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Coordinatization of
Relativistic Space-Time
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Relativity of Simultaneity
(another circle)

•  To ascribe meaning to simultaneity, one has to
specify conditions under which it obtains, i.e. to
introduce an (operational) method that, when
applied in a particular case, would enable one to
determine whether any two events are indeed
simultaneous or not.  In the absence of such a
method, the notion of simultaneity is meaningless.

•  Proposal (naïve): Run two clocks through two
events and check if they have the same readings at
the events in question.

•  Problem:  The clocks must be synchronized.  How
can we make sure that two spatially separated
clocks are in fact synchronized?

•  Proposal (naive): Two spatially separated clocks
are synchronized just in case they show the same
reading (say, 3:00:00 pm) at the same time.

•  Problem: This brings us back to the original
problem of simultaneity between two spatially
separated events (the momentary readings of two
clocks).
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•  Moral: Simultaneity cannot be ascribed to spatially
separated events without a prior synchronization of
spatially separated clocks.  Spatially separated
clocks cannot be synchronized without first
ascribing simultaneity to spatially separated events.

•  Proposal (informed): Let’s define simultaneity by
using light rays.  This will take care of both
simultaneity and the synchronization of spatially
separated clocks.

•  Rationale: Light travels with the same speed in all
directions in all (inertial) reference frames
(Postulate 2).

•  Question: How do we know that the notion of
simultaneity grounded in the propagation of light is
the right one?

•  Answer: This is a wrong question.  We are
suggesting a definition of simultaneity, one that
might prove workable in a new relativistic setting.
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In the train frame, events 2 and 3 are simultaneous;
In the rest frame, they are not.
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Pain Relievers
1. In the Galilean ST: Events that happen at the same

place but at different times according to one set of
(Aristotelian) observers happen at different places
according to a second set of (Aristotelian)
observers moving with respect to the first.
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•  In the relativistic ST: Events that happen at the
same ime but at different places according to one
set of (Aristotelian) observers happen at different
times according to a second set of (Aristotelian)
observers moving with respect to the first.
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Special relativity treats time on the “same footing”
with space.

2. No causal relationship is possible between two
spacelike separated events.  Therefore, no observer
or clock can possibly experience both.

•  Consequently, simultaneity of spacelike separated
events is an inference, not perception.

•  You might suppose that you “just know” (by
osmosis?) what is going on in a region of ST that
you (or anybody, or anything whatsoever) can’t
possibly reach.  But you “must take care that
nobody is permitted to know anything unless the
information actually reaches his world-line by
some clearly stated physical process” (e.g., light
pulses).  (G., p. 157)

•  If p and q are spacelike related (q in the absolute
“elsewhere” of p or vice versa), then:

•  there is a reference frame in which q occurs
later than p;

•  there is a reference frame in which q occurs
earlier than p;

•  there is a reference frame in which p and q
occur simultaneously.
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The Synchronization of Clocks

x

t

A B

event 1

event 2

event 3



Yuri Balashov Page 8 3/22/99

Clocks in Relative Motion Cannot be
Synchronized

Lights flashes travel equal
distances; the sync condition is the
same as for clocks relatively at
rest: the reading of B at E3 is
halfway between those of A at E2
and E3.
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Light flashes travel unequal
distances; hence the reading of B
at E3 should not be halfway
between those of A at E2 and E3 if
the clocks are in sync.
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•  If a set of clocks, synchronized in their common
rest frame is examined from another frame, the
clocks will be found to be out of sync: the one
behind in the direction of motion is ahead in its
reading.  (Sartori, p. 66.)
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