











(internal energy density of the superoonduotor), Iy ( veotor potential) and A
(complex order parameter of the superconductor). In other words, the elementary
exoitations of the superoonductor are assumed to be always in equilibrium with the
prescribed values of the above mentioned variables., We start from the conservation

laws for the charge, the entropy and the energy
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and the equation of motion for the order parameter, which we write in the form
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7 1s the current density; S and E are the densities of the entropy and the total
energy ( including the energy of the electromagnetio field)of the system, respectively;
T"v and 75 are the corresponding current densities; T is the temperature, € the
charge of the electron. The dissipation function R and the functlons ;5 ( real) and
h have to be determined. In (4) we have separated the term —2¢ E?A from h for convenien-—
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The densities of the total and the internal energy are connected by
— 7 =2 772 (5)
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E 1is the electric, ?the magnetic field. E 1s the kinetic energy of the centre of

cm

mass of the superconductor. E can be neglected ( we use the lattice system as

cm
reference system), because the ratlo of the electron mass and the ion mass is negligibly
small ( the term arising from Ecm in (3) 15_,f°r superoonducting and normal electrons
negligibly small compared with the term TE arising from the emergy of the electro-
magnetic field).

In the framework of the phenomenological thermodynamics, the internal energy E‘Ant_
in a monequilibrium statc is assumed to be the same functiomal of the thermodynamical

variables as in equilibrium
.
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We begln with the calculation of the time derivative of the energy density.
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d/d” means the functional derivative. For the fumctional derivatives we have the

thermodynamical relations
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/u 1s the local chemical potential of the electrons
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and J.s the density of the

supercurrent,
The functisnal derivatives of the internal energy with respect to the order para-

meter ardgalcu.lated by the help of the iree energy ? of the superconductor ( the deriva-

tives are the same for all thermodynamical potentials, provided for each potential its na-

tural variables ares chosen):
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For the free energy we use the functional
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where
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m 1s the mass of the electron, Ve the Ferml velocity, Tc the critical temperature,

7
y(z) = /-/(Z)//—lﬂ) the di-gamma function and T the electron collision time dueto

the lmpurity scattering ( we consider the impurity scattering to be isotroplc).

For fields H & ch the order parameter A 1s small, and the terms of second
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Defining the density of the normal ourrent through the relation
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and comparing (17) with the energy oonservation law (3) we get for the dissipation

function

R=-J"VT + L (E-%vx)
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The term (P + fg/"‘)d‘” Js has a nondefinite sign and therefore, has to
disappear from R, Acoordingly we choose

Fo=rr i~ (20)

There are additional terms possible in (20)(for example a term proportiomal to a‘tvx ),

but such terms may be included into h,

Thus we arrive at the final egquations

24 :
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and
R = ~J#V7T + [ (E-2y)
(22)
_hLFE g LF
Ja| qTar

Equation (21) 15 the time—dependent Ginzburg-Landau equation. The superconduotor is
- -
described by the fluxes f"" ’ J_n s h and b and the oorresponding thermodynamical

forces-VT,E:'fZ“)-g and — ;f-; . The first and the seoond term in (22)

give the entropy produotion oconnected with the heat oonduotivity and the normal
conductivity, respectively, The last two terms describe the entropy production oonnected

with the transformation of superconducting into normal eleotrons and reversely.









