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(〈ψ |γ 〉)〈τ |= 〈ψ | (|γ 〉〈τ |)

Hilbert space of functions. 〈image of piecewise linear function changing direction at x0,� , xN−1〉
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 position space basis.〈xn|xn′〉= δn,n′

〈xn, f 〉= f(xn)

Position operator is diagonal:
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Check: 〈xn|X |f 〉= xn f(xn).
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Recall “momentum operator”
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p= ”generator of translations”
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Momentum space eigenfunctions.

p|p〉= p′|p〉

〈x|p|p′〉= p′〈x|p′〉

~

i

∂

∂x
〈x|p′〉= p′〈x|p′〉

This is a differential equation for 〈x|p′〉.

〈x|p′〉= exp

(

i

~
p′x

)

· normalization
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Get normalization through resolution of unity
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Commutation relation between x, p.
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Canonical commutation relations

[xi, pj] = δij · i~

Classical mechanics Quantum mechanics

I A state is defined by x and p. State of the system |ψ(t)〉
II A classical dynamical variable Ω(x, p) Dynamical variables are operators
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III Measurement 〈Ω〉= Ω(x, p) Measuring Ω will yield an eigenvalue of Ω, say ω, with

probability |〈ω |ψ〉|2. Afterward, the system will be

in state |ω〉.
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Clasical mechanics Quantum mechanics

Dynamics Hamilton’s Equations
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Measurement process with polarizers:
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Simultaneous measurement: Λ lets |λ〉 through, Ω lets |ω〉 through.

|ψout〉= |ω〉〈ω |λ〉〈λ|ψ〉

Under what conditions will Ω not affect the result? ΩΛ|λ〉=ΛΩ|λ〉, (ΩΛ−ΛΩ)|λ〉=0.

[Ω,Λ] =0: simultaneous measurements always OK

[Ω,Λ]|ψ〉= 0⇒|ψ〉= 0: measurement of Ω always affects the measurement of Λ

[Ω,Λ]|λn〉=0
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