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Quantum mechanics is not only weirder than you think..
..it’s weirder than you can possibly imagine!

Or so they say. The number of exclamation marks varies.

For example, in this book one reads:

“Something strange is going on in physics...
This weirdness is taking place in the branch
of physics known as quantum mechanics...
The notorious weirdness is this: In the
quantum realm, particles don’t acquire
some of their characteristics until they’re
observed by someone. They seem not
to exist in a definite form until scientists
measure them.. It has caused some people
to speculate that reality is subjective...
that the universe is a product of our
imagination.”

How many of you believe this?
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The two-slit experiment

• “A phenomenon which is impossible, absolutely
impossible, to explain in any classical way, and
which has in it the heart of quantum mechanics.
In reality it contains the only mystery.”

• “Do not keep saying to yourself, if you can possibly
avoid it, ‘But how can it be like that?’ because
you will get ‘down the drain,’ into a blind alley
from which nobody has yet escaped. Nobody
knows how it can be like that.”

• “Many ideas have been concocted to try to explain
the curve for P12 [that is, the interference
pattern] in terms of individual electrons going
around in complicated ways through the holes.
None of them has succeeded.”

• This experiment “has been designed to contain
all of the mystery of quantum mechanics, to put
you up against the paradoxes and mysteries and
peculiarities of nature one hundred per cent.”

• “How does it really work? What machinery is
actually producing this thing? Nobody knows
any machinery. Nobody can give you a deeper
explanation of this phenomenon than I have given;
that is, a description of it.”

Two-slit experiment with electrons

Feynman spends 19 pages of The Character of Physical Law

discussing this one experiment. His conclusions (see opposite)

are startling. You have just seen a video of the gradual build-

up of the pattern, electron by electron. What do you think?
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What is quantum theory? The instrumentalist view

Quantum mechanics (QM) is the theory we use to study matter at the atomic level.
It takes the form of a probability calculus for calculating the results of experiments.
It is essentially an instrumentalist theory, i.e. a theoretical ‘instrument’ or ‘tool’ for
making predictions of the possible results of experiments on quantum systems.

To a pragmatist, who wishes to make money out of building quantum devices and
flogging them, this is quite sufficient. However, out of basic curiousity, many people
wish to understand and explain the behaviour of the universe. One way to approach
this problem is to ‘interpret’ QM. How or why does it work? What, if anything, do
the mathematical objects in the theory represent?

Definition: An ‘interpretation of quantum mechanics’ is a statement which attempts
to explain how QM informs our understanding of nature.

There are a number of contending schools of thought, differing over whether QM can
be understood to be deterministic, which elements of QM can be considered ‘real’,
etc. However, until the 1980s, there was only one interpretation that was taken
seriously; thinking otherwise could easily damage people’s careers (still true today?).

“In recent years the debate on these ideas has reopened, and there are some who question what they

call ‘the Copenhagen interpretation of quantum mechanics’ - as if there existed more than one possible

interpretation of quantum mechanics.” [Rudolf Peierls, 1979].
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The ‘orthodox interpretation’ of QM : Copenhagen
“A philosophical extravaganza dictated by despair” (Schrödinger)

1. System completely described by wave function Ψ usually taken to represent observer’s knowledge of

it, or ‘potentiality’. Ψ evolves in time according to Schrödinger’s equation, except when it doesn’t.

2. Nature is fundamentally probabilistic. Probability of event given by absolute square of Ψ (Born

rule). ‘Measurement’ has special status and randomly picks out exactly one of the many possibilities

allowed for by the state’s wave function through nonlocal ‘collapse process’. ‘Hidden variables’

distinguishing systems with identical Ψ (and possibly restoring determinism) are impossible.

3. Heisenberg’s uncertainty principle: observed fact that it is not possible to know values of all

properties of system at same time; those properties not known with precision must be described by

probabilities. Conclude properties are indeterminate not uncertain.

4. Complementarity principle: there is no logical picture (obeying classical propositional logic) that can

simultaneously describe and be used to reason about all properties of a quantum system. Example:

matter exhibits a wave-particle duality. An experiment can show the particle-like properties of

matter, or wave-like properties, but not both at the same time. (Niels Bohr)

5. Measuring devices are classical, and measure classical properties like momentum. QM description

of large systems must closely approximate classical description (‘correspondence principle’).

Don’t confuse this with instrumentalism/pragmatism.

Now well-known that Copenhagen cannot be reconstructed as a coherent philosophical
framework - it is a collection of local, often contradictory, arguments embedded in
changing theoretical and sociopolitical circumstances.. ..riddled with vaccillations,
about-faces and inconsistencies. [See Mara Beller book ‘Quantum Dialogue’]
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Schrödinger’s equation

ih̄∂Ψ(x,t)
∂t = ĤΨ(x, t)= − h̄2

2m∇
2Ψ(x, t) + V (x, t)Ψ(x, t)

where x = {x1,x2, . . . ,xN} is a point in the configuration space of the system.

Note that |Ψ(x1,x2, . . . ,xN)|2 is generally interpreted as the probability of finding
particles at positions x1, . . . ,xN etc. in a ‘suitable measurement’ (Born rule).
Between measurements, the particles ‘do not have positions’ in the Copenhagen view.

“It seems a little paradoxical to construct a configuration space with the coordinates
of points that do not exist. [L. de Broglie, Solvay conference, 1927]
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An undesired heritage

Physics is about measurement and nothing else.

Measurements can be described as ‘the reading of macroscopic apparatus states’, a
problem clearly concerned with the classical limit.

All quantum foundations talks have Bell quotes

“The problem of measurement and the observer is

the problem of where the measurement begins and

ends, and where the observer begins and ends. . . . I

think that – when you analyse this language that

physicists have fallen into, that physics is about the

results of observation – you find that on analysis it

evaporates, and nothing very clear is being said.”

J.S. Bell (1986, Interview in Davis and Brown’s

The Ghost in the Atom)
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