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|. Quantum Mechanics (QM)

- basic framework -
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(2) conceptual questions: ETFIRREE (& ?

- REFRE D% (realist) © KEIBIEL W) (ZMER DRDINREZ Fok
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» many worlds interpretation, consistent histories, ...
» dynamical reduction (quantum gravity, decoherence, GRW mechanism,...)



2. EPR and Entanglement
- QM is incomplete! -

Einstein-Podolsky-Rosen (1935)
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» QM & micro-macrofA= : Schrodinger’s cat (1935)
» BFTEEFRO A BEEDISER  Bell RFZ (1964)
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3. Bell’'s Theorem
- local realism vs QM -

J. Bell (1964)
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photon
(positronium decay)

photon
(atomic radiative
cascades)

photon
(atomic radiative
cascades - improved)

photon
(parametric down
conversion)
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Clauser-Horne-Shimony-Holt (1969)

Kasday-Ullman-Wu (1975) —+RF

Freedman-Clauser (1972) R+

Holt-Pipkin (1978) OM-

Clauser (1976) R+

Aspect et al. (1980 - 1985) R+

Brendel etal. (1992) energy & time

Tapster et al. (1994) optical fiber 4km

Tittel et al. (1998)

more than |10km
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4. Kochen-Specker Theorem
- contextuality -

—RICR DI (context) & IFEBERICYEEIC(EZR
DT3B EFARTEE > EEEIFRAKFEZRFD

Kochen-Specker (1967)
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5. Leggett’s Theorem

- nonlocal realism vs QM -

A. Leggett (2003)
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Branchard et al. (PRL 2007)
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6. Free Will Theorem

- locality, realism & free will -

Conway-Kochen (2006, 2009)
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/. Uncertainty Relation Revised
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/. Uncertainty Relation Revised

1) NAEUNILYT DAEE R (1927)

h €(q) EE (noise) Nl s

e(@)nlp) = 5 :
n(p) 8%, (disturbance) | '
—RRAYIC IR I U AR Uy .

2) TF—ROREEERR (1927)

D | St

U(Q) O'(p) > o(q) 1E#(F#= (standard deviation)
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3) INEOANETEERE R (2003)

h
e(q)n(p) +a(q)n(p) +ela)olp) = 5
— BV (T B AL o(q) 1Z#{F%= (standard deviation)

e(q) FRZE (noise)
n(p) 18&L (disturbance)
» Heisenberg O NETE R Z —MRICEKILT D K S ICHAER
» Heisenberg D AHETEMERRICED <BIEDPRS (Standard Quantum Limit)
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8. QM in Macroscopic Regime

1) 2
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Leggett-Garg INZE T (1985) ICE D < RIFMIBIRIESE

“RFMEE R OBDOANE R ¢ Bell R & 4B

3) BFS—LER (1999 - today)
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Prisoner’s Dilemma

ity Deny Confess
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- 11 1]
Pareto optimal Nash equilibrium (NE)




9. Summary
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=R (Elitzur-Vaidman 1993)
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