FIGURE 26-5 Thought experiment on
simultaneity. To observer O, the reference
frame of O is moving to the right.

In (a), one lightning bolt strikes the two
reference frames at A; and A5, and a

o sccond lightning bolt strikes at By and B,
. (b) A moment later, the light from the two
0, events reaches O, at the same time. so

according to observer O, the two balts of
(a) lightning strike simultaneously. But in
Oy's reference frame, the light from B, has
already reached O, . whereas the light

a A, 0, BIE" from A has not yet reached O, .
- .

S0 in O's reference frame, the event

EAZ ! l BZE: at B must have preceded the event at A,.
J l Simultaneity in time is not absolute.

Now suppose that observers O; and O, observe and measure two
lightning strikes. The lightning bolts mark both trains where they strike: at
A, and B, on O/’s train, and at A, and B; on O,’s train, Fig. 26-5a. For
simplicity, we assume that O, is exactly halfway between A and B, and
that O, is halfway between A, and B,. Let us first put ourselves in O,'s
reference frame, so we observe O, moving to the right with speed ». Let us
also assume that the two events occur simultaneously in O,’s frame, and
just at the instant when O, and O, are opposite each other, Fig. 26-5a. A
short time later, Fig. 26-5b, the light from A, and B; reaches O, at the same
time (we assumed this). Since O, knows (or measures) the distances O,A;
and O;B; as equal, O, knows the two events are simultaneous in the O,
reference frame.,

But what does observer O, observe and measure? From our (O,) refer-
ence frame, we can predict what O, will observe. We see that O; moves to
the right during the time the light is traveling to O, from A, and B,. As
shown in Fig. 26-5b, we can see from our O, reference frame that the light
from B, has already passed O,, whereas the light from A, has not yet
reached O,. That is, O, observes the light coming from B, before observing
the light coming from A,. Given (1) that light travels at the same speed ¢ in
any direction and in any reference frame, and (2) that the distance OA
equals O,B,, then observer O, can only conclude that the event at B,
occurred before the event at A,. The two events are not simultancous for
0O,, even though they are for O,.

We thus find that two events which take place at different locations and are  Simudianeity
simultaneous to one observer, are actually not simultaneous to a second ¥ relative
observer who moves relative to the first.

It may be tempting to ask: *“Which observer is right, O, or O,?" The
answer, according to relativity, is that they are both right. There is no “best”
reference frame we can choose to determine which observer is right. Both
frames are equally good. We can only conclude that simultaneity is not an
absolute concept. but is relative. We are not aware of it in everyday life,
however, because the effect is noticeable only when the relative speed of the
two reference frames is very large (near c), or the distances involved are
very large.

EXERCISE A Examine the experiment of Fig. 26-5 from O,’s reference frame. In this
case, O; will be at rest and will see event B, occur before A,. Will O, recognize that
O,. who is moving with speed » to the left. will see the two events as simultaneous?
(Hint: draw a diagram equivalent to Fig. 26-5.)
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