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Earth . Farth

What does it mean that distant galaxies are all moving away from us, and
with ever greater speed the farther they are from us? Tt seems to suggest some
kind of explosive expansion that started at some very distant time in the past.
And at first sight we seem to be in the middle of it all. But we aren’t.
The expansion appears the same from any other point in the universe.
To understand why, see Fig. 33-20. In Fig. 33-20a we have the view from
Earth (or from our Galaxy). The velocities of surrounding galaxies are indi-
cated by arrows, pointing away from us, and the arrows are longer for galaxies
more distant from us. Now, what if we were on the galaxy labeled A in Fig. 33-20a?
From Earth, galaxy A appears to be moving to the right at a velocity, call it ¥,
represented by the arrow pointing to the right. If we were on galaxy A, Earth
would appear to be moving to the left at velocity —v, . To determine the velocities
of other galaxies relative to A, we vectorially add the velocity vector, —v,, to
all the velocity arrows shown in Fig. 33-20a. This yields Fig. 33-20b, where
we see clearly that the universe is expanding away from galaxy A as well;
and the velocities of galaxies receding from A are proportional to their distance
from A,
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FIGURE 33-20 Expansion of the universe looks the same from any point in the universe.

Cosmological principle

Thus the expansion of the universe can be stated as follows: All galaxies are
racing away from each other at an average rate of about 71 km/s per mega-
parsec of distance between them. The ramifications of this idea are profound,
and we discuss them in a moment.

A basic assumption in cosmology has been that on a large scale, the
universe would look the same to observers at different places at the same time.
In other words, the universe is both isotropic (looks the same in all directions)
and hemogeneous (would look the same if we were located elsewhere, say in
another galaxy). This assumption is called the cosmological principle. On a local
scale, say in our solar system or within our Galaxy, it clearly does not apply (the
sky looks different in different directions). But it has long been thought to be
valid if we look on a large enough scale, so that the average population density
of galaxies and clusters of galaxies ought to be the same in different areas of the
sky. This seems to be valid on distances greater than about 200 Mpc (700 Mly).
The expansion of the universe (Fig. 33-20) is consistent with the cosmological
principle; and the near uniformity of the cosmic microwave background radia-
tion (discussed in Section 33—6) supports iL.

The expansion of the universe, as described by Hubble's law, strongly
suggests that galaxies must have been closer together in the past than they are
now. This is, in fact, the basis of the Big Bang theory of the origin of the
universe, which pictures the universe as a relentless expansion starting from a
very hot and compressed beginning. We discuss the Big Bang in detail shortly,
but first let us see what can be said about the age of the universe.
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