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Creature Jones in His Telly

This domestic cat invented a joke and had an idea. A creative animal!
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“Tell me where is fancy bred, Or in the heart or in the head?
How begot, how nourishèd? Reply, reply!”

—William Shakespeare, The Merchant of Venice, act 3, scene 2, line 63
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Preface Creativity in My Career

Having ideas! This book is a report from the front. I am a scientist, and I tell many scientific stories; but my notions of creativity include practitioners of the arts—writers, poets, composers, and other celebrated creators. I was also the crazy scientist Daedalus in New Scientist, and then in Nature and in the Guardian newspaper. An ideal Daedalus column started with something everyone knew and finished with something nobody could believe. Where had the argument gone wrong? Daedalus became one of the longest-running jokes in science—I wrote nearly nineteen hundred weekly columns.

In parallel with this crazy output, I did proper scientific research. My publications include serious scientific papers, as well as two books expanding and illustrating Daedalian schemes. Some of these actually came true; indeed, you cannot judge in advance whether a new idea will work out, though few of them do. Thus one Daedalian idea won a Nobel Prize for the people who finally made it work, and another was incorporated into President Ronald Reagan’s proposed Star Wars project, which was a factor in ending the Cold War.

Another career I got into was making objects and experiments for TV and for science museums. Together with the Daedalus column, this steady novel practicality made me ceaselessly creative. I evolved a theory of creativity, based on my own challenges and successes. There may be other ways, but this is mine. I expound on it in chapters 1 to 4. Chapters 5 to 12 give examples of my public projects, some of the problems I encountered, and some of the feelings I had while trying out my experiments.

Creativity can often surprise its owner. At its best, a wild aha! moment suddenly gives you a new idea. I reckon it comes from a creative part of the unconscious mind, which I call the Random-Ideas Generator, or RIG (I think of it by its initials, because creativity certainly cannot be rigged, as this book will show!). Jokes and new ideas seem to use the same area of the mind; so my Daedalian jokiness—which also flows in this book—helped my creativity. You can’t make contact with the RIG, or at least I never made contact with mine. And, most of its ideas are wrong. All creative people have to live with lots of failure. Worse, coming up with an idea is only a tiny part of the whole creative process. It may take years of hard work to get an RIG idea into practice.

There’s a special feel to being creative. Creativity is the essential cutting edge. But ultimately, your work has to form a product of some kind. For a writer or an artist, the result has to be printed, exhibited, or otherwise put before a public. A museum curator or TV producer knows that his ideas must go in front of an audience of one sort or another. And a research scientist knows that his results will appear as a scientific paper in an academic journal. Scientific papers are detailed, formal—and boring. In chapter 5, I describe some of mine—and reveal the exciting emotions that always drive research, though papers never hint at them.

The last section of the book looks around a bit. Chapter 13 discusses some of my private creative projects, and chapter 14 tells of my life-long accumulation of facts and notions, which I now feel aided my creativity. That chapter also spells out my fascination with literary styles. Chapter 15 is a challenge to creative inventors: it recounts some inventions we need. Chapter 16 airs some of my current (quite possibly silly) questions—always a valuable stimulus to creativity. Chapter 17 condenses some of my advice on being creative.

THAT MIXED-UP CAREER OF MINE, part media freak and part serious scientist, has sparked this book. Daedalus might be deliberately silly, but my serious science often failed too. And my wild media-freakery often helped my serious science, prompting, for example, my discovery of arsenic in Napoleon’s wallpaper (see chapter 16) and my studies of chemistry in space (chapter 5).

I tell lots of stories. They are not in any textbook; indeed, I dispute many textbook claims. Daedalus has leaked into many of the stories, as he also leaked into real life. I often stick my neck out and risk its being chopped off.

This strange career started in my youth. While other boys were doing sensible things like playing football and chasing girls, I built rockets and steam engines and drew animated cartoon strips and played with amateur chemistry. Much of that time I was at Eltham College, near London. A fellow pupil—David Andrews, who was much more creative than I was— became a friend. We filled notebooks with crazy drawings and ideas and generated lots of drama. Typically, he’d invent a new object and then I would modify it. Thus he built the first rockets and drew the first of our animations. He also invented the humanoid paraboloidal creatures (which we called “outfits”) of several drawings in this book. Some technologies, like that of the tissue-paper fire balloon, were essentially his. Others, like photography, we played with and developed more or less separately. Still others, like electronics, I mucked about with myself. David Andrews may have been more creative than I was, but I was perhaps better at getting ideas into the world. (See chapter 2!)

My poor parents showed great heroism. They put up with my highly deviant and often destructive behavior. So did the neighbors, who often had to respond to pleas of “can I have my rocket back?” All my projects ran in parallel with the complex science curriculum of Eltham College. I went to Imperial College in London, and David to (the then) Woolwich Polytechnic. We both got bachelor’s degrees in chemistry and stayed on in our institutions to get Ph.D.s, also in chemistry. Later I did postdoctoral chemical research at Imperial College.

Daedalus was born from a chance meeting with Edward Wheeler (chapter 2). Edward had studied physics at Imperial College with me, and I wrote much of the college magazine with him. One key editor was the famous Nazi sympathizer David Irving (he had those leanings even back then).

After a year of teaching at the University of Strathclyde in Glasgow, I joined the Imperial Chemical Industries Corporate Laboratory in Run-corn in northwestern England. They probably accepted me because as Daedalus of New Scientist, I published a crazy idea every week. (I made a special publishing deal with their patents people.) None of my industrial schemes were actualized; though I developed my theory of bicycle stability at Imperial Chemistry Industries (ICI, chapter 5).

In 1973 I left ICI and went to the University of Newcastle upon Tyne as a research fellow in the chemistry department. While there I attracted the attention of Yorkshire Television Ltd., or YTV. Soon I became their chief physical science consultant. I started to make things for them to put in front of their national audience and their cameras.

Scientific television was a shock. I had to simplify things, to leave out subtleties and evidence. The YTV science show, Don’t Ask Me invited viewers to send questions to the so-called expert presenters. The physical science expert was Magnus Pyke—YTV loved his expansive personal style! I became the brains behind Magnus. I built the things he showed and told him what to say about them. Sadly, most public questions were tele-visually useless. No weekly program can survive on “Why do the wagon wheels go backward in old films?” “Where does space end?” and “Why is my reflection upside-down in the bowl of a spoon?” So I often invented the question, and we palmed it onto a member of the studio audience to ask. Of course it fitted the demonstration I had built for it.

Later I became a presenter myself, both for the BBC and on the West-deutscher Rundfunk (WDR) German television science program Kopf um Kopf (Head to Head) based in Cologne. The German TV audience probably liked my bad German. Meanwhile, I kept on with my chemical research at Newcastle University. It helped both my science and my media-freakery. Many scientific popularizers “go native” and forget scientific detail. Not me! Indeed, when my research produced serious chemical results, I published them as from the university. I got into sober academic journals as well as popular visual and verbal media.

My brother, Peter, who by chance came to Newcastle University later and in a more formal capacity, had three children. I tried many odd scientific tricks on them (see, for example, chapters 11 and 12). We had a lot of fun, but I also watched for TV appeal. The new Joneses learned a lot of strange science!

This book expounds on many other creative matters—whether or not I made sense of them, or got anywhere with them. You may have seen some of my TV shows and may disagree with my arguments. But read on …


The Aha! Moment


1
A Theory of Creativity

There are two ways of solving a problem. If a rational solution exists, you apply it. This just takes whatever willpower is needed to bash out the right long multiplication or to construct and solve the correct equation or whatever. But suppose there is no rational solution? Then to solve the problem you have to be creative. You need a new idea.

Take, for example, the problem of remodeling the kitchen. Many of us have faced this task at least once. The basic problem is to make the best use of your space. I suppose you could tackle it purely rationally. First you would define some complex evaluation function giving the utility of the kitchen as a function of the position of the fridge, stove, dishwasher, cupboards, table, and so on. This would give you some nightmarish equation in many dimensions, which you would differentiate to obtain the maxima of the corresponding hypersurface. The largest maximum, when you had it, would represent the best possible arrangement. It would be a formidable mathematical exercise.

But nobody would tackle the problem like that. The normal human approach would use ideas. “Suppose we put the stove in that corner. This means that the dishwasher has to go over there. The fridge can fit in this space next to cupboard number 1, and cupboard number 2 can go next to the sink. Ah, but then you can’t open cupboard number 1 because the fridge blocks it. Hmm. Well, how about putting the fridge where the dishwasher is now and moving cupboard number 2 next to the stove?” You imagine possible solutions and work out their consequences. Sooner or later, one of these ideas turns out to be satisfactory or so close to satisfactory that a simple rational modification will complete the solution. Most ideas fail in practice, so everyone trying to be creative has to live with lots of failures. It doesn’t matter: you discard the ones that don’t work.

Precisely the same style of thinking applies in science and technology. You cannot, in logic, deduce a theory from the data it must explain or a machine from the need it must fulfill. So a scientist or technologist dreams up possible theories or possible machines and sees whether they fit. Most of the time they don’t. Sometimes you have to devise an experiment, or even a whole program of them, to clarify the problem. I have wasted vast amounts of time asking the wrong question or building an apparatus that merely shuts off one stupid area of inquiry. But even with hindsight I cannot advise any other way to go.

Linus Pauling, who won his first Nobel Prize in 1954 for chemistry, was once asked how he came by his notions. He said that “he had a lot of ideas, and threw the bad ones away.” His reply supports my fear that most ideas are bad. Sir Peter Medawar, who was a Nobel winner in 1960 for medicine and physiology, was more precise: “for all the use it has been to science, about 80% of my time has been wasted.” I reckon 80% wasted is very good. It makes me compare the many experiments I have done with the few that I have actually described and published. I can tighten the statistics even further. At Newcastle University, I once spent about a year of my life building an apparatus to create a chemical “garden” in space. All that time I was trying to predict whether it was feasible and what would happen. I was being a serious scientist indeed. Mercifully it worked, and I found out (see chapter 5).1

It did two things I had predicted. It failed to do two things I had predicted. It did six things I did not predict. My score was thus 2 out of 10, or 80% wrong, just the proportion that Peter Medawar would have expected. When I worked in industrial research (at ICI Ltd.), we had a rule of thumb that was even worse. Of the ideas suggested by the research department, 10% might make it to the pilot stage. Of the pilot schemes, 10% might make it to production. Of the production processes, 10% might make big money for the company.

So serious professional scientific ideas fail 80 to 90% of the time. Weirdly, so does sheer frivolity. One of my major creative activities was the weekly Daedalus column, which I wrote first for New Scientist and later for Nature and the Guardian newspaper. It had to be scientifically funny. I was free, indeed obliged, to put forward great scientific absurdities. But despite my best endeavors, these mad Daedalian schemes kept coming true on me. About 20% of them made some sort of contact with reality. One earned a Nobel Prize for the people who finally made it work. Another was the first suggestion of a scheme later turned into reality by the United States Air Force.

Another part of my creative activities was building things to show on television or to exhibit in science museums. I might suddenly have an idea, followed by a struggle to make it practical. Often I dug through a lot of possibilities first. The producer or manager of the project filtered my initial suggestions rapidly. Perhaps 20% of them survived. In the end, the audience only saw the one finished, working product. Yet sometimes one of those losers felt to me as if it had potential. I could only make a note of it and wait for the chance to develop it in the future. This brings up the style of creativity I have called “feminine” (see chapter 2), which means that you have a lot of ideas over time, not even vaguely aimed at the same goal. As the feasible ideas emerge, you apply them to some long-term oeuvre that you are working on.

I came to depend on my output of ideas, unfeasible though most of them were. I grew to respect their unconscious source. But whatever that unconscious source was, it knew very little science. Absurdities did not bother it. I just let them come and became much more tolerant of silly notions than most scientists.

How do you get ideas? Nobody can have a truly new idea—all we can do is to combine existing facts or notions, gained by observations or the remarks of others. In this book, I shall argue that you need a vast subconscious mass of remembered data. Thus the kitchen remodeling example assumes that the problem solver has worked in a kitchen, has talked with others who have worked in a kitchen, and has accumulated a wide variety of kitchen experiences good and bad.

Mental Structure

Human beings have developed from animals. We have not evolved anything new, but we have greatly expanded many animal abilities. Thus many animals also have an unconscious mind. According to Robert Trivers,2 the animal unconscious exists to hold “personal political information” safe. This will be its private feelings about the animals close to it and the personal pressures it feels. It can then lie about all this to the other animals. The best liars consciously believe their lies. So, to deceive the other animals, an animal has to deceive itself about, for example, its position in the pecking order, the characters of other animals in the pack, its special friends or enemies or teachers or pupils in that pack, or its hopes of becoming pack leader.

[image: Image]

FIGURE 1.1 Human Mental Structure

In my model, the Observer-Reasoner is in the conscious mind, and we are aware of it. The Censor is in the subconscious mind, and we know little about it. The Random Ideas-Generator, or RIG, is in the unconscious mind. We cannot contact it but depend on it to have ideas and pass them upward.

Our human mental structure resembles that of pack animals, though modern psychology knows more about it. My simple subjective model of the human mind (fig. 1.1) includes much of what we can feel from inside. I call the top element the Observer-Reasoner. This is the part of the mind we are conscious of. It studies incoming data from the senses, looks critically at ideas that come “upstairs” from below, and plans our next actions. Below it is the subconscious, which is the bridge between the conscious and unconscious minds. Skills that we mastered long ago, such as how to balance on two feet, swim, use a hammer, or ride a bicycle, are stored in the subconscious. We can access these rapidly as needed. Crucially, our linguistic skills are subconscious. When we are talking or writing, or listening to the speech of others, we are accessing our vocabulary with lightning speed. Our verbal skills depend entirely on our fast retrieval of words and their meanings from the subconscious.

Further down in the model is the true unconscious mind. It holds the material that we can almost never get at. As with any pack animal, this is mainly “personal political information”; as with them, what we can get at seems deceptive and evasive stuff. It may reveal itself, in a disguised sort of way, in dreams. Psychiatrists have claimed that recalled human dreams sometimes usefully reveal some aspect of personal politics. Freud even wrote a book on the interpretation of dreams. The manifest content of a dream is what it seems to be about; behind that is the latent content, its true personal meaning. Freud’s book encouraged a huge industry: that of interpreting dreams. I reckon that the human unconscious mind generates not only dreams, but jokes and creative ideas too (via the entity I call the Random-Ideas Generator).

The Random-Ideas Generator, or RIG

Most of the unconscious mind deals with personal politics. The creative part is (I feel) only a small offshoot. In my model I call it the Random-Ideas Generator, or RIG. (In my mind, it has three letters, R-I-G, and is not to be confused with a rig of any sort.) I feel it has access to all the information stored in the subconscious and the unconscious minds, which in my diagram shade into one another. The RIG combines the things you have stored and sometimes pushes some combination or generalization “upstairs.” I don’t know how it works, or what sort of things it tries to combine. In my ignorance I just call it “random.” But it probably has a range of facts it knows and likes and can play with and some awareness of the problems that are currently bothering the Observer-Reasoner. In the rest of this book, I often refer to my own RIG. I am guessing. I may be talking about any part of my deep mind that rarely communicates with conscious awareness.

The whole set of our mental entities, conscious and unconscious, form one unit, our “self.” This experience seems usual; but the mathematician Michael Alder might disagree. In 2004 he was writing in the computer language LaTeX when he had the sense of being “taken over” by something inside him. It bashed out a piece of mathematics through his fingers and onto his screen and paper. He had this “intellectual diarrhea,” as he put it, for about a week. His internal entity was often a bit sloppy, and what it wrote sometimes needed to be tightened up. But apart from that tightening, Mike had no sense of “ownership” of the product. My guess is that his RIG had generated the work seemingly as a separate personality. But most people seem to “own” their whole mental structure. Thus the poet Rainer Maria Rilke had much the same experience as Alder (see chapter 3), accepted the product as his own, and called the experience “utterance and release.”

When the RIG has pushed up an idea, the Observer-Reasoner checks whether it will work (usually it won’t). The RIG is active all the time, and sometimes pushes a creative notion upstairs quite spontaneously—that aha! moment when we get a new idea. In my guise as Daedalus, I also suggested that, in women, the unconscious may even influence aspects of reproductive strategy (see chapter 4). Even animals may have an RIG (see the story about the cat and the bathtub, below).

The Censor

Opposing the RIG—indeed opposing the whole unconscious mind— is the Censor (see fig. 1.1). It has to keep the Observer-Reasoner safely apart from the “lower” regions. So it is aware of all facets of the mind from the Observer-Reasoner to the RIG and everything in between. One way of boosting your creativity is to modify its censorious strategy (see chapter 2).

The Censor has a tricky job, in fact several tricky jobs. First, it has to prevent personal political information from surfacing. When such information has to come up, as perhaps it has to in a dream, the Censor only lets it through when it is distorted enough to make no sense. It faces a second tricky job when notions from the RIG want to make their way to the conscious mind. Most of these notions are “duds.” Even the survivors, which the Censor allows upstairs, are at least 80% duds. If the Censor is too restrictive, it hampers creativity; if it is too permissive, it bothers the Observer-Reasoner with a lot of nonsense.

A third Censorious job is to prevent nonsense, untruths, unimportant observations, or worrying heresies from getting downstairs for the unconscious mind to play with. For example, many loyal Nazis contrived not to hear about the concentration camps or not to remember about them. Only an effective Censor saved their worldview from trouble!

I am not attacking the Censor as such. Its protective function matters, and that is why we have it. Down in the unconscious mind, all sorts of dangerous absurdities and mad possibilities are being tossed around. This is where Freud’s Id lives; in a way the RIG is the intellectual wing of the Id. The RIG is valuable in play (see chapter 4), imagination, and other childish pursuits. Indeed, in human life, play and the RIG develop much earlier than reason does. In childish play a chair can be a galleon, a dragon, or anything else. Later in life, reason comes down, as Victorian respectability must have come down on the libertine Regency world.

Ted Hughes (a former poet laureate) has even personalized his Censor. He has called it the “inner police system of the writer.” He suspects (as I do) that creativity consists at least in part of outwitting the Censor. Wendy Cope has bewailed the plight of the Censor in a splendid poem that parodies Sir William S. Gilbert’s famous song “A Policeman’s Lot.”3 Her parody imagines a Censor as a police figure “patrolling the unconscious of Ted Hughes.”

More about the RIG

The Random-Ideas Generator is seldom overawed by the conscious, repressive, rational mind above it. I imagine it playing around with the ideas and observations that get “downstairs” to it. It cannot think, only imagine; and its combinations seem dominated by aesthetic feelings such as beauty and range. The mathematician Henri Poincaré has commented on sudden insights which, after study, have turned out wrong. He has noted that such an insight, had it been correct, would have been very elegant.

So it is not surprising that most sudden RIG notions are wrong. The RIG may make many odd irrelevant combinations of ideas that it does not present to the Censor. It knows they will be rejected! And it seems not to care about scientific facts or laws. Mine has (perhaps) grasped the law of conservation of energy and tends not to imagine perpetual-motion machines (see chapter 14). But it ignores many other physical laws.

Yet we all depend on this quirky mental object to solve practical problems. With a fairly simple problem (such as arranging the kitchen appliances), the RIG has ideas almost on demand and passes them up as rapidly as the Observer-Reasoner can evaluate them. More complex projects, like a symphony or a novel or a scientific theory, can occupy it for years. Often its insights come up at intervals as single “fractional” contributions (see chapter 3).

You cannot have an intellectual relationship with your unconscious mind. Like a pet animal, it’s an emotional entity. But you can be fond of it and pleased with what it gives you. It can then go where you can’t go and can bring you things you cannot get (and indeed, may not want). Or you can be dissatisfied with it, when it may clam up or claim not to be there. It may even hide things from you.

Dreams

We all dream several times a night. Head electrodes can look for signs of “dreamy” brain activity. Electrodes around the eyes, or the muscles that drive them, can look for signs of eye movements under the closed lids. This “rapid eye movement,” or REM, sleep can be seen in human beings and even in many animals. Patricia Garfield has written much on dreaming and says that all mammals dream, except the spiny anteater.4 Perhaps it is hard to attach electrodes to a spiny anteater.

There is no good theory of dreams. One theory notes that we all need to sleep, that we dream regularly, and that we forget our dreams very rapidly. A dream may be a way of discarding much of the day’s memories. Any important new stuff is added to the brain’s long-term storage; yet we only have one brain to hold a growing lifetime of recollection. Pure trivia (such as innumerable breakfast menus) must be pruned ruthlessly and often. Dreams show the mechanism at work. Sadly, they make little sense as a daily diary of rejected trivia. Daedalus has claimed that they are in the brain’s internal “machine code,” not the high-level language in which we consciously think (see chapter 4). So perhaps they are trivia after all but in machine code.

Freud and later analysts of the dream have a deeper interpretation. They reckon that a dream represents our current personal struggles in camouflaged form. To provide hard data for any theory, Daedalus has suggested (chapter 4) a way of recording dreams. My own guess is that dreams are a random scan of the unconscious mind, disguised or modified to get past the Censor. They are mainly derived from personal political information, but a few of them may contain jokes or technical ideas (which I call “technical dreams”). I have only had one useful technical dream in my life (see chapter 11), but some commentators have enthused about them.5 Here are some that I have noted.

ELIAS HOWE AND THE SPEAR

The most interesting technical dream was perhaps that of Elias Howe, one of the inventors of the sewing machine. He had struggled with the idea for years. He started by trying to imitate his wife’s hand as she sewed. One night he dreamed that he was in the grip of a savage king, who had given him 24 hours to build a sewing machine and to make it sew, or die. In his dream he saw himself defeated and led out to execution by warriors with spears—spears that had a hole in the blade, near the point (fig. 1.2). He woke up. That was it! The eye was in the wrong end of the needle! It should be at the pointed end!

It took Elias Howe many years to build his machine, patent it, and enforce his patents against Singer (who had infringed them), but all modern sewing machines have a needle with the eye near the point.

LOEWI AND THE FROGS

Another technical dream was that of Otto Loewi. He was a physiologist, and the idea of the chemical neurotransmitter (for passing a chemical signal from one nerve to another) came to him in a dream of 1920. He woke up and made a note but found it cryptic and unreadable in the morning. He simply hoped the dream would come again. It did; this time he made a more careful note. Later, he tested his revelation. He tried an experiment in his laboratory, on two frogs’ hearts, dissected out but beating. He could slow one down by applying a liquid from the other—thus proving that a chemical conveyed the information. At the time he called the chemical “Vagusstoff,” but we now know it to be acetylcholine. It rapidly breaks down in the body, but luckily Loewi used a species of frog in which it lasts long enough. Later he found that he had first had the idea in 1903 but had discarded it with many other ideas. He suggested that his unconscious mind remembered that notion and re-presented it to him in his dream. Anyway, he built on that insight and won the Nobel Prize for medicine in 1936. Today chemical neurotransmitters are central to all nerve theory.
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FIGURE 1.2 My Guess at Elias Howe’s Dream

It helped him invent the sewing machine.

BOYS AND THE GAS METER

A third technical dream was that of Charles Boys, the mighty experimental physicist (chapter 11). Among many other things, he was a gas examiner, a scientist who ensures that a gas-meter records correctly, no matter what the pressure or temperature of the gas it is handling. His Guthrie lecture of 1934 details how he had a dream describing a greatly improved gas meter. He got up, went to his laboratory, and blew the glass bulb for a prototype meter at 6 a.m.

ARTISTS ALSO DREAM

The composer Giuseppe Tartini created the famous “Devil’s Trill” in a dream. In it he gave the Devil a violin. The Devil played an amazing composition, which Tartini tried imperfectly to jot down on waking.

Robert Louis Stevenson wrote his celebrated story Dr Jekyll and Mr Hyde as a result of several dreams, during one of which his sleeping cries of horror caused his wife to wake him. His unconscious mind did so much work on that story that he completed the first draft in only three days.

Paul McCartney was dreaming one night and woke with the tune of “Yesterday” in his head. He thought he had heard it somewhere. After a month of puzzlement, he decided that he had invented it. So he wrote words for it.

Daydreams

In this account of creative dreams I have included neither Friedrich Kekulé’s notions of chemical structure nor his cyclic structure for benzene. Did he actually dream them? Chemical structure came to him while he was on an omnibus in the London district of Clapham. Later he saw the circular benzene molecule as he was gazing dreamily into his fire. I suspect that he was half-awake, in that “dozy” state that I regard as more creative than full sleep. Dmitri Mendeleev may have conceived his chemical periodic table in that state—nodding dozily after playing with a set of cards he had marked with the names and properties of the chemical elements.

The state of reverie or daydreaming, maybe lying down but not actually asleep, can be very creative. I applaud the experience of Kekulé and Mendeleev above. Hideki Yukawa, perhaps, had the idea of the nuclear meson in that reverie state; and the electromagnetist Eric Laithwaite has saluted it, though he acknowledges that mainly it produces rubbish. In it Richard Wilhelm Wagner imagined the overture of “Das Rheingold,” while John Fowles created many characters and plots for novels. Does it bypass the Censor and let you into the RIG directly?

Jokes

Humor, like creativity, probably resides in the unconscious mind. The physicist John Wheeler has claimed that creative physical theory gains from a sort of playfulness. He extolled “this bounce, which I always associate with fun in science, kicking things around. It’s not quite joking, but it has some of the lightness of joking. It’s exploring ideas.” Arthur Koestler has gone further.6 He identified jokiness and creativity, which in his view are both the result of a collision between two incompatible visions of the world. I think he is on to something. Humor and creativity do indeed use the same sort of mental ability. One of his examples is a Frenchman who finds his wife in the arms of a bishop. He goes to the window and starts blessing the people in the street. “What are you doing?” cries the distraught wife. “Monsignor is performing my functions, so I am performing his.”7 Peter Medawar has denounced Koestler’s claims, on the grounds that a failed scientific theory ought to appear in retrospect as a huge joke. The slanging match between them is reproduced in Medawar’s Pluto’s Republic.8 I can see both sides of the argument. In my view, a failed theory (a line that does not fit a set of points, say) is not a change radical enough to qualify as a joke, which completely changes the context set up by its beginning. My sense is that jokes and new theories are different, but both in some way go along the same mental axis. Both are in the province of the unconscious mind; both depend on interpreting matters in a novel light.

Indeed, the best jokes make a sort of initial sense; they sink a little way before they explode. My favorite example is Groucho Marx’s joke: “I do not care to belong to any club that would have me as a member.” In 2001 there was a competition for the funniest joke ever, held (of course) on the Internet. My entry would have been a joke of 1845, published in Punch: “Advice to persons about to marry. Don’t.” (Marriage advice was common at the time; it usually advised the couple to buy something.) Another potential entry occurred in the film Casablanca of 1942. A French policeman says, “Round up the usual suspects.” Both jokes are still funny; both have entered the language; both completely change the context in which they were set up.

Of course, we humans have taken jokes very far compared with animals, who seem to live highly serious lives. But the domestic cat Creature Jones (seen in the frontispiece) may have invented a joke.

A Cat’s Joke—Creature Jones and the Side Door

When I was growing up, my family was a very jokey one. We played jokes on each other and on the family cat. My guess is that Creature Jones somehow picked up this aspect of family culture. Indeed, he may have invented a joke himself—or at least this is my interpretation. We had a long back yard, maybe 60 meters long and 15 meters wide. At the far end there was a scruffy bit of land. The compost heap went there, we played crude ballgames there, I tried various scientific experiments there, Mum put the rougher plants there. So there was often a human being at the bottom of the yard. Creature Jones, who liked human company, would often be there too. Then the human being would walk up from the yard toward the house, perhaps to get some implement or to start another domestic task. The cat would sit at the bottom of the yard as if he intended to sit there all day. When he judged the time was right, he would run like mad to the side door, going much faster than the walking human and would then sit there, as if he had been waiting all day to be let in. The human might be puzzled. “I could have sworn I left that cat at the bottom of the yard! But here he is at the side door.” My impression was that Creature Jones was very pleased with himself after this performance. When I was around I would tell him what a wonderful cat he was, what a splendid joke he had played, and how much we had all enjoyed it.

Even the rare human attribute of “genius” resides, in my view, in the unconscious mind. Thomas Edison said that genius was 1% inspiration and 99% perspiration, which in science and technology may be about the right balance. Even so, that inspirational 1% is crucial. And it may totally baffle your colleagues. Thus Gregg Herken said of the great physicist Andrei Sakharov, that, “even after we understand what he has done, the process by which he has done it is completely dark.”

The Importance of Play

Play is the division of the world into a “real” world and a “pretend” world. Many young animals demonstrate that division. In kittens or puppies, say, play consists almost entirely of mock fights—doing in fun what they will later do for real as adults. They know very well that this is play and do not damage each other. Neoteny (the extension of childish behavior into the adult) marks the domestication of an animal. Pet owners, and even farmers, prefer an animal to have a certain youthful flexibility. The domestic cat Creature Jones would sometimes “challenge” me to a fight. I would get hold of a bamboo cane and poke it along the ground at him, letting him pounce on it and worry it as if it were a snake. After 10 minutes or so he would lose interest. Both of us knew that this was only “play.” By contrast, if he was chasing a mouse that ran into a hole he would watch that hole for hours—this was “real” and not play.

In the same sort of way, the unconscious mind does not think about information. It is an emotional entity and plays with it. Yet every scientific theory starts as play: let’s pretend that this obeys that law, or whatever. What follows? Mostly, the thing is clearly not true. Occasionally, it makes enough sense to get exciting. But the beginning is always a “silly idea,” a pretence, play. “Let’s pretend that this substance has this molecular structure,” says the chemist. And maybe it does. The pretence may fit so well that the chemist “buys” that structure and regards the problem he is working on as solved. It becomes part of his known or relatively unquestioned world. Or he may nag and worry about some detail that does not fit (see chapter 5).

Curiosity

Curiosity is being interested in experience, noticing it, and remembering it. It is an important part of being creative. You have to spot, and store downstairs, a huge fund of information and experience. Much of it is stored in the subconscious mind. In my mental model, both the Observer-Reasoner and the RIG can get at it. So it is available for the RIG to play with. Occasionally the RIG combines a set of notions that get down to it and sends a promising combination up as a new idea. You become aware of it, and the Observer-Reasoner looks at it. It also looks at information from the outside world (see fig. 1.1). So it pays to develop your curiosity. Creatives have been described as “noticers” and as having a “low pain threshold”—things bother them. By contrast, animals keep their inherent curiosity firmly in check; they cannot easily afford its risks. When the notorious tsunami struck the shores of the Indian Ocean on 26 December 2004, many animals detected its soil infrasonics and fled to high ground where they were relatively safe. Many humans, even those who suspected what might be coming, were curious; they went to look and were killed. Yet curiosity is a powerful human motivation, and I approve of it. “Curiosity killed the cat,” says the proverb. Maybe; but it made cats what they are. Without it, they’d be rabbits. I like to think that human curiosity is inspired by our unconscious mind, always seeking new information, and goading the Observer-Reasoner into acquiring it. I have more thoughts on human curiosity in chapter 2.

What does the Observer-Reasoner do with the observations that the senses bring to it? Expertise, of course, will always show. At a memorial, for example, a builder may notice the material of construction, a botanist may spot the species and siting of the growing lichens, a typographer will be interested in the form of the carved lettering, a historian may judge its style and character and guess its age. And if you are worrying about the kitchen appliances (say), you may notice any feature that seems relevant to your problem. But here I am advocating a more general curiosity and inquisitiveness. The Observer-Reasoner of a creative will be intrigued by, and may notice, almost anything. A small amount of what it notices may get down to the RIG, which will play with it. From the resulting rich mixture—observations noticed, data stored in memory, a remark by somebody else, a scheme pushed up by the RIG to the conscious mind via the Censor—the Observer-Reasoner may get a new idea. The next stage of the process will probably need a lot of hard conscious work. You have to evaluate your new idea: bear it in mind, worry about it, and work on it. Isaac Newton was once asked how he made his discoveries. He replied, “By always thinking unto them. I … wait till the first dawnings open little by little into the full light.” To him, as to any creative, steady evaluation mattered. You may conclude that your new idea is just wrong—after all, about 80% of them are. Or you may imagine some simple twiddle that makes it seem true and important. Even if it is nonsensical as a whole, it may have some element which seems somehow “promising.” It pays to record or remember such a “fractional idea.” Even so, you may have to wait for months or years to come across something that matches, completes, or adds to it. This has happened to me. Isaac Newton held his gravitational theory back for years—maybe until a new measurement of the Earth’s diameter made his calculations fit. To get further, your new idea will probably need a lot of rational examination and intense evaluation. You may have trouble just explaining it to other people! (I discuss this sort of effort in chapter 2.) Bringing your idea to fruition will need a lot of hard conscious work, often practical. Edison’s remark that genius is 99% perspiration probably came from bitter experience.

Stories of Creativity

I have many examples of creativity. They include stories of my own, talks with originators, and writings I have looked at. They all seem to tell of events “off the job.” In 1931 Washington Platt and R. A. Baker circulated a questionnaire about creative moments, “hunches,” as they called them, in chemical research.9 Many respondents recommended journeys. One consulting chemist told them that he got good ideas in the train (e.g., a Pullman berth) because he could not be interrupted and knew he could not be interrupted. Another recommended being the driver on a car journey. Such a driver is occupied by many trivial tasks; these saturate the conscious mind and keep it busy and out of the way. I have particularly noticed the absence of any creative time-scale. You may get an idea after years of work or you may get it immediately. For more of my musings about time and the RIG, see chapter 3.

A CAT’S IDEA—CREATURE JONES AND THE BATHTUB

I am sorry to say that I did not see the crucial step. And I have no idea how long Creature Jones’s unconscious mind had nurtured his notion before “pushing it upstairs” into consciousness and action. The cat had its territory, as domestic animals always do. He “owned” our front and back yard, for which his human family supported his claims. Beyond the garden fences, he had to negotiate boundaries with the domestic animals of the neighbors, where they had them.

There were also wild animals around, squirrels and hedgehogs and pigeons and such, with whom no negotiation was possible, and with whom he lived in a state of constant war. But inside our house he was supreme. No wild animals or rival cats ever came in; he was with his human family. It was his domain. He knew every room in the house, upstairs and downstairs, and went into each with pride and confidence.

So it upset me that he was frightened of our bathtub. He rather liked the bathroom itself; he would go into it and weigh himself on the floor scales and sometimes he would sit on the bathroom stool. He was a trusting cat. If I picked him up, he would nestle in my arms and be happy to go where his human friend wanted to take him. But if I took him near the tub, he would bite and scratch and try to get down and behave most uncharacteristically. He was seriously frightened of that bathtub. I don’t think he knew that there might be water in it. I just think it made no sense to his eyes. To him, it was a great white hole in space in which he would fall for ever and ever. I once stood in the tub for him and showed him that you did not fall for ever and ever. He stared at me, but his fear did not diminish. I gave up my program of bath education for cats. I accepted reluctantly that in the very middle of his domain there was an object of which he was deeply and permanently afraid.

Then one day, in the summer of 1966, my parents went on vacation. My brother was away, I was living in London in an apartment flat. Mum arranged that the cat would stay at home and that our neighbor would feed him. On the weekend, I came down from London and checked that the house was all right. When I came down, Creature Jones was very pleased to see me. I let him into the house. Then I busied myself downstairs. Probably I looked at the mail to see if anything had arrived that needed urgent action; probably I went into the kitchen to make myself a cup of tea. Then I remembered my domestic duty and went around the house, checking that the power was off on all the appliances, the faucets weren’t dripping, and so on.

I went into the bathroom—and there was Creature Jones, standing in the tub! When he saw me he paraded up and down in clear delight. I was amazed. With no obvious goal or motive, this old cat had confronted and overcome a fear that had ridden him all his life. Alone in the bathroom, Creature Jones had taken his life in his paddy paws and had leapt into the tub. I wish I had been there to see him, but perhaps he needed to be alone. Later I guessed what must have been going on in his mind. His domestic routine had been totally upset. His human family had vanished; for days he had been excluded from his domain. When I let him in he had to check every room in the house for signs of disturbance, for wild animals or rival cats. He did not find any. His keen sense of smell did not even detect much human odor, even in the bathroom. And perhaps the complete disruption of his way of life encouraged his unconscious mind to push “upstairs” a bold experiment it had been holding. He had an idea—that of leaping into the tub.

When my parents came back home, I told them of the dramatic thing their cat had done. Thereafter, Mum would occasionally hear a yowl of triumph from upstairs and would go up to find Creature Jones reasserting his victory over the tub. Once she found him in the neighbor’s tub. He could beat any bathtub in the street, this cat!

BOWERS IN THE CREVASSE

Captain Robert Scott’s Antarctic expedition, begun in 1910, is one of the heroic stories of British exploration. Part of it was a winter trek to obtain penguin eggs. The three men of the party, Apsley Cherry-Garrard, Edward Wilson, and Henry Bowers, endured appalling hardships on their 5-week journey. Wilson and Bowers perished during Scott’s fatal polar journey of 1912, but Cherry-Garrard survived to write of that trek. Among the hazards the party faced were many ice crevasses.

Some were invisible in the dark of the Antarctic winter, and some were bridged at the top by soft snow. The men roped themselves together for safety. While leading them, Bowers fell into a crevasse. The two men on the surface could not haul him out because the loaded rope of his harness froze tight on the lip of the crevasse. Wilson shouted down, “What do you want?” In the circumstances, this was perhaps the most ridiculous question possible. But in a crucial burst of inspiration, Bowers asked for a rope with a bowline (a tied loop) on the end. He put his foot and weight in the bowline and could raise himself about 30 centimeters. Relieved of his weight, the main harness rope could then be pulled up a bit. Bowers put his weight back on the harness, and the bowline could then be pulled up a bit. And so on. Bowers was slowly ratcheted upward to safety, and this two-rope method became the standard way of getting an explorer out of a crevasse. It had been invented on the spur of the moment by a man hanging in a crevasse himself!

TWO BICYCLE IDEAS

In 1987 Adrian Spooner, head of classics at Park View School in Chester le Street near Newcastle, began to assemble a book. Its title was to be Lingo: A Course on Words and How to Use Them. It would teach children ages 11 to 14 how to use English by showing the derivation of words from Latin and Greek. But Adrian could not see how to set the idea up in book form.

He was an enthusiastic amateur actor and regularly went to the People’s Theatre in Newcastle by bicycle. On this occasion he had gone three-quarters around the Benton traffic circle, when he saw how a tripartite division of the book would structure it just as he wanted. His bicycle veered dangerously as he had the idea, and he nearly caused an accident. He had to stop on the middle of the circle until he had returned to the real world. The final book (published in 1988 by the Bristol Classical Press) uses a classical myth to introduce some useful high-level English words derived from Latin or Greek. The second part gives the etymology of these English words, and the third part shows how to link them into sentences.

In September 1960 the Reverend Jack Rutherford became the new vicar in St Philip’s church at Arthur’s Hill, Newcastle. For years he had been a Tyneside curate and had long wanted a church and a parish. But St Philip’s was not to his taste. He accepted it grudgingly; he was an unpopular priest, and his incumbency started badly. One autumn day in 1960 he was pedaling up Stanhope Street on his bicycle toward his vicarage. He was passing Corrigall’s drugstore when, as he put it, “God hit him on the back of the head.” God said, “Stop complaining. It’s not your parish, it’s my parish! Now get on with it!” Jack seems not to have risked a bicycle accident, but his attitude changed entirely. He became an enthusiastic and inspiring priest. Next summer the church was so packed that people were clustering on the pipes that ran along the aisles because the pews were all full.

(The most famous case of a divine message delivered suddenly on a journey is, perhaps, that of Saul on the Damascus Road.10 Saul—later Saint Paul—was not on a bicycle at the time. Caravaggio’s painting of the event shows him apparently having fallen from a horse.)

BLACK AND THE NEGATIVE-FEEDBACK AMPLIFIER

Negative feedback is today one of the most pervasive notions in science. In technology, it lies behind any number of control systems; in biology, it lurks in all evolution theory and all in psychology and physiology. And in electronics, negative feedback is fundamental to almost all analogue systems. And yet the negative-feedback amplifier was only invented in 1927.

Harold Black took six years of hard work to create it. The story began in 1921 in the Western Electric Company’s laboratory at 463 West Street, New York City.11 (In 1925 this became part of the Bell Telephone laboratories). Harold Black had to improve the chains of amplifiers needed for long-line, multi-channel telephone traffic. The existing amplifiers introduced such distortion that a chain of them made speech almost unintelligible.

In 1923 Black attended a lecture by the electrical genius Charles Proteus Steinmetz. It sent him right back to first principles. Soon he invented the feedforward amplifier. This greatly reduced distortion, proving that it could be done. But it was very complex and needed such frequent adjustment that it was not commercially attractive.

The negative-feedback amplifier came to Black on 2 August 1927. He was crossing the Hudson River on his way to work, on the old Lackawanna Ferry, a sort of sea-going conservatory. If she had been built for this one journey, and then sunk with the paint still wet on her, she would still have been an excellent bargain. For decades Black wondered in vain why the idea had come to him at that moment. “All I know is that after several years of hard work on the problem, I suddenly realized that if I fed the amplifier output back to the input, in reverse phase, and kept the device from oscillating, I would have exactly what I wanted.” Still on the Lackawanna Ferry, he sketched a circuit and the basic equations on his copy of the New York Times and signed it. Twenty minutes later he reached the laboratory; his boss witnessed, understood, and signed the paper too. By establishing an exact time of invention, it became a basic document for the ensuing patent. That patent took a further nine years to complete—the scheme seemed impossible, like a perpetual-motion machine. (I discuss such machines in chapter 14.)

CHANDRASEKHAR AND THE BLACK HOLE

In 1930 Subrahmanyan Chandrasekhar was a very bright Indian student of 20. The Indian government granted him a scholarship to go and study for his Ph.D. at Cambridge University under Ralph Fowler. So on 31 July 1930 he boarded a ship in Madras, heading for Europe. In the days that followed, being a passenger on the ship with no duties, he read Fowler’s paper applying quantum mechanics to white dwarf stars. This type of star is typically about 50,000 kilometers across. Chandrasekhar began to add his knowledge of relativity to the paper—this combination of principles was new to stellar theory.

He concluded that above a particular weight (now known as Chandrasekhar’s limit, about 1.4 solar masses) a white dwarf star was unstable. Its gravitational attraction would ultimately overwhelm its nuclear repulsion and it would collapse to a tiny object. It might swallow its own light. These concepts would have been a great extension to the laws of physics as then understood and a mighty step in the theory of the black hole. At Cambridge, Fowler was not convinced by Chandrasekhar’s calculation, but he had the support of Niels Bohr in the renowned physics school of the University of Copenhagen. In 1935 Arthur Eddington, one of the great pigheaded geniuses of cosmology, used a Royal Astronomical Society meeting to denounce Chandrasekhar’s theory of stellar collapse. Chandrasekhar went to the United States and became a major physicist in his own right (he was awarded the Nobel Prize for Physics in 1983). He built his career at the University of Chicago. The calculation he started on that voyage is now a centerpiece of modern physics!

PAULING AND THE OXYGEN METER

In 1939, the U.S. military authorities organized a conference in Washington, D.C. They presented about 20 top American scientists with a list of problems they wanted solved. One of them was determining the level of oxygen in an atmosphere. The army (which commanded the air force) wanted this for aircraft, and the navy wanted it for submarines.

Linus Pauling attended this conference. He traveled from California to Washington by train, a journey of several days. On his trip back, he began to muse on the military’s troubles. He reckoned he could solve the oxygen problem. Oxygen, as he well knew, has a magnetic moment, a weak molecular magnetism (unlike the other common gases). By the time his train arrived back in California, Pauling had designed a simple magnetic oxygen meter for gases. He gave the design to his students, who built the prototype in a week.

Many copies of the finished product were made for the military. And it is still in use! Beckman, the instrument company, makes it. These days the Beckman oxygen meter is intended mainly for the incubators of premature babies, who need a specific proportion of oxygen in their air. Too little may damage the baby’s health generally; too much may damage its eyes.

ARLEN AND “OVER THE RAINBOW”

The MGM film The Wizard of Oz began to take shape in 1937. It was to be a vehicle for Judy Garland, then aged about 16. She had to sing a central song. The contract to write that song was awarded by MGM to Harold Arlen (for the music) and Yip Harburg (for the words). It was a daunting challenge. Indeed, the authors overran their contract time. So Arlen was working for nothing when he was being driven somewhere by his wife, and suddenly said, “Stop the car! Stop the car!” She did so; and Arlen jotted down the first rendering of the tune of “Over the Rainbow.” Even so, big troubles lay ahead. One early version of the song was “far too operatic, wrong for a young star,” as Harburg mused. And when the song was completed, two film directors did not like it. Louis Mayer was the last M in MGM. He may have been a corrupt barbarian, but he had some feeling for the film medium. Finally he said, “Let the boys have their song.” It went on to make the film, and Judy Garland; it is still a much-loved component of American popular culture.

WATT AND THE STEAM-ENGINE CONDENSER

The Scotsman James Watt was a celebrated eighteenth-century scientist and engineer. While a mathematical-instrument maker for Glasgow University, he was given a model Newcomen steam engine to repair. A working Newcomen engine blew steam at atmospheric pressure into a cylinder about a meter across and condensed it with a jet of cold water. Steam condenses to less than 0.1% of its volume of water. Under this great contraction, air pressure pushed the piston forcefully into the cylinder. But that jet of water strongly cooled the cylinder: it made the engine very inefficient. In May 1765 Watt was taking a Sabbath-afternoon stroll across Glasgow Green. He was musing on the Newcomen mechanism at the time and suddenly had a flash of insight. He realized that an external condenser, sucking out the steam and condensing it there, would not cool the cylinder.

Watt’s mighty inspiration took seconds to have but years to make practical. Thus air always leaks into the steam of a steam engine, and a working condenser needs a special air-pump to remove it. Watt finally managed to engineer a feasible condenser. In 1775 he set up the famous steam-engine firm of Boulton and Watt.

Nowadays we think of the external condenser for the steam engine as the direct counterpart of its external boiler; their difference of temperature limits the efficiency of the engine (see chapter 15). But Watt’s invention is now almost universal, and the unit of power is the watt!

TENNYSON AND “CROSSING THE BAR”

This famous 16-line poem came in a moment to Alfred, Lord Tennyson, then the poet laureate of the United Kingdom, on the Isle of Wight ferry in 1889. He was going to Farringford on the island, where he kept a house. He jotted the poem roughly down on an envelope in his pocket. That evening he told it to Nurse Durham, his housekeeper. She ran from the room, perhaps fearing that he had written his death song (as indeed he had). Later, at dinner, he showed the lines to a friend, who commented, “That is the crown of your life’s work.”

DYSON AND QUANTUM ELECTRODYNAMICS

This is a clear example of creativity in action. In September 1947, Freeman Dyson was a new British graduate student at Cornell University, in Ithaca, New York. At that time, many physicists were groping after a good quantum theory of the electron. Dyson, after months of hard calculation by conventional quantum methods, could reproduce some recent results. But at Cornell he met up with Richard Feynman, who had totally different ideas on how to quantize the electron. His “sum over histories” of the electron largely ignored mathematics. It exploited his physical intuitions and feelings for the electron as a physical object. He used “Feynman diagrams,” a sort of pictorial shorthand, to direct his argument. He could make good predictions by scribbling on a blackboard for half an hour.

When Feynman said, “I’m driving to Albuquerque. Come along!” Dyson agreed. The trip took several days. The pair in the car bounced ideas around, and Dyson became very familiar with Feynman’s way of thinking. Then Dyson went to a summer school in physics in Ann Arbor, Michigan. There, Julian Schwinger lectured on a polished and brilliant mathematical approach to the quantized electron. Dyson talked extensively with Schwinger and used his methods on several problems.

Thus Dyson’s unconscious mind had absorbed two quite different approaches to the problem of quantizing the electron. He then decided to forget physics and have a total vacation. From Ann Arbor he went to San Francisco and just played around in California for about 10 days. Then he got on a Greyhound bus to return to Cornell. As they were droning across Nebraska, he had a sudden unpremeditated “moment of insight.” He saw how the ideas of Feynman and Schwinger could be combined! In about an hour he had fitted the pieces together in his mind. Back at Cornell, he collected his belongings to go to Princeton, New Jersey. There he planned to write a paper expounding his insight. It took him months to get the details of that paper right, but both Feynman and Schwinger got a Nobel Prize for Physics.12

MY OWN EXPERIENCE OF VERY RAPID IDEA GENERATION

In 1988 I was returning from Oxford to Newcastle in my smart new motor car. I had great confidence in its powerful brakes. So I was hammering along in the fast lane of a motorway, in the pouring rain. Suddenly a car pulled out ahead of me. I jammed on the brakes, confident in their power—and kept going. The car went into a skid, not a slowing. I was going much faster than the car in front, and it was obvious that I would soon hit it.

Without thinking about it—there was no time to think—I began to pump the brakes as fast I could: on-off, on-off, on-off. I had never done that before in any vehicle, nor had I seen it done, nor had I even thought about it. At each “on” of the brakes, the car slowed slightly before it started to skid again, in that intense rain. After about a second of this fast pumping, it looked as if I might not hit the car ahead after all. I came terribly close to it. Its driver let out a great blast of his horn at the madman behind him. I got within about 50 centimeters of his car, and then began to fall back as I continued to slow. Much later I recalled the principle of the ABS braking system. By releasing the brakes and reapplying them, many times a second, it slows a car more sharply than even locked brakes could. Somehow, in that sudden emergency, I had called that knowledge up into my mind and had done the right thing. Later still I discovered that the insurance on my smart new car was not in order. Even if I had survived a fast-lane collision, legal horrors would have engulfed me. In the event, that sudden urgent demand stimulated my unconscious mind to push upstairs the crucial scrap of knowledge that saved me.


2
The Creative Environment

If we accept the theory of chapter 1, how should we increase our creativity? Creative insight may come suddenly, a wild aha! moment when you have an idea or see how a puzzle can be solved. Or it may come more gradually, a set of individual recognitions of a way forward.

I think of the single big idea as the “masculine” style of creativity, and the many contributory ideas as more “feminine.” There aren’t any gender implications; the creative mind should be at home with either. But a number of small creative ideas, arriving perhaps over a long time, reminds me of the long female haul of pregnancy and motherhood. Engineering designers, novelists, poets, and composers are more likely to have worked mainly in the feminine mode. Their final product may have taken years to perfect and may contain many separate creative ideas. Conversely a single powerful idea, together with the vast effort it may take to turn it into something real and practical, is in my classification more masculine. Of course, single male ideas, and contributory female ones, are both usually wrong in some way. All creatives have to live with repeated failures. Yet the few ideas that survive can lead you on to great things.

Sticking with gender notions for the moment, the business of having a new idea is rather like a woman’s experience of pregnancy. A moment of great delight leads to a lot of private developments. Your distress grows; all sorts of things may go wrong; many novel efforts and activities can be needed, while many old ones have to be given up. But let us suppose that all goes well, and your new creation matures. Ultimately it hits the world in a dramatic moment of birth. Alas, the world may not be impressed. Worse, the new creation has a life of its own. Despite your hopes and plans, it may grow up quite differently. One good example is Dennis Gabor’s holography—he saw it as a way of improving electron-microscope images, rather than as a mark for credit cards.

Here is a sort of itemization of things that engender creativity. I first talk about the large-scale environment of the creative; then about the small-scale one in the creative’s head. There are many such small-scale factors, and I give eight of them. Then I discuss how the outcome of creativity activates the Observer-Reasoner and then the effects of a new development on the outside world.

Environment: Large Scale

The large-scale environment includes you and the people around you. Many artists and scientists ignore it. Such “lone wolves” live and work in the traditional “room of one’s own”; if scientists, they take laboratory services entirely for granted. Others are “team players.” They bounce ideas off each other, have the benefits of a boss and underlings, and work as a group.

So how do groups work? Patrick Blackett (who won the Nobel Prize for Physics in 1948) said, “A good laboratory is one in which mediocre scientists can do outstanding work.” He did not explain how to make a laboratory “good,” and neither can I. Maybe a group of scientists can stimulate each other. Academic institutions seem better at this than industrial ones. I have to admire the Cavendish Laboratory in the department of physics at Cambridge University, the National Institute of Medical Research (NIMR) Laboratory at Mill Hill (both in the United Kingdom), and MIT. Many industrial laboratories have had moments of glory—I am thinking of General Electric in Schenectady, New York, du Pont in Wilmington, Delaware, and Imperial Chemical Industries in Winnington in the northwest of the United Kingdom—but none has lived long at that altitude. Only the legendary Bell Telephone Laboratories of AT&T was creative from its moment of inception in 1925 to its destruction (by what I regard as foolish corporate decisions) in 1984. Nothing was kept secret at Bell Laboratories, or anywhere else; but nobody was able to copy its magic. The surviving institution, called Lucent Industries, was taken over by the French company Alcatel in 2006.

The laboratory as a social institution was perhaps invented by the big German chemical companies, such as Hoescht, in the 1880s. The modern organized laboratory, with a dedicated machinist, glassblower, technicians, and analytical services, was developed in the twentieth century. Among its pioneers were Kamerlingh Onnes at Leyden in the Netherlands, Willis R. Whitney at Schenectady, and Thomas Edison at Menlo Park.

Nowadays, most organizations ponder the eternal problem “what shall we do next?” Some “research boss” decides. The decision is always tricky, for no organization has a mandate to be creative. Companies exist to sell things, colleges and universities to teach students, national laboratories to maintain standards or to produce devices for the government. So institutions tolerate creative activity as a sort of offshoot of their main enterprise.

When the fictitious organization DREADCO (a research company run by the inventor Daedalus) appeared in New Scientist, I was surprised to find how many readers wanted to join it. I extolled its anarchic structure, its shambolic research activities, its many unexpected successes; and numerous readers took it seriously. DREADCO, the Daedalus Research Evaluation And Development Corporation, came to acquire a lot of goodwill. The name DREADCO was invented by Edward Wheeler. That fictitious company made me think seriously about how to run a creative enterprise. I decided that much depends on the boss.

One major task of any boss is to set up challenges for the underlings. Indeed, such demands often make them creative! Self-employed creators have often felt themselves under financial pressure: a useful force that demands something but does not say what. It leaves the creative soul free to create whatever works. But let us suppose you have a boss. There are (at least) three sorts. First is the pure politico. He or she knows how to dress and whom to impress. Such a character shines in committees and meetings and rises seemingly without effort up any organization. Part of the skill of such a boss is effortless personal self-belief (for we all tend to take people at their own evaluation). The motto of this type is, perhaps, “It’s not what you know; it’s who you know!”

Then there is the expert boss. This type has a vast number of ideas and orders the organization to carry them out. All the underlings are frightened of such a boss. Sometimes they may even fudge the results—the ultimate scientific sin—to produce the answers that seem to be needed. If this character really knows the field and the techniques and invents schemes that often work or (since most ideas fail) can be saved if they go awry, an expert boss can keep a huge number of people busy and creative. The ultimate ambition of many of the underlings is to become a lieutenant of the Great One.

A third type of boss comes to respect those underlings. He or she spreads their achievements around and fights on their behalf if they want something. I am here thinking of Lord Ernest Rutherford, the major founder of nuclear physics. Brilliant himself, he selected brilliant students who came to dominate the field after him (a random selection might include Peter Kapitza, John Cockcroft, Mark Oliphant, and James Chadwick).

Any boss has to appreciate the ideas of the workers. He or she has to be an effective advocate. Even within the organization, this needs its own skill. Thus the chemical plastics companies have often seen their product merely as an inferior replacement. Plastics, even cheap ones in large quantities, have best been exploited by external manufacturers. One chemical company gave an employee a lot of scrap polyethylene to play with: he later left the company but took the polyethylene to start molding food containers. (This was Earl Silas Tupper, who started Tupperware.) The plastic bucket and trash can caused a lot of worry at ICI, because they could not carry hot ash like the old metal versions. I saw something of ICI’s efforts to make a medical forceps out of polypropylene. The first prototype, molded at vast expense, was a clumsy copy of a steel forceps! Only at a second attempt did the company make a useful medical forceps. And that really big plastic invention, the flexible bottle that has transformed so much packaging, was never invented by a chemical company at all! The earliest one I know of was a flexible polyethylene bottle invented by a detergent company for dispensing dish detergent.

Anyway, the boss, of whatever type, has to shape the laboratory. What makes it creative? I once got talking on this topic to Margaret Steele, a massively creative person herself and the unofficial head of the laboratory mafia at ICI corporate laboratory. She reckoned that the best metaphor was horticultural. A gardener is in charge of something that nobody understands or controls—the tendency of plants to grow. The gardener can at least see that they are fed and watered, that wanted ones are encouraged, that wilting ones are attended to, that ones surrounded by weeds are given more space, and that the garden as a whole has some sort of pleasing aspect that uses the strengths of that soil and location. Furthermore, he or she understands that not everything can come up at once. The gardener will know when and how to prune or weed and when not to interfere with the plants.

The big unstated factor is love. A good gardener loves that garden. Such a one is always thinking of it, worrying about it, and wanting to make it better. Similarly, a boss who loves the subject will always be trying to improve the organization and will recruit people who love the subject too. That boss will push the organization in novel and intriguing directions that he or she loves and will contrive to build it well despite wide variations of management style.

But no boss has (or admits to having) any way of making a laboratory creative. In any case, creative people such as scientists are hard to manage. For administrators, nothing should ever be done for the first time. For scientists, such things are almost the only things worth doing. Worse, the corporate environment always wants to stop research. If the thing is not working, stop it. It is wasting company money. If it is working, stop it. Turn it into a production project, and make some money from it! Only the underling, the bench worker doing the research, actually likes it. Worse still, what do you do with a laboratory full of scientists? Somehow they have to be pushed out into the organization.

The ICI corporate laboratory was a sort of “recruiting laboratory” for the company. Scientifically minded students were taken on, soon realized that there was no company future in science, and went out to become scientifically literate salesfolk and plant managers, the knowledgeable committed company people that ICI could really use.

The people who loved science did not move out, so ICI found its laboratory slowly filling up with dedicated scientists! The administrators had no effective answer to this problem. One they tried has been used in many companies: the “scientific ladder.” This rickety promotional structure is for determined company scientists. Thus IBM took on Leo Esaki (inventor of the tunnel diode and a gifted semiconductor physicist), who went up the company scientific ladder. At a high level, he discovered its disadvantages. As Jiri Janata at ICI put it, “He can do anything he likes, but nobody pays any attention to him.” Ultimately he went off to a Japanese university.

And IBM tried to hold on to Gene Amdahl, possibly to keep his dangerous ideas safely in-house. But Amdahl left IBM to found his own company, making super-fast computers. In the end, his advanced ideas failed commercially.

The scientific academic faces different challenges. As a young man I spent a lot of time in the chemistry department at Imperial College, London. The staff spent their coffee breaks discussing chemistry, expounding the problems they faced and the papers they had read, or the chemical bloopers launched by their students. To lighten the discourse, there was always scientific gossip—who was in line for a Nobel Prize or to be a fellow of the Royal Society and why. Often a coffee drinker had been approached by some relevant committee and had an inside story. Then I went to the University of Strathclyde in Glasgow and found that the staff spent their coffee breaks discussing golf. (All this was decades ago and is likely now quite out of date. Everything everywhere may have changed.)

“Oddball” characters who are hard to tolerate in a corporate environment may get on better in an academic one. Thus as a Cambridge professor Paul Dirac did not want to supervise any Ph.D. student, and as a Ph.D. student Fred Hoyle did not want a supervisor. So Dirac became Hoyle’s supervisor.

In some way laboratory technicians may be good judges of their nominal superiors. There is a sort of “buzz” about an active place; perhaps the technicians are always being challenged in some way. They may constantly be asked to build crazy bits of apparatus, or to prepare strange reagents, or may find a lot of intriguing samples coming for some instrumental analysis. Conversely, technicians may subtly detect a decline in the atmosphere. Jiri Janata once asked the ICI engineers about some apparatus he had designed, and they explained how busy they were. “Pity,” said Jiri, “I wanted it for my garage.” It was ready next day. The engineers had perhaps sensed that official demands were not always urgent.

Artists face related challenges. A major artist perhaps invents a new way of doing things. He may have several students who learn the technique and form an artistic production unit. Leonardo da Vinci said, “It is a wretched pupil who cannot surpass his master.” Hence there are many paintings that baffle experts. They may be by the master or by a pupil working in the idiom the master has invented. Rubens and Rembrandt are notorious for nurturing pupils who contributed to their paintings or even carried out most of the details. It must have been hard for the master to regain control over his picture!

Environment: Small Scale

The small-scale environment is the one inside your head. J. P. Guilford divided people into “convergers” and “divergers.” A convergent question has one right answer; a divergent question has many. Some people get good at convergent questions; some do better at divergent ones. The sort of challenges that I have faced, such as writing a column or devising a workable TV demonstration, have all been divergent. Even scientific research, with one answer you must get right, has a big divergent start. You have to choose the problem.

So a creative has to be at home with divergent problems. Being creative has several aspects. The first is acquiring a large mass of knowledge and experience, holding that information, and sending it downstairs to the subconscious mind. There the RIG can get at it. The second is encouraging the RIG to play around with the stuff. Then you have to stimulate the RIG to pass any resulting ideas upstairs where the Observer-Reasoner can study them. The outcome may be some sort of practical action. Both the “down” and the “up” processes are impeded by the Censor. I classify my suggestions below.

ACCUMULATING INFORMATION

The first discipline is the lifelong process of accumulating information and experience. It pays to be a “noticer.” You have to develop the sort of curiosity that spots things and remembers them. Most people just discard most observations. This makes economic sense. Most of the stuff that comes in will always remain surplus to requirements. Yet I cannot imagine any way of being creative without being uneconomic and building such a mental store. You have to read and look and be curious, to be inquisitive, and to interrogate other workers, look at their experiments and study what they are up to! Copious notes help too—my “database” (see chapter 14) of stored information has been a very powerful aid to me all my life. I reckon that a lot of the contents of a retentive memory get downstairs to the RIG and aid its play. My guess is that to be usefully creative, you need at least a hundred times as much information as you will ever use.

Furthermore, as well as being curious and being a noticer, I reckon you should be an experimenter. So try things: even silly ones! Thinking with your hands, playing around, is worth developing for its own sake. You may learn something or add to the useful tricks of the trade at your command. Such playing helps you to acquire experience as well as knowledge.

A developed curiosity does not only include the things you get taught, but the subtleties few people wonder about. Why are metals strong? Why are melting points sharp? Why does plaster set hard? Why is chemical apparatus made of glass? Why do powders form heaps? Formal education, particularly the long haul that all accredited scientists go through, does such an effective job of crushing curiosity that many of its victims emerge with powerful qualifications but a fixed mental determination never to acquire new ideas or knowledge ever again. Fortunately, curiosity is quite strongly built into our nature. Even the most hidebound of us is inherently disposed to take some sort of transitory notice of the novelties that come our way. I, however, am advocating the positive seeking of new facts and chasing up chance exposures to them, quite without asking what use they are going to be. I have often roamed a library at random, pulling books off the shelves at whim and spotting notions that appeal. I have often bought old scientific textbooks, purely for their facts. Modern books are dominated by theory and only mention a fact if it has some useful explanation. But old books have lots of facts, without any explanations. Occasionally I have found things of immediate value. But the main benefit was to my RIG, which perhaps gained new playthings.

Again, I once took a microwave oven out of a Dumpster, planning to take it apart. I was just being curious. I did not know how such an oven worked and wanted to find out. I found out and also discovered that an internal fuse had blown—which is probably why the owner had dumped it. I replaced that fuse and now have a working microwave oven, which I use for chemical experiments. I. J. Good has remarked “a policeman is never off duty.” 1 Neither is a scientist, an artist, or a creative.

By contrast, too many people these days claim to know nothing but rely instead on the Internet. This seems all wrong to me. Here is a seemingly unrelated example: golden syrup. This uniquely British product is a form of molasses purified to give it a light yellow color. It is sold commercially in tins and is well known to the British public. It is viscous, sticky, and one of my favorite liquids. If I happened to want its density or viscosity, the Internet could tell me at once. But personal experience is much broader and vaguer than classified computerized information. I have played with golden syrup and have the feel of the stuff in my mind. That experience has suggested to me all sorts of ways of using it (see chapter 8).

GETTING IDEAS DOWNSTAIRS: WEAKENING THE CENSOR

If you hope to be creative with your mass of data, you have to get it past the Censor. Among the Censor’s jobs is that of filtering the observations of the Observer-Reasoner. It has to keep nonsense, untruths, trivialities, and worrying heresies from getting downstairs to the subconscious mind where the RIG can play with them. I do not know how severely it filters notions and observations on the way down, but I suspect it overdoes its censoring. As a result, we all lose stuff. To the unconscious mind, we must seem needlessly unobservant and incurious. A creative must try to oppose this tendency and should notice things and hang onto them, so as to give them the best chance of getting down to the RIG and being played with.

My model (see fig. 1.1) has the Censor in some sort of contact with the Observer-Reasoner. So you should be able to influence your Censor’s strategy by talking to it. I like the idea of an internal conversation between the mental entities in a single skull. So I got into the habit of haranguing my own Censor. I used to remind it of the Daedalus column, which had to come out every week. That column had to be funny. After all, funny ideas are often quite close to being workable. That is why the cartoons of Rowland Emett, Rube Goldberg, or Heath Robinson are often so hilarious; the devices in them are almost feasible. Indeed, making Daedalus funny was my main problem. It was much more trouble than merely generating scientific notions with the right degree of half-baked plausibility.

So I told my own Censor to seize any humor it spotted in the outside world. It was to grab anything that might be funny and pass it down for storage and play. A general genial interest in facts and ideas, the mental habit of valuing them for being beautiful or funny as well as for being probably right—all these mattered to me. Daedalus has even proposed (see chapter 4) that it pays for a woman to tell her unconscious mind about the sort of child she wishes to have.

Has this strategy, talking to my Censor, done me any good? I have to admit that it has never responded. Yet my attempts at getting material downstairs may have worked to some extent. I like to think that my RIG gained from having many playthings that a more censorious Censor would have blocked.

ENCOURAGING THE PLAY OF THE RIG

The third part of being personally creative, helping the RIG to play with what it has, is again a matter of personal style. I have no recommendation; we all have to find a strategy that works for us. I feel it pays to avoid routine—or if it is unavoidable, to keep changing it. A bit of time off may help too. Thus a brief holiday, or an outing to a lecture, can stir things up. Even a new environment may help. Both the Grand Canyon and the Lubyanka prison may stimulate unconscious creative thoughts!

My sense is that creativity thrives on a mixture of responsibility and irresponsibility. So it may help to be a troublemaker for your authority—devious, unpredictable, even annoying. Loafing, traveling, doodling, messing around, or trying daft experiments may also help. All these are a form of play, during which your RIG may be putting new things together. Remember, the RIG works all the time. Nobody can truly forget the job by closing the door.

CREATIVE CIRCUMSTANCES

I feel it helps to be on your own, or perhaps with a “matching impedance” (see chapter 3). Solitude may well be important for creativity. Virginia Woolf reckoned that a room of one’s own was important for serious writing. The social whirl has its own conventions, which make a preoccupied creative seem odd in some way (see chapter 3). Thus the mobile phone is an ambiguous invention. By always being there, it may stifle creativity—you are never alone with a mobile phone.

Of course, the RIG is never passive. It and the Censor may push up an idea at any time, even during a party. Yet less distracting and more solitary conditions are probably better suited to idea generation. Perhaps the Censor is more permissive then. Indeed, each of us has to discover the circumstances that work best for us and learn to exploit them. Like many creatives, I have praised that dozy or reverie state, in which the Censor seems relaxed or off-duty (see chapter 1). Perhaps it lets ideas from the RIG slip past and reach the Observer-Reasoner. Maybe the unconscious mind is close to the conscious one—tears or laughter may be close to the surface too or hopes or regrets may seem unusually poignant. For me, this often happens best in bed, in the early morning. (The novelist Sir Walter Scott said the same thing; so did the mathematician Jacques Hadamard, who often woke in the morning to find that a problem he had been pondering had been solved in the night by his unconscious mind. René Descartes is said to have had analytical geometry—one of the most important mathematical insights ever made—come into his head while he was lying awake in bed in the morning.)

Another type of creative circumstance is a scientific conference or meeting. The official lectures matter less than the informal chats and arguments behind the scenes. Such chats can be more challenging or productive than routine discussions with known colleagues. Contact with a new mind often puts a new idea into the mind of a participant or rubs old ideas together. The resulting discussion may disprove some notion or put it in a new light. It may even spark a collaboration or hatch a new scheme. So on occasions these confabs may start something new and important. The conferers are usefully shaken up.

CREATIVE MOMENTS

Sometimes ideas are borne in on you gradually; but in an aha! moment one pops up with a sudden jump. I assume the Censor just pushes one up from the RIG. For me, at any rate, one accepting moment is when a project seems finished. While you are developing a scheme, you often cannot get away from the idea uppermost in your mind. But as soon as it is in practical form—a finished article, a completed apparatus, or a drawing you have put in the mail—the Censor may let new ideas up and you see quite other ways to go. You have a new notion, which may be so overwhelming that you adopt it without hesitation. So the scheme may have a rapid Mark II! On several occasions, having already designed an apparatus in my mind, I have been wrestling with the task of making a component for it when I have suddenly realized that a quite different approach would do the job much better. I have immediately diverted the project to making that different scheme.

But a new idea need not hit your mind while you are at work on its predecessor. It can come at any time. So I always carry a paper and pencil. You should too—otherwise you might have to scratch on a nearby wall, which some scientists have had to do. I even keep writing materials by my bedside, so that if I wake up at 2 a.m. with an idea, I can make a note of it before going to sleep again. Mainly, of course, this is a waste of paper; but every so often it has been important. One crucial story of this strategy is in chapter 1. I reckon it pays to make a quick note, even when the idea seems foolish afterward, as most of them do.

Aha! moments may be sudden, but they probably depend on an unconscious mental process that has grown slowly. My sense is that they build in the unconscious mind until the RIG and the Censor combine to push them up—most probably during some dramatic environmental change. Accordingly, each of us has built a pattern of life that, if disrupted, may spark a creative insight. I particularly notice how many of my stories of creativity involve journeys (see chapter 1). Journeyers are (a) irresponsible passengers, (b) deprived of their usual routine and dress, (c) deprived of their usual company, or (d) quite alone. One Nobel Prize winner has an average lifetime speed, jokily calculated by his colleagues, of 20 kilometers per hour. The illustrious German physicist and physiologist Herman von Helmholtz advocated a gentler motion—a ramble. Ideas, he said, do not come at the laboratory bench, but “during the slow ascent of wooded hills on a sunny day.” I am also reminded of James Watt, whose crucial insight into the steam engine came while he was walking on Glasgow Green (see chapter 1), and of Charles Darwin, who had a vital idea for evolution theory while riding in his carriage.

Yet another possible moment of enhanced creativity can come during washing, shaving, or bathing. This may explain why people have ideas in the bathtub. I heartily agree with Benjamin Franklin who had a bath every day “not for the cleanliness, but for the thinking.”

I do not know why a bath is creative, but I have frequently mused so intently in one that I have forgotten which bits of me I have soaped. Maybe the solitude of the process helps. Or maybe you discard conventional thinking with your clothes? In the 1930s, the BBC used to put its radio announcers in dinner jackets. The jackets could not be seen on radio, but it could have been that formal clothing made their statements more solemn and authoritative. And a listener to the BBC World Service Radio News has applauded it as “the truth: spoken by gentlemen.”

Conversely, the steady industriousness of work seems not to stir the Censor or the RIG. Few creative moments seem to occur during routine activity. But there are always exceptions. The novelist Anthony Trollope used to set aside a specific time of day for regular writing, and he had a massive creative output! There was even a time when Daedalus had a meal in a restaurant whenever he wanted to develop an idea for a column.

EMOTIONAL ASPECTS

It is notoriously useless to argue with a committed believer. Such a person is armored against any change; I assume that the Censor and the RIG of such a one is equally rigid. Conversely, the RIG of a creative is relaxed and playful and not afraid of mental change. And since the RIG is essentially an emotional entity, emotional acceptance and lack of fear can be very important.

Thus one of the first computers in the world, the Colossus, was built at Bletchley Park in the United Kingdom during the 1940s, to help crack the German “enigma” military code. Its chief designer was Tommy Flowers of the Post Office. Unlike many of his helpers, he was not frightened by a machine with thousands of vacuum tubes. Telephone exchanges had racks of thermionic amplifiers for long-distance communication; he was used to vast numbers of vacuum tubes. This lack of fear helped him to be bold and creative and ultimately successful. On a much lower level, I have also gained from that same lack of fear. Some of my TV demonstrations showed wild ignitions and explosions: my teenage experiences and my skill as a chemist let me develop them and show them with relative skill and panache. By contrast, the TV crew and the audience were often terrified (see chapter 9).

Another way to harness the emotions behind creativity is to put yourself in some social position where you must show it. Social expectation, and the positive emotions which go with it, is then on your side. So always accept a creative challenge! You may well make a fool of yourself, but it’s worth it! And offer more than you know you can deliver. Anything that stimulates the mind will do—deadlines, agreements or boasts to do something, demands for help from others, puzzles or challenges accepted, crazy projects, the search for evidence to prop up some tottering theory, anything. An ability that is exercised, challenged, and used will grow to meet the demands on it. That is why athletes go in for training. My own creativity had a special social appeal because of my weekly Daedalus column. This demanded great faith in my RIG and often raised demands for my supposedly creative services. I managed to meet many of them. But in private I was cowardly enough to hold a number of columns in reserve, in case inspiration failed or the editor objected to a column.

In particular, many scientific professionals feel the emotional tension between the changes going on in their subject, to which their own research contributes, and their status as an “expert” knowing it all. My sense is that a good RIG never rests on its laurels and is never passive. The creative mind is always turning its knowledge over, querying it, looking at it, combining bits together, seeking the next advance. The good scientists I have known have all had some sort of argument going on inside them all the time. Some people are “monomaniacs” on one topic. I reckon I am an “oligomaniac”—obsessed with a few topics, which change slowly. A strange skein of molecular and mechanical notions or arguments has been going on inside my head for decades. I am aware of the bit that occupies my Observer-Reasoner, but I would like to think that my unconscious mind is active as well. Occasionally this process reaches a conclusion, passes it upstairs, and then zooms off again.

Yet every professional gets into some main topic—mine is chemistry. I reckon that you should choose that topic at whim (and not, for example, because it pleases your parents or is likely to make money). That whim frees you to choose your subject just because you like it. That liking is probably the voice of the RIG and should make you remarkably open to all the details of that topic—both taught and untaught (see chapter 3). Your memory will cling onto them. You only need to recall that you knew them once. They exist, you know of them, and can dredge them up at need. My personal database (see chapter 14) has been valuable all my life; not just as a repository for facts, or a sort of recorder for curiosity, but as a mental stimulus.

SILLY IDEAS

Yet another way to encourage the RIG is to learn to tolerate silly questions or silly ideas. They often make us uneasy. Some of the silly questions currently in my mind are in chapter 16. There are (at least) four sorts of silly questions. The first is a gap in one’s knowledge that, once filled, fits neatly and makes you think, “Stupid me! I should have known that!”

This is the sort of silly question that nobody likes to ask, but we all need to. For example, air pressure is about 1 kilogram per square centimeter. Why do we not notice it? Air is a fluid and presses evenly: up, down, sideways, and at any angle. The human body is fluid too; it accepts and transmits that pressure evenly. So we are unaware of the pressure until we come across a different one—that of a vacuum, say, or the pressure under a depth of water.

Another type of silly question is the oversimplification of a serious claim. My favorite example is Newton’s third law of motion: “Action and reaction are equal in effect and opposite in direction.” So nothing can move! Or can it? It needs a bit more understanding to work out the exact sense in which nothing can move and how ordinary motion remains possible. Fortunately, you do not have to be Newton to puzzle the matter out, but this type of silly question is still worth asking.

Another type of silly question is simply odd—for example, “Can you freeze a soap bubble?” (A question my nephew asked me once. I didn’t know. We tried it. You can.)

Yet another sort of silly question is a puzzle that may, or may not have a good answer; it may, or may not, be beyond current understanding. For example, I have worried how water gets to the top of a tall tree. Even the best vacuum pump cannot suck water more than 10 meters high; yet many trees are much taller than that. Maybe plant physiologists have a good answer.

If you do not accept the scientific theory of something, in all probability you just don’t understand the evidence or the reasoning from it. But there is a tiny, tiny chance that you understand the evidence and the reasoning better than anyone else. In chemistry, belief in the atomic theory grew during the nineteenth century until it was accepted and taken as certain, proven, by almost everybody. But in 1904 Wilhelm Ostwald outraged the British Chemical Society with a lecture in which he denied the existence of atoms. He explained all the evidence in terms of continuous states—the physical concepts called “phases.” Later came the additional evidence of radioactivity and Einstein’s explanation of Brownian motion, and even Ostwald was convinced. Again, Einstein could not let go of an odd discrepancy in classical electromagnetic theory. To straighten it out, he was driven to replace the entire Newtonian view of physics. His new predictions were verified, and today we are all relativists.

I do not know any way to tell if any given silly question is profound, overly simple, shallow, or simply odd. Fortunately, Daedalus has needed a steady supply, of any kind. So I have come to value silly ideas, to make a note of them, and pass them downstairs for the RIG to play with. But they worry many scientists and technicians. People who need to “save face” must find it even harder to tolerate silly ideas. Nobody likes to “look a fool.”

My brother was once in a Cretan hotel during an earthquake. He could have saved his life unambiguously by rushing out into the street. But he was in his pajamas. He quickly realized what a fool he would look wandering about the street in his pajamas: especially if the hotel did not collapse. I empathized immediately with his story—I had the same upbringing.

Not looking a fool is a strong British instinct. Having silly ideas is the same sort of risk; it takes a type of nerve even if you keep the ideas private. Mercifully the Daedalus column needed a silly idea every week. Gradually I learned to tolerate the risk.

GETTING THE RIG’S IDEAS UPSTAIRS: WEAKENING THE CENSOR

Of course, the ultimate goal of stirring up the RIG is to get new ideas upstairs: ideally in that wild aha! moment we all recognize and remember. The Censor, of course, opposes the whole process. Ted Hughes was quite pugnacious about this. He seems to have felt that to be more creative, a writer has to outwit the Censor, which he saw a sort of police enemy. I do not oppose the Censor so fiercely. Most of the time it is doing a good and necessary job. But I like the idea of weakening it, so as to get new RIG ideas upstairs. You want to get at some of the absurdities that it has been keeping down. You’ll never get at personal political information (it won’t let that upstairs) but you might persuade it to release more of the RIG’s harmless nonsense. Even trying very hard, the Censor is not a very insightful filter. My guess is that the ideas that it lets up to be tested against reality by the Observer-Reasoner, are about 80% duds, as we saw in chapter 1. Even so, many of those duds are worth looking at.

Thus in the problem of remodeling the kitchen, the RIG might well suggest standing the fridge on the ceiling, or coalescing the fridge and dishwasher into one unit—schemes the Censor should rightly reject. But the idea of putting the dishwasher on top of a cupboard and even that of putting it inside a cupboard are worth conscious attention. They violate a needless convention that the Censor may have been applying; that every object should occupy its own bit of floor. (The best arrangement might in fact have one object standing on another.) Such needless conventions, which you may be unaware of until they are violated, curb creativity and have to be recognized and discarded. Thus I once ran away from a mechanism that annoyed my own Censor; but ultimately adopted it (see chapter 5). I got away with it, but my Censor’s misgivings ultimately turned out to be justified.

Again, I have tried having a conversation with my own mental entities. I have talked to my Censor, again asking it to relax its criteria, but this time appealing to it to let notions up from my RIG! I have never had any reply, yet I have often felt that something was listening. Indeed, I slowly developed the confidence to accept a commission with no idea of how to fulfill it. I typically then said to my “entities” downstairs, “OK, unconscious mind, I have agreed to do such-and-such by this date. If you don’t come up with an idea soon, we are going to make a major fool of ourselves.” My conscious reaction was to look at the facts and do some experiments. But by acknowledging my unconscious mind and admitting how much I depended on it, I got it on my side, so to speak. And once I had got an idea working, I thanked my unconscious mind. Maybe it was pleased; maybe it would be on my side again, in the next emergency.

My attempted negotiations with my Censor often pleaded for Daedalian ideas. Again, I never had a detectable response; yet writing that column made me much more tolerant than most scientists are, to nonsense and to jokes. The funniness I wanted also fits Koestler’s link between jokes and new ideas. So I now invite you to apply the strategy that I was trying. Feed back to your Censor that approval of funny ideas! Instruct it to pass them up without fail however absurd they may be! With any luck, your system will get more creative, you will get more joy out of your mental life, and you may think of ideas that more solemn deliberations would never have produced.

A rather general idea for weakening the Censor depends on the sound Pavlovian principle that both the Censor and the RIG, indeed the entire organism, will tend to concentrate on activities that are rewarded and to avoid those that are punished. So I cultivate the attitude of judging ideas not only on whether they work but also on what sort of human appeal they have. Thus in devising schemes for my TV shows, I rapidly learned to avoid scientific apparatus, which just frightens an audience. My demonstrations were much better as well as funnier when I used ordinary domestic objects in a crazy or surprising way.

Activating the Observer-Reasoner

The RIG may have an idea. But it is the Observer-Reasoner and its store of subconscious memories that turns it into a real-world experience and takes it further. The aha! moment when you have an idea is dramatic and memorable. But the next stages are just as important and often far more difficult. You have to evaluate your new notion—and if about 80% of ideas go wrong, you will probably have to discard it. But let us suppose that it survives. A simple experiment proves it feasible on a small scale. To make something technically practical, you may have to buckle down to a lot of hard conscious work. Even Watt’s separate condenser for the steam engine, which ultimately worked and is now almost universal (see chapter 1), took years to develop. You and other workers may have to put in a vast amount of work and money. You may have to keep going back to that successful small-scale experiment, just to reassure yourself that the thing makes sense. I and many others have often had to go back to the laboratory or the calculator to renew that reassurance. Edison probably got it about right when he said that genius was 1% inspiration and 99% perspiration.

So it is not surprising that many big projects fail. Or they push the state of the art and rely on other inventions. The first computers were made in the 1940s, but the basic technology kept changing. The vacuum tube was replaced by the transistor, and the single transistor by the integrated circuit; and engineers kept on inventing new ways of storing more and more information. Thus the magnetic disk store was invented in 1967 by two IBM engineers in their spare time. When the company found out, it tried to stop them! The computer is still being improved.

Before any idea of yours develops into anything feasible, it will face the same sort of practical struggle. The thing may even get more desperate: warning you that something is going wrong. You may give up, having wasted vast amounts of work. Yet you may still feel that the basic idea was sound. This has happened to me. I can only hope that some future development, maybe in an entirely different field, will one day come down on that failure and make it easy. I shall then be an early, unsung pioneer.

In this process of trying things, I suspect that I developed a sort of practical vocabulary. It remembered things that worked, and copied them; it remembered things that failed, and avoided them. It may have evolved into a style, so that a perceptive critic could identify me as a scientist or a constructor from my creations. Some of the stories of these creations are in chapters 5 to 12. What stays in my mind is rarely the aha! moment (if there was one), but the desperate practical struggle of making the idea work.

J. E. Gordon has claimed that his designs seldom gave trouble, because he worried about them, night after night.2 I well understand this too. The long haul of turning an idea into something practical stays with you 24 hours a day, and nocturnal worry is part of it. In my design of the chemical space “garden” (see chapter 5), I was distraught with worry for weeks before the launch. I went to the control center in a fever of anxiety, burdened by my mistakes in design—notably in the pneumatic operating mechanism of that experiment. But I knew the equipment better than anyone else; a word from me might have been vital. In the event, it mostly worked.

Even when an idea is relatively simple, and could be tested by a simple experiment, the Observer-Reasoner usually has trouble. You may have to look around at what you have got and rig something up. This part of creativity needs not only practical ability but also a sort of panache. You have the right to try something you can’t prove or even something that doesn’t make sense! To top it off, the experiment may annoy the authorities of your large-scale environment by using their apparatus in a funny new way. It pays to use simple equipment. This is usually cheaper, and easier to vandalize or divert to strange uses. One example is my unrideable bicycle URB3 (see chapter 5).

Furthermore, when you have turned your idea into an experiment, the Observer-Reasoner has to look at the result. This can require quite wide-ranging curiosity—especially if the results are unexpected, as with the URB3. Your attention may be drawn, not to the main reading on a dial but to some unexpected or seemingly trivial side-effect—as in my interest in the noises of steam (see chapter 12) and the hardness of crystals (see chapter 5). A developed Observer-Reasoner may spot such side effects or unexpected results and chew them over.

The Observer-Reasoner of a creative is often very acute. (One simple example is my interest in the straight sides and flat planes of crystals, chapter 16.) At its extreme, this acuity shades into fascination, which may indicate that the RIG is showing interest. You stop and stare, maybe repeatedly, and pick up even tiny cues. Thus it is said that all Americans above a certain age can remember where they were and what they were doing when they heard of President Kennedy’s murder. The event clearly got into the American unconscious mind.

You can be fascinated by poetry or prose, an artwork or a scene, a material object or a person. By contrast, most writing and most people or objects are of purely transitory interest. You notice some aspect of them and gain a little information from them, and that is all. A writer, perhaps, may put thousands of words in print; but a few of them can strike you as somehow significant. Some passages stick in my mind though the ones before or after them are totally lost. A writer who does this often is, for me at any rate, a poet. The writing somehow speaks to the unconscious mind, though the conscious Observer-Reasoner may be unmoved. For example, I sense this poetry in much of the writing of the Italian chemist Primo Levi. Even in translation I feel the need to study his writing and appraise or criticize it. Further samples of language that appeal to me are in chapter 14. In some way, the Observer-Reasoner notices them and passes them down to the RIG.

And what do you do with RIG ideas that turn out wrong? Probably about 80% of them will fall into this sad category. My sense is that it pays to hang on to them, despite the trouble they can cause. Thus I once foolishly accepted a sketchy plausible argument from my own RIG and had it in my head for many years. I planned to expound it in detail some day. Only at the last moment, when I attempted a calculation to clarify the notion, did I realize that it was simply nonsense! It was too late just to admit my mistake—I had built the assertion into work for other people. I had to invent a fudged argument to give some sort of excuse for having thought that way. Yet an RIG idea is seldom totally wrong. Somewhere in it there is a core of imaginative sense for you to puzzle over, a wish that things were different, or an application in some entirely unrelated context. Or it may identify a negative principle worth bearing in mind and trying to get around. Margaret Steele of ICI never wrote a report saying that an experiment had failed—she did not want to discourage future readers. She always said that she had failed to make it work.

The Outside World

Sooner or later, you have to hand an idea over to others. The most dedicated author must give his or her masterwork to an editor or a publisher. The most dramatic work of art must be exhibited, the most powerful scientific theory must be made known, the most brilliant technology must become a manufactured product.

Then the serious trouble starts. You may get the idea in several chunks, one perhaps that starts you thinking and working and the others as you tackle the problems thrown up by the first. I feel you should praise the RIG for its contributions—but it may know anyway, from your actions. Even so, it may well take years to turn the new notion into something feasible.

Furthermore, you have to popularize your scheme so as to prepare your world. This tricky task is quite different from having the idea in the first place. I see it as a branch of advertising; it often needs a sense of drama, or a sort of jokiness. During World War II, British radar technicians used the lovely phrase of making a new circuit “sanitary.” Once an idea worked, it typically existed in the electronics laboratory as a rat’s nest of wires, components, and vacuum tubes. The inventor had to tidy it up, first so that the boss could see it and understand it and second to fit it for possible production.

In scientific discovery, John Ziman has pointed out the rhetorical power of prediction. It can make a new idea sanitary at once. The theorist says that something should be observed; the experimentalist goes to look, and finds it! Thus in 1705 Edmond Halley predicted, from Newton’s theory of gravitation, that a specific comet seen in 1682 would return in 1758. It returned on time. Halley was dead by then, but thereafter nobody doubted Newton’s theory of gravitation. Again James Clerk Maxwell’s kinetic theory of gases, first published in 1859, gained enormously from its incredible prediction that the viscosity of a gas did not depend on its pressure. Maxwell himself verified this prediction—he was an excellent experimentalist as well as a supreme theoretician. During the nineteenth century, several chemists, including John Newlands and Julius von Meyer, had an idea of the Periodic Table. But Dmitri Mendeleev saw gaps in the table. He predicted an undiscovered element for each gap and boldly predicted its properties. When gallium and scandium were discovered in the 1870s, and germanium in the 1880s, and each fitted Mendeleev’s predictions, his fame was secure.

The most dramatic prediction of them all, perhaps, was that of Einstein. His theory of general relativity required light to bend slightly when it passed a heavy object such as the sun. Accordingly, stars near the sun should seem to shift in position. Now you cannot see a star near the sun, except during a solar eclipse. Einstein put forward his theory in 1915, during World War I. A very favorable eclipse would be visible in equatorial latitudes in 1919. Two British expeditions were prepared (the organizers hoped that the war would be over by then). Arthur Eddington, that major pighead, was put in charge of one of them. The eclipse expeditions went out, and Eddington sent a telegram to Einstein announcing that his prediction had been verified.

In art, the only test is an audience. Much new music and new visual art was rejected by its first audience but was later accepted when its challenges were less troubling. Some was not accepted even then. I still cherish UK journalist Bernard Levin’s assessment that he “would not give you fourpence a square yard for the entire works of Francis Bacon.”

It is notorious that an inventor may be very poor at the development of his or her invention. An originator may not shine as the CEO of the resulting company. Reginald J. Mitchell designed the immortal Spitfire fighter aircraft of World War II, but Joe Smith controlled its production and development. Again, the computer was invented in the 1940s to handle complex mathematics. Yet it has transformed the world mainly as a communicator and as a word processor. Almost nobody now puts down words via a pen or a typewriter. And while sound recording was invented by Thomas Edison in 1877, he used a tinfoil cylinder—later a wax cylinder—and vertical “hill-and-dale” recording. Emil Berliner invented the sound disc in 1888 and used horizontal side-to-side recording. Records could be stamped out by thousands, and the recording industry took off. Even today, despite many changes of material and format, sound is still sold on disc!

My own popularizations and TV demonstrations have shown me some of the problems of making new things understandable. Somehow you have to build a bridge that starts with the familiar and takes the audience on to the new. At his best, Daedalus did this with a scientific readership. I may have learned some of the art by “improving” the inventions of my creative friend David Andrews.

One of my most significant papers (“The Theory of the Bicycle,” see chapter 5) attracted attention because it asked, and tried to answer, a question many of us had only felt—why is a bicycle stable? Again, my chemical experience of filtering wine through charcoal needed a lot of development to make a good TV item (see chapter 7). It gained from the sheer vandalism of ruining a very expensive red wine. The producer and the audience paid attention!
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