:;\_' e LSy

Ny Stas Red
\caof G\Clﬂ‘bj

ween's 5iology bebr., Maeh 1976 )

THE SEARCH FOR INTERSTELLAR CIVILISATIONS
' !T PRESENT 6 GROUPS OF ASTRONOMERS IN U.S., RUSSIA AND CAITADA ARE
LISTENING FOR RADIO SIGUALS VEHICH LIIGHT HAVE BEEN TRANSLITTED BY
DISTANT CIVILISATIONS AMONG THE STARS.
HESE ARE SPECULATIVE BZPERILENITS WIICH IIOBODY B CTS TO0 GIVE

THSTANT SUCCESS. NOT EVEN THOSE OF US WHO ARE DOING THEM.

BUT TACT THAT SUCH SEARCHES ARE BEING CARRILED OUT I{T:‘I'Iuégr(zg_; OF THE
110ST SBUSITIVE RADIO DAETECTION BQUIPLIENT ON EARTH SEESFESRS THAT
HE SEARCH FOR ADVANCED LIFE BEYOND THE EARTH IS FINATLLY LEAVING
THE REATL OF SCIENCE FICTION AND BECOLING A REASONABLY REGCPECTADLE

BRANCH OF SCIENCE ITSELEF.

WILL TRY TO BXPLAIN WHY THIS RESPECTABILITY POSSIBLE IN MID~1970'S
AND WHY I DICIDED TO GET INVOLVED WITH THIS KIND OF EXPERIMENT
i o gy - ARE 6N RTTOMMPTING 1 RITIE WM ATONINS
I ENVIRONMENT 15 .
1. HEsspy NOT OBVIOUSLY SPECIAL
5(‘)“3\ '\(‘ e N4
FIRST IMPORTANT STEP WASAPOLISH CLERIC NICOLAS KOPPERNIGK (COPEREICUS) CONVINCING

HIS CONTEMPORARIES THAT EARTH WAS NOT CENTRE OF UNIVERSE. (Slide)

SO MAN DOES NOT INHABIT THE MOST SIGNIFICANT OBJECT IN THE UNIVERSE.

20-TH CENTURY ASTRONOMY TAKES THIS MUCH FURTHER.

UNIVERSE IS LMIL.NDE. DUN 15 ONLY ONE OF SEVERAL HUNDRED BILLION STARS TN OUR
GAIAXY (Slidey. ;ATOMIC SCALE ON THIS SLIDEw EARTH ORBIT SIZE OF ELECTRON ORBIT

IN ATOM. GALAXY:STAR RATIO SAME AS STAR:MAN, SAME AS MAN:ATOM.

GALAXY IS OLLY ONE OF BILLIONS IN UNIVERSE. (Slides)
NOTHING OBVIOUSLY S@PECIAL ABOUT OUR LOCATION IN SPACE.

ASTRONOMICAL SPECTROSCOPY TELLS US CHEMICAL ABUNDANCESSYS0#%mmree. saum kinps

OF ATOMS EVERYAHERE. CARBON, HYDROGEN, OXYGEN, NITROGEN, PHOSPHORUS, IRON,
MAGNESIUM, AMONG MOST ABUNDANT CHAWMICAL ELEMENTS ALL OVER DISK OF OUR GALAXY. (Slided
NOTHING PARTICULARLY SPECIAL ABOUL UHE CHEMICAL MAKEUP OF OUR SOLAR SYSTEM AS A
WHOLE.

IF LIFE B.ISTS IN TdHIS APPARENTLY VERY ORDINARY PLACE DOES THIS MEAN LIFE IS
WIDLSPREAD THROUGHOUT THIS IMMENSE UNIVERSE 7
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2, WHY BOTHER ? N

AS BEEOGISTS I AM SURE YOU WOULD BE INTERESTED IN CONTACT WITH OTHER LIFE FORMS
TO SEE HOW THEY WORKED - WHAT OTHER OPTIONS ARE POSSIBLE.

BUT CONTACT WITH OTHER LIFE WOULD DO FAR MORE THAN JUST INCREASE THE SCOPE OF

UNDERGRADUATE BIDDOGY CLASSES, OR PROVIDE A CROP OF NEW BIOLOGY PH.D. THESIS TOPICS.

ked

Ve 400 neaxs svuee (ohefmupns
MAN IS USED TO THINKING OE‘ HIS SOCIAL PBOG—RESS OoF HIS GOALS, AS THR ONLY ONES,;‘;OF

HIS BESTORY AS THE ONLY HISTORY, - AND OF HIS DESTINTY AS THE ONLY DESTINY. CONTACT
WITH OTHER LIFE WOULD INTRODUCE A NEW CALCULUS OF AIL THESE AREAS.

o-way
AND BY CONTACT WE NEED NOT MEAN PHYSTCAL CONTACT, OR W COMMUNICATION. WE HAVE

NEITHER PHYSICAL CONTACT NOR TWO-WAY COMMUNICATION WITH THE ANCIENT GREEKS. YET
%E CAN BE INFLUENCED BY THEM AND LEARN FROM THEM, BECAUSE WE HAVE A ONE-WAY SIGNAL
FROM THEM CONTAINING CODED INFORMATION THAT WE CAN TRANSLATE INTO MODERN LANGUAGE.

LOCATION OF ONE CONVINCING EXTRATERRESTRIAL SIGNAL SethbSnbauieseeieesc——gey¥ IN A

FORM WE COULD ATTRIBUTE TO WAMBAMUAMANG AN INTELLIGENT SENDER WOULD IMARIWADY
SELE-VIEW T PRODVICED

BE A TRUNING-POINT IN HUMAN EZS%6RY AS IMPORTANT AS £EESSF COPERNICUS. ggﬁ

OF CoNThAC W
WEAT ARE THE CHANCES, AND WHY TRY TO EXPLOIT THEM NOW ? frmerome:

/

3. WHAT IS LIFE ?

AS AN ASTRONOMER I'M WALKING ON SOMEONE ELSE'S THIN ICE HERE, BUT I SHOULD EXFLAIN
WHAT I UNDERSTAND BY IT IN CASE WE HAVE DIFFERENT CONCEPTS. ¢

rBUDDHIS‘.L‘ MONK CAILED BANKEI ONCE CHALLENGED TO DEMONSTRATE A MIRACLE BY FOLLOWER

OF ANOTHER MONK WHO HAD ALLEGEDLY PERFORMED MANY MIRACIES. BANKEI REPLIED 'MY

MIRACLE IS THAT WHEN I FEEL HUNGRY I EAT AND WHEN I FEEL THIRSTY I DRINK'.
TROE

TO ME, BANKEI HAD DEFINED THE ONEAMIBACLE OF LIFE.
L

NAMELY THAT LIFE PEMPORARILY HATTS THE BEST-ESTABLISHED TREND IN THE ENTIRE
UNIVERSE -~ THE TREND TOWARDS EVER-INCREASING MOLECULAR CHAOS. ALL MATTER TENDS

TO BECOME MORE AND MORE DISOB.QERED AS TIME PASSES. OLD BUILDINGS FALL INTO.HEAPS
OF RUBBLE. RUBBLE HEAPS NEVER ‘SPONPANEOUSLY ASSEMBLE THEMSELVES INTO BUILDINGS.
SHINY CARS RUST IN WRECKERS' YARDS., RUSTED HULKS NEVER SPONTANEOUSLY BECOME NEW
CADILLACS. NOT EVEN NEW TOYOTAS.

TREND TEWARDS DISORDER
THERMODYNAMICS SUMMARISES THISlBY SAYING THAT THE ENTROPY OF THE UNIVERSE STEADILY

INCREASES - THINGS WILL GET WORSE BEFFORE THEY GET STILL WORSE.

LIVING MATTER FLEETINGLY MAINTAINS ITSELF AS AN OASIS OF LOW ENTROPY IN A DIRORDERING



UKNIVERSE BY TAKING IN LOW-EIITROFY IMATTER (FOOD) OR LOW-INTROPY 3
RADIATION (SUNLIGHT) AFD EXCRETING HIGHER*INTROPY LIATTZR (WABSTES)
OR HIGHER-ENTROPY ENERGY (HEAT). LIFE THUS KEIPS ITS OWN BEINTROPY
LOW AT THE IXPONSHE OF INCREASING THE RATE OF DISORDIRING OF EVERYTHIKG
AROQOUKD IT.

T THINK OF UFE AS SOMETmNG THAT
e BORIOVS LOW-ENTROPY EIERGY TO FINANCE ITS OWH INTERIAL PROCESSES,
MATHTATINING OR GROVING OR DUPLICATING ITS OWN PECULIAR ORGAINISATION
THEN REPAYS THAT BITERGY T0 THE ENVIRONMENT IN A HIGHLY DEPRECIATE
CURRENCY WIOSE EI

$o LIFE NEEDS LIORE THAN JUST AN ENVIROIMENT THAT PERMITS I
T IST, IT HEEDS ONE CAPABLE OF FEEDIMG IT LOW-ENTROPY

ACCEPTING HIGH-ENTROPY EFERGY I RETURN.
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4. WHERE IN THE UNIVERSE COULD LIFE EXIST ?

MOST PEOPLE THINK THE ANSWER IS 'ON PLANETS!. Tﬂls L&m&_ BE EXCESSIVELY CHAUVINISTIC,
% PLAN
A RESULT OF FINDING QURSELVES TO HAVE EVOLVED ON A QUICK LCOK
e SUGREESTS ThAT PLAN&?ﬁv CHAVVINISM
AT THE OTHER POSSIBILITIES THE UNIVERSE PROVIDES “etmwesi® 1AY ACTUALLY BE CORRECT.

(Sude)
alls€ JOST OF THE UNIVERSE IS EMPTY, OR NEARLY EMPTY. THE SPACE BETWEEN THE STARS IS FOWLOF

SESUSBeed@s [(ViLY LOW-ENTROPY STARLIGHT BUT THE MATTER THERE IS AT SUCH TINY
DENSITIES (EVEN 10 ATOMS PER CC. OR A DENSITY ABOUT 10727 OF THAT OF WATER IS
REFERRED TO BY ASTRONOMERS AS AN 'INTERSTELLAR CLOUD') THAT ENCOUNTERS BETWEEN ATOMS
QCCUR ONLY ABOUT ONGE EVERY 10,000 YEARS PER ATOM. THIS WOULD MAKE BIOPROCESSES
TR TS ST NS S

DIFFICULT, IF NOT IMPOSSIBLE (FRED HOYLE'S STORY 'THE BLACK CLOUD' IS FOOD FOR
THOUGHT HERE) .

AT THE OTHER EATREME? MOST OF THu MATTER IN THE KNOWN UNIVERSE IS IN STARS, WHERK
THis ORGANISATION OF MATTER IS SO DOMINATED BY GRAVITY THAT ONLY NUCLEAR PROCESSES
STOP IT BRING SQUEEZED INTO A PULP OF PURE NEUTRONS IN A MATTER QF MINUTES, THE
BATTLE BETWEEN NUCLEAR PIYSICS AND GRAVITY THAT We CALL A STAR PRODUCES HUGE ENERGY
}(f.;-’ Smmey (S\A‘.‘Q *
Taleried FLUWS AND TEMPERATURE GRADIENTS THAT ARE NOT AT ALL CONDUCIVE TO THE KIND OF
PROCESSES WE CALL LIFE.

PLANKTS PHOVIDE AN INTERMEDIATE ENVIRONMENTABETWERN THESE EXTREMES Sstistig ,
CLOSE ENOUGII TO STARS TO BENEFIT FROM LOW-ENTROPY STELLAR ENERGY, YET ABLE TO
RADIATE HEAT AWAY INTO CSbBmiSmRSssstw® SPACE IN MOST DIRECTIONS. MATTER ON
PLANETS IS DENSE eNOUGH FOR THEf& TO BE FREQUENCT INTERACTIONS BETWEEN ATOMS YET
NOT SO DENSE THAT THESE INTERACTIONS, MAINLY ELECTRICAL IN NATURE, GET OVERWHELMED
BY GRAVITY. THE ABUNDANCE OF LIFE IS THEREFORE QUITE LIKELY TO BE CONNECTED
WITH THE ABUNDANCE OF PLANETS, NEAR STARS. MINI-STARS, oR STAR-LESS PLANETS,
EVEN |F ThEY EXAST, ORE LUNWKELT To SUPPORT LUFE AS LB \cnow (T,
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5. HOW MANY STARS HAVE PLANETS ?

WE CANNOT DIRECTLY SEE PLANETS TRAVELLING AROUND OTHER STARS. PLANETS SHINE BY
REFLECTING THE LIGHT OF THEIR STAR, AND SO PRODUCE FAINT IMAGES TQO CLOSE TQ THEIR
STARS!' TMAGES FOR US TO BE ABLE TO SEE THEM FROM EARTH. SUCH EVIDENCE AS THERE IS
FOR PLANETS AROUND OTHER STARS COMES FROM SEEING THE STARS THEMSELVES WOBBLE

ACROSS THE SKY AS IF UNDER_IHE GRAVITATIONAL PULL OF SMALL UNSEEN COMPANIONS. THESE
OBSERVATIONS ARE BOTH TRICKY AND CONTROVERSIAL AT THE PRESENT TIME.

THE MAIN REASON FOR E.PECTING PLANETS TO BE COMMON IS BASED ON OUR PICTURE OF HOW
Tregion STARS COME TO BE BORN (Slide). POCKETS OF INTERSTELLAR GAS COLLAPSE UNDER GRAVITY
OQSBAVATONS D THE GRS HAS
TO MBKE STARS. Gl it s o et Bt P OB G e St Quunbieiel
SOME ROTATION BEFORE IT COLLAPSES TO MAKE A STAR. THEN VERY BASIC PHYSICS SHOWS
THAT THIS INITIAL ROTATION MUST BE AMPLIFIED AS THE GAS CONTRACTS, MAKING IT FRAGMENT
INTO EITHER SEVERAL STARS MOVING AROUND ONE ANOTHER (A MULTIPLE STAR SYSTEM),jyi

PLANETS MOVING AROUND A CENTRAL STAR.

(Suse)
ABOUT HALF OF ALL KNOWN STAR SYSTEMS ARE MULTIPLES. THE OTHER HALF - SINGLE STARS -
WE EXPECT TO GENERALLY HAVE PLANETS, GIVING US AN E<PECTATION OF OVER 100 BILLION
PLANETS IN OUR GALAXY ALGNE.

G E o

6. HOW MANY PLANETS COULD SUPPORT LIFE ?

OUR ANSWER TO THIS IS SKETEEBY, AS WE HAVE ONLY SEEN ONE LIFE MECHANISM IN ACTION.

ALL BARTH LIFE, DESPITE ITS TREMEDOUS LUPsRILCIAL VARIETY OF FORMS, IS BASED ON THE
SAME CARBON-COMPOUND-IN-WATER CHEMISTRY. SO WE DON'T KNOW IF OTHER BIOCHEMISTRIES
WOULD ACTUALLY BE VIABLE.

CAN'T DO STATISTICS WITH ONLY ONE SAMPLE - GET BIASED ESTIKATE OF MEAN AND NO
ESTIM%EE‘ﬁﬁﬁTSOEVER OF VARIANCE - DON'T KNOW WHETHER CARBON-COMPOUND-IN-WATER
MECHANISMA;S ONLY ONE POSSIBLE, OR WHETHER IT'S ONE OF MANY POSSIBILITIES.

BUT I PRESUME THAT THE PROBABILITY THAT ANY ENVIRONMENT SUPPORTS LIFE, P(KIFE)
= P(LAWKI) + P(UNKNOWN). SO LCOKING AT P(LAWKI) GIVES US A MININUM ESTILATE.

TWO OF TEN PLANETS IN OUR SOLAR SYSTEM$ COULD PROBABLY SUPPORT LAWKI - MARS AND
MNagder EARTH. MARS JARS EXPERIMENTS (Slide$) SUGGEST THAT VERY SIMPLE EARTH ORGANISHS

CAN SURVIVE MARIIAN CONDITIONS. POSSIBLY VIKING IN JULY WILL HAVE MORE TO SAY ON

THals.

POR LAWKI EARTH IS IN 'HABITABLE ZONE' AROUND SUN, MARS MAYBE JUST ON OUTER EDGE.

FOR ANY STAR CAN DEFINE INNER LIMIT OF HABITABLE ZONE FOR LAWKI (Lﬁﬂg;_FRIES) AND

OUTER LIMIT (LAWKI FREEZES) - Slide.

Adﬁ(éi‘ THE HABITABLE ZONE SIZE FOR LAWKI INCREASES WITH STAR LUMINOSITY. PROBABILITY
2o OF FINDING PLANET L LATKI- ITABLE ZONE IS GREATER THE MORE LUMINOUS THE STAR.
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MOS T LIKELY PLACES To FIND OUNE’\'S HRGWABLE 8Y Bk
SO OTHER THINGS BEING EQUAL THE GRE#Z o .

ﬁ&E AROUND MORE LUMINOUS STARS.

" "

BUT OTHER THINGS ARE NOT EQUAL. Iessuaassy A.LDO NEED GESTATION TIME FOR LIFE ON
PLANET. MOST LUMINOUS STARS BURN UP % ENERGY SUPPLY FASTEST AND HAVE SHORT

LIFETIMES. SO IN FACT INTERMEDIATE-LUMINOSITY STR S MOST LIKELY (Slide)To SuPPRT ULFE,

THIS NARROWS US DOWN TO ABOUT ONE STAR IN THREE OF ALL SINGLE STARS, I.E. ABOUT
ONE IN SIX ALTOGETHER.
THIS STILL GIVES US OVER THOINFERIBN STURS IN OUR GALAXY ALONE. LIKELY To WAVE PLANETS

ThAT CovLD SvPPeT
LAWKT ,

PANETS WITH RIGHT
Ts GIVENACHHVLISTRY, DO WE GET LIFE %

RO R bl SRR P =N~ PHE
Shdiineniiiin  [AWKI BASED ON SOME OF MOST ABUNDANT CHEMICAL ELEMENTS IN UNIVERSE
APTER HYDROGEN AND HELIUM (EARLIER SLIDE), A%AN SREESSY EAPECT SEVERAL BILLION
POSSIBLE 'LIFE SITES' WITH APPROPRIATE CHEMISTRY IN OUR GALAXY. DOES THIS MEAN
WE SHOULD E.PECT A GALAXY TEEMING WITH LIFE ¢

ORKIN OF LFE
IF ORIGIN OF LIFE RELIES ON NOT-TQO-I#PROBABLE PROCESSES, ANSWER IS YES. IF VEEER

IWoX€S SOME INCREDIBLE FREAK, THEN MAYBE NOT. PROBLEM IS THAT WE CANNOT B AT ALL SURE

EXACTLY HOW PROBABLE ORIGIN OF LIFE IS, GIVEN A PLANET WITH THE RIGHT CHEMISTRY.

WE NEVER SEE LIFE ORIGINATE NOW WITHOUT BEING PRECEDED BY OTHER LIFE WHICH HAS
CRUCIAL ROLE IN PROVIDING I'HE ORGANISATION FOR THE NEW LIFE.

CHEMICAL EXPERIMENTS HAVE SHOWN THAT GIVEN PLAUSIBLE PRIMEVAL EARTH ENVIRONMEN T
CONTAINING SIMPLE ABIOLOGICAL MATERIALS, THEN A WIDE VARIETY OF CHEMICAL
INGRBDIENTS OF EARTH LIFE CAN BE BUILT UP BY RANDOM OR NEARLY-RANDOM PROCESSES
INVOLVING ENERGY SUPPLIES THAT ARE NOT EXOTIC BUT READILY AVAILABLE, e.ge
ULTRAVIOLET RADIATION FROM SUN, COSMIC RAYS, HEAT, ETC. ﬁ-

COMPLETELY ABIOLOGICAL SYNTHESIS OF SUCH IJKPOrETA‘I’\I’l MATERIALS AS AMINOACIDS, ATP,
TAW
SOME PROTEIN-LIKE CHAIN MOLECULES, ETC. FROMAINANINMATE ENVIRONMENT HAVE BEEN

DEMONSTRATED ON LABORATORY TIWE-SCALES. ALL THAT SEEMS TO BE NEEDED IS AN ENERGY

SUPPLY ADEQUATE TO BREAK BONDS OF SIMPLE MOLECULES LIKELY TO EXIST ON PRIEMVAL

INTD SIMPLE MOLECOLES AG&RAIN .
PLANET, AND A SHELTER FOR COMPLICATED PRODUCTS FROM BEING REBROKEN A PUDDLES, LAKES

frmma—eees . TDEAL BECAUSE GVAPORATION CAN HELP CONCENTRATE PRODULTS,

_ Neey BAS\e UFETORM
SR [HESE SINPLE E(PERIMENTS INDICATE THAT, THEAINGREDIENTS OF OUR AMESENE

8Vt HAWMM&Q!MN’; 1S NOT MAVING CAKE, /' = mvessemmee
@M% MAY EVOLVE RANDOMLY . A ® WHAT IS THE ORIGIN OF THE CODING
OF LNING mf-\'neg

CnemichL
THAT CAN ORGANISE TdE‘INGRbDIM\ITblIVTO VIABLE LIVING SYSTEM ?
,\
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WOULD NOT PROVE THAT TIIS WAS THE WAY THEY DID APPEAR LONG AGO.
WHETHER OR NOT LAB EXPERIIEITS CAN PRODUCE GENETICALLY SIGITIFICA
IL:0LECULES FROILI ° ATTER, WE LIAY HAVE ORIGINATED TIHROUGE
HON-RAITDOLI PROCESSES WHOSE PROBABILITY W3 CAINIOT BITIMATE BY

TERRESTRIAL BYPERIMNENTS, OR IVEN BY ANY EXPERIMEIT
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(CANT)

DIRSCTED 'BIOCAPSULE' LAULNCHED TFROIL:
SALDWICH LUNCH OF A VISITING
THAT WE DON'T KIOW TmAT WE DIDN®

BEYOND THE SCOPE OF SCIZHCE -
TIGATION CONFINED TO EARTH

BVOLVE FROL
LETT BEnp DN EXRTW 81 SomE P«NU\M ASTRoNAT .
LGy Fe.um N&u

BARTH CANE FROM QUTSIDE EARTH,
IEVIIERE OR
STRONAUT (Slide).

A)

WE DO OT HAVE, AWD MAY NEVER HAVE, ENOUGH
e e Ty
BARTH-BASED EXPERIIGNT TO TELL US WHETHER TO EXPECT OUR GALAXY TO BE
TEELING WITH LIFE, o:a-m TO EXPECT THAT WE ARE AN ISOLATED,
BAROQUE EXANPLE OF CARBON CHIIISTRY GOBE PECULIAR, HEVER TO BE
RUPTATED J_J__n).‘;r,_‘r?.E
ThAT
(T\$ THIS POSSIBLY FUHDALENTAL LACK OF KIIOW LT;G:A AKBES ME WANT TO LOOK
oy ORI R
IN JHATEVER WAYS ARE POSSIBLE FOR LIFE ELSEWHERE,
. LsoK _ CoNFWED To
TASA CAI oo=lSEs ITH TXPRISIVE; SHIORT-R f, LANDING I'IS IOWS) I R
- R —— MR ATe I e -
SOLAR SYSTZM FOR === TUTURE. OUR TECHICLOGY GIVES US ONE, Yeall
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PRoBABLY
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ATTERNATIVE APPRDACH .

NP,

RADIOACTIVE DATING OF EARTH ROCKb " MOON ROCKS AND METEORITES SUGGEST THAT Tr{.E\

SOLAR SYSTEM FORMED 4.5 TO 5 BILLION YEARS AGO.

ASTRONOMICAL DATING OF STAR

GROUPS IN OUR GALAXY SUGGESTS THAT SOME FOmMED AS LONG AS 12 BILLION YEARS AGO,
JUDGING BY Thlk STARS THEY CONTAIN .

WHAT THIS MEANS IS THAT IF

NOT Li\KELt To
TR

&e
AMONG 'HiE FIRST,

(] OTvi-—\R;'\ (]

- OTHER LIFE-FOFMS - KXIST OUT THERE WE e PRE

INDBED ASTRONOMICAL EVIDENCE SUGGESTS THAT RATE OF STAR

FORMATION IN OUR GALAXY DECLINES AS MORE AND MORE INTERSTELLAR GAS GEDS
INCORPORATED INTO EXISTING STARS.
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F ELERGEIICE OF LAWKI IIAY HAVE (
PLATE THE POSLIBILITY THAT IIORE

AND HAS BEEN QUT THERE FOR SOME TINE

I
S ——— “TrER 2
9. IONG DISTANCE - ALMOST LIKE BLING onul EETTER <

ELSCTROLAGHETIC WAVES TRAVEL AT EED OF LIGHT AI'D USE ALIIOST
O EIERGY COLPAL WITHE IATTER TRANSPORT, WHICH IS BASICA

AND EHERGETICALLY COSTLY. THE INFORMATION CONTENT OF A SIGNAL
SENT BY ELICTROMAGIWETIC VAVES CAN BE ENORIIOUS POR THE ENERGY
INVEOTITENT  COMPARED WITH N\Pc'\"l'& TRANSPORT .

TITERSTELLAR SPACE IS HOT Beesmsmsms TRANCPAREE
WAVES, BECAUSE OF TUHIN DUST IT CONTAINS (Slides). BUT RADIO VAVES
TRAVEL EFFECTIVELY FOREVER TIROUGH THIS IIATERIAL,

VP
ek L e

HTIONALLY SURE OUR FLANET WITH DING
ACNT OURSELVES ety -
ATIONg - ALL OUR RADIO, TV . OTHER DROADCASTS THAT
LEAKED IHTO LL“C SI‘? B WE DEGAN TO USE THE

oF LEDIA., THIS WAE
I - . No MoRE MN&NL% L 3
ULD BE DETZCTED BY/\__— CATY e, THAN OUR BEsY
RECEIVERS BY A

RBY STARS,

a.

—!'Tr ,1“«,’-‘\ {g

RADTO C)I [ALS ARE A PARTICULARLY LIKELY WAY FOR ADVANCED

E‘I EnsT
rl_.{_\/_L..Ji()“iTTO‘ ISATO BLUNDER INTO COIITACT "ITH ONE IVEN ACROSS
: DISTANCES. OUR OWN TECIIIIQUES VOULD UsS TO DO

)
T e - hi6 T TT TTNTTT VAT TITT 7 7 oo !
THIS NOW, IF WE KHEY HOW AND HERE T0 LOOK, For ThE 'DTnfes’

9
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SO IT'S HOT PRAPOLATING VBERY AR TO BUVISAGE THAT IF THERE AT
'OTHZERS!' OUT JHERE, AND RADIO CONTACTS HAVE BEEN LIADE IN THE
R GH ACTUALLY BE ENCOQURAGED BY SETTING
POWERFUL RADIO 'BIRACOW SLITTING
= G\ES .
SIGHNIFPICANT OR UIUSUAL
Toold, e o o _
IS Wi COULD EASITY HARWESS HUNDREDS OF IBEGAUATTS OF POYWER
CH A SIGWAL, AND QUR BLST BQUIPLENT COULD DOTRCT SUCH A
WAY AC 088 OUR GATAXY .
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IAT FUTURE COITACTS K
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STIMULUS THAT LAUNCHED THE PRESZNT R0UND OF

TION THAT WE_COULD DETEGT CIVILISATIONS
10 LIORE TECHNOLOGICALIY ADVAICED) THAYN OURSELVES, AC 0SS INTERSTELLAR
DISTANCES IF WE K00 WHERE TC T00K. SO THE PRESENT
EXPERIIEITS USE RADIO TELESCOPES TO SEARCI THE IIZIGIBOURIOODS
OF STARS FOR Ul WALS AT A VARIETY OF FREQUEICIES (Slides).

VE S 1. PECT TO SE.RCH FANY TARGETS AT MANY FREQUZNCIES, TRYING
VARTOUS IDEAS AT GULSCHING PLACES TO LISTEN AND FREQU:

TO., WE CBVIOQUSI

OT EXPECT QUICK SUCCESS, SO FAR Wi JIAVE FATLED,




i Wyeed
}THE GE;I\TG HOIES IN OUR KWOWLEDGE. ABQUT HOW ILAWKI DEVELOPED HERB
ON EARTH MAY CONTAIN HIDDEN FAGTORS WHICH GUARANTEE THAT ATL SUCH
EXPERIMENTS WILL FATIT,

MAYBE WE ARE A RARE COSMIE FREAK -~ A NUCLEIC-ACID ABERRATION NEVER:
TO BE REPEATED ELSEWHERE.

MAYBE TRULY ADVANCED CIVILISATIONS DO NOT SPEND VERY LONG DABBLING, . _

IN TECHNOLIOGY, PERHAPS THEY FIND BETTER WAYS OF ADAPTING TQ THRIR

T - ENVIRONMENT. OR MAYBE THEY BLOW THEMSELVES TQ SMITHEREENS, 3

MAYBE. LAWKTI ELSEWHERE COVNMUNICATES THROUGH CHANNELS WE CANNOT EVEN
IMAGINE, LET ATONE TUNE IN TOQ.

£ . -

S0 THE CHANCES OF SUCCESS IN THESE LISTENING EXPERIMENTS ARE SMAI:I:.
BUT WE DO NOT XKNOW THAT THEY ARE ZERO, UNLESS WE ARE TOQ PESSIMISTIC
T0 TRY.

Wk ReD
IT oe==oSsssseamemnsim= NOTHING BUT SILENCE 1 O.l G THE STARS, IT

WILL BE FRUSTRATING. BUT THE POSSIBILITY OF m FRUSTRATION

IS NMORE ACCEPTABLE TO X s s INASHES THAN THE FAR
WORSE POSSIBILITY, rl‘H.AT WL couLD B_l ,(PROLONL:ING MANT'S ERA OF SELF-
CENTRED: ISOLATION. SIMBLY BY NOT TRYING. TO SEARCH FOR GOUR CaISINS
AMONEG THE STARS.
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