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We shall not cease from exploration
And the end of all our exploring

Will be to arrive where we started
And know the place for the first time.

from Little Gidding, the first of the
Four Quartets, by T. S. Elliot



Thinking about intelligent aliens
helps tie us Earthlings into the
universe. Looking at ourselves

in the context of all intelligent life,
we begin to see our own evolution
iIn a new light. When we ask how
likely the existence of intelligent aliens

IS, we are also asking how likely it is that we
ourselves would have evolved. How did the
Sovereign Eye open on Earth — and why Earth?

By looking not only at ourselves in the context of
other possible intelligent beings but at our planet in
the context of other planets, we literally bring the
universe down to Earth and begin to appreciate how
special we and our blue planet really are.




Life in the Universe
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Director, NASA Astrobiology Institute
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One method of searching for life in the universe
is to listen and look for signals from intelligent

life: the Search for ExtraTerrestrial Intelligence
(SETI).

Thus far, we have searched only out to a distance
of about 100 light years. The SETI Institute and
the University of California are building a large
radio telescope called the Allen Array which will

extend the search to a distance of 1000 light
years. If the radius extends |0 times further, how
much larger is the volume enclosed!?

Answer: |0x|0x10 = 1000 times larger



Figure 1 of Chapter 8. Our Milky Way galaxy with a sphere 1000 light years in
radius around the position of our sun. The powerful new Allen Radio Telescope now
under construction will allow the SETT Institute to search for signals from intelligent
aliens 1n this volume of space. It 1s a relatively small part of the Milky Way, but it
contains about a thousand times as many stars as have been searched thus far.



Another method of searching for life in the
universe has thus far been much more
productive than SETI.

This method seeks to understand the nature
of life on earth, and to search for planets
around other stars.



Life is Hardy

Microbial life
(extremophiles) can
make a living near
undersea volcanic vents,
in deep underground
aquifers, within rocks, or
in hot (~120 C!) acid
lakes



Life is
Everywhere

Existence of life in these
environments implies that
life needs only water, a
source of energy, and
common chemical
compounds
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Life i1s Old

3-1/2 billion year-old remains of
microbial communities

Australian stromatolites



A common occurrence on Earth
~4 billion years ago?




UNIVERSE
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First land plants
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First mammals
Dinosaurs rule land

First flowers

Latest mass extinction
Mammals diversify

-—>Humans appear

Pivotal Events in the Development of Life on Earth.
Since so much more happened in the last 750 million
years, we have expanded the timeline to show details.



is amazingly hospitable for life. It is the
only planet in the solar system with liquid water

on its surface. Moreover, has been in the
solar system’s habitable zone for its entire
existence.

The other best bet places to find life in the
solar system are Mars and Europa.
Mars has had water in its past -- maybe even
today.

Jupiter’s moon Europa has water under its
changing ice covering.
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An Ocean on Jupiter’s
moon Europa?
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Planetary systems are being discovered
rapidly, and new methods will find still more
systems. Most of the systems discovered so
far have large Jupiter-like planets near their

stars. But that’s because such systems are the

easiest to discover. Soon we will see whether
systems like our own solar system are
common. But thus far it appears that in

planetary systems with Jupiter-like planets as

far from their star as earth is from the sun, the
Jupiters have noncircular orbits -- which

would make it hard for inner earth-like planets

to survive.



Planet Detection Methods

Michael Perryman, Rep. Prog. Phys., 2000, 63, 1209 (updated Apnl 2007
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Radial Velocity Planet Detection

Doppler Shift due to
Stellar Wobble
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ESO News Flash April 21, 2009:

Well-known exoplanet
researcher Michel Mayor today
announced the discovery of the
lightest exoplanet found so far.
The planet, "e", in the famous
system Gliese 581, is only about
twice the mass of our Earth.The
team also refined the orbit of the
planet Gliese 581 d, first
discovered in 2007/, placing it well
within the habitable zone, where

liquid water oceans could exist.

http://exoplanet.eu/pictures.html
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* Hot Jupiters push and pull proto-
planetary disk material during their
journeys, flinging rocky debris outward
where it is likely to coalesce into Earth-
like planets

e At the same time, turbulent forces
from the dense surrounding gas slow
down the orbits of small, icy bodies in
the outer reaches of the disk, causing
them to spiral inward and deliver water
to the fledgling planets

These new results may allow planet hunters to determine "rough limits" indicating
where to search for habitable planets in known systems of giant planets



Even though we don’t yet know
whether there are other living
creatures in the universe, we
nevertheless know some things about
whatever ones do exist -- because
they follow the same laws of physics
that apply throughout the universe.

A successful recent example of physics
explaining basic facts about living
creatures on earth is the explanation of
the biological scaling laws based on the

nature of the circulatory system.
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Scaling Laws in Biology

All living things share a power law relationship between their
mass and their basal metabolic rate

log basal matabolism

—

log organism mass

Life is the most complex systam in
the universa. I's extracrdinarily
divarse and sireiches over veny lars
scales from microscopic to the blue
whale, It covers 2T ordars of
rnagnitude and if we include the
Dicesphann, s 40 orders of ituiche
But some charactenstics of life are

axtrarmely simple.

A fundamenial, mamdlﬂﬂrmmnm
is the metabalic rate— wi shay
aleve, Whan you plot the basal
milabohc rate [walls) vs. mass of
thia organisim on a log log plot,
simplicity Grmenges. 'S @ girmphe
straight line indcating a lani
AN H'mﬂ'raralatﬂmm;wﬂm
matabolic rate and mass is an
exponant of ¥ (3 orders of metabolic
magnitude over 4 orders of mass).
Human metabolksm is a iitthe less than
a light bulb, at 100 watls,

There is a of these scali
lews. Unicellular, cold-blooded an
warm-bdoodad IBMsS havo tho
same scaling law and exponent of
¥ Wa exiended unicalls and than
added midochondrions and hurmisn
cells, These all and up on the same
lime. Even enzyrmes end up on the
gama lina.

if the metabolic rate scales a5 mass
i the %, then power or enengy
raquingd 1o support aach unit mass
decraases wilh sine by @ 4 powi
exponent, Themsfore there is an
aconomy of size_ Even ki all
mamimals are mada of the samea siuff,

the amount of enargy needed 10 keep
‘8 gram of ral alive 5 signincanty

than that reguinrad to a

ﬁm-m of elephant alive. . iR
IS Sensa, getting bigger is batier,

Mayba, that's why companios mango
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Hierarchical Branching Network

Systems

Evolution has created hierarchical branching networks to
sustain, feed and inform the components of living systems

networks are space
flling

, D MMWH

enengy is optimized

-

Organisms ane made up of a huge
nurmber of indvdual compaonants
How do you sustain, feed and inform
those indhiduals in a hity efficiant
and democratic way so Can
parform thair tasks’? Evolubon has
crietled a bunch of herarchical
brancheng nebsork systems. Amost
all of a person's biology is nothing
rmane than branchin

% Thé skin 5 aimost supercal

it only holds us together.

V'hat are I s of thasa
networke T Al of thess dertve from
Darwinian natural sedochon—
continuous change and feedback

ol e network

ara invariant units, Thass are the
miost important bicdogical parts of the
liwing system because they are the
interiaca for exchange of matter and
enargy. For axamplae, you can live in

a iy house or a kange buildng, of a
shack, bul the ebactncal outiets and

the water faucets are invanably the
same size. Tha samea |8 trua for

COMPAUSErs.

The third postulate: just as natural
salection didn't reinvent tha
fundaméntal units, the Con Mty
feadback laads 1o a carlain
aotimizaton which minimizes the

anergy needed 10 susiain the

organism.

Examples are the croulatory system,
the structune of the brain, the struchune
of mitochondrial patlwarys inside cells
o hma, Ingsewanys in LA, and S0 0n.
Whather this can ba ported o
onganizations or not is nol known,
but ks al least extremely suggestive.
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Four is the Magic Number of the
Universe

The number 4 occurs in all power law relationships in all types
of phenomenon of living systems

acria radius vs
animal sze

ganats info v

-

higart rate vs mMass

llespan vs size

births vs expected lifespan

The radius of the aora plotted va
siza for mammals is a ﬂl:np-ﬂn of /8.
If you squared the radius, you'd get
an axpongnt of 3. Heart rate
decreases as mass o tha Y.
Lifespan varies with size as mass
to tha 4% Thare is a lot of

in tha data, but the bast fit is 0,235,

Tharafors, [hara's an invanant in
the system—iha lotal number
haan baals i & espan, Hﬂﬁ'hﬂlj'.
1.5 billion. This number is a crucial
number of biology. If we undersiood
the ongins of this number, wa'd
understand somathing fundamental
about life. There's nothi
fundamenial atout heart beats.
What is fundamental is what goes
an in the molecules in the

resp process producing your
energy. The number of tlurmovers
of that reaction rate is invariant.

One other invariant is birth rate

Births per expacted Mespan is
roughly a constant for different

organisms. This is also true for
humans taken rately as a

species. Number of children varies
invarsely with average lifespan.

If you assurme an lasts 100k
mules, it has about the samea
number of lumovers or cyclas as
a human . No particular
meaning, but t's amusing 1o know,

The genetic information (length of
E.rHA alsd vanes as mass 1o tha

Thera aré many, many scahing
power laws that cover the whole

scale from sub-cellular o
ecosystems.




http://www.in-cites.com/scientists/BrianEnquist.html

The basis of the scaling work is an ongoing collaboration
with Geoffrey West at Los Alamos National Labs and the
Santa Fe Institute and James H. Brown at the University
of New Mexico. Recently, several others have joined the
extended network of scaling enthusiasts (see below).

Why do you think your work is highly cited?

In many ways that is a good question. I was surprised
that the work has attracted so many citations in the last
few years. The number of citations is likely due to several
items:

First, the scaling work touches on many fundamental
issues of biology, ranging from cellular physiology to
organismal anatomy and physiology to evolutionary
biology and population and community ecology all the
way to large-scale variation in the flux of matter and
energy through ecosystems and the biosphere. In short,
the work has implications for fundamental issues in
evolution, biodiversity science, and large-scale ecology in
general. Thus, many of the citations are from vastly
differing fields (including the fields of biomedical science,
physics, ecology, genetics, population biology, global
change biology, and even geosciences).

“The work hypothesizes that many
scaling phenomena in biology...are the
result of the processes that control the
scaling of cellular metabolism.”

Second, another important aspect of the work is that it is inherently capable of making quantitative
predictions. After the important findings from the understanding of non-linear dynamics, chaos and
complex systems ecology in particular seemed to be heading down the path that concludes that

"prediction is difficult if not impossible.” The scaling work

emphasizes law-like behavior in biology. It

shows that it is possible to make quantitative predictions for numerous aspects in biology. In doing so,
the work offers the intriguing hypothesis that many aspects of biology are mechanistically related by

first principles. Naturally, this is an intriguing proposition.

SO perhaps it is not surprising that many

papers citing our work claim to test the assumptions and or predictions of the model.


http://www.in-cites.com/scientists/BrianEnquist.html
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In at least six ways, Earth is an unusually suitable planet for life.

First of all, about a quarter of the extra-solar planets astronomers have found so far
are “hot Jupiters,” massive gasball planets like Jupiter, zipping fast in tight circular orbits
around their star — closer in than little Mercury is to our sun. These hot Jupiters probably
formed far away and then spiraled in closer to their star in a process that would most likely
have destroyed any small earth-like planets.

Second, not only has massive Jupiter not destroyed Earth by moving inward; both
Jupiter’s and Earth’s nearly circular orbits have been favorable for the evolution of life on
Earth. Ever since the end of the bombardment era in the solar system, Jupiter’s gravity
has helped protect Earth from being hit by comets.

Third, Earth’s distance from the sun is in what's called the “habitable zone” of the solar
system — far enough from the sun for water to be liquid and not evaporate and ultimately
be lost, but not so far that water would be permanently frozen. Earth is the only object in
our solar system that now has liquid water on its surface. What's more, the orbit of the
earth has been in the habitable zone for Earth’s entire lifetime. In the early solar system,
when (according to the standard theory of how stars evolve) the sun was emitting about
30% less heat than it does now, the earth was at the outside edge of the habitable zone.
As the aging sun grows hotter, the habitable zone is slowly moving outward and Earth is
now nearer to the inside edge. Since evolution of intelligent life here required the entire
4.5 billion year history of the earth, a planet that was not so fortunately located with such
long periods of climatic stability might not have had time.

Fourth, Earth’s relatively thin crust and abundant surface water allow continued
geological activity — especially plate tectonics moving the continents, forming new
mountain ranges and other features, and continually recycling carbon and other elements
essential for life.

Fifth, the Moon, created by that chance impact, stabilizes Earth’s rotation and climate.



Sixth, our solar system lies in the “galactic habitable zone.” Our
Milky Way galaxy, like other galaxies, has a lot of stars near its center,
but the stars become more spread out the farther they are from the
center. Our sun orbits in the disk of the Milky Way Galaxy about halfway
out from the center. Dangerous radiation is likely to have destroyed or
prevented life on planets around stars that happened to lie closer to the
center. Such radiation comes occasionally both from the giant black
hole at the center of the Galaxy, and also from the nearby supernovas
that are plentiful because of the greater density of stars closer to the
galactic center. Out in the galactic suburbs where we live, the nearest
supernovas were far enough away from our solar system that their
radiation was weak enough for the earth’s atmosphere to provide
adequate protection. But if the sun had formed much farther from the
center of the Milky Way where stars are even less abundant than they
are nearby, there would have been too few supernovas over the history
of our Galaxy to make enough stardust (heavy elements) to form rocky
planets like the earth. There may be a “ring of life” encircling the
galactic center at about our distance. -

In all these respects, Earth has
been a fortunate planet for life.




Is Intelligent Life on Earth a Fluke?

One way biologists have dealt with this possibility is to ask themselves
whether, if evolution on Earth were starting all over again at the Cambrian
explosion, would anything like humans ever evolve again? They are
adamantly divided into two camps on this question.

The first camp argues that it's impossible. The evolutionary biologist
Stephen J. Gould argued that the diversity of life was greatest at the time
of the Cambrian explosion, when many body types were tried out but only
a few became the basis for subsequent evolution. He said, "“Replay the
tape a million times from a Burgess beginning, and | doubt that anything
like Homo sapiens would ever evolve again.” Many biologists agree with
Gould. According to Loren Eisley, “Every creature alive is the product of a
unique history. The statistical probability of its precise duplication on
another planet is so small as to be meaningless....[N]Jowhere in all space
or on a thousand worlds will there be men to share our loneliness.” Ernst
Mayr agrees. He says, “We must conclude that if high intelligence had as
high a fitness value as eyes or bioluminescence, it would have emerged in
numerous lineages of the animal kingdom. Actually, it happened only in a
single one of the millions of lineages, the hominid line.”



Is Intelligent Life on Earth a Fluke?

But the other camp argues that it's inevitable: intelligence would evolve
again. Simon Conway Morris argues that creatures would have evolved with the
original distinguishing characteristics of humans — not only intelligence but
manual dexterity and tool-making. He gives several examples of convergent
evolution to show that these basic “human” characteristics actually have already
evolved independently in other animals, although not all in one. The octopus
has the ability to learn and remember, as well as independently evolved camera-
like eyes. Birds, toothed whales (including dolphins, which until 1.5 million years
ago had the biggest brains for their body size on the planet), and primates that
have larger brains show more innovative behaviors. In the case of the
elephants, whales, dolphins, and higher primates, their dynamic social
organizations — involving networks of as many as a hundred individuals in the
case of dolphins — were at least partly the cause of the evolution of their
excellent memories and high intelligence. It may be that the role of chance,
which the Impossible camp believes determines which characteristics evolve,
may only determine when and where, but not whether, good survival
characteristics such as intelligence and tool use will evolve. Conway Morris
concludes, “Rerun the tape of life as often as you like, and the end result will be
much the same.”



Impossible or Inevitable”? We can’t say yet whether human-type
intelligence would evolve all over again on Earth, but a closely
related question may have an answer. Once early hominids
appeared, their brains — and correspondingly their intelligence —
iIncreased astonishingly rapidly in size and ability during the last
two million years. This was practically overnight by Earth’s
standards. Why did it happen so fast? Darwin proposed the first
plausible explanation for this, and it may help us see a new angle
on the alien intelligence question. Darwin explained not the total
evolution of intelligence but this last enormous spurt as being a
result of what he called “sexual selection.” The idea is that the
human mind is like the peacock’s tail: it evolved because it was
selected in mating. In other words, humans are attracted to
intelligence when choosing mates. Contemporary evolutionary
biologist Richard Dawkins agrees that sexual selection may very
well explain human braininess, as well as bipedalism and hairless
skin. Maybe aliens need to think intelligence is sexy, too, in order
to have it.




Non-technical problems of space travel

Who should go? Who might interact best with aliens? Scientists? Artists?
Adventurers? Children?

Assuming that, like scientists, they come from different cultures on Earth, by
what code should they live and collaborate? How should they resolve disputes?

What should be their highest value? Their shared purpose?

Volatility plus unpredictability are certainly essential to humans and probably to
the passion and creativity necessary to sustain the continued development of
any intelligence. How can such beings work together over extremely long time
periods?

Perhaps with a shared commitment to harmony with the real universe?

IF AN ALIEN LANDED IN FRONT OF YOU AND SAID, “TAKE ME TO YOUR LEADER,”
WHO WOULD YOU TAKE THEM TO?7?7??



The question “are we alone?” is almost always asked as if it
were about the existence of aliens, but it's really a question
about ourselves. Are you alone when you're near an insect?
Most people would say yes. How about a dolphin”? Fewer
people say yes. What characteristics does an alien lifeform
need to have before we humans will agree that by knowing it
exists, we are not alone? What qualities, what compassion,
what emotional potential, what ability of self-reflectiveness
must they have? Any? Would we still be alone if on some
alien world we discovered machines that had been created
and left running by a now extinct race, but the machines were
still operating and renewing themselves and superb in all kinds
of artificial intelligence — would that do? This is not just
science fiction speculation, and here’'s why. Whatever it is that
we require in an alien race before we’'d be willing to say that
the existence of such aliens has dissolved our cosmic
aloneness — that is the essence of humanity. That is what it is
iIn ourselves we most identify with, and value.



The qualities that we would require of such aliens are
what a long-lived civilization on Earth should aim to
cultivate in ourselves.

Dealing wisely with aliens or simply contacting them may
be a distant goal, but understanding what it would mean
can have an immediate and powerful effect. It makes
clear what truly matters today: to be the kind of human
beings we aspire to be in the long run, and to adopt this
perspective now. The best way to get through the short
run is to focus on the long run.



