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Superconductors

Meissner effect:Perfect conductivity 
(exponentially vanishing specific heat):

[wikipedia]



Superconductivity vs. perfect conductors
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Perfect conductor:

qE
v

mvm

nqvj








->0

0
2

2







B
m

nq
j

E
m

nq

t

j

London equations:
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• Drude peak narrows 
to delta peak

• As ε<0 R = 1 
(below ω<ωp)



BCS theory: gapped electronic excitations

M. Dressel, Advances in Condensed Matter Physics 2013, 104379

BCS theory:



M. Dressel, Advances in Condensed Matter Physics 2013, 104379

Applied solid state physics:

BCS theory:

BCS theory: gapped electronic excitations

Peak DOS at the gap



• Matrix element: coherence effect
• Conservation of spectral weight

BCS theory: optical excitations



Mattis-Bardeen equation:



Pb at 2K
Phys. Rev. 165 588 (1968).

Nb 
Phys. Rev. B 57 14416 (1998).

Optical conductivity in experiments



CaC6

Phys. Rev. B 78, 041404(R) (2008).

Optical conductivity in experiments
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BCS fit: 2∆o=5 meV
Weak coupling limit: 2∆o=3.5kBTC=9 meV

Gap alatt kvázirészecske gerjesztés

R. A. Kaindl et al., Phys. Rev. Lett. 88 027003 (2002)

MgB2

Optical conductivity in experiments



London length:
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Length scales in superconductors
London equations:
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Skin depth:

Coherence length:




 

20

/ 0

F

r

v

e



 

Mean free path:

Fv



type-I

type-II



Superconductors in the dirty limit 

Only a fraction of the Drude peak 
contribute to the condenstate:
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Extended Drude model
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Interactions of electrons:
• other electrons (Coulomb)
• phonons

Frequency dependent scattering rate 
(Kramers-Kronig should be satisfied):

Frequency dependent scattering rate

Frequency dependent mass enhancement

Weakly interacting electron gas (Fermi liquid): 
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Maslov, D. L., & Chubukov, A. V. Rep. Prog. Phys., 
80(2), 026503 (2016).



Electron-electron interaction: Mott insulators



Electron-electron interaction: Mott insulators
Hubbard model:

DMFT results:

Phys. Rev. Lett. 75, 105 (1995).







Ferroelectrics
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The q=0 case is equivalent to a diatomic molecule, atoms move respect to the center of mass
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Vibrational spectroscopy

only mv oscillate

only mu oscillate

Acoustic branch

Optical branch
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