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Heike Kamerlingh Onnes

(1853-1926)
Dutch Physicist.
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The discovery of superconductivity

Notebook 56, 8 April, 1911
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transition at 4.2k in
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Meissner effect

| 1933
Fritz Walther Robert Ochsenfeld

Meissner (1901-1993)
(188 11974)

J

T>T, T<Tc

German physicists Perfect diamagnetism
below Tc
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Londons’ theory

Londons’ Equation:

Heinz Fritz Wolfgang (1935)
London London Ois _m€?p g o My
(1907-1970)  (1900-1954) s = "
S ! _} Ampére's law: VxB= 4?‘

B.(z) = B.DE_E”‘ A Bz

German Physicists vacuum superconductor

2014/11/5



Ginzburg-Landu theory

Lev Landau Vitaly Ginzburg 1950
(1908-1968) (1916-2009)

The free energy density:

N o E ol Bt 2 ((miny — 2ea) i+ 1B
; " 2 2m 2110
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Soviet physicists
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s A 1
Al (58) 1.2 K
In CHHD 34K
Sn (4%) 3.7K
Pb (%) 72K
Nb (%) 9.2 K

1986
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19864F, Mul lerFiBednorz &I} : [EESF (L4
LaBaCuORY3% %5 & A 14 235K .
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J. Georg Bednorz K. Alexander Muller
Germany Switzerland
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Possible highTc superconductivity in the Ba—La—Cu-0 system

J. G. Bednorzl and K. A. Miillerl
IBM Ziirich Research Laboratory, Saumerstrasse 4, CH-8803 Riischlikon,
Switzerland

Abstract Metallic, oxygen-deficient compounds in the Ba—La—Cu—O system, with
the composition Ba x La5—x Cu505(3—y) have been prepared in polycrystalline
form. Samples with x=1 and 0.75,y>0, annealed below 900C under reducing
conditions, consist of three phases, one of them a perovskite-like mixed-valent
copper compound. Upon cooling, the samples show a linear decrease in resistivity,
then an approximately logarithmic increase, interpreted as a beginning of
localization. Finally an abrupt decrease by up to three orders of magnitude occurs,
reminiscent of the onset of percolative superconductivity. The highest onset
temperature 1s observed in the 30 K range. It 1s markedly reduced by high current
densities. Thus, it results partially from the percolative nature, bute possibly also
from 2D superconducting fluctuations of double perovskite layers of one of the
phases present. (Zeitschrift fur Physik B Condensed Matter V 64, No 2 / June,

1986, Received: 17 April 1986)
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Barium

Yttrium

Copper

Oxygen
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» 1913: Kamerlingh Onnes discovers zero resistance
(1911)

» 1972: Bardeen, Cooper and Schrieffer develop
“BCS” theory (1957)

» 1973 : Ivar Giaever invents tunnel junctions (1960)
Brian Josephson invents “Josephson Tunneling”
(1962)

» 1987 Bednorz and Muller discover high-Tc
superconductivity (1986)

» 2003 Alexei Abrikosov predicts Type |l
superconductors (1957) 14



2003 Nobel Prize in Physics
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Discovery of New Fe-based Superconductors

JIAICIS

COMMUNICATIONS

Published on Web 07/15/2006

Iron-Based Layered Superconductor: LaOFeP

Yoichi Kamihara,! Hidenori Hiramatsu,T Masahiro Hirano,’+ Ryuto Kawamura,§ Hiroshi Yanagi,s
Toshio Kamiya,TS and Hideo Hosono* T+

ERATO-SORST, JST, Frontier Collaborative Research Center, Tokyvo Institute of Technology, Mail Box S2-13,
4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, Frontier Collaborative Research Center, Tokvo Institute of
Technology, Mail Box S2-13, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, and Materials and Structures

Laboratory, Tokvo Institute of Technology, Mail Box R3-4, 4259 Nagatsuta, Yokohama 226-8503, Japan

JIAICIS

COMMUNICATIONS

Published on Web 02/23/2008

Iron-Based Layered Superconductor La[O;-_F,]JFeAs (x = 0.05-0.12)
Yoichi Kamihara,*T Takumi Watanabe,¥ Masahiro Hirano,!$ and Hideo Hosono®+$§

ERATO-SORST, JST, Frontier Research Center, Tokyo Institute of Technology, Mail Box S2-13, Materials and
Structures Laboratory, Tokvo Institute of Technology, Mail Box R3-1, and Frontier Research Center, Tokvo Institute
of Technology, Mail Box 52-13, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan

Received January 9. 2008: E-mail: hosono@msl.titech.ac.ip 16



High-Tc superconductors

Cuprates
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The Progress in Raising the Transition Temperature

LaOFeP Tc = 4K
La[O1-xFx]FeP Tc = 7K
LaONiP Tc = 2K

55
50
45
40
35 HTc
30
25
20

La Sm Ce Pr Nd

LnO1-xFxFeAs (Ln=La, Pr, Ce, Sm, Nd)
X. H. Chen et al., G. F. Chen et al., Z. A. Ren et al.,(FEAl#¥E, TR K)

(Lal—xSrx)OFeAs H. H. Wen, et al., EPL(08)
B ¥R ##% , hhwen@iphy.ac.cn 18
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BCS theory (1957)

Leon Cooper John Schrieffer
(1931- )

John Bardeen

(1908-1991)  (1930- )

A ®

Lattice Vibration

DECEMBER 1, 1957 Phonon
“Cooper Pairs’

PHYSICAL REVIEW VOLUME 108, NUMBER 5

Theory of Superconductivity*

9

J. Barpeexn, L. N, Coorer,t axp J. R. ScHRIEFFER]
Department of Physics, University of Illinois, Urbana, [llinois
(Received July 8, 1957)

A theory of superconductivity is presented, based on the fact one-to-one correspondence with tho:
that the interaction between electrons resulting from virtual obtained by specifying occupation of
exchange of phonons is attractive when the energy difference using the rest to form a linear comb
between the electrons states involved is less than the phonon figurations. The theory yields a seconc
energy, fiw. It is favorable to form a superconducting phase when a Meissner effect in the form sugges
this attractive interaction dominates the repulsive screened values of specific heats and penetratic
Coulomb interaction. The normal phase is described by the Bloch  ature variation are in good agreemen
individual-particle model. The ground state of a superconductor, an energy gap for individual-particle

formed from a linear combination of normal state configurations
in which electrons are virtually excited in pairs of opposite spin
and momentum, is lower in energy than the normal state by
amount proportional to an average (#iw)? consistent with the
isotope effect. A mutually orthogonal set of excited states in

from about 3.5kT, at T=0°K to zero at 1. I'ables of matrix
elements of single-particle operators between the excited-state
superconducting wave functions, useful for perturbation expan-
sions and calculations of transition probabilities, are given.
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