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What is superconductivity?




Superconductivity

Superconductivity ?enerally
occurs at very low temperatures.

In this state the materials have
exactly zero electrical resistivity.

As the material drops bel
superconducting critical
temperature, magnetic fi
within the material are (t
partially) expelled.

Superconductivity occurs in a
wide variety of materials,
Including simple elements like
tin and aluminium, various
metallic alloys and some
heavily-doped semiconductors.
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Meissner effect

- When a superconductor is placed in a
weak external magnetic field, the field
penetrates the superconductor only at
a small distance, called the London
penetration depth, decaying
exponentially to zero within
the material.
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. This is called the Meissner effect, and
IS a defining characteristic of
superconductivity.

- For most superconductors, the London
penetration depth is on the order of
100 nm.




Phase transition

i
o
=

Specific heal €, {arhitrary units)

with critical s e
ures in excess of 130K
BaPby -5Big 2505 T,=12K  [BPBO]

La; xsBay ;sCu0y T.,=36K [LBCO]
YBa,Cu,Oy T.=90K  [YBCO]

Tl Ba,CagCuy04g T.=120K [ TBCO]

Hg, 5Tl 3BagCayCuyOg 55




Type | superconductors
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Type Il superconductors
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ype-ll superconductors are
usually made of metal alloys

or complex oxide ceramics



Critical Field vs Transition Temperature

H (T) in gauss



History of Superconductivity

1911 - Discovery of superconductivity by Heike
Kamerlingh Onnes, while studying the resistance of solid
mercury at cryogenic temperatures using liquid helium.

. 1933 - Meissner and Ochsenfeld discover the Meissner Kamerlingh Onnes

Effect.

« 1950 - Ginzburg-Landau theory.

’.

« 1957 - Complete microscopic t nductivity .
proposed by Bardeen, Cooper, (1972 Nobel f
Prize winners in Physics). e
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London theory (1935)




London equation




London equation

| v2p — 2
Is seen to acce sner effect, sinc
not allow a spatiall L
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We call A, = (mc*/4mmg*)"”* the penetration depth, which is of the
order of 100nm



Landau-Ginzburg theory (1950)

» Phenomenological theory
» Based on Landau’s theory of second

order phase transitions
® Describes the p n when T~Tc
e The idea is to fin ression for the

free energy introducing a so called
‘order parameter” [P |2 =n,/2.




Expression of the free energy
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Landau-Ginzburg equations
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Nhen the field is weak',a [V]P= —
London equation:



Coherence length

g i [l e =

determines whether a superconddctor behaves as type lor



BCS theory

o BCS: microscopic theory of superconductivity

Requires a net attractive interaction between electrons in the
neighborhood of the Fermi surface — Cooper pairs

Cooper pair wave functions are singlets with a symmetric,
translationally invariant orbital part.

By a variational calculation, the spatlal range of the wavefunction is
shown to be several orders rger than the average
spacing between electrons.

Central feature: an energy
cooper pairs in the BCS electr
particle” excited states.

» BCS theory is widely applicable and tremendously predictive

From He? in its condensed state to type | and type Il metallic and
high-temperature superconductors

Critical field, thermal properties, and most magnetic properties are
consequences of the energy gap.

een the energy of the
state and the “single

17



BCS theory:
n e
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. . -_ e, T
Duration of persistent currents practically infinite  (in most

cases the expected time required for one fluxoid to escape 1
is calculated to be larger than the age of the universe)




BCS theory: Flux quantization
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BCS theory: Type Il SupC's




BCS Theory:
Single particle tunellinc




BCS Theory:
Josephson tunelling

interference effects as a

mc flux. Used to
i\ tometers.
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Current maxima at :
edD/fiz =sm , s =integer



Applications

- Superconductors are used in NMR
machines

- Mass spectrometers

- The beam-steering magnets used in
particle accelerators
d

- Superconductors are used
Josephson junctions, whic

building blocks of SQUIDs
sensitive magnetometers Kr

. The large resistance change at t
transition from the normal to the
superconducting state is used to
build thermometers in cryogenic
micro-calorimeter photon detectors.

. Josephson junction can be used as
a photon detector

to buil
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Superconductivity




