


Superconductivity: The magic of the

gquantum world in front of your eyes.
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Galileo Galilel

1564-1642
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Richard Feynman

1918-1988
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The race for absolute zero temperature




An important step towards zero temperature

® Heike Kamerlingh Onnes
(Leiden) (1853/1926)




The beginnings of team work In research

J.G.. Flim, cryogeny
G. Dorsma: thermometry

(=~ Hnlet: alactronice
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And so what?

« \What happens to electrical resistance?
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Solvay Congress, 1911
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And the winner Is

® Heike Kamerlingh Onnes
(Leiden) (1853/1926)

http://www.nobel ._se
1913: Nobel in Physics

To Professor H. Kamerlingh Onnes from Leiden, for his experiments on
the properties of matter at low temperature that have led,
concomitantly, to the production of liquid Helium.




Power transmission




BiSrCaCuO
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7/ Octobre 2010, American Superconductors
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Power generation vs need
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Power generation vs need

SOLAR IRRADIATION DATA s
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Going around In circles while doing

something useful




Andre-Marie Ampere

1775 - 1836



The first
superconduting
magnet
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Supercurrents
The Superconductivity Magazine

Sir Martin Wood
Founder, Oxford Instruments
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Transportation




Maglev, Shangal airport

350 km/h (220 mph) in 2 minutes,
Maximum speed 431 km/h (268 mph).
Record 12 November 2006, 501 km/h (311 mph).
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Test, magnetic levitation train, Japan Rail
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In medecine




Magnetic medical imaging




And where you least expect It




Back to levitation




Michael Faraday

1791-1867
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Walther Meissner
(1882-1974)

R. Ochsenfeld (1900-1992)

http://kvphysics.blogspot.com/ I , S ghﬁ%ﬂﬁﬁEOOKE

http://www.magnet.fsu.edu/education/tutorials/pioneers/meissner.html



Two Important properties
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How do we explain superconductivity?




Bloch’s theorem: 1930

 All theories of superconductivity can be
proven false.

« Feynman: no one is bright enough to find
the solution.
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Some unccessful attempts

Heisenberg

Bohr Einstein

NIELS BOHR (1885-1962) introduced the idea that the electron
moved about the nucleus in well-defined orbits. This photograpt
was made in 1922, nine years after the publication of his paper
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An analogy

e Broken symmetry
e Rigidity



BCS 1957

Quantum behavior at the macroscopic scale

Nobel Prize : 1972

«John Bardeen :
*Only one to have received 2 Nobel Prizes in Physics !!!
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W. Shockley, J. Bardeen, W.H. Brattain

Marie Curie:
1903 Physics with H.A. Becquerel
1911 Chemistry (alone)
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What was known

 Resistance vanishes

e Meissner effect

e Transparent to low frequency microwaves
* |sotopic effect

http://users-phys.au.dk/philip/pictures/physicsfigures/physicsfigures.html
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Attraction mechanism in the metallic state




IN PHASE
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Applications of the Josephson effect

Nobel 1973
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SQUID

A SQUID (Superconducting QUantum Interference Dewice) is the most
sensitive type of detector known fo science. Consisting of a super-
conducting loop with two Josephson junctions, SQUIDs are used to

- measure magnelic fields.
... oupraconducteur. ...
. Magnetic Field
: @ i
A ® ® Current Josephson Current
o | R~ el
; isolant
“oo Siptacenducteur

SQUID "'Superconducting Quantum Interference Device"
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The quantum computer

Alexandre Blais, et al. Phys. Rev. A 69, 062320 (2004) s
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Quantum processor

Informatique

L'ordinateur quantique se matérialise

Mise a jour le mardl 22 mars 2011 a 16 h 45

EH Commenter (37) » ={ Partager Ei s Imprimer [T T

ntenant des clrcults guantigues de 4 Qublts chacun

L'une des percées les plus concrétes dans la perspective de la création d'ordinateurs
quantiques performants a été présentée lors de la rencontre annuelle de I'American
Physical Society qui se tient 8 Dallas, aux Etats-Unis.

Le chercheur Erik Lucero et ses collegues de I'Université de la Californie ont créé des
puces de 6 cm par 6 cm contenant des circuits quantiques de 4 Qubits chacun. Le Qubit
est |'unité de base du calcul quantique et, contrairement au bit classique, il peut
changer de nature. Ainsi, il peut étre 1,0 ou méme les deux a la fois, ce qui augmente
de beaucoup les capacités de calcul d'un ordinateur.

M. Lucero pense qu'il sera possible d'inclure sur une puce jusqu'a 10 Qubit d'ici la fin de

Ela

We're right at the
bleeding edge of
actually having a
quantum
processor”

Erik Lucero

University of California,

Santa Barbara
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Superconductivity everywhere...




Superfluid He

L Solid

3 Superfluid A phase

Pressure (MPa)
na
|

Normal fluid

Light flux

| 1 2 | : cotton
Temperature (mK)
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Atomic nucleus (discovered: Rutherford 1911)

PHYSICAL REVIEW ~  VOLUME 110, NUMBER 4 MAY 15, 1958

Possible Analogy between the Excitation Spectra of Nuclei and Those
of the Superconducting Metallic State

A. Bour, B. R. MOTTELSON, AND D. PINEs*
Institute for Theoretical Plysics, Universily of Copenhagen, Copenhagen, Denmark, and Nordisk Institut for Teoretisk Atomfysik,
Copenhagen, Denmark

(Received January 7, 1958)

The evidence for an energy gap in the intrinsic excitation spectrum of nuclei is reviewed. A possible
analogy between this effect and the energy gap observed in the electronic excitation of a superconducting
metal is suggested.
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Neutron stars

The Crab Nebula (4 July 1054) in Blue and White
Credit & Copyright: Jay Gallagher (U. Wisc.), WIYN,
AURA, NOAO, NSF
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Ultracold atoms

Vol 443|26 October 2006|doi:10.1038/nature05224 nature

LETTERS

Evidence for superfluidity of ultracold fermions
in an optical lattice

J. K. Chin', D. E. Miller!, Y. Liu', C. Stan'+¥, W. Setiawan’, C. Sanner!, K. Xu! & W. Ketterle!
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

FERMIONS BOSONS
Leptons spin = 112 Quarks spin = 112 s thin Unified Electroweak spin = 1 Strang (colar) spin = |

Mus Elecrie g %" Eecric
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Return to history




Fortunately not everything was known

o Zero resistance (except If magnet nearby)
* Meissner effect (not perfect)

e Sometimes not transparent to microwaves
* |sotope effect (sometimes wrong way)
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The best understood theory

e|In 1969, R.D. Parks two volumes
« Superconductivity »

e From one of the authors : « It 1s the last nail In
the coffin of superconductivity »
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The search for new materials

The goal: liquid nitrogen
temperature!



Matthias’ principles (1952)

e Transition metals (Cu,Au,Fe)

e Cubic

o Stay away from
-0
— Magnets
— Insulators
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January 1986

1986 : Bednorz andMuéller,
IBM Zurich
La-Ba-Cu-O T, ~ 30-40K

Group of P. Chu (Houston)
Under high pressure : 50K!!!



It goes quickly...

e Boston, "Materials Research Society"
December 1986

—Kolitchi Kitazawa and Shoji Tanaka Tokyo
confince everyone.

e 16 Feb.1987, Houston:

— Press conference by Paul Chu to announce
discovery of Y-Ba-Cu-O

—Tc=93 K
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March meeting APS

- Title of the New York Times the following day:
""The Woodstock of Physics"

- 3000 people until three in the morning
"They began lining up outside the New York Hilton Sutton

Ballroom at 5:30PM for an evening session that would last until
3:00 AM"
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The “Woodstock of physics.” On March 18, 1987, thousands of physicists
crammed a ballroom at the New York Hilton to celebrate the coming of the age of
superconductivity.

AMERICAN INSTITUTE OF PHYSICS

(right) Alex Miller, Paul Chu, and Shoji Tanaka, answering questions at the
“Woodstock” meeling. Tanaka and Koichi Kitazawa were the first to confirm
Bednorz and Miller's discovery, launching a worldwide race to find still bet-
ter superconductors.

AMERICAN INSTITUTE OF PHYSICS
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Scanned at the American
Institute of Physics
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What Is special about these

superconductors?




Atomic structure

SCIENTIFIC ™=
AMERICAN

genelic messages

Can particle physics test cosmology

High-Temperature Superconductor belongs to a family of

materials :-'ruu xhibit exotic electronic properties
BQ Cu 91-37
2Cuy Oy 5 ba=s
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What Is special

e Transition metals e Cu

e Cubic e Layered

e Stay away from e Stay close to
-0 -0
— Magnets — Magnets
— Insulators — Insulators
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Pnictides (2008)

BaFeAs, SmFeAsO

v VvV v

Y e
Hi&ﬁfp
mm

http://www.stanford.edu/~tpd/research_hightc.html
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Why Is It so difficult to understand?




Why Chalk River?

e The neutron Is an ideal probe of electronic
spin
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Conclusion
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Science and technology, hand in hana




Steam engine and thermodynamics

isothermal compression

Vv
Watts 1765 Carnot 1824
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Induction and electric motor
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Electron and television

Thomson, 1897 Television, 1940
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Quantum mechanics and the transitor

The firsd paiat contact fremsistar
WilDam Sheciiey; Jakn Sambeen, o’ HisYer Sraiin
Bl Labarabories, Slarray HIIL Sew Persew 11947

Schrédinger Heisenberg Transistor 1947

Quantum mechanics 1926



Quantum mechanics and the transitor
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Laser and CD-ROM

CD-ROM (1980-90
Stimulated emission 1925 Laser 1960 ( )

Eye surgery
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Edward Bellamy (USA) 1887

* Novel: « Looking backward » 2000-1887

* |f we could have devised an arrangement
for providing everybody with music In their
homes, perfect in quality, unlimited In
guantity, suited to every mood, and
beginning and ceasing at will, we should
have considered the limit of human felicity
already attained, and ceased to strive for

further Iimprovements.

» Edward Bellamy, Looking Backward, (1887) p.67 Boston: Ticknor and
Company, 1888, www.forgottenbooks.org

V¥ B SHERBROOKE



www.shutterstock.com - 38764810




