	A Crossroads: Can we last another 5 billion years?

Our Sun is approximately one-half of its way through its main sequence evolution. However, the growth of humans on the Earth has lead to a substantial non-equilibrium use of the Earth's resources. In just a few thousand years, mankind has gone from a bright, promising future, to one that is severely threatened as our resources run out 

Short Term Future: Perhaps humans will not be able to solve the problem of non-equilibrium growth and as a result, will have occupied the Earth as an intelligent species for just a brief period of time. It seems likely that most any civilization would have to endure a primitive phase in their evolution as they struggle to manage their growth and the use of their resources. We maintain this primitive phase primarily as a result of economic considerations. To fuel a global economy, based on trade and production, requires ever greater use of our resources. The current population of the world is 6.5 billion and the growth is exponential in nature with a rate of 1.16% per year. This leads to a doubling time of 60 years. If our growth remains unchecked, then in 100 years the Earth will have approximately 22 billion humans. While the carrying capacity of the Earth is unknown, it seems unlikely to be this large. Hence, now really is the time that humans find themselves at the crossroads with the choices of short term extinction vs. long term sustainment. As a consequence, we perhaps can pose the following definition of Galactic Intelligence : 

Truly intelligent civilizations are those which have established equilibrium with respect to their planetary wide resources 
Thus, if we wish to be members of the Galactic Club then we must head down the path towards equilibrium. 

Long Term Stability: This pathway defines the Galactic Club. The requirement for membership is the ability to survive on your planet on a very long timescale. While our civilization may not qualify for membership we should not uniformly conclude that all civilizations are precluded from membership. What seems to be required for entry into the Club is a different way in which decisions are made. As long as we profit from short term economic based decision making, there will be no incentive to engage in longer term outlook that might help insure the birth of our great-great grandchildren. If we can evolve away from economic based decision making and towards morality based decision making, in which long term sustainability becomes of paramount importance, then perhaps we can achieve this future. The concept is not foreign to us as it comes in the form of the connected world view as embodied by Supernova and the creation of heavy elements.

In principle, our Sun will continue to produce energy at its current rate for approximately 5 billion more years, which means the basic global ecosystem of the Earth can be maintained for this long. On shorter timescales, humans will have large asteroid impacts, large ice ages, and tectonic catastrophe to deal with but the global ecosystem has survived these in the past. We currently stand at the crossroads of choosing whether or not our civilization will even be given the opportunity to confront these challenges. Indeed, if it were to turn out that our civilization was the only intelligent civilization in the entire Universe then if we disappear, that means all the questions in the Universe disappear with us. 

Galactic Colonization:

So far we have considered this hypothetical collection of one million civilizations to be static in nature. That is, they occupy their planet in an equilibrium state. However, perhaps curiosity causes them to develop space travel. Would it be possible for one of these civilizations to essentially colonize the entire Galaxy. Let's consider the following scheme: 

· One day, some civilization decides to use its resources to launch 1000 inhabited space ships in random directions. 

· Each spaceship is capable of a propulsion velocity of 0.1 c.
· 99% of all spaceships are destroyed before reaching another planet 

· Upon arriving at another planet, on average 10,000 years later, the surviving members of the civilization spend 10,000 more years on that planet converting its resources into 1000 more spaceships to repeat this exercise. 

How long would it take to reach all 1011 stars in our Galaxy if this scheme were rigorously followed. For instance, in the first step, one civilization eventually reaches 10 new planets. Twenty thousand years later, the resources of those 10 planets have been converted into 1000 more space ships per planet and now there are 10,000 exploratory space craft randomly cruising the Galaxy for new planets. The later timesteps in this sequence are summarized in the following table: 
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From which we find that the entire Galaxy can be colonized in just twenty million years via this scheme. 

So, where are they? 
The colonization argument presented above has been used to suggest that, in fact, Nc = 1 and that we are it. Earth. That's it, the sole keeper of the question marks in the Galaxy and perhaps the Universe. This is a disturbing thought as it implies an awesome responsibility on us earthlings. If we extinct ourselves we extinguish the very questions that the Universe has used to become self-aware. One resolution to this dilemma is simply that interstellar travel may be a lot more difficult than the above scheme suggests. Clearly, the average time of 10,000 years to reach another planet requires a multi-generation commitment. The individuals that get on the spacecraft are not the same ones that get off 10,000 years later. Perhaps this is impossible. Then again, perhaps advanced cryogenics would make interstellar travel feasible. It's difficult to know. 

What we do know is that we are unmistakably here and we are observers of the Universe. Our knowledge of the Universe may be primitive, but if so, this is a reflection of the primitive nature of the questions that we ask. But we have been investigating the nature of the Universe for only about 10,000 years. In this flyspeck of time we can't hope to have gained fundamental knowledge. The challenge for us, which stems from the study of Cosmology, is to preserve our civilization and our species so that we will be able to make inquires about the nature of the Universe for millions of more years. Only then can we acquire wisdom and truly understand our connection to the Cosmos and whether or not we are alone. 


