Originally published in The Technology Teacher, February 2001, by the Inter national Technology Education Association

Blinded by the Light!

This series of drawings shows how filtering out much of the light from the star
can reveal planets that were “ hiding” in the star’s glare.

For at least afew hundred years people
have understood that the stars they see at night
arereally sunslike our own. Or, put another
way, our sun is a star, like the ones we see at
night. Our star looks so much brighter becauseitis
so much closer to usthan any of theother stars. Do
these other sunsa so have planetsaround them like
oursdoes? Or are planets uncommon and wejust
got lucky? Why do we care? Asfar asweknow,
planetsare necessary for life. If thereisany other
lifeout there, and wewant tofind it, we' d best start
by looking for planets.

Inthe past few years, astronomershave
discovered a number of planets outside our solar
system. The extrasolar planetsthat have been
discovered are very large, about the size of
Jupiter or larger. But even though they are so
large, we can’t see these planets with telescopes.
We know only indirectly that they are there.
Astronomers can measure the dightest wobble in
the star’s motion as the gravity of the orbiting
planet tugs on the star.

Lost in Glare

Why can't we see them? Even though we
have some very powerful telescopes that help us
see amost to the edge of the known universe,
finding a planet around a star is like looking for
amosquito a couple of inches away from a car
headlight—at midnight! The light from the star
is so bright that any planets get lost in the glare.

But astronomers and the space engineers
who work with them do not give up easily!

Using severd clever technologies, they arecertain
that they will soon detect unmistakable signsof much
smaller, more Earth-sized planets, and even be able
to seethem directly.

Although different from the techniques
astronomers use to detect planets, occultingisa
technique you have no doubt used yourself many
times to block out the glare from the sun so you
could see better. (To “occult” meansto conceal
or block from view.) Y ou may have used your
hand, the bill of a baseball cap, or the windshield
visor of acar to occult the Sun’s glare.

See for Yoursalf

Try this demonstration of occulting. You
can do this activity in teams of three, or do it asa
whole class. Make sure everyone has a chance
to experience the demonstration.

Equipment needed:

Flashlight

Small objects, such as large paper clip,
marble, spool of thread, golf bal,
key, small stone, matchbook, etc.

Small spoon (teaspoon)

Be careful! Usejust an ordinary flash-
light, not one that puts out a blinding beam
of light! Thelight istoo bright if it
bothers people to look toward it (unless
they are extremely sengitive to light).
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Setup:

Make the room where you do this demon-
stration as dark as possible. It doesn’t have to be
totally dark, but turn off room lights and close
any drapes or blinds.

Demonstration of occulting:

One person (we'll cal “Sunny”) will
hold the flashlight, which will represent
the star.

Another person (we'll cal “Orbie”) will
hold one of the small objects near the
flasnlight. This small object will repre-
sent a planet orbiting the star.

Another person (we'll call “Argus’*) will
stand about 15 feet away and look toward
the flashlight “star” and represent an
astronomer on Earth looking for
extrasolar planets. The astronomer will
have the spoon close at hand to use as an
occulting disk to block out the light
source.

1. Sunny the Star shines the light beam toward
Argus the Astronomer.

2. Orbie the Planet selects one of the collection
of small objects and holds it beside the
flashlight. Start out with the object about 2
or 3 inches away from the light source.

3. Argus looks toward the light (although it is
not necessary to have the beam shining
directly into the eyes) and tries to guess what
object isbeing held up. If Argus can’t see
the object, Orbie can move the object farther
away from the light source, and ask Argusto
guess again. Keep moving the object away,
bit by bit, to see if Argus can finadly tell what
the object is.

Depending on how dark the room is, Argus
may not have been able to see the object at
all because of the glare of the flashlight.

* In Greek mythology, Argus was a giant with one
hundred eyes.

4. Nowtryitagain, withadifferent small object as
the” planet.” Thistime, however, Argusthe
Astronomer getsto usethe occulting trick.
Arguscloses one eye and holdsthe occulting
disk (bow! of the spoon) out infront of the other
eye, adjugting the distance until thedisk occults
(blocksout) the light source. Now, what object
isOrbieholding near the" star”? Isit easier to
seethesmadl “planet” near the“star” if thelight
fromthe star isocculted?

Tricks of the Astronomy Trade

Some spacecraft haveused asimilar occulting
techniqueto block out the whole sphere of the sun
so that the corona (outer atmosphere of the sun)
could be better studied.

Image taken by one instrument on the SOHO
(for Solar and Heliospheric Observatory)
gpacecraft. It shows a large coronal mass
gection (CME) fromthe Sun. A small occult-
ing disk on the instrument blocks out the sun
itself so that these huge events occurring in the
sun’s atmosphere can be studied. Learn more
about CMEs at http://mww-istp.gsfc.nasa.gov/
istp/outreach/cmeposter/hurricane.html .
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Although occulting isagood way to study our
own star, other starsaretoo far away and appear
tootiny inthe sky for occultationtowork. Wecan't
block out the star without a so blocking out the
whole star system, should planets be present. We
need techniquesthat are thousands of times better
than occulting to get rid of thelight from only the star
and then sorting out theimage of what isleft. Null-
ingisjust such atechnology.

Telescopes such asthose that make up the
Keck Interferometer high onamountainin Hawali
usenulling techniques. I nterferometry (en-ter-fur-
AH-muh-tree) combinesthe light beamsfrom two
or moretelescopesthat are focused on the same
dar a thesametime. Thiscombinedimageisfar
sharper than asingletelescope could make. Thus,
interferometers such asthe Keck have extremely
good angular resolution. That meansthey are
very good at sorting out which light wavescome
fromwhich part of the star system. Aninterferom-
eter can be“tuned” sothat thelight coming from the
exact center inthefield of view (wherethestar is)
will beblanked out or nulled, whilethelight from
any other areawill be viewednormaly.

Lost in Dust

In additionto the glarefrom the star making the
hunt for planets more difficult, Sarsarealso often
surrounded by adisk of dust. Even our own star
hasquitealot of dust |eft over from the formation of
the planets, moons, and asteroids. Thisdust, called
zodiacal (zo-Dl-a-kul) dust, glowsinthelight of
thesun. Itissothinthat weseldom seeit. Butitis
visbleasafant glow acrossthe sky in somevery
dark, clear, dry areason Earth.

Starsthat aremost likely to have planetsor be
inthe process of forming planets, will be surrounded
by someor alot of thisdust. When thedust sur-
rounds other stars, wecall it exozodiacal (ex-0-zo-
Dl-a-kul) dust. Thisdust also makesit very hardto
seeany planetsthat might be swvimming aroundinit.

Astronomer

One of two huge telescopes that make up
the Keck Interferometer. Notice the tiny
astronomer standing in the lower right
corner of the opening in the dome.

If the Boat’s too Small, Look for the
Wake

But just asaboat leavesawakebehind it asit
moves acrossthe surface of acalm lake, aplanet
carvesout agap or laneasit plowsthrough the
exozodiaca dust of itsstar. Thus, another way to
look for extrasolar planets may beto look for gaps
inthedust.

How could we possibly seethese gaps? Wall,
sincethe gapswould contain lessdust to absorb
energy from the star, they would appear colder than
the surrounding dust. We could thuslook for
temperature differenceswithin the cloud of
exozodiaca dust. Tofind such small temperature
differences, wewould need to look intheinfrared
part of the spectrum. Thewavesof infrared light are
just alittlelonger than waves of visblered light. We
cannot seeinfrared waveswith our eyes, but wefed
themasheat. Thisisthebest part of the spectrum
to study in order tofind small differencesinthe
temperature of fairly cold matter.



Originally published in The Technology Teacher, February 2001, by the Inter national Technology Education Association

If a star is surrounded by a disk of exozodiacal
dust, any orbiting planets might create a particu-
lar “ signature” in the dust.

Inthevisiblelight part of the spectrum, astar
shinesthousands of times brighter than doesits
surrounding dust! Not much senseineventryingto
find planetsin that range of wavelengths. Inthe
infrared part of the spectrum, the star isstill much
brighter than any planets, but the differenceisnot
quite so great. So it would make senseto look only
at theinfrared part of the spectrum. The Keck
Interferometer can dojust that.

Now iswhen the excellent angul ar resol ution of
theinterferometer comesin. Weset theinterferom-
eter to null out theinfrared waves coming from only-
-and precisdly--the star itsdf. Sowhat isleft? Only
theinfrared waves coming from the surrounding dust
disk. Now the dust and any tell-tale gapscarved
out by planetsare, at last, revealed!

But why would we be satisfied with just ahint
that astar might have planetswhenwetill couldn’t
actualy seethem? Well, wewouldn’'t! But this
technique might point to somelikely candidatesfor
study using still more advanced technol ogies now
being developed. Futuremissions, suchasTerres
trial Planet Finder, will, indeed, be ableto not only
find Earth-sized planets, but will be ableto detect
thechemicd sgnsof life!

For moreinformation about the Keck Interfer-
ometer and the Terrestrial Planet Finder missions,
seetheweb siteof NASA's Origins Program (http://
originsjpl.nasa.gov/), which seeksanswersto two
guestions. Wheredo we comefrom? and Arewe
aone? Andfor morefun space-related activities
and amazing facts, go to The Space Place at http://

paceplace,jpl.nasagov.

The Terrestrial Planet Finder will be a space
interferometer. One possible design would use
four space telescopes flying in formation, beam-
ing their images to a fifth combiner spacecraft.
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