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Summary

Church of the Larger Hilbert Space view on dynamics:

The dynamics of a system interacting with its environment is to be derived
from unitary interaction and then tracing out the environment.

$ c

| E
This gives ps = %, MU pgsMDT, where MU) = (j|Usg|p)g
The operators M) can be any set of operators such that 3;; MU TMU) = [,
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Summary

Church of the Smaller Hilbert Space view on dynamics
Dynamics should be a map &g 4 from states on H 4 to states on Hp.

The map should preserve convex mixtures
Epla(ppa + (1 —plog) = pEpa(pa) + (1 — p)Epjalay)

This implies that the map can be extended to be a linear map from
LOH ) o LHE).

Epja € LIL(H,) = L(Hp))
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The View from the Smaller Space
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The View from the Smaller Church
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The View from the Smaller Church
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The View from the Smaller Church
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The View from the Smaller Church
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Trace Preservation
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Trace Preservation
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Positivity vs. Complete Positivity
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Positivity vs. Complete Positivity
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Complete Positivity
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Complete Positivity
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Complete Positivity
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Summary
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Examples of Qubit CPT Maps
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5.6) The Lindblad Equation
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Continuous Time Dynamics
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The View from the Larger Church
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The View from the Larger Church
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The View from the Larger Church
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Deriving the Lindblad Equation
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Deriving the Lindblad Equation
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Deriving the Lindblad Equation
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Deriving the Lindblad Equation
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Deriving the Lindblad Equation
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Deriving the Lindblad Equation
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Example: Decoherence
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6) Realism vs. Anti-Realsim

Realism

Anti-Realism

Realism vs. Anti-Realism

A Synthesis?

Making the Problem Precise
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6) Realism vs. Anti-Realism

So far, we have taken an approach to quantum theory that is
operational, i.e. it treats measurements as a primitive and refers
only to the outcomes of experimental procedures, and not
properties of systems that exist independently of that.

Our goal in this section is to make the central question in the
foundations of quantum mechanics precise. To do so, we shall
have to delve a little more deeply into the philosophy of science.

See J. Ladyman, Understanding Philosophy of Science
(Routledge, 2003) for more details.
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6.1) Realism

Scientific Realism is the idea that:

There exists an objectively real physical world, independent of
observers.

The job of a physical theory is to attempt to describe it.

Successful physical theories are approximately correct descriptions of
the objectively real physical world.

It is more accurate to think of theoretical entities, e.g. electrons,
quarks, as referring to things that actually exist than to do
otherwise.
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What realism is not

Realism does not necessarily mean:
All quantum observables must have definite values at all times.
The quantum state is a description of reality.
Nature must be deterministic.
Our theories are literally true.
Warning: “Realism” is often used in these ways in the literature

on quantum foundations. It is much harder to deny “real”
realism.
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6.2) Anti-Realism

Varieties: idealism, logical positivism, empiricism, instrumentalism,
operationalism.

The only things we have direct access to are our own perceptions
and/or the records of results from our experimental apparatuses.

Theories are simply systems for organizing/predicting regularities in
those perceptions/results.

Theoretical entities, e.g. electrons, are a convenient fiction used in
our calculations.

Operationalism: Every statement of a theory should boil down to a list
of instructions for what to do in the lab and what will be seen as a
result.
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What realism is not

Realism does not necessarily mean:
All quantum observables must have definite values at all times.
The quantum state is a description of reality.
Nature must be deterministic.
Our theories are literally true.
Warning: “Realism” is often used in these ways in the literature

on quantum foundations. It is much harder to deny “real”
realism.
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6.3) Realism vs. Anti-Realism
Putnam’s “No Miracles” Argument

When they argue for their position, realists typicaIIP{ argue against some version of idealism -
in our time, this would be positivism or operationalism. (...) And the typical realist argument
against idealism is that it makes the success of science a miracle

(...)The modern positivist has to leave it without explanation (the realist charges) that
electron calculi” and ‘space-time calculi’ and ‘DNA calculi’ correctly predict observable
phenomena if, in reality, there are no electrons, no curved space-time, and no DNA
molecules. If there are such things, then a natural explanation of the success of theories is

that they are partially true accounts of how they behave. And a natural account of the way
scientific theories succeed each other (...) is that a partially correct/incorrect account of a
theoretical object (...) is replaced br' a better account of the same object or objects. But if

those objects don’t really exist at all, then it is a miracle that a theory which speaks of
gravitational action at a distance successfully predicts phenomena; it is a miracle that

a theory which speaks of curved space-time successfu lY predicts phenomena; and the fact
that the laws of the former theory are derivable ‘in the limit’ from the laws of the latter
theory has no methodological significance

H. Putnam, Meaning and the Moral Sciences, Routledge (1978)
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6.3) Realism vs. Anti-Realism
Eddington’s Fishy Story

Let us suppose that an ichthyologist is exploring the life of the ocean. He casts a net into the water and
brings up a fishy assortment. Surveying his catch, he proceeds in the usual manner of a scientist to
systematise what it reveals. He arrives at two generalisations: (1) No sea-creature is less than two
inches long. 12) All sea-creatures have gills. These are both true of his catch, and he assumes tentatively
that they will remain true however often he repeats it.

In applying this analogy, the catch stands for the body of knowledge which constitutes physical science,
and the net for the sensory and intellectual equipment which we use in obtaining it. The casting of the
net corresponds to observation; for knowledge which has not been or could not be obtained by
observation is not admitted into physical science.

An onlooker may object that the first generalisation is wrong. "There are plenty of sea-creatures under
two inches ionF, only your net is not adapted to catch them." The icthyologist dismisses this objection
y.

contemptuous "Anything uncatchable by my net is i so&‘acto outside the scope of icthyological
knowledge. In short, "what my net can't catch isn't fish." Or — to translate the analogy — "If you are
not simply guessing, you are claiming a knowledge of the physical universe discoverec}(in some other
way than by the methods of physical science, and admittedly unverifiable by such methods. You are a
metaphysician. Bah!"

A. Eddington, The Philosophy of Physical Science (1938)
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