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Interpretation

An interpretation of a theory tells us what is the world like

if the theory is true



Classical mechanics
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Classical mechanics

m ẍi =
∑
j

Fij

xi(t): particles

Fij(xi − xj): forces
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ρ(x, t): charged particles

E(x, t), B(x, t): fields



Quantum mechanics

1 Quantum state: Ψ

2 Schrödinger equation:

i~
∂

∂t
Ψ = ĤΨ

3 Born rule:

〈Ψ, ÂΨ〉



Operationalist interpretation

1 Quantum state: Ψ is a preparation procedure

2 Schrödinger equation: time evolution

3 Born rule: expected value of measurement A on a

systems prepared in state Ψ



Realist interpretation

1 Quantum state: Ψ is a complete description (a

fundamental property) of an individual system

2 Schrödinger equation: time evolution of the

quantum state Ψ

3 Born rule: expected value of the physical magnitude

A of the system in quantum state Ψ



Measurement problem

Superposition: if Ψ1 and Ψ2 are states, then Ψ1 + Ψ2

is also a state

Measurement process:

Ψ: particle

Φ: measuring apparatus

Ψ1Φ0 −→ Ψ1Φ1

Ψ2Φ0 −→ Ψ2Φ2

(Ψ1 + Ψ2)Φ0 −→ Ψ1Φ1 + Ψ2Φ2



Schrödinger’s cat



Assumptions

1 Ψ is a complete description of an individual particle

2 Ψ evolves according to the Schrödinger equation



Copenhagen (orthodox) interpretation

1 Ψ is a complete description of an individual particle

2 Ψ evolves according to the Schrödinger equation



Copenhagen (orthodox) interpretation

Ψ is only a symbolic

book-keeping devise

Schrödinger + collapse

Classical language

Correspondence rule

Complementarity



Objective collapse theories

1 Ψ is a complete description of an individual particle

2 Ψ evolves according to the Schrödinger equation



Objective collapse theories

Non-linear terms added to the

Schrödinger equation

GRW: flash ontology

CSL: matter density ontology

Diósi-Penrose: gravity induced

collapse



Giving up Ψ-completeness

1 Ψ is a complete description of an individual particle

2 Ψ evolves according to the Schrödinger equation



Giving up Ψ-completeness

(a) Ψ is an incomplete

description of an

individual particle

(b) Ψ is not even a

description (a

property)



Quantum Bayesianism (Qbism)

Ψ is a catalogue of

partial beliefs (subjective

probabilities) of a

rational agent

Collapse is only the

update of the agent’s

beliefs



Statistical (ensemble) interpretation

Ψ refers to an ensemble

of identically prepared

systems

Ψ encodes the probability

distribution (relative

frequency) of properties

within the ensemble



Relational interpretation

Rovelli, 1996

Refinement of the Copenhagen

interpretation

The wave function is not ontic

QM is about events

Events happen at interactions

Events are discrete

Physical variables are relational



Giving up Ψ-completeness

(a) Ψ is an incomplete

description of an

individual particle

(b) Ψ is not even a

description (a

property)



Bohmian theory

Quantum mechanics is

incomplete

Ψ only partially describes

an individual particle

The complete ontic state

is (Ψ, x)



Assumptions

1 Ψ is a complete description of an individual particle

2 Ψ evolves according to the Schrödinger equation



Many-Worlds Interpretation

Hugh Everett, 1957

There are many

parallelly existing worlds

In an experiment, all

outcomes are obtained,

each in a different newly

created world



Map of interpretations

Interpretations: Ψ-completeness Schrödinger evolution

Copenhagen × ×

Collapse X ×

QBism × X

Statistical × X

Relational × X

Bohmian × X

Many-worlds X X



Other interpretations

Modal interpretation

Information-theoretic interpretation

Consistent histories interpretation

Transactional interpretation

Many-minds interpretation

Quantum logical interpretation



PBR theorem, 2012

The quantum state is ontic; it is a macrostate of an

individual system



A survey, 2016



Conclusions

An interpretations fixes the ontology of the theory

Textbook quantum mechanics is operationalist and

compatible with many different ontologies

Interpretations can be categorized according to their

solution to the measurement problem


