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Measurements of classical systems

M,: “What colour is §?” Three possible outcomes ‘red’, ‘green’ or ‘blue’ Label these answers 0, 1, 2.

Prob[red]| = Prob[0] = (1,0,0) - (ro,71,72) = To M; = (mg, my, my)
Prob[green| = Prob[1] = (0,1,0) - (rg,71,72) =11 my_ (1. 0, 0)

Prob[blue] = Prob[2] = (0,0,1) - (ro,r1,72) = 72. m; (0, 1, 0)
m, - (0,0, 1)

M,: “Is Sblue?” Two possible outcomes ‘yes’ or ‘no’. Label these answers 0 and 1.

M= (my, m;)

Prob[‘no’] = Prob[0] = (1,1,0) - (rg,71,72) = ro + 71

Prob[‘yes’] = Prob[1] = (0,0,1) - (1o, r1,72) = 7a. . ;(1) (]) (/'j

* Components of each m; must be positive

General rule Problk] = my -7
* And need ka = (1,1, «=51)
k

Measurements of quantum systems

Given a classical system S with a total of n pure states. Any measurement M with d
outcomes is described by a collection of vectors {m, m, ,Mg_1}, such that

« (Non-negativity) For any k the components of m, are non-negative.
o (Normalisation) >, my = (1,1,1,...,1).
and the probability of getting outcome k in the state = is given by
Prob[k] = my, - 7,

and so the vectors {m,} are of length n.

Given a quantum system S of dimension d, any general quantum measurement M on S
with m outcomes is described by a set of matrices M = {My, My, ..., My} such that

1. (Non-negativity) eigs(M;) >0 for all i =0,1,...m — 1.
vector goes to matrix o -
& dot product goes to 2. (Normalization) Y, M; = 1.
matrix inner product Where 1 is the d x d identity matrix. Moreover, given a quantum state p, the probability

of the k’th outcome of doing the measurement M on the state is given by

Prob[k] = tr[Myp). (16)
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