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Towards a purely
operational formulation of
quantum theory
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‘Orthodox” postulates of quantum theory

Representational completeness of w. The rays of Hilbert space
correspond one-to-one with the physical states of the system.

Measurement. If the Hermitian operator A with spectral projectors {P,} is
measured, the probability of outcome k is (y|P, |v). These probabilities
are objective -- indeterminism.

Evolution of isolated systems. Itis unitary, ) — U|y) = e 5t|y)
therefore deterministic and continuous.

Evolution of systems undergoing measurement. If Hermitian operator A
with spectral projectors {P,} is measured and outcome k is obtained, the

physical state of the system changes discontinuously,

— |t = Bild)
|l/)> |’L)}l_> \/(t_;‘”).l.'lt”)
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Some puzzles
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How does one represent a preparation that
corresponds to one element of a pair of entangled
systems?

e | - ) - e
W)y =v2 (|+n)|—n)—|—n)|+n))

Not by a Hilbert space vectorl
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How does one representirreversible dynamics? Cooling a
gquantum system to its ground state for example?

Not by a unitary!
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When a photon is detected at position r, the quantum state of the
EM field is updated as follows

v) — T (r)[y)

But W(7) is nota projector
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Photodetection theory shows that the probability of detecting k

photonsis
(V| Bk |¥)

(?](l ] ( )L‘ e~ Nna "a |

E;{ == .

k!
— Z A n) (n|
)\f? = (;?)ql(l —n)"F for k<n
— 0 otherwise

Butthe operatorin question is not a projector!
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Consider a system and two pointers

The coupling
YA AR PRI

achieves a measurement of A.

The coupling 5 ; i
yeB® 1 ® P

achieves a measurement of B.

What about . A A & %
YAA®P®I+~8BR®IQP

If Aand B don’t commute, this can’t be modeled by a Hermitian
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Consider a system and two pointers

The coupling
"}A--l XPRI

achieves a measurement of A.

The coupling r 4 5
yBB® I @ P

achieves a measurement of B.

What about w s s ®  om
YAARQPQR®I+vyB QIR P

If Aand B don’t commute, this can’t be modeled by a Hermitian
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Generalized preparations

A density operator
P E E(Cr!)

Positive definite operator: (1|p|y) > 0,V # O
Unit trace: Tr(p) = 1

p = |¢){(¥»| <« Pure preparation
p = > pilv;)(v;| < Mixed preparation
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