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SUPERCONDUCTING MATERIALS

Superconductivity - The phenomenon of losing
resistivity when sufficiently cooled to a very low
temperature (below a certain critical temperature).

» H. Kammerlingh Onnes — 1911 — Pure Mercury-
Dutch physicist and Nobel laureate
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Transition Temperature or Critical Temperature (Ty)

Temperature at which a normal conductor
loses its resistivity and becomes a
superconductor.

« Definite for a material
e Superconducting transition reversible

« Types
1. Low T, superconductors, T < 10K
2. High T superconductors, T-> 10K



Occurrence of Superconductivity

Superconducting Elements Tc (K)
Sn (Tin) 3.72
Hg (Mercury) 4.15
Pb (Lead) 7.19
Superconducting Compounds

La, g5 Bag 1,CU0, 30
Hg0.8T10.2Ba2Ca2Cu308.33 1338

The highest superconducting temperature
achieved is -23 degree Celsius 5



Effect of Magnetic Field

The Meissner (and Ochsenfeld) Effect

superconductors push out magnetic fields
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- MEISSNER EFFECT

Y

When the superconducting material is placed in a magnetic
field under the condition when T<T. and H £ H, the flux
lines are excluded from the material.

Material exhibits perfect diamagnetism or flux exclusion.

Conditions for a material to be a superconductor

I. Resistivity p=0

ii. Magnetic Induction B = 0 when in an uniform magnetic field
Simultaneous existence of conditions



Applications of Meissner Effect

« Standard test — proof for a superconductor

* Repulsion of external magnets - levitation
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Effect of Magnetic Field
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Critical magnetic field (Hc) —

Minimum magnetic field
required to destroy the
superconducting property at
any temperature
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Types of Superconductors

Type | Type |l
 Sudden loss of magnetisation * Gradual loss of magnetisation

« Sharp H¢ * Two HeS —Hep & He

. « Mixed state present
* NoO mixed state P

« Hard superconductor
« Soft superconductor P

- Eg.s— YB
« Eg.s—Pb, Sn, Hg J-5 LU0
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Low Temperature Superconductors

e

John Bardeen, Leon Cooper and Bob Schrieffer

“B. C. 5.

Nobel Prize 1972 for their theory of 1957 which explained
conventional superconductors: nearly 50 years after their
discovery by Kamerlingh Onnes!
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The BCS attractive mechanism
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A theoretician would describe this
attraction as due to exchange of ‘virtual
phonons’

A phonon is a quantum mechanical description of an elementary vibrational motion

in which a lattice of atoms or molecules uniformly oscillates at a single frequency
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High Temperature Superconductors

— YBa,Cu,0,, X < 0.1
Characteristics

* High T,
e 1-2-3 Compound

* Perovskite crystal
structure
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ABO,;- PEROVSKITE

{Calcium

Titanium
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Copper Ribbons YBa,Cu,0-,

A, B, O

YBa,Cu304 g5

Copper Planes

Tc= 93K

Copper Planes
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http://upload.wikimedia.org/wikipedia/commons/4/41/Ybco002.svg

APPLICATIONS

Transmission of power
Switching devices
Sensitive electrical instruments

Manufacture of electrical generators and
transformers

Nuclear Magnetic Resonance (NMR)
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Magnetic Levitated Train

Principle: Electro-magnetic induction

Magnetic levitation transport, or maglev, is a form of transportation
that suspends, guides and propels vehicles via electromagnetic force.
This method can be faster than wheeled mass transit systems,
potentially reaching velocities comparable to turboprop and jet aircraft
(500 to 580 km/h).
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