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Abstract: A thermodynamic analogy in economics is older than the idea of von Neumann to
look for market entropy in liquidity, advice that was not taken in any thermodynamic analogy
presented so far in the literature. In this paper, we go further and use a standard approach
in market fluctuation and develop a set of equations which are a simple model for market
fluctuation in a hypothetical financial market.In the past decade or so, physicists have begun to
do academic research in economics. Perhaps people are now actively involved in an emerging
field often called Econophysics. The scope of this paper is to present a phenomenological analysis
for Market Fluctuations through Thermodynamics approach The main ambition of this study
is fourfold: 1) First we begin our description with how market parameters vary with time by
using of simplest example. 2) To extend that the market fluctuations appears with the enforced
changes of macro parameters of the market and land speculations with non existence. 3) Next
we derived the equation for how market fluctuates with respect to time in an equilibrium state.
4) Finally we analyze the how the fluctuations affects the perceptions of the market agents on
the future. And this paper end with conclusion.
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1. Introduction

Attempts at neo-classical equilibrium economic analogies with thermodynamics go back
to Guilluame [1] and Samuelson [2]. Von Neumann apparently believed that thermo-
dynamic formalism could potentially be useful in computer theory, for formulating a
description of intelligience, and was interested in the possibility of a thermodynamics
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of economics. But presented with Guillaume’s work, he criticized it on the basis of the
misidentification of a quantity as entropy [3]. Much more recently, Smith and Foley [4]
have presented a much more careful mapping of neo-classical equilibrium theory onto an
apparently formal thermodynamics. The neo-classical equilibrium analog of the zeroth
law requires identifying price as an intensive variable (not necessarily as temperature),
and quantities of assets held are treated as extensive variables. Starting with utility maxi-
mization as the fundamental principle, analogs of thermodynamic potentials were defined
purely formally by constructing Legendre transforms. A quantity that they identified as
‘entropy‘ was constructed as a Legendre transform on utility, with utility maximization
being interpreted as analogous to entropy maximization for a closed mechanical system
in thermodynamic equilibrium (entropy maximization is not the second law, but is a
deduction from the second law).

A word before going further. Equilibrium is not always essential for the identification
of an abstract, formal thermodynamics, and neither is a heat bath, but a correct iden-
tification of entropy as disorder is necessary. E.g., entropy and formal thermodynamics
exist [5] and have been constructed mathematically for the symbolic dynamics represent-
ing chaotic dynamical systems with generating partitions [6], but in this case the entropy
is simply the Boltzmann entropy of the symbol sequences corresponding to a single Lia-
punov exponent, and therefore correctly describes disorder in the usual Boltzmann-Gibbs
sense [7]. The underlying chaotic dynamical system is driven-dissipative and is far from
equilibrium (one can illustrate the formal thermodynamics via a tent, logistic or Henon
map, e.g.), but the entropy and thermodynamics are based on time-independent quanti-
ties and therefore do not contradict the nonequilibrium nature of the underlying dynamics
that gives rise to the invariant symbolic dynamics. Another way to say it is that the for-
mal thermodynamics and entropy are based on the topological invariants and generating
partition of the dynamical system [6,7], and not at all on the time-evolution from initial
conditions. In what follows, as in [4], we address the question of trying to use an economic
(finance) model ‘directly‘to construct a thermodynamics, because topological invariants
(and generating partitions) do not exist in financial data in particular, or in economic
phenomena more generally. That is, we simply apply empirically-based market dynamics
to the same variables treated statically by Smith and Foley, but without the unnecessary
introduction of empirically unobservable quantities like utility.

If we observe how market parameters vary with time for example, consider prices or
the amount of goods sold we observe certain fluctuations of these parameters about their
equilibrium states. The reasons for these fluctuations may be various but for us it is
necessary to differentiate two important types of fluctuations.

The first type of fluctuations is the result of the fact that markets can rarely if ever be
considered isolated. As a rule, markets are parts of larger markets and even if the system
as a whole, i.e., not only the directly observed part but other connected with it are in
equilibrium certain random deviations are possible which will be the larger the smaller
system is being considered.

The second type of fluctuations is fluctuations due to speculations. The values of the
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mean quadratic deviation are inversely proportional to the square root of the number of
the economic agents of the market. In what follows we will show what kind of theory can
be used for calculating mean quadratic fluctuations.

This theory is again identical to the fluctuation theory known from the statistical
physics. But in our case — being applied to economics — the fluctuation theory is espe-
cially viable because market fluctuations is a quite accessible procedure and we will see
in what follows the mean value of market fluctuations become related with thermody-
namic parameters of the markets. This means that the measurements of the mean values
of fluctuations can be used to determine thermodynamic parameters of the markets in
particular to define the temperature.

It is hardly needed to explain how important this may be for the construction of a
theory.

We obtain at last in our hands the measurement tool that can replace special ex-
perimental conditions. Nevertheless, everything said about the artificial reality of the
experiment remains valid. In addition to purely probabilistic factors related with the
peculiarities of the market structure the fluctuations of the quantities to be measured
such as prices and volumes of the goods will be affected by other non-market factors such
as social, political, demographic and so on.

Our thermodynamic model of the market ignores these extra facts whereas in reality
we cannot get rid of them at best reduce their influence to a minimum by selecting specific
moments for the measurements or excluding certain data. As before we face the same
dilemma. In order to actually verify a theory one needs to create an artificial reality
or, at least, select particular cases which will be close to an artificial reality so that the
influence of the factors not included in the model will be reduced to a minimum.

In this sense to measure fluctuations in the given systems at hand is much more
economic way to study economic systems than special constructing of experimental sit-
uations which among other things can hardly be possible because of an incredibly high
price of such experiments.

2. Values Of Fluctuations

It is natural to assume in complete agreement with the man postulate of the statistical
theory that the probability of the system to be in a state described by a macro-parameter
X is proportional to the number of microstates corresponding to this value of the macropa-
rameters. In other words, the probability W (X)) of the system to be in the macro-state
X is proportional to the statistical weight g (X) of this state. Recall that these basic
principles of the statistical theory are never proved. We define the elementary microstates
to be equally probable. This easily implies that the probability of the system to be in the
macro-state X is proportionall to the exponent of the entropy of this macro-state just
due to the definition of the entropy as the logarithm of the statistical weight:

W (z) = g(z) = M@ = 5@, (1)
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We see therefore that if we are only interested in the relation between macro and micro
parameters of the system, there is no difference between physical and economic systems.

If we consider a system in an equilibrium state Xowe can expand the entropy S (Xo + AX)in
the series with respect toX. Since, by definition of the equilibrium state, the entropy is
maximum at we have

o5 i
0X T 0X?

Again the properties of the singular point of a map enable us to construct a theory. We see

<0, (2)

Xo Xo
that the probability W (x) of the system to possess the value Xof the macro-parameter
that differs by AXfrom the equilibrium state X is proportional to

102 2
W (Xo + AX) = %0 35x78% (3)

Since the exponent decreases very rapidly as the argument grows, the role of W (X, + AX)for

large values of W () is insufficient actually and we can with good accuracy obtain the

normalized constant for the probability distribution integrating Walong AX — ocoto oo
Thus we obtain
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It is not difficult to deduce from here the mean square of the fluctuation:

dAX =1 (4)
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Therefore, for the probability of system deviation from the equilibrium state, we obtain

the Gauss distribution:
1 AXx?2

W (X) = ————c 2ax? (7)

V2rAX?

Since AXis small and the probability steeply drops as Xgrows, we can simply find the

mean square of any function f (X )by expanding it into the Taylor series and confining

to the first term: )
Af2= of AX2, (8)
X=Xo

oX
To compute the mean of the product of the fluctuations of thermodynamic quantities,

observe that the mean of the fluctuation vanishes thanks to the symmetry of the distribu-
tion function relative to the point AX = 0. The mean of the product of the fluctuations
of independent values AaAb also vanishes since for the independent values we have
AaAb=Aa-Ab=0.

Now consider the mean of the product of fluctuations, which are not independent. We
will need approximately the same technique of dealing with thermodynamic quantities
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that we have already used to derive thermodynamic inequalities. If a fluctuation occurs
in a portion of the market, which is in equilibrium, this means that we can assume the
temperature of the universum and the price constants in the first approximation (for
a fluctuation). This in turn means that the deviations of the flow of money from the
equilibrium will be given by thermodynamic potential in accordance with arguments [8]

A® = AE — TyAS + P, AV (9)

where T{- is the equilibrium temperature and Fy- is the equilibrium price.

Indeed, the entropy of the market is a function on the money flow. If we perform
a modification of this flow in a part of the system then the entropy of the system as a
whole will change:

oS
- OE
The changes of ®can be found by expanding Finto the series with respect to 65 and

AS - AE|p g = ToA®. (10)

0V .Observe here that the distribution function depends on the total change of the entropy
of the system under the fluctuation whereas 5 and §V- are the changes of entropy and
the goods flow only for the separated part of the system.

In the same way as above we have

A® = AE — TydS + PodV
= 1 (5805 + 2,£E550V + BE5V?) (11)
=3 (050 (5¢[5)) = 3 (8S8T—0VoP)

Here we see the mathematical meaning of the variation of the thermodynamics potential
A®.It shows how much the money flow deviates from the tangent plane to the surface of
state £ = E(V,T).

Now we can express this change of A®in varies coordinate system. Having selected
for example, the variables 0V, 0T we can express 05 and dP in terms of 0V, 0T. After
implications we obtain
& sp2 4 OF

POV — 6T6S = — =¥
OPOV — 0T6S = —— o7 |,

% (12)

The probability of fluctuation under the deviation of the systems from equilibrium is
accordingly proportional to the product of two factors depending on 6V and 67T
C
W (5T, 6V a ¢~ 7r (0T 57 10V?) (13)

ie. OVOT =0
It is not difficult to compute the mean quadratic values of the fluctuations by com-
paring W (0T, 0V )with the Gauss distribution formula [9]

0Ty =12,
o1y =& w
(0T)"* = -T9%

7
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This gives for the mean value of following value:

— oP
OPT = (8_V

oP
5V —
. or

(5T) 0T = or
1%

.
S| V=T (15)

T

This relation enables us to measure the temperature of the market by computing the
mean of the product of the fluctuation of the market by the fluctuation of the flow of
goods. Since the averaging over the ensemble can be replaced by averaging over time, we
obtain the following formula for the empirical computation of the market’s temperature:

T = % lim/o (V) =V)(P(t)— P)dt. (16)

Both the dependence of the price on time and the dependence of the flow of goods on
time are accessible, in principle, data, say, for the stock market. Therefore if we assume
that no external factors not determined by the structure of the market as such influence
the prices and the flows of goods then we have a means to measure thermodynamic
parameters of markets.

3. Fluctuation in Time

Here we consider the dependence of fluctuations on time in the system led out of the
equilibrium state. Observe here that we may only consider the not too large deviations
from equilibrium states but, on the other hand, not too small ones [10]

If the initial deviation of the equilibrium state is very tiny, the dynamics of the
fluctuations will not differ from the chaotic spontaneous fluctuations. If, on the other
hand, the initial deviation is very large, one has to take into account the non-linear effects
on the dependence on the speed of the deviation of the quantity under the study on the
value of the initial deviation.

Therefore we will confine ourselves to a linear case that is we will assume that in the
dependence of the speed with which the quantity returns to the equilibrium state on the
deviation we can ignore all the in the Taylor series expansion except the first one.

Speaking about practical applications of such an approach for prediction of behavior
of time series, say of the price on the share and stock markets this means that reasonable
predictions can be only made for short periods of time when the prices are still capable
to return to the equilibrium state but the time spans are still larger than the value of
dispersion.

In order to purely thermodynamic approach to work it is necessary that the “shadow of
future” does not affect too much the behavior of the market agents and the existence of a
certain symmetry between the sellers and the buyers. In other words, the thermodynamic
approach will hardly be effective for stock exchange, where the fulfillment of both of the
above requirements is hard to imagine but it can certainly be applicable for the commodity
markets.

In order to construct the theory of time fluctuations we have to introduce an important
value called autocorrelation function. It is defined as the average over the ensemble of
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the product of the values of the quantities studied separated by a fixed time interval
to and the time segments [t;,,1;, ](the subscripts n and k stand for the first letters of
Russian words “beginning” and “end” are the periods during which a prediction can be
significant. One can determine the value of dispersion of AX by means of the arguments
from the preceding section.

¢ (to) = (AX (1) AX (t + 1)) - (17)

This quantity enables to determine the spectral density of the fluctuations, that is the
probability that the “frequency” of the fluctuation belongs to a certain interval. Here
speaking about “frequency” of fluctuations we use a metaphorical language because in
actual fact we have in mind the existence of processes with a certain characteristic relax-
ation time .

The frequency is inversely proportional to the relaxation time:

w =% (18)

In a more formal presentation, the arguments on a relation of the frequency of fluctuations
and the relaxation time are as follows. Consider the Fourier transform of AX (t):

17 |
AX, = p / AX (t) e™'dt. (19)
m

Then AX (t) can be considered as the inverse Fourier transform of AX,, :
AX = / AX, e " dw (20)

This expression for AX (¢) can be substituted into the definition of the autocorrelation
function for AX (t):

¢ (to) = </ / AXWAXw/e—i(W+w')t€—iwto de(,L),> (21)

Now observe that, in accordance with the main principles of statistical thermodynamics,
the average over the ensemble can be replaced by averaging over time.

o0 T
1 , / ,
) (to) = / / AX AX,, T / 6—1(w+w )tdt e~ 4 odu’ (22)
oo g

In the limit as T — oothe integral in parentheses become an expression for the delta
functiond (w+w’). Therefore for the autocorrelation function ¢ (to)we get the expression

e}

o () = /AXiei‘“tOdw. (23)

—00
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or, by performing the Fourier transformation, we obtain an expression for the spectral
density

1T .
X =5 [ otto) et (24)

This expression is known as the Wiener-Kinchin Theorem [11 & 12]

Now we can better understand how the frequencies of the fluctuations and the relax-
ation time are related.

Let the speed with the variable A Xreturns to the equilibrium position (i.e. to 0) only
depends on the values of this variables itself

dAX (1)

= pax) (25)

Expanding f (X)into the Taylor series and taking into account that f(0) = O(i.e., in
equilibrium the rate of change is equal to 0) and selecting all the terms of the expansion
except the liner one we obtain

dAX (t)

= —AAX 2
—H—ax, (26)

where A > 0, i.e., AX (t) = AX (0) e M.
Substituting this expression for AX (¢)into the formula for the autocorrelation func-
tion we get

¢ (to) = (AX?) e M. (27)

We have to recall here that we
(1) Neglect the higher terms in the expression of AX (¢)with respect to AX
(2) Consider the values of A Xgreater than typical involuntary fluctuations, i.e.,
|IAX| < /D, where D is the dispersion of the thermodynamics fluctuations of AX
Now we can determine A\ if we know the autocorrelation function:

[e.9]

/¢(|t0])dt0 _ <AX2>2/eM°dt0 - <X2>§ (28)

0

Thismeansthatifwehaveatimeseries AX (t)wecanhavecomputedtheautocor’/‘elationfunction

T

1
¢ (to) = lim = /AX (t) AX (t+to) dt. (29)
T—oo T
0
and integrating it with respect to time obtain the weight with which the variable AX

returns to equilibrium, i.e., obtain the constant

2(Xy) 2w (X?)

AT G ) dty - XX (0)

(30)
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where X? is the spectral density at zero frequency in accordance with the Wiener -
Kinchin theorem.

Observe that for the exponential autocorrelation function the spectral density is as
follows

P —

e N U (X%). (31)

For frequencies smaller than), the spectral density is approximately equal to % (X?),
i.e., for the frequencies smaller than the inverse relaxation time of the system, we see that
the probabilities for AX to have such frequency component are approximately equal.

Observe that to apply the above theory of thermodynamic fluctuations to the study of
price relaxations on markets should be implemented with utmost caution for the reasons
that we consider in the next section.

4. The Collective Behavior at Market

Now we have to consider a very important question directly related with the study of
market fluctuations. How do fluctuations affect the perceptions of the market agents on
the future?

Generally speaking, the market agents have different information on the situation, it is
difficult to expect any coordinated behavior of the market agents anywhere, in particular,
in a neighborhood of the equilibrium. Indeed, the very lack of such a coordinated behavior
characterizes the “extended order” F. Hayek [13-15], wrote about. The one who discovers
new possibilities, new types of behavior gets an advantage and the multitude of such
possibilities is unlimited. Moreover it is unknown.

In the case when a certain stereotype of behavior starts to dominate one should not
expect the growth of “order”. Contrariwise, one should expect its destruction. This is
precisely what happens when a certain idea becomes common for a considerable majority
of market agents: for example to invest into a particular type of activity or company. In
this case, the shares quickly become overvalued and this sooner or later (usually relatively
soon) becomes clear thus influencing a new wave of spontaneously coordinated behavior,
this time to withdraw money from the corresponding activity.

Such situations lead not just to market fluctuations, but to considerable oscillations
and sometimes to a total transition of the market. Examples of this type are quite
numerous. It suffices to recall economic catastrophes in Mexico and South East Asia
during the 1990s.

A decisive role in such spontaneously coordinated behavior of the market agents is
played by the “shadow of future” that is, perceptions on a possible development of the
situation. The result turns out unexpected for the participants because their collective
behavior leads precisely to the very result that each of them tries to avoid.

A similar effect is well known in so-called non-cooperative games and is best studied
with an example of the game called “prisoner’s dilemma”. The innumerable literature
is devoted to this topic and here is not the place to discuss this problem, still observe
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that it is precisely in non-cooperative games (though in a somewhat different sense) the
radically important role of the “shadow of the future” in the molding of spontaneous
patterns of collective behavior have been singled out [16,17]

In this case the following problem becomes of interest: how are the small fluctuations
of the system related to patterns of spontaneous behavior that totally change the market
situation? In other words: what is the role of spontaneously formed collective behavior
in the problem of stability of market economy?

If small fluctuations of market parameters help to form spontaneous collective behav-
ior that destroys the market equilibrium then the market becomes evolutionary unstable
despite of the fact that in “neoclassical” sense such a market should possess equilibrium.

Lately similar questions are in the center of attention of researchers that try to leave
“neoclassical” orthodoxy and extend the frameworks of economic studies in particular
in connection with the study of the influence of technical innovations to economics [18].
Here we will confine ourselves to the simple model of “speculative behavior” which shows
under what conditions the market fluctuations can be considered as thermodynamic ones.

The study of the process of molding of the stock market price is of particular interest
both for creating forecasting models and from purely theoretical point of view since this
price is a good example illustrating how a directed activity of a multitude of people based
on individual forecasts and decision making leads to a formation of a certain collective
variable.

The problem of forecasting stock market prices requires a very detailed study of
the concrete situation and discovery of a number of factors not only of economic but
also of political character. An attempt of construction in mathematical model taking
into account all these factors is doomed to failure. Nevertheless observe that many of
external factors and also a number of economic factors (for example the level of actual
demand of an item of goods) may remain constant during a sufficiently long time though
the prices are subject to constant fluctuations. The reason for these fluctuations is a
speculative activity. Analysis of dependence of stock market prices on time shows us
that for sufficiently short lapses of time the nature of fluctuations often possesses certain
common peculiarities. This hints to study speculative oscillations provided the “long-
ranged” factors are constant. This makes it possible to model the modification of prices
making use of the difference in the “time scale” for price fluctuations caused by speculative
activities and oscillations resulting by “long-ranged” factors.

Let us abstract from the real conditions of stop market functioning making several
simplifications.

Define the “mean price” X (t)as the ratio of the mean amount of money P () spent
for the purchase of the goods per unit of time to the mean value of goods @ (¢)sold at
the same time:

. P(t)
X(T)==7= (32)

Q(t)
In the free market this ratio coincides with the marginal price that determines the market
equilibrium, where P (t) and Q (t)are slowly changing quantities whose value is deter-
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mined by the productive powers and other slowly changing factors.
Speculative activities lead to the change of both P (t)and @ (¢) and this in turn leads
to the change of price. The “instant” price X (¢)depends on AP (t)and AQ (t):

P(t)+ AP (t

Q (1) +AQ (1)
For short lapses of time we assume that we may assume that Qand Pare time — indepen-
dent.

The idea of the “shadow of future” discussed above suggests that the models of mold-

ing the market price should radically differ in structure from traditional mechanical mod-
els of equilibrium. The mechanical models of equilibrium describe a future state on the
base of our knowledge of the past. Contrariwise, the market price is essentially formed
as a result of interaction of goal-minded systems (in other words as a result of correla-
tion of models of the future by people taking decisions to purchase a certain amount of
goods). The market agents act on the base of predictions they have and therefore the
market price depends on the predictions that the market agents that take decisions stake
to. These predictions may depend not only on the price value in the past and present
but also on their evaluation of the direction of development of long-ranged factors, on
political situation and various other factors..

It is precisely the fact that the market price is molded as a result of forecasts which
leads to a certain unpredictability of the market prices. Indeed, in order to predict the
price one has to predict the forecasts of each separate market agent.

If we confine ourselves to a simple assumption that certain extra amount of goods and
money appearing on the market depends on a possible profit we can express the market
by means of the following equation

P+;fl (X(t),X,(t+T)>

X (1) =~ ~ ,
Q+ 3o (X (1), X (47)

(34)

Where lis the index that characterizes the buyers kis the index characterizing the sellers,
X (t + T)is the predicted price for the period Tand ¢ and fiare the functions that
characterizes the relation of an additional flow of goods and money on the instant and
predicted prices.

In this form the equation is too general and not fit for investigations but it can serve
as a starting point for further simplifications leading to more tangible equations. Our
main problem will be investigation of the conditions for which we observe an equilibrium
type of price fluctuations — oscillations about a certain mean value which slowly varies
perhaps together with the volume of goods () and the volume of money P

Let us simplify as follows:

(1) Assume that all the buyers use the same forecast and all the sellers use the same
forecast (though these forecasts are not necessarily identical);

(2) The increase of the offer is proportional to a possible (predicted) profit per unit of
goods;
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(3) The increase of demand is also proportional to a possible profit.
Under these assumptions equation (34) takes the form

- P+a(Xp(t+T)—X(t)>

X (1) = ——
Q+8(Xot+0)-X (1)

: (35)

Where Xp (t + T)is the buyer’s prediction that use basis prediction time Tand X, (t + 0)is
the seller’s prediction that use the basis prediction timef

We should expect that T'and #may be rather different, i.e., the market is, generally
speaking, asymmetric [19].

Let us simplify further. It is natural to assume that the prediction is determined by
the expansion of the price X (¢) in the Taylor series with respect to time and terms higher
second order are neglected. It is difficult to conceive the influence of the derivatives of
the price greater than the second one on human perception: the eye usually catches the
first and second derivatives from the form of the curve. Thus the equation (35) takes the

form
]5+a<TX+T72X>

X (1) (36)

- - . 92 .o *
Q+8(0X +5X)
We have the following alternatives:
(1) We may confine ourselves to the first derivatives thus obtaining the equation

P+aTX
X (t) = l;
Q+ poX
(1) We may study the more complicated equation (36)

(37)

Case (a) is rather simple. Resolving (37)
. P-QX
X=—"—
where B = 6 and A = oT.
Certainly one can integrated this equation but we will study it in a simply way. The

change of variables Z = %X leads us to

N
FZ=—— 39
—, (39)
Where F' = S, ¢ = %.
If ¥ > 0, that is A > 0 and ® > 1, we have a stable equilibrium at the point
Z =5 (X - g).

Qo

If F > 0and ® < 1, then the equilibrium at Z = & (X = )is unstable. Under a

small increase of the price it steeply up to the value corresponding to Z =1 (X = %)and

under small diminishing falls to zero.
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F B
For B < 0, the price continuously grows whereas B > 0it falls to zero.

The case ® = 1is no equilibrium at all since Z = — 1 <X =9

In this situation every thing depends on the nature of the sellers’ forecast, i.e., do
they believe that the raising the price will stimulate the production or one should hide
the goals and wait till its price grows up.

Clearly, if the supplies are restricted or if there is a possibility to shrink the production,
the case B > 0is realized. In other words, in the case of a monopoly of the seller and
objective restrictions on supplies, the price grows unboundedly.

Apparently, this model adequately describes the phenomenon of sudden plummeting
of prices during social unrests and wars and also the inflation in the case of restricted
production.

Let us now consider another type of prognosis, which takes into account the second
derivative of price. Resolving equation (36) for the second derivative we get

P+aTX—X(Q+B€X>

X =
PEX -

(40)

We may study this equation another by standard means, see, e.g., [9]. Introduce a new
variable X = Yand in the system of equation obtained eliminate time by dividing Xby
Y.

v P+aTY—X(Q+5aY)
We get 95 = Y<B%X_a%2)

We can simplify this equation by setting

(40)

1° 6>
kl = (XT, k‘g = 067, k’g = 50, k’4 = /BE (41)

We get o
Yy — P+QX N ki1 — ks
dX N Y (]{34X — kg) k4$ — ]{ZQ
Here we see that if k; = ksthen the system is equilibrium at the point ¥ = 0 that is

(42)

X = g is the expected equilibrium point.

However, if k; # ksthen X = g is not an equilibrium point.

This is an astonishing result that shows that under asymmetric conditions taking into
account the second derivative we eliminate equilibrium. Asymmetric markets behave
totally unexpectedly.

Conclusion

From the above discussed the scope of the phenomenological analysis for Market Fluc-
tuations through Thermodynamics approach. Here we described how market parameters
vary with time by using of simplest example, and this extended to the market fluctuations
appears with the enforced changes of macro parameters of the market and land specu-
lations with non existence. And also we derived the equation for how market fluctuates
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with respect to time in an equilibrium state. Finally we analyzed the how the fluctuations
affects the perceptions of the market agents on the future.

From the above discussion our considerations resulted in rather unexpected corol-
laries: The “shadow of future” for the linear forecast restricts the domain of a stable
equilibrium but even for the asymmetric forecasts of sellers and buyers it does not totally
eliminate the equilibrium. Adding the second derivative into the forecast (which amounts,
actually, to professionalization of the forecast) completely eliminates equilibrium for the
asymmetric markets. In other words, the market becomes globally unstable. This de-
duction is extremely important for our further analysis. It means that there appears a
possibility to manipulate the market using restricted resources
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