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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 {F,} is
measured, the probability of outcome k is (w|P, |w). These probabilities
are objective - indeterminism.

Evolution of isolated systems. Itis unitary,  |¢) — Ul¥) = e #y)
therefore deterministic and continuous.

Evolution of systems undergoing measurement. If Hermitian operator A
with spectral projectors {F,} is measured and outcome k is obtained, the
physical state of the system changes discontinuously,
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First problem: the term “measurement” is not defined in terms of
the more primitive “physical states of systems”. Isn't a measurement
just anotherkind of physical interaction?

Two strategies:

(1) Realist strategy: Eliminate measurement as a primitive concept
and describe everything in terms of physical states

(2) Operational strategy: Eliminate “the physical state of a system™” as a
primitive concept and describe everything in terms of operational
concepts
Elements of the formalism correspond to list of instructions of what
to do in the laboratory
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The operational strategy
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|s the operational interpretation satisfactory?
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The trace operation

Tr(A) = 3 (k|Alk)
A.
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The trace operation

Tr(A) =) (k|Alk)
]I..
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The trace operation

Tr(A) = 3 (k|Alk)
A.

Ausefulidentity Tr(A|y)(w') = (¥'| Al
Proof: Tr(Alp) ') —L (k| Alyp) (' |k)

—Z ) (k|Al)

= w’f" (Z k) {k) Alp)
k

= (¢'|Alv)
In particular Tr(|y) (¥']) = (¥'|w)
Proof: Tr(:w)(w'f) ="TFCE w')(w )
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Ensembles of quantum states

p(k) = > p(kl|i)p(i)
= > (| Mg | i) p;
= 3 Tr(Mg|vs) (vi)pi
renowon =TT [ (325 Pi| i) (¥i])]



An ensemble of states - (Pe‘- Wi ) [

is a set of normalized vectors (v;|1;) = 1

and probabilisticweights p; ~ O and

Every ensemble defines a density operator

p=) pilv;

Vil \ Wi

¢
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Forarbitrary |v

(P|plp) = \ p; (P |U;) (Y;[0)
: ~
— S [} il 3 !-1,3‘_

!

~0

Therefore (U|plY) > 0 Y|) = H Positivity
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Reduced density operators
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The partial trace operation
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The partial trace operation

First recall the partial inner product

L'_I(H-) '; H-.._
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The partial trace operation

First recall the partial inner product

i)y € H,
Wisa)y = Yo R H,

(1,f;(3)_\11(3“)) = X(ﬂ)) € Ha
For instance. if \\U(s“) =Y s vAR p,(s) (“))
Then (p(|wlsa)y =y, /X ((w(‘” ())) #(®)
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Note that Tr_g,..,(_ll("‘”)) — Tr,q[Tr,-,(-rl('*”))]
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Reduced density operators
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Reduced density operators

Pr(k) = Trsal(NL @ 1(®)wsa)y (ys(sa) ]

— Tfséﬂis)P(s))
=ginere pl8) = Trg (W) (wlsa))

= Tty [N [Tra(|wsa)) (w(sa) )ﬂ]



Reduced density operators
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Notethat Tre,(A(32)) = Tr,q[Tr,,(‘-l(""”))]

PFOOf: Trl-._,-“ (_"l(H”)) — Z( <}(-.) | '.f'-_': <A(”) ‘ )4_1(;-”:) ( U(s)} :_-‘.: “F(”)>)
7,k



The partial trace operation

First recall the partial inner product

.f_-(-*") = H,
‘\I,(sa) Ve Ho @ He

(¢(3)fw(30)) — X(ﬂ)) 7L
Forinstance, if | W) = Y, /A p,(s) (“))
Then (Qp(s)!w(m) ZL W ( w(s) (3))) iV‘E@)
The partial trace on Hs

Tr. (—l(w)) — Z<A(-)|_‘(s(1)|h(s)>



The partial trace operation

First recall the partial inner product

AL B = H.
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Reduced density operators
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I Positivity

(M

Therefore (V' |p|y) > 0 Y|y
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Ensembles of quantum states

p(k) = >2; p(k|i)p(s)
= > (0;| M ;) p;
= 32 Tr(Mg|;) (v;))p:
e =TT [ (325 Pil i) (¥i])]



