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2.3) Entanglement and EPR

oln 1935, Einstein, Podolsky and Rosen pointed out a conflict
between orthodox guantum mechanics and locality. — a. nstein, s.

Podolsky, N. Rosen, "Can Quantum-Mechanical Description of Physical Reality be Considered Complete?," Phys. Rev., vol. 47
pp. 7/7-780 (1935).

®“"When two systems, of which we know the states by their
respective representatives, enter info femporary physical
interaction due to known forces between them, and when
after a time of mutual influence the systems separate again,
then they can no longer be described in the same way as
before, viz. by endowing each of them with a representative
of its own. | would not call that one but _
rather the characteristic frait of quantum mechanics, the one
that enforces its enfire departure from classical lines of
fhought. By the interaction the fwo representatives [the

|
quantum states] have become entangled.” — & schisdinger “biscussion of
Probability Relations Between Separated Systems," Proc. Cambridge Phil. Soc., 31, pp. 555-563 (1935).
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Entanglement
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Entanglement
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Parfial Measurement

olf we measure one of the subsystems of a joint system in @
complete orthonormal basis, then after the measurement
the state gets updated to a product state.
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Partial Measurement
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The EPR Criterion of Reality

@ "If, without in any way disturbing a system, we can predict with
certainty (i.e., with probability equal to unity) the value of a physical
quantity, then there exists an element of reality corresponding to

. "
ThGT q ud hTITy. - A. Einstein, B. Podolsky, N. Rosen, "Can Quantum-Mechanical Description of Physical Reality be
Consldered Complete?," Phys. Rev., vol. 47 pp. 777-780 (1935).

oWe can ensure that a measurement of A4 “does not disturb” B by
locality. pocelike CrﬁmwemuF I

M N h.l_ i - T
:‘.""‘;Q”“ ; Se'o&r'o.[-mn [

Souwsrce b” QA('('*U\‘J
“‘9 c.’f SIS hh-t'c {é-"?AG
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The EPR Argument

® By the EPR criterion and locality, system B must have an element of reality that
determines the outcome of a {|0)g, |1)5} measurement before A is measured.

® The orthodox interpretation is nonlocal, because this “pops into existence" from
nothing when A is measured.

® But note: Any interpretation in which measurement of {|0)g, 1)z} is undetermined
before A is measured would also be nonlocal by the EPR criterion.

® Note that, because of the perfect correlations in all {|7 +), |7 —)} measurements,
the same is true for all possible measurement directions. Having all of these
elements of reality would violate the uncertainty principle for B.

® This is irrelevant to the main argument, which holds for just one measurement.

® However, one can use this to show that a local theory must also be -epistemic -n.
Harrigan, R. Spekkens, Found. Phys. 40, 125 (2010).

® Bell's Theorem will show that no completion of quantum theory can restore
locality.
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2.4) The No-Cloning Theorem

olf 0 < [{(¢|Y)| < 1 then there is no physical operation that outputs |) & |)
when |Y) is input and also |¢) & |¢p) when |¢) is input.

Proop .
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O ('\ o[on-'ng U\/\,:L'Mj uouLJ- .So.,L—fs (’3
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Commenis on No-Cloning

@No-cloning is related to a number of other key features of
quantum theory:
@ If we could perfec’rl}/ clone, we could create an arbitrarily large

number of copies of the initial state. Would allow us to determine the
state exactly from just one initial copy.

® This would allow us to signal superluminally in the EPR experiment
(consider what would happen if we could clone state of B after
measurement of A4).

® Could measure any observable without disturbing the state of the
system (just clone first and put one copy to the side).

®So its good that no-cloning holds, but we should explain why.
In particular, if the quantum state really exists then why should
it be uncopiable (suggests Y-epistemic interpretation).
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3) The Generalized
Formalism
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3.1) Vectors, Dual Vectors, and Inner
Products
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Dual Vector Spaces
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Inner Products
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Inner Products and Dual Vectors
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3.2) Tensor Products and Partial Inner
Products
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Absiract Index Notation
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Absiract Index Notation
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More Interesting Tensor Products
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More Interesting Tensor Products
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Diagrammatic Notation
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Diagrammatic Notation
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Partial Inner Products
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Raising and Lowering Indices
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Raising and Lowering Indices
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Raising and Lowering Indices
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Taking Duals
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3.3) Some Useful Hilbert Spaces
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The Space of Linear Operators
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The Space of Linear Operators
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The Space of Linear Operators
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Duperators and Inner products of
Operators
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