Forward

Are all life stories created equal?  Probably not.  Some biographies intrigue us because the tales deal with the outcomes of epic struggles.  That’s why readers never seem to tire of biographies of leaders like Roosevelt, Hitler, Stalin and Churchill.  The world came very close to succumbing to the powers of totalitarianism—the stakes were enormous, the outcome uncertain.  Reading the biographies of the leaders of the warring countries can give us a front row seat for what is arguably the most important struggle of our time.


Other life stories intrigue us because these people made marvelous scientific breakthroughs.  Think of Einstein, Newton, Darwin and Steven Hawking.  Would you like to examine the inner working of the minds of extraordinary scientists like this group?  These stories can be both edifying and humbling.  We come to see them as humans like us, but humans who made intellectual leaps that, even after hundreds of years, can still leave us breathless.


Another interesting type of biography involves individuals who profoundly altered the world we live in.  Here I think of Edison, Ford, the Wright brothers, and Louis Pasteur.  It is hard to imagine a world without electricity, automobiles, airplanes, and, most importantly, milk in the refrigerator.


Some biographies tell of good men and women who dedicate their lives to a set of admirable guiding principles.  Here I think of Mahatma Gandhi, Mother Teresa, and Eleanor Roosevelt.  Reading these biographies serves to remind us of how good, how truly noble, humans might become.


A final category of biographies is rather new.  A few stories tell us about remarkable relationships.  I recently read Franklin and Winston which demonstrated how two driven, quirky heads of state slowly built a relationship that literally saved our world for democracy.  Scientific versions of this type of biographical sketch might be Watson’s The Double Helix or Pierre and Marie Currie’s biography entitled Currie.


So where does Stan Ovshinsky and the Hydrogen Economy fit in this taxonomy of biographies?  Remarkably, Professor Howard claims that Stanford Ovshinsky’s life story fits all of the categories I’ve delineated above.  I leave it to each reader to determine whether or not this implausible claim is substantiated in the book.  However, a few obvious and remarkable observations about Ovshinsky’s life and work can be offered.


First, Ovshinsky is wrestling with what might well be society’s most important issue in the twenty-first century.  There is no doubt in my mind that we must move from the age of burning hydrocarbons to the hydrogen/electrical energy systems of the future.  This conclusion is true both for reasons of supply (e.g., Peak oil) and waste by-products (e.g., global warming).  Ovshinsky’s biography offers readers a ringside seat to the Herculean struggle between forces tied to our hydrocarbon-dominated past and the prospects of a clean and renewable energy future.  For what it’s worth, there is no doubt in my mind that on this issue, Stan fights on the side of the angels.

Please allow me a brief digression, as I note a passing similarity between Stan and myself.  Many years ago, as we faced our first energy crisis, I had an idea for three very large, gossamer-like, thin film photovoltaic collectors that would float geosyncronously with three great world deserts at an altitude several hundred miles above the earth.  The sun would always shine on one or two of these solar energy-collecting space stations.  Thus, we would have round-the-clock access to solar power.  It gratifies me to know that Energy Conversion Devices has developed the ultra-lightweight photovoltaic cells that now might allow my fuzzy dream to become a reality.  Of course, Stan’s terrestrial solution to obtaining photovoltaic energy rendered my space energy collectors idea unnecessary.

We have the testimony of a bevy of notable physicists (some Nobel Laureates) that Stan’s work with disordered materials is seminal.  He clearly is a scientific genius. Stan Ovshinsky and the Hydrogen Economy also made me think of Gandhi.  The Mahatma was actually very similar to our scientist, Stan Ovshinsky.  The title of Gandhi’s autobiography clearly states his method, The Story of My Experiments with Truth.  Gandhi was a scientist just like Stan.  However, the Mahatma’s content area was the spiritual domain of humans, whereas Stan roams the fields of disordered and amorphous materials.

I wager that Gandhi would have loved Stan’s aphorism “In God we trust—everyone else must show data.”  Gandhi knew he wasn’t God.  Thus, he needed some justification (or warrant, as the philosophers say) for his spiritual principles.  Gandhi’s warrant lay in the results of his experiments with life (practicing nonviolence in his life, celibacy in marriage, observing dietary restrictions). Gandhi came to know the nature of his truth—and also the nature of sin.

After reading Stan Ovshinsky and the Hydrogen Economy, you will know the nature of sin as understood by Stan Ovshinsky.  Sin resides in the ways of the world that Stan avoided including elitism, sexism, racism, and the like. For Gandhi, sin occurred when one failed to balance two related “goods.”  For example, Wealth without Work; Pleasure without Conscience; Knowledge without Character; and Religion without Sacrifice are four of Gandhi’s seven sins.  But his remaining three sins sound positively “Ovshinsky-ian” to me: Politics without Principle; Commerce without Morality; and Science without Humanity.

Perhaps you are leery that I mentioned someone you’ve heard little about—Stanford Ovshinsky—with the Thomas Edisons and Henry Fords of the world.  Recall that thirty years ago, if I’d said Einstein, Newton, Darwin and Steven Hawking, all would have exclaimed, “Steven who?”  This is precisely Professor Howard’s wager.  He believes that three decades from now we will better recognize Ovshinsky’s place among the Edisons and Fords of the world, and wants to tell the story of  Stan’s contributions to science, to business, and to our planet.  This book seeks to elaborate that bold but plausible claim.

While this book is about Stan Ovshinsky, there is another presence who at every turn lurks between the pages—Iris Ovshinsky.  Stan and Iris are a wonderful team.  This book is as much a tribute to Iris as it is to Stan.  Father Ned Joyce was my colleague and friend for over 50 years—about as long as Stan and Iris have been partners.  But the parallels go deeper still.  Father Ned was every bit as responsible for what Notre Dame has become as am I.  However, it was Father Ned’s choice to labor a bit more in the shadows.  Iris Ovshinsky also is more comfortable just outside the spotlight’s glare.  But anyone who knows ECD knows that it is as much Iris’ creation as it is Stan’s.  One of the great blessings of my life was to have found a “great soul” like Father Ned to share the work of our common vision for building Notre Dame.  For, as we all know, a shared burden is a lightened burden.  Stan was similarly blessed in having his soulmate, Iris.  

In a very real sense, Stan Ovshinsky and the Hydrogen Economy is a love story—love for science, love for coworkers, love for all of humanity, and Stan’s love for Iris.  And so with apologies to Mr. Shakespeare1, I’ll simply close with a gloss on the ending of his greatest love story,


For rare is a story, more important to man


Than this of sweet Iris, and her loving Stan.

Theodore M. Hesburgh, C.S.C.

Notre Dame, IN

Chapter 1

Stan-The-Man, Unusual

Someday, Stanford and Iris Ovshinsky are likely 

to be remembered by history in much the same 

vein as Thomas Edison and Nicolas Tesla.  Their discoveries of amorphous materials have helped 

pave the way to a more energy efficient society.




EV World, February 23, 2005

Ricky climbed into the passenger’s seat as I slid behind the wheel.  The doors slammed shut.  We glanced at one another and burst into uproarious laughter.  It was the pressure of six hours of having to stifle our laughter that made the outbursts so explosive.  After several minutes of release, we began to settle in for the long ride home.

“Could you believe the stuff Stan was telling us?”  Ricky began.

“No way,” I replied.  “And it’s so sad because it’s such a waste of good science…”

“Wait!”  Ricky shouted.  “You liked the science?  How real is it?  You actually liked the science?”

“Of course I liked it,” I shot back.  “What’s not to like?  Through atomic engineering, they’ve found a way of creating new materials from combinations of chemicals.  These new materials possess physical characteristics that no materials before them have possessed.  What’s not to like about that?”

“You bought all that amorphous stuff?  You really think that stuff works?”

“I’m not a physicist or materials science guy, but the articles were published in great places like Nature, Journal of Applied Physics, Scientific American, Physical Review Letters and IEEE Transactions.  Besides, the ideas have been out there for over 40 years.  Hoaxes don’t stand the test of scientific scrutiny for long.  They sniffed out Cold Fusion in a matter of months.  No, I’d be very surprised if the science is bogus.  I’ll check it out with some chemists and electrical engineers, but I’m pretty sure it’s good science.”

 Ricky softly muttered, “Oh, man.”

Ricky Behrman was a business major and one of the smartest students I’ve encountered in my 30 years of higher education.  After several years as a portfolio manager at Fidelity investments, he returned to graduate work in business at Harvard.  I was a professor of environmental psychology.  After a few minutes of silence, Ricky spoke again,

“Professor, if the science is good, what were you laughing at?”

“Oh Ricky,” I began impatiently, “ECD is a joke!  The building was a shanty…”

“You want them spending stockholders’ money on overhead?”  Ricky roared.

“No, not exactly, but every building we went into was a completely different industry—batteries, photovoltaics, computer chips, DVDs, solid hydrogen, fuel cells.  How does it all go together?”

“Actually, I liked the business model,” Ricky replied.  “ECD is not only a research and development outfit.  It seems that virtually every discovery they make has implications for most of their businesses.  Think of ECD as a wheel with spokes.  The science occurs in the middle and then breakthroughs radiate out to each of their businesses.  One discovery that changes seven different businesses in seven different ways is as good as seven discoveries — isn’t it?  I just wondered about the science…”

“Ricky,” I interrupted impatiently, “40 years without a profit.  What kind of idiot would buy into a business plan like that?”

“Me,” Ricky volunteered confidently.  “If the science is good, I’m ready to buy.  I think you’re looking at those losses all wrong.  Somebody else has already booked those losses.  And what do you—by investing now—get for all those losses?  Buying stock now buys you a share of a mountain of intellectual property.  You know, those three hundred American patents, they’re carrying them on the books at $0 value — zero!  If their science is good, the barriers to entry for competitors are enormous.  I was laughing because I thought the science was flaky.”

“No, the science is probably fine,” I muttered.  “So you really like their business model?”

“Yes, I do.  I think they’ll sell product once their markets mature sufficiently—you know, hybrid electric autos, fuel cells, photovoltaics, rewritable DVDs.  I’m more worried about their access to the credit markets.  They’d better turn a profit soon or…”

“Wait a minute,” I stammered.  “You really like their business model?”

“What’s not to like?  They’re targeting multi-billion dollar markets.  They have a science and technologies that you’re telling me are good.  Their IP poses an almost insurmountable barrier to entry for competitors.  And they’re doing all this on a shoestring budget.  I could be wrong, but I think I’ve fallen in love with their business plan.”

“Wow,” was all I could say.

After several minutes of silence, I asked, “Ricky, what did you think of Stan and Iris?”

“They are a trip!” he replied with a smile.  “Actually, they reminded me of my grandfather and grandmother.  He would start a sentence, and she would finish it.  He would make a wild claim, and she would specify the context in which it was defensible.  I expected to meet a Jack Welsh; instead I found my grandparents.  At times it was disconcerting.  I was trying to ask tough, business questions while Stan wanted to know what it’s like to be a student at Notre Dame—and Iris wanted to know if I wanted another piece of cake.  Overall, I liked them much more than I thought I would.  What about you, professor?”

“Stan is the spittin’ image of my father—only brilliant.  But I kept thinking of him as if he were my father.  And I just can’t think of my father as a CEO of a company—or the second coming of Albert Einstein either.  ‘Disconcerting’ is the right word for it.  But they sure are a wonderful couple.  We all should be so lucky as to find an Iris Ovshinsky.”

 “I know.  Let’s get back to the science.  How does one change a material from a crystalline structure to an amorphous…”

I’ve made the drive from Troy, Michigan to South Bend, Indiana many times.  That trip home in 1999 was perhaps the most intellectually exciting three hours of my life.  Stan and Iris Ovshinsky are no ordinary people.  ECD is no ordinary company.

Chapter 12 
The Complex World of Science



My approach to science is that man made disciplines, 



nature did not.  Therefore, there is potential for 

discovery for those who will utilize all of science.








Stan Ovshinsky

Inscription on plaque that graces the main entrance to the



Sony Research Center.


Evelyn Fox-Keller wrote a wonderful biography of the Nobel Laureate biologist Barbara McClintock entitled, A Feeling for the Organism.  One of Keller’s themes was that McClintock’s decision to stick with genetic studies of corn rather than shift to research on Drosophila (fruit flies), as did virtually all research geneticists at the advent of the microbiological revolution, rendered her an outsider to her own field.  Decades later, McClintock’s work unexpectedly took center stage in genetics and eventually earned her the Nobel prize.  Fox-Keller has this to say about McClintock’s life story,




It might be tempting to read this history as a tale of 



dedication rewarded after years of neglect—of prejudice or



indifference eventually routed by courage and truth.  But the



actual story is both more complex and more illuminating.  It



is a story about the nature of scientific knowledge, and of the



tangled web of individual and group dynamics that define its



growth.




A new idea, a new conception, is born in the privacy of



one man’s or one woman’s dreams.  But for that conception to



become part of the body of scientific theory, it must be 

acknowledged by the society of which the individual is a member. 

 In turn, the collective effort provides the ground out of which new



ideas grow.  Scientific knowledge as a whole grows out of the



interaction—sometimes complex, always subtle—between



individual creativity and communal validation.  But sometimes



that interaction miscarries, and an estrangement occurs between



individual and community.  Usually, in such a case, the scientist



loses credibility.  But should that not happen, or, even better,



should it happen and then be reversed, we have a special oppor-



tunity to understand the meaning of dissent in science.1

I indicated earlier that metaphor is the basis of theory in the sciences.  So take a moment to think of our solar system.  If the field of genetics is composed of insiders who are close to the sun (e.g., Mercury, Venus, Earth, Mars), then Barbara McClintock was like the planet Pluto for the bulk of her scientific career.  In this model, where would we locate Stan Ovshinsky?  He’d be a planet in some other galaxy—many light-years away from our sun.  Thus, Barbara McClintock was an outsider, but only in a relative sense.  Next to Stan Ovshinsky, she looks like a complete insider (e.g., a Ph.D. in genetics from Cornell University; a job at Cold Spring Harbor through the Rockefeller Foundation; election to the National Academy of Sciences).

It is also important to note when metaphors break down in science.  Rather than seeing Stan as a complete outsider to the world of materials science, my informants see Stan as the sun (or at least the closest planet to the sun) in the science of  disordered and amorphous materials.  How someone with only a high school formal education can perform such a feat is as close to unbelievable as any phenomenon I’ve seen in my thirty-some years as a scientist.  As my father used to say, “Ain’t no accounting for genius.” 

Still, I believe that Stan Ovshinsky’s life tells us a great deal—some good, some bad—about science as practiced in the last half of the twentieth century.  


Science is a difficult career in which to gain credit for one’s work.  Most scientists see themselves as “outsiders” to a group of “insiders” who are associated with a cadre of elite institutions (e.g., Harvard, Stanford, Oxford, MIT).  One can easily elicit stories of how difficult it is for an outsider to crack the club of insiders from elite institutions.  As was true of Stan’s efforts over the years against the companies allied to the burning of hydrocarbons, his status as a far-far-outsider must have made his struggles with the scientific establishment virtually intolerable.


In this grossly uneven battle with the scientific establishment, Stan had some very important allies.  First and most importantly, Stan happened to be right about the enormous importance of disordered and amorphous materials for the twenty-first century.  In science, there are perhaps a thousand wrong ideas for every important, right idea.


What if amorphous materials had not held the answers to several problems raised by the hydrogen economy and for the future of information technologies (such as, memory chips, CDs, DVDs)?  If amorphous materials did not provide solid answers to important questions, neither you nor I would have even heard of Stan Ovshinsky.  And ECD would have gone bankrupt decades ago.


Second, ECD’s scientific interests and Stan’s interests went hand-in-hand for a number of decades.  To be able to direct an R&D firm’s research agenda in directions you choose is a luxury that precious few scientists enjoy.  Of course, this privilege made enormous demands upon Stan also.  Raising money to fund research has been a lifelong, onerous challenge for Stan and ECD.  Because the company was a publicly-held firm, company forms, stockholders’ letters, SEC requirements, shareholder conference calls, etc., have compromised the opportunity to devote long hours of uninterrupted work that often characterize productive scientific research and writing.


Third, Stan possessed an array of personal characteristics (from genius through creativity) recognized by the most brilliant of the brilliant scientists whose work will live on for years and years to come.  This enabled him to collaborate with some of the scientific giants of the twentieth century (e.g., Nobel laureates such as Sir Nevill Mott and Isidor I. Rabi to name just two).  What other high school graduate would be up to that challenge?


Lastly, Stan has long enjoyed the unquestioned support of Iris Ovshinsky and the ECD scientific staff.  With colleagues such as these, even seemingly impossible problems begin to look solvable.  Stan has also had input and support from an eminent and unusual Board of Directors who have believed ECD’s goals were vitally important to the world, including Bob Wilson (founder of The Fermi Lab), Ralph Leach (head of Morgan Bank), Jim Birkenstock (Senior V.P. of IBM), Jack Conway (head of HUD), Doug Frasier (leader of the UAW), and many others.  

What does the Stan Ovshinsky story tell us about science at the dawn of the third millennium of our common experience?  It reinforces Evelyn Fox-Keller’s points about outsiders having a rougher row to hoe than do insiders.  Personal tendencies, like Barbara McClintock’s desire for solitude and her need to work alone, helped her to remain productive for decades while genetics moved away from the study of corn toward microbiological questions.  Stan Ovshinsky, on the other hand, was self-confident, fearless, inspiring, and persistently enthusiastic.  His self-confidence and fearlessness allowed him to work productively with scientists who were far better credentialed than he.  His ability to inspire and enthusiasm served him well in his seemingly endless efforts to raise money to support his research.


But the Stan Ovshinsky story is actually a positive testament to science, for this outsider has published with most of the eminent scientists in his field.  Stan worked and/or coauthored articles with Sir Nevill F. Mott (Cambridge, Nobel Laureate), David Adler (MIT), Hellmut Fritzsche (University of Chicago), Arthur Bienenstock (Stanford), Heinz Henisch (Pennsylvania State), Karl Böer (Delaware), Morrel Cohen (University of Chicago), David Turnbull (Harvard), Isidor I. Rabi (Columbia, Nobel Laureate) Linus Pauling (Cal Tech), Kenichi Fukui (Kyoto University, Nobel Laureate), and many, many more.  Very few insiders can boast a roster of co-workers as eminent as Stan’s.  At least once during the second half of the twentieth century, a distant outsider has achieved great success as a scientist.  Therefore, the shop of science is not completely closed to outsiders.

Although many in the scientific establishment are only impressed by traditional credentials, perhaps great scientists do resonate to great ideas—no matter who offers them.  It reminds me of Martin Luther King’s prescient quote from his I Have a Dream speech, “I look forward to a day when my children will be judged, not by the color of their skin, but by the content of their character.”2 Stan found a way to get past the small minds in materials science, physics, and inorganic chemistry in order to interact with the great minds.  Quite an achievement for a planet from a distant galaxy.

Genius in Science

In my search for parallels to Stan among the geniuses of modern science, Evelyn-Fox-Keller’s biography of Barbara McClintock, A Feeling for the Organism, was especially helpful.  Over many years of intense study of the genetics of corn, Barbara developed an intimate feeling for “her organism.”  While always difficult to explain to others, Barbara often cited her understanding of corn genetics as fundamental to her solution to the many problems that every serious scientist faces.


Fox-Keller’s thoughts on McClintock’s brand of genius are instructive,




To some extent the stories she tells to illustrate the



meaning of “understanding” recall what might be called the



“naturalist” tradition—a tradition that in most parts of biology



had long been replaced by the experimental tradition, but traces



of which nevertheless still survived in the mid-1930s.  McClintock



was able to incorporate and integrate these traces into an otherwise



thoroughly experimental stance.  No scientist ever develops in a



vacuum, but it is difficult to find any direct intellectual influences



that can be held responsible for this element in her thought.  Rather,



it would seem that she came to this amalgam in her own highly



individualistic way, dictated more by internal forces than by external



ones.  The stories themselves reflect this…




The nature of insight in science, as elsewhere, is notoriously



elusive.  And almost all great scientists—those who learn to



cultivate insight—learn also to respect its mysterious workings.



It is here that their rationality finds it own limits.  In defying



rational explanation, the process of creative insight inspires awe



in those who experience it.  They come to know, trust, and value



it.




“When you suddenly see the problem, something happens



that you have the answer—before you are able to put it into



words.  It is all done subconsciously.  This has happened too



many times to me, and I know when to take it seriously.  I’m so



absolutely sure.  I don’t talk about it, I don’t have to tell anybody



about it, I’m just sure that is it.”

I think it is telling that Fox-Keller places McClintock’s “brand” of understanding in the naturalist tradition of the 19th century.  I believe that Stan possesses a similar “feel for the disordered and amorphous world.”  In fact, Brian Schwartz refers to Stan as, “the man who talks to the atoms.”  He just knows the ways of the amorphous surfaces of materials, the strange relationships of lone pair electrons, and the like.  You and I can only understand glimpses of that world.  We see it “as through a glass darkly.”


Recall my skepticism earlier when Stan reported that he knew what he wanted and needed to make the Ovonic threshold switch and the Ovonic memory switch work, and that he knew why they would work and what they could do.  When I told Helmutt Fritsche of Stan’s unusual claim, he replied, “Stan sees the world of amorphous materials differently than we do.  He possesses so much more experience with those materials that he feels they are ‘his’ materials.  And while one may not patent ‘acts of nature’ like amorphous materials, Stan certainly uses them to solve societal problems as if he owned them.”


Stan loves the humor of others—especially when the joke is about “his” world.  As you now know, the surfaces of matter are by nature disordered.  Imagine Stan’s delight upon hearing the Nobel laureate physicist Wolfgang Pauli’s statement about disorder, “God created the solids, the devil their surfaces.”  How very strange to find someone conversant in the languages of both the gods and the devils.

