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I. Abstract  
 

The current spectrum that describes the span of thoughts and evidence gathered in the 
fields of astrobiology and the search for extraterrestrial intelligence (SETI) can be briefly 
and simply summarized invoking four names: Frank Drake and Carl Sagan, founders of 
the SETI movement in the early 1960s, and by Peter Ward and Donald Brownlee, authors 
of the book, Rare Earth, published in 2000, that discussed the possibility of finding 
intelligent life outside of the Earth.  In the more recent years in the fifty year history of 
SETI, Drake and Sagan have been accused of being overly optimistic in their estimates of 
the existence of, and of us finding extraterrestrial intelligence (ETI), while Ward and 
Brownlee, on the other hand, have been accused of providing an equally pessimistic view 
of the existence of ETI.   In the 1950s and 1960s the general public’s view of life 
elsewhere in the universe was skeptical, if not ignorant.  Today, due to the gains in our 
understanding of the solar system, the universe in general and of the cosmic abundance of 
the elements science has come to believe are essential for life, and tremendous gains in 
our understanding of life itself, there is little doubt that at least simple life exists 
elsewhere.  Even elementary school children know that there are more planets out there 
than those that make up the Sun’s family.  The notion that life is fragile and that it 
demands an extraordinarily narrow range of favorable conditions has nearly been 
eliminated from present, scientific thought.  But that was not the case back in the 
formative years of SETI.  Back in 1950, during a lunchtime conversation with colleagues, 
the Noble Prize winning Physicist, Enrico Fermi, after some discussions of interstellar 
travel by extraterrestrials, Fermi asked a question that would immortalize him in the 
future SETI world, “Where are they?” What later evolved to be called the Fermi Paradox, 
was based on that simple lunchtime question posed by Fermi.  The paradox arises when 
one considers that despite what has been written about the likelihood of the existence of 
ETI, the vast number of stars that make up the Milky Way (MW) galaxy, and the 50 
years of listening by SETI and other groups, not a whisper, not a note, not one prime 
number has yet been detected from the cosmos.  This paper explores why this might be so 
and offers some opposing views-views other than that we have heard nothing because 
there is no one out there to respond. 

 
 
II. Introduction 
 
Image 1 above, depicts a popular deep sky object for northern hemisphere observers.  The Double 
Cluster (NGC869/884), as its name implies, is a pair of galactic or open star clusters, set within the 
constellation Perseus from our perspective here on Earth.  This pair of clusters lies at a distance of 
approximately 70ly (Burnham 1978) and contains the mass of some 5,000 Suns.  In addition to the 
5,000 or so stars contained in this image of this striking naked eye object there are perhaps a few 
hundred more foreground and background stars shown as well.  Let’s estimate that that in this 
image there are roughly 5,500 stars shown.  Although there are several current estimates of the 
number of stars in the MW that range from 100 billion to 400 billion, no one has yet counted them 
all; let us take a middle of the road estimate of 200 billion stars that comprise our galaxy. The 
number of stars captured in image 1 shows some 5,500 out of a possible 200,000,000,000 stars that 
comprise the MW.  According to recent estimates of astronomers involved in the field of detecting 
extrasolar planets, somewhere between 35 – 40% of stars in the MW have planets orbiting them 
(Debra Fischer, Yale University, private communication).  Applying this estimate to Image 1 (5,500 
X 0.40 = 2,200), results in the revelation that some 2,200 planets could also be captured in this 
image taken through a telescope with a field of view of only 68 arcmin X 45 arcmin (starizona-
web).  Not only is this an amazing thought to contemplate, but this also represents a tremendous 
improvement in our knowledge of how planets form and how they are distributed throughout the 
galaxy, and presumably in other galaxies too.   When SETI effort first began, in 1961 we knew of 
no planets orbiting other stars.  So, while we have not heard from any anyone just yet, we have 
made great strides in assessing how many potential places there are where life could arise.  
 



Page 3 of 15 

If we expand our estimate of how many planets could possibly exist in our galaxy alone, even if 
we apply conservative numbers in making this estimate, an unexpectedly large number of 
possible planets results.  If 200 billion stars populate the MW and 40% of those stars have at least 
one planet orbiting them that calculates to 80 billion planets.  As of this writing, there are 552 
confirmed extrasolar planets that have been detected and verified (Schneider-web).  This number 
represents 461 planetary systems with 57 of those systems being multiple planetary systems. So 
far there are two systems known to have six planets and one that has 5 planets (Schneider-web).  
With additional planetary systems and planets being added to our databases every week, the 80 
billion planet estimate for the MW is constantly being revised upward.  Where it will end, is 
unknown at this point.  Suffice it to say that we are just beginning on the road to extrasolar 
planetary system discovery and research.  It seems unavoidable that the planet count will continue 
to rise for many years.   
 
Carrying the potential planet count outward from the MW to the entire universe, with its 
estimated 100 billion galaxies we soon find ourselves in the realm of numbers so large, they are 
difficult to comprehend.  Knowing that many galaxies we have observed and studied contain up 
to a trillion stars (1 X 1012), but in keeping with erring on the conservative side we allow for each 
of the 1 X 1011 galaxies we estimate to populate the observable universe X 1.5 X 1011 stars per 
galaxy, brings us to a total number of stars of approximately 1.5 X 1022, possibly to as many as 1 
X 1024 (ESA Space Science web 3; Cole 2006).  If 40% of these stars have two planets each, the 
universe holds some 8 X 1023 planets.  It is fair to point out that due to the enormous distances 
involved to other galaxies, most of these planetary systems will be forever out of our reach.  But 
in just our galaxy alone, we could have as many as 2 X 1011 stars with 40% of them possessing at 
least two planets leaves us with no less than 1.6 X 1011 planets.  So, in considering only the 
potential planets in our own galaxy alone, there could be as many as 160,000,000,000 to search 
for life and listen to--if one had the inclination and the funding to do so. 
 
This will be our port of departure and reference point, a large, spiral galaxy, with a diameter of 
approximately 100,000ly and a potential planet count of 160 billion.  If the founders of SETI are 
correct and the universe it teeming with life, then why haven’t we heard from anybody?  To quote 
Enrico Fermi once again, “Where are they?”  We will explore the so-called Fermi Paradox (FP) 
and sample what we know today about life, both simple and complex and attempt to come up 
with some answers to why all we have heard so far is the “Great Silence.”   
 
III. The Great Question, “Where are they?” 
 
The question, “where are they?” and that question’s relationship to the Fermi Paradox goes back 
to a casual, walk to lunch conversation between a small group of physicists.  The two most 
notable among them were Edward Teller, the future father of the American atom bomb and the 
Italian physicist, Enrico Fermi, who was visiting Los Alamos National Laboratory in the summer 
of 1950 (Prantzos 2003; Cirkovic 2009).  The conversation began as a discussion of the many 
UFO sightings that had taken place in the United States during the 1940s and early in 1950.  It is 
said that the group reached a consensus that these UFOs were more than likely not of 
extraterrestrial origin and moved on to the topic of extraterrestrial civilizations (Prantzos 2003).  
It was sometime during the discussions of interstellar travel and how long it should or might take 
for a civilization to colonize the galaxy when Fermi blurted out the simple question that has been 
attached to him ever since.  Where are they?  After performing some calculations the group came 
to the conclusion that we should have already been visited by intelligent extraterrestrials 
(Cirkovic 2009; Darling2001).  After this conversation no further mention or publication that it 
had transpired was made for more than ten years.  At which time in 1963, Fermi’s question 
appeared as a footnote in an article published by Carl Sagan.   Fermi’s novel and innocent 
question received more press by being mentioned again by Sagan and joined by I. Shklovsky, in 
their book, Intelligent Life in the Universe that was published in 1966 (Cirkovic 2009).  The 
“paradox” in Fermi’s paradox did not make its entrance on to the scientific stage until a 
provocative article written by the American Astronomer, Michael Hart, in 1975, was commented 



Page 4 of 15 

on by Sagan.  At which point Sagan referred to the problem raised by Hart, as the Fermi Paradox.  
In Hart’s brief, eight-page article, he stated in his summary “We observe that no intelligent beings 
from outer space are now present on Earth.  It is suggested that this fact can be best explained by 
the hypothesis that there are no other advanced civilizations in our Galaxy.” (Hart 1975)  After 
the publication of Hart’s article, Sagan began referring to the situation as the Fermi Paradox.  
Since then the Fermi Paradox has been referred to as the Fermi-Hart Paradox, giving credit to 
Hart as the first in modern times to write about the disagreement in the number of possible 
extraterrestrial civilizations that are speculated to exist by those in and supporting the SETI effort 
and the number that have actually been detected, which at this point, is zero. 
 
It should be pointed out that Fermi and his lunch-mates were certainly not the first to discuss the 
topic of extraterrestrial contact, nor was Hart the first to put down his thoughts on the subject.  As 
Prantzos points out in his brief, but enlightening article, the first to discuss the essence of the 
Fermi Paradox in the twentieth century, as well as the issues of extraterrestrial life and 
intelligence possible contact with humans, was the Russian pioneer of astronautics, Konstantin 
Tsiolkovsky (1857 – 1935) (Cirkovic 2009).  It seems the father of Russian Rocketry even 
noticed that it took the Europeans many thousands of years after they had established their 
civilization to find conquer the American Indians of North America and used that notion to muse 
about the length of time it might take ETs to do the same.  Tsiolkovsky even discussed and in 
fact, preferred the “zoo hypothesis,” which we will delve into later to describe, to explain our 
apparent isolation (Cirkovic 2009). 
 
So as not to introduce any confusion into this important disagreement between scientists across a 
wide array of scientific and anthropological disciplines, the Fermi Paradox as it is more 
frequently referred to as, is the contradiction of the number of intelligent species those involved 
in the work of SETI predict compared to what has actually been detected so far, which as pointed 
out above, is none.  On the one side, the pro-Fermi paradox followers who believe the evidence 
indicates that we have heard nothing because there is no one but us—at least right now.  On the 
other side of the paradox spectrum, the pro-lifers if you will, who state emphatically that 
“absence of evidence is not evidence of absence,” as the late Carl Sagan was very fond of saying 
(Sagan & Newman 1983). 
 
IV. We Are Alone 
 
Michael Hart, in his 1975 article, An Explanation for the Absence of Extraterrestrials on Earth, 
gave his arguments as to why we have not detected ETIs.  Hart’s points were well-written and 
explanations given by others as to why we hadn’t been contacted thus far were supported well 
and powerfully.  At that point in time, the SETI movement, having begun in 1959, when an 
article published in Nature was written by two Cornell physicists, Giueseppe Cocconi and Phillip 
Morrison (SETI-web), was not yet well organized.  As a result, Hart’s arguments were damaging 
to the on-going SETI effort. And, in fact they still are in 2011.  In his 1975 work, Hart refers to 
the fact that nobody has been heard from in the cosmos because there is simply nobody else out 
there, as Fact A, and provides evidence against the possible explanations for this.  To explain our 
existence in the cosmos Hart simply states that we are the first intelligent species in the galaxy 
and that is that (Hart 1975).   
 
Hart categorizes the possible explanations for the observed silence into four areas: physical, 
sociological, temporal, and the broad category that “they’ve already been here.”  A brief 
description of each of these follows.  The physical explanations include all of those that put forth 
a physical, astronomical, biological or technical difficulty that makes space travel difficult.  The 
sociological explanations include any that suggest that intelligent aliens have decided not to visit 
or make contact, or that they’re not interested in us, or they are not motivated to take up 
interstellar travel for whatever reason.  The temporal explanations include any explanations that 
deal with the arguments that intelligent extraterrestrial civilizations exist, but are so new or young 
that they haven’t had the time to make it to us.  And, finally, the explanations that state that we 
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have already been visited and that they have either come and gone, or have come and are still 
here. We just do not see them (Hart 1975).   
 
As for the physical explanations for the great silence, Hart sites arguments against the notion that 
interstellar space travel is too difficult.  He uses the fact that the success of the Apollo 11 mission 
illustrates that point.  He admits that interstellar travel is more problematic than a short trip to the 
Moon, but that relatively slow interstellar travel at say, 0.1c should be possible in terms of 
technology and energy requirements.  In this section he even proposes to place traveling lifeforms 
in a state of suspended animation for the duration of the voyage.  Besides, he asks, who is to say 
that other intelligent species are limited to the short lifetimes we are saddled with, which is an 
excellent logical argument.  Hart attempts to do away with any arguments that suggest that the 
dangers and pitfalls of cosmic rays or impacts with meteoroids would make such voyages 
impossible, by utilizing the successes of Apollo and Skylab missions as proof that these risks can 
be overcome (Hart 1975). 
 
As for any legitimate sociological impediments to interstellar travel, Hart dismisses them by 
asking the rhetorical question of, “Why must extraterrestrial be just like us?” (Hart 1975)  When 
the arguments that ETIs may be more interested in a “contemplative existence”, or that we are a 
protected species due to our immaturity—the zoo hypothesis, or possibly that advanced societies 
promptly self-destruct, once a certain technological level is reached, say knowledge of the inner 
workings of the atom for instance, that might affect a some civilizations but it certainly does not 
affect them all.   Hart buys none of these sociological explanations by stating that what is to say 
that our extraterrestrial counterparts do not evolve culturally.  They may very well have 
contemplative tendencies for some of their respective histories, but not for their entire histories. 
To cite an example used by Hart, we take the inhabitants of Vega III, a civilization that in 
6000,000 BC chose not to visit Earth.  What is to say that in 599,000 BC, one thousand years 
later they wouldn’t have changed their minds.  Even if their cultural evolution proceeded 
agonizingly slowly, just because they were once satisfied with a “contemplative” existence 
certainly does not mean that they will always be satisfied with such an existence (Hart 1975).  
Hart goes on to muse that, if not the Vegans, how about the residents of Procyon IV or Sirius II, 
surely all intelligent alien civilizations will not be stay-at-home aliens.  Hart’s point is that over 
the long history of the MW, there has been ample time for even a very small number of intelligent 
civilizations to have made considerable progress in colonizing the galaxy, even at the leisurely 
pace of 0.1c.  Hart applies this same umbrella to the notion that we are off limits because we are 
just emerging into technological competency Hart 1975).  It would be nearly impossible to gain 
100% agreement between civilizations across the galaxy to leave Earth alone—at least for now.  
Or if you prefer the notion that all intelligent species promptly self-destruct after they invent radio 
telescopes; surely at least one, probably more will slip by this barrier to overly aggressive 
civilizations.  Hart is convinced in his reasoning, that all of the reasons given to explain why 
“they” are not here, cannot explain why no one is here. 
 
Moving to temporal explanations to explain why we are alone--the possibility that there hasn’t 
been sufficient time for the necessary technological development to take place for us to have been 
visited.  Or, that we were possibly overlooked by a passing probe.  Hart doesn’t buy this 
possibility either.  He assumes again the speed of an exploring spacecraft to be 0.1c, even at this 
speed; the MW could be traversed in 650,000 years.  Hart gives the time for a colony to be 
developed and to begin another voyage as the same time it took for the voyage—650,000 years.  
Assuming that the age of the MW is approximately 10 X 109 yr (Hart 1975); there should have 
been plenty of time for us to have been visited.  If one considers numerous intelligent 
civilizations all spreading out in similar ways at similar rates than it is difficult to understand how 
we could have been missed. While Hart does admit that it is theoretically possible for us to have 
been missed, he states that it should be considered highly unlikely (Hart 1975). 
 
Over the course of Hart’s short article, he disassembles all of the explanations that those that 
support that life and intelligence are abundant throughout the galaxy put forth.  Hart completely 
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dismisses that some of the extraterrestrials that have visited us are still here and that they drive 
around in flying saucers.  He does not take these claims and reports seriously because “very few 
astronomers believe the UFO hypothesis.” (Hart 1975)  Hart closes by stating that if the basic 
premise of his article is correct—that we have not heard from or met anyone form an alien 
civilization simply because there isn’t anyone to meet, then there are two “corollary conclusions 
(1) an extensive search for radio messages is a waste of time and money and (2) in the long run, 
cultures descended directly from ours will probably occupy most of the inhabitable planets in our 
galaxy.” (Hart 1975) 
 
Hart’s 1975 article began a lively debate, with much of it taking place in the pages of the Journal 
of the Royal Astronomical Society (Webb 2002) that nearly everyone had an opinion on.  An 
interesting point about those many varying opinions on whether or not humans are alone in the 
universe, or were the first intelligent civilization to emerge from the primordial soup, nearly all 
had some validity.  This was true not because these ideas and hypotheses were that good, but 
because the gaps in our knowledge and understanding in key areas such as the exact age of the 
galaxy, the number of life-sustaining planetary systems in the MW, the maximum speed a 
technologically advanced civilization could really obtain, among many others.  These scientific 
questions, to say nothing of the questions of the rate of sociological evolution of alien 
civilizations, and just what the exploration priorities of those hypothetical civilizations would be, 
were enough to prevent us from formulating a definitive answer to the Fermi Paradox in the 
1980s.  But, that did not stop astronomers, physicists and biologists from trying.  The next salvo 
that was fired in this philosophical and scientific battle was fired by Frank Tipler, who offered 
some interesting arguments as to why we must be alone. 
 
In 1980 and 1981, Tipler wrote two articles on the topic of intelligent, extraterrestrial life.  Both 
were published in the Journal of the Royal Astronomical Society, the literary battle ground for all 
arguments dealing with this topic, or so it seemed. The title of Tipler’s first article was timidly 
titled Extraterrestrial Intelligent Beings Do Not Exist.  There certainly was no question on which 
side of the neutral zone Tipler was on.  Early in this paper, Tipler draws the battle lines between 
the pro-intelligent extraterrestrial life advocates, like Sagan, Drake, and Morrison (all 
astronomers) and pits them against the biologists, Dobzhansky, Simpson, Francois, Ayala, and 
Mayr.  Despite the fact that Tipler is a mathematical physicist and cosmologist, he places himself 
on the side of the biologists on this issue.  He went on to make the assumption that if an 
extraterrestrial civilization developed interstellar radio communication, they would have also 
developed the technology for interstellar travel (Tipler 1980).  Tipler stated that humans 
developed early rocket technology some 600 years before they learned of the existence of radio 
waves, so in keeping with the principle of mediocrity, alien civilizations will have done the same 
as we (Tipler 1980). 
 
One of the most noteworthy points that Tipler spends a considerable amount of time on in both of 
the above-mentioned papers is the motivation, ability, and tendency of advanced extraterrestrial 
civilizations to design, build and launch self-replicating machines that would venture out from the 
home planet and explore and encounter other planetary systems.  And, when they did, they would 
visit a planet or planets within that system and mine whatever materials were required to build 
copies of themselves and continue the process until all of the planetary systems in the galaxy 
were explored (Tipler 1980; Tipler 1981). Tipler calls these automated, self-replicating machines, 
self-replicating universal constructors and asserts that they could explore and/or colonize the 
galaxy in less than 300 million years and would cost less than operating a 10 MW microwave 
beacon for several hundred years, as proposed by SETI, Tipler points out (Tipler 1980). 
 
In further describing these automated explorers, Tipler stated that these self-replicating machines 
would be launched with human intelligence and would be capable of making any device given the 
construction materials and a construction program.  He coins the name for these constructions, 
Von Neumann machines after Hungarian-American Mathematician, John von Neumann (1903 – 
1957) who first suggested the concept of a Universal Constructor in the 1940s.  Using a small 
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number of these machines to start out with, left to their own devices, they would complete the 
exploration and colonization of the MW in less than 300 million years.  Again, assuming that the 
age of the MW is roughly 10 billion years, this completes the colonization in only 3 X 108 / 1 X 
1010 = 3% of the age of the MW.  This is not a very large investment of time depending on how 
long the civilization could sustain itself, which is itself another area that we did not and still do 
not know too much about—the possible lifetimes of advanced alien civilizations.   
 
V. The Rare Earth Perspective 
 
The Rare Earth hypothesis is premise made popular by Peter Ward and Donald Brownlee in their 
book, Rare Earth, published in 2000.  In 287 pages of text the authors put forth convincing and 
well-researched and referenced reasons why they and others believe that, while simple, microbial 
life may be relatively easy to make, complex, intelligent life is quite another story and therefore 
exceedingly rare in the universe.  In the eleven years since their book has been published, it has 
fanned the flames of debate and discussion on the topic of the possibilities that other intelligent 
civilizations exist.  In this regard the book has provided fertile ground for continued debate and 
further research.  In their book, Ward and Brownlee weave a scientific tale that is both factual and 

riveting, and quite honestly very difficult to put down.  It has 
come to be a major blow to the premise of SETI—that life, 
both simple and intelligent life is plentiful throughout the 
universe.  This perhaps, naïve and much more optimistic 
view was held by early scientists studying the field, namely 
Frank Drake and Carl Sagan.  Back when the Drake equation 
was first introduced, many were quick to drop into the  
equation, unrealistically large terms, which resulted in   
estimates for the number of intelligent, communicating 
civilizations unrealistically high. In fact, in 1974 Sagan      

The plaque commemorating the 1961 meeting (image 2)  estimated that there may be as many as a million 
communicating civilizations just in the Milky Way (Ward & Brownlee 2000).  However, the 
purpose of the equation has also been to be used as an instructive tool for assessing what is 
known and what is not known about the factors important to determining the prospects for life 
elsewhere in the MW.  In Chris Impey’s book, The Living Cosmos, he recounts the introduction 
of the Drake equation as one of the important tools that scientists have in their study of life 
outside of the Earth.  Here is his account of the first public revelation of the now famous Drake 
equation, back in 1961, “The young researcher went to the blackboard and paused.  The meeting 
had no agenda, and he wanted to give some structure to the discussion.  After thinking for a bit, 
Frank Drake wrote an equation on the board, not realizing that it would later bear his name and 
attain iconic status.” (Impey 2007)  The meeting mentioned above, where Drake put up the 
equation that now bears his name took place in Green Bank West Virginia, and was attended by 
biologists, social scientists, astronomers, physicists and industry leaders.  Those in attendance 
were thereafter referred to as “the Order of the Dolphin.” The plaque shown in image 2 above 
commemorates this early SETI discussion between scientists and industry leaders. 
 
In Rare Earth, Ward and Brownlee outlined a rather extensive list of Rare Earth Factors (REFs). 
Factors they felt were essential in getting life on Earth to where it is today—numerous simple 
forms of microbial life as well as complex animal life—some with intelligence—one with 
technological capabilities.  This short list is given below with only a small sampling of their 
rationale for each one: 
 
Rare Earth Factor    Rationale 
 
Right distance from star    Within the habitable zone (liquid water possible 
      on the surface) 
 
Right mass of the star    Spectral classes F5 – K5 (long enough lifetime 
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      for life to evolve and not too much uv radiation) 
 
Stable planetary orbits    Giant planets do not create orbital chaos 
 
Right planetary mass    Can retain an atmosphere, have a molten core and can drive 
plate tectonics        
 
Jupiter-like neighbor    Can clear out comets and asteroids 
 
A Mars      A small neighbor to act as a possible source for  
      panspermia activity 
 
Plate Tectonics     C02-silicate thermostat, build up land masses, 
      enable magnetic field, enable biotic diversity 
 
Oceans      Not too much and not too little A large moon  
      at the right distance, stabilizes spin axis 
 
The proper axial tilt     whereby seasons are not too extreme 
 
Giant impacts     Not too many and no global sterilizing impacts after 
      the appearance of life 
 
The right amount of carbon    Enough for life, but not too much to create a run- 
      away greenhouse effect  
 
Proper atmospheric properties   Can maintain adequate temperature, composition,  
      and pressure for plants and animals 
 
Biological evolution    successful evolutionary pathway to complex plants 
      and animals 
 
Evolution of oxygen    invention of photosynthesis 
      not too much or too little, and 
      Appears at the right time 
 
Right kind of galaxy    Contains enough metals 
 
Right place within the galaxy    Not in the halo, edge or center 
 
Wild cards     Snowball Earth, Cambrian explosion, Inertial 
      Interchange event 
 
(Ward & Brownlee 2000) 
 
Ward and Brownlee spend most of their book presenting various arguments, indicating that unless 
a planet possess nearly all of the REFs, complex, intelligent, animal life will not arise on a planet. 
Again, the list included here is but a very small sub set of those included in Rare Earth.  On alien 
worlds, in different parts of the galaxy the conditions on an Earth-like planet might be similar and 
they may be different from what we experience here on Earth.  That is what makes this process so 
difficult.  When you are dealing with a sample of only one, it is not possible to know what is 
possible, what is impossible, what happens all the time, and what rarely happens.  No matter 
which side one takes in this debate, more often than not we are proceeding on a set of scientific 
assumptions that hopefully are based on at least some verifiable experiments and observations so 
others can follow up and confirm.  In the case of the Rare Earth hypothesis, the scientific opinion 
of Ward and Brownlee is that the reason we’re so lonely, and it is so quiet is simply because we 
are so very rare.  If one carefully contemplates each REF, it will become clear in a very short 
time, that the Rare Earth hypothesis is one of the best explanations of the Great Silence.  “They” 
are not here because those that are capable of traveling here or communicating with us are 
exceedingly rare, so rare, that we may be one of the very first, and perhaps even the first 
technological civilization in the galaxy.  If this is true, then we have also discovered the limit to 
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the applicability of Copernicunism or the principle of mediocrity, in which case we would be 
special only because we are first. It follows that in time, other civilizations would follow. 
 
VI. Considering Post Biological Scenarios 
 
Consider how the task of setting out to solve the Fermi Paradox would change, if the vast 
distances between even the farthest stars in the MW didn’t matter.  What if we could design, 
build, and pilot spacecraft to the extrasolar planets we are now discovering, that did not need life 
support systems?  We could carry more fuel and travel much faster and still have the necessary 
fuel to then decelerate when we finally arrived, thus drastically reducing travel time to the stars. 
We could ignore the fundamental physics and engineering problems with close to the speed of 
light travel.  In order to achieve these feats we need to advance our evolution forward some 
period of time.  Let us say, 10,000 years.  It is a nice round number that is not too big, but it can 
conceivably place us in a world where machines have replaced humans.  Yes, this is an unsettling 
thought.  But again, let us assume that this slow transition to a machine world or a post biological 
Earth is positive and pleasant for nearly everyone.  Dismiss any tendency to envision the next 
Terminator movie or the next installment of Star Trek, complete with yet another epic battle with 
the Borg.  The post biological Earth is going to be a gentle and natural transition.  The technology 
to download consciousness and memory to solid state electronics would have become possible 
several thousand years ago and has been refined to a very high degree of reliability.  Once this is 
done, “people” in their new bodies could live forever, or if not forever, certainly for thousands of 
years.  Once this possibility has been accepted, we can consider a few hundred year trip to Sirius 
or Altair an adventure instead of a multigenerational and dangerous voyage, with no prospect for 
ever returning to Earth.  This now becomes possible. 
 
This transition is happening right now and has been underway since the first human heart 
transplant took place in the 1960s.  Anyone that wears glasses or contact lenses is a part of this 
human to machine evolution.  Do you wear a hearing aid?  Don’t forget to change your battery!  
As we learn more and more about our biology, our bodies, and technology, we inch closer to this 
kind of a world.  If you advance the present time only a few hundred years, selecting what 
specific genes you want expressed or suppressed in your offspring will be routinely done.  What 
makes this scenario very difficult to imagine let alone accept is that we are going from our world 
of 2011, to this future world without any transition period, without any ability to satisfy the 
numerous objections we will all have with this brave new world.  If we allow ourselves to be 
gradually eased into this world, we may find it could work.  And, if it could work, most if not all 
of the difficulty with exploring and colonizing our galaxy and possibly even others will be greatly 
reduced.  The evolutionary gap between biological and nonbiological civilizations will be 
tremendous.  In this scenario, the galactic club is open only to the advanced, non-biologicals.  If 
your world is biological, it is considered immature—to immature to be flitting around the MW.  
That could be why it is so darn quiet. 
 
In his 2007 article, Cultural Evolution and SETI, NASA’s S. J. Dick discusses the evolution from 
“flesh and blood intelligence” to a post biological world where artificial intelligence is the norm 
(Dick 2007).  If the disquieting aspects of this far-future world can be briefly tolerated and clear 
thought can be applied to the changes to the balance in the Fermi Paradox conflict, a different 
picture will emerge.  If we now open our search to all of the worlds that could be inhabited by 
advanced, post biological beings, many more planetary systems could be considered on our target 
list, even planets where life would have difficulty thriving.  This provides many more possible 
systems where ETIs could be found.  In addition, the lifetimes of such civilizations could be very 
long, even being immune or at least more resistant to natural planetary or cosmic mishaps. 
 
VII. Poking Holes…Counter Arguments to the Fermi Paradox 
 
Regardless of which side you support, the intelligent life is prevalent in the galaxy team, or the 
Rare Earth, complex life is exceedingly rare team, because neither camp has enough information 
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to move its hypothesis to the point where they are solid, coherent theories, with confirmed, 
verifiable scientific data, there will continue to be heated discourse on the subject.  Also, because 
there are so many complex and interrelated facets, involving so many branches of science, we are 
not likely to put this debate to rest anytime soon.  It is possible that we never will.  In this section 
flaws will pointed out and briefly discussed, just to illustrate that despite all we have learned, 
there is still a vast chasm in our knowledge of this exciting topic.    
 
As was pointed out in the introduction, on page 4, according to our current, but advancing 
knowledge of the existence of extrasolar planets, it is possible that the MW is home to some 160 
billion planets.  Due to the rapid rate of discovery of extrasolar planets, it is possible that this 
estimate could grow even larger over the next 2 – 3 years.  As can be seen in figure 1, the number 
of extrasolar planets discovered in recent years continues to rise exponentially.  To be sure, this 
cannot continue forever as there are a finite number of planets that actually exist in the MW or in 
any galaxy. 
 

 
    Figure 1 a plot of extrasolar planets discovered by year since 1989              (Schneider, J. web 2 2011) 
 
However, with the large number of extrasolar planet candidates that the Kepler spacecraft is 
delivering as well as the French, COROT mission, the number of planets and planetary systems 
will continue to rise.  Additionally, the Terrestrial Planet Finder and Darwin missions that are still 
in the planning phase promise to continue to add to the total number of planets and systems that 
we are aware of.  The sheer number of planets will eventually demand that the paradigm be 
amended to embrace that life and even intelligent life must exist outside of Earth.  In February of 
this year, the Kepler science team held a news conference where they announced that planets 
smaller than Earth had finally been detected.  Figure 2 shows the distribution of these small 
planets.  It can no longer be said that all we have discovered are a large number of “Hot Jupiters.” 
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Figure 2 a plot of Kepler extrasolar planet candidates, the size and estimated temperatures          (Kepler web 2011) 
 
It should be noted that the 1,235 planet candidates that were released in the February 1, 2011 
press conference only represented data from the first four months of the Kepler mission.  Kepler 
was launched on March 6, 2009 and began science observation the following month.  Obviously 
there is much more to come from this mission in the coming months and years.  Because Kepler 
looks for transits of planets across their parent stars and when transits are observed, spectral 
analysis of their atmospheres can be made to determine whether or not there exists any chemical 
disequilibrium in the planet’s atmosphere.  This will only improve our ability to estimate the 
likelihood for life and later for intelligent life in the galaxy.   
 
If we take the estimate of 160 billion planets resident in the MW and perform a simple, rough 
calculation of the average distance between planetary systems in our galaxy, that will give us a 
crude planet density within the MW.  Making some estimates for the dimensions of the Milky 
Way, we find that its approximate volume is � r2 x T, where r is the radius at ~50,000 ly and T is 
its average thickness at about 6,000 ly.  Thus, the approximate volume of the Milky Way galaxy 
is some 4.71 x 1013 ly3 (Web 6) This rough calculation suggests that for every 588.75 ly3 of space, 
there will be a star with at least two planets. In terms of astronomical distances, 588ly is in our 
astronomical backyard.  This high estimated density of planets in relative proximity to one 
another serves both sides of the Fermi Paradox argument.    
 
To summarize this counter argument, using the techniques described above, over the next few 
years it may be possible to actually prove that life exists on other planets in our galaxy. With this 
new evidence of many planets actually existing, it may even be possible to detect pollution 
caused by a technologically advanced civilization on an extrasolar planet. We now have the 
equipment in our hands, already operating successfully in space to provide us this information.  
We have come a long way since the detection of the first extrasolar planet orbiting a Sun-like star 
in 1995.  It may only be a matter of a few more years before we detect the hard evidence for the 
unambiguous proof of extraterrestrial intelligence. 
 
Hart, has stated in his arguments that the entire MW should have been explored/colonized in only 
a few million years with ETs traveling at 0.1c.(Hart 1975), which is a small percentage of the 
lifetime of our galaxy.  But in this author’s estimation and opinion, this claim is based on too 
many assumptions and variables that cannot be determined at this point in time.  Again it is this 
author’s belief that the complexities of attaining 0.1c for interstellar exploration will be a very 
difficult engineering and propulsion system feat to achieve.  The fastest spacecraft ever launched 
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by humans was the Newhorizons spacecraft which is now on its way to Pluto.  When it was 
launched it was traveling at 16.26kms-1 (Newhorizons-web).  Despite this being the fastest 
spacecraft at launch, it was only traveling at 0.0000542c—a far cry from the leisurely 0.1c that 
Hart uses in his paper. Traveling at high speeds for very long periods of time is not to be taken 
lightly. Not only must the spacecraft and crew function round the clock for many years it must do 
so without the failure of any major systems.  This is impossible. As anyone who has ever voyaged 
cross-country knows first hand—mechanical and electrical/electronic systems can and will fail—
and they will fail repeatedly and will do without warning.  And, even with warning with limited 
material resources on board will make any such major systems failure a major time consumer if 
not worse.  After all, it could bring the entire mission to a premature conclusion without any 
prospect of calling a tow truck.  These types of failures will happen and some of these missions 
will end in disaster.  How many will end this way is uncertain.  These interruptions to a 
civilization’s quest to explore the galaxy will add untold time to the time allotted to colonization 
of the galaxy.  As our short and limited experience living, working and traveling in space have 
shown us, space is a very difficult and dangerous place to do business.  The required time to 
explore or colonize the MW is more likely to be on the order of several billion years after life 
established itself rather than only a few million. 
 
Tipler is a little more generous with the time to explore and settle the galaxy.  He estimated that 
within 300 million years his self-replicating “Universal Constructors ” or Von Neumann 
machines could explore the entire galaxy (Tipler 1980;Tipler 1981).  Tipler states that this could 
be done with rocket technology that we have today, but the computing capability that it would 
take to create Von Neumann machines would take us a century to obtain.  Using the same 
objections here as were used to object to Hart’s stance, by traveling at a slower speed, this means 
a longer voyage as far as time is concerned.  That means the longer equipment has to function 
without the major failure of a primary system.  Now with self-replicating machines to keep in 
operational condition, that means even more chances for the mission to fall behind.  Tipler states 
in both papers that these robotic explorers would obtain the raw materials they needed by landing 
on the planets that contained the materials that they needed to keep things running and to be able 
to build copies of themselves.  The argument posed here is that without knowing the nature of the 
planets that will have to be landed on, materials will have to be found, mined and refined and 
crafted into the multitude of components that will be needed to make new machines.  
Additionally, the provisions will have to be on board to be able to adapt whatever mining 
equipment is needed to extract raw materials from a wide variety of environments from frozen 
wastelands to water worlds.  There is just too much to be left to the imagination for this to be a 
viable route to exploration.  Tipler makes far too many assumptions of how easy this kind of 
mission will be and does not assign an adequate level of difficulty to what will happened during 
these missions.  In this author’s view this future scenario is not viable, even in the distant future.  
 
The Rare Earth hypothesis is compelling.  The book of the same name is equally compelling as it 
tells the story of the significant events that have taken place on Earth and in its part of the solar 
system and galaxy that have affected the evolutionary pathways that ultimately led to humans.  
Rare Earth effectively explains how and why each REF played a role in shaping the course of 
biological evolution across the entire planet.  However, in this author’s view, only Ward and 
Brownlee’s conclusion is wrong.  Just because their selected REFs molded Earth’s biological 
arena to produce humans doesn’t mean that similar REFs would not occur on countless other 
similar worlds to produce other complex life forms.  Earth and all of its REFs known and 
unknown yielded humans.  Odds are that in the entire MW galaxy of some 160 billion or more 
planets we are the only humans that will ever grace this universe.  The Rare Earth gave the 
universe humans and no other planet and its specific REF will ever be able to duplicate this.  
However, there is nothing in this admission that prevents 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 is “right,” we have moved forward a long way 
since the Communication with Extraterrestrial Life (CETI), as it was first known when it arrived 
on the scene in the late 1950s--ushered in by noted scientists, Frank Drake, Giuseppi Cocconi, 
Philip Morrison, and Carl Sagan (Lamb 2001).  Because of its careful (probably not knowingly 
careful), professional launch, what later evolved into the SETI that we recognize today, received 
a good rollout when an article published in Nature in 1959 that addressed communication with 
extra terrestrials via radio communication and written by Cocconi and Morrison, both serious 
scientists working in main stream scientific fields, Cocconi in gamma rays and Morrison, in 
physics.   
 
The topic of life elsewhere in the universe, is one of the most complex and fascinating topics in 
modern science.  It was also contemplated by scientists and philosophers since before recorded 
history. It represents one of the most profoundly difficult questions to answer, namely, Are we 
alone?  There are many variables and so many terms in the equation that represent the emergence 
of life on Earth and its eventual evolution to technological competence, that it is nearly 
impossible to keep them all in focus.  And, while we may have been studying this daunting topic 
scientifically since the late 1950s, over those fifty years we have made some breakthrough 
discoveries about our universe and life itself that puts us in a position for the first time in human 
history, to be able to start answering some of the most basic and profound questions that will 
eventually lead us to the truth, that so many in the field believe is “out there.” 
 
The study and pursuit of astrobiology is unique.  It stands alone in uniting nearly all of science.  It 
links astronomy and physics to chemistry, and those fields to biology, biochemistry, and 
physiology.  It also brings into the fold, the geologists and the paleontologists.  Astrobiology even 
ties together all of these diverse disciplines with psychology and the phenomenon of cultural 
evolution. After all, how are we going to learn how to think like an alien, if we don’t understand 
how their minds might work—or how we think their minds might work?  So you see, you have to 
have your scientific act together to do astrobiology.  And, you must do astrobiology to work on 
solving the Fermi Paradox that remains one of the biggest issues in science today.  The science of 
astrobiology is the study not only of life elsewhere in 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 “A universe which has produced life on Earth to a 
technological level can surely repeat it elsewhere” (Cole 2006) in order to avoid violating the 
Principle of Mediocrity, one has to maintain this view as G.H.A. Cole has done in his 2006 
article, Observed Exoplanets and Intelligent Life.  That is to say that if one truly believes that we 
are not special, then other intelligent life must exist in the universe (Whitmire & Matese 2009).  
Since this principle has served us so well ever since the Enlightenment, it seems risky to abandon 
it here, just when the questions get a little difficult.  That is this author’s stance on the matter of 
the Fermi Paradox with all of its discussion and debate.  Our Earth is unique and so is the life that 
has grown up here.  However, each and every Earth-like world with the right conditions can make 
a similar claim about whatever life forms have arisen there.  It is the opinion of the author that 
over the next 5 - 10 years, evidence of life external to Earth will be provided by researchers.  And 
then, it will only be a matter of a little more time before life more advanced than microbes is 
announced.  With the discovery of every new extrasolar planet, we inch ever closer to realizing 
this extraordinary goal. 
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