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|. Abstract

The current spectrum that describes the span aftits and evidence gathered in the
fields of astrobiology and the search for extrastnial intelligence (SETI) can be briefly
and simply summarized invoking four names: Fran&kerand Carl Sagan, founders of
the SETI movement in the early 1960s, and by R&&md and Donald Brownlee, authors
of the bookRare Earth published in 2000, that discussed the possihilitinding
intelligent life outside of the Earth. In the maeeent years in the fifty year history of
SETI, Drake and Sagan have been accused of bearty mptimistic in their estimates of
the existence of, and of us finding extraterrektniglligence (ETI), while Ward and
Brownlee, on the other hand, have been accusewiding an equallypessimistioview

of the existence of ETI. In the 1950s and 196@sgeneral public’s view of life
elsewhere in the universe was skeptical, if nobignt. Today, due to the gains in our
understanding of the solar system, the univergeireral and of the cosmic abundance of
the elements science has come to believe are @ddentife, and tremendous gains in
our understanding of life itself, there is littleubt that at least simple life exists
elsewhere. Even elementary school children knawtthere are more planets out there
than those that make up the Sun’s family. Theomathat life is fragile and that it
demands an extraordinarily narrow range of favaraboinditions has nearly been
eliminated from present, scientific thought. Buattwas not the case back in the
formative years of SETI. Back in 1950, during aditime conversation with colleagues,
the Noble Prize winning Physicist, Enrico Fermteakome discussions of interstellar
travel by extraterrestrials, Fermi asked a quegtiahwould immortalize him in the
future SETI world, “Where are they?” What later keal to be called the Fermi Paradox,
was based on that simple lunchtime question pogdeelmi. The paradox arises when
one considers that despite what has been writteatdbe likelihood of the existence of
ETI, the vast number of stars that make up the yAilkay (MW) galaxy, and the 50
years of listening by SETI and other groups, nahésper, not a note, not one prime
number has yet been detected from the cosmos. paisr explores why this might be so
and offers some opposing views-views other thahwleahave heard nothing because
there is no one out there to respond.

Il. Introduction

Image 1 above, depicts a popular deep sky objectdidhern hemisphere observers. The Double
Cluster (NGC869/884), as its name implies, is a glgalactic or open star clusters, set within the
constellation Perseus from our perspective heriéasth. This pair of clusters lies at a distance of
approximately 70ly (Burnham 1978) and containsniass of some 5,000 Suns. In addition to the
5,000 or so stars contained in this image of thikisg naked eye object there are perhaps a few
hundred more foreground and background stars slgwyell. Let's estimate that that in this
image there are roughly 5,500 stars shown. Althdbgre are several current estimates of the
number of stars in the MW that range from 100 dmillto 400 billion, no one has yet counted them
all; let us take a middle of the road estimate@d Billion stars that comprise our galaxy. The
number of stars captured in image 1 shows somé ®60of a possible 200,000,000,000 stars that
comprise the MW. According to recent estimateastfonomers involved in the field of detecting
extrasolar planets, somewhere between 35 — 40%afis the MW have planets orbiting them
(Debra Fischer, Yale University, private communima)t. Applying this estimate to Image 1 (5,500
X 0.40 = 2,200), results in the revelation that edhy200 planets could also be captured in this
image taken through a telescope with a field ofwad only 68 arcmin X 45 arcmin (starizona-
web). Not only is this an amazing thought to comikate, but this also represents a tremendous
improvement in our knowledge of how planets forrd anw they are distributed throughout the
galaxy, and presumably in other galaxies too. MBETI effort first began, in 1961 we knew of
no planets orbiting other stars. So, while we haateheard from any anyone just yet, we have
made great strides in assessing how many pot@faiees there are where life could arise.
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If we expand our estimate of how many planets cpoksibly exist in our galaxy alone, even if
we apply conservative numbers in making this egtiran unexpectedly large number of
possible planets results. If 200 billion starsydape the MW and 40% of those stars have at least
one planet orbiting them that calculates to 8Gdilpblanets. As of this writing, there are 552
confirmed extrasolar planets that have been detectd verified (Schneider-web). This number
represents 461 planetary systems with 57 of thgsterms being multiple planetary systems. So
far there are two systems known to have six plasmedsone that has 5 planets (Schneider-web).
With additional planetary systems and planets batided to our databases every week, the 80
billion planet estimate for the MW is constantlyinzerevised upward. Where it will end, is
unknown at this point. Suffice it to say that we pist beginning on the road to extrasolar
planetary system discovery and research. It see@goidable that the planet count will continue
to rise for many years.

Carrying the potential planet count outward from KW to the entire universe, with its
estimated 100 billion galaxies we soon find oursgln the realm of numbers so large, they are
difficult to comprehend. Knowing that many galaxigee have observed and studied contain up
to a trillion stars (1 X 18), but in keeping with erring on the conservatiigesve allow for each
of the 1 X 16" galaxies we estimate to populate the observablerse X 1.5 X 18 stars per
galaxy, brings us to a total number of stars ofaximately 1.5 X 1&, possibly to as many as 1
X 10** (ESA Space Science web 3; Cole 2006). If 40%es$¢ stars have two planets each, the
universe holds some 8 X #(lanets. It is fair to point out that due to #mrmous distances
involved to other galaxies, most of these planesgstems will be forever out of our reach. But
in just our galaxy alone, we could have as mar®y ¥s10" stars with 40% of them possessing at
least two planets leaves us with no less than 116'Xplanets. So, in considering only the
potential planets in our own galaxy alone, thenddte as many as 160,000,000,000 to search
for life and listen to--if one had the inclinatiand the funding to do so.

This will be our port of departure and referencenpa large, spiral galaxy, with a diameter of
approximately 100,000ly and a potential planet ¢@firi60 billion. If the founders of SETI are
correct and the universe it teeming with life, thremy haven’t we heard from anybody? To quote
Enrico Fermi once again, “Where are they?” We asiblore the so-called Fermi Paradox (FP)
and sample what we know today about life, both #rapd complex and attempt to come up
with some answers to why all we have heard scsftlrd “Great Silence.”

lll. The Great Question, “Where are they?”

The question, “where are they?” and that questigaiationship to the Fermi Paradox goes back
to a casual, walk to lunch conversation betweemallgroup of physicists. The two most
notable among them were Edward Teller, the futatiedr of the American atom bomb and the
Italian physicist, Enrico Fermi, who was visitingd. Alamos National Laboratory in the summer
of 1950 (Prantzos 2003; Cirkovic 2009). The coraton began as a discussion of the many
UFO sightings that had taken place in the UnitedeStduring the 1940s and early in 1950. Itis
said that the group reached a consensus thatt&3e were more than likely not of
extraterrestrial origin and moved on to the togdiexiraterrestrial civilizations (Prantzos 2003).

It was sometime during the discussions of intdestélavel and how long it should or might take
for a civilization to colonize the galaxy when Félrturted out the simple question that has been
attached to him ever since. Where are they? Afteiorming some calculations the group came
to the conclusion that we should have already bested by intelligent extraterrestrials

(Cirkovic 2009; Darling2001). After this converigat no further mention or publication that it
had transpired was made for more than ten yeatrsvhith time in 1963, Fermi’'s question
appeared as a footnote in an article publisheddy®agan. Fermi’s novel and innocent
question received more press by being mentioneitt hgeSagan and joined by I. Shklovsky, in
their book,_Intelligent Life in the Univerghat was published in 1966 (Cirkovic 2009). The
“paradox” in Fermi’'s paradox did not make its entr@ on to the scientific stage until a
provocative article written by the American Astromer, Michael Hart, in 1975, was commented
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on by Sagan. At which point Sagan referred toptimblem raised by Hart, as the Fermi Paradox.
In Hart's brief, eight-page article, he stated im summary “We observe that no intelligent beings
from outer space are now present on Earth. liggested that this fact can be best explained by
the hypothesis that there are no other advancddations in our Galaxy.” (Hart 1975) After

the publication of Hart's article, Sagan beganméig to the situation as the Fermi Paradox.
Since then the Fermi Paradox has been referresittiea-ermi-Hart Paradox, giving credit to
Hart as the first in modern times to write abowet disagreement in the number of possible
extraterrestrial civilizations that are speculaéxist by those in and supporting the SETI effort
and the number that have actually been detecteidhvalh this point, is zero.

It should be pointed out that Fermi and his lunciten were certainly not the first to discuss the
topic of extraterrestrial contact, nor was Hartfirg to put down his thoughts on the subject. As
Prantzos points out in his brief, but enlightergmticle, the first to discuss the essence of the
Fermi Paradox in the twentieth century, as wethasssues of extraterrestrial life and
intelligence possible contact with humans, wasRbssian pioneer of astronautics, Konstantin
Tsiolkovsky (1857 — 1935) (Cirkovic 2009). It seethe father of Russian Rocketry even
noticed that it took the Europeans many thousahgiears after they had established their
civilization to find conquer the American IndiansNorth America and used that notion to muse
about the length of time it might take ETs to de same. Tsiolkovsky even discussed and in
fact, preferred the “zoo hypothesis,” which we widllve into later to describe, to explain our
apparent isolation (Cirkovic 2009).

So as not to introduce any confusion into this ingrat disagreement between scientists across a
wide array of scientific and anthropological didicips, the Fermi Paradox as it is more
frequently referred to as, is the contradictionh&f number of intelligent species those involved

in the work of SETI predict compared to what hasialty been detected so far, which as pointed
out above, is none. On the one side, the pro-Feansidox followers who believe the evidence
indicates that we have heard nothing because theone but us—at least right now. On the
other side of the paradox spectrum, the pro-lifeyeu will, who state emphatically that

“absence of evidence is not evidence of absensdfiaalate Carl Sagan was very fond of saying
(Sagan & Newman 1983).

IV. We Are Alone

Michael Hart, in his 1975 article, An Explanatiar fthe Absence of Extraterrestrials on Earth
gave his arguments as to why we have not detediéd EHart’s points were well-written and
explanations given by others as to why we hadrénbeontacted thus far were supported well
and powerfully. At that point in time, the SETI wamnent, having begun in 1959, when an
article published in Nature was written by two Gahphysicists, Giueseppe Cocconi and Phillip
Morrison (SETI-web), was not yet well organizeds @&result, Hart's arguments were damaging
to the on-going SETI effort. And, in fact they Iséite in 2011. In his 1975 work, Hart refers to
the fact that nobody has been heard from in thmosdecause there is simply nobody else out
there, as Fact A, and provides evidence againgidbgible explanations for this. To explain our
existence in the cosmos Hart simply states thadineehe first intelligent species in the galaxy
and that is that (Hart 1975).

Hart categorizes the possible explanations footiserved silence into four areas: physical,
sociological, temporal, and the broad category ‘tiety’'ve already been here.” A brief
description of each of these follows. The physegilanations include all of those that put forth
a physical, astronomical, biological or technidg#ficlilty that makes space travel difficult. The
sociological explanations include any that sugtestintelligent aliens have decided not to visit
or make contact, or that they’re not interestedsnor they are not motivated to take up
interstellar travel for whatever reason. The terapexplanations include any explanations that
deal with the arguments that intelligent extratetrial civilizations exist, but are so new or young
that they haven’t had the time to make it to usid Alinally, the explanations that state that we
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have already been visited and that they have etttrae and gone, or have come and are still
here. We just do not see them (Hart 1975).

As for the physical explanations for the greatrsits Hart sites arguments against the notion that
interstellar space travel is too difficult. He sigbke fact that the success of the Apollo 11 missio
illustrates that point. He admits that interstefiavel is more problematic than a short triptte t
Moon, but that relatively slow interstellar trawatlsay, 0.1c should be possible in terms of
technology and energy requirements. In this sedtmeven proposes to place traveling lifeforms
in a state of suspended animation for the duratfahe voyage. Besides, he asks, who is to say
that other intelligent species are limited to therslifetimes we are saddled with, which is an
excellent logical argument. Hart attempts to daywith any arguments that suggest that the
dangers and pitfalls of cosmic rays or impacts wittteoroids would make such voyages
impossible, by utilizing the successes of Apolld &kylab missions as proof that these risks can
be overcome (Hart 1975).

As for any legitimate sociological impedimentsnterstellar travel, Hart dismisses them by
asking the rhetorical question of, “Why must exdredstrial be just like us?” (Hart 1975) When
the arguments that ETIs may be more interestedeor@emplative existence”, or that we are a
protected species due to our immaturity—the zomthgsis, or possibly that advanced societies
promptly self-destruct, once a certain technolddazel is reached, say knowledge of the inner
workings of the atom for instance, that might affesome civilizations but it certainly does not
affect them all. Hart buys none of these socicllgexplanations by stating that what is to say
that our extraterrestrial counterparts do not evalwiturally. They may very well have
contemplative tendencies for some of their respedtistories, but not for their entire histories.
To cite an example used by Hart, we take the inhats of Vega lll, a civilization that in
6000,000 BC chose not to visit Earth. What isap that in 599,000 BC, one thousand years
later they wouldn’t have changed their minds. Efeneir cultural evolution proceeded
agonizingly slowly, just because they were oncesfsad with a “contemplative” existence
certainly does not mean that they will always kesBad with such an existence (Hart 1975).
Hart goes on to muse that, if not the Vegans, hosutthe residents of Procyon IV or Sirius I,
surely all intelligent alien civilizations will ndie stay-at-home aliens. Hart’s point is that over
the long history of the MW, there has been amphe tior even a very small number of intelligent
civilizations to have made considerable progreslanizing the galaxy, even at the leisurely
pace of 0.1c. Hart applies this same umbrell&déabtion that we are off limits because we are
just emerging into technological competency Hai3)9 It would be nearly impossible to gain
100% agreement between civilizations across thexgdb leave Earth alone—at least for now.
Or if you prefer the notion that all intelligentexpies promptly self-destruct after they invent oadi
telescopes; surely at least one, probably moresliliby this barrier to overly aggressive
civilizations. Hart is convinced in his reasonittgt all of the reasons given to explain why
“they” are not here, cannot explain why no onedreh

Moving to temporal explanations to explain why we alone--the possibility that there hasn’t
been sufficient time for the necessary technoldgleaelopment to take place for us to have been
visited. Or, that we were possibly overlooked kpaasing probe. Hart doesn't buy this
possibility either. He assumes again the speaah @xploring spacecraft to be 0.1c, even at this
speed; the MW could be traversed in 650,000 yeddest gives the time for a colony to be
developed and to begin another voyage as the samaétttook for the voyage—650,000 years.
Assuming that the age of the MW is approximately<100° yr (Hart 1975); there should have
been plenty of time for us to have been visitddnk considers numerous intelligent
civilizations all spreading out in similar wayssatilar rates than it is difficult to understandaho
we could have been missed. While Hart does admititls theoretically possible for us to have
been missed, he states that it should be consithghly unlikely (Hart 1975).

Over the course of Hart's short article, he disaddes all of the explanations that those that
support that life and intelligence are abundardughout the galaxy put forth. Hart completely
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dismisses that some of the extraterrestrials thee lisited us are still here and that they drive
around in flying saucers. He does not take thegms and reports seriously because “very few
astronomers believe the UFO hypothesis.” (Hart J9&rt closes by stating that if the basic
premise of his article is correct—that we havehesrd from or met anyone form an alien
civilization simply because there isn’t anyone teat) then there are two “corollary conclusions
(1) an extensive search for radio messages is tewhtime and money and (2) in the long run,
cultures descended directly from ours will probadxgupy most of the inhabitable planets in our
galaxy.” (Hart 1975)

Hart's 1975 article began a lively debate, with mo€ it taking place in the pages of the Journal
of the Royal Astronomical Society (Webb 2002) the&rly everyone had an opinion on. An
interesting point about those many varying opinionsvhether or not humans are alone in the
universe, or were the first intelligent civilizatido emerge from the primordial soup, nearly all
had some validity. This was true not because thieses and hypotheses were that good, but
because the gaps in our knowledge and understamdk&y areas such as the exact age of the
galaxy, the number of life-sustaining planetaryteys in the MW, the maximum speed a
technologically advanced civilization could reatlgtain, among many others. These scientific
guestions, to say nothing of the questions of &te of sociological evolution of alien
civilizations, and just what the exploration prta$ of those hypothetical civilizations would be,
were enough to prevent us from formulating a défieianswer to the Fermi Paradox in the
1980s. But, that did not stop astronomers, phstsi@nd biologists from trying. The next salvo
that was fired in this philosophical and scientlfaitle was fired by Frank Tipler, who offered
some interesting arguments as to why we must brealo

In 1980 and 1981, Tipler wrote two articles ontifygic of intelligent, extraterrestrial life. Both
were published in the Journal of the Royal AstroivaiSociety, the literary battle ground for all
arguments dealing with this topic, or so it seeniduk title of Tipler's first article was timidly
titled Extraterrestrial Intelligent Beings Do Noxikt. There certainly was no question on which
side of the neutral zone Tipler was on. Earlyhis paper, Tipler draws the battle lines between
the pro-intelligent extraterrestrial life advocatilee Sagan, Drake, and Morrison (all
astronomers) and pits them against the biologxibzhansky, Simpson, Francois, Ayala, and
Mayr. Despite the fact that Tipler is a mathenatphysicist and cosmologist, he places himself
on the side of the biologists on this issue. Hatvem to make the assumption that if an
extraterrestrial civilization developed interstelladio communication, they would have also
developed the technology for interstellar travapl@r 1980). Tipler stated that humans
developed early rocket technology some 600 yedmdothey learned of the existence of radio
waves, so in keeping with the principle of meditgralien civilizations will have done the same
as we (Tipler 1980).

One of the most noteworthy points that Tipler sgeadonsiderable amount of time on in both of
the above-mentioned papers is the motivation,tgpbdind tendency of advanced extraterrestrial
civilizations to design, build and launch self-iegting machines that would venture out from the
home planet and explore and encounter other plangyatems. And, when they did, they would
visit a planet or planets within that system andemwhatever materials were required to build
copies of themselves and continue the processalhtif the planetary systems in the galaxy
were explored (Tipler 1980; Tipler 1981). Tiplelisghese automated, self-replicating machines,
self-replicating universal constructors and assbasthey could explore and/or colonize the
galaxy in less than 300 million years and would ¢ess than operating a 10 MW microwave
beacon for several hundred years, as proposed bl $ipler points out (Tipler 1980).

In further describing these automated explorenglefistated that these self-replicating machines
would be launched with human intelligence and wdddcapable of making any device given the
construction materials and a construction progréta.coins the name for these constructions,
Von Neumann machines after Hungarian-American Mattiian, John von Neumann (1903 —
1957) who first suggested the concept of a Unive&sastructor in the 1940s. Using a small
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number of these machines to start out with, lethtr own devices, they would complete the
exploration and colonization of the MW in less tt&® million years. Again, assuming that the
age of the MW is roughly 10 billion years, this qaetes the colonization in only 3 X 401 X

10'° = 3% of the age of the MW. This is not a vergaimvestment of time depending on how
long the civilization could sustain itself, whichitself another area that we did not and still do
not know too much about—the possible lifetimesafanced alien civilizations.

V. The Rare Earth Perspective

The Rare Earth hypothesis is premise made populBebter Ward and Donald Brownlee in their
book, Rare Eartlpublished in 2000. In 287 pages of text the astiput forth convincing and
well-researched and referenced reasons why theptaeds believe that, while simple, microbial
life may be relatively easy to make, complex, irdeht life is quite another story and therefore
exceedingly rare in the universe. In the elevarysince their book has been published, it has
fanned the flames of debate and discussion orolie of the possibilities that other intelligent
civilizations exist. In this regard the book hasypded fertile ground for continued debate and
further research. In their book, Ward and Brownleave a scientific tale that is both factual and
riveting, and quite honestly very difficult to pddwn. It has
come to be a major blow to the premise of SET|—lifet
both simple and intelligent life is plentiful thrglout the
universe. This perhaps, naive and much more ogitoni
view was held by early scientists studying thedfi@lamely
Frank Drake and Carl Sagan. Back when the Drauatam
was first introduced, many were quick to drop itite
equation, unrealistically large terms, which resalin
estimates for the number of intelligent, commurniaat
civilizations unrealistically high. In fact, in 187Sagan
The plague commemorating the 1961 meeting (imag@Sﬁimated that there may be as many as a million
communicating civilizations just in the Milky Wayard & Brownlee 2000). However, the
purpose of the equation has also been to be usmdiastructive tool for assessing what is
known and what is not known about the factors irfadrto determining the prospects for life
elsewhere in the MW. In Chris Impey’s book, Theihg Cosmoshe recounts the introduction
of the Drake equation as one of the important ttws scientists have in their study of life
outside of the Earth. Here is his account of tt# public revelation of the now famous Drake
equation, back in 1961, “The young researcher teetite blackboard and paused. The meeting
had no agenda, and he wanted to give some struottiie discussion. After thinking for a bit,
Frank Drake wrote an equation on the board, ndizneg that it would later bear his name and
attain iconic status.” (Impey 2007) The meetingqititmed above, where Drake put up the
equation that now bears his name took place infGBasmk West Virginia, and was attended by
biologists, social scientists, astronomers, phgand industry leaders. Those in attendance
were thereafter referred to as “the Order of thipBio.” The plaque shown in image 2 above
commemorates this early SETI discussion betweamtsis and industry leaders.

In Rare EarthWard and Brownlee outlined a rather extensiveolidRare Earth Factors (REFsS).
Factors they felt were essential in getting lifek@rth to where it is today—numerous simple
forms of microbial life as well as complex animié&+—-some with intelligence—one with
technological capabilities. This short list isgivbelow with only a small sampling of their
rationale for each one:

Rare Earth Factor Rationale

Right distance from star Within the habitableedliquid water possible
on the surface)

Right mass of the star Spectral classes F5 @dfg enough lifetime
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Stable planetary orbits

Right planetary mass
plate tectonics

Jupiter-like neighbor

A Mars

Plate Tectonics

Oceans

The proper axial tilt

Giant impacts

The right amount of carbon

Proper atmospheric properties

Biological evolution

Evolution of oxygen

Right kind of galaxy

Right place within the galaxy

Wild cards

for life to evolve and not too much uv radia)

Giant planets do naatererbital chaos

Can retain an atmosphaxe & molten core and can drive

Can clear out comets astdraids

A small neighbor to act as a possiblarse for
panspermia activity

G&ilicate thermostat, build up land masses,
enable magnetic field, enable biotic diversit

Not too much and not too little A lang@on
at the right distance, stabilizes spin axis

whereby seasons are omExtreme

Not too many and no global sznidy impacts after
the appearance of life

Enough for life, hat too much to create a run-
away greenhouse effect

Can maintain adedamperature, composition,
and pressure for plants and animals

successful evolutionary ipaty to complex plants
and animals

invention of photosynthesis
not too much or too little, and
Appears at the right time

Contains enough metals

Not in the haldge or center

Snowball Earth, Cambrian explosioeytial

Interchange event

(Ward & Brownlee 2000)

Ward and Brownlee spend most of their book presgntarious arguments, indicating that unless
a planet possess nearly all of the REFs, comphadjigent, animal life will not arise on a planet.
Again, the list included here is but a very smabh set of those included in Rare Eartbn alien
worlds, in different parts of the galaxy the cormadis on an Earth-like planet might be similar and
they may be different from what we experience logr&arth. That is what makes this process so
difficult. When you are dealing with a sample ofyoone, it is not possible to know what is
possible, what is impossible, what happens altithe, and what rarely happens. No matter
which side one takes in this debate, more often tizd we are proceeding on a set of scientific
assumptions that hopefully are based on at least serifiable experiments and observations so
others can follow up and confirm. In the casehefRare Earth hypothesis, the scientific opinion
of Ward and Brownlee is that the reason we're sellg and it is so quiet is simply because we
are so very rare. If one carefully contemplatehd?EF, it will become clear in a very short

time, that the Rare Earth hypothesis is one obtdst explanations of the Great Silence. “They”
are not here because those that are capable efitighere or communicating with us are
exceedingly rare, so rare, that we may be oneeo¥éhy first, and perhaps even the first
technological civilization in the galaxy. If thistrue, then we have also discovered the limit to
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the applicability of Copernicunism or the princigiemediocrity, in which case we would be
specialonly because we are first. It follows that in time,esthivilizations would follow.

VI. Considering Post Biological Scenarios

Consider how the task of setting out to solve tberit Paradox would change, if the vast
distances between even the farthest stars in thedidwt matter. What if we could design,

build, and pilot spacecraft to the extrasolar pismee are now discovering, that did not need life
support systems? We could carry more fuel anetmauach faster and still have the necessary
fuel to then decelerate when we finally arrivedistidrastically reducing travel time to the stars.
We could ignore the fundamental physics and engmg@roblems with close to the speed of
light travel. In order to achieve these feats wecdto advance our evolution forward some
period of time. Let us say, 10,000 years. Itigca round number that is not too big, but it can
conceivably place us in a world where machines hapkaced humans. Yes, this is an unsettling
thought. But again, let us assume that this stamsition to a machine world or a post biological
Earth is positive and pleasant for nearly everydbismiss any tendency to envision the next
Terminator movie or the next installment of StagK,rcomplete with yet another epic battle with
the Borg. The post biological Earth is going tcabgentle and natural transition. The technology
to download consciousness and memory to solid statgronics would have become possible
several thousand years ago and has been refirredetiy high degree of reliability. Once this is
done, “people” in their new bodies could live foeevor if not forever, certainly for thousands of
years. Once this possibility has been acceptedaneonsider a few hundred year trip to Sirius
or Altair an adventure instead of a multigeneratland dangerous voyage, with no prospect for
ever returning to Earth. This now becomes possible

This transition is happening right now and has hesferway since the first human heart
transplant took place in the 1960s. Anyone thara/glasses or contact lenses is a part of this
human to machine evolution. Do you wear a heaaid@ Don't forget to change your battery!
As we learn more and more about our biology, ouliém) and technology, we inch closer to this
kind of a world. If you advance the present timéya few hundred years, selecting what
specific genes you want expressed or suppressalimoffspring will be routinely done. What
makes this scenario very difficult to imagine lktree accept is that we are going from our world
of 2011, to this future world without any transitiperiod, without any ability to satisfy the
numerous objections we will all have with this lranew world. If we allow ourselves to be
gradually eased into this world, we may find it kkbwork. And, if it could work, most if not all
of the difficulty with exploring and colonizing ogjalaxy and possibly even others will be greatly
reduced. The evolutionary gap between biologindl monbiological civilizations will be
tremendous. In this scenario, the galactic cluipisn only to the advanced, non-biologicals. If
your world is biological, it is considered immaturo immature to be flitting around the MW.
That could be why it is so darn quiet.

In his 2007 article, Cultural Evolution and SETNIASA’s S. J. Dick discusses the evolution from
“flesh and blood intelligence” to a post biologieabrld where artificial intelligence is the norm
(Dick 2007). If the disquieting aspects of thisfiature world can be briefly tolerated and clear
thought can be applied to the changes to the balante Fermi Paradox conflict, a different
picture will emerge. If we now open our searchltof the worlds that could be inhabited by
advanced, post biological beings, many more plapsigstems could be considered on our target
list, even planets where life would have difficultyiving. This provides many more possible
systems where ETIs could be found. In additioalifietimes of such civilizations could be very
long, even being immune or at least more resistanatural planetary or cosmic mishaps.

VII. Poking Holes...Counter Arguments to the Fermideimx

Regardless of which side you support, the intatiidiée is prevalent in the galaxy team, or the
Rare Earth, complex life is exceedingly rare tebetause neither camp has enough information
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to move its hypothesis to the point where theysalil, coherent theories, with confirmed,
verifiable scientific data, there will continuelte heated discourse on the subject. Also, because
there are so many complex and interrelated farstslving so many branches of science, we are
not likely to put this debate to rest anytime sodiris possible that we never will. In this sedcti
flaws will pointed out and briefly discussed, justllustrate that despite all we have learned,
there is still a vast chasm in our knowledge of thiciting topic.

As was pointed out in the introduction, on pagactording to our current, but advancing
knowledge of the existence of extrasolar planets,possible that the MW is home to some 160
billion planets. Due to the rapid rate of discgvef extrasolar planets, it is possible that this
estimate could grow even larger over the next Z/e&8s. As can be seen in figure 1, the number
of extrasolar planets discovered in recent yeanirnges to rise exponentially. To be sure, this
cannot continue forever as there are a finite nurobplanets that actually exist in the MW or in
any galaxy.

Figure 1 a plot of extrasolar planets discoveregédar since 1989 (Schneider, J. web11)

However, with the large number of extrasolar plaratdidates that the Kepler spacecraft is
delivering as well as the French, COROT missioe,thmber of planets and planetary systems
will continue to rise. Additionally, the TerresttiPlanet Finder and Darwin missions that are still
in the planning phase promise to continue to adtddotal number of planets and systems that
we are aware of. The sheer number of planetsewdhtually demand that the paradigm be
amended to embrace that life and even intelligéntiust exist outside of Earth. In February of
this year, the Kepler science team held a newsecente where they announced that planets
smaller than Earth had finally been detected. f&i@ushows the distribution of these small
planets. It can no longer be said that all we lthseovered are a large number of “Hot Jupiters.”
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Figure2 a plot of Kepler extrasolar planet candidates size and estimated temperatures (Key@br2011)

It should be noted that the 1,235 planet candidhtswvere released in the February 1, 2011
press conference only represented data from tetefdur months of the Kepler mission. Kepler
was launched on March 6, 2009 and began scienesvatti®n the following month. Obviously
there is much more to come from this mission indti@ing months and years. Because Kepler
looks for transits of planets across their partarssand when transits are observed, spectral
analysis of their atmospheres can be made to detemhether or not there exists any chemical
disequilibrium in the planet’'s atmosphere. Thi#l wily improve our ability to estimate the
likelihood for life and later for intelligent lifen the galaxy.

If we take the estimate of 160 billion planets desit in the MW and perform a simple, rough
calculation of the average distance between plansyastems in our galaxy, that will give us a
crude planet density within the MW. Making som#mates for the dimensions of the Milky
Way, we find that its approximate volume i$ x T, where r is the radius at ~50,000 ly and T is
its average thickness at about 6,000 ly. Thusagpeoximate volume of the Milky Way galaxy
is some 4.71 x I81ly* (Web 6) This rough calculation suggests that fargb88.75 Ijof space,
there will be a star with at least two planetselirms of astronomical distances, 588ly is in our
astronomical backyard. This high estimated demndifylanets in relative proximity to one
another serves both sides of the Fermi Paradoxreagu

To summarize this counter argument, using the igales described above, over the next few
years it may be possible to actually prove thatdixists on other planets in our galaxy. With this
new evidence of many planets actually existingaly even be possible to detect pollution
caused by a technologically advanced civilizatioraa extrasolar planet. We now have the
equipment in our hands, already operating succgssgiuspace to provide us this information.
We have come a long way since the detection dfitsteextrasolar planet orbiting a Sun-like star
in 1995. It may only be a matter of a few morergdsefore we detect the hard evidence for the
unambiguous proof of extraterrestrial intelligence.

Hart, has stated in his arguments that the entifé $ould have been explored/colonized in only
a few million years with ETs traveling at 0.1c.(H&975), which is a small percentage of the
lifetime of our galaxy. But in this author’s esttron and opinion, this claim is based on too
many assumptions and variables that cannot bendigted at this point in time. Again it is this
author’s belief that the complexities of attainb@c for interstellar exploration will be a very
difficult engineering and propulsion system feahthieve. The fastest spacecraft ever launched
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by humans was the Newhorizons spacecraft whicbwson its way to Pluto. When it was
launched it was traveling at 16.26kim@ewhorizons-web). Despite this being the fastest
spacecraft at launch, it was only traveling at 0@12c—a far cry from the leisurely 0.1c that
Hart uses in his paper. Traveling at high speedsdty long periods of time is not to be taken
lightly. Not only must the spacecraft and crew fimt round the clock for many years it must do
so without the failure of any major systems. TikiBnpossible. As anyone who has ever voyaged
cross-country knows first hand—mechanical and etsdtelectronic systems can and will fail—
and they will fail repeatedly and will do withouwiing. And, even with warning with limited
material resources on board will make any such ngjstems failure a major time consumer if
not worse. After all, it could bring the entiressiion to a premature conclusion without any
prospect of calling a tow truck. These types dtifas will happen and some of these missions
will end in disaster. How many will end this wayincertain. These interruptions to a
civilization’s quest to explore the galaxy will addtold time to the time allotted to colonization
of the galaxy. As our short and limited experielndgag, working and traveling in space have
shown us, space is a very difficult and dangerdasepto do business. The required time to
explore or colonize the MW is more likely to betbe order of several billion years after life
established itself rather than only a few million.

Tipler is a little more generous with the time #plere and settle the galaxy. He estimated that
within 300 million years his self-replicating “Urdvsal Constructors ” or Von Neumann
machines could explore the entire galaxy (Tiple8@Jipler 1981). Tipler states that this could
be done with rocket technology that we have totaythe computing capability that it would
take to create Von Neumann machines would takecestry to obtain. Using the same
objections here as were used to object to Hadisc, by traveling at a slower speed, this means
a longer voyage as far as time is concerned. feans the longer equipment has to function
without the major failure of a primary system. Nuaith self-replicating machines to keep in
operational condition, that means even more chdoce¢le mission to fall behind. Tipler states
in both papers that these robotic explorers wobldia the raw materials they needed by landing
on the planets that contained the materials tlegt tieeded to keep things running and to be able
to build copies of themselves. The argument pbsed is that without knowing the nature of the
planets that will have to be landed on, materialshave to be found, mined and refined and
crafted into the multitude of components that Wwél needed to make new machines.
Additionally, the provisions will have to be on bddo be able to adapt whatever mining
equipment is needed to extract raw materials framda variety of environments from frozen
wastelands to water worlds. There is just too ntodbe left to the imagination for this to be a
viable route to exploration. Tipler makes far thany assumptions of how easy this kind of
mission will be and does not assign an adequat ed\difficulty to what will happened during
these missions. In this author’s view this futscenario is not viable, even in the distant future.

The Rare Earth hypothesis is compelling. The hufdke same name is equally compelling as it
tells the story of the significant events that htalesn place on Earth and in its part of the solar
system and galaxy that have affected the evolutyopathways that ultimately led to humans.
Rare Earth effectively explains how and why eaclr REyed a role in shaping the course of
biological evolution across the entire planet. ldger, in this author’'s view, only Ward and
Brownlee’s conclusion is wrong. Just because g@ected REFs molded Earth’s biological
arena to produce humans doesn’t mean that simi&sRvould not occur on countless other
similar worlds to produce other complex life forntsarth and all of its REFs known and
unknown yielded humans. Odds are that in theeeMMW galaxy of some 160 billion or more
planets we are the only humans that will ever gtaiseuniverse. The Rare Earth gave the
universe humans and no other planet and its spéRiEF will ever be able to duplicate this.
However, there is nothing in this admission thavpnts other worlds from fostering intelligent
life that fits with their environment.
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VIII. Conclusion

While we are far from determining which side igght,” we have moved forward a long way
since the Communication with Extraterrestrial Li&ETI), as it was first known when it arrived
on the scene in the late 1950s--ushered in by reafiedtists, Frank Drake, Giuseppi Cocconi,
Philip Morrison, and Carl Sagan (Lamb 2001). Beesaof its careful (probably not knowingly
careful), professional launch, what later evolvatd the SETI that we recognize today, received
a good rollout when an article published in Nainr&959 that addressed communication with
extra terrestrials via radio communication andtemitoy Cocconi and Morrison, both serious
scientists working in main stream scientific fiel@occoni in gamma rays and Morrison, in
physics.

The topic of life elsewhere in the universe, is ohthe most complex and fascinating topics in
modern science. It was also contemplated by sstere#nd philosophers since before recorded
history. It represents one of the most profoundfiffodilt questions to answer, namely, Are we
alone? There are many variables and so many farthe equation that represent the emergence
of life on Earth and its eventual evolution to teclogical competence, that it is nearly
impossible to keep them all in focus. And, while may have been studying this daunting topic
scientifically since the late 1950s, over thosty filears we have made some breakthrough
discoveries about our universe and life itself fhats us in a position for the first time in human
history, to be able to start answering some oftbst basic and profound questions that will
eventually lead us to the truth, that so many enfiéld believe is “out there.”

The study and pursuit of astrobiology is uniquiestdnds alone in uniting nearly all of science. |
links astronomy and physics to chemistry, and tliedes to biology, biochemistry, and
physiology. It also brings into the fold, the gegikts and the paleontologists. Astrobiology even
ties together all of these diverse disciplines \pslichology and the phenomenon of cultural
evolution. After all, how are we going to learn htmthink like an alien, if we don’t understand
how their minds might work—or how we think theirnds might work? So you see, you have to
have your scientific act together to do astrobiglognd, you must do astrobiology to work on
solving the Fermi Paradox that remains one of thgdst issues in science today. The science of
astrobiology is the study not only of life elsewdar the universe, but it is also the study the
early Earth as well as its distant future.

The Principle of Mediocrity has served us well “Aixerse which has produced life on Earth to a
technological level can surely repeat it elsewhé@sle 2006) in order to avoid violating the
Principle of Mediocrity, one has to maintain thisw as G.H.A. Cole has done in his 2006
article, Observed Exoplanets and Intelligent Lifiehat is to say that if one truly believes that w
are not special, then other intelligent life mudsein the universe (Whitmire & Matese 2009).
Since this principle has served us so well evaresthe Enlightenment, it seems risky to abandon
it here, just when the questions get a little diffi. That is this author’s stance on the matter o
the Fermi Paradox with all of its discussion andade. Our Earth is unique and so is the life that
has grown up here. However, each and every Ei&kahwlorld with the right conditions can make
a similar claim about whatever life forms have emishere. It is the opinion of the author that
over the next 5 - 10 years, evidence of life exdkto Earth will be provided by researchers. And
then, it will only be a matter of a little more &nbefore life more advanced than microbes is
announced. With the discovery of every new exteaquanet, we inch ever closer to realizing
this extraordinary goal.

Page 13 of 15



X. References

Burnham, R. 1978, Burnham’s Celestial Handbookuvw Three, General Publishing Company,
Toronto, Canada

Cirkovic, M. 2009, Serb. Astron. J. No. 178 (2029)20
Cole, G.H.A. 2006, Surveys in Geophysics, 27:3&@82, DOI: 10.1007/s10712-005-5891-0

Darling, D. 2001http://www.daviddarling.info/archive/2001/archivetOt.html#FermiParadox
Accessed 5-23-2011

Dick, S. J. 2007, Bioastronomy 2007: Molecules, idibes, and Extraterrestrial Life, ASP Conference
Series, Vol. 420, 2009

ESA Space Science weld8ip://www.esa.int/esaSC/SEM75BS1VED _index_0.hawktessed 5-29-2011

Hart, M. 1975, Q. JI R. Astr. Soc. (1975) 16, 1285

Impey, C. 2007The Living Cosmos, Random Houslew York, NY

Kepler webhttp://kepler.nasa.gov/multimediaccessed 6-2-2011

Lamb, D. 2001The Search For Extraterrestrial Intelligendeoutledge, London, New York

Newhorizons webhttp://www.nasa.gov/mission pages/newhorizons/nralek.html accessed 6-2-
2011

Prantzos, N. 2003, Proc. “Toward Other Earths: DamWPF and the search for Extrasolar Terrestrial
Planets, Heidelberg, Germany, 22 — 23, April, 2(BSA SP-539, October 2003)

Sagan, C., Newman, W.I. 1983, Q. JI R. astr. S883) 24, 113 - 121

Schneider, J. web 2 2011, The Extrasolar Planatgdiopaedia, CNRS-LUTH, Paris Observatory,
http://exoplanet.eu/catalog.phgccessed 6-2-2011

SETI-web:www.seti.org accessed 5-30-2011

Starizona-webhttp://starizona.com/acd/ccd/calc_pixel.aspx accessed 5-29-2011

Tipler, F. 1980, Q. JI R. astr Soc. (1980) 21, 2&81
Tipler, F. 1981, Q. JI R. astr Soc. (1981) 22, 27292
Ward, P.D., Brownlee, D. 200Bare Earth Copernicus Books, USA

Web 6: Web Gvww.nova.org/~sol/chview/chv5.htm accessed 6-2-2011

Webb, S. 2002, If the Universe is Teeming with Aie.Where Is Everybody? Fifty Solutions to the
Fermi Paradox and the Problem with Extraterrestiia, Copernicus Book, Praxis Publishing Ltd, New
York, New York

Page 14 of 15



XI. Image Credits:

1. The Double Cluster, John S. Gianforte, Blue Skyedmstory, Durham, NH, USA, October 2010
2. Drake Equation plague commemorating the Green Béawting in 1961,
http://www.setileague.org/photos/miscpix/drakeaa.jp

Page 15 of 15



