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Two approaches

@ Realism: Ontology first!

@ Operationalism: Semantics first!



Which question is meaningful?

o What is the distance between two events?
o Is the object moving in a straight line?

o Is the object moving with constant speed?



Aristotelian spacetime

Physics:

o Rest vs. motion

o Natural motions: tangential and radial
Geometry:

@ Spherical spatial geometry with a center

o Euclidean temporal geometry



Newtonian spacetime

Physics:

o Inertial motion wvs. acceleration

o Inertial motions: uniform, rectilinear motions
Geometry:

o Affine and metric structure

o FEuclidean spatial and temporal geometry

o Points of absolute space persist through absolute time



Galilean spacetime

Geometry:
e Spacetime points (events)
e Spacetime is still foliated into simultaneity slices

Absolute time

Non-simultaneous events have no distance

e Trans-temporal affine (inertial) structure
o Curves vs. straight lines

@ Deck of cards
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Relativistic spacetime

Physics:
e Trajectory of light is independent of how the source moves
o Clocks placed side by side tick in unison
Geometry:
o Light rays define the affine structure
o Clocks measure the spacetime interval

@ Metrical structure: Minkowski geometry
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Classical spacetimes

Spacetime Privileged Frames Svmmetries Indistinguishable worldlines

Rigid Euclidean frame with  x = x’'= Rx
. li position at origin, zero t—t'=t+ const.
Aristotelian velocity, zero acceleration,  Rotate in space; translate in time.
zero rotation,

Rigid Euclidean frame with  x = x'= Rx + const.
Newtonian zero velocity, zero t—=t'=t+ const.
acceleration, zero rotation.  Rorate and translate in space;
translate in time.

Rigid Euclidean frames x = x"= Rx + vt + const.
Galilean with zero acceleration, t—t'=t+ const.
Zero rotation. Rotate, translate and boost velocity in

space; translate in time.

M i Rigid Euclidean frames x—x'=Rx+a(t)
axwetian with zero rotation. t—= ¢t =t+ const.
Rotate, translate, boost velocity and
acceleration in space; translate in time.
Leibnizian Rigid Euclidean frames. x=x"=R(tx +a(t)

t—t'=t+ const.

Rotate in space and time, translate
and boast velocity and acceleration in
space; translate in time.
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