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Abstract
We attempt to prove Ginzburg Landau equations given in the field of superconductivity as a result of inspiration. Our view is
that they can be derived from thermodynamic arguments through assigning hidden variables to the formalism of quantum
mechanics. A coefficient of efficiency is used to derive results and the formula for pressure in quantum mechanics in general
is found. The volume is changing due to a spacetime curvature.
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Introduction

In exposing the physical meaning of Ginzburg-Landau
equations we will first need some results of previous work
of the author Koutandos S [1,2] which we shall put forth. We
are also going to need some formalism taken from standard
thermodynamics.
The Gibbs potential is written as:

Ω = − PV (1)

The rest of the thermodynamic quantities are:

H = U + PV ⇒ dH = TdS − PdV + PdV + VdP = TdS + VdP
(2)

F =U − TS ⇒ dF =PdV − SdT (2)

G= U − TS + PV ⇒ G= F − Ω ⇒ dG= VdP − SdT (3)

The bulk modulus or the inverse of compressibility of a
material is given by the following formula:

dP
B =V
(5)
dV
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The letter P in quantum mechanics comes from
Probability as we know and may be the key for unlocking
the formalism. In the article of reference Koutandos S [1]
we had found that electrons may be considered as swirling
droplets where there is a difference of pressures between
their interior and exterior. All we have to do is apply Laplace
formula:
1  
2
2 2 2
p * ⋅v = B = σ K (6)
∆P =
∇ ψ = EP − PU −
2m
2mN
2N

In equation (6) sigma is a point surface tension of these
bubbles and K is a curvature of spacetime [1,2]. The work of
Beig and Simon [3] would apply in this case if we consider
that the mass potential is the created volume V in our case:
2 dm (7)
∫ VdP = c ∫

χ

In equation (7) chi stands for the dielectric susceptibility
which alters the speed of light.

Our findings [1,2] suggest that the curvature which
appears in the metric of spacetime should be:

dS

K χ (r ) =
98)
dV
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In superconducting materials as is well known, electron
superconductivity is mediated by the interaction of the
electrons with the atoms of the structure with the intervention
of phonons which are the waves of volume expansion and
dilation. The current shows a zero resistance and magnetic
flux is partially or totally expelled below a temperature
threshold Tc. As we have shown [1], the potential energy is
purely magnetic.
In the paper we published this theory [2] we expand part
of the free energy density of the superconducting electrons
as given in superconductor standard books by Tinkham M
[4]:

2
ψ
2
dG
2
(T − Tc ) − hc 2 −
=
≈B α
( ∇ − iA)ψ (9)
dV
Tc
2mV

Equation (9) is just an implication of formula (6) if we
recall that in quantum mechanics the momentum is given by:

p=

(


−i∇ − A ψ (10)

)

In the next article we shall refer the reader to Koutandos
S [5] we had discovered that in critical phenomena such
as is the formation of a thin shell between the liquid and
its evaporating vapor during boiling we have a Carnot-like
description of a reversible process. We had speculated then
that tiny droplets may be formed which would tend to grow
as we believe to be the case with electrons both behaving
the same way in a turbulent environment. In both two of the
phenomena we had found a vorticity field [2,5,6].
In order to further prove our point we note that in
condition of homogeneity where there are no gradients the
bulk modulus becomes:
2
2
ψ
αψ
2
=
=
B mc
(T − Tc ) (11)
χV
V
The superconducting energies according to Slichter [7]
are related to the relativistic energy E=mc2.

In our case we have a diamagnetic susceptibility instead
of dielectric susceptibility, since the potential energy is
purely of magnetic nature ,which depends like the Curie law:

χ≈

C
(12)
(T − Tc )

The result in relativistic arguments of applying equation
(8) is the same since the chi factor appears in the same way

in space time metric:

c2 2

=
ds 2
dt − dr 2 (13)

χ

The final step is to assign the probability or charge
density the thermal charge density:

EP =

dQ TdS
dq
dq
=
= ω
⇒ dQ =
E (14)
dV
dV
edV
e

By making use of equation (14) we are able to explain the
first term in the right member of the free energy expansion
of (9)

(T − Tc )
dQ dW
2
αψ
= η = = PdV (15)
Tc
dV dV

In equation (15) Greek eta h is the coefficient of useful
work known from Carnot engines. Through combining
equations (6), (9), (14), (15) we arrive at the following
conclusion:

dΩ
1  
=
p * ⋅v (16)
dV 2 N

In the more general case we may use formula (16) to give
a definition for pressure in quantum mechanics and rewrite
Schrodinger’s equation as follows:
P
=

ψ

2

N

(E − U ) ⇒ −

2
* ∆ψ P (17)
ψ=
2mN

Using equation (17) we may obtain thermodynamic
results from volume integration:

=
U
∫ TdS − ∫ PdV (18)

Conclusion

The idea that atoms may have distinct thermodynamic
properties is owed first to Einstein and other scientists
have continued along this path [8]. The reader may also
refer to some papers of Mallick S, Millette PA, Smerlak M,
Schrodinger E [9-12] discussing the effect of assigning a
constant spacetime curvature to the volume dilation and
expansion.

By following the logical steps towards a derivation
of Ginzburg Landau equations in superconductivity one
is led to the conclusion that there are hidden variables in
quantum mechanics. One more outcome is the fact that the
formulation of the symbols is chosen as to shed light to the
physical quantities. One example which is discussed here is
that the velocity of light might be less than the prescribed
value in vacuum in an atom [2]. This is why Dirac chose the

Koutandos S. Explaining Ginzburg Landau Equations from First Principles. Phys Sci &
Biophys J 2021, 5(1): 000163.

Copyright© Meis C.

3

Physical Science & Biophysics Journal

word bracket and separated into bra and ket leaving the
letter c in between. Later he would talk about the c numbers
and the q numbers.
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