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Whatsuper is about superconductors?

J X



level of electrons

Why a metal conducts electricity?
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Perfect conductor = zero resistance

Metallic RvsT
I e-p scattering (lattice interactions) at high temperature
I Impurities at low temperatures
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But there was a big debate in 1900s: whether resistance keeps
decreasing at low temperature?
Dutchphysicist HKamerlinghOnnesdecided to find it out after he
liquefied helium in 1908.
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Discovery of Superconductivity in 1911
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Resistivity R=0 below T
(R<10%3 WEm, 108 times
smaller than for Cu) H. Kamerlingh Onnes (Nobel Prize 1913)



But he missed Superfluidity !

AJust before the lowest temperature [about 1.8 K
was reached, the boiling suddenly stopped and
was replaced by evaporation in which the liquid
visibly shrank. So,r@markablystrong
SPILIR2NFIGAZ2Y 0 0KS &adzN
Onnegleam had also observed the superfluid
transition of liquid helium at 2.2 K. Two different
guantum transitions had been seen for the first
time, in one lab on one and the same day!
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Discovery of Superfluidity in 1938
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PyotrKapitza AustinD. Misener

Pyotr Kapitza (Nobel Prize 1978)



But why the Nobel Prize was awarded 40 years later ?
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And only to Kapitza ?
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Hallmarks ofSuperconductivity

1. Zeroresistance
2. Perfect diamagnetism

3. Magnetic fluxquantization



Hallmark 17 Zero Resistance

MTB

The persistent current was first
= _/ identified by Onnes and its duration
0 reachedvaluesof over100,000years
Theoreticalestimatesfor the lifetime of
persistent current exceedthe lifetime

of the universe
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The world's first HTS power transmission cable sysklteltbnglsland




Hallmark 21 Perfect diamagnetism
MeissnelkEffect

T>Tc T<Tc

B = 0A perfect diamagnetismc,, =-1

B=m(H+M)=0
M =cH=-H




Superconducting Quanturbevitation




Hallmark 31 Flux Quantization

., U Earth s magnetic field ~ 500 mG, soin 1
F = fia A= nfO cm? of Bg,,, there are ~ 2 millionf, s.
h h (Th fl tization is a key id
I | P PNPONET S S | P P Sp* e flux quantization is a key idea
o 26 2210V G 26 2210'G@nr behind a SQUID, which is one of the mogt
sensitivemagnetometers.
.

Total flux (field*area) F is integer
multiple of f,

‘ Quantum Design dc SQUID |
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[ NIST dc SQUID on Stanford Carrier |
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A Superconducting Camera Could Revolutionize Astrophysics

a c
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Development of Superconducting
Mixers and Detectors at THz
Wavelengths

Sheng-Cai Shi
Purple Mt Observatory, CAS, China
Key Lab of Radio Astronomy, CAS, China
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Onnes(Nobel Prize 1913) (Nobel Prize2003)
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Stories about Alexel A. Abrikosov

Vortex state of type |l superconductor (Abrikosov, 1957)
Realwork wasdonein 1952whenhe was 24!

Bex A - the magnetic flux ¢ in a vortex is

always quantized (discussed later).

» the vortices repel each other slightly.

» the vortices prefer to form a triangular
lattice (Abrikosov lattice).

« the vortices can move and dissipate energy
(unless pinned by impurity < Flux pinning)




Stories about Alexel A. Abrikosov

10 Dec 2003 Stockholm Princess Madeleine Alexel Abnkosov




Stories about Brian Josephson

JULY 2001  PHYSICS TODAY

THE NOBEL LAUREATE
VERSUS
THE GRADUATE STUDENT

Bestknownfor Josephson
effect predictedin 1962 when
he was a 23/earold PhD
student at Cambridge.

(London,Septemberl962)WhenBardeen began speaking, Josephs
(still a student) stood up and interrupted him. The men exchanged
views in a civil and sofspoken manneias "youth versus maturity,
daring spirit versus depth of experience, and mathematics versus
intuition." Josephson, as it turned out, was right.

Second besknown
oior his support for
parapsychological
phenomena, water
memory and cold
fusion.




1. Emergent( ~ (nonperturbative

Y =O (u +viay a',) 108 uZ+V2 =1
k

1. Spontaneous symmetry breaking

Anderson-Higgs mechanism for mass particle

n . G



But greater physicists did not even solve the low-Tc problem!

Albert Einstein WernerHeisenberg Richard Feynman






