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The First Idea:

to Zero!
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Reality:

Limited by
Impurities!
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1911

A Big Surprise!

Thus the mercury at 4.2 K has entered
a new state, which, owing to its
particular electrical properties, can be
called the state of superconductivity

H. Kamerlingh-Onnes (1911)
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Fritz “The B-field does penetrate.”
London

E ~2A2dJ/dt, B ~ A%2VxJ

“Since SC is a second-order phase
Lev transition, there must be an order

Landau parameter involved.”
Irwin “T. depends on the mass of the atoms
Froehlich (isotope effect), so the SC must be

tied to lattice vibrations (phonons).”
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s N ) -
4% e There has to be a regime

where the lattice vibrations
act to bind electrons together
rather than scatter them with
loss as given by Ohm’s Law.

.|'||_||'||._:|_'i;_'.iu-b |I1'-Ll|1 B

Bardeen: “It's a macroscopic quantum state”
Cooper: “It’'s got twice the charge you'd expect”
Schrieffer: “¥'s a statistical wavefunction”
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Physics of
Superconductivity

Electrons Pair Off!

BCS Equation
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“Cooper’s Problem”

Cooper Problem

kry HE+ HE + VR
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Transition Temperature, T, Way below 300 K
Critical Current Density, J. 10-2 - 10° A/cm?
Critical Magnetic Field, H. 104 -10 T
London Penetration Depth, A 10 - >1000 A
Pippard Coherence Length, ? 10 - >1000 A
G-L Parameter, k¥ = A/? 0.01 - 100

NB! All these numbers depend on each
=Pl other. E.g., H. ~ A ?
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" Another Big Surprise!
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|. Georg Bednorz, left, and K. Alex Muller after learning they had won the Mobsel Prize in physcs

2 Get Nobel for Unlocking Superconductor Secret
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Woodstock of Physics

Physicists’ Night Out!
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“It can’t be just an accident that high
temperature superconductivity occurs in a

host material whose insulating state is an
antiferromagnet, and, which when doped

with holes to a level where magnetic

behavior disappears, we get superconductivity.”

Current Situation:

* The pair coupling is believed to be

magnetically mediated.

« The normal conducting state is
believed not to be a Landau liquid.
 The superconducting state is domain-

like, occurring as electronic “stripes.”

Phil Anderson

=, However, there is yet no generally
accepted model today!
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Hubbard Hamiltonian

H="?[t(c,c4 +hc) + UnTinﬂ]
i

=== t = Hopping Integral
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Lorentz

Type 11 Superconductor
= in the Mixed State
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Flssmn Induced Defects

e L. Krusin-Elbaum, et
al., Nature

 World record H,,, at
77 Kin Hg-1212

e Hg-1212 Prototype
Tapes made at
TCSUH

e Potential for high-
fleld magnet inserts
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Persistent Current Decay
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PHYSICS TOMORROW: ESSHY LUNTEST WINNER

/00 K'!

CHERS FIND
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TEMPERATURE
SUPERCONDUCTIVITY IN
BIO-INSPIRED NANOPOLYMER
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California, Summer 1996

/ Sunday, August 11, 1996 \

Millions lose power

Half of PG&I%s customers in Northern California affected; blackouts in9 statés
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