X
. lom noise if (g
n ¢ af rande
Cdling 0t i S b known: == that is,
or, -, K2 he signal
Magp, in 'p.,,' o [ A sow what you're looking foy
1 Angy, ® biy, s e T o dauble wink
MO, e S Y 'M'::"' ““:nﬂl"l.-luun]lulu Benerates
e by ity ,l" - ﬁ';,lm' sy snfigurations of stars and
P T P‘,’lbk :;“.duu"‘ stable orbits out (o
b, - iy’ 2 ,,Irl“"k o years. I'he predicted bright
c ,,“ clj, P s thit take can then be matched with
‘, ey I"." \ v,nauu""”‘“,mlm It the effect of a
. s ."'\" e v’ in the data, it will surface
b ng tigg, by, » e """l;“.,,vmuni.uv added up, The
1 AL
‘I.\ g 1;"" ,Jl'"m."ynhk(' getung ants to stand an
Tighy, l,-hﬂ“ur P her to be seen above tall grass,
» of each o* redictable little transit signaly
s th, :’t dh“”:hﬂ to be recognized above
I3 at ’ e
b of it : d‘! 1"
the will * hotometry:
. ) < o
L I’r“ M,,oﬂ‘l;i‘ technique, our I. meter-clasy
Mg, .”’ with can detect Earth-sized planets
« - % /
! dogg : > ”“‘opd habitable zone of CM l).l-IUlllh
th 's ot jthin the around the stars which gets
Ui jon £ .
lagg tel, o /'}"Rs“mouﬂf of energy that l..ulh.
% Several months of
s the the Sun. !
the jves from

.« enough. A 4-meter telescope
ing 18

Hope That 1 Could

b dd ng s S, leSCalCh 1 ot just I()Okl" tak n ) ) >$CO! 5 i $ 'V.ln ‘a\kﬁ
2 i ntiSt '9 n j S i g i g dﬂta O ﬂ'\r( llgh tC‘LAC( pes. Itis 3150 g‘ %
s bu 1 CIC! .

i is time; a 10-meter telescope
WWM h-'vc“‘/hl:hc detection of planets
ist .”:.)_,, 10 times the size of those in

Y of sta
1 Sl"“ a\lDrlw"‘:':lhm is, however, computa
lll.lu) The adﬁo’ s To date, TEP has col
Ardo n-omﬂ)’ dem“c(‘]) images of CM Draconis
¥thy Jected 40,‘;‘;‘(’) };oul'-‘ of observations. When
Jean spl“"’"“ﬁn;shcd a third ()bscrvipg season,
ol we have 0 gigabytes of data, and
11 have over 50 BIg :
= e crunching will commence. For
ory, numbc-;ds' from 7 to 270 days, there are
the al""u,J Pc:‘,ss.iblc configurations to match
Y | million
: ainst.
B the data 26 ly way that amateurs
i the only way
L TEP is not
15
S.
e nger student
' to inspire yOung

1 January 1995, NASA asked sci‘cn—

tists to rccommc.nd a lun.g,-u;m

national strategy for searchmg: , or

and characterizing other plar?gm?y

systems. But scientists were not the only

ones to respond to the challenge. i

A team of 28 teen-agers.also have /;\ L LA
sented their recommendations o NA¢

AN parg,

it X
look for [yt RS

laner |
YPer iy,
hogy ha
Mars are Jig)
lipse tming
Precise iy,

Wnting, They can
W planets gy elipaing
VA L0 watlt for trangite
Wweight, i
1oy

Binariey
I the

the e lanets caus
«

it Noticeably. Wil
Amateurs can ¢heck
s basic ally the same
wed o find the pul
L that the tiney of the

e |Hm]|n~
Sar planety, excey
eclipres, ruy

» Father than the
the clocy It e, o

are
A binary system |

WE A giant

Hllen Blue
10 develop thiy idea,

Positionin
L B System [yee
RL'-\IIVII)’ N the Palyy of Your Hand,”

May/June, P 23] provides Hming
of about 10 millisecondy for each
ment, allowing olysery
time of an eclj
Universal

accuracy
measure
€18 to determine the
Pse to within 2 seconds in
Time, In 25
binaries, the delay du
planet would pe more (

0 known eclipsing
¢ 10 a Jupiter-like
han 2 seconds,
What's in the Air?

To look for planets 1
"UL‘(I
$2,000), a (
a telescope 24-inch o |

tude stars. I will soon be
the candidate stars,

me directly for more information,

The transit method has another impor-
tant advantage over other techniques: the
potential for follow-up observations. Like a
microscope slide held in front of a search

administrator Daniel Goldin. l)ur‘ing the
weeklong Advanced Astronomy Camp at
the University of Arizona last summer,
we wrestled with problems and mndlmf-
ed observing runs at the 40- and 60-inch

y this method, you
a GPS timing system (now around
CD camera or photometer, and
arger, which can do
fairly good photometry on 12th-magni
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b a iy amount of light
W tine the planet crosses between us
and the star By taking o spectrum of the
star during transits, and subtracting it from
pectra of the star at times,
Wtronomers can pick out the absorption
features of the planet’s atmosphere. It is
casler 1o detect what is on a small slide held
I Aront of a search light than what is on a
shide held 1o the side reflecting the search
light. In the same way, it would be easier to
detect the constituents of a planet’s atmos
phere in transmission (during transit) than
n reflection,

other

Of courne, knowing the constituents of
a planet’s atmosphere would be very exc "
ing indeed. They might turn out to be indi
cations of life: water-vapor absorption lines
or free OXygen or ozone, the latter two s0
chemically reactive that they must be rou
tinely produced to remain a major con
stituent of the atmosphere, Such an atmos
pheric signature has existed on Farth for
almost 500 million years, Will an amateur
astronomer be the first person to diw‘uwcr a
forested planet around another star? m
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investigator at the SETI Institute in
Mountain View, Calif. He works at the
nearby NASA Ames Research Center as co-
director of the Transit of Extrasolar P!a.n‘ch
project, Doyle is also a parl—\%lx\c-vm\\n‘%
professor at Principia College in h\s'ah, |18
He does most of his observing with the
Crossley Telescope, now 101 years-old, a'l
Lick Observatory. His email address is
doyle@gal.arc.nasa.gov.
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road maps not only for extrasolar p\.anc\
hunts, but also for participatory science
education. : v
The 28 campers included ;\\m
Tom
women and 19 men, aged ?3 to .\h& AR
10 states, France, and Mexico. The camy

telescopes on Mount Lemmon and the
10-meter Sub-Millimeter Telescope on
Mount Graham. We developed our owi

n annual event started by Don
tcCarthy in 1988 [see “Astronomy
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Camp: Adventures in Scicnt‘lhc
Research,” November/ Dcccml.)cr 1993, p.
24]. McCarthy is also a science team

Astronomy Campers at
the Sub-Millimeter
Telescope on Mount
Graham, Ariz. Later,
they used the 10-
meter dish to observe
Mars. Photo courtesy
of Donald W.
McCarthy Jr.

The author with Project
WHEEL students Jake
Bowland and Lauren
Marozzi. Photo cour-
tesy of Donald W.
McCarthy Jr.

member in NASA’s road-
map process. Despite the campers’ strong
interest in astronomy, upon arrival 50
percent could not correctly explain the
phases of the Moon and 80 percent were
confused about the causes of the seasons.
Many of these initial misconceptions
were addressed in hands-on activities.
Each day we learned another tech-
nique for seeking extrasolar planets, and
each night we applied that technique at
the telescopes. We considered direct
detection of planets and then attempted
to image the martian satellites. We stud-
ed astrometric, Doppler, and eclipse
niques and then went out to measure
il motion of Pluto, the redshift
palaxy, and the brightness
variable stars. We learned
ic methods for detect-
n planetary atmospheres and
iwrbon dioxide in the
Mars with the Sub-
-lescope.
d as an only child in Suburbia,
[ had been ignorant to the beauty of
v home, the fragile beauty of this plan-
et Earth. Yet, on June 24, 1995, I saw the
night sky of Arizona, the elusive darkness
festooned with diamond chiffon, Hope
and truth were abundant; I was a part of

an esoteric, powerful, and magnificent
world.
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Bowers, Jason Lee,

team  (Timothy
Rick St. Clair, Mike
Rouse) enjoyed heated .debates on sud}
<sues as how to define life, what types ©
lslS'u::ts to look for, and how to determine
Fh‘: most efficient process for locating
life. The camp created an
environment where
curiosity was catered to
and questions were always
significant. Such opportu-
nities instill a love for
learning. This effect of
astronomy, this impregna-
tion of divine wonder,
should be NASA’s ultimate
goal.

On the last afternoon of
camp, three student teams
presented road maps for three

extrasolar planet searches. Although
some voiced concerns about money
being potentially wasted in a fruitless
search, most students endorsed this
research program. We recommended
that NASA do the following:

% Make the research program an inter-
national effort in order to spread the
financial burdens and spark public
interest. This effort must not be limit-
ed by political boundaries, but by the
Earth’s atmosphere.

% Lead an effort to improve scientific
education and inform children about
its search for life.

% Make all data accessible to the public
via the news media and the Internet.

% Invest in improved technology for
both ground- and space-based
methods.

% Launch a high-resolution interfer-
ometer to the cool region around
Jupiter to search for Earth-like
spectra in extraterrestrial planets.
After leaving Astronomy Camp, 1

shared my knowledge in a teaching pro-
gram in Newtonville, N.Y. entitled Project
WHEEL. This program was provided for
intellectually advanced students in
fourth- through sixth-grades in the
North Colonie Central school system.

Beginning with the question, Is there

life in outer space an.d if 50 how
you prove it?‘l sulded the Chﬂdrm
through the scientific method in P
pleting their own group road may,

spoke on spectroscopy, astrometry, gra.
itational lensing, m(erfemme‘ry. -
NASA’s prc]iminary road mp' Final}y,l
asked each student to write 2 gl
explaining either what he or she e
learned or what he or she recommendeg

that NASA pursue. Y
Only two of the 40 students did not

support the road map; seven studeng

expressed interest in pUIsUINg a career oy

camp experience u'lvolv?:d with space.

Their recommendations included:

% 1 would like to see Nasa cancel the
shuttle program, as much as we haye
benefited from it, it costs money ang
it would be cheaper and safer to use
satellites for research. — Tim
McDonald

% 1 would like to see Nasa build a new
kind of spacecraft. — Matt Lockwoogd

% 1 think that N.A.S.A. should work
hard to try to discover life and other
planets. They should send something
or someone into a black hole. — Jake
Boland

% Dear NASA, I think that you should
keep exploring. It is very important.

I hope that I could come. Sincerely,

John Cowan

NASA’s success depends on public
support. To ensure the long-term success

of the road map for extrasolar planet

searches, we believe NASA should devel-

op a road map for science education —
emphasizing real participation for all
ages. In my experience, K-8 students
have great enthusiasm for science and
technology and can understand many
concepts generally taught only in high
school or college. We should consider
innovative ways of involving people of all |
ages in the extrasolar adventure. m
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