Average or nat’?

Just how u nlque |s our Earth’? -



Introductior .

i | am NOT a Blologlst' (no hlgher than JC Scrence')

am an Astronomer

a nterest in Blology stemed from the work of Frank

Drake and others at the SETI Instltute L
The uItlmate questlon to me is Are we anne’?”

_-@-_f.}'-AlwayS belreved (based malnly on pure optlmlsm) .

~ that there must be loads of life like us in our galaxy

- The Book “Rare Earth: Why Complex Lifeis
- Uncommon in the Universe” (P. Duglas Ward & D
e ”Brownlee) forced me to reIunctantIy th|nk agarn'
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| ._In th|s taIk I W|II be Iookrng at Earth s most
| j_-._.-._|mpresswe feature its support of hrgher I|fe

S Bacterial life is amazrngly resilient and has been L

Lo -ﬂ"found in the most extreme envrronments

- __"-_ngher life seems to be a Iot Iess resrstant to
' 'j--..'.::'_extremes - . R S

For the purpose of th|s taIk I WI|| conS|der h|gher I|fe

'- -j __;‘  to be complex |nteII|gent I|fe forms I|ke Humans
S Chlmps and Dolphlns | | S
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 Teowndog P

o Oplnrons on Just how unlque Earth |s seem to keep : S

. | -swinging from srde to srde (as WeII as generatlng
RS controversy') ST .

-“"Frrst we beIreved Earth Was unlque (based on
. '_--__’_rellgron more than anythlng eIse) Sigen

. Then Scientific opinion began to swrng the other o
- way. (Drake Equation, explosron in dlscovery of
~ Extra Solar Planets) Sl R e e

iy Now Scientific oplnlon seems to be startlng to swrng

| ;.back Earth appears to be qU|te speC|aI after aII'

amoos
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What |s needed for ngher
Llfe’?

i | __A temperate envrronment rloh 1] the eIements
| j_-._.-._needed {elg organlc molecules (malnly Carbon)

';--?.-'Proteotlon from SteIIar and Cosmlo radlatlon

B An enV|ronment Conducwe to dlverS|f|cat|on ;

ey to hlgher Ilfe appears to be a Iong and slow process_ e

Manyvarled enwronments GAC G
Some catastrophes to kICk start evolutlon |

el 'so these condltlons must exist over a very Iong
'-T__penod (~4 B|II|on years on Earth)
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Earth s Key Features L
Looann - . —

ol 1eavy eIements and a qwte nelghborhood)
e j_'f"fi__ocated in the Sun s 'Habitable Zone

. n orblt around a very speolal star
RICh in heavy eIements
Blg yet Iong I|ved (rare) e e
Just the nght amount of debns our early solar

_ooated in the GaIaX|es 'Hab|table Zone (Iots of e .

system to acquire needed water and carbon WIthOU’[._.. |

destroylng the pIanet (Juplter responS|bIe) G
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Earth s Key Features --'
Contlnued

Has molten core and pIate tectonlcs

Prowdes I\/Iagnetlc F|eId WhICh acts as a V|taI sh|eId
il Allows Earth to cycIe Carbon e
: 'j AIIows Earth to re- dlstnbute Oxygen and Water o
= Acts as Earth s thermostat '

Abnormally Iarge moon |

| '. . Stablllzes the Earth s aX|s of rotatlon VITAL to keep cllmate stable :- RS

Catastrophe s that are not too catastrophlc
“» 'SnowBall Earth

i Mass Extlnctlons caused by geophyS|caI events _ i
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Hovv Rare are these
Features’?

Galaotlo Habltable Zones

= Majority of stars in each galaxy are outS|de the habltable S '

~ zone (tlghtly packed in Core)

o . Many gaIaxnes are so poor in heavy eIements that they
~ have no hab|table zone at aII | G |

Solar Habltable Zones e

Narrow

f stars are too smaII no zone at aII as planets in zone W|II,
be too smaII to hoId atmospheres or WI|| be tldaIIy Iocked i
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Hovv Rare are these
Features’?

Smtable Star

90% of stars are smaIIer than the sun o o
. Most stars Iarger than the sun are short I|ved

Most stars are multlple stars so no stable orblts for 'y
pIanets e o S e

I\/IoIten core

need radloactlve eIements to keep moIten — rare |n the
‘universe S e

Large Moon : | iy
Very rare as creatlon process very unllkely
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_._:'How Rare are these
o ’-Featu res’?

Catastrohes

i --;--[Flne line between 'Snow BaII Earth' events and total B "

| pIanet W|de extlnctlon end|ng aII I|fe

ol . F|ne I|ne between |mpacts causmg mas extlnctlons and
Chid _.|mpacts causmg total extlnctlon i e e e
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e _ Earth s a Iot more unlque than many people once s .

' :uthought

- _’ Not the center of the unlverse but a very speC|aI
. 'i_':-;_-“"place all the same St :

__"-_-Bactenal life may weII be ublqu1tous but hlgher I|fe =
- is unlikely to be as common as Drake predlcted e

. ;{-(10 OOO C|V|I|zat|ons in our galaxy)
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