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As MISR passes over an area, each camera gets a
shot from its own angle.

If the universe goes
on forever and has
an infinite number of
stars, no matter
where you looked in
the sky, you should
see a star.  So the
night sky should be
as bright as day!

orbit. Seeing the same piece of Earth’s surface or atmo-
sphere from nine different angles tells scientists a lot more
than seeing it from just one angle.

Find out more about MISR and see images of recent
happenings on Earth at www-misr.jpl.nasa.gov .

NOW THAT THE SUN HAS SET, WHY IS IT SO

DARK?

What a stupid question!

You might be thinking, of course the sky is dark at
night because that is when our side of Earth faces away
from the Sun as our planet rotates on its axis every 24
hours. But what about all those other far away suns that
appear as stars in the night sky? Our own Milky Way
galaxy contains over 200 billion stars, and the entire

universe probably contains over 100 billion galaxies. You
might suppose that that many stars would light up the night
like daytime!

Until the 20th century, astronomers didn’t think it
was even possible to count all the stars in the universe.
They thought the universe went on forever. In other words,
they thought the universe was infinite.

UH-OH.  NO PARADOXES ALLOWED

Besides being very hard to imagine, the trouble with
an infinite universe is that no matter where you look in the
night sky, you should see a star. Stars should overlap each
other in the sky like tree trunks in the middle of a very
thick forest. But, if this were the case, the sky would be
blazing with light. This problem greatly troubled astrono-
mers and became known as “Olbers’ Paradox” after
Heinrich Wilhelm Matthuas Olbers (1758 - 1840), the
German physician and amateur astronomer who wrote
about it in 1823.   A paradox is a statement that seems to
disagree with itself.

To try to explain the paradox, some 19th century
scientists thought that dust clouds between the stars must
be absorbing a lot of the starlight so it wouldn’t shine
through to us. But later scientists realized that the dust itself
would absorb so much energy from the starlight that it
would glow as hot and bright as the stars themselves!

AH.  BAD ASSUMPTIONS

Astronomers now realize that the universe is neither
infinitely large nor infinitely old.

A finite universe—that is, a universe of limited size—
even one with trillions and trillions of stars, just wouldn’t
have enough stars to light up all of space.

Although the idea of a finite universe explains why
Earth’s sky is dark at night, other causes work to make it
even darker.

Not only is the universe finite in size, it is also finite in
age. That is, it had a beginning, just as you and I did. The
universe was born about 14 billion years ago in a fantastic
explosion called the Big Bang. It began at a single point
and has been expanding ever since.
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W-A-A-A-A-A-VE BYE-BYE

Because the universe is still expanding, the distant
stars and galaxies are getting farther away all the time.
Although nothing travels faster than light, it still takes time
for light to cross any distance. So, when astronomers look
at a galaxy a million light years away, they are seeing the
galaxy as it looked a million years ago. The light that
leaves that galaxy today will have much farther to travel to
our eyes than the light that left it a million years ago or
even one year ago, because the distance between that
galaxy and us constantly increases. That means the amount
of light energy reaching us from distant stars dwindles all
the time. And the farther away the star, the less bright it
will look to us.

In addition, because the stars are constantly moving
away from us, the wavelengths of their light get stretched
out.  Longer wavelengths of light have less energy than
shorter wavelengths.  Astronomers say the light is “red
shifted” because red is the longest wavelength of visible
light.

Red-shifting is similar to the Doppler effect you’ve
probably noticed with sound.  As you are riding down a
road in a car, a truck approaches from the other direction,
blowing its horn.  As the truck zooms past, the pitch of the
horn suddenly sounds lower.  When the truck was moving
toward you, the sound waves were piling up as the
distance between “transmitter” (the horn) and “receiver”
(your ears) decreased, so the wavelength was shorter and
the sound seemed higher pitched.  As the truck moves
away, the distance is constantly increasing, so the sound
waves gets stretched out and the sound seems lower.

In the case of starlight, as the stars move away, the
wavelength increases and therefore the energy reaching
Earth is reduced.  These two effects reduce the contribu-
tions of distant stars to the brightness of the sky below
what would be observed if Olbers’ assumption that the
universe is unchanging were true. Although the expansion
of the universe by itself turns out to be insufficient to
produce a dark sky, it does contribute to the explanation
of how dark the sky is.

The universe, both finite in size and finite in age, is full
of wonderful sights.

TAKING THE GALACTIC  ROLL

GALEX (for Galaxy Evolution Explorer) is an Earth-
orbiting telescope that is looking back 10 billion years to
help scientists understand how galaxies like our Milky

Way came to be
and how they
have changed
over cosmic time.
During its 29-
month mission,
GALEX is
surveying nearly
the entire sky and
gathering galactic
light that has been
journeying
toward us for
nearly the entire
history of the
universe.

Visit www.galex.caltech.edu to learn more about GALEX
and see some images it has captured.

BLUEST DAY OR BLACKEST NIGHT:  AN ACTIVITY

FOR YOU

Write a poem or essay (or song!) about the bluest
sky you ever saw or the blackest night you ever experi-
enced.  How did the sky look?  Where were you?  What
time of year was it?  What were you doing?  Who were
you with?  How did it smell?  What did you hear?  Was it
cold or hot or something in between?  What did you feel?

Does looking at a blue or a black sky seem any
different now that you know why it appears as it does?

This article was written by Diane Fisher, writer
and designer of The Space Place website at
spaceplace.nasa.gov.  Alex Novati drew the illustra-
tions.  The article was provided through the courtesy
of the Jet Propulsion Laboratory, California Institute
of Technology, Pasadena, California, under a contract
with the National Aeronautics and Space Administra-
tion.


