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What super is  about superconductors? 
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Why a metal conducts electricity? 

K
G

E
m

ne
J öö

÷

õ
ææ
ç

å
=

t2

m

ne
p

p

0

2
2

2

2

,1)(
m

w
w

w
we =-=

t

)(
)(

tp
Eqtp

dt

d
GGG
-=



Perfect conductor = zero resistance 

Metallic R vs T 

ï e-p scattering (lattice interactions) at high temperature 

ï Impurities at low temperatures 
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But there was a big debate in 1900s: whether resistance keeps 
decreasing at low  temperature? 

Dutch physicist H. Kamerlingh Onnes decided to find it out after he 
liquefied helium in 1908.  



Exactly at 4pm of 8 April 1911 , says 

the notebook, the resistances of the 

gold and mercury were determined 

again. The latter was, in the historic 

entry, ñKwik nagenoeg nul ñ, or  

ñMercury practically zero.ò  

  

Discovery of Superconductivity in 1911  

Resistivity R=0 below T C;  
(R<10-23 WÖcm, 1018 times 
smaller than for Cu)  H. Kamerlingh Onnes (Nobel Prize 1913)  



άJust 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, a remarkably strong 
ŜǾŀǇƻǊŀǘƛƻƴ ŀǘ ǘƘŜ ǎǳǊŦŀŎŜΦέ ²ƛǘƘƻǳǘ ǊŜŀƭƛȊƛƴƎ ƛǘΣ 
OnnesΩ team had also observed the superfluid 
transition of liquid helium at 2.2 K. Two different 
quantum transitions had been seen for the first 
time, in one lab on one and the same day! 

But he missed Superfluidity ! 



Austin D. Misener 

John F. Allen 

Pyotr Kapitza 

Discovery of Superfluidity  in 1938  

Pyotr  Kapitza  (Nobel Prize 1978)  



But why the  Nobel Prize was awarded  40 years  later ?  

And only to  Kapitza ? 



1. Zero resistance 

2. Perfect diamagnetism 

3. Magnetic flux quantization 

Hallmarks of Superconductivity 



Hallmark 1 ï Zero Resistance 
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The persistent current was first 
identified by Onnes, and its  duration 
reached values of over 100,000 years. 
Theoretical estimates for the lifetime of 
persistent current exceed the lifetime 
of the universe. 

The world's first HTS power transmission cable system in Long Island 



Hallmark 2 ï Perfect diamagnetism 

Meissner Effect 

B = 0 Ą perfect diamagnetism: cM = -1 
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Superconducting Quantum Levitation 



Hallmark 3 ï Flux Quantization 
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Earth s magnetic field ~ 500 mG, so in 1 
cm2 of BEarth there are ~ 2 million f0 s. 

The flux quantization is a key idea 
behind a SQUID, which is one of the most 
sensitive magnetometers. 
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Total flux (field*area)       is integer 

multiple of f0 
F
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A Superconducting Camera Could Revolutionize Astrophysics 

Microwave Kinetic Inductance Detector (MKID) 



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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1957 ẈẤ BCSⱣ  
1911 Ẉᴦ♪ ḿ 

1986 Ẉᴦ♪ ╗ ḿ 

ḿσҊ⁸ױҙ Ṉ᷊ 

1962 Ẉᴦ♪ ᾇẓ 

1952 Ẉ ┘ᾟ 

Onnes (Nobel Prize 1913) 

Bardeen, Cooper, Schrieffer  

(Nobel Prize 1972) 

Muller, Bednorz 

(Nobel Prize 1987) 

Josephson 

(Nobel Prize 1973) 

Abrikosov 

(Nobel Prize 2003) 



Stories  about  Alexei  A. Abrikosov   

Real work was done in 1952 when he was 24! 



Stories  about  Alexei  A. Abrikosov   



(London, September 1962) When Bardeen began speaking, Josephson 
(still a student) stood up and interrupted him. The men exchanged 
views, in a civil and soft-spoken manner, as "youth versus maturity, 
daring spirit versus depth of experience, and mathematics versus 
intuition." Josephson, as it turned out, was right. 

Stories  about  Brian Josephson 

Best known for Josephson 
effect predicted in 1962 when 
he was a 22-year-old PhD 
student at Cambridge. 

 Second best known 
for his support for 
parapsychological 
phenomena, water 
memory and cold 
fusion. 



1. Emergent ( ̃ (nonperturbative) 
 

 
 
 
 
1. Spontaneous symmetry breaking 

1   ;0|)( 22 =+ð+=Y +

®-

+

¬Ô kkkkk

k

k vuaavu

Anderson-Higgs mechanism for mass particle  
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But greater physicists did not even solve the low-Tc problem! 

       Albert Einstein             Werner Heisenberg           Richard Feynman 




