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Material properties:

Niobium Tc = 9.25 K
Bc = 206 mT

λL(0) = 52 nm

ρ = 1.52 · 10−7 Ωm
Lead Tc = 7.20 K

Bc = 80.3 mT
λL(0) = 39 nm

ρ = 2.1 · 10−7 Ωm
Tin Tc = 3.72 K

Bc = 30.6 mT
λL(0) = 42 nm

ρ = 1.15 · 10−7 Ωm
Aluminium Tc = 1.18 K

Bc = 10.5 mT
λL(0) = 45 nm

ρ = 2.65 · 10−8 Ωm
Titanium Tc = 0.40 K

Bc = 5.6 mT

ρ = 4.0 · 10−7 Ωm
Beryllium Tc = 26 mK

Bc = 0.11 mT

ρ = 3.6 · 10−8 Ωm

Constantan ρ = 4.9 · 10−7 Ωm

Platinum ρ = 1.1 · 10−7 Ωm

Al Pb Nb Pt
Crystal structure fcc fcc bcc fcc

Lattice constant (Å) 4.046 4.920 3.3008 3.912

Crystal structure and lattice constant of various materials
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Physical constants

Avogadro constant NA = 6.02 · 1023 mol−1

Boltzmann constant kB = 1.38 · 10−23 J/K

Electron charge e = 1.60 · 10−19 C

Electron mass me = 9.11 · 10−31 kg

Magnetic flux quantum Φ0 = 2.07 · 10−15 Vs

Planck constant h = 6.63 · 10−34 Js

Vacuum permeability µ0 = 1.26 · 10−6 N/A2

Vacuum permittivity ϵ0 = 8.85 · 10−12 F/m

Vacuum speed of light c = 2.99 · 108 m/s
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Normal metals and properties of the normal conducting state

Fermi vector, Fermi velocity, Fermi energy, Fermi temperature and density of states per volume:
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(
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Matthiesen rule
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Electrical conductance, heat conductance, Wiedemann-Franz law
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Residual-resistance ratio

RRR =
ρ(300 K)

ρ(4.2 K)

Current decay within normal conducting closed loop

I(t) = I0 e−Rt/L

Perfect conductor, ideal diamagnetism, Two-Fluid-Model, London theory

Maxwell equations

∇ · E =
ρ

ϵ0

∇ · B = 0

∇× E = −∂B
∂t

∇× B = µ0

(
J + ϵ0

∂E
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)
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London equations

∂

∂t
(Λjs) = E

∇× (Λjs) + B = 0

Λ =
ms

nsq2
s
= µ0λ2

L

Spatial dependence of magnetic field

∇2B − 1
λ2

L
B = 0

London penetration depth

λL(T) =
√

ms

µ0ns(T)q2
s

Magnetic flux

Φ =
∫

A
B · dA (special case : Φ = B⊥A)

Φ = LI

Superconducting wire with radius R ≫ λL and total current I

j(r) =
I

2πRλL
exp

[
−R − r

λL

]
B(r) =

µ0 I
2πR

exp
[
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]
for R < r

I = 2πRλL j0

Temperature dependencies

Bc(T) = Bc(0)
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λL(T) = λL(0)
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jc(T) = jc(0)
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Temperature dependencies for T → Tc

Bc(T) ≈ 2Bc(0)
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]
λL(T) ≈

1
2

λL(0)
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BCS theory

Isotope effect

Tc ∝ 1/
√

M

Coherence length

ξBCS =
h̄vF

π∆(0)

Condensation energy per volume

Econd/V =
1
4

D(EF)∆(0)2

Energy gap

∆(0) = 1.76 kBTc

Temperature dependence of energy gap for T → Tc

∆(T)
∆(0)

= 1.74

√
1 − T

Tc

Disordered superconductors, Pippard theory, microwave properties

Penetration depths in superconductors

ξ0 ≪ λL : λ ≈ λL

ξ0 ≫ λL : λ ≈
(

λ2
Lξ0

)1/3

l ≪ ξ0 : λ ≈ λL
√

ξ0/l

Pippard length

ξ−1
P = ξ−1

0 + l−1

Superconductor surface resistance

RS =
1
2

ω2µ2
0λ3

Lσ0
nn

n

Superconductor surface reactance

XS = ωµ0λL

Josephson Junctions and SQUIDs

1. Josephson equation

js(φ) = jc sin(φ)

2. Josephson equation

φ̇ =
2π

Φ0
V
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Stewart-McCumber-parameter

βc =
2π IcR2C

Φ0

Screening parameter

βL =
2LIc

Φ0

Voltage drop over dc-SQUID with βL ≪ 1 and βc ≪ 1

⟨VSQ(t)⟩ = IcR

√(
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2Ic

)2
− cos2

(
π
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Φ

)
Type II superconductors

Critical magnetic fields

Bc,th(T) =
Φ0

2π
√

2ξGL(T)λL(T)

Bc,1 ≈ Φ0

4πλ2
L

ln κ

Bc,2 =
Φ0

2πξ2
GL
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Periodic table block Periodic table group Valence electrons

s
Group 1 (alkali metals) 1

Group 1 (alkaline earth metals) and helium 2

f Lanthanides and actinides 3-16 1

d Group 3-12 (transition metals) 3-12 2

p

Group 13 (boron group) 3

Group 14 (carbon group) 4

Group 15 (pnictogens) 5

Group 16 (chalcogens) 6

Group 17 (halogens) 7

Group 18 (noble gases) except helium 8

1) Consists of ns, (n-2)f and (n-1)d electrons.
2) Consists of ns and (n-1)d electrons.


