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Abstract

Is philosophy useful for physics? Many physicists and philosophers
believe that it is; but there are those who challenge the usefulness of
philosophy for science. Three major objections can be identified in
their reasoning: 1. Philosophy’s death diagnosis, which states that
philosophy is dead and has nothing new to teach us. 2. Historic-
agnostic argument/challenge, which states that there is no historical
evidence for the claim that philosophy is useful for science, or if it is,
it is unknown to us. 3. The division of property argument, which states
that philosophy and science are two distinct fields. The purpose of this
article is to respond to these three objections by examining the case
study of the relationship between general relativity and philosophy. By
looking at the history of the formation and development of general
relativity, we will argue that: 1. Philosophy has led to a refinement and
deep understanding of the important concepts of covariance and
invariance. 2. There is clear historical evidence for the positive
influence of philosophy on the development of the core concepts of
general relativity, as one of the most important physical theories, as
well as the undeniable evidence for the key role of some philosophers
in the development of the theory. 3. Physics and philosophy, in seeking
answers to fundamental questions, are two highly intertwined fields.
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1. General Relativity and Philosophy

A major part of the story of the invention of general relativity is Einstein's
attempt to find the field equations. The principle of general covariance is
one of the most fundamental principles of general relativity. In 1912 the
exact meaning and the physical content of general covariance were not
clear to FEinstein. Therefore, he abandoned the pursuit of general
covariance. In the summer of 1913, when he intended to find a
justification for this abandonment, he found the hole argument, which
states that generally covariant theories contradict determinism. Even after
presenting the field equations of general relativity, he still was not
informed of the significance of coordinate frames and the flaw of the hole
argument.

Einstein's philosophical response to the hole argument, the so-called
point-coincidence argument, was presented after the publication of the
covariant field equations of general relativity. It has recently been revealed
that Schlick’s and Kretchmann’s reflections on the significance of
coordinates and their discussions with Einstein have played a key role in
this regard. Kretchmann has also argued that the principle of general
covariance has no physical content. Einstein accepts Kretchmann's
critique at the cost of facing the question that what distinguishes general
relativity from other theories of gravity? The answer to this question was
provided by the Anderson-Friedman program which has clarified the
intrinsic geometric structure of the theory and the meanings of
‘covariance’ and ‘invariance’.

In 1987, Earman and Norton reconstruct the hole argument: given the
generally covariant field equations of general relativity, manifold
substantivalism would lead to a kind of undesirable indeterminism.
Therefore, substantivalism is not acceptable. (Manifold substantivalism is
the claim that the points of space-time exist independently of the events
that take place at them and are ontologically prior to them.) According to
Earman and Norton, the only way to avoid the undesirable indeterminism
is to consider the state of affairs described by the equivalent solutions of
the field equations as same. Earman believes that a distinction must be
made between two principles: the principle of merely formal general
covariance and what he calls the principle of substantive general
covariance. Generally covariant formulations of the alternative gravitation
theories satisfy only the merely formal general covariance; while general
relativity satisfies both the principles.
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2. Physics and Philosophy

Conceptual analysis, attention to contradictions, paradoxes, confusions,
and ambiguities, assessing validity and soundness of arguments, providing
innovative ideas, and giving unified explanations are the hallmarks of
philosophy. By using such tools, philosophy has led to the precise
definition and so a better understanding of the important concepts of
‘covariance’ and ‘invariance’ as well as provided a better understanding of
general relativity. So, philosophy has an influence on physics. Some
mistakenly equate philosophy with a fanatical adherence to a particular
philosophical position. The claim is not that a particular philosophical
position has a positive influence on physics, rather is that philosophy, in
the general sense, which is the use of intellectual tools for theorizing and
providing better understandings, is useful for physics.

Contrary to the presupposition of the historic-agnostic challenge,
history has been the scene of constructive interaction between physicists
and philosophers. We have mentioned the role that Moritz Schlick,
Michael Friedman, John FEarman, and John Norton play in the
development of general relativity.

The division of property argument is flawed because even if science
and philosophy have fundamentally different methodologies, this does not
necessarily mean either that they are irrelevant, or that it is impossible for
philosophy to have a positive influence on physics. Another defect of the
division of property argument is oversimplification and subsequently
ignoring the intertwined nature of physics and philosophy in addressing
fundamental questions. In fact, some consider "foundational physics" and
"philosophy of physics" to be two labels for the same field. Separating
physics from philosophy, either in content or in methodology, requires
ignoring the spectral nature of the fundamental questions.
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