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Life in the Universe

(Adapted from Stephen Hawking: Life in the Universe)
With the human race, evolution reached a critical stage, comparable in importance with the development of DNA. This was the development of language, and particularly, from an evolutionary viewpoint, written language. By means of this development, information can be passed on, from generation to generation, in two ways: genetically through DNA, and through information storage from human memory or in books. There has been no detectable change in human DNA, brought about by biological evolution, in the ten thousand years of recorded history. Nevertheless, the amount of knowledge handed on from generation to generation has grown enormously. Human DNA contains about three billion nucleic acids. However, a lot of the information coded in this sequence is redundant, or is inactive. So the total amount of useful information in our genes is probably something like a hundred million bits. One bit of information is the answer to a yes/no question. By contrast, a paper-back novel contains about two million bits of information. From the point of view of information transfer, a human is equivalent to about 50 romantic novels. A major national library, on the other hand, can contain about five million books, so the amount of information handed down in books is a hundred thousand times as much as in DNA. 

Even more important is the fact that the information in books can be changed, and updated, much more rapidly. It has taken us several million years to evolve from the apes. During that time, the useful information in our DNA has probably changed by only a few million bits. So the rate of biological evolution in humans is about a bit a year. By contrast, there are about 50,000 new books published in the English language alone each year, containing approximately a hundred billion bits of information. Of course, most of this information is garbage, and of no use to any form of life. But, even so, the rate at which useful information can be added is millions, if not billions, of times higher than with DNA. 

This really means that we have entered a new phase of evolution. At first, evolution proceeded by natural selection from random mutations. This Darwinian phase, lasted about three and a half billion years, and produced us, beings who developed language in order to exchange information. But in the last ten thousand years or so, we have been in what might be called an external transmission phase. During this phase, the internal record of information, handed down to succeeding generations in DNA, has not changed significantly. But the external record, in books and other long-lasting forms of storage, has grown enormously. Some people use the term, evolution, only for the internally transmitted genetic material, and object to it being applied to information handed down externally. But I think that is too narrow a view. We are more than just our genes. We may be no stronger, or inherently more intelligent, than our cave-dwelling ancestors. But what distinguishes us from them is the knowledge that we have accumulated over the last ten thousand years, and particularly, over the last three hundred. I think it is legitimate to take a broader view and include externally transmitted information, as well as DNA, in the evolution of the human race.

 
The time scale for evolution, in the external transmission period, is the time scale for accumulation of information. This used to be hundreds, or even thousands, of years. But now this time scale has shrunk to about 50 years, or less. On the other hand, the brains with which we process this information have evolved only on the Darwinian time scale of hundreds of thousands of years. This is beginning to cause problems. 

In particular, it means that no one person can be the master of more than a small corner of human knowledge. People have to specialise in narrower and narrower fields. This is likely to be a major limitation in the future. We certainly cannot continue for long with the exponential rate of growth of knowledge that we have had in the last three hundred years. An even greater limitation and danger for future generations is that we still have the instincts and, in particular, the aggressive impulses that we had in our cave-dwelling days. Aggression, in the form of subjugating or killing other men, and taking their women and food, has had a definite survival advantage up to the present time. But now it could destroy the entire human race, and a great deal of the rest of life on Earth. A nuclear war is still the most immediate danger, but there are other dangers, such as the release of a genetically engineered virus. Or the greenhouse effect becoming unstable. 

There is no time to wait for Darwinian evolution to make us more intelligent and better natured. We are now entering a new phase of what might be called self designed evolution, in which we will be able to change and improve our DNA. Once the genetic code has been deciphered, we can start writing in corrections. At first, these changes will be confined to the repair of genetic defects, like cystic fibrosis, and muscular dystrophy. These are controlled by single genes, and so are fairly easy to identify, and correct. Other qualities, such as intelligence, are probably controlled by a large number of genes. It will be much more difficult to find them, and work out the relations between them. Nevertheless, I am sure that during the next century, people will discover how to modify both intelligence and instincts like aggression. 

Laws will be passed against genetic engineering with humans. But some people won't be able to resist the temptation to improve human characteristics, such as the size of memory, resistance to disease, and the length of life. Once such super humans appear, there are going to be major political problems with the unimproved humans who won't be able to compete. Presumably, they will die out, or become unimportant. Instead, there will be a race of self-designing beings, who are improving themselves at an ever-increasing rate. 

If our race manages to redesign itself, to reduce or eliminate the risk of self-destruction, it will probably spread out and colonise other planets among the stars. However, long distance space travel will be difficult for chemically based life forms, like DNA. The natural lifetime for such beings is short, compared to the travel time. According to the theory of relativity, nothing can travel faster than light. So the round trip to the nearest star would take at least 8 years, and to the centre of the galaxy, about a hundred thousand years. In science fiction, they overcome this difficulty by space warps or travel through extra dimensions. But I don't think these will ever be possible, no matter how intelligent life becomes. In the theory of relativity, if you could travel faster than light, then you could also travel backward in time. This would lead to problems with people going back and changing the past. If it were really possible, then we would also expect to have seen large numbers of tourists from the future, curious to look at our quaint, old-fashioned ways. 

What are the chances that we will encounter some alien form of life, as we explore the galaxy. In theory, at least, there ought to be many other stars whose planets have life on them. Some of these stellar systems could have formed five billion years before the Earth. So why is the galaxy not crawling with self designing mechanical or biological life forms? Why hasn't the Earth been visited, and even colonised. I discount suggestions that UFO's contain beings from outer space. I think any visits by aliens would be much more obvious, and probably also much more unpleasant. 
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