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Discovery of Superconductivity 

Whilst measuring the resistivity of 

“pure” Hg he noticed that the electrical 

resistance dropped to zero at 4.2K 

Discovered by Kamerlingh Onnes 

in 1911 during first low temperature 

measurements to liquefy helium 

In 1912 he found that the resistive 

state is restored in a magnetic field or 

at high transport currents 1913 



The superconducting elements 
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Transition temperatures (K) 

Critical magnetic fields at absolute zero (mT) 

Transition temperatures (K) and critical fields are generally low 

Metals with the highest conductivities are not superconductors 

The magnetic 3d elements are not superconducting 

 

Nb 
(Niobium) 

Tc=9K 

Hc=0.2T 

Fe 
(iron) 

Tc=1K 

(at 20GPa) 

...or so we thought until 2001 
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Superconductivity in alloys and oxides 

Hg Pb Nb 
NbC 

NbN 

V3Si 

Nb3Sn Nb3Ge 

(LaBa)CuO 

YBa2Cu3O7 

BiCaSrCuO 

TlBaCaCuO 

HgBa2Ca2Cu3O9 

HgBa2Ca2Cu3O9 

(under pressure) 

Liquid Nitrogen  

temperature (77K) 
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2015 



General properties 

Only for long samples! 

Magnetic field does not 

penetrate superconductor 



Meissner effect 

Ideal conductor!        Ideal diamagnet! 
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Type I superconductors: Magnetization curve 

B, M 

H 

B 

M 

Hc 

Meissner 
state 

Normal 
state 

H 
H 

M 

H – magnetic field strength 

M – magnetization 

B – magnetic induction 

SI:  B/0 = H + M 



Type II superconductors 
Dashed lines – type I superconductor 

Solid lines – type II superconductor 

In type II superconductors the Meissner 

effect in incomplete in the region  

Hc1 < H < Hc2 

Vortex lattice 

A. A. Abrikosov 

2003 

10 

In CGS units 

Φ0 = h/(2e) ≈ 2.067833758(46)×10−15 Wb 

B/0 = H + M 
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Ginzburg-Landau Theory (1950) 

Order parameter 

2003 

1962 
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N-S interface 

Surface 

energy: 

Depending on GL parameter k there is a tendency either to create, or not to 
create new surfaces 

k 

 



Two types of superconductors 
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Surface energy is positive: 

Type I superconductivity 
Surface energy is negative: 

Type II superconductivity 

(Abrikosov 

lattice, 1952) 
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Characteristic parameters of superconductors 

Critical temperature Tc, the 

penetration depth  (0), 

the Cooper-pair size (0) 

and the upper critical 

magnetic field Hc2 for 

type-II superconductors 

(for layered compounds, 

the in-plane values are 

given) 
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B 

fully penetrated 

Magnetic field penetrates to or ‘exit’ from the sample with 
constant gradient and current equal to critical current. There is 
no current in flux-free region. 

CERN_06_lect_1.ppt 

Bean critical state model 



Meissner effect: field decrease 
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0 

+Jc 

-Jc 
D 

superconductor 

then reducing B to zero again 

Because the flux density gradient must remain constant, flux is 

trapped inside the superconducting sample, even at B=0 

B=0 B=0 

Bo 

Bo Bo 

First increasing B to a value Bo 

a b c e d a b c e d 



Bean critical state: thin films 

Magnetic field penetrates to or ‘exit’ from the sample with a varying gradient. 
Current is equal to critical current in region with magnetic flux. There is 
current in flux-free region. 



Superconductivity: seeing is believing 

Faraday effect and magneto-optical imaging 

The Faraday effect is a rotation of 

the polarization of light in 

presence of magnetic field. The 

effect was discovered by Michael 

Faraday in 1845. 

Michael Faraday, 1842, by Thomas Phillips 

https://en.wikipedia.org/wiki/Michael_Faraday 

https://en.wikipedia.org/wiki/File:M_Faraday_Th_Phillips_oil_1842.jpg


Magneto-optical imaging of YBa2Cu3Ox thin films 

Magneto-optical image of an YBCO film at magnetic field of 85 mT and 

temperature of 13 K (a), 30 K (b) and 70 K (c).  

a) b) c) 

2 mm 

13 K 30 K 70 K 

P. Mikheenko, V-S Dang, Y Y Tse, M M Awang Kechik, P Paturi, H Huhtinen, Y Wang, A Sarkar, J S 

Abell and A Crisan, Supercond. Sci. Technol. 23, 125007 (2010).  



Transport measurements of muscles tissue 
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IV curves of the muscles 

tissue recorded in the 

process of the drying of the 

sample. Small black arrows 

show direction of the record. 

Large red arrow indicates 

increase of resistance in the 

process of measurement.  
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Voltage (arb. units)

Superconductor

Ohm-like behaviour
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Transport measurements of brain tissue 
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Current-voltage characteristic of the brain slice 

shown in three-probe configuration with current 

leads 2 and 4, and potential leads 2 and 3. 

Current-voltage characteristic of the brain tissue 

measured in the four-probe configuration. Small 

black arrows show direction of the record. 



Superconductivity in brain? 
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Quantum behaviour in brain 

Current-voltage 

characteristic of the 

brain slice re-plotted as 

voltage dependence of 

the resistance. 
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Possibility of Synthesizing an Organic Superconductor

W. A. Little

Phys. Rev. 134, A1416 – Published 15 June 1964

T
c
=2200 K

W. A. Little, 1964

T
c
=1906 K

T
c
=1644 K

2

2

0.58 V

 

 

I 
(m

A
)

U (V)

0.5 V

2 = 3.53 k
B
T

c

Link between energy gap and critical temperature 

Yu.M.Ivanchenko, P.N.Mikheenko, 

V.F.Khirnyi, Kinetics of the destruction 

of superconductivity by the current in 

the thin films. Zhurnal 

eksperimentalnoi i teoreticheskoi 

fiziki, v.80, N 1, p.161-182 (1981). 
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Link between energy gap and critical temperature 



• Superconductivity is important phenomenon in condensed matter 

physics.  

 

 

• There is impressive progress in the synthesis of new 

superconducting materials and the search for superconductors with a 

higher critical temperature.  

Conclusions 


