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A bit about
philosophy of science
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An easy way out of trouble:
What if we stop worrying about the nature of reality,
and focus on making predictions? Or technologies?
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Realism vs Operationalism
vs Pragmatism
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Disagreements about physics often stem from
disagreements about philosophy of science.

Scientists sometimes deceive themselves into thinking that
philosophical ideas are only at best decorations or parasitic
commentaries on the hard objective triumphs of science [...]
But there is no such thing as philosophy-free science. There is
only science whose philosophical baggage is taken on board
without examination.

—Daniel C. Dennett

Often those who are most convinced that philosophy is useless
are in fact very committed to one particular tradition, but blind to
the fact that they are making nontrivial commitments.
-what you take on board without examination is almost
always holding you back
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What is the purpose of science?
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—

Realism: Science aims at a true description of
physical objects and their attributes.

— truth
Operationalism/Empiricism: Science aims at an
efficient summary of our experience.

Pragmatism: Science aims to be useful at
achieving our various goals.

(everyone agrees there is a world out there)
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These are different attitudes about the purpose of science.
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In the proper meaning of the term, physical theories are neither realist nor antirealist.
...Ilt is a person’s attitude toward a physical theory that is either realist or antirealist.
For example, was Copernicus’s theory of the structure of the solar system realist or
antirealist? That question has no content. The theory was what it was: It postulated
that the various planets and the earth engaged in particular sorts of motions.
Osiander... advocated taking an antirealist attitude toward the theory: Don’t regard the
theory as literally true, but just instrumentally as a convenient way to make certain
predictions. He did this to protect Copernicus from the wrath of the Catholic church.
Copernicus himself, and Galileo, adopted the opposite attitude: They wanted to argue
that the theory is literally true, by reference to its explanatory power and simplicity.
...And they inherited certain physical problems (for example, problems in terrestrial
mechanics) because of their attitude. But the theory toward which Osiander was
antirealist and Galileo realist is one and the same theory. The theory itself is neither.

-Tim Maudlin

-still, people often speak of “realist theories” as theories that admit
of a particularly clear and simple/classical ontology and dynamics
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Realism

We are arguably all born realists. A major motivation for
becoming a physicist is to try to understand the nature of
reality. (Not so much to efficiently organize data!)

No Miracles Argument: the incredible success, predictive
power, and technological applications of our best scientific
theories (like landing probes on comets or creating antibiotics)
would be a miracle if those theories weren't at least
approximately true descriptions of reality

Our picture of the world and our theorizing about the world
guide us in asking new questions and formulating new theories.
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Criticisms of realism

The very picture of the world that guides our thinking may also
hinder our thinking.

Details of a physical theory may be underdetermined by the
empirical evidence. Then, which theory is true?
Scientific revolutions often lead to dramatic shifts in metaphysics.

Not clear that there is any convergence towards the truth!

-ontology of light: light as a visual ray, to particles, to waves, to
classical EM fields, to quanta, to quantized fields
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Operationalism/Empiricism

In large part a response to the trauma of scientific revolutions like
special relativity and quantum theory.

Motivated by the desire to avoid endorsing false theories/views.
So, one forbids all concepts that are not directly measurable.

“In a strict sense, quantum theory is a set of
rules allowing the computation of probabilities
for the outcomes of tests which follow specified
preparations.”

— Asher Peres

“It is wrong to think that the task of physics is to
find out how nature is. Physics concerns what
we can say about Nature.” — Bohr
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Criticisms of operationalism

» Surely science is about more than just making predictions?

» QOperationalism may be less fruitful than realist approaches (as mentioned).

» Aren'’t the primitive concepts of the operationalist (e.g., detector clicks)
themselves in need of explanation?

» All observations are theory-laden (the Duhem-Quine thesis)

» The breakfast objection: absent a realist theory, how do you know which
details matter and which don’t?

» hard and awkward to think about
ideas like the origin of life or the big
bang in terms of direct observation!
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probabilities of

experiment ,
different outcomes

Does this actually give any understanding?
How do you know what experiments to ask it about?
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Pragmatism

Being too wedded to a scientific paradigm can
hinder new ideas

Being wedded to only making predictions limits
the kinds of questions you might think to ask

So why not focus on practical consequences, usefulness,
and problem-solving instead of concerns about truth
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Thinking about what agents can and cannot do is a
valuable approach even in fundamental physics

Carnot studying heat engines
_)
Kelvin-Planck statement of the second law:
“It is impossible to devise a cyclically operating device, the sole
effect of which is to absorb energy in the form of heat from a single
thermal reservoir and to deliver an equivalent amount of work”

—

Thermodynamics

-energy conservation

-no superluminal communication
-fundamental limits on computation
etc
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Criticisms of pragmatism

*Surely science is about more than just finding ways
of achieving our goals. It is about uncovering truth.
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All three approaches have led to progress historically!

Realism:
atomic hypothesis

Operationalism:
special relativity

Pragmatism:
thermodynamics
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