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FIGURE 26-9 According to an
accurate clock on a fast-moving
train, a person (a) begins dinner at
7:00 and {b) finishes at 7:15. At the
beginning of the meal, observers on
Earth set their watches to corre-
spond with the clock on the train.
These observers measure the eating
time as 20 minutes.

Relativistic
HIONIENtm

m Four-Dimensional Space-Time

Let us imagine a person is on a train moving at a very high speed, say 0.65¢,
Fig. 26-9. This person begins a meal at 7:00 and finishes at 7:15, according to
a clock on the train. The two events, beginning and ending the meal, take place
at the same point on the train. So the proper time between these two events
is 15 min. To observers on Earth, the meal will take longer—20 min according
to Eq. 26-1. Let us assume that the meal was served on a 20-cm-diameter
plate. To observers on the Earth, the plate is only 15cm wide (length
contraction). Thus, to observers on the Earth, the meal looks smaller but
lasts longer.

In a sense the two effects, time dilation and length contraction, balance each
other. When viewed from the Earth, what an object seems to lose in size it gains
in length of time it lasts. Space, or length, is exchanged for time.

Considerations like this led to the idea of four-dimensional space-time:
space takes up three dimensions and time is a fourth dimension. Space and time
are intimately connected. Just as when we squeeze a balloon we make one
dimension larger and another smaller, so when we examine objects and events
from different reference frames, a certain amount of space is exchanged for
time, or vice versa,

Although the idea of four dimensions may seem strange, it refers to the
idea that any object or event is specified by four quantities—three to
describe where in space, and one to describe when in time. The really unusual
aspect of four-dimensional space—time is that space and time can intermix: a
little of one can be exchanged for a little of the other when the reference
frame is changed.

Tt is difficult for most of us to understand the idea of four-dimensional
space—time. Somehow we feel, just as physicists did before the advent of rela-
tivity, that space and time are completely separate entities. Yet we have found in
our thought experiments that they are not completely separate. And think
about Galileo and Newton. Before Galileo, the vertical direction, that in which
objects fall, was considered to be distinctly different from the two horizontal
dimensions. Galileo showed that the vertical dimension differs only in that it
happens to be the direction in which gravity acts. Otherwise, all three dimen-
sions are equivalent, a viewpoint we all accept today. Now we are asked to
accept one more dimension, time, which we had previously thought of as being
somehow different. This is not to say that there is no distinction between space
and time. What relativity has shown is that space and time determinations are
not independent of one another.

Relativistic Momentum and Mass

So far in this Chapter, we have seen that two basic mechanical quantities, length
and time intervals, need modification because they are relative—their value
depends on the reference frame from which they are measured. We might
expect that other physical quantities might need some moditication according to
the theory of relativity, such as momentum, energy, and mass.

The analysis of collisions between two particles shows that if we
want to preserve the law of conservation of momentum in relativity, we must
redefine momentum as

myv
P= B e Y. (26—4)
V=t

Here y is shorthand for 1/7/1 — v?/c’® as before (Eq. 26-2). For speeds
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