous mea-
surement of money-energy denominated in units of
current pressure, which economists sometimes refer
to as “underlying value” ws. “nominal value.” The
product p- v, pressure times volume, gives a quantity
of money-energy. Boyle’s law states that under “con-
stant temperature” (constant GDP), money-energy
is conserved under changes in the money stock; this
might be called the law of conservation of money-
energy.

In thermodynamics the direct analogue was
demonstrated by Joule in a classic two-chamber air
transfer experiment, which shows the internal energy
of an ideal gas is a function of temperature only (i.e.
not pressure and volume), written

u=f(T)

Now suppose that the money stock, v, (denom-
inated in e.g. units of dollars) is increased by an
amount vo = vy +x. Then pyv; = ps - (v1 + x),
or, (assuming constant GDP)

P2 = (vlv—il— m) b1 (4)

The new “pressure per dollar” is a fraction of the old
pressure, and a greater “volume of dollars” is required
to obtain the same level of money-energy. This is the
simplest scientific and mathematical explanation of
the fundamental phenomenon of inflation.

intuitive analogies

This new framework and vocabulary is not merely
a superficial restatement but a very important new
insight into money expansion and an answer to the
question, what exactly is money? A nice analogy
from introductory engineering emerges here. In en-
gineering the concepts of weight vs. mass, which ini-
tially seem synonymous and are sometimes casually
interchanged, are carefully distinguished.

Mass is a fundamental unit and property of mat-
ter. Weight, measured in units of force, is an amount
of mass relative to a given gravitation, i.e. mass
times gravity (acceleration), typically presumed to be
Earth’s. Analogously, “underlying value” or money-
energy is a fundamental property of economic trans-
actions, whereas price is a quantity of money-energy
measured relative to a given volume or pressure (pres-
sure times volume). The same mass has different
weights on different planets just as the same money-
energy has different prices within different volumes
or relative to different pressures. In economics and
popular literature, lacking strict terminology, confu-
sion easily arises as writers often use the single term
‘money,” or others, to connote the two distinct mean-
ings depending on context.

On the other hand, remarkably, much literature
anticipates the thermodynamical equivalences estab-
lished here without actually taking the slight extra
step of articulating them directly or formally (i.e.
mathematically). For perhaps centuries, many com-
mentators have talked about the volume of money,
the pressure of a deal, or the heating up of an econ-
omy.

Another analogy is extremely helpful. Imagine a
company stock trading on an exchange, with some
quantity of shares publicly owned. The founders



decide to issue additional stock. As is well known
this “secondary offering” dilutes the share price. One
could say that the supply and demand of the stock
changed, but this is not a change in supply and de-
mand that is related to market effects or change in
underlying value of the company. It’s a simple varia-
tion on money manipulation as defined in the previ-
ous section.

Eq. @ is immediately applicable and gives the new
price per share after some adjustment period, assum-
ing no other factors. v; is the initial number of shares,
x is the number of new shares, p; is the original price
per share, and p, is the final price per share. The
exact dynamics and timing of the transition would
require further empirical study and is an excellent
econophysics research topic. This also suggests that
stock markets could be a very nice model for expan-
sionary bank lending and government monetary ad-
justment (i.e., a microcosm of the fractional reserve
system).

Cui bono? The issuers of the new stock shares then
own a greater share of the company even after the
price depreciation of their previous shares. All other
shareholders have lost real value in their holdings at
the abstract redenomination. Caveat emptor!

Now obviously this analogy extends further. Evi-
dently a nation’s currency actually represents shares
of the economy of that country (the GDP) and money
expansion is exactly analogous to issuing new shares.
But how are additional shares allocated? Cui bono?
Who owns them? Caveat emptor!

counterfeiting vs. seigniorage

“The process by which banks create money
is so simple that the mind is repelled.”
—John Kenneth Galbraith

These algebraic formulas often taught in high-school-
level physics may seem trivial. But they are a basic,
useful, rarely applied tool for analyzing some simple
economic situations. For example, in the previous
section it was asserted that counterfeiters embezzle
at the expense of all currency holders of an economy.
This seems intuitively obvious, yet what are the un-
derlying mechanics? Exactly what is embezzled, and

how much?

Remarkably, the above straightforward formula for
the simplest case, eq. fl, is again immediately appli-
cable. x can be taken as simply the number of coun-
terfeited dollars spent into circulation; v; is the total
number of dollars in circulation. The formula gives
the final value of all dollars assuming the counterfeit
dollars continue to circulate without detection, such
as with debased coinage. The counterfeiter obtains
money-energy by debasing the value of all dollars in
the system.

(If all the counterfeit dollars are detected and those
holding the dollars must forfeit their loss then no
money expansion occurs. But typically taxpayers
must make up for counterfeiting losses via a “write-
off” which may be equivalent to money expansion.
The formula correctly gives the instantaneous theo-
retical loss.)

However, a very complicated question also imme-
diately arises that cuts to the heart of this model.
How much money-energy was actually obtained by
the counterfeiter? The counterfeiter spent x dollars,
but was the money-energy obtained based on initial
pressure p;, or final pressure ps? For insight, an an-
swer can be related to the ideal gas metaphor. Boyle’s
law refers to the state of the gas at two separate
times, such that it has reached an equilibrium in both
states. Suppose that a significant volume change is
made in a very short time. Boyle’s law may not nec-
essarily apply to all intermediate states.

Suppose that the counterfeiter spends the fake dol-
lars slowly. Then each subsequent dollar will have
a decreasing pressure associated with it, p; > ps >
p3 > ... > py. Apparently in the “best case sce-
nario” the counterfeiter obtains x - p; money-energy
if the money is spent rapidly with no further trans-
actions, and as an asymptotic worst case with slow
ongoing transactions, x - py. The actual precise quan-
tity is also exactly the “invisible tax” levied uniformly
over all currency holders. The difference between the
pn is related to how large the economy is and how
quickly monetary perturbations spread throughout
it (another crucial and compelling econophysics re-
search question). For later comment, call this phe-
nomenon the decay rate.

Fig. [ shows three hypothetical scenarios for a pres-
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Figure 1: Three hypothetical scenarios p,(t), py(t),
pe(t) for decay in pressure p; — ps from volume ex-
pansion during the time period t; — to, i.e. depre-
ciation in asset value due to inflation from money
expansion via a gas thermodynamics model.

sure decay rate. The graph was generated for the
scaled range [0..1] with t; =ps =0 and t2 =p; =1
via the following formulas:

pa(t) = 1—1t
() = & (5)
pc(t) = 1*1%

t o136

These formulas represent path functions for pres-
sure change over time between the two intermediate
states. p.(t) is based on the S-shaped logistic curve
used in many physical fields, such as for chemical
mixing or measuring population dynamics in biology.
Their shapes are adjustable by varying the constants
and they’re readily adapted to the general case using
the substitution

/

p(t’)=pz+f(t_t1>-(p1—pz) (6)

to —t1

Next, what about publicly-owned money expan-
sion? Again, remarkably, in the simple analysis, the
formulas are exactly the same. The ratio

7“:]2,7“<1 (7)
P

is exactly equivalent to the seigniorage discount (and
depending on currency issue rates). r is clearly di-
rectly analogous to a publicly-owned central bank re-
serve ratio. wvp is the reserves, the entire national
economy. The ‘revenue’ z accruing from the money
expansion can be spent on government services. Con-
ceivably, here x could represent the entire government
budget. Again, different levels of money-energy are
obtainable depending on the decay rate (analyzed in
more detail below).

The quantity of extracted dollars x ‘levied’ by the
state can also be expressed in terms of the seigniorage
discount rate r and the original money stock v;:

:z::<%—1>v1 (8)

This naive model has special meaning for x > vy, or
correspondingly r < %; those ranges imply a ‘levy’
greater than the entire economy. The equation shows
the ‘tax’ is minimal as  — 1 (from below), maximal
as r — 3 and infinite as r — 0 (from above).

So one is left with the perplexing question, how is
publicly-owned money expansion different from coun-
terfeiting? Obviously, with e.g. coin debasement the
underlying mechanism is identical. The inescapable
conclusion: the only difference is that in the latter
case, the funds are spendable by the state and serve
as an official pseudo-taxation system, i.e. as exam-
ined and partially endorsed in the prior section. The
other key difference between counterfeiting and tax-
ation comes down to citizen knowledge and consent.

The simple overview of this publicly-owned expan-
sion system is that the government issues x additional
shares of “stock” (dollars) of the GDP and uses the
‘revenue’ to buy government services, paid for by in-
flation.

privately-owned money expansion

“Thus, our national circulating medium is

now at the mercy of loan transactions of

banks, which lend, not money, but promises

to supply money they do not possess.”
—Irving Fisher

Finally, consider the strange worldwide case of
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privately-owned money expansion. Here a private
bank is allowed to debase its receipt money based
on fractional reserves, i.e. loan out more money than
it has in reserves, either to a government or citizens.
The idea of money expansion as equivalent to a frac-
tional reserve system is not an explicit observation
of modern economics, but it’s transparently identi-
cal. Again, the above formula for depreciated value
is still applicable except that the borrower must pay
back the loan.

With straight borrowing, a lender provides imme-
diate money-energy in return for the money-energy
returned plus a fee at a future time. (That fee, “in-
terest,” may therefore be regarded as the price or
market rate of instantaneous money-energy per re-
payment time; the complex subject of interest is pur-
sued below.) But by the money-energy conservation
principle, no money-energy is provided by the lender
via privately-owned money erpansion—this holds re-
gardless of changes in GDP. The ‘illusory’ money-
energy that is spent by the borrower is accumulated
via the depreciated value of the lender’s fractional
money—inflation. Ergo, ‘pseudo-lending.’

In short, in this situation all money holders’ as-
sets denominated in terms of the fractional money
depreciate relative to the bank’s assets. If the bank’s
fractional money is universally standardized as with
a central bank, then for simplicity the groups “money
holders,” “taxpayers,” and “citizens” can be taken to
all overlap and be roughly interchangeable.

Mathematically, this means approximately that if
a government borrows z dollars into circulation via
privately-owned money expansion (z is the shortfall
after straight borrowing), all dollars depreciate at the
ratio v1/(vy + ) during and after the government
spending. However, in contrast to publicly-owned ex-
pansion where there are no further obligations, with
privately-owned expansion the government and its
taxpayers are additionally required to ‘repay’ the bor-
rowed quantity of x dollars to the private pseudo-
lender(s).

In one plausible scenario the government spends
the money quickly and obtains money-energy at
the undeflated pressure p;, and taxpayers repay the
pseudo-loan later at the deflated pressure py (inflated
volume vs9). Therefore total money-energy cost to
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taxpayers is

(9)

If the economy measured by v; is extremely large
relative to x, then p; = ps and the bottom line is
approximately 2z dollars cost for x dollars worth of
government services! This bizarre and irrational ‘sys-
tem’ is known as “monetizing government debt.” Un-
der it, where privately-owned money expansion cov-
ers government budget deficit(s), the tazpayers effec-
tively ‘repay’ the value of the pseudo-loan twice, first
through inflation, a second time through taxation!

The total energy extracted by the private bank can
be taken as x - p2, which from eq. § can be expressed
in terms of total money stock and the central bank

reserve ratio:
1
Ey = <— - 1> v1P2
T

But since ps =1 - p1,

Ey = xp1 +xp2

(10)

E2 = (1 — T)Ulpl (11)

This extraordinary equation shows that via the sys-
tem, the pseudo-bank extracts the proportion 1 — r
quantity of money-energy from the original economy
E; = vy - p1, leaving only r remaining]!

Even more shocking, in the modern privately-
owned money expansion system, the lending bank
is essentially allowed to count the ‘loan’ as an as-
set, immediately, not being required to wait until the
end of the repayment period of the pseudo-loan to
do so. In this case the pseudo-lender then essen-
tially immediately extracts « - p; money-energy from
the overall economy (i.e. via the device of a central
banking system) at the initiation of the pseudo-loan
of zero money-energy, and the taxpayers more accu-
rately obtain x - po worth of government services (at
2x - po energy cost). In this case the money-energy
extracted by the private bank is

1
Es = ( - 1> v1P1
r

Note that if r < % then x > v; and F3 exceeds the
entire initial energy of the economy—this represents

(12)



net indebtedness by all money holders to the private
bank! Evidently, economics is in fact the science
of heat transfer of money-energy; E > 0 represents
wealth or assets, £ < 0 represents indebtedness.

The entire prior analysis proceeded without ref-
erence to the concept of interest. Evidently inter-
est relative to private-based money expansion is sim-
ply inapplicable, because regardless what interest fee
is charged, even zero interest, the pseudo-lender has
levied a real charge for a pseudo-service of no real
value.

Usury is defined as “the act or practice of lend-
ing money at an exorbitant or illegal rate of inter-
est.” Similarly, practices identified as predatory lend-
ing have been outlawed in various jurisdictions. But
this situation does not qualify as usury or predatory
lending; it’s fundamentally different and far more
insidious because no money-energy is actually pro-
vided. So the analysis and conclusions stand gen-
erally independent of considerations on interest—it’s
irrelevant.

A slight variation is the possibility of a hybrid sys-
tem in which the money expansion is both publicly-
and privately-owned at some ratio; this appears to
be the case with the U.S. Federal Reserve. How-
ever exactly the same conclusion applies, i.e. that any
amount of privately-owned expansion is illegitimate.

In short, the government can finance its operations
outside of taxation via borrowing, or money expan-
sion. However privately-owned expansion reduces to
an illegitimate combination (“borrowed expansion”?)
with disastrous ramifications. Cui bono caveat emp-
tor.

good vs. bad money

In standard economics and banking r is also called the
reserve requirement, and the inverse 1/r is known as
the money multiplier. [T7, 50] In examples a typical
rate is given as r = 0.1. [32] gives a banker’s rule-
of-thumb ratio of 4:1 circulated (debased) receipts
vs. deposits corresponding to 7 = 0.2. These are ex-
tremely low and in the previous (primitive) model fall
into the range r < % that results in net indebtedness
of all money holders to the bank.

However, the previous generalized formulas do not
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attempt to model money that circulates outside the
banking system, such as would occur with one bank
issuing fractional money in much a larger economy.
In this new scenario there is an amount of “nonbank”
cash, say vg, in addition to the bank reserves v, and
v > v1. A ratio can be defined to give the amount
of bank ws. nonbank cash in the economy:

U1

13
—— (13)

s can also be taken as the savings rate. From this,
s

Ul—(l_s>vo

This time the bank reserve ratio is logically defined
as

(14)

U1
v+

.I—’Ul(

In this scenario, instead devaluation is based on this
formula:

(15)

which implies

- (16)

(17)

Using the higher estimate for money-energy obtained
by the bank, = - p1, and eq. [[G,

(vo +v1)p1 = (vo + v1 + x)p2

1
E4 = V1 (’I” - 1) P1 (18)
Substituting in the equation for vy, eq. [4),
S 1
Ey= -—1 1
() oo

That gives the energy extracted as a fraction of the
original nonbank cash economy vy - p;. Or equiva-
lently

1
E4 = S(’UO + Ul) <’r — 1> P1 (20)
This equation bears a remarkable resemblance to
the prior full economy money-energy transfer quan-
tity E3 (eq. [[J). It shows that for a bank holding the



fraction s of the entire economy in reserves, the en-
ergy extracted from the total initial economy, given
by (vg + v1) - p1, varies according to the ratio

1
7‘2—5<——1>
r

For this equation, ro < 1 even for small r if s is small.
That is, in contrast to eq. [, total money-energy
extracted is now proportional to s or the proportion
of money deposited in the bank relative to the entire
economy. Still, for small r» and s, the ‘leverage’ is
high and F, entails the entire economy. More exactly,
ro>1ifs>r/(1—r)(orr>s/(1+s)). Forr=0.2
this is at s = 0.25; for » = 0.1 this is at s ~ 0.11.

This all appears to be one possible mathematical
representation of Gresham’s law, which states “bad
money drives out the good.” In other words, if one
bank circulates debased receipts into the economy,
all money depreciates based on eq. [ and energy ex-
tracted from the overall economy is based on the sav-
ings rate and fractional reserve ratio of the individ-
ual bank. The equation appears to show that money
holders may defend against mass money depreciation
by minimizing their savings!

Moreover, eq. seems to shed new light on
Fisher’s equation of exchange, eq. . Recall from the
earlier discussion that the thermodynamical v was
chosen as analogous to the Fisherian term V- M where
V is velocity and M is the stock of money. It appears
to be possible that velocity of money V and savings
rate s are being mixed up in the classical theory, s.e.
possibly

(21)

S~(’Uo+U1)®V-M (22)

From this, if savings rate decreases, money circulates
more in the nonbank economy vy than is stored in
the bank reserves vy, apparently decreasing the ve-
locity. The classic quantity of velocity may actually
be measuring nonbank money circulation relative to
a fractional reserve bank. Maybe nonbank money
velocity increases as the bank extracts more money-
energy from higher savings.

V' is a somewhat mysterious quantity in classical
economics, sometimes assumed constant or not, used
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in multiple contexts, and its thermodynamical cor-
respondence is not so obvious. However, some rela-
tion to savings rate does seem plausible. Thermo-
dynamics does have equations for molecular veloci-
ties derived from statistical mechanics that it may be
related to—altogether, another key item for future
econophysics analysis.

A more sophisticated analysis might take into ac-
count that the bank offers some fraction of the ex-
tracted revenue as interest to depositors. In that sce-
nario some depositors will lose or gain total money-
energy based on their ratio of nonbank money to bank
deposits.

growth, interest, temperature, etc.

“Anyone who believes exponential growth
can go on forever in a finite world is either
a madman or an economist.”

—Kenneth Boulding, economist

The prior model very carefully and deliberately
avoided the issue of growth in the overall economy
for simplified analysis. For completeness an expand-
ing economy will now be considered. Let T; = p;v;
represent the perfect gas law term nRT from eq. B
at different states. Then T; is simply proportional to
GDP, and

P1v1 _ P2v2
Ty Ty
Let the economy grow by the rate rp > 1 so that
T2 =TT - Tl- Then

(23)

TTP1VU1 = P2U2 (24)

For constant volume, e.g. no expansion in money
stock,

p2 = T7Tp1 (25)

i.e. an increase in pressure ps per dollar. But since
prices are proportional to 1/p this implies a decrease
in any price in the economy, i.e. overall price defla-
tion. This is a somewhat counterintuitive result by
conventional wisdom: growth of the GDP results in
deflation if money stock is held constant.



A major goal of modern monetary expansion poli-
cies is price stability, in which in theory the money
stock is expanded to the degree of keeping prices
‘stable’ or constant. From eq. this occurs when
rpv1/ve = 1 or when a quantity z of new dollars
(va = v1 + x) are ‘created’ such that:

1
Iﬂ__<vl+m>:1 (26)
P2 rr U1
which, solving for z, occurs simply for
x=uv(rr —1) (27)

Spending and circulating « new dollars will stabi-
lize prices, but the key question is, who owns those
dollars? They may be either publicly-owned or
privately-owned. Cui bono caveat emptor. The is-
sue of ownership ties into the question of how the
economy enlarged. Presumably it is due to the in-
creased work, productivity, or efficiency of all money
holders. Therefore, fairly, all money holders should
gain.

This is one embodiment of the principle of inter-
est. If an economy grows then all money holders can
gain that increased energy without risk or work. It is
possible to gain money in an economy without work
via other means such as speculation, but it inherently
involves a risk-reward tradeoff. By the money-energy
conservation principle, the only risk-free revenue pos-
sible from an economy is via an increased GDP. Be-
cause of boom and bust cycles, even that is subject
to fluctuation.

It is possible to have interest systems that are not
directly tied to growth in the economy such as the
current framework, but they are necessarily equiva-
lent to wealth redistribution systems!

Note that arguably any rational model of the econ-
omy absolutely must consider the equilibrium state as
one that does not involve growth. A century-and-a-
half of the “dismal science” (or the history of modern
civilization) may be based on an evasion or defiance
of that principle. It is quite possible that economics is
based on a mass collective rationalization in much the
same way that U.S. citizens subscribed to the vision
of the “manifest destiny” during the era of expansion
to the west. Relative to serious worldwide dangers of
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environmental degradation (e.g. global warning, pol-
lution, deforestation, etc.), at the dawn of the 21st
century the rationalization is increasingly taking on
the signs of mass psychological delusions of grandeur.

mattress myth & other legends

A pivotal observation is crucial here. By the money-
energy conservation principle, after a temperature in-
crease, the money-energy that accrues to money hold-
ers due to price deflation with constant money stock
from eq. is exactly equivalent to that represented
by the x dollars of eq. Eq! That is, no money expan-
sion system is inherently necessary to distribute risk-
free interest gains! It’s built into “invisible hand”
supply-and-demand pressures on prices. It’s a simple
consequence of the law of scarcity, or, scientifically
speaking, an emergent property of the system.

This finding directly contradicts the supposedly en-
lightened modern view of “putting money into the
bank where it can earn interest instead of hiding
it under a mattress.” If money stock is kept con-
stant, all money holders effectively gain interest with-
out keeping their money in banks based on increased
purchasing power from a global economic tempera-
ture increase. It’s also compatible with the use of
commodity currency such as gold. The only-banks-
can-do-it view is simply false mythology. The finding
also conflicts with the legend of deflation as synony-
mous with economic catastrophe.

A direct corollary to the above is that if GDP
is increasing and prices are stable (and any inter-
est payments are lower than the GDP increase) then
money holders are losing money-energy. By the ear-
lier analogy of money as stock shares, it’s analogous
to the idea of a company that has increased market
value but shareholders’ stock prices remain constant.
Therefore the idea of maintaining price stability per
se may be a specious economic doctrine!

Keynesian economic theory holds that prices and
wages are “sticky,” especially downward, meaning
that they resist deflation. [[7] This is one reason that
an allocation mechanism for the additional money x
may be justified. However, the problem is that such
a system is more readily manipulated to channel the
increased money-energy of the economy toward elitist



machinations that unfairly exclude money holders in
general.

But it seems plausible that deflation in prices oc-
curs inversely to inflation in prices. It is known that
wage inflation increases slower than goods inflation
so that the net effect to wage earners is diminished
purchasing power. The inverse would be a decrease in
wages that occurs slower than the decrease in prices,
resulting in increased purchasing power. The final
conclusion is that the constant money stock system
is theoretically superior to the re-allocation method
based on (a) guaranteed fairness and (b) lack of ne-
cessity of a central administration system.

A closely related concept to stickiness of prices is
elasticity. 7] Prices that are inelastic have associ-
ated demand that is not affected by price changes.
Elastic prices involve changes in demand at price
changes. Elasticity is also a measure of “specific price
sensitivity to general inflation.” Elasticity is crucial
because it suggests that in general inflation, some
goods, e.g. luxury items, inflate in price faster than
others. Luxury items tend to have higher price elas-
ticity.

The U.S. Consumer Price Index, CPI, measures
the inflation of a market basket of goods purchased
by a “typical household.” However, by tracking only
a set of inelastic goods with prices that are not as
sensitive to inflation, the CPI may consistently un-
derestimate true inflation rates. Such a misleading
or deficient indicator would be highly preferred by
private bank owners in a privately-owned expansion
system, because they would be able to extract more
money-energy without detection by general money
holders!

“optimal” expansion policy

Obviously, referring to the rate of increase of the
economy as “interest” is not the concept generally
used in economics. The U.S. Federal Reserve deter-
mines interest rates which are returns paid on govern-
ment loans or bonds (“securities”) by taxpayers. The
remainder of the government deficit not covered via
sales of the securities is that which must be financed
via money expansion. But this direct link means the
Federal Reserve has strict control over the money ex-
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Figure 2: Three hypothetical scenarios d(r), dp(r),
d.(r) for increase in government securities demand
by investors d; — ds from increasing interest rates in
the range ry — rs.

pansion rate based on the interest rate selected. Total
demand for (and therefore sales of) government secu-
rities must vary based on interest rate according to
some relationship.

Fig. P gives three hypothetical scenarios for the in-
crease in government securities demand by investors
over increasing interest rates. (The plot was gen-
erated simply using mirror-symmetric versions of
egs. )

This mathematical relationship is the central pivot
around which monetary expansion policy is balanced.
When the Federal Reserve “buys” government bonds,
it involves inflationary money expansion and does not
conform to the supply-demand curve(s) in the fig-
ure. Government deficits could always be covered via
higher interest rates (and no expansion) if the Federal
Reserve chose that route.

The conclusion from the prior (simplistic) results
is that the optimal monetary expansion policy from
the point of view of money holders is always to in-
crease interest rates up to 200% to meet budget short-
falls, 7.e. mo privately-owned money expansion ever,
assuming the budget outlay is not adjusted. Those
money holders will always end up paying less in total
money-energy than from privately-owned expansion.
The 200% figure seems ridiculous, but really it shows
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the absurdity of using privately-owned money expan-
sion for any so-called “financing” whatsoever!

A strong case can be made that if the interest
rate were managed and determined in this hypothet-
ical way (the true free market embodiment), citizens
would begin to understand the true cost of publicly-
owned government expansionary borrowing instead
of it being invisibly disguised in inflation. The infla-
tion rate in a publicly-owned system probably varies
almost precisely according to interest rates in the hy-
pothetical system! The inflation rate for a privately-
owned system is even worse.

A more mathematically rigorous treatment would
require taking into account the “term structure of in-
terest rates,” i.e. long-term wvs. short-term rates, and
the exact speed of the inflation and government wvs.
privat