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INTRODUCTION

I am deeply honored to receive this honorary degree from this wonderful university which I’m just getting to know. I hope as a new professor here you’re not disappointed with my first lecture. 
Actually I decided not to talk about the coming revolutions in fundamental physics. That talk is a talk about elementary particle physics and string theory and it would take at least an hour and a half. Instead I’m going to step back and talk more generally about the lessons of science. 

I’m going to do a review of all of the good and bad things that science has brought us in the past, in the present and in the future. I’m going to start with the scientific method itself – a new way of thinking that we learned a few hundred years ago and that has been extraordinarily successful in unveiling the secrets of nature, but also has much broader implications on the way we approach not only science, but society. Then I’ll talk about the main product of science, which is of course our increased understanding of nature, and I’ll briefly review the amazing advances we have made in understanding different parts of nature in the last few hundred years, which led us into extraordinary applications and technology which is beyond the imagination of our fathers, our grandfathers. Then I’ll discuss some of the side effects and unfortunate consequences of some of that rapid advancement in technology as well. Then I’ll discuss what I think is one of the important tools to deal with the problems we face. And I’ll end with a discussion or open questions in science, since science thrives on questions. And since the job of scientists, especially theoretical physicists like myself, is to make predictions which can be tested, I’ll end with a set of provocative predictions.
SCIENTIFIC METHOD

So let me start with one of the great tools that we have acquired only about 400 years ago – the scientific method. What is the scientific method? Most importantly it is the understanding that understanding of nature itself is obtained most effectively by observation, experiment, and subjecting all of our ideas to continual observation and experimental tests, and that the only authority for truth is agreement with nature through observation and experiment, not through political power or religious dogma. Parliaments cannot repeal the law of gravity. The Bush administration cannot ignore the signs of global warming. And all of our theories and ideas about nature are provisional. They’re not absolute. Scientists must be skeptical, and we’ve learned that all of our ideas are subject to continual quantitative tests and experiment and improvement. And finally, scientific findings must be available to all. It is simply not efficient to have a selected elite do science. Scientific findings must be made freely and quickly available to all. Actually, 400 years ago when scientists were beginning to apply the scientific methods, they hid their results or expressed them in anagrams, refused to release them to other people, hoarded them. And that was discovered to be ineffective, and we developed methods by which scientists are rewarded, by honorary degrees or medals, so that they are no longer reluctant to tell other people about their discoveries and findings and nowadays as soon as somebody makes a discovery of science, it is immediately available to anyone in the world over the internet. I think this scientific method has important implications to humankind generally, not just in the exploration of nature. A healthy scientific culture requires a healthy open-science society. Science has learned that authority doesn’t work in science. We value young people who come and question our axioms and who challenge them and often come up with better ideas. A closed and authoritarian society is one where science cannot flourish. And the knowledge that we acquire and the realization that we must listen to everyone if they have a valid scientific idea means that science promotes tolerance. And science therefore promotes democracy. It is not accidental that for example in the Soviet Union one of the champions for democracy and human rights was a theoretical physicist named Andrei Sakharov. In many countries scientists have led the struggle for an open, democratic, tolerant society.
Well, let me now turn to the second benefit that science has brought us which of course is what it’s all about – gaining an understanding of knowledge itself. And I’ll discuss three areas starting with the queen of science, my own field, physics, the oldest of all natural sciences. We’ll be going on to astrophysics and cosmology where within 100 years our knowledge of the universe – its structure and history – has been totally revolutionized. And the youngest in all the sciences, in the sense that what we’ve learned it only within the last 150 years, is biology. 
PHYSICS

So, I’ll give a very brief review of the highlights of these 400 years of science starting, of course, with physics, the queen of science. Physicists are very arrogant; we say that everything is physics, well of course that is true in a very reductionist sense. It’s the first of the exact sciences to develop, and it is the area where the scientific method was first used. Over the last 400 years we have discovered the basic laws of motion of ordinary bodies and stars and the underlying symmetries that govern these laws and all physical phenomena. Within the last century we have unveiled the atomic structure of matter, and atoms are governed by strange laws, very different from what we’re accustomed to in quantum mechanics. And towards the end of the last century we have completed and constructed a comprehensive theory of the atomic and nuclear forces. Within the atom, within the nucleus, we identified the basic constituents of matter that make up all matter and all the stuff that we have ever observed in the laboratory, and are now striving to unite all the forces of nature in a unified theory. 
It all started with Mr. Galileo 400 or so years ago, who really was the one who perfected the scientific method, observation from which you extract regularities which are embodied and so-called laws of nature. And Galileo found that mathematics works very well in expressing these irregularities in nature. In fact, he was the first to note that the language of physics is mathematics. The more we learn the more beautiful mathematics becomes and remarkably enough, we discover even more beauty in the laws that we develop to explain and summarize our observations. But that beauty is expressed in the language of nature which appears to be mathematic. 
Following Galileo is Isaac Newton who launched the scientific revolution of 1770 discovering that the laws of physics happened everywhere in the universe. Newton’s law of gravity governs the motions of planets and apples. The laws of physics are universal and can be applied, as far as we can tell to all phenomena that we can observe. 
In the 19th century Maxwell finally was able to summarize the laws of electricity and magnetism and discovered that light itself is nothing but a wave of the electromagnetic field that transmits the force of electricity. He was the first to develop a unified theory of electricity, together with magnetism, a theory which content could be summarized on a T-shirt. And these equations, Maxwell’s equations that are on this T-shirt, in principle, explain all the electric and magnetic phenomena, and this understanding launched the industrial revolution in the 19th century. In the 19th century we also understood the work of many including Botsman: heat, energy and entropy how large complicated systems work and behave and their limitations. Within the 20th century we realized the dream of an atomic theory of nature and confirmed that all ordinary matters are made of atoms. Atoms consist of electrons, orbiting a very small, point-like mass of nucleus. And these people here explain how electron revolving around nuclei governed by the strange theory they discovered, the ballistic theory of quantum mechanics and explain the structure of atoms. And over the 20th century, the story continues today we apply this atomic theory to understand and manipulate all the properties and phases of the matter that we observe in the universe. 
At the beginning of the 20th century Albert Einstein taught us that Newton’s theory had to be improved, and that gravity is not a force that just is there for any reason. It arises from the dynamics of space and time itself. Space and time, geometry, can be curved when mass or energy is around and that curvature gives rise to the deviation in the paths of particles that you call gravity. It’s a marvelous and beautiful theory which we’re still trying to understand in the quantum domain. 
Towards the end of the 20th century we completed a comprehensive theory of all the forces of nature and identified, as far as we can tell, all the basic constituents of matter that form together the so-called standard model. It consists of the identification of the elementary particles out of which matter was made. The quarks make up the nucleus and the electrons that surround it – three families of quarks and leptons. And three forces that act on these objects: electromagnetism that accounts for the structure and behavior of atoms and molecules, and the two forces that act within the tiny nucleus – the strong nuclear force holds the quarks inside the nucleus and accounts for nuclear energy, and the weak nuclear force that changes one kind of quark into another is responsible for radioactivity, for example. These three forces and the identification of the elementary particles constitute the standard model. It should be called a standard theory, an extremely successful fundamental theory on the structure of matter and force. 
Since you all heard the introduction to my honorary degree which tried to explain QCD and force between quarks, I’m sure it all sounded very complicated, so I’ll say a word about the strong nuclear force which is what I worked on and what we got awarded the Nobel prize for. The nuclear force, when I started my studies, was a very hard thing to understand. The nucleus is tiny, hard to study, except by smashing nuclei together in collisions that release hundreds of particles, very hard thereby to figure out what goes on inside this small nucleus. But by the time I got my real PhD, for which I really had to work, people were beginning to do experiments that showed some very mysterious phenomenon they could look inside this nucleus and see that it looked like the proton was made out of free little quarks, strange particles that no one had ever seen, isolated with fractions of electric charge. Nobody believed that such things really existed but it looked like the proton was made out of these quarks which at least when they were close together were freely moving as if they weren’t pulling or pushing each other. And yet nobody had ever been able to pull the quarks out of the proton. The problem that I was driven to solve was how could you have a theory in which the quarks were weakly interacting, not pulling or pushing on each other when they were close together? Still, you couldn’t pull them out. It’s hard to explain. Finally, we found one kind of theory that could do that which led us to the theory of nuclear force. And it all has to do with the properties of the vacuum. Now, I’m sure if you have a picture in your mind of what the vacuum looks like, it’s something like that. It’s a boring place, the vacuum. Remove everything from this room, all the people, the chairs and the air, and you’re left with nothing – the vacuum. That’s the vacuum. Well, that’s the classical vacuum; that’s the normal picture of the vacuum. But it’s totally wrong. I want to give you a better picture of what the vacuum really looks like. You see, in quantum mechanics, and we live in a quantum mechanical world, such an empty state can’t be true. It can’t be the case. You can’t have an object that is totally at rest, not moving. For example, classically, if you have a pendulum swinging back and forth, its lowest state or energy is when it’s not moving at all. But quantum mechanically that can’t be the case, because when you observe it you send in a beam of light to see it, you hit it, and you start it moving; so has Heisenberg taught us there is the uncertainty principle, which essentially tells us that this pendulum must be moving. We call that zero-point motion. Nothing can be at rest because when you observe it, you kick it a bit, and you start it moving. The vacuum is full of fields – electromagnetic fields – that you think might be in their lowest states or sort of turned off but when you observe them, you get them moving. Now we have a theory so I can calculate, not I but my friends who are good at big computer calculations, and here is the picture of the vacuum that they calculate using QCD at a scale of a proton. So the scale here is the size of the proton, the size of the nucleus of the Hydrogen atom. And here, you see the fluctuating, chromo-dynamic fields in the vacuum. The vacuum isn’t a boring place; it’s full of these fields fluctuating back and forth. It’s a complicated medium. And because of that, the vacuum can change the nature of forces between objects, just like when you put charged particles in water; the forces are shielded by the medium, by the water. So it turns out that in Quantum Chromo-Dynamics, when you bring quarks close together, the force is weak. But if you separate them, the force gets stronger. And that comes about because of the complicated dynamics of this complicated quantum vacuum of QCD. And that is the phenomenon of a synthetic freedom that we discovered that led us to this theory and explains why you can never pull the quarks out of the proton because the force gets so strong as you pull them farther and farther apart. Here in fact is an attempt; again, this is a calculation using QCD on mass of computers and shows what happens when you try to pull the quarks out of the proton. Those three little balls are the quarks and a force field in between them, and that prevents us from breaking up the proton. It is just as well, because otherwise we would immediately splatter into quarks. It wouldn’t be very good.
COSMOLOGY

Enough of physics, let’s go to cosmology, our view of the universe, which not over 400 but over 100 years has changed dramatically. Over the last century you heard that the universe is bigger than the Milky Way, that our sun is just one of a hundred billion stars in the galaxy and the universe, or the portion we see of the universe as a whole is enormous and contains a hundred billion galaxies and is expanding, and it all started in a very condensed hot state 13.7 billion years ago. This is a dramatic change of our view of the universe and cosmology in only less than two lifetimes. Our perspective has changed enormously. The earth is a small little ball in a solar system that is a billion times bigger and in a galaxy that is a billion times bigger, but it is only one of a hundred billion galaxies in the universe as a whole. This is a picture of the universe 1 billion years ago when it was rather homogenous and structure-less. We can look at the universe today but we can also look back in time; we have time machines! Light takes time to arrive in our eyes so we can look back almost to the beginning of the universe, and the oldest picture we have of the universe is 13.5 billion years ago, when the light could first emerge from the fog – the plasma of electrons and nuclei. This is what the universe looked like 13.5 billion years ago: extremely homogenous gas of protons and electrons and light that reached us from this state after travelling for 2.5 billion years. And by and large we understand in growing quantitative detail everything that happened in the last 13.5 billion years; how galaxies formed out of slightly denser regions of the universe attracted themselves together, clumped by forces of gravity and formed stars and galaxies, and then those stars cooked by thermo-nuclear reactions and produced the elements from which we’re made. All of you contain a carbon, you breathe oxygen, you have nitrogen in your potassium, I hope, in your system. All of those elements were not here in this universe 13.5 billion years ago. They were produced in stars, cooked inside stars which then exploded in supernova explosions, and that’s how all the stuff we are made out of was formed. Sometime around here in the history of the universe, we know quite a bit about the history of the universe, almost all the way back to the beginning of the so-called Big Bang, and are now seriously scientifically trying to gather observations about what went on in the first billionth of a billionth of a billionth second after the Big Bang and even beginning to ask how did the Big Bang occur? What was it? How did it all begin?
BIOLOGY

Finally, biology, the younger science in many ways, but again in an exceedingly short time we have learned so much. We’ve learnt in the last 150 years that life emerged 3 billion years ago on this planet and evolved slowly by mutation and through the mechanism of natural selection. We’ve located the microscopic structure of life, located and deciphered the genetic code, outlined the basic mechanism of living cells and discovered disease. And finally we’ve located the source of consciousness and emotion. Not in the heart or the liver, but the brain, and have started, just started to explore its mysteries. 
It began with Darwin about 150 years ago, who, based on very analytical and comprehensive observations, deduced that evolution via the process of natural selection produces all the variations of living matter. Over this period we have untangled the history of life – the history of evolution, from primitive organisms to, among the rest, ourselves and many other species, like the most successful species of all in our planet: beetles. You know, there’s something like 300,000 different species of beetles. They are, from just a bio-mass point of view, more successful than we. 
Another thing we’ve discovered is, in tracing out the evolution of our species, that all of us are closely related, that all humans have a common origin, in Africa. We’re beginning to map out the migratory patterns. Pretty soon you’ll be able to send a little bit of your DNA to a laboratory and they will tell you how you came to be in the Philippines, in detail, from Africa, 150,000 years ago. We all have one mother. We all have, the evidence is not as good, one or maybe two fathers. They lived in different times and in different places but both are possible. You learned genetics. This is a very important realization, not just for understanding the history of life and humans, but politically. What point is there to fight with our cousins? Racism makes no sense at all. We’re all very closely related, from a very short time ago. 

We’re beginning to learn in very unbelievable detail the microscopic structure of life and to build up, like in physics, a quantitative predictive description of life starting at the bottom. We’ve identified the mechanisms that make the cell work, the genetic code that’s embodied in the DNA. The DNA produces the RNA, which produces the proteins that are the machines of life, all in its different forms. And what does cell turn into? It’s all encoded in the genetic code. It could be a cell that ends up into a neuron or one that ends up in your fingernail, they all share the same DNA. This knowledge brings biology to the level of physics. Most importantly, for our health, we have discovered the origin of disease; it’s caused by bacteria, viruses and parasites of which we know at least many ways how to control, and by genetic mistakes which we’re just beginning to think of how to stop and to cure.
Finally we’ve learned that the locus of thought and emotion is in the brain. The brain, when you look at it closely, is nothing but a dense collection of neurons – 100 billion neurons, highly interconnected and somehow, collectively, they give rise to all over cognitive abilities. 
UNFORTUNATE CONSEQUENCES

This knowledge of nature has led to vast control of nature. Basic science inevitably leads to greater control over nature, but in usually total unpredictable ways. The biggest advances in technology occurred as consequences of discoveries of basic science that were not designed to arrive at those technologies. You can’t order, as politicians would like to at times, new ideas. Instead, curiosity-driven research, trying to answer problems posed by nature and not by parliaments, is what leads to advancements, which turn out to have incredible benefit and sometimes great dangers. So, the fruits of our knowledge already in the 19th century – electricity, magnetism and heat and energy – lead to the industrial revolution – steam engines, electricity, motors – and in the 20th century to an unbelievable revolution in transportation and communication and calculation and much, much more. We’re now applying these modern instruments, the fruits of the theoretical advancement in quantum mechanics of a century ago. None of the inventors in quantum mechanics had any idea that quantum devices would be useful for communication or calculation. Medicine, of course, is the area in which our knowledge of biology has had and is just beginning to really have important implications. The development of drugs, imaging techniques that came from the physical sciences, all of that has led to doubling the human lifespan in the last 200 years. We today have two lives compared to our great-great-great-grandfathers, twice as long on the average.  But in addition that control over nature, say our understanding of the nuclear force, even when that was a primitive understanding, led to the powerful and awful weapons which for the first time could wipe us out and destroy civilization. Luckily, we have avoided that. 

But what we might not avoid, so far have avoided, are the threats to the health of our planet, which are upon us. These are quite severe. And they’re driven by two things, one is the ever-increasing population, made possible by modern agriculture and medicine and the industrial revolution. The population of the world took off with the industrial revolution, and this curve, which you notice stops at around 2000, fits very well a mathematical formula which predicts that in the year 2017 the population of the world would be infinite. In physics we call that a singularity. And if our theory says the population of the world would become infinite, something must be wrong. And in fact, demographers now believe that they see signs that the population is leveling off. It’ll level off around the middle of the century at about 15 billion people. That’s a lot of people for our planet, especially if they all want to live as well as Americans. 
And Americans continue to grow in their use of energy and producing stuff all the time. This is a graph of global energy consumption, and you see it seems to be growing without end. And most of this energy consumption is based on fossil fuels which we will run out of in a while, although coal will last for a long time. But more importantly, it is fossil fuels and its increased consumption that is causing a dramatic increase in the temperature of the Earth and the global climate – global warming. This chart is taken from the IPCC in the UN committee that won Nobel Peace Prize this year. This is their projection, and since they’re careful conservative scientists they have here a whole series of projections based on many assumptions, partly about what the world will do in response to the crisis of the surface air temperature of the Arctic that could melt the ice. And you see by the end of the century the increase in temperature ranges from two to eight degrees with probably a conservative estimate of about six degrees. That’s 6 degrees Centigrade. It might not sound like so much, one or two degrees which are caused by CO2. There’s no question anymore to scientists like me who’s not an expert in the field, we don’t work in environment control, but I can read papers carefully, and I’m convinced that the evidence is clear that the carbon emissions, CO2 concentrations and the temperatures track each other in a way that it provides overwhelming evidence that we are the major cause, if not the only cause, of this temperature change. 
The impacts of this are quite severe, even small changes in temperature are dramatic, leading to global warming, decreasing water availability in many areas of the world, increasing drought, or floods which are a big problem in the Philippines, I gather. But with one degree increase which might occur in the next decade, scientists estimate that 20-30% distinct species are in danger of annihilation, of extinction. Most corals would be bleached white, if you continue with the projections to the middle of the century, we’ll achieve two- to three-degree rises in temperature, which will cause major changes in actual systems and millions of people will face flooding every year. With three degrees, there will be substantial burden on health services and food production, and 30% of coastal wetlands will be lost. With just four degrees, almost half of all species will be driven to extinction. There’ll be global and economic losses just from eating alone of up to 5% of the GDP. A partial meltdown of Greenland and Antarctic ice sheets raising the sea level by 13 to 20 feet. And remember that these projections are proven to be extremely conservative; the ones they made in the past go up to eight degrees. This is just a list of what happened if you up to four degrees above current temperatures. 

SOLUTIONS

This is a very serious problem. You’re already seeing the melting Greenland ice sheets, the bleaching of corals, what can be done? Well, of course science can and must play a big role, and there are lots of ideas to improve on what we know already; new, totally new tools based on nanotechnology, improvement of solar power which is a renewable and clean energy source. But more than science is needed. The main problem today I think is absolutely not science, but societies, economic systems. We must build, I believe, an economic and political system that is not dependent on unlimited consumption and growth. I am disturbed by the fact that politicians in my country, for sure, but in many other places, talk about dealing with global warming, say, ‘OK, we’ll have to deal with us, but let’s do it in a way that won’t stop us from growing and growing and growing.’ That can’t continue. Certainly not with a population of nine to 15 billion people which grows economically by 2% every year. That potential rate of growth will require more energy. But our economic and political systems are based on continual growth. CEOs of companies are fired, if they don’t produce growth every year, every quarter. Politicians get voted out of office, if we don’t grow our economy every year. And I’m not talking about the underdeveloped world were growth is necessary to raise people out of poverty and educate them. What I’m talking about is the developed world, the United States: What are we growing for? We need a system were politicians can survive even if we don’t grow, somehow. And companies can prosper even if they don’t grow. I don’t think we know how to construct such a system – economically and politically. Furthermore, how are we going to get 150 governments to agree on projects that will save our planet which is threatened, because what you do in one country affects the whole world. What you do today only begins to have an effect 20 years from now. Our local national governments are not very good at doing that kind of thing. I believe that we have to start moving towards a world government. One of my scientific heroes is Albert Einstein. And he pushed this, too. It is not surprising that scientists think about international government, because science is an extremely international endeavor. And that’s partly because the problems that are explored by basic science are not national problems, and they’re not posed by parliaments or given countries. They’re posed by nature. In scientific research, everyone is equal no matter what country they’re from. So, it has always been the case that basic science has been a truly international endeavor – a model of cooperation, collaboration and, yes, of course, competition. This is a letter that Albert Einstein wrote in 1946, where he was sending greetings to a gathering of persons devoted to the cause of world law. Einstein was, of course, very worried in 1946 about the danger that nuclear weapons posed on the survival of the human race. He said ‘The growing movement of a supranational government seems to me today the major hope of mankind… only world law can assure us progress towards civilization, peace and true humanity.’ We have survived for 50 years without blowing ourselves to pieces, but that danger still exists. And the environmental dangers to our planet are truly supranational; I believe it requires supranational organizations that really have teeth.
QUESTIONS AND PREDICTIONS


I’m going to end with questions and predictions; questions because I’d like to say that the most important product of scientific knowledge is ignorance. I don’t mean ignorance of the usual kind – stupid ignorance, uninformed ignorance that leads to bigotry and racism and is the cause of much evil in our world. I mean informed, intelligent ignorance. The ignorance we only acquire by knowing a lot, by making scientific progress, by learning how to ask new questions. See, knowledge is a push into a sea of ignorance, and the areas where we can’t progress are at the frontiers of knowledge, of ignorance. That’s where the questions arise. The more we know the more ignorant we become, the more we are aware of new questions. That’s what drives science forward. 

Some of the questions in basic physics we’re asking are absolutely fascinating and wonderful questions, we didn’t really have the ability to address these questions 40 years ago; we didn’t know enough. How did the Universe begin? We are driven to begin, to try to ask that question. It’s becoming a scientific question. Now we’ve discovered that the universe is full of some kind of matter, we’re not sure what it is. We’ve never produced it in the laboratory. Most of the matter in the universe is dark matter; we can feel gravitationally but we can’t see. And also dark energy causes an accelerated expansion of the universe. As I said we’re trying to unify all the forces of nature. How does that unification work? Is string theory, the theory that I’ve been working on, on which all the elementary particles are really little vibrating strings, different modes of vibration of the same super-string, is that the answer? A question that I’m truly fascinated by, and I think we’re going to have to change our ideas about: What is the nature of space and time? In biology there are so many wonderful questions. The one I would like to answer is how does consciousness arise from the collective behavior of all these tiny little neurons? And many, many more. Science is much more interesting, I find, today, as when I started 40 years ago. The more we know, the more interesting questions we ask.


And some of them are answerable. We have wonderful tools. There is a large particle physics collider which runs around 20-mile diameter from Switzerland to France, which will start next year, which will answer some questions in fundamental physics, we hope. They have this wonderful instrument they send out in space, the Hubble telescope that probes the universe and its history. 

And I end with predictions. Scientists like to make predictions; it’s very dangerous to make predictions. We usually are wrong, especially as Yogi Bear said, it’s very dangerous to make predictions about the future. It’s much easier to make predictions about the past. But that’s my job. The next 50-100 years, there are some things I can predict I think with pretty certitude, and that is that most of the questions in basic science that we ask today will be answered. I don’t know what the answers will be, but it is the case that within a period or something like 50 years if you ask a question in basic science or physics or biology, those questions are answered. But there’ll be new questions, probably more interesting questions that we’re not yet asking today. 
I’m also predicting that as we learn how the human mind works, that we begin to have a microscopic genetic understanding of the brain, the social sciences, the political sciences, economic sciences, once that depend on human behavior, will begin to be true sciences. These sciences are in their infancies. They will begin to emerge once we truly understand, in a microscopic fashion, what the human mind is and how it works. That might help us towards our goal of sustainable economic and social arrangement and hopefully towards a world government. 

But I like to think big. It’s fascinating to ask yourself what the world is going to look like in 1000 years. We go back 1000 years and take somebody in the Middle Ages and ask them what would the world look like in the 21st century? They could not imagine. But 1000 years is a very short time. The planet has been around for three billion years. Five billion years for life and three billion years for human, Homo sapiens, 1000 years is nothing. And yet, clearly, there is nothing we can truly say will be the case. I don’t think we can have any ability to imagine how the world or science will be like in 1000 years. 
But I will make some predictions. And these are areas in which we are specially growing a quantitative understanding of biology which will lead to problems for humankind which might dwarf the present problems that we face. For example, lifespan of humans has doubled for the last 200 years, just because of better food and better medicine. But now we’re beginning to study the causes of ageing, and I have no doubt that we will increase the lifespan of humans by a factor of five or 10, maybe, in 1000 years. We will do that, but aside from the fact that we would all have 10 times as many lives, think of the social and economic problems that that will cause. It makes no sense the way we live now. We have young people here; it takes 20-30 years before your educated and ready to start contributing to society, 30 years of preparation and then you work for 30 years and retire. That makes no sense at all. But could we change socially and economically to absorb a 1000-year or 500-year life span? And then evolution will go on; now we are in a position to act directly on our genetic code, not indirectly through mutation or natural selection. We are beginning to do that. We will change our DNA in order to cure diseases, to eliminate cancer, maybe to start improving things, intelligence; that will happen. There’s no stopping that over 1000 years. That’s the good side. The bad side is it can lead to speciation, like life has continuously done so over the last 3 billion years. We might turn ourselves into more than one species. That again in the long run is inevitable. It’s what has happened over and over again in the last 3 billion years. If it didn’t happen we’d still be chimpanzees. So, it will happen again, and because of the speeded up way in which we affect our genetic genes directly, probably it will happen in the next 1000 years. And how do we deal with that as a society, as a single planet? 

Maybe one way of dealing with it is that life will spread. What I mean by that is that I think over 1000 years, we will begin to spread out over the galaxy. We are not going to send people colonizers to other planets. It’s too far, takes too long, there’s no point. We’ll send microscopic robots with lots of information so that they can explore and find and construct, promulgate life, our kind of life, throughout the galaxy. Once we’re able to start doing that, and we probably should be able to start doing that in the next 1000 years or so, we will do it because that’s what life does. It expands into every possible leash. So, these are three predictions and you see that they are the kind of technological advances that will be, though clearly totally impossible nowadays, might be possible over 1000 years, driven by science, and will cause severe problems for society. So we should think about them ahead of time.
To summarize, science will be even more important in tomorrow’s world, it will continue to reveal more of nature’s secrets and increase our control over its forces – with consequences which are both good and potentially bad. But hopefully the culture of science will inspire us to explore the good and avoid the bad. 
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