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“Istvan Hargittai shares with us his fascinating insights into the passion and drive that lie behind some of the most important scientific discoveries of the last century. This is an invaluable book for those who want to go beyond the usual textbook descriptions of the scientific endeavor.”

 —Leon N Cooper, Nobel laureate,
Brown University

“Hargittai has succeeded in summarizing in a very skillful manner the lives of many of the most important scientists of the last half of the twentieth century. His seemingly casual style is adept in portraying the personalities and motives of these scientists very vividly.”

 —Sidney Altman, Nobel laureate,
Yale University

“Yet another masterpiece by Istvan Hargittai, this time highlighting the multifarious patterns of human endeavor to be found behind some of the most fascinating and astounding chapters in the history of science.”

—Arvid Carlsson, Nobel laureate,
University of Gothenburg, Sweden

“This book presents insights into the intricacies of scientific research and discoveries and should find wide interest outside as well as inside the scientific community. The stories can in particular motivate young people to become scientists. This stimulating book will greatly help the reader to understand and to appreciate scientific advances as well as the impact of their practical applications on our living conditions.”

—Werner Arber, Nobel laureate,
University of Basel, Switzerland


“The eternal quest for creativity assumes many paths. Hargittai's book has a collection of unusual paths that led to successful solutions for existing problems and also shed light upon unexpected new knowledge that allows us to understand our universe better. The book provides approaches that have changed ‘fuzzy logic’ to concrete physical or mathematical relationships.”

—Isabella Karle, formerly of the
Naval Research Laboratory;
recipient of the National Medal of Science

“Science, discovery, and scientists: the right person, at the right time, in the right place. This book provides a thoughtful and vivid analysis of how scientific progress happens through some selected case studies. It should be of value to the practitioners but even much more so to the general educated public who wish to get insight into the various processes underlying the quest for knowledge. Prometheus gave us the light and we cannot give it back. Science will shape our destiny!”

—Jean-Marie Lehn, Nobel laureate, France

“Hargittai's book offers potential explanations of the origin of the most laudable of all human endeavors—the pursuit of high-quality science. This is done by describing the paradigmatic achievements of fifteen selected scientists, most of whom have been interviewed personally by the author. The stories are exciting to read and they illustrate that a wide diversity of personal traits may further the making of major discoveries. There is no predictable single road to success.”

—Erling Norrby, former dean of the
medical faculty of the Karolinska Institute,
member of the Nobel Committee for
Physiology or Medicine, permanent secretary
of the Royal Swedish Academy of Sciences,
and member of the board of the
Nobel Foundation, Stockholm


“This new book by István Hargittai addresses a theme of great interest. Not only parents, students, and young scientists are keen to know the recipe for a successful career in science, but also mature scientists themselves and science historians…. The book answers this question in an indirect way, in a series of lessons, consisting of fifteen highly interesting stories of major scientific discoveries. Each illustrates a special trait shown, in addition to drive and curiosity, by the scientists making the discoveries. In this way Professor Hargittai manages to touch on such useful traits as bravery, dedication, stamina, toughness, aggressiveness, perseverance, serendipity, risk-taking, imagination, and many more. Among the twenty scientists who are the main players in these stories, more than half have so far received Nobel Prizes. A few have passed away without winning, but one or two may still be given this very particular distinction. If so, Professor Hargittai can really be said to have succeeded in his choice of the corresponding lessons!”

—Anders Bárány, former professor of physics,
scientific secretary to the Nobel Committee
for Physics, and deputy director
of the Nobel Museum, Stockholm

“Drive and curiosity—the power behind the relentless human will to build, explore, invent, understand the earth and the universe, unveil the secrets of nature, and carve new ways to make life better and nicer—are hard to define but easy to identify once seen. Along with a few other ill-defined, vague, and volatile attributes, such as experience, serendipity, timing, and mentorship, and, yes, somewhere among them also wisdom and intelligence, they constitute the infinitely thin trunk that carries on it the entire tree of human achievements along history. Science, a young discipline, has joined this legendary list of historical achievements only recently. Istvan Hargittai has collected for us some of the most important scientific discoveries of the twentieth century—from the secret of creation through that of genetic inheritance, and from understanding the materials that surround us through our ability to look into ourselves in a magic, noninvasive manner. All these majestic discoveries were made by brilliant people who did not have any detailed plan before them, paradigms to follow, models to imitate, or recipes to copy. Furthermore, at the time they made their discoveries they did not even have the ability to understand the full, or even the partial scope of their significance. These discoveries all stemmed from this mystique stew of vague human characteristics—drive and curiosity first and foremost.

—Aaron Ciechanover, Nobel laureate,
TECHNION Medical School, Haifa, Israel
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Drive and Curiosity is an unusual book by an unusual author. Istvan Hargittai is a working scientist who is also a prolific author of a special genre of books, which—directly or indirectly—describe the nature of Homo scientificus. Most of his conclusions are based on direct interviews conducted in a nonintrusive yet searching manner that instills confidence and frequently leads to disclosures on the part of the interviewee that one would not have expected. I speak from personal knowledge, having gone years ago through such a Hargittai interrogation, which prompted me to search in some of his other books for further examples among famous or notorious scientists of confessions, mea culpas, instances of braggadocio, and on occasion even aspects of automythology. The latter is not surprising, since so many autobiographical musings are by definition tainted by automythology as they pass through a person's psychic filter.

In this latest book, Hargittai has collected over a dozen interviews (amplified by literature research) with actual or quasi-(i.e., nonanointed) Nobel laureates, which he has woven into an intriguing account of how great scientific discoveries are made. As the title implies, he assigns drive and curiosity the biggest roles, to which I would have added serendipity—given that in several of his examples sheer good luck was the crucial component. Among scientists, curiosity is a given and serendipity an unsolicited gift. But what does drive mean? It is here that the reader will find intriguing examples, ranging from strict lifelong workaholic discipline to working modes that border on dillydallying. How could drive cover such a broad range? Quite simply because in every case ambition is the key component—the motivation of so many scientists, but at times also their poison.

Hargittai's book has two remarkable features. In fifteen chapters, he manages to cover an extraordinary range of scientific fields—all of them presented in a style that is attractive to readers ranging from sophisticated scientists to laypersons. In the process, he has created a book that may well influence young women and men to select some scientific discipline for their ultimate profession. What makes me say that?

In the author's preface, Hargittai states: “From my numerous inquiries, I learned that an inspiring book has turned more children to science than any other single ingredient such as a teacher or a member or friend of the family.” I share that opinion and still recall asking that question of the Nobel laureate Joshua Lederberg and hearing him cite Paul de Kruif's Microbe Hunters as such a book—a choice that many scientists of my generation (including myself) would have offered, although these days it would seem outmodedly romantic. Apparently, it was also Gertrude Elion's favorite. I would not be surprised if Hargittai's Drive and Curiosity will join this list of seminal books.

Hargittai avoids hagiography when describing the work and personalities of the two women and seventeen men that he selected as examples for his generalizations of what made them tick as scientists. With one exception—Kary Mullis—I think that all others illustrate in a positive sense the range of behavioral aspects of Homo scientificus from which prospective scientists can learn something constructive. In my opinion, Kary Mullis illustrates none of them except for the operation of serendipity and excessive automythology, coupled with a startling unwillingness to acknowledge the crucial role of colleagues. That the polymerase chain reaction (PCR) is spectacularly important and clearly deserving of a Nobel Prize is unquestionable; I myself nominated him on two occasions for the Nobel Prize, though both times with two collaborators who converted the idea of PCR into practical reality. But much of what is recorded in chapter 11 about his discovery and his behavior is what I'd consider self-sanitized semifiction. Hargittai's description “he appears gentle and diffident, with a sense of self-deprecating humor” may well be true now, but it certainly was not a quarter of a century ago when the discovery was made. The statement “the Nobel Prize paved his way to publish his first and so far only book” is also true, but what about that book, titled Dancing Naked in the Mind Field? It is essentially a potpourri of autohagiographic ramblings about abductions by outer space aliens, astral travels with a lover, Mullis's belief in the innocence of O. J. Simpson, his conviction of a lack of relation between HIV and AIDS, and his judgment that the impending destruction of the ozone layer is a plot by DuPont rather than the outcome of research by two Nobelists actually featured in chapter 10 of Hargittai's book. I can think of no worse example as a model for a new generation of scientists who ought to be inspired by drive and curiosity.

But the other fourteen chapters more than make up for this controversial pick. Watson, Pauling, Sanger, and probably also Teller are obvious and yet diverse choices that illustrate different aspects of drive. Neil Bartlett's is a particularly felicitous selection in demonstrating that not every “paradigmatic” discovery ends up with a Nobel Prize. (I liked that Hargittai remembered Primo Levi's understandable error in the first chapter of his Periodic Table of assuming that Bartlett had won a Nobel Prize for his discovery that noble gases could also be made reactive.) The inclusion of the two women Nobelists, Gertrude Elion and Rosalyn Yalow, is especially appropriate since it illustrates the extraordinary hurdles that women faced in science only a few decades ago. Yet instead of glamorizing them solely as heroines, Hargittai shows their strengths, sacrifices, and monumental drive—and in Yalow's case also blemishes.

The inclusion of Rowland and Molina is instructive in many regards, but especially in terms of demonstrating how persistence—another component of drive—can ultimately lead to globally implemented policy changes. Although not explicitly stated, their work on atmospheric ozone depletion is probably one of the best counterarguments to today's chemophobia: by definition, chemicals are the cause of various environmental and toxicological problems, but chemistry is also the answer for combating most of them.

Two Hungarian representatives, Árpád Furka and Leo Szilard, merit special attention. To me, Furka came as a total surprise since I had never heard of him, always having associated his crucial methodological advance first with Bruce Merrifield and subsequently with Mario Geysen. Chapter 6, focusing on Furka, convincingly demonstrates that even scientists suffering under the delusion that they are well-informed on combinatorial chemistry can learn something new and important in this book.

But dedicating an entire chapter to Leo Szilard seemed to me truly inspirational, since it also covers an aspect of Homo scientificus that is usually ignored; namely social and even political engagement. Although I have never met Szilard personally, he was always a hero in my mind. Intellectually, he was truly astounding, and Hargittai explains succinctly his enormous scientific contributions in physics and to a lesser extent in biophysics. Yet he won few major scientific awards, because he was primarily a planter of intellectual ideas in many fields rather than a consummator in any one of them. But more than most twentieth-century scientists, he understood the global consequences of some of the ideas to which he contributed so deeply—first by pushing for the development of an atomic bomb, but then by dissuading people from using it. He was one of the first participants in the Pugwash movement as well as a founder of the Council for a Livable World, which primarily offers political support to senators who are prepared to concern themselves with arms control (with a focus on small states—the argument being that a senator in a small state, where political campaigns are less costly, has the same vote as one in a large state; after all, only in the Senate are Rhode Island and Texas the same size). I am mentioning these Szilardian activities because Szilard selected a unique method to present and propagate his ideas to a general public, namely in the guise of fiction. In my opinion, his short story The Voice of the Dolphins ought to be compulsory reading on literary, humorous, and most importantly political grounds. Briefly, his 1961 short story postulated that during the Cold War, the Americans and Russians decided to collaborate in a neutral site—specifically Vienna—on a project of nonmilitary significance. Founding the Vienna Biological Research Institute with a focus on studying the intelligence of dolphins, they developed AMRUSS—a combined contraceptive and foodstuff, which made the institute financially independent. I shall not monopolize this space so generously offered by Istvan Hargittai to give away the manner in which the institute spent its enormous financial resources in the political arena, other than to mention that it bore an eerie resemblance to actual events of that same period: the founding in 1972 in Laxenburg near Vienna of IIASA (International Institute for Applied Systems Analysis), which used the then-emerging discipline of systems analysis as a medium for peaceful engagement with the Soviet Union. I have often thought that sub-liminally, Szilard's The Voice of the Dolphins and Other Stories eventually influenced me to choose the genre of “science-in-fiction” to propagate some of my own ideas about the behavior and culture of scientists in a belletristic fashion.


The remaining Hargittai choices reach far and wide in terms of subject matter (MRI, X-ray crystallography, conducting polymers, and cosmology), but what I find most impressive is that they—as well as the rest of the book—illustrate the enormous range of work habits of twentieth-century scientists. His summary—the best one can do is doing what one is best at doing—also applies in spades to his contribution as a writer on the nature of Homo scientificus.

Carl Djerassi,
professor of chemistry emeritus, Stanford University;
recipient of the first Wolf Prize in Chemistry,
the National Medal of Science,
and the National Medal of Technology
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Fifteen fascinating scientific discoveries, all but one of which were made in the second half of the twentieth century, are examined in Istvan Hargittai's new book. We learn about the circumstances of the discoveries and also something about the individuals who made them. Although the way the universe works is fundamentally independent of the human spirit, the way that knowledge is uncovered and the way we describe it and use it is not. The mix of knowledge and personal information about individuals and their discoveries that Hargittai presents gives us a deeper understanding of science as a human endeavor and explains why the enthusiasm for uncovering new understanding continues unabated. The book benefits greatly from the fact that not only is the author a practicing scientist with great expertise in a broad portfolio of research areas; he has also been closely associated with all but two of the scientists to whom he introduces us. A further merit is the economical and engaging style of writing, which benefits greatly from his personal knowledge.

The book covers the daring decision of Watson and Crick to embark on a quest, which many judged premature or even impossible, that resulted, eventually, in the elucidation of the human genome. Watson's flamboyant style is contrasted with the natural modesty of Fred Sanger, whose breakthroughs ultimately made the elucidation of the human genome possible. In the story of the development of MRI, we see the struggle for the acquisition of knowledge of the scientists who were responsible for the tremendous benefits MRI now offers as a diagnostic tool. Hargittai introduces us to the additional hurdles that two remarkable women had to overcome on their way to developing new medical approaches. These are but a few of the examples covered in the book. Along the way he explores the individual variations in the complex mix of curiosity, stubbornness, perseverance, risk taking, and competitiveness, as well as the other human characteristics that underpin the road to discovery.

Istvan Hargittai has that most valuable quality, in the context of this treatise, a fascination with the personal details involved in important discoveries. His aim is to shed further light on the way scientists work as he uncovers details that are not contained in the original papers and also often not in the personal accounts of the scientists themselves. Because he writes from his own personal perspective and conflates his work with that of the primary authors, we are able to develop a greater overall understanding of the dynamics of the discovery process. This is of value as far as the history of science is concerned, and it is also particularly useful for students who can learn that there are as many ways to do science as there are scientists. In my experience, there is a wide spectrum of general approaches: at one end are the scientists who deliberately set out to solve highly challenging problems, and some are successful—though many, of course, are not; at the other end are scientists who go their own way, exploring problems they find personally curious, oblivious to whether or not the problem seems important to others, or whether there is or is not competition. This latter group, if they do make major breakthroughs, do so unexpectedly and serendipitously. Of course, this cohort includes many who do not make major breakthroughs, but it does tend to include many scientists who are relatively satisfied with their lives and at one with their achievements. The former cohort tends to contain a rather large number of rather disappointed individuals!


Scientists make up less than 0.2 percent of society, even in the developed world, and yet this 0.2 percent is basically responsible for the fundamental discoveries that underpin the technological world we now live in. It is vital that more people understand science not just as a cash cow only to be milked so industry can make money or even just for the social benefits that might possibly be predicted to accrue. It is vital that the other 99.8 percent of society that benefits from science understands how vital unpredictable and serendipitous discoveries have been and, most importantly, how crucial cultural aspects have been to the science underpinning technological paradigm shifts. The survival of the human race depends on this today more than ever before. Perhaps it is most important that politicians, who daily make decisions on technological issues, understand the most important aspects of the way science works. After all, it should be clear to anyone that though knowledge cannot guarantee good decision making, common sense suggests that wisdom is an unlikely consequence of ignorance.

If this text makes some headway in enhancing the appreciation of science as a cultural activity, it will have done much to improve matters. Hargittai has chosen his examples with care and has astutely covered a broad range of areas from biomedicine to cosmology, and the perpetrators are a richly diverse bunch of characters. In general the discoveries chosen have profoundly impacted our lives, and the discoverers are always uniquely interesting though perhaps not all are the best of role models. This book is a good read, and scientists and nonscientists will enjoy it and find in it much fascinating, unexpected, and thought-provoking information. Hargittai does indeed achieve his aim, which is to add greatly to our understanding of science as a uniquely human cultural activity.

Sir Harold “Harry” Kroto, Nobel laureate,
Francis Eppes Professor at Florida State University
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Drive and Curiosity shows great science done by individuals of completely different personalities and backgrounds. We learn from it that you can make a huge contribution to the world even if you spent your early career apparently adrift. We learn that you can be filled with passion for your research or apparently be always relaxed and calm and succeed. We learn that great advances in human knowledge often are the result of happy accidents but can also be the result of years of backbreaking toil. We see individuals who come close to the traditional image of the scientist as being shy, wishing to avoid the spotlight belonging to the group. And we find others who are more like rock stars, and still others involved intensely in communication, trying to shape government policy. We follow a scientist trying to make a great discovery where literally the fate of the world hangs upon his success…and succeeding.

But this book is not just about individuals; it describes how science really works as the vast social enterprise that it is. We see some individuals not getting the credit they deserve until well after their death. We see ethical guidelines crossed by truly great scientists…once just to create a joke. We see the dilemma of the young scientist who realizes the advantages of working with a person of great reputation but also realizes that if he happens to be part of a great discovery the community will credit the famous man. We begin to understand how this concern applies with redoubled force if the young scientist happens to be a woman. We become acquainted with women who overcame enormous hurdles to win through to great success and fame.

Drive and Curiosity shows the scientific community punishing individuals because of the notoriety resulting from exposure of private behavior. We see scientists being punished for discovering and reporting unpleasant facts that require a change in the world's behavior. The story of stratospheric ozone depletion is being replayed with a vengeance in the current struggle over global warning. With no easy fix such as that found for ozone depletion, we see scientists being vilified. It has proved much easier to attack the scientist than to attack the science.

Drive and Curiosity depicts scientists as real people working in the real world of science, not as unreal people in the fantasy world imagined by the entertainment industry. There inevitably is a lot of science in it. The reader may not be familiar with the science, but it is so clearly explained that the reader is likely to be encouraged to learn more about it. If not, it is a good read anyway. Enjoy!

Robert F. Curl, Nobel laureate,
K. S. Pitzer-Schlumberger
Professor of Natural Sciences Emeritus, Rice University
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I have been involved with scientific research since my work for a master's degree during the 1964-1965 academic year, but my interest in how other scientists make discoveries developed only thirty years later. The question that intrigued me was about the origin of scientists' interest in going into research. From my numerous inquiries, I learned that an inspiring book has turned more children to science than any other single ingredient, such as a teacher or a member or friend of the family. My interest was also sparked by a book; it was about chemistry, and I received it when I was ten years old.1 However, the time when one decides to become a researcher comes much later, usually during graduate studies. Working for a successful scientist is probably the best route to becoming one.

There is no exact definition of what a scientific discovery is, except that it must be something new. The saying is attributed to Enrico Fermi that if one makes an experiment and gets what was expected, it is a measurement. If one gets something different from what was expected, it is a discovery. My students usually like this definition, although their enthusiasm is dampened when they realize that the reason for getting something different from what is expected may also be some error in the course of the experiment. I like Albert Szent-Györgyi's definition, according to which one makes a discovery when one sees what everybody else does but thinks what nobody had thought before.2

It is seldom possible to follow the process of discovery in all its depth, because the journals in which discoveries are reported frown upon descriptions about details that are deemed nonessential and upon historical narratives. Besides, the true significance of discoveries seldom appears obvious in the initial publication. Subsequently, the discoverers may find it hard to recollect the events leading to the discovery. Different participants in the same discovery remember it differently even in the most benevolent cases. Furthermore, the discoverers may choose to gloss over blind alleys and other difficulties or may just simplify the story to make it more accessible to their audience.

Following the process of a discovery can be a source of excitement and intellectual pleasure. Discussing the path to scientific discoveries can bring together scientists and nonscientists and help bridge the gap between C. P. Snow's “Two Cultures.” I have taught courses of science for nonscience majors and gave my first such course in 1986 at the University of Texas at Austin. Initially I was not sure whether this was an important course. Then someone told me that this might be the most important course I would ever give: introducing future lawyers, politicians, journalists, and economists to science might have a greater impact on society than teaching chemistry or physics to future scientists.

In 1999, I initiated a course at the Budapest University of Technology and Economics about great discoveries in the twentieth century. It was about the nature of discoveries in science and built on the hundreds of conversations I recorded with eminent scientists during the last decade of the twentieth century and the first years of the twenty-first century. Over two hundred of these interviews appeared in the six-volume book series Candid Science.3

In addition, I have given numerous talks about the nature of scientific discovery at various gatherings, including some at which the audience consisted of the most active researchers. An example was when Richard Lerner of the Scripps Research Institute, in La Jolla, California, asked me to give a talk at the meeting “Frontiers in Biomedical Research” in February 1998 in Indian Wells, California, and another was when Ingemar Ernberg of the Karolinska Institute, Stockholm, asked me to give a talk at the second annual retreat of the Karolinska cancer researchers in September 2003 on the island of Sandhamn in the Stockholm Archipelago. Other talks to scientists have been augmented with evening conversations in the company of friends and acquaintances at beautiful locations such as the French Riviera. On that particular occasion, a select group of people of the most diverse backgrounds came together and spontaneously talked at length about discoveries.

Both formal teaching and informal chatting encouraged me to write this book. It is often said that the general public has become alienated from science and views it with suspicion. This may well be the result of lack of knowledge, for which scientists may also be blamed just as anybody else: the general public by itself can do very little about becoming better versed in science, but scientists can do a lot more to promote and explain it. This book aims to decrease the gap between those who make scientific discoveries and those who would benefit from knowing about these discoveries.

It is my hope that nonscientists will find the book to be an accessible account of scientific discoveries and that scientists will read it to become informed about discoveries in fields that are not their own. Even scientists who are involved in a research field related to a particular chapter might find it of interest for facts and stories hardly known by others than the discoverers themselves. Much of the information and stories described here have come directly from the discoverers themselves; my role is that of an interpreter.

In most of the following fifteen chapters I describe discoveries whose main players I got to meet and to know to some extent. The only two whom I never met were Leo Szilard and George Gamow, two of the most colorful personalities of twentieth-century science; I feel the absence of this personal experience especially keenly. I have had several meetings during the past decade with James D. Watson (Jim) and his wife, Liz, including a stay at Cold Spring Harbor, New York, for three months, where my wife Magdi and I were their personal guests, and also in Budapest, Hungary; Cambridge, England; Woods Hole, Massachusetts; and New York City. We visited with Gertrude Elion at Research Triangle Park, North Carolina, and continued our relationship through correspondence.

In addition to visits to the homes and laboratories of Paul Lauterbur, Peter Mansfield, Alan MacDiarmid, Alan Heeger, Sherwood Rowland, and Kary and Nancy Mullis, we had additional opportunities to chat with them in Lindau, Germany, the site of gatherings of Nobel laureates. I have met with Frederick Sanger several times, both in Cambridge and at his home nearby. In addition to visiting Rosalyn Yalow, my acquaintance with Eugene Straus—her closest associate after Solomon Berson's death—augmented my personal experience with her. I have enjoyed a long friendship and many get-togethers with Árpád Furka and Danny Shechtman. In addition to my personal meetings with Neil Bartlett, our correspondence gave me a glimpse into his personality. Of the personal interactions, Edward Teller stands out not only because of our meeting and later correspondence but also because my recent book about him followed two years of studying his life and oeuvre. Each and every one of these scientists deserves my gratitude for selflessly sharing with me their thoughts and worries, experiences and opinions; moreover, my encounters with them served as an additional education for me. My own research has brought me to areas of physical chemistry over the years that overlapped to a small extent with various aspects of the works of Linus Pauling, Árpád Furka, Dan Shechtman, Alan MacDiarmid, and Neil Bartlett.


I would like to express my thanks to those colleagues and friends who read one or more chapters in draft at various stages of their readiness and gave me their comments and suggestions. They include Richard Ernst (Chapter 3), Árpád Furka (Chapter 6), Igor and Elfriede Gamow (Chapter 15), Alexander Gann (Chapter 1), Richard Garwin (Chapter 14), Ronald J. Gillespie (Chapter 12), Boris S. Gorobets (Chapter 15), Sándor Görög (Chapter 2), Richard Henderson (Chapter 5), Zelek Herman (Chapter 4), György Inzelt (Chapter 9), Alexej Jerschow (Chapter 3), William Lanouette (Chapter 13), Peter Mansfield (Chapter 3), Kary and Nancy Mullis (Chapter 11), F. Sherwood Rowland (Chapter 10), Nadrian C. Seeman (Chapter 11), Marjorie Senechal (Chapter 8), Dan Shechtman (Chapter 8), Eugene Straus (chapters 2 and 7), Elizabeth Watson (Chapter 1), John Waugh (Chapter 3), Kurt Wuthrich (Chapter 3), and Balazs Hargittai who read and commented on the entire manuscript. I found their criticism useful and their suggestions instructive, and I followed through on most of them. My appreciation to these reviewers does not preclude my responsibility for everything that is in this book.

I am grateful to the Budapest University of Technology and Economics and to the Hungarian Academy of Sciences for various opportunities that contributed to the creation of this book. This work is connected to the scientific program of the “Development of quality-oriented and harmonized R+D+I strategy and functional model at BME” project and was supported by the New Széchenyi Plan (Project ID: TÁMOP-4.2.1/B-09/1 /KMR-2010-0002). I thank Ms. Judit Szűcs and Dr. Zoltán Varga for dedicated technical assistance.

I express my gratitude to Linda Greenspan Regan, executive editor at Prometheus Books, for her unfailing editorial guidance.

There is then one principal person behind all my efforts: my wife, Magdi—my friend and partner in all my adventures.
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I was driven.

Peter Mansfield1

I am a scientist in large part because I was
born highly curious.

James D. Watson2

All scientists claim having curiosity; few admit to possessing drive. It is easier to define curiosity and harder to define drive. Yet there are often so many obstacles in a scientific career that, without being driven, it would be difficult to satisfy curiosity. Scientists seldom restrict their working hours from nine to five even under ideal conditions. Competitiveness in science is more widespread than many would believe and necessitates further efforts. Lately, scientific research has become an industry, but in our discussion we are mainly concerned with the kind of scientists who are dedicated to making discoveries, and not the growing masses of scientific workers.

Drive and curiosity do not always yield discovery, and when they do, the discovery is usually a minor one. We will be concerned here with milestone discoveries; in reality, however, the various characteristics and invested efforts are similar whether they result in a milestone discovery or in a minor find.


The discoverer often must endure loneliness, because a discoverer possesses something no one else does for a period, whether short or long. The discoverer is willing to stick his or her neck out of the crowd, because the discovery is not only always new; it is often even contrary to previous beliefs. There may be barriers to overcome, and such barriers are often erected by other researchers who might be more knowledgeable than the discoverer.

It often happens that the discoveries are made by scientists who are not among the greatest in their fields. Great scientists know more about their branch of science than most of their peers. This knowledge may also hinder their imagination. It is tempting to assume that something utterly new could not be right, and the great scientist knows every reason why it could not be right.

There is a difference between a genius and a great scientist. The genius recognizes connections between facts, phenomena, theories, and observations that had not been connected before in other people's minds. This manner of thinking might even be helped by some ignorance. Sometimes it is beneficial not to know about some limitations because such knowledge might curb one's imagination.

Among every one of the scientists in this volume, both drive and curiosity fuel their passion. And then there is an additional trait especially characteristic of the discoverer. This additional, more unique trait will be singled out for every individual discovery among the fifteen cases.

By learning about these discoverers and discoveries, we might come to a conclusion that would be applicable to more than just scientific research, a conclusion that might enrich our endeavors, regardless of whether we are dedicated to science or other equally worthy pursuits. We will consider that conclusion at the end of the book.
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[On the human genome] A more important
set of instruction books will never be found.

James D. Watson1

The discovery of the double-helix structure of DNA, the substance of heredity, has been likened in significance to that of Darwin's theory of evolution. The principal actors in this discovery were James D. Watson (1928-) and Francis Crick (1916-2004). Watson wanted to make a discovery; Crick wanted to understand what life was. Watson was a genius in bringing together the biological interest in DNA and the possibilities of structural chemistry. It helped that he was somewhat ignorant of the limitations of recent techniques. Had he been fully versed in them, he might not have dared to initiate the determination of the DNA structure. In hindsight, Watson realized that one could not be fully qualified in an area before embarking on a project that would culminate in a big leap in science. Some of Watson's traits were especially helpful in his achieving success in this discovery and in the rest of his career.

The last sentence of Watson and Crick's seminal paper about the double helix has become a celebrated quotation in the scientific literature: “It has not escaped our notice that the specific pairing we have postulated immediately suggests a possible copying mechanism for the genetic material.”2 Today, this copying mechanism is commonly known, whereas at that time, in 1953, the thought was revolutionary. The double-helix structure of deoxyribonucleic acid (DNA) came within a decade after the discovery that DNA was the genetic material.3 When Oswald Avery and his two associates first pronounced in 1944 that the substance of heredity was DNA, few people noticed it and fewer yet were impacted by it. When, in 1952, the same pronouncement was made by Alfred Hershey and Martha Chase, and on the basis of less thorough experiments, it was enthusiastically accepted.4
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Watson and Crick's paper in the April 1953 issue of Nature was barely longer than one page, and it stressed that its authors merely suggested—rather than determined—a structure. However, the structure had important novel features. One was that DNA consisted of two helical chains, each coiling around the same axis but having opposite directions and thus complementing each other. The other novel feature was the manner in which the two helices were held together through hydrogen bonds between the purine and pyrimidine bases. The bases were joined in pairs, a single base from one helix paired with a single base from the other helix. The two bases in a pair lay side by side, and the complementary pair of a purine base was always a pyrimidine and vice versa.
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The report in Nature was illustrated by a majestically simple sketch.

The structure was consistent with all the information available by then: X-ray crystallography, model building, and chemical analysis of DNA. The latter indicated equal amounts of the purine and pyrimidine bases, regardless of the organism for whose DNA the composition was determined.5

The discovery of the double helix opened a new era in science with a direct route to the Human Genome Project four decades later, which mapped out the human genetic material. Its limitless benefits for medicine have not yet been fully fathomed. But in 1953, it was only a suggestion, and the painstaking work of many scientists was needed before the double helix became a certainty. For years, Watson had doubts about the structure, and it wasn't until the early 1970s that he had his first good night's sleep about the double helix. This was when he learned that reliable crystal structure determinations of DNA, finally, confirmed his and Crick's original suggestion.6

Although there were uncertainties about the 1953 discovery, it catapulted the twenty-five-year-old Watson to a place at the top of twentieth-century science. He was an ambitious young man who himself wondered in retrospect about how he could “go beyond [his] ability and come out on top.”7 He had had doubts all along as to whether he was bright enough, whether he would be able to solve a problem, and whether he would ever have original ideas. He was much sooner a genius than a great scientist. What happened to him was the fortunate confluence of many factors of being at the right place at the right time and, above all, being the right person for his self-ordained task. It certainly was not sheer luck, because it was his decision about what to do and where to continue his career when he faced competing options. But circumstances, too, favored what he decided doing. Peter Medawar, the Nobel laureate immunologist, remarked, “Lucky or not, Watson was a highly privileged young man.”8 It was less through his background at home than the environments he eventually found himself in and utilized that made him privileged.

Watson came from a nonpracticing Christian family with mostly Irish and Scottish roots. His family lived on the south side of Chicago in a neighborhood that was not very well-to-do, but it was not impoverished either. His parents were determined to help their two children get a good education. Watson, in his blunt style, referred to this as having been brought up in a “quasi-Jewish” atmosphere in which books were more important than material goods.

He went to schools that were not especially remarkable, and he breezed through them at an accelerated pace. He was not a child prodigy, but he participated in quiz competitions with remarkable success. He left his mother's Catholic faith by the age of twelve and graduated from high school at the age of fifteen. He became a student of the University of Chicago under its maverick president, Robert Hutchins, who did not care much for specialized instruction and placed the Great Books as the focus of college instruction. This broad-based education proved beneficial to Watson. Already in his youth, he was more ambitious than most other students, and when he found a subject that interested him, he was keener to learn more about it than anybody else. He did not mind when he saw that others might be more talented than he was; on the contrary, he sought out their company. If he could learn from others, he did, and he did not find it beneath him to imitate others if he found them worthy of imitation.

It was during his undergraduate studies that Watson read Erwin Schrödinger's influential book What Is Life?9 It, more than anything, contributed to his transformation from a bird watcher/zoologist into a geneticist, which he remained for the rest of his life. By the age of nineteen, he had completed his college education and was considering graduate schools. The big-name schools were not kind to him, and perhaps there was nothing remarkable about him, except his eagerness, which may not have come through in his written application. He ended up at Indiana University in Bloomington in 1947, and as it turned out, Indiana was probably the best place for his further development. For a brief period, Bloomington offered top graduate education in modern biology. It had one Nobel laureate, Hermann J. Muller, and two future Nobel laureates—three, including Watson—in the same department at the same time.

Muller, who had been a professor at Indiana since 1945, was awarded the Nobel Prize for his studies of mutations by X-ray irradiation in 1946. His presence was a significant addition to the status of Indiana, but it impacted Watson less than the presence of Salvador Luria and others. Luria became Watson's doctoral mentor and would later win a Nobel Prize himself. Luria was a cofounder of Max Delbruck's school of phage study. The phage, short for bacteriophage, is the virus that attacks bacteria, and it was thought to be the best target for genetic research. Through Luria, Watson came under Delbrück's influence. He was not the only one, as Delbrück was a major influence on twentieth-century biology—not so much through his research or his ideas, which in most cases did not prove to be correct, but through his ability to challenge and inspire others. Schrödinger's What Is Life? was to a great extent an expression of Delbrück's views; Delbrück had transformed himself from a physicist into a biologist.


Despite being in the American Midwest, Indiana University provided Watson a diverse international environment with a strong European flavor. Muller was American with experience in Soviet Russia; Luria was a Jewish-Italian refugee who had escaped from fascist Italy; and another fellow student and future Nobel laureate, Renato Dulbecco, was a postwar immigrant from Italy.

Watson received a PhD degree at the age of twenty-two. His dissertation examined whether phages that had been inactivated by X-rays could be reactivated. His work was unremarkable, which was—paradoxically—a blessing in disguise, because he did not feel any pressure to continue his doctoral project. Nor did he feel pressure from others to achieve anything extraordinary—yet. This was a period for absorbing knowledge and information, which he did mainly from personal encounters. He had no inhibitions about walking up to anybody, even if that person was the greatest name in the field, if that person possessed the information he sought.

Upon earning his doctorate, Watson left for Denmark for postdoctoral studies. He was not happy with his first assignment, so he moved to another laboratory, but the project there did not satisfy him either. At that point, in the spring of 1951, he attended a meeting in Naples where he listened to Maurice Wilkins talk about the X-ray work on DNA at King's College in London. Watson glimpsed Wilkins's photograph of an X-ray diffraction pattern and decided “to move to an X-ray crystallographic lab devoted to macromolecules.”10

Watson's decision to switch to working on the structure of DNA was significant for at least two reasons. One was mundane: though the funding agency for his postdoctoral fellowship opposed his move, Watson disregarded its opposition and subsequently lost his fellowship. The other reason was that at this point he hardly knew anything about X-ray crystallography, let alone its application to biological macromolecules. This was the time when the giant of science, Linus Pauling, was struggling with his protein structure, ultimately leading to his discovery of alpha helix. This was also the time when the star-studded British team of W. Lawrence Bragg, Max Perutz, and John Kendrew had already published a plethora of erroneous models for protein structures (see Chapter 4). Watson's ignorance must have contributed to his bold decision for his next career move, but it was also a sign of genius that he embarked on this route.
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The use of the term ignorance here calls for a caveat. Watson was, of course, not ignorant in many aspects of the research skills needed to discover the structure of DNA. He was not ignorant in recognizing the importance of DNA and its structure. But he was not clear about the possibilities and limitations of structural chemistry and X-ray crystallography at the time. Even the experts found it very difficult to elucidate the structure of the supposedly easier target proteins (as is illustrated in chapter 4). There is nothing wrong in being ignorant in some aspects of the research one is about to conduct: if we were all well-versed in every aspect of our scientific research, it could hardly be called scientific research. Rita Levi-Montalcini might have had Jim Watson in mind and his initiating the work on the DNA structure when she stressed in her autobiography the importance of underestimating the “difficulties, which cause one to tackle problems that other, more critical and acute persons instead opt to avoid.”11

Once Watson had decided on his project, he had to choose the venue for it. There were not many places at the time where he could pursue his quest for the DNA structure. Pauling's laboratory at the California Institute of Technology (Caltech) was a possibility, and there were the British laboratories—King's College in London and the Cavendish Laboratory in Cambridge. Watson wanted to remain in Europe, and the next choice, between London and Cambridge, was not difficult, as both tradition and the name of W. Lawrence Bragg favored Cambridge. Wilkins, at King's College, may have lit the spark, but he did not attract Watson to join him. Looking back, the partnership with Francis Crick proved unsurpassable, but Watson could not have known that at the time.

The change from being on the periphery of science in Denmark (periphery, that is, in molecular biology, not, of course, in Niels Bohr's physics) to a world-class center in Cambridge was to Watson's liking. No sooner had he arrived than he teamed up with Francis Crick, his assigned roommate. Crick had a background in physics, was full of ideas, and had been engaged half-heartedly in an unexciting project. He was soon infected by Watson's vision, and they formed one of the most remarkable partnerships in science history.

It fell on Watson—as a proxy—to present the results from the experiments of Hershey and Chase in 1952, which reinforced Avery and his colleagues' findings that DNA was the substance of heredity. Also, in 1952, the biochemist Erwin Chargaff visited the Cavendish Laboratory and told Watson and Crick about his seminal experiments. Chargaff's discovery, which had direct relevance to Watson and Crick, was that the DNA bases adenine (a purine) and thymine (a pyrimidine) occurred in roughly equal amounts, and so did the bases guanine (a purine) and cytosine (a pyrimidine), regardless from which organism they had been extracted.

Scientists congregated in Cambridge and were anxious to share their latest findings with the researchers there, as if seeking their approval. Then yet another fortunate circumstance occurred: Linus Pauling had sent his son Peter to Cambridge, and Peter became friendly with Watson and Crick. The young Pauling was happy to carry the news from his father about progress at Caltech to his new friends. Also, Watson and Crick welcomed a new roommate at the Cavendish in the person of American chemist Jerry Donohue, who put them on the right track about the preferred chemical forms of the bases in DNA.

Watson knew hardly any chemistry at the time of the double-helix discovery, but he was always ready to learn what he needed to know. Much later, when he won the Nobel Prize and had to give a Nobel lecture, he chose an expressly chemical topic for his presentation, as if correcting the popular image about his ignorance of chemistry. Incidentally, Crick's Nobel lecture was not about the discovery of the double helix; it was about the genetic code. Only Wilkins spoke about the discovery of the double helix, in which he had the most minor role among the three in 1953.
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Another scientist, Rosalind Franklin, had been more directly involved, but she had died by the time the Nobel award was granted for the double helix. Had she lived, she might or might not have been included. There is a three-person limit of awardees in any given category of the Nobel Prize, and in the early 1960s, Franklin's contribution had not been recognized to the extent it has since. Her negative portrayal in Watson's book The Double Helixs12 a few years later would generate a large amount of research into her contributions, which has been followed by widespread appreciation for her work.13 She was a crystallographer at King's College, and a strong animosity developed between her and Wilkins. She and her student Raymond Gosling produced superb X-ray diffraction patterns of DNA samples. Wilkins showed the best of her diffraction plates to Watson without Franklin ever learning about this act of betrayal. Then, Max Perutz, while serving on a review committee evaluating the work at King's, informed Watson and Crick about the progress of Franklin's work, again without her knowledge. She was thirty-eight years old when she died of cancer in 1958. After Franklin's death, her former associate and future Nobel laureate Aaron Klug examined her lab journal and discovered that she was much closer to solving the DNA structure than had been believed.14 Her forced departure from King's College, however, terminated her work on the DNA structure before she could have completed it.

Watson was very lucky, but he worked hard at finding his luck. He always had the right mentors, supporters, and partners. He ultimately found the right wife, the right venues for remaking a research place in his own image, and most of all, the right shoulders to stand on in order to look farther. Those shoulders belonged to Delbrück, Pauling, and others, including, unwittingly, Franklin. There has been much effort to demonstrate that there was nothing wrong with having communicated Franklin's data by third parties to Watson and Crick, though it was at least questionable whether or not it was “legal.”15 Whether or not it was “moral” was a different question, and it has never been suggested that it was.
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It is revealing how, decades later, Watson referred to the episode in which Wilkins had showed him Franklin's crucial experimental evidence. Watson had gone to King's College to spread the news about Pauling's erroneous triple-helix model of DNA. On that occasion, in Watson's words, “Maurice [Wilkins]—bristling with anger at having been shackled now for almost two years by Rosalind's intransigence—let lose the heretofore closely guarded King's secret that DNA existed in a paracrystalline (B) form as well as a crystalline (A) form.”16 So it was not so much that Wilkins altruistically shared information with Watson for the sake of advancement of science; rather, his motives were based on anger and revenge.

In addition to Franklin and Gosling's X-ray patterns, Watson and Crick utilized Pauling's approach of relying on all available structural chemistry in their quest for the DNA structure. This was perfectly normal and constituted a brilliant example of how the next discovery builds on previous discoveries, utilizing published data and techniques. Watson and Crick needed “only” to put together all the relevant information after they had performed the most crucial act of posing the right questions. Theirs was an unusual but very efficient approach to research at that time: using other people's measurements, techniques, experimental results, and conclusions. Science works this way, except it usually goes more slowly and less obviously, but as Isaac Newton explained, he saw farther than his predecessors because he stood on the shoulders of others.17

Watson and Crick's working style appeared unorthodox to many. They seemed sloppy, did not seem to be working too hard, and appeared as if they had plenty of free time for entertainment. At times they behaved as if they were underemployed—not the usual image of the mad scientist who lives for his work day and night. Furthermore, they seemed too interested in scientific gossip and not enough in learning from the scientific literature. However, there is no definition of what constitutes the most efficient approach to research. And the unconventional features of Watson and Crick's approach turned out to be an excellent way to attack the problem they were working on.
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We have already met Max Delbrück, the physicist turned biologist and one of Watson's idols. Delbrück formulated the Principle of Limited Sloppiness: If one is very sloppy, that is bad, but striving for too much rigor might hinder advances.18 Crick formulated his idea about the advantages of listening to gossip because the grapevine might bring in crucial information that had not yet reached the degree of finality that would be fit for publishing. Finally, hard work and hard thinking do not necessarily appear the same on the surface, while the latter is no less necessary than carrying out yet another experiment or computation. Not every environment would have tolerated Watson and Crick's way of doing science as well as the Cavendish Laboratory did. As Max Perutz, their nominal boss at the Cavendish, put it, “There is more than one way of doing good science.”19

Watson and Crick never explicitly acknowledged that Watson had had access to Franklin's data, not even in their groundbreaking April 1953 Nature paper, which was as much a breach of ethics as snatching the information itself. Watson ignored—whether knowingly or just because he did not care—many minor and not so minor societal conventions. Some of this was on purpose. Legend has it that he was so absentminded that he often forgot to tie his shoelaces. But, according to gossip, it had been observed on occasion that Watson, when arriving at a party and just before entering the house, would untie his shoelaces.

His idiosyncrasies might have made Watson unwanted company, but the opposite happened: they enhanced his popularity. So did many of his mannerisms that went against accepted norms. He mumbled in his lectures, often speaking to the blackboard rather than to the audience, and in a voice hardly audible; yet his talks were eagerly awaited and attended by throngs. He was a poor dresser but was invariably invited to gatherings. He was clumsy and awkward with girls, but the Cambridge ladies threw themselves into helping him find dates. He seemed to have the ability of turning his private problems into subjects of community concern.

Watson thought a lot about how to succeed in science. He wanted success, and he thought about the Nobel Prize. His is one of the rare cases when such an overt craving for fame and recognition proved fruitful rather than counterproductive. Fame was a driving force for him, and he set up rules that ensured success. And it was not at all theoretical, because he practiced his rules. Watson summarized his prescriptions in over a hundred rules in his book Avoid Boring People, and that title epitomized one of his favorite rules.20 For scientific success, he had set up six rules that he pronounced long before his rule making had become extensive:
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