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Isaac Newton
(1642-1727)

o E14) 38

http://www.newton.cam.ac.uk/art/portrait.html

“Equation of motion”




o HA I

27

1687: —a— k> hH=E
(RLF)

Isaac Newton
(1642-1727)

James C. Maxwell
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http://www.newton.cam.ac.uk/art/portrait.html

“Equation of motion”

http://en.wikipedia.org/wiki/James Clerk Maxwell

“Maxwell equation”
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James C. Maxwell

1873: B =F N\ (1831-1879)
(;\&) — e -

P — g l \ .
A~ http://www.newton.cam.ac.uk/art/portrait.html
" “Equation of motion”

é http://en.wikipedia.org/wiki/James Clerk Maxwell

“Maxwell equation”

%%#@Eg 1900~ Erwin Schrodinger
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o AT/ . Werner K Heisenberg
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http://www.owlnet.rice.edu/~mishat/1933-5.html
K EN1F(1926)

http://en.wikipedia.org/wiki/Werner_Heisenberg

v 175 735(1925)
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‘80s~ “Information is physical”
VYT DBHRBEEDRIE

1y N DBHRDOEEICHERTRILF—— KT log?2

Rolf Landauer
(1927-1999)

http Ilwww.ieeeghn.org/wiki/index.php/
File:Rolf_Landauer_2474.jpg
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‘80s~ “Information is physical”
VIO T7DBEHEEDIRE

1y N DBHRDOEEICHERTRILF—— KT log?2

Rolf Landauer
(1927-1999)

http://www.ieeeghn.org/wiki/index.php/
File:Rolf_Landauer_2474.jpg

Richard P Feynman
(1918-1988)  1981(MIT) “15t Symposium on Physics and Computation”

“I'm not happy with all the analyses that go with just the classical
theory, because nature isn’t classical. If you want to make a
simulation of nature you’d better make it quantum mechanical’

http://www.nobelprize.org/nobel_prizes/
physics/laureates/1965/feynman-bio.html
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“I'm not happy with all the analyses that go with just the classical
theory, because nature isn’t classical. If you want to make a
Isimulation of nature you’d better make it quantum mechanical’

http://www.nobelprize.org/nobel_prizes/
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cavity-QED
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Gleyzes, Sebastien, et al. "Quantum jumps of light recording the
birth and death of a photon in a cavity." Nature 446.7133 (2007)

http://en.wikipedia.org/wiki/
Serge_Haroche

S. Haroche :

e O00000 © (’(lﬂ http%atapSﬁ).nls .gov/imageGallery/
. details.cfm?imageid=576
trapped ions

14742 DIRREIRIE - EFEE D. Winland
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NP-hard problems can be solved efficiently
by OidealO analog computer.

A Sch3nhage&®On the power of random
access machineslOALP, 520 (1979).
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by OidealO analog computer.

A Sch3nhage&®On the power of random
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Museum of Science of Alcobendas (Madrid).
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All papers on guantum computing should carry a
footnote: OThis proposal, like all proposals for quantum
computation, relies on speculative technology , does
not in its current form take into account all possible
sources of noise, unreliability and manufacturing error,
and probably will not work .Q(s. Lioyd Nature 400 720 (199p)

access machinesICALP, 520 (1979).

mm/ma/ surface calculat/on by soap bubble
Museum of Science of Alcobendas (Madrid).
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EDVAC.: Electric discrete variable automatic computer
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John von Neumann with the stored-program computer at the Institute for
Advanced Study, Princeton, New Jersey, in 1945. Photograph: Getty
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EDVAC.: Electric discrete variable automatic computer
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s Dy J. von Neumann (1945)!
— OFirst draft of a report on the EDVAEO

John von Neumann with the stored-program computer at the Institute for
Advanced Study, Princeton, New Jersey, in 1945. Photograph: Getty



History of Reliable
“classical” computation

EDVAC.: Electric discrete variable automatic computer

B8 For the recognition and correction of such
s alfunctions intelligent human intervention
‘ will in general be necessary .!

s DYy J. von Neumann (1945)!
— OFirst draft of a report on the EDVAEO

* ten years later

' J. von Neumann (1956)!
— ; ] (m)—_____OProbabilistic logics and the synthesis of reliable
NAND- — i | :

multlplexmgL

John von Neumann with the stored-program computer at the Institute for
Advanced Study, Princeton, New Jersey, in 1945. Photograph: Getty
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-decoherence-
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Environment

or |1!
classical mixture

“Can we correct errors, due to the loss of information, on
quantum information?”

No-cloning theorem:
quantum information cannot be copied...
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Not copy gquantum information but entangle it
with many qubits in such a way that qguantum
iInformation is protected!

0) — 10) ®[0) ®[0) 1) = 1) @[1) @ 1)

http://science.mit.edu/research/
faculty/shor-peter-williston

Peter Shor

a|0) + B|1)e ¢2 -2n%de. «|000) + B|111) € C2 ® C2 ® C2

recovery |

error!
«|100) + 3]011) correction ?(/100) + 5|011))

syndrome measurement
| 4
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superconducting system:
two electrons form a Cooper pair, and has a macroscopic quantum coherence

iy - ZE564E :
('\'_E\;' ERIKE'\!\) flux qubit'
E'fK%E—YF I:- P4 |\ l. Chiorescu et al (Delft), Science 2003

Y. Nakamura et al (NEC), Nature 1999
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superconducting system:
two electrons form a Cooper pair, and has a macroscopic quantum coherence

IBM (Watson Research Center) group:

“Universal Quantum Gate Set Approaching Fault-Tolerant

Thresholds with Superconducting Qubits”
J. M. Chow et al., Phys. Rev. Lett. 2012

gate fidelity: 95-98%

hAT - |IE
(NEC, RIKEN) flux qubit'
ittjgj'fﬁ%'%—jr I:- P4 |\ l. Chiorescu et al (Delft), Science 2003

Y. Nakamura et al (NEC), Nature 1999
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superconducting system:
two electrons form a Cooper pair, and has a macroscopic quantum coherence

IBM (Watson Research Center) group:
“Universal Quantum Gate Set Approaching Fault-Tolerant

Thresholds with Superconducting Qubits”
J. M. Chow et al., Phys. Rev. Lett. 2012

gate fidelity: 95-98%

28) SIS e
(NEC, RIKEN)

— E A\ Y
E'fﬂ%i—jr Ev bk |. Chiorescu et al (Delft), Science 2003
Y. Nakamura et al (NEC), Nature 1999
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flux qubit'

UCSB J. Martinis’s group:

“Superconducting quantum circuits at the surface

code threshold for fault tolerance”
R. Barends et al., Nature 2014

[fidelities]

single-qubit gate: 99.92%
two-qubit gate: 99.4%
measurement: 99%
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Google Hires Quantum Computing
Expert John Martinis to Build New
Hardware

By Jeremy Hsu [+] Share 2 Em
Posted 8 Sep 2014 | 21:00 GMT
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Gleyzes, Sebastien, et al. "Quantum jumps of light recording the
birth and death of a photon in a cavity." Nature 446.7133 (2007)

http://en.wikipedia.org/wiki/
Serge_Haroche

S. Haroche :

e OO0 0O © (’(’D http%ataps%.s .gov/ImageGallery/
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trapped ions
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Nobel Prize 2012: Controlling individual quantum systems %)
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Dream or Nightmare D
the theorist’s dream of a quantum 12 E - JERREEIE
computer would be

an experimentalist’s nightmare!

pIrtn ana aeatn or a pnoton i a cavity.” INature 440.7133 (ZUUT)

http://en.wikipedia.org/wiki/
Serge_Haroche

S. Haroche ‘ il .
.
It will eventually happen using quantum
principles to make a quantum computer B g\"
that will actually have applications. f;@ifnpﬁégiaﬁ%mage ey
D. Winland
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