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History of Superconductivity 1



Superconductive materials

SC materials in normal crystal condition

SC materials only in special conditions like high pressure, amorphous, etc.
Materials for which SC phase has not been found yet.

Compound materials have also SC phase.       High-temperature superconductivity materials.



• Even if they are metal, alkaline metals and 
good metals with high conductivity are non SC 
materials.

• Even if they are metal,  transition elements 
and Rare Earth Elements (REE) with 
magnetization are non SC materials. 

Non superconductive materials



History of Superconductivity 2 (1/2)

• 1908: H. K. Onnes and Van Der Waals liquefied He for the first 
time in Leiden.

• 1911: H. K. Onnes discovered  superconductivity with Hg at 4.1 K 
in Leiden.

• 1914: H. K. Onnes discovered persistent current in loop 
superconductor.

• 1933: F. W. Meissner discovered Meissner effect.
• 1935: F. W. London and H. London established London equations

which explained Meissner effect.
• 1935 – 37: L. V. Schvinikov, De Haas and Casimir-Jonker

discovered two Hc’s. Later this is called Hc1 and Hc2 of type-II 
superconductor.



History of Superconductivity 2 (2/2)
• 1950: V. L. Ginzburg and L. D. Landau established GL theory, 

introducing thermo-dynamical states in superconductor.
• 1952: A. Abrikosov predicted Type-II superconductor.
• 1953: Pippard introduced Pippard coherent length.
• 1953: SC phase of Nb3Sn was found with Tc = 17 K (at rather 

high temperature). 
• 1957: J. Bardeen, L. N. Cooper, and J. R. Schrieffer established 

BCS theory (microscopic understanding of superconductivity).
• 1961: Nb3Sn was confirmed to be Type-II superconductor.
• 1980’s: High-temperature SC materials were found.



Superconductivity in DC

Decay time of DC superconductive current > 105 years

The perfect conductivity is the first hallmark of superconductivity.
But the superconductivity is not identical to the perfect conductivity.

Persistent DC current
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Perfect conductivity
Tc = Critical temperature



Superconductivity
Tc = Critical temperature

B = μ0H + μ0M = 0
Meissner effect
Perfect diamagnetism



Superconductivity

Normal conducting phaseSuperconducting phase
Meissner state

(A)

(B)

(B)

Superconductivity is the thermodynamic state.
If you give the thermodynamic parameters: T and H, the state is defined exactly. 

External magnetic field

Critical 
magnetic 
field

TemperatureCritical temperature



Thermodynamic properties



Type-I and Type-II superconductors

Type-I Type-II

B = μ0H + μ0M

Perfect diamagnetism

H = External magnetic field
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Empirical expression of Hc(T)

It was found empirically that Hc(T) is quite 
well approximated by a parabolic law.
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Hc(T) measurements of Nb (Type-II)

 

Installed in cryostatX-sec of coil = X-sec of sample



V ∫V dt

Coil
N turns

Coil
-N turns

V1

V2

External Magnetic Field
H (t) = H0 x t (increase constantly)

Setup

Sample

X-sec
S

Definition (MKS)
B = μo H + μo M
Φ= N x B x S

Hc(T) measurement of Nb (Type-II)

X-sec of coil = x sec of sample



V = V1 + V2

V1 = - (dφ / dt) = - (d NBS / dt ) = - NS (dB / dt) 
= - NS ( d μo H / dt ) = - μo NS (dH / dt)

V2 = (dφ / dt) = (d NBS / dt ) = NS (dB / dt) 
= NS { d {μo H + μo M } / dt } 
= μo NS (dH / dt) + μo NS (dM / dt)

V = V1 + V2 = - μo NS (dH / dt) + μo NS (dH / dt) + μo NS (dM / dt)
= μo NS (dM / dt)

∫V dt = μo NS ∫(dM / dt) dt = μo NS ( M(t) – M(0) ) 
= μo NS M(t)  ( because M(0) = 0 )

Hc(T) measurement of Nb (Type-II)

Coil only 
(no sample)

Coil + sample

External H is canceled out.



Pickup coil and sample x-sec parameters:
N = 250 turns
S = 4.65 mm x 2.8 mm = 13.02 x 10**-6 m**2
NS = 250 x 13.02 x 10**-6 = 3.23 x 10**-3 m**2

External B parameters : 
External Coil Current 1 A  B = 653.7 gauss 

= 0.06537 Wb/m**2
Ramping rate of B : 0.1 A / sec  6.537 x 10**-3 Wb/m**2 / sec

dB / dt = 6.537 x 10**-3 Wb/m**2 / sec

V1 =- NS (dB / dt) = 3.23 x 10**-3 x 6.537 x 10**-3 
= 21 x 10**-6 Volt

Output voltage from the pickup coil is about 20 micro-volt.

Hc(T) measurement of Nb (Type-II)



Type I super-conductor

External H = H0 x t ∝ timeHc

M 
∝∫V dt

V

External H = H0 x t ∝ time

Two areas should cancel out.

0

0

Hc(T) measurement if Type-I



Type II super-conductor

External H = H0 x t ∝ time
Hc1

M 
∝∫V dt

V

External H = H0 x t ∝ time

Two areas should cancel out.

Hc2

0

0

Hc(T) measurement of Nb (Type-II)
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Hc(T) measurement of Nb (Type-II)
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London equations



London equations



London equations

z

y

= BA

Superconductor

London penetration depth



Penetration depth in thin film

Thickness a < penetration depth

Thickness a > penetration depth



London equations



London equations



Pippard coherent length

Analogy to the chambers’s nonlocal generation of Ohm’s law :

where R = r – r’

throughout a volume of radius l (mean free path) about r

Pippard extended

To where R = r – r’

If choosing a = 0.15, Pippard could fit the experimental data on both tin and aluminum.
This form was later confirmed by BCS theory.

Pippard introduced the concept of coherent length for the first time.

Coherent length



Ginzburg-Landau theory



Ginzburg-Landau theory



Ginzburg-Landau theory

Derivative in 
magnetic field

h = external 
magnetic field



Ginzburg-Landau theory

T > Tc
( t > 1 )

T < Tc
( t < 1 )

t =  T / Tc

Finite minimum



Ginzburg-Landau theory

The ratio of the two characteristic lengths defines the GL parameter:



Ginzburg-Landau theory



Ginzburg-Landau theory
Positive surface energy
for a Type I superconductor

Negative surface energy
for a Type I superconductor



Ginzburg-Landau theory

vortex



Ginzburg-Landau theory



Ginzburg-Landau theory

The energy is low to make vortex lines which have the boundary of SC / NC.



Structure of a vortex

(a) SC current surrounding quantized magnetic flux (= h/2e) 
(b) Distribution of rrder parameter, or the density of superconducting 

electrons, surrounding a vortex. 
(c) Distribution of magnetic field surrounding a vortex.

Vortex 



Ginzburg-Landau theory



Ginzburg-Landau theory



Ginzburg-Landau theory

Material parameter for various superconductors



BCS theory

Interaction of two electrons via phonon



BCS theory



BCS theory



BCS theory



BCS theory



BCS theory



BCS theory



BCS theory



BCS theory



BCS theory / Surface resistance



BCS theory / Surface resistance



BCS theory / Surface 
resistance

Frequency 
dependence



BCS theory / Surface resistance

The total resistance of SRF Nb cavity at 
around 2 K is not dominated by the BCS 
resistance. 
It is dominated by the residual 
resistance which is caused by impurity 
of Nb material and magnetic flux 
trapping.

At around 4 – 3 K, the total resistance of 
SRF Nb cavity is dominated by BCS 
resistance. The fitting of these data 
gives the band-gap width of Nb material.



BCS theory / Surface resistance



BCS theory / Surface resistance
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BCS theory / Surface resistance



BCS theory / Surface resistance
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