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Introduction




It is my job, and has been for fifty years, to put my ideas and opinions on paper, and to get them published for the world (or for as much of it as may be interested) to read.




During the first three years of my efforts, I sent the products of my typewriter to various possible outlets in the faint hope that someone might be willing to offer them a home. More often than not, they came back to me. But some sold, and in 1941 I published a story called “Nightfall,” which made a hit. With that I must have found my voice, for the rejections stopped.




In the first fourteen years of my writing career I published science fiction only. I have never stopped writing science fiction and continue to write it, quite successfully, to this day, but in the early 1950s, I began to write nonfiction as well, first on science, and then on virtually anything.




My reputation grew as a writer who could turn out reliable material very quickly and on almost any subject. Consequently, I never had to peddle anything after “Nightfall.” I wrote only on order. And eventually that began to keep me perpetually busy. I have now published well over four hundred books of all kinds (including science fiction, of course) and over three thousand shorter pieces of one sort or another.




Most people who commission essays from me are often content with relatively short ones, perhaps because they suspect that readers are impatient these days with so much else to occupy their minds—from sports, to television, to computer games. As a result, I have found that I have accumulated 101 pieces with an average length of about 1200 words (some shorter, of course, and some longer).




So it occurred to me that I would put them together as a kind of collection into which people could dip almost at random when they have some minutes to spare. Since the pleasant people at Prometheus Books always seem prepared to welcome a collection of miscellaneous essays from me (this is my third with them, after The Roving Mind and Past, Present, and Future), I sent it to them under the whimsical title, The Tyrannosaurus Prescription, and here it is.




Incidentally, I have tried to select the pieces in such a way as to avoid “thought duplication,” but this is not always possible. I can’t come up with a brand-new point of view for each essay; so, if I speak on two subjects that are somewhat allied, I am liable to repeat some of my points occasionally. Please forgive me when I do.




I have also tried to impose some sort of order on a collection of essays that, after all, I wrote without ever once worrying whether they could be strung together in some sensible way. Naturally, then, my imposed order is imperfect, but I have managed to put them into seven categories. If on reflection you decide that you could have made a better and more logical arrangement, you are probably right.




But I've tried.











Part I


The Future




As far as my nonfiction output is concerned, I am best known as a "futurist," so a good proportion of the requests I get are for some insight into one or another aspect of the future.




I don't pretend that my view of the future is necessarily correct. In fact, if the misadventures of past futurists are any guide, my vision will prove laughably incorrect. However, I am stuck with it, and, who knows, I may not be too far off the mark.




Incidentally, people who want me to write on the future usually want me to write on those subjects that interests them. I am never successful at convincing them that I don't know enough about a particular subject to write about it. In the first place, they refuse to believe me—they probably suspect that I'm just playing hard to get in order to raise my fee . . . which I never do, honest! And, in the second place, how can I plead ignorance forcefully enough when I hate to puncture my own reputation as someone who "knows everything"? After all, I make my living out of that misconception.




As a result, I let myself be talked into doing essays on the future of handicrafts or the future of chemical engineering despite my pious wail that I don't even know anything about the present of chemical engineering. (Most frightening of all was contemplating the future of marriage.)




Any of you, by the way, are free to criticize anything I say. If you do, I may learn something.




The essay on the future of chemical engineering is, by the way, the longest one in the book: 5000 words long. I might not have included it were I not so pleased that I was able to write on the subject at all. (The people I wrote it for were pleased, too.)












1




Our Future in Education




How can we imagine what public education will be like in 2076, the time of our nation’s tricentennial? Let’s first try to imagine what society will be like.




Perhaps our civilization will have collapsed by then, under the weight of a harrowing population increase and fatal shortages of food and energy. There would be starvation and misery. Billions would die, and the remnant that would survive would be forced to exist in an environment badly, and perhaps permanently, damaged by civilization’s death-throes. There would be no public education, except for what some could glean from hoarded books salvaged from the ruins of cities.




But let us instead suppose that civilization survives. What are the requirements of survival? First and foremost, we must learn to limit our numbers by some means other than a rise in the level of death and destruction. Humankind must lower its birth rate to that of the death rate or below.




If that is done, and if other, lesser problems are solved, the twenty- first century should see civilization moving ahead as science and technology continue to advance.




A low-birth-rate society, however, is one that will produce an enormous change from that to which humankind has always been accustomed. Combine a low birth rate with the further-extended life-span we can expect if science and medicine continue to advance, and it will be obvious that in the twenty- first century we will have a population with a smaller percentage of young people and a larger percentage of middle-aged and old than ever before in history. In fact, the twenty-first century will be the first era in history in which the old will outnumber the young.




This is a change we can see coming now. In the United States, the steadily increasing percentage of the old has now made those over sixty- five into a formidable voting force. What’s more, we are becoming, increasingly, a nation that has its finances organized about the pensions, Medicaid, and social security that are enjoyed by so many and looked forward to by so many more.




As some have pointed out, there seem to be more and more unproductive oldsters being supported by the labors of a smaller and smaller reservoir of productive youngsters. This fact has been used by those who argue against lowering the birth rate. The supply of young must be kept up, the argument goes, or civilization will collapse under the weight of the old.




But if the supply of young is kept up, civilization will collapse anyway. What, then, is the solution? Might it not lie in education?




Traditionally, public education is confined to the young. Children understand this, and if there is any inconvenience to school, it is attributed by them to their crime of being young. They come to realize that one great reward of growing up is to become free of the prison of school. Their goal is not to be educated, but to get out, to be sprung.




Similarly, adults are sure to associate education with childhood, with something they have fortunately survived and escaped from. The freedom of adulthood would be sullied if they were to go back to educative lifehabits associated with childhood. As a result, many adults sink into vegetating ignorance. They are as unembarrassed at having forgotten what little algebra and geography they once learned as they are at no longer wearing diapers.




In a society in which those over forty outnumber those under forty, this vegetating ignorance should not be allowed to continue. Education must no longer be confined to the young. The young must not look forward to its completion, nor should the old look back on it as thankfully over. For all people, education must be made to seem a requirement of human life as long as life endures. Mental and creative vigor should accompany the physical vigor that medical advance will allow. Human beings can then remain “productive,” in our present understanding of the word, until advanced age.




But is this possible? Will the time come when people so enjoy being educated that they will be willing to engage in it, on and off, all their long life? Why not, if they can learn what interests them and not what someone in authority says they ought to learn, interested or not? It will mean that we must turn education from fixed curricula into the direction of personal taste.




After all, as time goes on (civilization surviving), the world will grow increasingly automated and computerized. The dull, repetitive work of the world, both physical and mental, will be done by mechanical devices, and to human beings will be left the task of creation. The world will increasingly become a world of leisure. Education will have to become leisure-oriented.




To an increasing extent, the world will be running itself, and the very notion of “productive” and “unproductive” human beings will wither. Naturally, then, people will be able to go their own way. There will always be those who will want to learn computer technology, or to engage in scientific research, or to devise new educational procedures. If anything, I should guess there would be more people voluntarily anxious to help supplement the mechanical running of the world than are needed.




And the rest? Some might be interested in writing, composing, painting, or sculpting; some in sports or travel; some in show-business of one sort or another; some in sleeping in a hammock, if they can bear the boredom of it.




It will be the task of education to help each individual to find within himself that activity that will make him most happy, his life most filled with interest—and that will then surely contribute to the happiness and interest of others as well.




In personalized education, one thing may well lead to another. A youngster who wishes to learn baseball and nothing else may become interested in reading in order to read about baseball. Or she may wish to learn arithmetic in order to calculate baseball statistics—and in the end find she likes mathematics more than baseball.




Indeed, may we not expect interests to change with age as a matter of routine? At age sixty, why might not someone suddenly decide to study Russian or take up chemistry, or venture into chess or archaeology or brick-laying? Why may not someone in later life turn from stamp-collecting to nuclear physics—or vice versa? And through all these choppings and changings, why should it not be a person’s inherent right, always, to receive help from the public education system?




But how can we manage an education system that will be so individual, so one-to-one, as to allow each person to be educated according to his own bent and desire, whatever that may be?




Well, suppose that communications satellites become more numerous and far more versatile and sophisticated than they are today. Suppose that it is not microwaves but the far more capacious laser light that is used to carry messages from earth to satellite and back to earth.




Under these circumstances, there would be room for many millions of separate channels for voice and picture, and it can be easily imagined that every human being on earth could have a particular wavelength assigned to him, as now he might be assigned a particular telephone number.




We can then imagine that each person has a private outlet to which can be attached, when he wishes, a personal computerized teaching machine. It would be a far more versatile and interactive teaching machine than anything we can put together now, for computer technology will also have advanced in the interval.




We can reasonably hope that the teaching machine, programmed for some particular field of study, will nevertheless be sufficiently flexible and versatile to be capable of modifying its own program (that is, “learning”) as a result of the input of the student. In other words, the student can ask questions that the machine can answer and answer questions in a way the machine can evaluate. As a result of what the machine thus gets back, it can adjust the speed and intensity of its course of instruction, and can even shift in whatever direction student interest directs.




Nor need we suppose that the teaching machine be a self-contained, finite object (like a television set, for example). We can reasonably suppose that the machine will have at its disposal any book, periodical, or document in the vast central, encoded, computerized global library, and that the machine can use this information to modify its program. What the machine has, the student has, either placed directly on a viewing screen or reproduced on paper for more leisurely study.




Naturally, we can suppose that no human being will necessarily be a mere passive receptacle for information. Any human being, once guided along his path of interest, whatever it may be, is very likely to make advances of his own, which can be fed back into the machine and through that into the global library, so that every student becomes a teacher as well.




By the tricentennial, then (assuming that civilization survives), humanity and machine could be developing a profound symbiosis. Humanity could have a more enriched life and understanding than it ever would have achieved through man’s unaided brain. The computerized teaching machine will become the mental telescope through which glories greater than we can now imagine will be seen.
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Filling the Brain Gap




There are five billion people in the world today. If you eliminate the young children, the very old, the infirm, and a few of those rich by inheritance, the rest are, in one way or another, working in order to ensure that they live as comfortably as possible.




What makes it possible for a human being to do useful work? Muscles and brain.




Human muscles, while useful, as we must all admit, are by no means unique in the world of life. There are muscles that are stronger, by far. In the exertion of sheer power, a human being cannot compete with a horse, let alone with an elephant.




It is for that reason that human beings, having learned to domesticate animals, put the larger ones to work. Donkeys drew carts and oxen drew ploughs. And when the horse was finally domesticated, it turned out to be the most valuable working animal of all. (We still describe an assiduously industrious person as a “workhorse.”)




In addition, human beings learned to bend the inanimate world to their uses, to invent tools that made their muscular efforts more effective. You can carry water, after a fashion, in your cupped hands, but you can do so in larger quantities and more effectively in a pot. You can pry up a rock by sheer force, but you can do it more easily with a lever. You can drag a load across the field, but how effortlessly you can do it, in comparison, if you put it in a wheeled cart.




Beginning two hundred years ago, human beings found new sources of energy in the steam engine, the electric generator, the internal-combustion engine. As machinery has continued to multiply and grow more complex, the load of muscular labor has been lifted from the backs of humanity, particularly in those parts of the world that have undergone industrialization. Today, in a nation like the United States, so little-used are human muscles that we must invent uses for them and “work out” in order to try to keep them in reasonable order.




The other tool used by human beings in their work is the brain— and here, at least, we do have something unique. There is no other living creature, alive now or in the past, that uses its brain as effectively as we do. It is by use of the amazing human brain that human beings can invent ingenious devices of all sorts, compose symphonies, write books, conduct and coordinate the labors of others, lead armies, make decisions, and penetrate the secrets of nature.




No other form of life can help us here. We are on our own.




To be sure, we can use our brains to devise inanimate help. We can invent writing to record our experiences and pass them on to the next generation. We can devise number systems and calculating devices from the abacus to the computer. We can think up a scheme of alphabetical organization, write reference books, and do many other things that will make it easier for the human brain to do its work. In the end, though, these are merely subsidiary aids; the essence of the job is left to the brain.




If we compare the human brain to the human muscles, we have no trouble deciding that the former is the more important. If we allow human muscles to become flabby, we become flabby human beings—but we are still human beings. What’s more, if we are not too old or too far gone, a program of exercise can get us back into shape.




If we allow the human brain to become flabby and to lose its function, however, we lose something that is vitally human. To become a stupid human being is to become less than a human being. And, in all likelihood, that loss of easy brain utilization is something we can never recover.




Naturally, there is a conflict between brain and muscle. To begin with, a life spent exclusively in hard muscular work, under conditions that seriously underuses the human brain, produces boredom, which is another reason why it is better to have animals or machines do the work. Animals are far less likely to grow bored, and machines cannot grow bored.




Boredom is a serious ailment, incidentally, that marks the underfunctioning of the thinking process. Such underfunctioning quickly aggravates the boredom to the point of mental atrophy. A brain that is never given the opportunity to think is very likely to lose the ability to do so. (Hence the stereotype in older times of the stupid, animal-like peasant. They weren’t born that way; they were fashioned so by the totally unstimulating life they were forced to lead. Certainly, many brilliant creative thinkers of today are the descendants of such peasants; nothing was wrong with the gene pool.)




Consequently, the freeing of human muscles by modern machinery has given an important impetus to human creativity. As the percentage of people forced to spend their lives in unskilled muscular labor decreases, the percentage who can contribute something creative is bound to increase.




And yet . . . there is an odd gap here.




Even in the most industrially advanced societies there remain jobs, too complex to be carried out by animals or machinery, that nonetheless seriously underuse the brain. We know that this brain gap exists, but what we have done so far to close it is insufficient.




A job on an assembly line might not force you into a life of unremitting hard labor, but it does make it necessary for you to do work that is repetitious, stultifying, unrewarding—and, worst of all, that leaves you without the necessity of thinking. (Do you remember Charlie Chaplin in Modem Times!)




Much office work is similar. The necessity of filing, of fetching and carrying, of typing, of doing all sorts of labor that is too skilled for a machine but too unskilled for the full functioning of a human brain produces, first, a sense of unhappy drudgery, and second, an escape from that unhappiness by the development of an anesthetized and incapable brain. (Naturally, all this depends on the nature of the work. As work grows more responsible and more diversified, the brain is more occupied and suffers less.)




The net result is that, even in the most technologically advanced portions of the world, there is a large element of totally uncreative individuals who have become fit only to do the low-thought drudgery that they, in fact, do.




It is easy for those of us fortunate enough to engage in creative labor to dismiss the faceless underclass by saying, “Well, that’s all they’re fit to do.” I’m afraid, though, that the truth is, “That’s all they’ve been made fit to do.”




But now, in our generation, there have come the computer and the mobile computerized machines we call “robots.” (The two are not essentially different: Computer plus mobility equals robot.)




Computers and robots represent as important an advance as the use of animals for work, as the invention of machines, and as the discovery of new power sources. For the first time we have devices that can do jobs that till now were beyond machines. For the first time we have a chance to fill the brain gap, to make it unnecessary for human beings to engage in mental drudgery—just as earlier inventions had made it unnecessary for them to indulge in physical drudgery.




It’s simple to see that anything that a robot can do is unfit for a human being to do. To but it another way, if a human being does work that a robot can do, that work will end by making a robot of the human being.




Once again, with the coming of robots, there will be a great surge in human creativity.




But is that too easy a jump? Is that an overestimation of human capacities by a hopelessly overoptimistic individual? Can we really expect human beings to be generally creative? Is not creativity a rare and precious phenomenon that occurs only occasionally?




It depends on what you mean by creativity. If you’re speaking of supreme genius—that of a Mozart or a Shakespeare or a Newton—then, yes, it is exceedingly rare. But what about moderate creativity? What about musicians who aren’t Mozarts but who add to our heritage of pleasurable songs and compositions? What about writers who turn out to be less than Shakespeare but who are amusing and instructive nevertheless? What about scientists who will never be Newtons and Einsteins but who make an occasional useful discovery anyway?




Is even this too much to ask for? As we look around the world, can we convince ourselves that the great mass of noncreative people are only made so and that, in a different world, they would not exist?




Actually, we have gone through this once before in history. There was a time, not many centuries ago, when literacy was rare. The ability to make marks that indicate words and to do it rapidly and neatly, together with the ability to look at those marks and interpret them quickly and unmistakably, was clearly something for only the most agile of brains. Reading and writing was the mark of a scholar and the peasantry could not be expected to be literate any more than they could be expected to fly. Even the aristocracy, which could occasionally be educated into a form of literacy, were rarely able to do it well.




With the coming of the Industrial Revolution, things changed. The unskilled farming of the time did not really require literacy; but, as the people shifted from the farms to the mills and were put to work at complicated machinery, literacy became essential. For that reason, the nineteenth century saw the development of free public schools for the education of the population. And, behold, while reading and writing remained difficult for many, literacy became far more widespread that would have been dreamed possible only a century before.




Nowadays it is a scandal that there are millions of Americans who are functionally illiterate. No one believes, however, that this is because literacy requires a rare kind of brain. The feeling is that our system of education is at fault.




In the same way, if we did not live in a society that made it necessary for so many people to engage in nonthinking jobs, then creativity would not be so rare. Revise educational procedures so creative thinking is encouraged, allow computers and robots to do the world’s routine low- brain work, and creativity will become as common in the twenty-first century as literacy is in the twentieth.




But will there be enough creative jobs for the world’s population? What kind of creative jobs would there be? How would the world’s billions fill them?




That is an extraordinarily hard thing to predict in detail. Put yourself back in 1790 for a moment, when the United States was a brand-new nation with a population of about four million. Well over 90 percent of its population was engaged in fanning in one way or another. Now suppose that someone, an Isaac Asimov of the past, was casting his mind into the future, predicting that the time would come when the United States would have a population of about 240 million and that only about 4 percent of them would be engaged in farming.




Naturally, the question would arise: “Then what would the other 230 million people do?”




What would the futurist of 1790 say in answer? Would he explain that some would be airline stewardesses? That some would be advertising copywriters? That some would be television actors? That some would be photographers? It’s not likely that he could see the future society in accurate technological detail.




All he could say would be that there would be all sorts of nonfarming work to do—even if he lacked the ability to see the details. In the same way, there will be creative work of all kinds for people to do in the future, as robots do the scut-work and as technology continues to advance.




More and more people will be engaged in programming computers, in devising new kinds of educational programs for teaching machines. More and more people will be engaged in space and scientific research of new kinds, in technologies as yet unborn. And there’ll be more teaching and acting and supervision and writing and so on.




There’ll be no problem.




But how do we get from here to there? The robots that come in will replace people, and those people will not automatically become creative.




True enough. There’ll be a problem. All human experience shows that, while technological advance may destroy jobs, it will also create jobs and that, in the long run, the jobs created are far nore numerous than those destroyed.




However, individuals can’t always await the long run. In the near future, as computers and robots take hold, it will be necessary to initiate retraining and re-education programs. It may be necessary to have public works projects established. In short, there will be a transition period in which, in the interest of social stability, those who find themselves without a means of making a living will nevertheless be helped to find a way of living meaningfully and with dignity.




This will be expensive, and the pangs of transition must be distributed to some extent through the population. No one can rightfully expect to be untouched while many millions suffer dislocations. In the end, however, such sacrifices will be beneficial even to the sacrificer. Why? A resentful and miserable underclass is ripe for violent revolution.




The sacrifices will be temporary, especially if governments institute wise and humane policies. Eventually, perhaps in the space of a generation, new modes of education will create a population actually predisposed to creativity, both eager and able to take advantage of the new technology.




But what of the future beyond the next century? Surely computers and robots will become ever more complex and versatile, ever more capable of approaching the human way of thinking. Might they not then prove able to do more and more jobs, develop a creativity of their own, displace human beings from every niche, making us obsolete?




That might be so—if human beings are unable to recognize this danger and are incapable of preventing themselves from creating their own replacements.




I don’t think that is likely. We can be aware of the danger. To be sure, human beings have allowed the production of nuclear weapons, which, in their way, can make human beings obsolete. That, however, was under the stress of national rivalry and with an imperfect sense of the true danger. With each year, as our understanding of the consequences grows, the opposition to such weapons is intensifying. Twenty years ago, world public opinion forced an end to most atmospheric testing, and in 1987, for the first time, some nuclear weapons were eliminated. I think that the danger of robots that are too human would arouse fears even more intimate and personal than nuclear weapons have. The danger would be recognized soon, and objections would come rapidly and loudly. The danger, in fact, is that human beings will overreact and cry for an end to robot development when, in actual fact, this research represents no harm.




Besides, in thinking that computers and robots will replace human beings and make us obsolete, we are making the assumption that there is only one kind of intelligence.




Computers, at the present moment, are far more intelligent than human beings, if we measure intelligence by the ability to solve mathematical problems. The cheapest pocket-computer can outmultiply and outdivide even a very clever human being.




But we don’t measure intelligence in that way.




Intelligence is something much more subtle, which we can’t define very easily. There will be every tendency to develop computers and robots in ways that will improve their variety of intelligence, rather than try to bend them in the direction of our variety. The analogy is to the automobile, which we try to make better and better as a thing moving on wheels. We never aspire to develop one that will move on legs.




In short, in computers and robots we will have a second variety of intelligence, which, combined with our own, will face the Universe more surely and to greater effect than either could alone.
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The Global Computerized Library




The progress of human knowledge might be coming to a halt through its own superlative success. We have learned so much, it is becoming difficult to find the specific items we need among the vast mass of the whole, specific items that may be crucial to further advance.




The sum total of human knowledge lacks an efficient index.




How can we correct this but by calling on a more-than-human memory to serve as an index, and a faster-than-human system of retrieval to make use of the index? In short, we need a computer.




Assuming that our civilization continues to exist and advance its technology, the computerization of libraries is inevitable. More and more information will be recorded on microfilm, and more and more of that will be accessible by computer.




There will be a tendency to centralize library information so that a request for particular items can tap the resources of all the libraries of a region or of a nation, by way of interconnected computers.




The process is bound to be a gradual one, so it is difficult to set an exact time for this crucial change-over. But surely, in fifty years at the most, the process will be well-advanced.




Each nation or region will have, by then, a national or regional computerized library, which will, of necessity, lead eventually to a Global Computerized Library (GCL) in which the reasonable sum total of knowledge will be stored and from which any item of that reasonable total can be retrieved on demand.




I use the word “reasonable.” Although computers can handle the material once it is stored, human beings will have to decide which items to insert. There might be a desire to shovel in everything, but a sensible selectivity would surely lead to greater efficiency in the final product. There can always be subsidiary libraries which can contain outdated material, apparently useless texts, and highly specialized or arcane information unlikely to arouse much interest. It would be enough for the GCL when answering a request for such items, to be able to indicate the subsidiary library or libraries likely to be of help.




These subsidiary libraries of specialized material could closely resemble libraries of today, employing librarians in the present sense. And, of course, there will be many librarians of an entirely new kind—experts who must consider acquisitions, improve programming, maintain computers, add services.




The GCL is not likely to be a single computer, rather a set of interlocking computers located in the key cultural centers of the world. AU wiU be equally capable at retrieving, equally capable of supplying any item, but each will do so in the language of the region.




And if a universal Lingua Terra is ever established (an amalgam of languages developing spontaneously out of the needs of increasing numbers of scholars, businessmen, and travelers dealing with each other over the world), the information can be given in that language, too.




The manner in which the GCL wiU be tapped is no mystery; the technique is on the way. We already have communications sateUites that make it possible to connect any two points on the globe in a matter of fractions of a second. Present-day communications sateUites depend on radio waves for interconnection, however, and the number of possible channels they make avaUable is limited.




In future generations of such satelUtes, lasers making use of both visible Ught and ultraviolet radiation will be used for the interconnection. The wavelengths involved will be millions of times shorter than those of radio waves, so that the lasers could carry million of times as many channels.




The day will come, then, when every human being will have a specific television channel that can be tuned to a computer outlet that will be his or her connection to the gathered knowledge of the world. The tuning could take place anywhere. A portable device might be carried on the person. You can ask (for road directions, perhaps) and be answered by voice or in a typed print-out.




For more elaborate results, more elaborate devices in the home would be required. The equivalent of a television set wiU produce wanted material on the screen, or will reproduce it on film or paper—stock market quotations, news of the day, shopping opportunities, whole newspapers, magazines, or books.




This doesn’t end pubhshing as a business, of course; it merely changes its form. In the changed form, it is quite likely to become more important than it is now.




Naturally, there are practical and economic questions. Can the public learn how to use the computer outlets?




Sure, just as they learned to operate automobiles and television sets. There will be the desire to learn, and the mechanics of operation will be made steadily simpler.




And who pays? There are any number of possibilities. Computer use can be a public service paid out of general taxation. And each individual or business could be charged metered fees. Similarly, payments to writers could be flat fees for materials acquired or royalties based on numbers of retrievals.




The GCL would be essential for scholars and for research, but this would represent a minor fraction of its use—and importance. Far more important: For the first time there would be easy, private access to all knowledge for everybody. The GCL will make it easy for people to learn. And people want to learn.




This might seem a dubious statement in view of the widespread resistance to learning among the population now. In schools as presently constituted, however, the individual students are mass-fed certain stereotyped subjects at certain dictated speeds, without any regard for what it is the individual wishes to know or for how rapidly or slowly he or she can absorb the information. (As for adults, only recently has it been recognized that opportunity for education is as important for them as it is for children.)




What if, instead, there is a device, in a person’s living quarters, that would feed information on exactly what he or she wants to know: how to build a stamp collection, how to mend fences, how to bake bread, how to make love, details on the private lives of the kings of England or the rules of football or the history of the stage? What if all of this is presented with endless patience, with endless repetition if necessary, and at a time and place of the learner’s own choosing?




What if, having absorbed some of a subject, the learner asks for something more advanced, or a little to the side? What if some item in the information fires sudden interest and sends the learner off in a completely new direction?




Why not?




It is surely likely that more and more people will take this easy and natural way of satisfying their curiosity. Every human being has three pounds of brain that must be in constant use to avoid the pain of boredom, and here will be the perfect antidote—the GCL ready at any time to talk to you about what interests you.




Each person, as he is educated in his own interests, can then make contributions of his own. The man or woman who has a new thought or observation of any kind in any field can report it, and if it does not duplicate something already in the GCL, it can be held for confirmation and, possibly, be added eventually to the common store.




Each person will be a teacher as well as a learner.




With the ultimate library the ultimate teaching-machine as well, will the teacher-learner lose all desire for human interaction?




Of course not. The GCL cannot replace human contact in all areas. In athletics, in public speaking, in the dramatic arts, in exploration, in dancing, in love-making, no amount of bookishness will replace the practice—though the theory may improve it. People will still interact, and all the more intricately and pleasurably for knowing what they are doing. And they will learn enough by doing to want to know still more from the GCL, and, in turn, to teach still more to the GCL.




Then, too, every human being is subjected to the missionary instinct whenever matter in which he or she is devouringly interested in comes up. The chess enthusiast tries to get others to play chess. The same can be said of fishermen, dancers, historians, joggers, antique-buyers—name anything you want.




The person who probes the GCL and finds a fascination in weaving, or in the history of costumes, or in Roman coins, is very likely to make a determined effort to find others of like interest.




A world of people being educated, each in his or her own direction at his or her own speed, will be a world of unbelievable intellectual ferment and competition of interests. The most common frustration will arise out of having to choose among those interests.




And the GCL, as it grows more complex, can add to the ferment itself. By random association of materials in its store, it may well be able to suggest new fields of interest, new directions of research, even new conjectural solutions to old problems.




But wait—. With everyone free to learn as he wishes, will not almost everyone follow the tracks of trivia? Who will learn the dull, hard things that will be required to run the world?




In the computerized world of the future, however, it is precisely the really dull things that will be the province of automatic machinery, not human beings. To the human will be left those creative aspects of the mind that would come under the heading of “amusement” to those involved with them.




There will always be those who would find amusement in mathematics, in scientific research, in literature and art, in politics and business. They would help “run” the world, but out of the same kind of desire and pleasure enjoyed by those who are occupied in the building of rock gardens or the devising of gourmet recipes.




In a world of leisure amd amusement, though, might we not all fall apart? Is life going to become a universal Sunday afternoon in the suburbs?




Adventure? Risk? Danger? Where would they be?




Perhaps these will not be found on Earth in the future we are imagining, but neither will Earth be humanity’s only home. Aided by the rapid advance in technology made possible by the GCL, space will be explored, exploited, and settled at a greater speed than might now seem possible, and it will be space that represents the new cutting edge of humanity.




Out there on the new frontier, the largest frontier we have yet seen, there will be adventure, risk, and danger enough for those who will find their pleasure in facing them! In this they will have the help of new branches of the ever-useful GCL.




It will be very difficult for our descedants to try to imagine what life was like without the GCL. How they will pity us!
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What Computers Won't Do




If we look into a peaceful future, it seems certain that computers will continue to become more capable and versatile. It is risky to predict, however, what computers won’t be able to do, for one is far too likely to be wrong.




Arthur C. Clarke’s most quotable comment is this: “When a distinguished, but elderly, scientist says that something is impossible, he is probably wrong.”




My distinction is perhaps debatable, but I am as elderly as anybody and I take that statement to heart. However, I am perfectly wihing to predict what a computer won’t do, even if it could. But perhaps I should rephrase that and say that I am willing to predict what a computer won’t be designed to do, even if the design is possible.




To see the difference between can’t and won’t, consider the automobile. It speeds along on wheels, which in turn spin on axles. The wheel-and- axle is the first invention human beings made that outdid nature, for no living organism progresses by means of wheels and axles. These may be impossible in organisms because of the difficulty of arranging a circulatory and nervous system to nourish, and control a living, turning wheel.




The result: While the automobile speeds along, we human beings are condemned to trudge—clumping along by lifting first one foot, then the other.




And yet walking—up, down, up, down—has its advantages. Wheels need a reasonably smooth surface, whereas in walking we can step over small obstructions and clamber over large ones. We can walk in underbrush, along narrow trails, sidle along precarious footholds while holding to a cliffside. Such things may not be as impressive as zooming sixty miles an hour along a smooth highway, but if you couldn’t do them you would feel the restriction.




I imagine that it is possible to invent a mechanical device that would lift feet rather than turn wheels, if as much energy and ingenuity were put into such a walking machine as has been put into a rolling machine, I dare say we could have very nice walkmobiles. You could get into one and go walking along a rocky road, up a country lane, over rocks, and along cliffsides.




But who on earth would bother to design such a machine? Who would spend large sums in order to produce something that human beings could do easily for themselves. Even granting that walking is tiresome, it can at least be done “for free.” To get into an undoubtedly expensive machine to do the same and have to put out money for fuel and for repairs in order to walk mechanically is a kind of conspicuous consumption that would appeal only to psychotics. As a matter of fact, society has proven much more willing to build an incredibly expensive network of highways in order to make the automobile wheel useful than it would be likely to spend on walkmobiles that might make highways unnecessary.




In short, then, automobiles are designed to do what human beings, without them, cannot do, or can do only with great difficulty. They are not designed, and never would be designed, to do what human beings could do easily and naturally without them.




How does that apply to computers?




We are most familiar with computers solving mathematical problems, carrying through the necessary operations at great speed and with almost zero chance of inaccuracy.




This is certainly something human beings cannot do. The human brain, while capable of working out mathematical problems, does so very slowly and tediously and with a distressing aptitude for arithmetical or logical, errors. Therefore we welcome the computer in this respect and labbr to design them to work on such things faster and faster and try to make them capable of tackling problems of ever greater complexity.




Why not? We don’t need an automobile to go from New York to Chicago. We could walk the distance—but it would take us a great deal of time and effort. Better to use an automobile and design highways and signs and turnoffs and more economical engines to do the job ever better.




Nor are we abandoning anything vital in turning mathematical operations over to a computer. We would merely be changing an older, less efficient tool for a newer, more efficient one.




It is a mistake to think that allowing computers to solve problems “dehumanizes” a human being, and that before the computer human beings proudly solved problems by themselves. Not so.




The ordinary human being, even if reasonably intelligent and thoroughly educated, can scarcely do anything in mathematics on his or her own. If you don’t believe that, and if you consider yourself intelligent and educated, why then, divide 72,647 by 323 to three decimal places in your head. I doubt that you’ll even try (I wouldn’t), and you could probably walk from New York to Chicago in less time than it would take for you to get the right answer. And yet that is an extremely simple problem.




All through history, we have solved even the simplest mathematical problems only with help—with our fingers, with pen and paper following memorized rules, with abacuses and slide rules and mechanical calculators. And now we have the computer, which is better than any of them.




Anything for which we can work out clear and complete instructions, and which human beings can do only with difficulty, if at all, will be handed over to the computer, and rightly so.




What about things, though, that human beings can do easily and yet for which it is extremely difficult to work out clear and complete instructions?




Here is a borderline case: chess.




Chess is played with thirty-two pieces of six different kinds on a board containing sixty-four squares in an eight-by-eight array. Every different chessman has a particular position at the start and can move only in certain simple ways. All the rules can be written out, and yet, despite years of effort, chess-playing computers are just getting to the point where they can match a grandmaster. A computer still cannot beat Karpov or Kasparov, let alone Bobby Fischer. It may some day, but it can’t yet.




Why is that? Well, despite the fixed and simple starting positions and rules of movement on a small board, the number of possible positions and movements in total is unbelievably enormous, and we still can’t get a computer to check all possibilities in a reasonable time.




But, then, how do the chessmasters do it? Ah, there you have the problem. We don’t know! What’s more, the chess masters don’t know!




What if you take a more complicated game, then? The English language has hundreds of thousands of words and it may be that I have at my easy command five or ten thousand of them. Thousands of words instead of a few chessmen, and the words can be put together according to rules that are enormously more complicated than the rules governing chess moves. How about the game, then, of writing a story or an essay?




We all know the same words (assuming we are English-speaking), and we all know the rules of combination well enough, and we have all read stories and essays so often that we know what the finished products looks like. And yet few of us would even try to write a story or essay in the hope of having it printed. Of those who do make the effort, few can get an editor to agree that the result is publishable.




And yet I can do it. I have written, and published, quite literally, thousands of stories and essays, and I have further published, so far, more than four hundred books. There is only one way in which I can turn out this volume of material—and that is by writing as quickly as I can and getting it nearly right the first time. I do very little revising.




There is, you can well imagine, very little time for me to think, and any thinking I do manage to do has to be done very quickly.




Well, then, how do I do it? The answer is simple: I don’t know how I do it! I haven’t the faintest idea! I only know Tve been able to do it since my teen-age years without being taught in any way.




In this I am not particularly remarkable. A great many people can do things that are extremely unusual. Who taught Mozart how to write symphonies? Who taught Louis Armstrong how to play the trumpet? Who taught Willie Mays how to catch a fly ball? Any human with a normal brain can do something or other very well and not be able to explain how he does it.




That is the glory of the human brain—that it can do things for which we are not yet able to write the rules. It may not be much good at mathematical operations or at graphic visualization, but it has what we might call creativity, intuition, insight, fantasy, imagination. It can consider a problem in which the data presented are insufficient for a certain conclusion, and yet it can guess, or feel, or intuit what the right answer ought to be. This is done all the time in business, in administration, in science, in literature, in art.




You might argue that this sort of creativity, this instinctive ability, this talent (or even genius, if you will) is confined to a very small fraction of the population. It certainly seems to be so confined, but is that our irrevocable destiny or only the result of the kind of life we live? Because we have spent all of human history without computers and, in fact, without an advanced technology of any kind, most human beings have been forced to spend their lives at work that does not significantly utilize the brain. They have had to do unskilled muscle work, they have had to do trivial mental work, they have had to engage in tedious occupations for which the brain isn’t suited—adding up columns of figures, for instance.




Only the tiniest fraction of human beings have ever been in a position to exercise their creativity.




Could Napoleon have demonstrated his military skill if circumstances and economic necessity had forced him to be a tailor all his life?




In this respect, the computer promises to be the most humanizing invention in history. It will take from the suffering shoulders and minds of humanity all those tasks that human beings cannot do very will, and it will leave them those tasks for which the human brain is particularly designed.




But might it not be possible, as computers are designed to be more and more versatile and to become capable of learning by their mistakes, that in the end a computer might be able to take over those tasks that are peculiarly human?




It would be dangerous to say that computers can’t ever do so, just as it would be dangerous to say that an automobile can’t be designed to walk. I suspect, though, that computers won't ever do so.




Why should they? A computer, however expensive, is of great value if it can do what human beings can’t do. Undoubtedly a computer would have to be more expensive still to be capable of doing what the human brain is particular designed to do, and who would want it when human beings can do it so much more cheaply? Would I want a computer, designed at enormous expense and always capable of “going down,” simply in order to have it write stories and essays for me, when I am capable of writing them so easily for myself (using no more than pen and ink, if I have to)? Would anyone?




Computers may be a tool to help me do the writing—and I am using a word-processor right now to help me with the mechanical task of writing this essay. The word-processor forms the words, and then prints them up, much more quickly and neatly than I can possibly manage by my own hand. Still, I do the thinking just as much with the word-processor as with pen-and-ink, and there would be no more sense in having a computer think for me than there would be to have an automobile walk for me. Especially since I enjoy thinking much more than 1 enjoy walking.




There, then, is my rule for the future.




Computers probably can be designed, and probable will be designed, to do anything that the human brain finds difficult or tedious to do.




Computers probably can be designed, but almost certainly won’t be designed, to do anything that the human brain finds easy or pleasurable to do.
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The Future of Handicraft




The handicrafts are extremely old, as old as humanity itself.




The very first organism that appeared on Earth and was sufficiently human to be placed into the category of “Homo” (Latin for “man”) was Homo habilis. The Latin word habilis means “handy,” or “skillful.” This early ancestor of ours is, therefore, named “handy man.”




He received this name because he was the first organism of any kind that seized upon the objects of his environment and systematically modified them in complex fashion in order to produce tools.




Still earlier ancestors may have used unmodified tree limbs or long bones as weapons. In fact, chimpanzees do so now. Chimpanzees even introduce very simple methods of modifying such objects at times. They will, for instance, strip leaves from twigs to make long pointed objects with which to poke into termite holes.




Homo habilis, however, crossed a line that had never before been approached when he began to work with stone, a material far more recalcitrant than wood or bone, and to chip it, split it, and flake it in order to obtain objects that could be used as scrapers, drills, and knives. These were procedures that required forethought and even deliberate artistry, something no form of life had been capable of till then.




The oldest examples of Homo habilis may have been 1,800,000 years old. Since then, Homo habilis slowly evolved to Homo erectus which evolved to Homo sapiens neanderthalensis and finally to Homo sapiens sapiens (sometimes called “modern man”). We can follow the development of the brain in the course of this human evolution by noting the size of the cranial capacities of ancient skeletons. We can also follow the increasing skill of their handiwork by noting the steady increase in sophistication of the stone tools found in connection with those skeletons.




In late prehistoric times, human beings began to use new materials for their work—leather, for instance, and textile fibers. They learned how to make baskets and shoes, to say nothing of clothing that was light and flexible. They learned how to make an artificial stone, easier to shape and handle than natural stone, in the form of baked clay, which also was used for pottery. In early historic times, they learned to isolate metal from their ore and fashion them into tools (and weapons) much superior in hardness, toughness, and sharpness than had been possible before. Perhaps an even greater advance: They learned how to make use of tools to help them in the making of tools—as in the case of potter’s wheels and grindstones.




Until the Industrial Revolution totally changed man’s way of life some two centuries ago, the operative devices were human hands. Objects were manufactured by human individuals with widely different skills and artistic instincts. No two objects of the same sort were made exactly alike, even when produced by the same artisan. Indeed, the makers of tools and ornaments deliberately added personal flourishes to each separate piece, on which they would then proudly sign their name.




It is easy to look back upon these times as a golden period when all manufactured articles were individual works of art, but we must be careful not to revere the situation unduly. Not every artisan was a true artist, and the few who were could only make so many objects in a given time. Those who were rich and powerful could have even the simplest household utensils made delightful and indeed unique in their proportions and artistry, but the large majority of people could only get lumpish objects, or none at all.




The time was coming, though, when machines would be devised to cut, press, stamp, and mold objects, turning out large quantities of individual items all exactly alike—and such a procedure could be useful. For instance, if a complicated device broke apart in the old pre-machine days, a substitute part had to be carefully fashioned to fit into the device exactly. Needless to say, the replacement part had to be made from scratch for the purpose. It was a slow process, and several attempts often had to be made before one worked.




That process—and hence the world—changed in 1798. In that year Eli Whitney obtained a contract to manufacture ten thousand muskets for the government. Whitney machined all the parts that went into the muskets with such precision that any particular part could substitute for any other of the ten thousand. The story is that in 1801 Whitney brought some of his muskets in to show a government official. He disassembled them and threw them down at the shocked man’s feet. “There are your muskets,” he said, and, picking out parts at random, put together a working musket.




Since then the process has been extended and refined. Today, in fact, the machines that make tools are being computerized so that they work more quickly and more exactly than ever.




This has its advantages, of course. Mass production is the only practical way of producing objects in sufficient numbers and of sufficient quality to make it possible for the bulk of the population to obtain what is needed to keep the standard of living reasonably high. The fact that the average American can obtain, without undue difficulty, anything from dishes to dishwashers, from shoes to shoe-trees, from automobiles to snowmobiles, is entirely due to the fact that craftsmen are not working, slowly and painstakingly, on these objects on an individual basis. We can acquire them because workers are turning them out by whirring, automatic machinery.




But there are two disadvantages. Those who create the objects are removed from them. There is machinery between the workman and his product, and the workman now often feels no sense of having created that product himself. What’s more, even if he lumped himself and his machine together, and tried to feel that in combination they are producing something worthwhile, he often creates only part of the product. Furthermore, he is often required to do his work by endless repetition of essentially meaningless motions, the value of which he cannot readily see. Tightening a nut or fitting a piece of metal into a slot does not leave him with a sense of creating of an object.




The second disadvantage is to the consumer, who finds him- or herself possessed of an object totally devoid of personal character since it is exactly like any number of other such objects possessed by any number of other people. It is hard to maintain a feeling of individual pride in a particular possession under those circumstances.




Despite the fact that few indeed would actually want to abandon mass production and go back to a time when a thin layer of aristocricy had art and the vast bulk of the population had nothing (the odds are that you would be part of the vast bulk, you know), there remains an understandable nostalgia for such things as pride in workmanship, as individuality in product, as uniqueness in possession.




And there is fright at the thought of a future in which this swing from craftsmanship to computerized automation can only become more extreme, to a culture in which nothing will be individual and in which everything will be as replaceable as the parts of Mr. Whitney’s muskets. What kind of brave new world will we be living in then?




And yet I don’t think this particular nightmare is something we really need fear, for there are any number of cases in which advancing technology has minimized the need for craftsmanship without totally abolishing the craftsman.




It was thought, for instance, that recording devices that grow ever more precise and capacious would remove all need for listening to living musicians on real instruments (except for the brief time that it would take them to play into skillfully placed microphones.) In fact, with computers now capable of orchestrating any sound that living musicians can make and a great many they cannot, the fear has been that we won’t even need people to make the recordings.




But that’s not so. There is something about listening to and watching a live musical performance that technology cannot entirely duplicate. Even the chance that a living musician may hit a wrong note adds an element of excitement to the procedure. Furthermore, there is nothing quite like watching a live musician reacting to his own music.




You might say: Yes, but the number of bands and orchestras is far fewer than there would be if there were no recording devices. Not necessarily! If there were only living musicians, then their price would rise and, as in the eighteenth century, only the very rich would have their orchestras, while the general population would have only the rudest of music-making, if they had anything at all.




Again, photography might seem to have destroyed painting and portraiture, but you know it has not. Color photography can duplicate reality with precision, but the painter’s eye does not wish to duplicate reality. It emphasizes some things and eliminates others, and deliberately alters still others so that in the end the artist produces something that may resemble reality but widely increases its significance. Furthermore, as photography produces a realism that artists find difficult to duplicate for a general public whose tastes are perhaps blunted by the camera, those artists move to various forms of impressionism and abstractionism. Rather than destroying them, photography liberates these artists, who no longer have to merely reproduce a scene.




And, as a matter of fact, photography in the hands of a master has become an art form of its own.




To move into another area, the fact that technology has eliminated the necessity of hard muscular effort, that it has replaced the shovel with the steam shovel, the pick with the jack hammer, the saw with the chainsaw, the walking feet with the turning wheel, does not necessarily mean that our muscles fall into disuse and wither away. They can, certainly, and in some cases do. But, to those who value their own fitness, involuntary servitude is replaced by voluntary activity. There are the joggers and runners, the calisthenicists and tennis enthusiasts. In fact, even though we all have the opportunity to watch sports professionals do things with a skill and finesse we cannot hope to match, that does not present us from stumbling through our own games for the fun of beating (and being beaten by) other bums equivalent to ourselves.




In short, craftsmanship isn’t something you do only for money. It is doing something with your mind and hands that is individual and involves the production of something you can equate with yourself and make part of your personality—even if it is only for fun. In fact, it is hard to expect anything else to be as much fun. This is something you cannot easily give up and cannot help but find attractive. The fact that you may not have to do it for a living does not necessarily stop you from doing it for pleasure.




What it amounts to is that we are entering an age of leisure precisely because the world will be so computerized and automated, and there will be a premium on doing something that will give one’s life meaning. Handi- crafting of one sort or another is the logical way. It may be something that is scientific or artistic—chemical research, musical composition, literary creation—the things that scientists, artists, and writers do now. It may be something that is simply constructive: woodworking, pottery, creating one’s own appliances, applying personal art to any of the objects we want to be surrounded by.




For that matter, any craft, however old or passé, can serve to pass the time agreeably, can be an outlet for the artistic impulse. We can even chip and flake stone tools, if we wish.




And there will be others who, even in an age of automated perfection, will want something individual, something out-of-the-way, something with a feeling of art. If there are those who produce, there will be those who consume. In an age of automated perfection, there may well be more artists of all sorts, and more art, and more of a demand for art, than there could be in a time when there is leisure for the few only.




But there’s not much excitement in just seeing a future in which we will continue doing what we have always done, just on a larger scale. Will we be doing anything new?




For one thing, we will be going out into space, and there will be a whole new field for handicrafts there. I don’t know exactly what people can do with a vacuum, with zero gravity, or with temperature extremes, but these are tools and conditions that imaginative and artistic human beings can use to produce objects that will be entirely different, perhaps, from what can be formed on Earth.




And then there is computerization itself.




The computer is merely a skeleton. The real tissue is the program, and every new program must be written and devised. The program itself is something that must be crafted. It is a piece of craftsmanship.




It seems to me that the most important task of the computers of the future will be as the new source of education. Programs much more complex than anything now existing must be devised to serve as an incredibly flexible way of transmitting information, of tapping into a computerized library, of making available any book, magazine, pamphlet, or, for that matter, computer program that deals with something related to some key word or phrase. Programs will allow computers to ask and answer questions. Education will be something in which everyone can participate to the fullest, adults as well as children, and everything will depend on the programming.




Surely there will be many who will work on such programs, and there will be educational artists (if you like) who will devise ways that will be the great craftsmanship of the future: the total revolution of education, the total versatilization of the human race.




And we may advance, by craftsmanship, into an adult form of humanity. At least, looking back on history from a vantage point a century or so in the future, it may seem to us that all of human history from Homo habilis to the dawn of true computer craftsmanship will be but the childhood of the human race.
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The Future of Chemical Engineering




When I write of the future, I must emphasize, for the sake of my own comfort and reputation, that 1 do not predict what will be.




The affairs of humanity are so complex, its motivations so many, its circumstances so intertangled, that it is impossible for the human mind to penetrate the future for any great distance or with any great certainty. The clearest and most inevitable view of technological advance will come to nothing if there should be an all-out thermonuclear war tomorrow, and the surest prediction of the disaster that would certainly follow such a war would be meaningless if humanity drew back from the brink.




All that I can do, then, is to predict what might be, what conceivably could be. I can only select one image out of an innumerable sheaf of them and present it as something I find interesting.




And even so, I might be wrong in small ways that, in hindsight, would seem laughable.




Perhaps the most startling bit of technological prediction we have on record are Roger Bacon’s clear insights, written down seven hundred years ago. In describing his view of technological marvels that might follow the advance of science, he said:






Machines for navigation can be made without rowers so that the largest ships on rivers or seas will be moved by a single man in charge with greater velocity than if they were full of men. Also cars can be made so that without animals they will move with unbelievable rapidity.







Right on. You would think that Roger Bacon had come to the thirteenth century from the future and had actually seen motor boats and automobiles. (Yes, science fiction writers have suggested that.)




But then Bacon goes on to describe airplanes:






Also flying machines can be constructed so that a man sits in the midst of the machine turning some engine by which artificial wings are made to beat the air like a flying bird.





Right (in essence) again, but Bacon did not appreciate the fact that birds wings exist for support and propulsion, and that if propulsion is supplied by “some engine” then the wings need merely exist for support and can be motionless. They don’t have to beat. Leonardo da Vinci also missed this. And, indeed, it wasn’t till the midnineteenth century, when George Cayley founded the science of aerodynamics, that it was possible to do away with the notion that flying machines had to have beating wings.




So, with these caveats, I will try to look into the next century of chemical engineering.




* * *




All new fields of technology will involve the large-scale manipulation of atoms and molecules in some way, and that will bring in chemical engineering—inevitably.




For instance, the twenty-first century may well see the coming of practical, controlled nuclear-fusion power. Fusion power should prove to have a number of advantages over the nuclear-fission power presently in use. Its basic fuel will be deuterium rather than uranium or plutonium, and deuterium is much more easily obtainable in quantities large enough to last human beings for as long as they are likely to remain on Earth or in existence. Fusion will not require a minimum “critical mass” of fuel as fission does, and it will be able to work with microscopic quantities, so runaway excursions won’t be likely. Fusion also will not produce radioactive products in the quantities and intensities that fission does.




Fusion energy will be used for all purposes that energy is ordinarily used for, but one rather simple application may be unique to itself. We can imagine a “plasma torch,” a superhot jet of gas powered by nuclear fusion, hot enough to vaporize any material and to break up any molecule into its constituent atoms.




The value of this would be that it would be a universal garbage disposal unit, so to speak. We are now living in a world in which wastes are an increasingly troublesome and even intractable problem. Ordinary physiological wastes are biodegradable and are recycled into usable forms in the biosphere. However, many chemical wastes are toxic and long-lived, and some solid wastes are not biodegradable. We have reached the point where toxic wastes threaten our water and air supplies and put at risk the very viability of the planet, while we are rapidly running out of places in which to put our ever-increasing mountains of solid wastes.
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