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A variable behaving as a quantum in economic system

A variable behaving as a quantum in economic system is studied on the basis of quantum mechanics. The several formulas of relevant variable are derived along with this speculation. Thus a possible value for the common constant which may be understood as Planck constant in economic system is calculated. There, a concerned variable seems to exhibit a quantum behavior.

Background and Introduction

Recently it has been pointed out that there might be a similarity between the rational expectation hypothesis (REH) in economics and quantum mechanics (QM), where their observers are both in respective systems. Nevertheless, on the other hand, the principle of uncertainty in economics has not yet been discovered so far [START_REF] Kobayashi | The rational expectation hypothesis: Next subject[END_REF]. Therefore we will study on this problem by starting to formulate the basic equations respective which correspond to quantum mechanics. Here we pursue solely a behavior of certain representative variable with which an important econophysical quantity is newly introduced, and then discuss about Planck constant in economic system (ES).

Review and Derivation of Related Formulas

In QM and so as in classical mechanics, position variable x is generally (n,1) matrix having the n components xμ(t), (μ=1,…, n), all whose physical dimension is length [L]. Where t denotes time and the case of n = 3 corresponds to our real world. Then straightforwardly, the velocity v = dx/dt. So the acceleration α = d 2 x/dt 2 . Thus the force f = mα, namely, that works on the mass m which undergoes α. At this point, we are able to describe that the principle of uncertainty in QM is such a formula [START_REF] Sakurai | Modern Quantum Mechanics[END_REF]:

Δx・Δp ≧ ℏ/2, (1) 
where the momentum p = mv and ℏ≡ h/2π: reduced Planck constant.

Or in another form, because ΔE = Δx・Δp/Δt where E: energy,

Δt ΔE ≧ ℏ/2. (2) 
Hence we will now proceed to study the analogue in ES. First of all we shall introduce a certain appropriate variable (let N) of corresponding to x, putting it as:

N(t) ≡ D(t)-S(t)
, where D(t), S(t): Demand and Supply at t, respectively.

(3)

Then N(t) represents behavior of the difference between them, which must be deeply related to REH. Because, it is widely understood that the difference should tend to minimal in REH within large time. So we shall successively differentiate N(t) by t:

dN/dt = dD/dt-dS/dt, (4)

d 2 N/dt 2 = d 2 D/dt 2 -d 2 S/dt 2 . ( 5 
)
Here we shall moreover define next formulas such that

P ≡ W dN/dt <momentum>, (6) 
F ≡ W d 2 N/dt 2 <force>, (7) 
where W: <worth> of being in a thing of interest.

Therefore we may immediately write down a formula of the principle of uncertainty in ES by referring eq.( 1) as:

ΔN・ΔP ≧ ℏ(N) /2, ( 8 
)
where ℏ(N) ≡h(N) /2π: reduced Planck constant in ES.

Also in another form, since ΔE(N) ≡ ΔN・ΔP/Δt where E(N) denotes <energy>:

Δt ΔE(N) ≧ ℏ(N) /2. ( 9 
)
In Fig. 1, typical behaviors of (D, S) and thus N along with time are shown. In this section, we shall try to calculate the value of h(N). First, from eq.( 9),

ΔE(N) ≧ ℏ(N) /(2Δt) = ℏ(N) (2π/Δt(N)) = ℏ(N) ω(N) = 2πℏ(N) (ω(N)/2π) = h(N)ν(N), (10) 
where we put Δt(N) ≡ 4πΔt, [START_REF] Lucas | Investment Under Uncertainty[END_REF] and ω(N): <angular velocity>,ν(N): <frequency>.

Hence, we get next formula by rewriting eq.( 10):

ε(N) ≡ Minimum (ΔE(N)) = h(N)ν(N). (12) 
Eq.( 12) means that the quantum activity of ES has the unique quantum <energy> (ε(N)) of being proportional to its <frequency>, and of having a common proportional constant -Planck constant in ES (h(N)). Further, we define:

ΔQ/nTE ≡Δq(N) ≡ Cε(N), (13) 
where ΔQ: Observed fluctuation of a thing of interest (e.g., price) per unit mass (kg), stock (STK), and so on., nTE: Total equivalent number of person involved in a thing of interest for production or distribution per unit mass (kg), stock (STK), and so on. Δq(N): Quantum fluctuation of a thing of interest (e.g., price) per person (Man), C: Currency conversion coefficient. We put C in eq.( 14) such as $/¥ =110.

Also, from eqs.( 12) and ( 13),

h(N) = (Δq(N)/C)/ν(N)≡ Constant. ( 14 
)
Thus we will be at last able to find out a possible value of h(N) with observed data of economic system by confirming it to be a certain common constant.

Here we computed h(N)-value for the data of 5-cases study as shown in Table 1.

Where each value ofν(N) is read from the current data. On the other hand, each value of nTE is proposed as a most suitable one at the moment.

Discussion

We have defined W in eq.( 6) or eq.( 7) as an entirely new econophysical quantity-<worth>-which corresponds to mass in physics. Here the necessity of introducing W is come from the existence/inclusion of an inevitable value judgment based on human sensitivity to even normal thing and to of course, e.g., artistic one in ES. Now one may remind such as "motive force" whose magnitude could be expressed by eq.( 7).

We have also definedν(N) in eq.( 10) as <frequency>. In fact we could observe such vibration in real economic activity as expressed in Table 1. While <frequency> of vibration (ν (N) ) looks almost determined by social customary, the magnitude (Δq(N)) depends on the related person, although their ratio is to be constant as eq.( 14), that is, the latter should have certain value of which is proportional to the former's one.

It is expected that the value of h(N) would be approximately between 1.2 and 1.3 [Year $/Man] from Table 1. Also it is interesting that h(N) seems to be well calculated based on our formula even for stock price. However this value gained here is just rather approximate that we have to hereafter seek continuously for more precise one. To do so, it will be a key to fix definitive values ofν(N) and nTE, respectively. 15) denotes that a man certainly behaves like a photon in the role of a quantum.

Concluding remarks

By the above we have derived a principle of uncertainty in ES with calculating a plausible value for its Planck constant under similar consideration in QM. Once we have had it, we should be basically able to interpret more sophisticated equations of QM [START_REF] Itzykson | Quantum Field Theory[END_REF]- [START_REF] Weinberg | The Quantum Theory of Fields: I Foundations, II Modern Applications[END_REF] into ones of ES. Therefore next step would be to express the detailed process of these interpretations towards the REH [START_REF] Muth | Rational Expectations and the Theory of Price Movements[END_REF]- [START_REF] Ljungqvist | Recursive macroeconomic theory[END_REF], to which the method of graph theory [START_REF] Feynman | The Theory of Positrons[END_REF]- [START_REF] Nakanishi | Graph Theory and Feynman Integrals[END_REF] will be intrinsically applied as a powerful tool.
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