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General Theory of Quantum Measurement (Preskill ch. 3)

Bob’s OM has 3 outcomes m, w/projectors E,€ ¥

If Alice only prepares states @, & X, then
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We can now define effective measurement operators
FA = B, Ec, EA = li'm(ﬂ’&[ = )&Al"{AX’iAI
» Plmy) = Tr[E,84T = TP[FQAT

Properties:

Each F, is Hermitian & non-negative Evals P(m,) > 5

Individual F, are not projectors unless f\A= 1

% Fa = EA % Eﬂ EA = EA_ﬂ._ EA = ﬂ.A <= identity on gﬁq

POVM : Positive Operator Valued Measure

A set of non-orthogonal meas. Operators fﬁ?

such that the F, ‘s are non-negative & % R4
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We can now define effective measurement operators
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Individual F, are not projectors unless r\,,\r 1

% Fﬂ = EA % EUL EA = EA_ﬂ._ EA = ﬂ.A < identity on 964

POVM : Positive Operator Valued Measure

A set of non-orthogonal meas. Operators fﬁ}
such that the F. ‘s are non-negative & % R4

Example : POVM on Qubit encoded in Qutrit

¥pp (F=1) atomic HF state
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Bob measures

Alice prepares in QeA Em= Im¥Xm| & 8f

Choose the map U
® any 1 qubit, 3 outcome POVM we want

Theorem: Any POVM can be realized by adding to &,
an orthogonal complement 962'

If N F,s are desired, where n's{)im P
then we need  Lim (Xat9y) 2N

( Preskill 3.1.4)
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Toy Example: One Qubit POVM, illustrates different
capabilities of OM & non-OM POVM’s

Pick 3 unit vectorss.t. 2> QJ\A =0, Z_ TIa =1
[ 0

Measurement operators
FQ:QGAM\F\'AX%J » %szﬂ*
For the above & following, note that
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Application: Discriminating between

non-orthogonal states

. ny
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7 Ny
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Note: Bob can never know for sure he received [’L‘ﬁ17



