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Superconductivity



Temperature Dependence of Resistance

Electrical Resistivity

ɟ=ɟo + ɟ(T)

ÅImpurities

ÅPhonons
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Impure Metals
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What is Resistance?

ELECTRIC FIELD 

VOLTAGE DIFFERENCE

IONS (+)

ELECTRONS (-)



Electrical resistivity of three states of solid 

matter

Å Graphite is a metal, diamond is an insulator and
buckminster-fullerene is a superconductor.

They are all just carbon!



Superconductivity- discovery

ωLiquid Helium (4K) (1908). 
Boiling point4.22K.

ωSuperconductivity in Hg 
TC=4.2K (1911)

αaŜǊŎǳǊȅ Ƙŀǎ ǇŀǎǎŜŘ ƛƴǘƻ ŀ ƴŜǿ ǎǘŀǘŜΣ ǿƘƛŎƘ ƻƴ 
account of its extraordinary electrical properties may 
ōŜ ŎŀƭƭŜŘ ǘƘŜ ǎǳǇŜǊŎƻƴŘǳŎǘƛƴƎ ǎǘŀǘŜά

H. Kamerlingh Onnes 1911 (Nobel prize 1913) Resistivity R=0 below TC;  (R<10-23

WÖcm, 1018 times smaller than for 
Cu)

Introduction



What is Superconductivity??

VSuperconductivity is the ability of certain
materials to conduct electrical current with no
resistance.

VThus,superconductorscan carry large amounts of
currentwith little or no lossof energy.

Q = I2.R = 0 (R = 0)

V = I.R or V/I = R = 0 (R =0)

Heike Kamerlingh Onnes

(Nobel Prize 1913)

W. Meissner (1933)

ά ! ǎǳǇŜǊŎƻƴŘǳŎǘƻǊ ƛǎ ŀ ƳŀǘŜǊƛŀƭ ǘƘŀǘ ŜȄƘƛōƛǘǎ ōƻǘƘ perfect conductivity and perfect 

diamagnetismέΦ

Introduction..



Basic Characteristics of SC

Zero ResistancePerfect diamagnetism 
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The Meissner (and Ochsenfeld) Effect

superconductors push out magnetic fields

- and keep them out 

with constantly- flowing 

resistance-less currents

this ódiamagneticô property is more fundamental than zero resistance

T> Tc T< Tc



Levitation with High -Tc Superconductors

A kg or so of fish bowl

up to 202 kg of sumo wrestler!



Superconductivity phenomena

ÅPerfect conductivity    s=¤ 

ÅDynamics of the lattice is important  Tc´M-a

ÅPerfect diamagnetism   B = 0

ÅMagnetic field suppresses superconductivity   Hc(T), Hc1(T), Hc2(T)

ÅEnergy gap 2D

ÅTc and energy gap are related

ÅMagnetic flux is quantized in units of h/2e

ÅSuperconductivity mechanism in HTS is different from LTS



Superconductors can be 

classified into two types 

according to their interaction 

with an external magnetic 

field:

Type I

ÅType I superconductors 

expel all magnetic flux

ÅSuperconductivity ends 

when a critical flux is 

applied. Examples include 

mercury, lead, and tin.

http://www.gitam.edu/eresource/Engg_Phys/semester_2/supercon/type_1_2.htm

Callister, W.D. 2012, 776-779.

Patel, M.J. et. al. Nat. Confer. Rec. Trend. Engr. Tech. 2011.

Figure7.1: Type I superconductorsaredifferent than

Type II superconductors. This figure shows the

comparisonof graphsBc vs Tc in both types. Type II

hasa mixedstatewhile TypeI doesnot.

http://www.gitam.edu/eresource/Engg_Phys/semester_2/supercon/type_1_2.htm
http://www.gitam.edu/eresource/Engg_Phys/semester_2/supercon/type_1_2.htm


Type I - Meissner Effect

ÅType I 

superconductors expel 

magnetic field. 

(Meissner Effect)



Mat. Tc (K)

Be 0

Rh 0

W 0.015

Ir 0.1

Lu 0.1

Hf 0.1 

Ru 0.5

Os 0.7

Mo 0.92

Zr 0.546

Cd 0.56

U 0.2

Ti 0.39

Zn 0.85 

Ga 1.083

Mat. Tc (K)

Gd* 1.1

Al 1.2

Pa 1.4

Th 1.4

Re 1.4

Tl 2.39 

In 3.408

Sn 3.722

Hg 4.153

Ta 4.47

V 5.38

La 6.00

Pb 7.193

Tc 7.77 

Nb 9.46

Type I 

Superconductors



4pM

H
Hc

Meissner

B=0

normal

B=H

Type I

4pM

H
Hc1 Hc2

normal

B=H

Meissner

B=0

mixed

B<H

Type II

Magnetic field suppresses superconductivity

Magnetization of superconductors



Type II 

Superconductors



Physics of type I and II superconductors

u ñLondon Penetration Depthò lL

is the e-fold decay length of the magnetic field from the superconductor skin due to the Meissner effect  

(in the range of 10 to 103 nm)

Ginzburg-Landau Parameter k
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u òCoherence Lengthò x
the average size of Cooper in the

superconductor(in the rangeof 10 to 100 nm,

I.e. much larger thanthe inter-atomicdistance

typically of 0.1 to 0.3 nm.
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There are two main theories in SC

After discovery of superconductivity, initially many phenomenological 

theories have been developed:

üLondon theory (1930s)

üMacroscopic quantum model of  superconductivity

üGinzburg-Landau-Abrikosov-Gorkovtheory  

(early 1950s)

üGinzburg-Landau Theory ïdescribes the  properties of  

superconductors in magnetic fields 

SecondTheory

üMicroscopic BCS theory ï describes why materials

aresuperconducting

First Theory



The BCS attractive mechanism

is due to electrons slightly
deformingthecrystallattice

- but we can visualise it as the 
ñsagging mattress effectò!

A theoretician would describe this
attractionasdueto exchangeof

óvirtualphononsô
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Cooper Pair

ÅTwo electronsthat appearto "team up" in accordancewith

theory- BCS or other - despitethe fact that they both havea

negativechargeandnormallyrepeleachother.

Å Below the superconductingtransition temperature,paired

electronsform a condensate- a macroscopicallyoccupied

singlequantumstate- which flows without resistance

Å Electrons - Fermions

Å Cooper pair - Bosons
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Classical model of superconductivity

The lattice

deformation creates

a region of relative

positive charge

which can attract

anotherelectron.

An electron on the way through the lattice interacts  with lattice sites (cations). 

The electron produces  phonon. 

1957 John Bardeen, Leon Cooper, and John Robert Schrieffer 

During onephononoscillationan electroncancover

a distanceof ~104Å. The secondelectron will be

attracted without experiencing the repulsing

electrostaticforce.



A movement of the C-P when a

supercurrentis flowing, is considered

asa movementof a centreof themass

of two electronscreatingC-P.

Creation of a C-Pairs diminishes

energy of electrons. Breaking a pair

(e.g. throughinteractionwith impurity

site)meansincreaseof theenergy.

All the C-P are in the samequantumstate

with the sameenergy. A scattering by a

lattice imperfection (impurity) can not

changequantumstateof all C-P at the same

time (collektivebehaviour).

e
-

e
-

Phonon

Cooper Pair  
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What destroys superconductivity?

High temperatures: strong

thermal vibration of the

lattice predominate over

the electron-phonon

coupling.Magnetic field: the spins of the C-P will 

be directed parallel. 

(should be antiparallel in C-P)

A current: produces magnetic field which in turn destroys

superconductivity.

Current density

Temperature

Magnetic field
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Penetration depth

ldepicts the distance where  B(x) is e-time smaller than 

on the surface

l
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SC type II in a magnetic field

Vortex-lattice in superconductor type 

II. Magnetic flux of a vortex is 

quantized: 

F0=h/2e@2.07·10-15Tm2

Bi=Ba+m0M

Outside field Ba

Outside field Ba
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A big class of new materials 

(> 2000 compounds) 



Break through High Tc SC

In 1986HTCS(La1.85Ba0.15CuO4, Tc=30K) havebeendiscovered.

The higher critical temperature for HTCS is 138 K

(Hg0.8Tl0.2Ba2Ca2Cu3O8.33)

High Temperature Superconductors (1986)

Received the Nobel Prize

1987for discoveryof the first

of the copper-oxide

superconductors



High-Tc Superconductivity

Alex Müller and Georg 

Bednorz 

164 K

Paul Chu



KamerlinghOnnesto M.I. Eremets

Superconductivity (1911 to 2015 (104 years))

~4 K

Tc from 1911 to 
till date 

~203K

Development of Superconducting Materials


