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ontology (phil.) – the study of the fundamental nature of reality
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Born‘s rule: Ψ = σ𝑖 𝑐𝑖 𝑖 ⇒ 𝑃𝑖 = 𝑖 Ψ 2 = 𝑐𝑖
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collapse of the wave function
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Ψ 𝑡=0 = |𝑒⟩ → Ψ 𝑡= 𝛼 𝑔 + 𝛽 𝑒

Copenhagen Interpretation

[J. Phys. A.: Math. Theor. 40, 2919 (2007)]

shifty split

quantum world

e.g. quantum states

Ψ =

𝑖

𝑐𝑖 𝜓𝑖

classical world

e.g. measurement apparati

Ψ = 𝜓𝑗
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𝑖ℏ𝜕𝑡Ψ 𝑥, 𝑡 = 𝐻 𝑡 Ψ(𝑥, 𝑡)

[Phys. Rev. D, 34 (2), pp. 470 (1986)]
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Spontaneous Collapse Theories

I.   spontaneous X-ray emission
II.  spontaneous warming of the intergalactic medium 
III. spontaneous warming of air
IV. decay of supercurrents
V.  diffraction experiments

[J. Phys. A: Math. Theor. 45, 065304 (2012)]
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Bohmian Mechanics (Pilot-wave Theory)

ontology

postulates

wave function: Ψ(𝑋(𝑡), 𝑡)

Schrödinger equation: 𝑖ℏ
𝜕

𝜕𝑡
Ψ(𝑡) = 𝐻 𝑡 Ψ(𝑡)
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[J. Phys. Radium, 8 (5), pp. 225 (1927)]

[Phys. Rev. 85, pp.166 and pp.180 (1952)]
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velocity field: 𝑣 𝑡 =
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„Observing the Average Trajectories of Single Photons in a Two-Slit Interferometer“



𝑖ℏ
𝜕

𝜕𝑡
Ψ(𝑡) = 𝐻 𝑡 Ψ(𝑡) and the physics of measurement

The Measurement Problem

„Either the wavefunction, as given by the Schrödinger equation, is not 
everything, or it is not right.“

Copenhagen Interpretation

„… we ourselves produce the results of measurement.“

Spontaneous Collapse Theories

„A piece of matter then is a galaxy of such events.“

Bohmian Mechanics (Pilot-wave Theory)

„While the founding fathers agonized over the question 'particle’ or 'wave’
de Broglie in 1925 proposed the obvious answer 'particle' and 'wave'.“
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