Hubble’s observation was that in different galaxies, the wavelength of light was different:
He did this by looking at the spectral lines of galaxies

Relative to our sun, all remote galaxies are red-shifted, which means that the wavelength of light
is longer.

This led to Hubble’s Law: the greater the distance to a galaxy, the greater its redshift. We can
use this relationship to tell us the age of the universe!

Imagine you are driving in your car at a uniform speed. You use a stopwatch and keep an eye on
the mileage meter in your car. As you drive, you record your observations, and make a plot that
looks like this:
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All stars are made up on similar elements, and they have characteristic lines associated with
different elements in them. The different between the energy in the lab measurements () and
the energy of the band you measure in your galaxy (i) actually can tell us how fast the star is
moving...
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So, for example, if the “true” position of Ca in the lab is 2,=393.3 nm and the same line appears

in a distant star at 401.8 nm, then z= 401.8nm —393.3nm ,or 0.0216.
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The speed of light = 299,792,458 m/s or 3x10° km/s

So that star is moving at a speed of v = (3x10° km/s) x 0.0216 = 6480 km/s!

Now, how do we know the age of the universe?

Let’s begin with the familiar relationship used on the speedometer of our car:

. . : distance
We have the relationship: velocity = ———
time
but we want to know TIME.
. . . distance time
So we convert it to: time x velocity = — X
time 1
And: time x velocity = distance
. distance d
Or time = ————— (often expressed as Ty = —)
velocity Vv

So if we know distance and velocity, we can figure out how old the universe is!
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So if we plot the velocity of many stars vs. distance (as shown above), the slope of that line is
Ho, or the Hubble Constant. It’s about 73 73 km/s/Mpc.

Notice that this line is plotted with velocity (of each galaxy) on the y axis and distance (away
from us, usually expressed in Mpc, or megaparsecs) on the x axis, because Hy is formally defined



as v/d. That’s because it happens to be the way Hubble formulated it. But the same principle
applies: we use the slope to determine time.

How do we use this graph to tell us the age of the unjiverse? Because we know that the slope of
the line in the plot is 73 km/s/Mpc, we can simply write:

_ 1IMpcs y 3.09x10M%km y lyear
73km 1Mpc 3.156x10"s

0 =1.34x10° years = 13.4 billionyears

So now, we know how old the universe is!

The point is that all galaxies are moving away from us, at varying speeds proportional to
distance. Thus, the universe must be expanding!

NOTE: expansion is primarily BETWEEN galaxies:

Urban Legend #1:

The expansion of the universe means

that as time goes by, galaxies move

away from each other throughempty
space. In this picture, space is simply '
a background upon which the

galaxies act out their parts.

Reality:

The expansion of the universe means
that as time goes by, space itself
expands. As it expands, it carries the
galaxies along with it.
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Urban Legend #3: A cluster of galaxies In this picture, the
As the universe expands, so do / . T+l cluster expands as
e re
®

objects within the universe. Hence g P *
galaxies within a cluster are now
more spread out than they were
billions of years ago. Time——M—»
Cluster has stabilized, and

Reality: A cluster its size no longer changes
At !’irst the expansion of the . forms (lustrations by Alfred .
universe tends to pull the galaxies _ Kamialian: f C.H

ol s - = -y jian, from C. H.
of a cluster away from each other. 3% * e 1 Al Lineweaver and T. M.
But the force of gravitational v ed | e o Davis, “Misconceptions
attraction binds the members of about the Big Bang,”
the clusters together, so the cluster Y N Scientific American,
stabilizes at a certain size. March 2005)

A = B ! the universe
mpdl PRIl EhES expands.
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The cosmological principle tells us that over very large distances, the universe is homogeneous
(every region is the same as every other region) and isotropic (looks the same in every direction).



