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hese are exciting limes for space

exploration. We've been privileged

o witness a percepiual paradigm
shift. Just 50 years ago, every credible
authority maintained that mankind wis alone
among the stars, the sole sentient specics in
the vast cosmos. Today, the overwhel ming
preponderance of scientific thinking holds
that we are nol. How quickly we have com-
pleted the Copernican revolution!

In thes article I°f] lay out a strategy for
amateur SETI, a4 Search for Extra-Terres-
trial Imtelligence. With several thousand
hobbyists available, such a program could
rival any government search ever proposed
{and denbed fundimg ! ). 1711 also list the cquip-
ment requirements for an amateur SETI
monitoring station. Believe it or not, it"s all
within your grasp

S0 Who is SETI?

Ihe acronym SETI was coined in the
| 960k to describe the use of radiotelescopes
1 seek out electromagnetic signals of
possible extraterrestnial intelhgent origan.
Dozens of such searches have been con-
ducted over the past 35 vears. The resulis
have been interesting, but not conclusive
On the other hand, mot only have we not
vet seratched the surface. we haven't
even found the itch. SETI pioneer Frank
Drake. who conducted the first search in
1960, now estimates that there are per-
h.||r\. 10,000 advanced civilizations in the
Milky Way Galaxy.' See the sidebar. “The
Drake Equarion.”

Bul o ahaut
Billiesne sturs! That makes each star we sur
vew a 20-million-to-one long shot, Despite
the numbser of stars surveved to dame, we've
hardly begun the search, To have found the
elusive needle in the cosmic haysiack by
now would be equivalent 1o walking into the
Library of Congress blindfolded, selecting
ung book at random, and geting home o
find that we had checked oul Macheth. IF we
try. and fuil, does thar mean than Macheth
does not exist™ The data 1s incomplete.

I'hen agamn, our feaders are hardly averse

galaxy contmns 20000

'Notes appear on page 39

The Big Ear radiotelescope at Ohio State University, designed and built by John Kraus,
WEJK, 15 home to the world's longest running SET| program. It has an efiective capture
area of 1000 square maters

to acting upon incomplete data. NASA once
had a modestly funded SETI office. and ini

tiated 4 search in October 1992 (sagnifi

cantly, the 500th anniversary of Columbus”
first vovage of discovery). Falling o pro-
duce immediate resulis, NASA s search was
suspended by Congress just one vear luter

Fhe SETI League is amaong the organizations
now Irying to privatize those efforts. [1 was
founded by hams as a membership sup-
ported, aonprofit scientific and educational
corporation. Cur charter invalves arganis

I and conducting an  eléctronmagnenic
search of the skies io spoi signals of possible
intelligeni ongin. Thousands of microwave
hobbyists working i conson now seck to do
whal hisms have often done: .!L'i.l"'lll.r"ll'1|1 the
impassible!

Cosmic Evolution

George Gamov Tirst theorized that the
UNIYeTse hl.,'l__".,lll as a single, JIIIII:'.1I|.'|:\. dense
point in space-time, which exploded nine w
eighteen billion years ago, and has been ex-
panding and cooling ever since. Hisevidence
Wils l:||\,: consistent red-shift (decreasing lre-
guency Doppler shalt) which Edwin Hubble
had measured in distant galaxies. Fred
Whipple derisively dubbed that universal
birth event the Big Bang. and the name stuck.
Gamoy's theory further predicted that the

Big Bang should have lefta residue of micro
wave radiation, which was indeed first mea
sured by Arno Penzias and Kobent Wilson i
1965, The so-called Three Kelvin (3K)
Background Radiation has been reaffirmed
countless times, and stands as the best evi
dence o date of an expanding universe,

Uhur uncertainty about the exact age of
the umiverse stems from our imability (Ehus
Far) to precisely measure the Hubble Con-
srant, the rate of expansion of the umverse
Recem measurements from, appropriately.
ihe Hubble Space Telescope are bringing us
closer o an answer, We do believe, how-
ever, that our planet 15 about Four and a half
billion vears old, 5o, the Earth appears 1o be
only half to one-fourth the age of the uni
verse. Which sugpests that our Sun and
II-|..|||§_'| are youngsiers, recent arrivils on the
COSMEC sCene

Perhaps a tenth of all stacs appear similir
in stee. heat and composition (0 our Sun
Although we cannol detect planetary sys-
tems opiically. they evidence themselves in
several other ways, Everywhere we have
looked for |1|.J||-.'I-. we have seen indications
of their presence.”

Planetary formation may be an essential
prociess by which a nivating star dissipates
some of its angular mementum. BF it is ¢om
monp lece. we can assume thal each of the
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Sun-fike stars inour galaxy has its own reti-
nue of planets. Since the sl from which
our planet is made is hardly unique 1o Earth,
but common throughout the cosmos, we can
expect at least some of those hundreds of
billions of planets to have a rocky crust, lig-
wid oeeans, pulfy clouds and mitrogen skics,

Chur galaxy is but one of a hundred billion
such star groups in the universe. Now there’s
no reason to expect the laws of physics, or
chemisiry, 1o be different in those other
galaxies, from the ones we observe on
Earth. Which leads us 1o imagine the exist-
ence of countless billions of Earth-like plan-
ets circling Sun-like swers. And remember,
muost of those planeis are older than our
homeland, and have had more time 10 spawn
their particular versions of life.

The Emergence of Life

Perhaps the most amazing aspect of our
existence 1s that {ife evedved from nonliving
Hifings! Mot just any nonliving things, mind
you, but a specific group of complex organic
molecules called amino acids. Recenily,
dozens of complex molecules, many of them
organic, have been detected in the intersiel-
lar medium, We now know that interstellar
space is anything but an empty void. It is a
veritable chemistry set.

But can it spawn life? Mobel chemist and
SETI pioneer Melvin Calvin believed so. At
Berkeley in 1951, he sparked a mixture of
carbon dioxide, hydrogen., and water with an
energy burst from a cyclotron, and produced
arganic chemicals, some of which are known
o be precursors of life. In 1955, Miller and
Urey at the University of Chicago restruc-
tured the Calvin experiment with an even
more startling result: using several of the
precursors commaonly foand in space, they
produced o wide variety of amino acids!

The chemicals of life may be found on
countless planets. Necessary energy sources
(lightning, volcanism, whatever) abound.
Building amino acids appears relatively
easy. In fact “alien”™ amino acids have al-
ready been found in meleorite fragments, so
we know they are commonplace in the cos-
mos. 1175 a long step from amino acids to
living. thinking beings capable of harmess-
ing eleciromagneiic communication {and
hence detection by our radiotelescopes ). On
the other hand, the number of potential life
sites in the universe is truly mind-boggling.
There may be on the order of a million mil-
lion billion (107") “good™ suns among the
galaxics. Should life not have evolved on
planets orbiting a good many of those
suns? If an infinite number of monkeys sits
down at an infinite number of typewriters,
one of them 1s bound o write the whole
Encyolopedia Galactica,

How Lo Search

Wecan'tsay that all species develop elec-
tromagnetic communication, bul we're bet-
ting that some do. Photons are, after all, the
fastest space ships we can imagine. Radio
communication is cheap, quick and easy 1w
learn. If we can figure it out, the assumption
of mediocrty suggests, then so can anybody.,

38 0O5%

Perhaps a technologically advanced civiliza-
tien adopted, and then abandoned, radio com-
munication a billion years ago. No mater. If
they are a billion light-years distant, their
photons are just now reaching us, and are
falling silently on our heads even as we speak.

The greatest obstacle to interstellar com-
munication is naturally occurring noise.
Galactic, cosmic, quanium and synchroiron
noise sources span the spectrum, but they
are not uniform, The quietest pan of the sky,
the 1 o 10-GHz microwave window, is a
logical starting point, and by no means geo-
centric. But we're talking an incredible

bandwidth here. Can we narrow the search
spectrum’!

Most SETI sciemtists think we cun,
Toward the bottom of the microwave win-
dow are twao rather strong spectral radiation
lings, emanating from hydrogen and hy-
droxyl. twoof the most abundant subsiances
in interstellar space. 18 has long been sug-
gesied that beiween these iwo markers falls
a natural, universal communications hand.

Significantly, hydrogen and hydroxyl are
the disassociation products of wiater. Al-
though we need not limit our search to water-
hased life, it's interesting 1o speculate thit

The Drake Equation

N = Aol

communications tech develops).

communicative civilizations in the Mi
League's advisory board, has pe
survey.—WBEIMY

Is there a way to estimate the number of technologically advanced civiliza-
lions that might exist in our galaxy? While worki
Astronomy Observatory in Green Bank, Weslt Virginia, Dr Frank Drake conceived
a means to mathematically estimate the number of worlds that might harbor
beings with technology sufficient te communicate across the vast gulfs of
interstellar space. The Drake Equation, as it came to be known, was formulated
in 1961 and is ?anamlry accepted by the scientific community,

N= Thn number of communicative civilizations
A. = The rate of formation of suitable stars (stars such as our Sun).
= The fraction of those stars with planets. (Current evidence indicates that

planetary systems may be comman for stars like the Sun.)

n, = The number of Earth-like worlds per planetary system.

;= The fraction of those Earih-like planets where life actually develops.

f; = The fraction of life sites whera intelligence develops.

I, = The fraction of communicative planets (these on which slectromagnetic

L = The “lifetime” of communicating civilizations.

Frank Drake's own current solution to the Drake Eguation estimates 10,000
Way. Dr Drake, who serves on tha SETI

ly endorsed SETI's planned all-sky

at the Mational Radio

This computer printout
from the Ohio State
raum:iemupow ahws. | Ihla
legendary “Wow!” s
wﬁich marw SETI e
scientists believe
represents the best
candidale to date for a
signal of intelligent
extraterrastrial origin,
Highly intermittent, the
Wow! exhibited all the
characteristics expected
of a true alien signal, but
it never repeated. The
Wow! was named for the
note In the margin of the
printout, scribbled by
radicastronomear Jerry
Ehman when he
discoverad it on August
15, 1977. About 15 dB
above the background
noise level, it represents
the type of signal that
amateur SETI receivers
can hope to delect.



others might recognize aspecial sigmficance
to these two frequencies. Bernard M, Oliver
headed NASA s lawe SETI office. It was he
wha, ina 1971 study,” first seggested scan-
ning the cosmos between the hydrogen and
hvdroxyl limes. He coined the rather poetic
term for ihas proposed communications
bamd. *Where shall we seek out our kind?”
Oliver asked. “ At the water hole, where spe-
cies have always gathered.”

I'here are other interesting fréegquency re-
gions W explore, but for now let’s go with
the majority opinton. The water hole extends
from roughly 1420 w 1660 MHz, a band-
width of 240 MHz. Monitoring it in 10-Hz
steps means we have 24 million channels to
scian?

Mow you can understand why so much
SETI research has been devoted o develop-
ing megachanne! real-time spectrum ;.1|1.'||'_f"f-
ers. This can be approached as a digital sig-
nal processing (IXSP) problem, an area in
which hams are emerging as prime users,
Given the appropriate software, it has been
shown that DSP sysiems are capable of rec
ognizing very weak coherent signals

Numerous fargeted searches of inlerest-
g candidate stars have been conducted in
the past 35 years, An all-sky survey, on the
other hand, makes no o priosd assumplions
as to the most likely direction w explore. It
atlempis to sweepthe entire sky as secn from
a given location. No antenna tracking is re-
guired, since 1t is sky, rather than individuoal
stars, that we seek 1o survey. Therefore, we
can deploy our antennas in & virtual transit
mount maode. as Grote Reber did when he
imvented the radimelescope,” by aiming
them due souwth, letting the Earth turn them,
and varying only their elevation

Because large antennas are quite narmow
the sky survey is better performed with
dishes of moderaie size. Smaller antennas of
course have less gain, so 1o achieve reason-
able semsiivities, they need o scan for ex-
tremely long periods of time. The sky survey
approach, it would seem, is ideally suited w
the community of radio amateurs and micro
wive expenmenters, This is the area in
which | feel hams can make their most sig
nificant SETI contributions.

What Can We Da?

Consider that the average moonbounce
or TVRO dish has a beamwidth on the order
of 37, Let"s put that dish on a transit mount,
and tei the Earth be our anlenna rotator. Now
the dish will be rotating at 13° per hour,
which means any star will be within its
beamwidth for about 12 minutes. Given ex
isting amateur DSP technology . and employ-
g a few ricks, 12 minutes is enough tme
o thoroughly scan about 144 kHe of spec-
trum., at 10 He resolution {which | consider
conststent with the frequency stahility of
amateur microwave local oscillitors), Bul
the water hole 15 240 MHz wide, which
MmiEdns W0 COver oul ;.|w.-|._|:n\'|| sawath of sky at
all water-hole frequencies, we need 1o be lis
tening for omly 16067 days, That's o linde
over db years

'H‘!.';:II_. perhaps a dedicated expenmenter
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The author standing before 5-meater (left)
and 3-meter (right} satellite TV dishes,
Both antennas have baean relittad for
amateur SETI. Five thousand such
systems around the world can provide
raal-lima all-sky coverage.

will be willing to devote 46 years of his lile
toy studying the sky. Tyche Brahe did. Buta
4b-year search at a single antenna elevation
will only survey a 3% swath of sky_ To cover
the range of declinations from the southern
to porthern horizon, we need 1o conduct &1
such surveys, which brings the time required
for the effort up to about 2760 years! And
that only covers the one hemisphere of sky
we can seg from our part of the world, a com
plete sky survey demands we spend as long
searching from Earth's other hemasphere as
well, 5o, a single dedicaied amateur can
complete one full sweep of the water hole in
just under six millennia’

On the other hand, 5520 expenmenters
e do thae same sky SUrvey in just ome veis
This is why we need 1o muke SETI a broad-
based effort. And where but in the Amgieur
Radio service are we hikely to find several
thousand  dish-equipped  experimenters,
scattered around the globe, with the means
to coordinate thewr elforts? The SETI search
problem is tailor-made for us,

What do vou need to jon the search?
Here™s the list:

# A 3o S-meter parabolic reflector, with
surface smoothness adeguate Tor TVRO. i
23em moonbounce,”
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* A low-noise preamp that covers the 1.4
o 1.7-GHz range.

« A downconvener (in the manner of the
popular Rick CampbellfJim Davey no-tune
transverier boardsh to shift the water hole
down toa WYHF IF.

* A VHF scanning receiver

« A digital signal processor. spectrum
analysis software, and a home compuler on
which 1o run them.

All can be purchased al a cost on a par
with the tvpical OSCAR satellite station.
Several hundred siations are alresdy so
equipped. By the turn of the century. per
haps several thowsand. apd then—who
knows?

Some kind of coordination is required,
and that"s where the SETI League comes in,
We stand prepared 1o assign participating
amateurs specific search declinations, o
pssure full sky coverage, and will act as a
clearinghouse for information and results,
Onee a suspicious signal is detected. every
body will want 1o know where o point his o
her dish to help confirm 1!

A broad membership base will make i
possible w put amateur SETI on track, We
plan to publish and promote the best hard-
ware and software schemes 1o come oul of
the hum community, and will design, proto
type and evaluate vanous detection and sig-
nal analysis technologies. Toreceive further
information on joining the SETI League,
call 800-TAU-SETI. of ¢-mail to info
setileague. org, In the immortal words ol
Rick Blaine, “IT that call comes, and you
don't answer. you'll regret it. Maybe not
toduy, maybe not tomomow. But soon, and
for the rest of vour life.”

Notes

'Drake bases this estimate on his personal solu-
fion for the Dvake Equation, an glegant tool for
quantilying our sgnorance, which he developed
in 1961 as the agenda for the world's first SETI
conference. Today 1he Drake Equalion is &
classic, fo be found in nearly every astronamy
textbook thal addresses the question ol align

_ lite. Soe the sidebar, “The Drake Equation.”

“Viewing a planel orbiling a star is a liltle like
laoking al a hirefly perched on the rim of a

_ searchlight

“Thal study, part of a summer M.culrgl‘elluwshm
program at Stanlord University. brought to-
ge!her some ol thd leading minds in raded as-
tranamy, to puzzle the problem of interstallar
communication. The group’s most langiblo ra-
sult, the Projoct Cyclops report, remains one of
the most imporiant SETI publications 1o date

JF|.|a||:n;;:r_ an alechical egnginear and radio ama-
feur (WOGFZ), build the firs! true radiotele-
scope in his backyard in Whealon, llingis, in
1937, Allhough lacking in formal astronomical
frainimg, he is loday recognized as the patr
arch ol a new discipling. His 10-meler-diam-
eter dish (only a little larger than the size that
| propose for amateuwr SETI), on a transil
mount, genarated the st radio map of the sky
Reber measured radation levels millions of
times in @xcess of what then-favored theories
predicted. His controversial measuremaents
have subseguently been borne out repeatedly.
Reber ultimately retired to Tasmania

911 you don't want 1o dedicate your dish full-time
to the SETI elforl, ne probbam. A watar-hole
foed cerlainly dogsn' preciude installing other
feeds al the local point as well. You can prac
tice whial's come 1o be known as parasitic SETI
letting your waler-hole recaver scan whike yous
dish goes aboul s daily business of EME, TV
or whatewer o%¥.

August 1995 39



