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Definitions 2

☞ Perfect Diamagnetism

☞ Landau–Ginzburg Equations

☞ Type I and Type II Superconductors

☞ Flux Quantization

☞ Josephson Effect

☞ Superconducting Quantum Interference Devices (SQUIDS)

☞ Isotope Effect and Fröhlich Hamiltonian

☞ Cooper Problem

☞ Bardeen Cooper Schrieffer (BCS) Theory

☞ Bogoliubov Theory

☞ High-Temperature Superconductors
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Idea of Superconductivity 3

Expulsion of magnetic fields, not infinite conductivity, is the key.
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Figure 1: Flux threading a current

loop
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Phenomenology of Superconductivity 4

Wave function is rigid
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London Penetration 5
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Phenomenological Free Energy 6
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Phenomenological Free Energy 7
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Thermodynamics of Superconductors 8
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Landau–Ginzburg Free Energy 9
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Type I and Type II Superconductors 10

Compare the following lengths:
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Type I and Type II Superconductors 11

Compound Tc Hc � � L

(K) (G) (Å) (Å)

Al 1.18 105 13 000–16 000 160–500
Ba (P � 20 GPa) 5.3
Bi (P � 8 GPa) 8.55
Ce (P � 5 GPa) 1.7
Ga 1.09 58.9
Hg 3.95 340 380–450
Ir 0.10 20.1
Lu 0.1
Mo 0.92 98
P (P � 17 GPa) 5.8
Pb 7.20 803 510–960 390–630
Si (P � 12 GPa) 7.1
Sn 3.7 308 1 000–3 000 340–750
Te (P � 8 GPa) 4.3
Th 1.37 162
Ti 0.42 56
Tl 2.4 180 4200
U 1.8
W 0.02 1.07
Zn 0.85 52
Zr 0.53 47

Nb3Sn 18.5 28 34 1 600
YBa2Cu3O7� x 92 500 4–8 900–8 000
HgBa2Ca2Cu3Oy 135
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Type I and Type II Superconductors 12
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Type I and Type II Superconductors 13
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Type I and Type II Superconductors 14
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Type I and Type II Superconductors 15
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Type I and Type II Superconductors 16

2 	 m(A)

5000 Å(B)

Figure 2: A Type II superconductor is unstable to the formation of flux tubes (A) Magnetic

flux entering a lead film [Tonomura et al. (1986)] (B) Top view of an Abrikosov

lattice of flux tubes in NbSe2 [S. Pan and A. de Lozanne]
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Flux Quantization 17
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Flux Quantization 18
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Figure 3: Magnetic flux that pierces a su-

perconducting ring is quantized in

units of � 0 � 2.
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Flux Quantization 19
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Figure 4: Trapped magnetic flux in a superconducting cylinder as a function of applied

field. [Deaver and Fairbank (1961)]
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The Josephson Effect 20
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The Josephson Effect 21
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The Josephson Effect 22
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Figure 5: (A) Setting for Fraunhofer diffraction in a Josephson junction. (B) Measure-

ment of Jc in an Sn–SnO–Sn junction at T � 1.9 K. [R. C Jaklevic, 1969]
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Circuits with Josephson Junction Elements 23
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Circuits with Josephson Junction Elements 24
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SQUIDS 25
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SQUIDS 26
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Origin of Josephson’s Equations 27
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Origin of Josephson’s Equations 28
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Microscopic Theory of Superconductivity 29
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Figure 8: Superconducting transition temperature Tc versus average isotopic mass in four

samples of mercury. [ Reynolds et al. (1950).]
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Electron–Ion Interaction 30
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Electron–Ion Interaction 31
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Electron–Ion Interaction 32
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Electron–Ion Interaction 33
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Formal Derivation 34
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Formal Derivation 35
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Formal Derivation 36
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Figure 10: Sketches of the excitation energy, occupation number, and Fermi function for

the BCS theory of superconductivity.
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Element 2 � � kBT � Cs � Cn � � Cn Element 2 � � kBT � Cs � Cn � � Cn

BCS 3.53 1.43

Al 2.5–4.2 1.3–1.6 Pb 4.0–4.4 2.7

Cd 3.2–3.4 1.3–1.4 Sn 2.8–4.0 1.6

Ga 3.5 1.4 Ta 3.5–3.7 1.6

Hg 4.0–4.6 2.4 Tl 3.6–3.9 1.5

In 3.4–3.7 1.7 V 3.4–3.5 1.5

La 1.7–3.2 1.5 Zn 3.2–3.4 1.2–1.3

Nb 3.6–3.8 1.9–2.0
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Figure 11: (A) Specific heat of aluminum and vanadium, relative to � Tc, where � is the

Sommerfeld parameter. [Boorse (1959)] (B) Inverse nuclear spin relaxation

in aluminum compared with prediction of Bardeen, Cooper, and Schrieffer.

[Masuda and Redfield (1962), ]
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Figure 12: Structure of YBa2Cu3Ox, [Poole et al. (1988)] (A) Orthorhombic structure.

(B) Tetragonal structure.
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Figure 13: (A) Phase diagram for YBCO [Rossat-Mignod et al. (1990)

and Greene and Bagley (1990)] (B) Heavy-fermion compound

CePd2Si2.[Mathur et al. (1998).]
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Figure 14: d–wave pairing. (A) Sketch of the experiment (B) Diffraction pattern.

[Wollman et al. (1995)]
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