Title: Why Constructive Relativity Fails
Date: Sep 28, 2008 02:00 PM
URL.: http://pirsa.org/08090066

Abstract: Are time and space independently existing entities? Or is their existence secondary in that they are merely properties of other, more
fundamental physical systems?

The parameters of this enduring debate have shifted according to the physical theory in which it are set. In the 17th century, Newton\'s notions of
Absolute Time and Space strongly favored the idea of independently existing times and spaces. Y et Leibniz famously plagued Newton by pointing
to changes that Newton must suppose real even though they issued in no observable differences. Most recently, with the advent of general relativity
and quantum theories of gravity that seek to incorporate it, the balance has shifted once again. Is the independence of space and time now finally
revealed by the metric field of space and time absorbing the matter of the gravitational fields? Or has time and space has lost its independence from
matter in so far as space and time have been absorbed into the matter of the gravitational field?

The focus of my talk will be an intermediate episode of this debate that plays out in the context of special relativity. Lorentz noted that moving
electrodynamical systems slow in time and shrink in space. The realist tradition explains this slowing and shrinking through the adaptation of matter
fields to a real, independently existing Minkowski spacetime. A dissident constructive tradition has long felt that the reverse is the case. These
gpatio-temporal effects are best explained by the properties of matter theories, most notably, their Lorentz covariance. Harvey Brown has advocated
aform of thislatter constructivism in his <i>Physical Relativity: Space- time Structure from a Dynamical Perspective.</i>

This debate between these two views has proven hard to resolve. That is largely because the notion of explanation is not sufficiently understood for
us to adjudicate cleanly between competing claims of what explains what better. In my talk, | will review a new approach to the debate.
Constructivists have tacitly assumed a technical result, that it isindeed possible to construct a Minkowski spacetime from Lorentz covariant matter
theories. | will show that this is incorrect. This construction project can succeed only in so far as constructivists presume antecedently the basic
tenets of the realist view of spacetime. Hence constructivism fails as an alternative to realism about spacetime.

Pirsa: 08090066 Page 1/408



Why
Constructive
Relativity Fails

John D. Norton

Department of History and Philosophy of Science
Center for Philosophy of Science

University of Pittsburgh

Pirsa: 08090066 Page 2/408



Why
Constructive
Relativity Fails

John D. Norton

Department of History and Philosophy of Science
Center for Philosophy of Science

University of Pittsburgh

Pirsa: 08090066 Page 3/408



Why
Constructive
Relativity Fails

John D. Norton

Department of History and Philosophy of Science
Center for Philosophy of Science

University of Pittsburgh

Pirsa: 08090066 Page 4/408



Why
Constructive
Relativity Fails

John D. Norton

Department of History and Philosophy of Science
Center for Philosophy of Science

University of Pittsburgh

Pirsa: 08090066 Page 5/408



Why
Constructive
Relativity Fails

John D. Norton

Department of History and Philosophy of Science
Center for Philosophy of Science

University of Pittsburgh

Pirsa: 08090066 Page 6/408



Why
Constructive
Relativity Fails

John D. Norton

Department of History and Philosophy of Science
Center for Philosophy of Science

University of Pittsburgh

Pirsa: 08090066 Page 7/408



How do time and space get into physical theories?

irsa: 08090066 Page 8/40Q



How do time and space get into physical theories?

irsa: 08090066 Page 9/408'



How do time and space get into physical theories?

irsa: 08090066 Page 10/408,



How do time and space get into physical theories?

Newtonian
realism

“Absolute. true. and mathematical
LIme. of itself. and from its own nature.
flows equabily without relanon to anvthing
external.

Absolute space. in its own nature.
without relation to anytiung external.
remains always similar and immeovable.”

Time and space and primary in
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hives (matter) so less risk of
somewhere m overinflated ontology
BUT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the :
“hole arcument.” Th_lS Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
John D. Norton. “Why constructive relativity farls.”
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The fragile balance
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realism VIEW
Construes physical Closer to observables
theories literally Truth hves (matter) so less risk of
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BUT
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hives (matter) so less risk of
somewhere in overinflated ontology
BL]'T here.
BUT
risks admitting too
much mnto our ontology. danger of excessive
skepticism.

Dangers revealed by the 2
“hole areument.” Th_l S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth fLives (matter) so less risk of
somewhere m overinflated ontology
BUT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the =
“hole arcument.” Thl S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The tragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth lives (matter) so less risk of
somewhere m overinfiated ontology
BUT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the o
“hole areument.” Th.l S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hves (matter) so less risk of
somewhere in overinflated ontology
Ber here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the 2
“hole argument.” Thl S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hves (matter) so less risk of
. overinflated ontology
BUT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the 2
“hole arcument.”™ Thl S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hives (matter) so less risk of
somewhere m overinflated ontology
BUT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the -
“hole arecument_ ™ Thl S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian
realism
Construes physical
theories literally
BUT

risks admitting too

much mto our ontology.

Dangers revealed by the
“hole argcument.™
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Dynamical-constructive
VIEW
Closer to observables

Truth lLives (matter) so less risk of

somewhere m overinflated ontology
here.

BUT

danger of excessive
skepticism.

Thi S Errs on side of caution and cannot
be formulated successfully as an

alternative to realism.
John D. Norton. “Why constructive relativity farls.”
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Dynamical-constructive
VIEW
Closer to observables

Truth lives (matter) so less risk of

somewhere m overinflated ontology
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BUT

danger of excessive
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risks admitting too
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“hole arcument.™
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Dynamical-constructive
VIEW
Closer to observables

Truth hives (matter) so less risk of

somewhere mn overinflated ontology
here.

BUT

danger of excessive
skepticism.

Thj S Errs on side of caution and cannot
be formulated successfully as an

alternative to realism.
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realism
Construes physical
theories literally
BUT

risks admitting too
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“hole argcument.”

Pirsa: 08090066

Dynamical-constructive
VIEW
Closer to observables

Truth lives (matter) so less risk of

somewhere m overinflated ontology
here. -

BUT

danger of excessive
skepticism.

This Errs on side of caution and cannot
be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism View
Construes physical Closer to observables
theories literally Truth lives (matter) so less risk of
somewhere overinflated ontology
BLTT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the ~
“hole argument.” Th.l S Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism View
Construes physical Closer to observables
theories literally Truth hives (matter) so less risk of
somewhere mn overinflated ontology
BI_.IT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the "
“hole areument.” Thls Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hves (matter) so less risk of
somewhere m overinflated ontology
BUT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the .
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be formulated successfully as an
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The fragile balance
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theories literally Truth hves (matter) so less risk of
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BUT
risks admitting too
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Dangers revealed by the "
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The fragile balance

Minkowskian
realism
Construes physical
theornes hiterally
BUT

risks admitting too

much mto our ontology.

Dangers revealed by the
“hole argument.”
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Dynamical-constructive
VIEW
Closer to observables

Truth Lives (matter) so less risk of

somewhere mn overinflated ontology
here.

BUT

danger of excessive
skepticism.

Thj S Errs on side of caution and cannot
be formulated successtully as an

alternative to realism.
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The fragile balance

Minkowskian Dynamical-constructive
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theories literally Truth hves (matter) so less risk of
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BLTT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
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Dangers revealed by the =
“hole arecument.” Th_lS Errs on side of caution and cannot

be formulated successfully as an

alternative to realism.
John D. Norton. “Why constructive relativity farls.”
British Journal for the Philosophyv of Science. forthcoming.

Pirsa: 08090066 Page 73/40i3|-
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risks admitting too

much mto our ontology.

Dangers revealed by the
“hole argsument.™

Pirsa: 08090066

Dynamical-constructive
VIEW
Closer to observables

Truth lLives (matter) so less risk of
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The fragile balance

Minkowskian Dynamical-constructive
realism VIEW
Construes physical Closer to observables
theories literally Truth hives (matter) so less risk of
somewhere in overinflated ontology
BI_.TT here.
BUT
risks admitting too
much mto our ontology. danger of excessive
skepticism.

Dangers revealed by the -
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The Dynamical-
Constructive View
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘EM}’“H@CS entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an mstrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. deteat ether drift expermments.
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Historical background

H. A. Lorentz’s explanation of why no EI_E:‘EUUd}'ﬂﬂI'ﬂiCS entails that
electrodynamical system could be used St rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_E:CUUd}’mCS entails that
electrodynamical system could be used stff rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

Electrodynamics entails that

H. A. Lorentz’s explanation of why no 2
stiff rods shrink and temporal processes

electrodynamical system could be used

as an instrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no Elﬂ:ﬂrodynamics entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an mnstrument to reveal absolute Slﬂf‘" n Exﬂﬁﬂ}f }hﬂ degee needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no El_‘fcm}mﬂ[_ﬁiﬁ entails that
electrodynamical system could be used stff rods shrink and temporal processes
as an mstrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘?M}’HH@CE entails that
electrodynamaical system could be used st rods shrink and temporal processes
as an mstrument to reveal absolute slow i exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘%CUUdYUHIFiCS entails that
electrodynamical system could be used suff rods shrink and temporal processes
as an instrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. defeat ether drift expennments.
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Historical background

H. A. Loreniz’s explanation of why no Electrodynamics entails that

electrodynamical system could be used stiff rods shrink and temporal processes
as an mstrument to reveal absolute slow mn exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

Electrodynamics entails that

H. A. Lorentz’s explanation of why no 3
stiff rods shrink and temporal processes

electrodynamacal system could be used

as an instrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. deteat ether drift expermments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘?UDd}’ﬂm—'fﬂCS entails that
electrodynamical system could be used Sttt rods shrink and temporal processes
as an instrument to reveal absolute slow in exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘?UUdYﬂﬂ_'JiCS entails that
electrodynamical system could be used stif rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. defeat ether drift expenments.
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Historical background

H. A. Lorentz’s explanation of why no El_'%‘fu'ﬂd}’ﬂaffﬂcs entails that
electrodynamical system could be used st rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A Loreniz's explanation of why no Elﬂcm}'ﬂﬂmlﬁ entails that
electrodynamical system could be used stff rods shrink and temporal processes
as an imstrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no El_ﬂi‘?tmd}’ﬂﬂf_iﬂﬁ entails that
electrodynamical system could be used stiff rods shrink and temporal processes

as an instrument to reveal absolute slow in exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Loreniz's explanation of why no EI‘?‘EUUd}'ﬂﬂmiCS entails that
electrodynamical system could be used sttt rods shrink and temporal processes
as an mstrument to reveal absolute 51“}"" mn Exﬂfﬂ}f }hﬂ degee needed to
motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘?UUd}'ﬂﬂIFiCS entails that
electrodynamical system could be used stff r:ads shrink and temporal processes
as an mstrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?CUDdYﬂﬂI_ﬂiCS entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an mstrument to reveal absolute slow mn exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no El_ti:t?trodynatflics entails that
electrodynamical system could be used St rods shrink and temporal processes
as an mstrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. defeat ether drift expenments.
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Historical background

H. A_ Lorentz's explanation of why no EI_‘?‘?W}’UH@CS entails that
electrodynamical system could be used stff rods shrink and temporal processes
as an mstrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

Electrodynamics entails that

H. A Lorentz’s explanation of why no -
stiff rods shrink and temporal processes

electrodynamical system could be used

as an mmstrument to reveal absolute slow n exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no Electrodynamics entails that

electrodynamical system could be used stff rpds shrink and temporal processes
as an mstrument to reveal absolute slow n exactly the degree needed to

motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no Electrodynamics entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an instrument to reveal absolute SI‘DIW m exactly }hﬂ degree needed to
motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A Loreniz’s explanation of why no EI_‘?‘EUUd}'ﬂaIfliCS entails that
electrodynamical system could be used stift rods shrink and temporal processes
as an mmstrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_'{?MYHH@CE entails that
electrodynamical system could be used stift rpds shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no e
electrodynamical system could be used stiff rods shrink and temporal processes
as an instrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘?UUd}’mCS entails that
electrodynamical system could be used stff rpds shrink and temporal processes
as an mstrument to reveal absolute slow in exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Loreniz's explanation of why no EI_‘-?‘?UUdYﬂﬂIFiCS entails that
electrodynamical system could be used st rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. deteat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘f[deYﬂaffﬁCS entails that
electrodynamical system could be used stift rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘J{‘_:[deﬂﬂIfﬂCS entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an instrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EIEMFUMCS entails that
electrodynamical system could be used stff rods shrink and temporal processes
as an mmstrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentiz’s explanation of why no El_‘f‘?tmd}’ﬂﬂfﬂ“ entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an mstrument to reveal absolute slow i exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘%‘?W}’UH@CS entails that
electrodynamical system could be used stift rods shrink and temporal processes
as an instrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz's explanation of why no EI_‘{CUDd}’mCS entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an mstrument to reveal absolute slow in exactly the degree needed to
motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no El_'%‘fn'ﬂdyﬂaffﬂcs entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an instrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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Historical background

H. A. Lorentz’s explanation of why no EI_‘?‘?UDd}’ﬂﬂfﬁCS entails that
electrodynamical system could be used sutf rods shrink and temporal processes
as an mmstrument to reveal absolute slow m exactly the degree needed to

motion with respect to the ether. deteat ether drift experiments.
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Historical background

Electrodynamics entails that

H. A. Lorentz’s explanation of why no >
stiff rods shrink and temporal processes

electrodynamical system could be used

as an mstrument to reveal absolute slow m exactly the degree needed to
motion with respect to the ether. defeat ether dnift experniments.
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Historical background

H. A. Lorentz's explanation of why no EI_‘{CUUdYﬂﬂIFiCS entails that
electrodynamical system could be used stiff rods shrink and temporal processes
as an mstrument to reveal absolute slow in exactly the degree needed to

motion with respect to the ether. defeat ether drift experiments.
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(certain) spatiotemporal structure are really properties of

aspects of the world. matter.

“I see the absolute geometrical *...the space-time structures [of Newtonian
structures of Minkowski space-time as theory and special relativity] ... are not real
parasitic on the relativistic properties of entities in their own right at all™

the dyvnamical matter fields.”
The 4-connection of these theories 1s “a
codification of certain key aspects of the
Brown and Pooley on Minkowska behaviour of particles and fields™.
spacetime: ~a glornous non-entity
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properties of matter.

Properties q q Spacetlme
of matter

Realist’s Realist’s Realist’s
supposition supposition  Supposition
(a) (<) (b)

Weaker and stronger forms of the All either assume the realist’s
dvnamical-constructive view assume suppositions antecedently or tacitly
more and less spacetime structure. during the construction project.
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The Realist’s

Conception

of a Minkowski
Spacetime
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The Realist’s

Conception

of a Minkowski
Spacetime
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Realist’s Conception

(@) There exists a four-dimensional spacetime that can
be coordinatized by a set of standard coordmates (x.y.z.t).
related by the Lorentz transformation.

When s>0. the mterval s
corresponds to tmes elapsed
on an ideal clock: when
s><(). the interval s
corresponds to spatial
distances measured by 1deal
rods ( both emploved m the
standard way).
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Realist’s Conception

(@) There exists a four-dimensional spacetime that can
be coordinatized by a set of standard coordimates (x.y.z.t).
related by the Lorentz transformation.

When s—>0. the mterval s
corresponds to tmes elapsed
on an ideal clock: when

- ' (b) The spatiotemporal iﬂtﬁﬂal S between SVemts (X.¥, 2.0 the interval s
/ z.t)and (X. Y.Z.T) along a straight line connecting themiS  corresponds to spatial

5 a property of the spacetime. mdependent of the matter it distances measured by ideal
contamns. and 1s given by rods (both emploved in the
s =(t-T) > —(x-X) > — (y-Y) 2 —(zZ)* standard way).
... (¢) Material clocks and rods measure these times and

/a distances because the laws of the matter theones that govern

them are adapted to the independent geometry of this
spacetime.
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The problem of
coincidences
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The problem of
coincidences
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The problem of
coincidences
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The problem of
coincidences
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: X5 Vs Zas b

-

Matter theory 2: , o, S Sy =

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomt-event in
spacetime’
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One spacetime coordinate system
or IMany sets of parameters?

Matter theory 1: WS U P

Matter theory 2: e Yoo 2o By

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomt-event mn
spacetime’
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: , e Sl ol M s
. SR = these two sets of
parameters refer to the
Matter theory 2: X5, Y2, Zy, b SAME point-cvent in
spacetime’
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: X N How do we know that
i =l & | | these two sets of

parameters refer to the
Matter theory 2: X2, V2,25, b SAME point-event in

spacetime”’
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: s Sy, " O,
Matter theory 2: Xy, VY2, Zs, b

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomnt-event in
spacetime?

Page 327/4[0‘-3



One spacetime coordinate system
or Many sets of parameters?

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME point-event in
spacetime?

Page 328/105



One spacetime coordinate system
or Many sets of parameters?

=% o 1"'_‘..‘“~v' - = v Y7
Matter theorv |: v g g o

Matter theory 2: X>.Y2,Z5, b

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME point-event in
spacetime?

Page 329/10&



One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: % Vs Ze b EEUI e - —
g R - 5 these two sets of
parameters refer to the
Matter theory 2: X5, Y2, Zy, b SAME point-event in
spacetime’
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: X V.. 7 1 How do we know that
g sl : | these two sets of

5. parameters refer to the
Matter theory L X, Y9, 4,5, t: SAME point-event in

spacetime’?
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One spacetime coordinate system
or Many sets of parameters?

'

Matter theory 1. 8 S W

Matter theory 2: Rone Yore L9s By

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomt-event mn
spacetime’
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1. . NG, S~ 5

-

Matter theory 2: . Yoo Zv. b

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME point-event in
spacetime’
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One spacetime coordinate system
or Many sets of parameters?

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomt-event in
spacetime’

Page 334/10&



One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: s Vs Zs L

Matter theory 2: s Yo o b

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomt-event in
spacetime’

Page 335/10(3



One spacetime coordinate system
or IMany sets of parameters?

Matter theorv 1|: , GO, Ay s

Matter theory 2: Xne Yoo 2o by

Pirsa: 08090066

How do we know that
these two sets of
parameters refer to the
SAME pomt-event mn
spacetime’

Page 336/4[0‘3



One spacetime coordinate system

or Many sets of parameters?
Matter theory I: R T
: =i =it these two sets of
parameters refer to the
Matter theory 2: X2, Y2, 22, b SAME point-event in
spacetime’
jo Matter theory 1 heSAME  Matter theory 2 3

x,=0.y,=0,z,=0,t,=0 pomteventas v -0.2-01-40

irsa: 08090066 Page 337/10‘3



One spacetime coordinate system
or IMany sets of parameters?

Matter theory 1: X1y ¥1sZys b S —
k =0 =) = these two sets of
parameters refer to the
Matter theory 2: X5,¥2,Z3, b SAME point-event in
spacetime’
B Matter theory | the SAME  Matter theory 2 ?

x,=0.y,=0.z,=0,t,=0 pomteventas =0 y.-0,2-0,1-0

irsa: 08090066 Page 338/10‘3



One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: , < S S s e e
: SN =4l & these two sets of
parameters refer to the
Matter theory 2: X5, Y2, Zy, b SAME point-cvent in
spacetime’
Is Matter theory 1 the SAME  Matter theory 2 2

x,=0.y,=0.z,=0.t,=0 pomteventas x () v~ 0. 20,80
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One spacetime coordinate system
or Many sets of parameters?

Matter theory I: X15¥i1sZp, L SR SRS - —
E = = =0 &= these two sets of
parameters refer to the
Matter theory 2: X5,¥2,Z3, b SAME point-event in
spacetime”’
[ Matter theory | e SAME  Matter theory 2 3

,=0.y,=0.z,=0.t,=0 pointeventas y —() y =0 z,=0,t,=0
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: WS O e
X =i = = these two sets of
parameters refer to the
Matter theory 2: X2, V2,25, b, SAME et e
spacetime’
Is Matter theory 1 the SAME  Matter theory 2 ?

x,=0.y,=0.z,=0.t,=0 pomteventas 20 v 0.2-0.1-0
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One spacetime coordinate system
or Many sets of parameters?
Matter Ihc‘:t}r}' 5 X2, Vi 2y B How do we know that

L o 1 =
these two sets of
parameters refer to the

Matter theory 2: X5, Y2, Zs, b AN et vl
spacetime?
Is Matter theory | the SAME Matter theory 2 9

x,=0.y,=0.z,=0.t,=0 pomteventas 20, y,=0,2-0,t-0
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: %N Ea How do we know that

these two sets of
parameters refer to the

Matter theory 2: Xy, Y2, Zs, b SAME point-event in
spacetime?
Matter theory | the SAME Matter theory 2 9

IS 1 =0.y,=0.2,=0.t,=0 pomteventas x —0 y —0.7,-0.t=0
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One spacetime coordinate system

or Many sets of parameters?
Matter theory 1: ) R, ST S How do we know that
2 =1 fEs : ' these two sets of
parameters refer to the
Matter theory 2: Xy, Y2, Zs, b AN Dt v
spacetime?
[ Matter theory | he SAME  Matter theory 2 3

x,=0.y,=0.z,=0.t,=0 pomteventas x — vy =0 z,=0.t,=0
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One spacetime coordinate system
or Many sets of parameters?

Matter theory I: X1> Y15 Zy, b S S —
x = e = I these two sets of
parameters refer to the
Matter theory 2: X2, V2,23, b SAME point-event in
spacetime’
Is Matter theory | the SAME  Matter theory 2 ?

x,=0.y,=0.,z,=0,t,=0 pomteventas x () v.— 0, z-0,t-68
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One spacetime coordinate system
or IMany sets of parameters?
Matter theory 1: MR TR How do we know that

i these two sets of
parameters refer to the

Matter theory 2: X5,¥2,Z3, b SAME point-event in
spacetime’
5 Matter theory 1 the SAME  Matter theory 2 9

x,=0.y,=0.z,=0.t,=0 pomteventas -y 0.2-0.1-60
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: , o, il 2ol How do we know that
. =f = these two sets of

parameters refer to the

Matter theory 2: X5, ¥2,Z3, b SAME point-event in
spacetime’
j Matter theory I the SAME  Matter theory 2 -

x,=0.y,=0.z,=0.t,=0 pointeventas y —() y =0 z,=0,t,=0

Analogy to mternal spin spaces:

Matter theory 1 , Sameness of
Is 5 the SAME  Matter theory 2 o parameter values

X-Spin = 1/2 pomt-event as x-spin = 1/2 " is not coincidence
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One spacetime coordinate system
or IMany sets of parameters?

Matter theory 1: , R, Ay ) F How do we know that
: = A = these two sets of

parameters refer to the

Matter theory 2: X5, Y2, Zy, SAME: seiat cvcatin
spacetime’
Is Matter theory 1 the SAME  Matter theory 2 9
XEIU.}'[:O.ZI:O.II:O point-event as K'ZZO’YZZO‘ZZZO*I:EZO
Analogy to mternal spin spaces:
Matter theory 1 , e
Is _ S the SAME  Matter theory 2 9 parameter values
ik anactae 2 et T Vg, " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: , B, OO Wl ¢ How do we know that
' il = & these two sets of
parameters refer to the

Matter theory 2: X5,¥2,Z2, b SAME point-event in
spacetime?
= the SAME ~ Matter theory 2 5

x,=0.y,=0.z,=0.1,=0 pomteventas yx —) y =0 z,=0,t,=0

Analogy to mternal spin spaces:
Matter theory 1 AME , Sameness of

Is e the i Matter theory 2 ¢ parameter values
S 3o i e K*Spiﬂ =} " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?
Matter theory 1: B I o How do we know that

i these two sets of
parameters refer to the

Matter theory 2: X2, V2,22, b SAME point-event in
spacetime’
e the SAME ~ Matter theory 2 o

Xi:O‘}-I:O‘ZI:O'ti:O point—eveﬂas x"?:{)'l_' yq:O..Z-,:{).rtq:O

Analogy to internal spin spaces:

Matter theory 1 \ME , Sameness of
Is I e D tI;teS Matter theory 2 9 parameter values
e g PRsECYea- X opam=—1/2 " is not coincidence

Pirsa: 08090066 Page 350/10&



One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: , o O ZH How do we know that

i these two sets of
parameters refer to the

Matter theory 2: X2, V2,275, b SANME it cvcatin
spacetime’
B Matter theory 1 the SAME  Matter theory 2 9

x,=0.y,=0.z,=0,t,=0 pomteventas x () y=—0.z-0.1-60

Analogy to internal spin spaces:

Matter theory 1 . Sameness of
Is _ et the SAME ~ Matter theory 2, [ arameter values

™1 T X_Spiﬂ i 1/2 . is ﬂﬂt CDiﬂCidencE

, Ty, 1 |

n=1/- point-event as
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: A o How do we know that
' ol =il & these two sets of

parameters refer to the

Matter thEOI'y z X9,¥2,Z5, 4 SAME point-event in
spacetime’
Matter theory 1 the SAME  Matter theory 2 9

Is x,=0.y,=0,z,=0,t,=0 pomteventas 0 y—0, 20 t-0

Analogy to internal spin spaces:

Matter theory 1 : Sameness of
Is - 51y the SAME  Matter theory 2 9 parameter values

X-spin = 1/2 point-event as x-spin = 1/2 " is not coincidence

Pirsa: 08090066 Page 352/10&



One spacetime coordinate system
or Many sets of parameters?
Matter thi@l’}' 5 _‘\;3 i Z-_. t._ How do we know that

: these two sets of
parameters refer to the

Matter theory 2: X2, ¥2, 22, b SAME point-event in
spacetime”
Pt the SAME ~ Matter theory 2 5

x,=0.y,=0.z,=0.t,=0 pomteventas x () =0, z=0,¢-60

Analogy to mternal spin spaces:

Matter theorv | Sameness of
A L L L% b L - 8

Is SR _ By t!}eS Matt'er theory 2 9 parameter values
s oy e v 2o =10 is not coincidence
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1. X V. Z: & How do we know that
' o - & these two sets of
parameters refer to the

Matter theory 2: X5, V2,25, b SN ot vt
spacetime”?
E Matter theory | the SAME  Matter theory 2 9

x,=0.y,=0,z,=0,t,=0 pomteventas =0, y,=0,.2-0 t=0

Analogy to mternal spin spaces:

Matter theory 1 : Sameness of
Is = the SAME  Matter theory 2, [ arameter values

X-Spin = 1/- pomt-event as x-spin = 1/2 " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?
Matter theory 1: Xy ¥isZys b How do we know that

these two sets of
parameters refer to the

Matter theory 2: X5,¥2,Z3, b SAME point-event in
spacetime’
j Matter theory 1 the SAME ~ Matter theory 2 -

x,=0.y,=0.z,=0.t,=0 pomteventas x () -, z-01-0

Analogy to internal spin spaces:

Matter theorv | Sameness of

Is b L the SAME ~ Matter theory 2 9 parameter values
X-spin = 1/2 " is not coincidence

X-Spin = 1/2 point-event as
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One spacetime coordinate system
or Many sets of parameters?

Matter theorv 1: oo - e il 3 How do we know that
) el kb these two sets of
parameters refer to the

Matter theory 2: X2, ¥2, 23, b SAME point-event in
spacetime”
j Matter theory | the SAME ~ Matter theory 2 .

Xiz().}'[:{J.ZI:(J.tI:{) point-event as }{_;:O_,y,,:o_z.,:()*tq:()

Analogy to internal spin spaces:

Matter theory | \ME ; Sameness of
Is . e T ﬂ,ES Mdtt‘er theory 2 9  parameter values
Gl 2 5 " . ani 1) is not coincidence
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One spacetime coordinate system
or Many sets of parameters?

Matter theory 1: oo, Sl O How do we know that
. =0 = S these two sets of

parameters refer to the

Matter theory 2: X5,¥2,Z5, 4 SAME point-event in
spacetime’
Is Matter theory | the SAME  Matter theory 2 9

x,=0.y,=0.z,=0,t,=0 pomteventas x () =0, z-01-68

Analogy to mternal spin spaces:

Matter theory 1 AME : Sameness of
Is Sy tI;teS Mdﬁ‘er theory 2 9 parameter values
VN T PREECHIAS - s sman =12 is not coincidence
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One spacetime coordinate system
or Many sets of parameters?

Matter theorv 1: , o oW, il How do we know that
E =0 S these two sets of

parameters refer to the

Matter theory 2: X2, V2,25, b SAME s cvcut
spacetime’
Is Matter theory | the SAME  Matter theory 2 9
-Gyl z G0 et . Oy 00000
Analogy to internal spin spaces:
Matter theory 1 : S
B L0 the SAME  Matter theory 2 9 parameter values
wile it S PRI e " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?

Matter theoryv 1: . S, © S, O How do we know that
. il & =k these two sets of

parameters refer to the

Matter theory 2: X2, V2,25, b, SAME point-event in
spacetime?
Is Matter theory 1 the SAME  Matter theory 2 9

XEZU‘}_[:O‘ZI:O'[I:O p()iﬂt—ﬂ\fﬂ]ﬁas X-;:-quﬁ:()-z'j:{)-rtf!:()

Analogy to mternal spin spaces:

Matter theory 1 ‘ Sameness of
Is : ' 1y the SAME  Matter theory 2 9 parameter values

X-Spin = 1/« pomt-event as X-spin = 1/2 " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?
Matter theory 1: X2 Vi Zrs L How do we know that

these two sets of
parameters refer to the

Matter theory 2: X5, V2,25, b SAME point-event in
spacetime’
[ Matter theory | the SAME ~ Matter theory 2 L

,=0.y,=0.z,=0.t,=0 pointeventas y —() y =0 z,=0,t,=0

Analogy to internal spin spaces:

Matter theory 1 , ; Sameness of
Is | = the SAME  Matter theory 2 S D bl

x-spin = 1/2 point-event as x-spin = 1/2 " is not coincidence
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One spacetime coordinate system
or IMany sets of parameters?

Matter theorv 1: , oW N ol s How do we know that

these two sets of
parameters refer to the

Matter theory 2: X5,¥2,Z3, b SAME point-event in
spacetime”?
j Matter theory 1 the SAME ~ Matter theory 2 r

X,=0.y,=0.z,=0.t,=0 pomteventas S y—0.z-01-40

Analogy to mternal spin spaces:

Matter theory 1 , Sameness of
Is | = the SAME  Matter theory 2 e s

X-Spin = L/ =2 pomt-event as X-spin = 1/2 " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?
Matter theory I: Xy Y235 How do we know that

i these two sets of
parameters refer to the

Matter theory 2: X5,V2,Z5, 4 SAME ot cvcutiin
spacetime’
Is Matter theory | the SAME  Matter theory 2 9

X::U. }[:0 ZIIO. IIZO point-event as == y_,:[)_ z—0.1.=0

Analogy to internal spin spaces:

Matter theory 1 : Sameness of
Is &, the SAME ~ Matter theory 2, [ arameter values

X-Spin = 1/- pomt-cvent as x-spin = 1/2 " is not coincidence
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One spacetime coordinate system
or Many sets of parameters?
Matter theory 1: S N How do we know that

i these two sets of
parameters refer to the

Matter theory 2: X5.¥2.Z5. 4, SANE point-cveat i
Spacetime’
K Matter theory | the SAME  Matter theory 2 9

x,=0.y,=0.2,=0.1,=0 pointeventas x —0 y =0 7,0, t,=0

Analogy to mternal spin spaces:

Matter theory 1 , Sameness of
Is _ - the SAME  Matter theory 2 paramneter valnes

X-Spin = 1/2 PREECT- om0 " is not coincidence
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
saaEaEANEEE
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.

Pirsa: 08090066



Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory 1 and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. -.. map out two different spaces.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.




Do clocks of matter theory | and matter theory 2...

... map out the same space. -.. map out two different spaces.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.

S i N
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Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.

S I IR

M-I




Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. -.. map out two different spaces.




Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.
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Do clocks of matter theory 1 and matter theory 2...

... map out the same space. Ensure this by assuming that the x,
——y y. z. t of each matter theory are
coordinates of (a) of the spacetime
realist’s conception.

(a) There exists a four-dimensional

spacetime that can be coordinatized by
a set of standard coordinates (x. y. z. t).
related by the Lorentz transformation.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. -.. map out two different spaces.
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Do clocks of matter theory | and matter theory 2...

... map out the same space. ... map out two different spaces.




Do clocks of matter theory | and matter theory 2...

... map out the same space. Ensure this by assuming that the x.
e ————————— y. . t of each matter theory are
coordinates of (a) of the spacetime
realist’s conception.

(a) There exists a four-dimensional
spacetime that can be coordinatized by

a set of standard coordinates (x, y. z. t).
related by the Lorentz transformation.
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Do clocks of matter theory 1 and matter theory 2...

... map out the same space. Ensure this by assuming that the x.
T ——— i ey y. . t of each matter theory are
coordinates of (a) of the spacetime

realist’s conception.

(a) There exists a four-dimensional
spacetime that can be coordinatized by
a set of standard coordinates (x. v. z.t),
related by the Lorentz transformation.
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Escape through a weakened version of
dynamical-constructive view?

Assume with realist that there 1s
one spacetime manifold of
events with all pessible
coordinate systems.

Use constructions with
material clocks and rods to
pick out the standard
coordinate systems of (a).
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Escape through a weakened version of Fails
dynamical-constructive view?

How do we know that muater
theorv | and matter theﬂn 2
picks out the same standard
coordinate system?
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.



Escape through a weakened version of Fails
dynamical-constructive view?

Hﬂ“ do we know that mune
theorv | and matter thecrn 7.
plcks out the same standard
coordinate system?!

We must assume the rest of
(a)-—-that there 1s just one set
of standard coordinate

systems to be found.

(a) There exists a four-dimensional
spacetime that can be coordinatized by
a set of standard coordinates (x, vy, z. t),
related by the Lorentz transformation.
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Realist’s Conception

Pirsa: 08090066

(a) There exists a four-dimensional

SpEI:CEIiH]E that can be coordimatized bv a set of
standard coordmates (x. v. z. t). related by the
Lorentz transformation.

(b) The spatiotemporal mnterval s
betweenevents (x.v.z. t) and (X. Y. Z_ T) along
a straight line connecting them is a property of
the spacetime. independent of the matter it
contams. and 1s given by

(B (=X DI (=TF

'[_C]' Matenal clocks and rods measure these omes
and distances because the laws of the matter

theories that govern them are adapted to the
mndependent geometry of this spacetime.

Page 393/491



Realist’s Conception

Pirsa: 08090066

(@) There exists a four-dimensional

Sp&tﬂﬂﬂl&thatcanbecnm:ﬁnaﬁzedb}rasetuf

standard coordinates (x. yv. z_ t). related by the
Lorentz transformation.

(b) The spatiotemporal mnterval s
betweenevents (x.v.z. 1) and (X. Y. Z T) along
a straight lme connecting them 1s a property of
the spacetime. independent of the matter it
contams. and 1s given by

sT=(ET) T —(x-X) > — (v-Y) " —(z-Z)

(C) Material clocks and rods measure these times
and distances becaunse the laws of the matter

theories that govern them are adapted to the
mndependent geometry of this spacetime.

Independent spacetime
must be presumed to
avoid the problem of
comncidences.
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Realist’s Conception

Pirsa: 08090066

(a) There exists a four-dimensional

SpH:CEﬁJI]E that can be coordmatized by a set of
standard coordmates (x. v. z. t). related by the
Lorentz transformation.

(b) The spatiotemporal interval s
betweenevents (x.v.z.t) and (X. Y. Z. T) along
a straight lmme connecting them is a property of
the spacetime. independent of the matter it
contains. and 1s given by

s*=(T) T —(x-X) > — (v-Y) "~ (z-Z)

(C) Material clocks and rods measure these times
and distances because the laws of the matter
theories that sovern them are adapted to the
mdependent geometry of this spacetime.

Independent spacetime
must be presumed to
avoid the problem of
comcidences.

Hence infer adaptation
of independently
existing spacetime and
matter.
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Primacy ot
spacetime
structure
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Common Origin Inferences

Planets. comets all orbit the sun.

Infer to common origin:

They are responding to same
thing. the gravitational field of
the sun.
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3 e -

A NAIMow 1Orm
IIICIve Inierence
(hat 1| distimemsn
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Problem of unchanging systems.

(Cil?,@ C

E field l

>

(C==>>5>8

CCC;L‘:DD A
|

Standard electrodynamics admits the
possibility of a umiverse with one
electron m it whose mstantaneous state
does not change at all over time.
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The broader debate

General Spacetime geometry and the matter of the gravitational field
Relativity are now both represented by one structure. the metric field.

So. someone has won the debate. But who?
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The broader debate

General Spacetime geometry and the matter of the gravitational field
Relativity are now both represented by one structure. the metric field.

So. someone has won the debate. But who?
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The broader debate

General Spacetime geometry and the matter of the gravitational field
Relativity are now both represented by one structure. the metric field.
So. someone has won the debate. But who?

Realists? Spacetime geometry has annexed a matter theory.
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The broader debate

General Spacetime geometry and the maiter of the gravitational field
Relativity are now both represented by one structure. the metric field.

So. someone has won the debate. But who?
Realists? Spacetime geometry has annexed a matter theory.
Dynamcal- A matter theory has annexed spacetime geometry.
constructivists?’
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The broader debate

General Spacetime geometry and the matter of the gravitational field
Relativity are now both represented by one structure. the metric field.

So. someone has won the debate. But who?
Realists? Spacetime geometry has annexed a matter theory.
Dynamacal- A matter theory has annexed spacetime geometry.
constructivists?

Or are we asking the
wrong question’
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Read
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Finis
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Problem of emptiness in spacetime

In dynamical-constructive
VIEW:

(=2) (=) No material
PrOCESSES connect
the clocks.

(= =) !
No basis to affirm that
they run at the same

B D | =

Two identically constituted clocks in an Failure of complete recovery of
otherwise completely empty spacetime run at spacetime structure of standard
the same rate- textbook systems.
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What explains what?

Michel Janssen. “"Common
Origin Inference™ Why do all
matter theories reveal the same
spacetime structure?

— .
explains PI'OP@I’[IES
Structure of of matter.
MjJJKOWSki Lorentz

spacetime covariance of
all matter

theories.

. exﬁla'u:ls

[ orentz covariance of
all matter theories 1s a
“brute fact.”
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