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5.2: Same Events; Different Free-float Frames

different frames: different points for an event on their spacetime maps, but same spacetime interval
between the events

Figure 5.1.1 demonstrates two great payoffs of the spacetime map: (1) It places space and time on an equal footing, thus
recognizing a basic symmetry of nature. (2) It allows us to review at a single glance the whole history of events and motions that
have occurred along the given line in space.

Same events, difFerent frames: Different spacetime maps

We want to take advantage of a third payoff of the spacetime map: Plot the same events on two, three, or more spacetime maps
based on two, three, or more different free-float frames in uniform relative motion. Compare. In this way analyze the various space
and time relations among these events as measured in different frames. Why do this? In order to find out what is different in the
different frames and what remains the same.!

Figure 5.2.2 shows three spacetime maps - for laboratory, rocket, and super-rocket free-float frames. The super-rocket moves faster
than the rocket with respect to the laboratory (but not faster than light!). On each of the three spacetime maps we plot the same two
events: the events of emission E and reception R of a light flash. These are the two events analyzed in Chapter 3 to derive the
expression for the spacetime interval. As a reminder of the physical phenomena behind events E and R, refer to Figure 5.2.1.

The light flash is emitted (event E ) from a sparkplug attached to the reference clock of the first rocket. Take event E as the
reference event, called event O in Figure 5.1.1. By prearrangement the sparkplug fires at the instant when both the rocket reference
clock and the super-rocket reference clock pass the laboratory reference clock. All three reference clocks are set to read zero at this
reference event, whose event point is placed at the origin of all three spacetime maps.
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Figure 5.2.1: The flash path as recorded in three different frames, showing event E, emission of the flash, and event R, its
reception after reflection. Squares, circles, and triangles represent the latticework of recording clocks in laboratory, rocket, and
super-rocket frames, respectively. The super-rocket frame moves to the right with respect to the rocket, so that the event of
reception, R, occurs to the left of the event of emission, E, as measured in the super-rocket frame. The reflecting mirror is fixed in
the rocket, hence appears to move from left to right in the laboratory and from right to left in the super-rocket.
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Figure 5.2.2: Spacetime maps for three frames, showing emission of the reference flash and its reception after reflection. The
hyperbola drawn in each map satisfies the equation for the invariant interval (or proper time), which bas the same value in all three
frames: ( interval )2 = ( time )? — ( space )*.

Now use the latticework of meter sticks and clocks in each free-float frame (clocks pictured in Figure 5.2.1) to measure the
position and time of every other event with respect to the reference event. In particular, record the position and time of the
reception (event R ) of the flash in each of the three frames.

The reception of the light ray (event R ) occurs at different locations and at different times as measured in the three frames. In the
rocket the reception of the reflected flash occurs back at the reference clock (the zero of position) and 6 meters of time later, as seen
in Figure 5.2.1and more directly in Figure 5.2.2 (center):

Same events, different frames: Different space and time coordinates
Rocket: (position of reception, event R ) =0
Rocket: (time of reception, event R ) = 6 meters

Emission and reception occur at the same place in the rocket frame. Therefore the rocket time, 6 meters, is just equal to the interval,
or proper time, between these two events:

Rocket Rocket
. 9 time of \?2 position of 2
( proper time )* = ) - .
reception reception
Rocket Rocket
time of \? 2 9
= reception ) (zero)” = (6 meters)

In the laboratory the reception event R occurs at a time greater than 6 meters, as can be seen from the expression for interval:
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Laboratory Laboratory

( time of )2 B ( position of )2 — (6 meters )2

reception reception

In this equation the square of 6 meters results from subtracting a positive quantity from the square of the laboratory time of
reception. Therefore the laboratory time of reception itself must be greater than 6 meters:

Laboratory: (position of reception, event R ) = 8 meters
Laboratory: (time of reception, event R ) =10 meters

In the laboratory frame, reception appears to the right of the emission, as seen in Figure 5.2.1. Hence it is plotted to the right of the
origin in the laboratory map (Figure 5.2.2, top).

Same events, different frames: Same spacetime interval

In the super-rocket frame, moving faster than the rocket with respect to the laboratory, the event of reception appears to the left of
the emission (Figure 5.2.1). Therefore the space separation is called negative and plotted to the left of the origin in the super-rocket

map (Figure 5.2.2, bottom). The time separation in the super-rocket is greater than 6 meters, by the same argument used for the

time of reception in the laboratory frame:3

Super-rocket Super-rocket

( time of )2 B ( position of )2 _ (6 meters )?

reception reception

In this equation, the space separation is a negative quantity. Nevertheless its square is a positive quantity. So the equation says that
the square of 6 meters results from subtracting a positive quantity from the square of the super-rocket time of reception. Therefore
the super-rocket time separation must also be greater than 6 meters:

Super-rocket: (position of reception, event R ) = -20 meters

Super-rocket: (time of reception, event R ) = 20.88 meters

1 Same events, different frames: Different spacetime maps
2 Same events, different frames: Different space and time coordinates

3 Same events, different frames: Same spacetime interval

This page titled 5.2: Same Events; Different Free-float Frames is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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