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Other Universes?
Other Lifeforms?
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Other Forms of Matter

Other Galaxies

Other Stars
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Relative Abundance
of the Chemical Elements
in the Solar System
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Red Supergiant
Explosive Outbursts

Supernova

The Life °'°°"f‘
Cycle of |
Massive Stars

Neutron
Star / Pulsar

Star forming nebula - Interstellar Medium
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WHAT IS AND ISN’T

Isn’t
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Phylogenetic Tree of Life
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Evolutionary Linkage through Cytochrome C

Organism # Deviant nuclic acids (in 110)

Human 0

Rhesus Monkey 1

Dog 13 )

Chicken 18 S

Rattlesnake 20 T

Tunafish 21

Moth 36

Wheat 43 Marmmals

Yeast 45 +

Insects “ Werlebrates
Next time you look ‘

Into your glass of
beer, acknowledge
that there’s kinship.

Animals

Fungi



Steps Toward Li

Small molecules (CO, H,, H,0, NH;, C

— /.

lipids + sugars + nucleobases + high-ene

X =

activated nucleotides

Self-assembly

Protocell?
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Extreme Dryness




Extreme C




Extreme Heat




Extreme Radiation




Extreme




Extreme Isolation
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Meet the a
tardigrade,
own phylu

many spec
got four pal
legs, a dige
system, a S
gonad, anc
go into a Ve
suspended
(cryptobios
over a thou
years, mov
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Evidence that
life appeared early
In the history
of the Earth

Evidence that
organic molecules
form easily and
naturally

Biology
may be common
in the universe

Evidence that
ingredients for life
are widely available
in time and space

Evidence that
planet and moon

habitable locations
are abundant

Evidence that
Earth life can
survive under a
wide range of

conditions
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metallic core cold brittle surface ice

rocky interior H,O layer warm
convecting ice
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1999 Walter Myers
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H,Olce T=~77K

Vent to surface

Pressurized Liquid H,0 Pocket T =273 K
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Hydrothermal Circulation
& Convecting Ice

Tidal Heating Hot Rock Tidal Heating
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LOWEST OF THE LOW

With improving techniques for measuring exoplanets’ mass through their gravitational influence on stars,
the lightest exoplanets detected each year (red dots) have reached the range of Earth-mass planets.
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Exoplanet mass relative to Jupiter (log scale)
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Quorum Sensing

Low Cell Density High Cell Density )
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Defining technology as tools or
methods that allow a species to
adapt to their environment...



Alex the parrot was
talkative and playful,
defining new words
and concept of zero.
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Brain Volume {cm3)
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A Bit Welird:

Fairly Welrd.:

Mostly Weird.:

Prokaryotes,
but different ce

Novel symbios
organism swa

Non-cellular,




A Bit Weird: Different aminc
bases for nucle

—airly Weird:  Not DNA-RNA
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The History of Infor

Early life:
0.01 bits/yr

Humans:
1 bit/yr

Books:
1013 bits/yr

Digital:
10%° bits/yr



R R R AR L




(ENIAC, from 1944, weighed 30 tons, dimmed Philly when
It was running, and was a million times slower than a PC)

“l think there is a world market for maybe S computers™
Thomas Watson, IBM Chairman, 1943

“Computers in the future may weigh less than 1.5 tons™
Popular Mechanics Magazine, 1949

“There’s no reason anyone would want a home computer*
Ken Olsen, CEO, Digital Equipment, 1977

“Life is digital information.”

James Watson, on the significance of DNA









Evolution of Computer Power/Cost MIPS /. Brain First

MIPS per $1000 Equivalent Similar
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Civilizations: Specul
Nicolai KardasheV’s classification of civilizations:

not in complete control of planet’s energy
Chemical propulsion, solar sails

harnesses energy output of an entire plane
Nuclear propulsion, laser sails

harnesses entire output of their host star
Antimatter drives

colonizes and harnesses output of entire
277

To which could be added (with implications for SE
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The Fermi Que

As originally phrased by Erico F
reasonable proposition that:

* Our civilization and technolog
life forms with much more adva
could have remarkable capabili

* Amodest extrapolation ofie

allows us mine asteroids or moc
probes that could create replica
and propagate through the gale

* There are many likely sites fc

and plenty of time for technolog
billions of years before Earth fo

Wherere They:




Response

USA Enrico

34 Fermi







Aliens need groceries +oo,
and thats whégn we can cateh them.







Stars in the Milky Way

Stars with planets
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Intelligent life
Technology
N | Able to communicate




THE DRAKE EQUATION

NUMBER OF

COMMUNICATING PROBABILITY THAT
CIVILIZATIONS LIFE ON A PLANET

IN OUR GALAXY BECOMES INTELLIGENT
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technologlcal civilizations has met &&===
e with 60 years of silence. But the V
= - search capacity is increasing
sl exponentlally at the moment
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