Superconductivity. Phenomenological theory.

|_ection 2 — London and GL models
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_ondon theory.
Linear electrodynamics of

superconductors



part 1

# London equation. Robustness of the phase of the wave function
# London free energy.

# Examples. Thin film in parallel magnetic field.

# lmage method.

# Short circuit principle.

4 Kinetic inductance.



London theory. Robustness of quantum mechanical phase.
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London theory. Free energy functional
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Variation of the free energy functional.
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Film in a parallel magnetic field.
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Two films
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Image method
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Short circuit principle
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Kinetic inductance

Geometrical inductance Kinetic inductance
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Ginzburg- Landau theory



part 2

4 Phenomenological Landau theory for 2" order phase
transition. Order parameter. Examples.

# Equations for order parameter.
# order parameter for superconducting electrons.
# Ginzburg — Landau equations.

# Boundary conditions.



Which properties of superconductors should we take account of?
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Which properties of superconductors should we take account of?

Meissner effect
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Second order phase transition at zero field
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T, critical temperture of
superconducting transition



How to develop description of the phase transition?
What is the key characteristic of the phase transition?
Symmetry breaking at the 2" order phase transition.
Landau theory

Second order phase transitions — phase transitions for which the second
derivatives of thermodynamic potentials over pressure and temperature
experience discontinuities (Jumps)

While first derivatives change smoothly.

Low symmetry phase High symmetry phase

W >

T - temperature




examples

Low symmetry phase High symmetry phase
l ‘ T - temperature
ferromagnetic paramagnetic
Rotational symmetry breaking:
Appearance of preferable
direction

z

Structural transitions. Breaking of crystal synnetry

...............................
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Order parameter

ferromagnetic:

Structural transition:

Superconducting
transition?
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Landau theory: expansion of the free energy in powers of the
order parameter
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Problem: how to include the magnetic field in our theory?



Ginzburg — Landau theory
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For slow changes of the order parameter in space:

Free energy F=F + j ( |V\P| + a|‘{’| + —|\P| j
Free energy of the normal state = a(r T )
C
Equilibrium order parameter in |T|2 _ a(T, —T)

homogeneous superconductor

b



A=V = Fe"f’
|2

Re A




Let us now switch on the magnetic field:
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Q. What symmetry breaks down at
superconducting transition?
A. Gauge symmetry

Q. Why we do not include odd powers of the psi-function and
higher order derivatives ?
A. Symmetry arguments + weak nonlocal effects

Q. How to choose the signes of the coefficients?
A. Stability of the ground state
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Characteristic lengths in Ginzburg — Landau theory

London penetration depth
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Correlation length = characteristic length scale
of the order parameter modulation
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Thermodynamic critical field.
Flux quantum.
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Generalization of the GL theory

Superconductors with anisotropic properties or
multicomponent superconductors

Y = Vector or tensor

Instabilities and nonlocal corrections

Layered superconductors. HTSC
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Magnetic flux quantization
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Ginzburg- Landau Zoo.

problems and solutions...




part 3

# general problem to find critical temperature of
superconducting instability

# critical fields and currents for a film

# energy of superconducting — normal phase boundary



Problems of calculation of critical temperature of
superconductivity nucleation. How to solve them?
Upper critical field.

2
—h—(V—EAJ Y =(-a¥
4m hC
A:_)—(’OHZy energy E

Min E - Max critical T (H)
enH
H —
S0 = 2me ) 2725

nucleus

Superconducting ¥ = Aexp ikx — (y_
2L2 .

Magnetic length L, = |——
2eH



Superconductivity nucleation. Third critical field.
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Superconductivity nucleation. Twinning planes.
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Superconductivity nucleation. Little — Parks effect

Superconducting thin-wall cylinder

W.A. Little and R.D. Parks (1962,1964)
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Superconductivity nucleation. Little — Parks effect

Superconducting thin-wall cylinder

W.A. Little and R.D. Parks (1962,1964)
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Superconductivity nucleation. Little — Parks effect

Superconducting thin-wall cylinder
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Little-Parks effect
Simply-connected systems
T. (H) oscillations Multiquantum

Mesoscopic samples vortices

dimensions ~ several coherence lengths : :
Multiquantum vortices around

magnetic dots
@ H |.LK. Marmorkos, A. Matulis, F.M. Peeters (1996)
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Critical fields and currents in thin films
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Dimensionless equations
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Critical field of thin film
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Critical current of thin film
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Energy of SN boundary
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Energy of N-S boundary
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