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A EBTHERSolvay £ (1927)

“Electrons and photons |

Quantum Theory “*Quantum Wave Mechanics” - takes flight
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Interpretation of quantum mechanics

A statement which attempts to explain how quantum
mechanics informs our understanding of nature

FTHFAEBESAL L ET HFELY 1AL, AR
ETFTBHTETAFRZEFFARLT MR GEEH
X. BRETHFRAF PR L RSB0 B
#it, ARG EAIH RBT TR, BATA —
BERFREESE, HEFEETEFAFRAETREL
AR IZMR 4 k2 M H (deterministic). &F 4 % F Rk
SETOMMY “F 5 ("real") 8.



ETNFFEREEN?

Quantum Mechanics
needs Interpretation or Not?

TEFEX (Instrumentalist YK & :

Shut up and calculate !!
—Richard Feynman.

&1 P N. David Mermin, Physics Today , May 2004, p. 10
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Steven Weinberg in "Einstein's Mistakes", Physics Today, 2005
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“Bohr's version of quantum
mechanics was deeply flawed, but
not for the reason Einstein thought.
The Copenhagen interpretation
describes what happens when an
observer makes a measurement,
but the observer and the act of
measurement are themselves
treated classically.

This is surely wrong: Physicists and their apparatus must be
governed by the same quantum mechanical rules that govern
everything else in the universe. But these rules are expressed
in terms of a wave function (or, more precisely, a state vector)
that evolves in a perfectly deterministic way. So where do the
probabilistic rules of the Copenhagen interpretation come
from?”



Steven Weinberg in "Einstein's Mistakes", Physics Today, 2005

Todayt, t = 15 billion years

Considerable progress has been made in

o R A recent years toward the resolution of the
““““““ problem,...... It is enough to say that

neither Bohr nor Einstein had focused on
the real problem with quantum mechanics.
The Copenhagen rules clearly work, so they
have to be accepted. But this leaves the
task of explaining them by applying the
deterministic equation for the evolution of
the wave function, the Schrédinger equation,
to observers and their apparatus.

Galaxy formation
Epoch of gravita fonal collapse

Recombination
Relic radiation decouples (CBR]

Matter domination
Onsetof gravitational ins@hility

Nucleosynthesis
Light elements created - D, He, Li

Quark-hadron transition
Hadrons farm - protans & neutrans.

Electroweak phase tran sition
Electomagnetic & weak nuclear

forces become differentated:
SU3) RS UL2JU(T) > SURI(T)

The Particle Desert
Axians, supersymmetry?

Grand unification transition
G -> H > SU(3]xSU(2)xU(1)
Inflafion, baryogenesis,
manopoles, cosmic strings, ete.?

The problem of thinking in terms of
classical measurements of a quantum
system becomes particularly acute in the
field of quantum cosmology, where the
quantum system is the universe

The Planck epoch

The quantum gravity barrier
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1. A system is completely described by a wave function y,
which represents an observer's knowledge of the system.
(Heisenberqg)

2. The description of nature is essentially probabilistic. The
probability of an event is related to the square of the amplitude of
the wave function related to it. (Max Born)

3.Heisenberg's uncertainty principle states the observed
fact that it is not possible to know the values of all of the
properties of the system at the same time; those properties that
are not known with precision must be described by probabilities.
4.Complementarity principle: matter exhibits a wave-particle
duality. An experiment can show the particle-like properties of
matter, or wave-like properties, but not both at the same
time.(Niels Bohr)

5.Measuring devices are essentially classical devices, and
measure classical properties such as position and momentum.

6.The correspondence principle of Bohr and Heisenberg: the
quantum mechanical description of large systems should closely
approximate to the classical description.


http://upload.wikimedia.org/wikipedia/commons/2/28/Niels_Bohr_Institute_1.jpg
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Decoherence
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Wave Packet Collapse (WPC)
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Heisenberg, 1927
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Bohr-Einstein B9t , 1927-1931
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SEEG Nature, 395,33(1998)
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