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Puzzles about the Measurement postulate:
nonrealistic (indeterministic)—physical quantity does not possess 
a definite value  before M
how does the wave collapse occur? instantaneous?
nonlocal—wave is global
subjective—what qualifies for “observer”?



Some quotations:
“We often discussed his notions on objective reality. I 
recalled that during one walk Einstein suddenly stopped, 
turned to me and asked whether I really believed that the 
moon exists only when I look at it” ---A. Pais

“God does not play dice” --- A. Einstein

“I cannot seriously believe in [the quantum theory] because 
it cannot be reconciled with the idea that physics should 
represent a reality in time and space, free from spooky 
actions at distance.” --- A. Einstein

“Was the wave function of the world waiting to jump for 
thousands of millions of years until a single-celled living 
creature appeared? Or did it have to wait a little longer, for 
some better qualified system ... with a Ph.D.?” ---J. Bell



Reactions to these puzzles:
A1: “shut-up and calculate”
A2: construct collapse theories
B : Propose various interpretations

B1: Many worlds interpretation (linked to consciousness)
B2: Ithaca interpretation (linked to consciousness)
B3: Hidden-variables theories--Bohmian mechanics
B4: …

Ithaca interpretation: The subject of physics is about 
correlation and only correlation. Thus, correlations have physical 
reality; that which they correlate does not. The statement might
bear some similarity as “Fields in empty space have physical 
reality; the medium that supports them does not.”



Many worlds interpretation: In addition to the world we are 
aware of directly, there are many other similar worlds which 
exist parallel at the same space and time.

Bohmian mechanics: A complete description of an isolated 
system includes the spatial positions of each particle (hidden 
variables) and the wave function of the system (guiding 
waves). The wave function is governed by Schrödinger 
equation, and it guides the motion of particles. Each particle 
obeys a 1st order equation of motion specifying that its velocity 
is proportional to the spatial gradient of the wave function of 
the system, evaluated at the instantaneous positions of all the 
other particles (nonlocal and contextual).



Dream of hidden variables (HV):

1, State vectors describe an ensemble of systems;
2, in each individual member, every observable does 

have a definite value.
Classical statistical mechanics       Newtonian mechanics
Quantum mechanics                       Hidden-variables theories

↔
↔

--if two observables do not commute, the uncertainty 
principle does not prohibit both from having definite 
values in an individual system. It merely insists that it is 
impossible to prepare an ensemble of systems in which 
the values of neither observables fluctuate.



Plausible constraints on HV theories:

1,  quantized---outcomes of A are to be eigenvalues of A.
2, if A,B,C,… commute, the values  possessed by an 

individual member are the simultaneous eigenvalues. 
In particular
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Task of no-HV theorems (Bell’s theorems)

Refuse HV models of some particular features—
noncontextual and local










































