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SINGIN’ THE BLACK AND BLUES
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Unlessyou areatroglodyte and never leaveyour cave, you
most likely seethe sky every day and maybe even somenights. Like
most curiouslittlekids, you probably asked someadult along time
ago, “Why isthesky blue?’ Or if you saw abeautiful sunset or
sunrise, you might have asked, “Why isthe sky red?’” Cometo think
of it, why isthe sky black at night, even though we can see thousands
of other suns?

It' sso obviousthat the sky isbluein the daytime and black at
night, you might think the reasonswould bejust asobvious. They
aren't! It took the smartest humansthousands of years of observa-
tion, thought, discussion, conjecture, and andysistofindly comeup
with answersthat make scientific sense.

Do you have someideas? Why not stop right herefor afew
minutes and seewhat everybody thinksor hasheard about “Why is
the sky blueinthedaytime?’ and “Why isthe sky dark at night?’

Now . .. oF ALL THE CoLoRs oF THE RainBow, WHY
BLUE?

Couldn’t the sky just aseasily begreen? Or yellow? Whenwe
seearainbow, we do see green and yellow in the sky, aswell asblue,
violet, orange, yellow, red, and everything in between.

Thewhitelight coming from the Sunisreally made up of dl the

colorsof therainbow. We see actua rainbows as by-products of rain.

Raindropsact astiny prismswhen it by the Sun, bending light and
separating it intoitsdifferent colors.
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But why aretheredifferent colors? Thelight you seeisjust one
tiny bit of al thekindsof light energy beaming around the Universe—
and around you! Like energy passing through the ocean, light energy
travel sinwaves, too.

What makes different kindsof light different arethelengths of
their waves. Visblelight includesthe wavel engths our eyes can see.
Thelongest wavel engthswe can seelook red to us. The shortest
wavelengthswe can seelook blueor violet.

THE Tor-DowN BLAck & BLUES

(to the tune of “Ob ladi, ob lada’ by the Bestles:
John Lennon and Paul McCartney)

Ridin’ with the top down in my Granny’s car

The bluest light above and all around.

| asked her what's the story with this sky of ours,
And then she hit me with these phrases so profound:

(chorus)

Ob ladi, ob lada

Light waves on, la

La la how the light waves on.
Ob ladi, ob lada

Light waves on, la

La la how the light waves on.

Sun sends out al colors in a dazzling glow,

Blended al together they make white.

And when this light meets air the blue plays “do s
dO,"

While al the rest just zip right through most impolite.

(Repeat chorus)

Like splattered paint, blue waves wash
All through the sky.

Like zippy lightsome twinkletoes,
They redly are quite spry.

So then | asked old Granny why the night is black,
‘Cause even tho' the Sun’s no more on high

It seemed to me with al those stars there'd be no lack
Of starlight blazing through and lighting up the sky.

(Repeat chorus)

Like blackest ink, darkness fills

The nighttime sky.

Like sparkling diamond sapphire lights
The star lights touch my eyes.

Shetold atale, alarge explosion, long ago

The universe expanding endlessly.

The light from fleeing galaxies just peters out
Red-shifting well beyond the lengths that we can see.

(Repeat chorus)

Granny knows the scoop ‘cause she's a scientist

Who looks through telescopes and studies hard.

I'd like to grow up like her and be just as cool

And drive a top down, blue-sky, black-as-night hot
ca.

(Repeat chorus)

And if you want some fun,
Take Granny for a drive.
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Keepinmind, thewaveengthsinthispicture are not
toscale. Aredlight waveisabout 750 nanometers, while
ablueor violet waveisabout 400 nanometers. A nanom-
eter isone-billionth of ameter. A human hair isabout
50,000 nanometersthick! Sothesevisiblelight wave-

lengthsarevery, very tiny.

Another important thing to know about light isthat it
travelsin agtraight line unless something getsin theway
to—

reflectit (likeamirror)

bendit (likeaprism)

or scatter it (like molecules of thegasesinthe
amaosphere)

Asthewhitelight from the Sun enters Earth’ satmo-
sphere, much of thered, yellow, and green wavelengths of
light (mixed together and still nearly white) passstraight
through the atmosphere to our eyes. For much of the blue
and violet light, however, it' sahorse of awholedifferent
color! Thesewavelengthsarejust theright sizeto get
absorbed by the molecules of gasin the atmosphere, then
Spit out again, but in all directions.
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Sowhat happensto all the*non-blue” wavelengths?
They are still mixed together, unscattered by the atmo-
sphere, so appear white. The scattered violet and blue
light dominatesthe sky, making it appear blue. Why not
violet? Some of theviolet light isabsorbed by the upper
amosphere. Also, our eyesare not assenditivetoviolet as
they areto blue.

Closer to the horizon, the sky fadesto alighter blue
or white. The sunlight reaching usfrom the horizon has
passed through even moreair than the sunlight reaching us
from overhead. The molecules of gas haverescattered the
bluelight in so many directions so many timesthat less
bluelight reachesus.

WHAT MAKES A SUNSET RED?

Asthe Sun getslower inthe sky, itslightispassing
through more of the atmosphereto reach you. Even more
of theblueand violet light isscattered, alowing thereds
and yellowsto pass straight through to your eyeswithout
al that competition fromthe blues.
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Also, larger particlesof dust, pollution, and water
vapor in the atmospherereflect and scatter more of the
reds and yellows, making the wholewestern sky glow red.

WHyY DoES ScATTERING MATTER?

How much of the Sun’ slight getsbounced around in
Earth’ satmosphere and how much getsreflected back into
space? How much light gets soaked up by land and water,
asphdt freeways and sunburned surfers? How much light
do water and clouds reflect back into space? Andwhy do
we care?

Sunlight carriesthe energy that heats Earth and
powersall lifeon Earth. Our climateisaffected by how
sunlight isscattered by forests, deserts, snow- andice-
covered surfaces, different typesof clouds, smokefrom
forest fires, and other pollutantsin theair.

MISR (for Multi-angle Imaging SpectroRadiometer)
isoneof severa instrumentsonboard NASA's Terra
satellite. MISR has nine separate camerasthat take
pictures of Earth’ satmosphere and surfacefrom different
anglesasthe Terrasatellite passesover aregion duringits
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orbit. Seeing the same piece of Earth’ ssurface or atmo-
spherefrom ninedifferent anglestdlsscientistsalot more
than seeing it fromjust oneangle.
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As MISR passes over an area, each camera gets a
shot fromits own angle.

Find out more about M1SR and seeimages of recent
happeningson Earth at www-misr.jpl.nasagov .

Now THAT THE SuN HAs SET, WHY IS IT SO
DARK?

What astupid question!

You might bethinking, of coursethe sky isdark at
night because that iswhen our side of Earth facesaway
fromthe Sun asour planet rotateson itsaxisevery 24
hours. But what about all those other far away sunsthat
appear asstarsin the night sky? Our own Milky Way
gdaxy containsover 200 billion stars, and theentire
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~ where you looked in
the sky, you should
seea star. Sothe
night sky should be
asbright as day!

universe probably containsover 100 billion galaxies. You
might supposethat that many starswould light up the night
likedaytime!

Until the 20th century, astronomersdidn’t think it
was even possibleto count all the starsintheuniverse.
They thought the universewent onforever. In other words,
they thought the universewasinfinite.

UH-oH. No PARADOXES ALLOWED

Besidesbeing very hard to imagine, thetroublewith
aninfiniteuniverseisthat no matter whereyou look inthe
night sky, you should seeastar. Stars should overlap each
other inthe sky liketreetrunksinthe middle of avery
thick forest. But, if thiswerethe case, the sky would be
blazing with light. Thisproblem gregtly troubled astrono-
mers and becameknown as” Olbers Paradox” after
Heinrich Wilhelm Matthuas Olbers (1758 - 1840), the
German physician and amateur astronomer who wrote
aboutitin1823. A paradox isastatement that seemsto
dissgreewithitsalf.

Totry to explain the paradox, some 19th century
scientiststhought that dust clouds between the starsmust
be absorbing alot of the starlight so it wouldn’t shine
through to us. But later scientistsredlized that the dust itself
would absorb so much energy from the starlight that it
would glow ashot and bright asthe starsthemsealves!

AH. BAD ASSUMPTIONS

Astronomersnow redizethat the universeisneither
infinitely largenor infinitely old.

A finiteuniverse—that is, auniverseof limited Sze—
evenonewithtrillionsandtrillionsof sars, just wouldn't
have enough starsto light up al of space.

Althoughtheideaof afiniteuniverseexplanswhy
Earth’'ssky isdark at night, other causeswork to makeit
evendarker.

Not only istheuniversefiniteinsze, itisasofinitein
age. Thatis, it had abeginning, just asyouand | did. The
universewas born about 14 billion yearsagoin afantastic
explosion caled the Big Bang. It began a asingle point
and has been expanding ever since.
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W-A-A-A-A-A-VE BYE-BYE

Becausethe universeisstill expanding, thedistant
sarsand galaxiesare getting farther away dl thetime.
Although nothing travel sfaster than light, it still takestime
for light to crossany distance. So, when astronomers|ook
at agdaxy amillion light yearsaway, they are seeing the
galaxy asitlooked amillionyearsago. Thelight that
leavesthat galaxy today will have much farther totravel to
our eyesthanthelight that left it amillion yearsago or
even oneyear ago, because the distance between that
gdaxy and us constantly increases. That meansthe amount
of light energy reaching usfrom distant tarsdwindlesall
thetime. And thefarther away the star, thelessbright it
will look tous.

In addition, because the stars are constantly moving
away from us, thewave engthsof their light get stretched
out. Longer wavelengthsof light havelessenergy than
shorter wavelengths. Astronomerssay thelightis®red
shifted” becauseredisthelongest wavelength of visble
light.

Red-shiftingissimilar to the Doppler effect you' ve
probably noticed with sound. Asyou areridingdowna
roadinacar, atruck approachesfrom the other direction,
blowing itshorn. Asthetruck zoomspast, the pitch of the
horn suddenly soundslower. When thetruck wasmoving
toward you, the sound waveswere piling up asthe
distance between “transmitter” (the horn) and “receiver”
(your ears) decreased, so the wavelength was shorter and
the sound seemed higher pitched. Asthetruck moves
away, thedistanceis constantly increasing, so the sound
waves gets stretched out and the sound seemslower.

Inthe case of starlight, asthe starsmove away, the
wavelength increases and therefore the energy reaching
Earthisreduced. Thesetwo effectsreduce the contribu-
tionsof distant starsto the brightness of the sky below
what would be observed if Olbers assumption that the
universeisunchanging weretrue. Although theexpansion
of theuniverse by itsdlf turnsout to beinsufficient to
produce adark sky, it does contribute to the explanation
of how dark thesky is.

Theuniverse, both finitein szeandfinitein age, isfull
of wonderful sghts.

TakING THE GaLAcTiIc RoLL

GALEX (for Galaxy Evolution Explorer) isan Earth-
orbiting telescope that islooking back 10 billion yearsto
help scientists understand how galaxieslike our Milky
Way cameto be
and how they
have changed
over cosmictime.
Duringits29-
month mission,
GALEXis
surveying nearly
theentire sky and
gathering gdactic
light that has been
journeying
toward usfor
nearly theentire
history of the
universe.

Vist www.gaex.catech.edu to learn more about GALEX
and see someimagesit has captured.

BLUEST DAY OR BLACKEST NIGHT: AN ACTIVITY
FOR YOU

Writeapoem or essay (or song!) about the bluest
sky you ever saw or the blackest night you ever experi-
enced. How did the sky look? Wherewereyou? What
time of year wasit? What were you doing? Who were
youwith? How did it smell? What did you hear? Wasit
cold or hot or something in between? What did you feel ?

Doeslooking at ablue or ablack sky seem any
different now that you know why it appearsasit does?

This article was written by Diane Fisher, writer
and designer of The Space Place website at
spaceplace.nasa.gov. Alex Novati drew theillustra-
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.



