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Julia Robinson and Hilbert’s Tenth Problem

(Transcript)

 (Main title)

Who of us would not be glad to lift the veil behind which the future lies hidden; to cast a glance at the next advances of our science?

-David Hilbert

(Main title)

Zala Films presents

(Main title)

JULIA  ROBINSON AND HILBERT’S TENTH PROBLEM

(Main title)

A film by George Csicsery

CONSTANCE REID

There is nothing like proving a mathematical theorem. And you know, sometimes when you solve a puzzle you have kind of that, a little touch of that feeling.

(lower-third)

CONSTANCE REID

Julia Robinson’s sister, biographer

NARRATOR

Unsolved problems are often a basis for the creation of new mathematics. They were especially so for Julia Bowman Robinson, a Californian who labored in relative obscurity on some of the great unsolved problems of the last century. She made several discoveries and became a pioneer among American women in mathematics. The most important problem she worked on, Hilbert’s Tenth Problem, asked for a single method that would tell whether or not certain problems had solutions.  
(lower-third)

DAVID HILBERT

(1862-1943)

(lower-third)

LENORE BLUM

Carnegie Mellon University

LENORE BLUM

David Hilbert was a great mathematician, and at the first international congress of mathematicians in 1900, which was held in Paris, he gave a list of problems that he felt would be important to be solved in the next century. As these problems got solved, often times it wasn’t just a problem, but to solve the problem one had to develop a whole area of mathematics. So, in fact, by these problems he’s really shaped a lot of what happened in the 20th century mathematics. One of those problems was Hilbert’s tenth problem.

(lower-third)

DAVID HILBERT

(lower-third)

JULIA  BOWMAN ROBINSON

(1919-1985)  

NARRATOR

In 1948 Julia Robinson, who had just earned her PhD at the age of 29, began working on the problem. For the next 22 years, Julia Robinson was captured by Hilbert’s tenth problem. She was to make key contributions to its solution. The direction she chose was made possible by the appearance in the 1930’s of a new mathematical idea: computability. This theory also opened the door to the development of today’s computers, and is still used to analyze their power.

CONSTANCE REID

One night, Julia explained Hilbert’s tenth problem to me, and she said, “You know, I just don’t want to die without knowing the answer. I don’t care who solves it, I have to know the answer.

(Main title)

Childhood
CONSTANCE REID

Julia was born in St. Louis, and her mother, our mother, died just after her second birthday. My father, left with two little girls, decided to send us out to the little colony in the Arizona desert where his mother, our grandmother, was living. Julia thought she had always had a special liking for the numbers, this sequence that is just made by adding one and one and one and one, and yet has these remarkable and unexpected relationships that turn up. And she recalled how when we were there in the desert she could remember herself arranging pebbles in a series, like the natural numbers. 

(lower-third)

Voice of Julia Robinson

JULIA ROBINSON

I think I just have a natural liking for natural numbers. They’re what’s God-given, so to speak, and I just like things like that.

CONSTANCE REID

The desert had a very important effect on both Julia and me.

When my father remarried, why his wife, who I’ll call my mother, said, “you know, we have got to settle down, these girls have to go to school.” And so in 1925 we came permanently to San Diego. Point Loma at that time was a very empty place. We could go off by ourselves searching for whatever it was we were searching for, the Land of Oz, or some magical place and nobody worried about us. My father used to sit and with his binoculars watch the ships come in to San Diego B ay, watch the old early airplanes fly, and also watch Julia and me playing down along the shore, and sometimes doing things we shouldn’t do, like being out at the end of the pier because we told other people that we could swim when we couldn’t. 

In 1928, why our little sister was born. And in February 1929, Julia contracted scarlet fever. The whole family was isolated. A big isolation sign was put on the front door. But up here was a little room that my father used as a study and he turned that into a sick room for Julia, and he took over completely her nursing. I think she became very close to my father emotionally at that time. She developed chorea, which was a nervous disease that made her very fidgety. The prescription for it was just bed rest, and bed rest for a long period of time. She spent six months in the home of a practical nurse and then six months at our house with rest.

NARRATOR

On February 3, 1930, Ralph Bowman wrote, “I am to take her to the barber this morning having just had permission from the doctor. He says she is doing fine, that her reactions are all perfect, and from now on her activities may be rapidly increased. You will know that she is a fine husky girl now.”

CONSTANCE REID

In September 1930, Julia entered the neighborhood school. This was a disaster. The children were younger than she, she was taller than they, and my parents decided immediately that this was not the solution. They hired this teacher to tutor Julia. In September 1932, she was ready to enter Roosevelt Junior High School.  

NARRATOR

Here’s how Julia remembered it: “At lunch time, I hid while eating. I didn’t want the other kids to know I didn’t have any friends. This went on for several months.”

CONSTANCE REID

A very nice girl came and asked her to have lunch with her and her friends. Her name was Virginia Bell, and she became Julia’s best and only friend. 

In 1933, Julia entered San Diego High School. We called it “the old gray castle.” Julia took geometry, as I did. That was all you needed to take to go to the University of California. But Julia wanted more, and she went, took advanced algebra.

In May 1937, E.T. Bell’s Men of Mathematics had come out, so she read it very, very early. And she was fascinated by it because these were mathematicians, and she hadn’t ever heard or seen or thought of something such as being a mathematician.

(lower-third)

1999

BETH SCHLESINGER

It is my great pleasure tonight to introduce Constance Reid, who graduated from San Diego High School in the year 1934. 

CONSTANCE REID

When my sister came to… graduated from San Diego High School in 1936, at the award assembly she had been the only girl to take mathematics in the junior or senior year. She also took physiology, biology, and botany. She received so many awards in science at the award assembly that the students began to laugh when her name was called. Her mother was quite concerned about this, and she said to the father, “what are you going to do with a girl like that? You know, she’s too smart.” And the father said calmly, “Don’t worry. She will marry a mathematics professor.” Indeed, she did. But he could never have guessed that she would have become the most famous woman mathematician in the world in her day. And she went to San Diego High School.

I decided to fund a prize in mathematics at San Diego High School, so we went ahead and endowed the prize, and the teachers at the high school decide who is the best mathematics student and I give them the book and a check, but the book is the important thing.

This year it happens that a young man is winning it. I want to present it to Samuel David Young Marcus. 

(lower-third)

ANNA SALAMON

1998 Julia Robinson Prize winner
ANNA SALAMON

And I remember them saying, “and the Julia Robinson memorial award to Anna Salamon,” and I got to walk up to the stage. I don’t know, I really liked the book that they gave me with the award that was about Julia Robinson. And I really identified with it, partly just, you know, her work involved Fibonacci numbers,  and I had just spent a long while obsessing about Fibonacci numbers.  Also, you know, the book said what a stubborn child she was and everyone always told me how stubborn I was. And the book said how she liked to arrange stones and stuff into patterns when she was small and I did that a lot.

There’s a Danish poet, Piet Hein, who said, “problems worthy of attack prove their worth by fighting back.” And, yeah, when the math fights back that’s when it’s beautiful.

(main title)

Hilbert’s challenge

STEVE GIVANT

What is Hilbert’s tenth problem?

(lower-third)

DANA SCOTT

Professor Emeritus

Carnegie Mellon University

DANA SCOTT

David Hilbert had a unique advantage of being a world-renowned mathematician just at the turn of the century. And he had such a broad view of questions and problems in mathematics, that he could take it upon himself to pose problems. There isn’t anyone alive who could cover the kind of scope that he did.  

(Main title)

HILBERT’S TENTH PROBLEM

Given a Diophantine equation with any number of unknown quantities and with rational integral numerical coefficients, devise a process to determine if the equation has a solution in whole numbers.

LENORE BLUM

Find an effective method to decide if a Diophantine equation has solutions in integers. So what is a Diophantine equation? A Diophantine equation is just an ordinary polynomial equation. X to the 17th plus y to the 17th equals z to the 17th is a polynomial equation of degree 17.

(Main title)

x17 + y17 = z17

(lower-third)

BJORN POONEN

U.C. Berkeley

BJORN POONEN

A polynomial is the simplest kind of function. It’s a function that’s built out of the variables by repeated addition, subtraction, and multiplication. Something like x squared minus nine. And you make an equation out of it just by setting a polynomial equal to zero.

NARRATOR

Hilbert was looking for whole number solutions to Diophantine equations.

(Main title)

2x = 5

x = 2.5

NO

NARRATOR

If we look at the equation two x equals five, we can see that x equals two and a half is the only solution, and two and a half is not a whole number, therefore there is no whole number solution to this equation.

BJORN POONAN

If an airline is trying to maximize its profits and trying to figure out how many airplanes it should build, it doesn’t want an answer of two and a half. It wants an integer solution.


STEVE GIVANT

Hilbert was not asking for a method of finding solutions to Diophantine equations, but only for deciding whether or not there is a solution.

(lower-third)

STEVE GIVANT

Mills College

STEVE GIVANT

He wanted to know: is there one general procedure? Do we always need new ideas? Do we always need creativity? Or is there one method for determining whether or not any Diophantine equation has a solution or not?

BJORN POONAN

So Hilbert’s tenth problem was really asking for an algorithm to decide whether a polynomial equation has a solution in integers, but at the time he posed this question in 1900 there was no formal notion of algorithm.  

DANA SCOTT

There are many different definitions of algorithm. The Turing machine is a very popular one, where you think of a very primitive kind of machine working on an infinite tape.  And Turing argued that you can encode in the patterns on the tape many conditions, and by searching those patterns and rewriting them you can simulate any kind of computation that you could do in a more complicated way.

(Main Title)

3 + 4 = 7

(lower-third)

HILARY PUTNAM

Mathematics & Philosophy

Harvard University
HILARY PUTNAM

Why couldn’t there be a decision method, a Turing machine, a computer program, an algorithm, so you apply it to any Diophantine equation and it’ll tell you whether or not it has a solution? So Hilbert’s tenth problem is: find such an algorithm.

CONSTANCE REID

Hilbert was asking for a computer, but the idea of a computer was far in the future.

BJORN POONAN

Yeah, Hilbert it seems, when he had posed this problem, he expected that there would be a general method for deciding the existence of a solution.

SOLOMON FEFERMAN

His big motto “no ignoramibus,” meaning there is nothing which is gonna be hidden from eventual knowledge….

DAVID HILBERT

(In German)

(subtitle)

In opposition to the foolish ignorabimus I offer our motto… We must know. We will know.

(lower-third)

SOLOMON FEFERMAN

Mathematics & Philosophy

Stanford University

SOLOMON FEFERMAN

He thought every problem, if you work at it hard enough, and you have the intellectual ability, is susceptible to solution.

(main title)

Losses and gains

CONSTANCE REID

When Julia and I went to college, we moved out to an area called Kensington Park, which was nearer to the college.

(lower-third)

San Diego State College

CONSTANCE REID

And we stayed there at that house on Roxbury Road 'til the summer of 1937. The stock market had crashed in 1929. Now it was a while before this really affected us. My father was just watching his investments go down the drain. We moved across the street and my father signed a lease for a year, and a month later he committed suicide. But it was a strange thing that he signed a lease for a year a month before he died. Julia was closer to my father than I was, and I think her interest in math and science and also in his hobby of shooting… She learned to fire a rifle and do target practice. So, his death, which occurred when she was a sophomore in college, was a much more traumatic event for her than it was for me.

(main title)

Berkeley

CONSTANCE REID

At the end of the summer of 1939, Julia’s whole life changed. She went to Berkeley, and the first course she signed up was number theory. It happened that number theory was being taught by a young mathematician named Raphael Robinson. And Raphael began to ask her to take walks with him, and on these walks he courted her by telling her about the exciting new developments in mathematics. 

DANA SCOTT

He was renowned as a teacher at Berkeley, for being extremely precise, extremely careful, always totally, perfectly, well prepared. His notes were written out in beautiful handwriting and everything fit together without any loose ends. And that was the thing that impressed Julia so much.

NARRATOR

Julia later wrote about Raphael: “During our increasingly frequent walks, he told me about various interesting things in mathematics. He is in my opinion a very good teacher. Without question what had the greatest mathematical impact on me at Berkeley was the one to one teaching that I received from Raphael. 

“Dear Mr. Robinson, would you mind very much if I called you something besides Mr. Robinson? It sounds so terribly formal and dignified. After all, being a teacher shouldn’t make so very much difference during the summer.”

SOLOMON FEFERMAN

Raphael was a nerd of the finest kind. He was only interested really in mathematics, or that’s what one thought. He had no social conversation, no small talk.

(lower-third)

SOLOMON FEFERMAN

Mathematics & Philosophy

Stanford University
ANITA FEFERMAN

And she’s 23 years old, and he asks her to marry him. And what it must have taken for him to bring himself to ask her to marry him? Or maybe it didn’t take that much. They just seemed so… I don’t know, he just must… It seemed to me he was so timid that it must have been a hard thing to do.

(lower-third)

ANITA FEFERMAN

Biographer

CONSTANCE REID

They were married December 22nd, 1941. She wanted to have a family. And in fact she became pregnant and lost the child, and at that time found that it was fortunate she had lost the child because it might have cost her her life. She was quite depressed about this. Finally Raphael said, “Well Julia, you know, after all there is mathematics. You are not completely bereft.”

DANA SCOTT

She was incredibly lucky to have Raphael as a tutor and companion because she learned from him how to formulate things very, very clearly. And so that had a very big effect on her research.

NARRATOR

With the best teacher available now at her side, Julia was ideally poised to tackle some of the most challenging and interesting mathematical unknowns of the 20th century.

In 1942, the Polish logician Alfred Tarksy came to teach mathematics at Berkeley. 

(lower-third)

ANITA FEFERMAN

Biographer

ANITA FEFERMAN

Everything that’s logic in Berkeley was built by Tarksy, and help from others of course, but he began it all. He built this empire which was the greatest place for logic in the world. Julia Robinson was in the first seminar he gave I think in 1943. 

STEVE GIVANT

I like to think of him as a volcano of mathematical problems.

(lower-third)

STEVE GIVANT

Mills College

STEVE GIVANT

He had wonderful problems that he would give to students and they would just be captured by them. It would seem at first that this problem had nothing to do with anything else and then you would find out it was really the key to solving this or that important other problem. Tarsky had been interested in proving that various algebraic theories were decidable, there was a procedure for deciding whether statements were true or false, or undecidable, and Julia became intrigued by it. That result became the basis of her dissertation.

CONSTANCE REID

Tarsky had suggested that she try to prove one thing. Julia couldn’t prove it, so she tried to prove the opposite.

DANA SCOTT

And so that was the excellent result, outstanding result of her thesis, was to show that the logical theory of irrational numbers is just as unsolvable as the theory of integers.

STEVE GIVANT

And it’s one of her best works. I would say that the decision procedure for fields and her work on Hilbert’s problem were tremendous contributions. 

CONSTANCE REID

Women were not permitted in the main dining room of the Faculty Club, but Raphael was. And when Raphael would come home he would tell Julia about the mathematical conversations that they had. Her dissertation began in this same way and the work on Hilbert’s tenth problem began in the same way, that Tarsky talked about something that interested him and Raphael talked to Julia about it, and Julia picked it up. 

NARRATOR
Despite the quality of her work, nepotism rules made it impossible for Julia to get a job at the UC Berkeley mathematics department. She looked elsewhere.  

CONSTANCE REID

She worked at the Rand Corporation and they had a prize problem in game theory.  It was a prize of 200 dollars. Julia solved the problem but she didn’t get the 200 dollars because she was an employee.

DANA SCOTT

She produced one paper in which she proves that for von Neumann-Morgenstern games of perfect information there is a iterative way of improving the play so that it converges step-by-step to the optimal play of the game. And it was a very, very nice theorem which is still quoted today as an outstanding result.

My wife and I had many good times with the Robinsons because they loved to do puzzles. We would g o to dinner at their house. Then after dinner the table would be cleared and the puzzles would be brought out. And they introduced us to something called pentominoes. A domino is two squares and this consists of five squares put together. And it turns out that there are twelve different configurations of five squares.  Each piece is of a different shape, so it’s quite amazing that of the sixty square units there, you can fit the pentominoes together to make a three by twenty rectangle.

(Main title)

Working on H10

CONSTANCE REID

When anybody solves or contributes to the solution of a Hilbert problem, as Hermann Weyl said, they immediately pass into the honors class of mathematics. 

MARTIN DAVIS

“Hilbert’s tenth problem begs for an unsolvability proof.” Since I read that sentence I’ve been obsessed simply by that problem.

(lower-third)

MARTIN DAVIS

Professor Emeritus, NYU
MARTIN DAVIS

First of all, it had this tantalizing idea of proving an impossibility. Secondly, it combined ideas from logic and ideas from the theory of numbers in a way that just made a heady mix. Julia Robinson, even more than me I would say, was particularly excited by that combination. 

(lower third)

LENORE BLUM

Carnegie Mellon University
LENORE BLUM

What’s interesting in mathematics, this happens often times, two different people will be working on similar things in different places and Martin Davis had just gotten his PhD at Princeton and he started working on Hilbert’s tenth problem too, but coming from another direction.

(lower third)

MARTIN DAVIS

LENORE BLUM

So Martin Davis and Julia met at the first post-war International Congress of Mathematicians that was held in Cambridge, Massachusetts, and they discussed their ideas.

MARTIN DAVIS

I knew some of her work. Before that I’d read some of her papers, but I had not met her. The curious thing is that though the two of us had started working on the same problem, we had approached it from exactly opposite directions.

NARRATOR

The 1950 congress reflected the growing rift between East and West. Soviet mathematicians were not permitted to attend. The president of the USSR’s Academy of Sciences sent a terse telegram. He wrote: “Soviet mathematicians being very much occupied with their regular work, unable to attend Congress. Hope that impending congress will be significant event in mathematical science.” The cold war extended a chill to contact between scientists in different countries. It would have a remarkable impact on progress in the solution of Hilbert’s tenth problem.

CONSTANCE REID

It was a turbulent time in politics, and Julia happened to read an article either by or about Adlai Stevenson. 

ARCHIVAL NEWSCASTER

It was election year in America and Adlai Stevenson, former governor of Illinois, became the standard bearer of an enthusiastic Democratic Party at its Chicago convention.  

ADLAI STEVENSON

Let’s face it, let’s talk sense to the American people. Let’s tell them the truth. 

CONSTANCE REID

Once she heard him speak at the convention when he accepted the nomination she became utterly absorbed in politics. She worked for other democratic candidates later on after Stevenson had lost twice in the presidential election. 

NARRATOR

While Julia was immersed in politics, the work on Hilbert’s tenth problem continued. She would soon be pulled back into it by exciting new developments.

HILARY PUTNAM

I suspect that I met Martin at one of Kleene’s’s talks. We rented a summer place not far from where he rented a summer place, and we would meet at his offices at the Rensselaer Polytechnic Institute and work all day long and then go home to our families, but I would be staying up and working until three or four in the morning thinking about what we had talked about during the day. The sheer excitement of it was quite amazing. There must have been some sense that this could be broken. 

(lower-third)

HILARY PUTNAM

Mathematics & Philosophy

Harvard University
MARTIN DAVIS

Hilary was just a fount of ideas. He would spew them out one after another. Most of them were ridiculous, and my role was to sit there and say, “Hilary, that’s ridiculous!” But every now and then he’d come up with one that would make me stop and think.

And then we would start to work on it, and once or twice they weren’t ridiculous at all. They really paid off.

SOLOMON FEFERMAN

Davis and Hilary Putnam were working along on their own trying to settle Hilbert’s tenth problem and they had their own method of attack which was completely separate from what Julia Robinson was doing, but at a certain point they connected up. 

(lower-third)

SOLOMON FEFERMAN

Mathematics & Philosophy

Stanford University

HILARY PUTNAM

The fever was on us in the summer of ’59. This red volume was our report on a summer’s work, the work of the summer of 1959, and it was called: A Computational Proof Procedure; Axioms for Number Theory; and the third, Research on Hilbert’s Tenth Problem. That was what we sent to Julia Robinson, who then totally changed the proof, but nevertheless… and eliminated an unproved, or unproved then, number theoretic hypothesis that we used called P.A.P. 

NARRATOR

In a letter to Hilary and Martin, Julia wrote, “I believe I have succeeded in eliminating the need for P.A.P by extending and modifying your proof. I have this written out for my own satisfaction, but it is not yet in shape for anyone else.”

MARTIN DAVIS

When Hilary Putnam and I sent our results off to Julia she very quickly showed how to get rid of this second hypothesis, so we were just left with what Hilary and I called “J.R.” for the Julia Robinson hypothesis. Her first proof was a real tour de force; it really showed her mathematical power, but it was very complicated. But then she simplified the argument down so that the final form of it is actually simple and beautiful. It’s a short paper. 

BJORN POONAN

Julia Robinson showed that if she could construct a family of polynomial equations in which the solution size grew exponentially with the size of the coefficients, then the undecidability of exponential Diophantine equations would imply the undecidability of ordinary Diophantine equations. In other words, she would have proved a negative answer to Hilbert’s tenth problem.

LENORE BLU

Martin Davis called this hypothesis “J.R.” for Julia Robinson.  So basically they were saying that if you could show that there was some Diophantine equation whose solutions grew sort of like an exponential, the values that when you plug in grew sort of exponentially, then you would be done with your problem. 

SOLOMON FEFERMAN

If the Julia Robinson hypothesis is verified then the whole Hilbert’s tenth problem will be settled, George Kreisel, when he reviewed that, said, “Well, that’s not the way it’s gonna go.” He just very skeptical… And he was not the only skeptic, but he was a rather famous skeptic. So her choosing the right way in and having the faith that this was something that was the way to go was really crucial for that. 

CONSTANCE REID

Julia was 40 years old. She was suffering from fibrillations of her heart and she was definitely a sick woman. The year the joint paper with Martin and Hilary was published she had this operation which cleared out the mitral valve and really brought her to life. The first thing she did after she had the operation, she bought a bicycle. And after that she bought dozens of bicycles. 

(main title)

From Russia with love

LENORE BLUM

Martin would give talks on these results that they had and also give J.R., this hypothesis.  People would naturally ask him well, which direction do you think your final result is gonna go? Is J.R. right? Is J.R. true? Is this hypothesis true? And Martin would say, “sure it’s true, and some Russian is going to have to be born to come up with the solution. So meantime, there was this young Russian in the Soviet Union who was thinking of Hilbert’s tenth problem. 

YURI MATIYASEVICH

I began to work on Hilbert’s tenth  problem when I was a second year student, and continued it in vain. 

(lower-third)

YURI MATIYASEVICH

Steklov Institute of Mathematics

YURI MATIYASEVICH (subtitled)

The time approached for me to graduate from the university. I had to write some paper. And one of the professors, he asked me, “have you proved the undecidability of Hilbert’s tenth problem? Not yet?” 

LENORE BLUM

And he worked very hard but never got anywhere and was totally embarrassed by not having gotten anywhere. So I recall, he told me that he just stopped working on it and wouldn’t even look at any papers at all in the field. Any papers that these guys wrote, he would never look at them. But he was once asked to review one of Julia’s papers, so he was forced to read her paper, and when he read her paper he sort of understood immediately how the solution would be. And within a matter of weeks he actually found a Diophantine relation that had exponential growth. 

YURI MATIYASEVICH (subtitled)

So at first I checked it again for myself. Then I wrote a detailed proof, so others could check each step one by one.

CONSTANCE REID

It was January 1970 that someone called Martin and told him that there was a very firm rumor that a young Russian had solved Hilbert’s tenth problem. Julia wanted to phone Leningrad immediately and find out if this was true. 

MARTIN DAVIS

Jack Schwartz called me. In fact what he said to me was, “congratulations, your work’s been completed, it really is a solution of Hilbert’s tenth problem.” And it was a lovely proof.

STEVE GIVANT

His theorem from 1970 together with this result from the Davis Putnam Robinson paper of 1962 showed that Hilbert’s tenth problem has a negative solution. There can be no algorithm for deciding for every Diophantine equation whether or not it has a solution.

HILARY PUTNAM

I guess the next thing I heard was in 1970 when I heard Yuri Matiyasevich had proved Julia Robinson’s hypothesis. And Martin did partly excuse us for not finding a proof by saying that Yuri used a number theoretic lemma which was in Russian number theory books but in no, at that time, not in any American number theory books. That doesn’t wholly excuse us for not succeeding, but maybe it was a small consolation for our vanity.

BJORN POONAN

Matiyasevich figured out how to use Fibonacci numbers to construct exactly what Julia Robinson was looking for – this family of equations in which the solution size grew exponentially using the fact that the Fibonacci sequence grows exponentially.

(lower-third)

BJORN POONAN

U.C. Berkeley 

YURI MATIYASEVICH (subtitled)

It was sufficient to prove that the relation v is the Fibonacci number with given number u, is Diophantine. Because of this exponential growth of Fibonacci numbers themselves, it was sufficient. This relation satisfied the condition of Julia Robinson. 

(Main title)

Fibonacci numbers

ANNA SALAMON

There’s a sequence of numbers called the Fibonacci numbers and the way you get them is

the first and second Fibonacci numbers are one. And after that you get the next one by adding the two before it. So one and one is two, one and two is three, two and three is five, three and five is eight, and you just keep going forever. The Fibonacci numbers were invented by Leonardo of Pisa, who was called Fibonacci because he was the son of Bonacci, in the year 1220 to solve a problem involving the reproduction of rabbits.
(lower-third)

ANNA SALAMON

1998 Julia Robinson Prize Winner

STEVE GIVANT

Let me read to you a translation of the original statement of Fibonacci’s problem from the  Liber Abacci. “A man put one pair of rabbits in a certain place, entirely surrounded by a wall. How many pairs of rabbits can be produced from that pair in a year if the nature of rabbits is such that every month each pair bears a new pair which from the second month on become productive?” 

CONSTANCE REID

At family birthday parties whenever the birthday person blew out their candles, they made a wish and Julia’s wish was always that the tenth problem would be solved. After Yuri Matiyasevich’s solution, Julia went to blow out the candle, and she suddenly realized her wish had been granted and that Hilbert’s problem had been solved. 

MARTIN DAVIS

She wrote him this poignant letter saying, you know, if it’s true that you’re only 22 years old, that means that you were a baby when I started thinking about this and all I had to do was wait for you to grow up. 

YURI MATIYASEVICH (subtitled)

March 17, 1970. Dear Doctor Robinson, I wish to thank you for your kind letter of 22nd February. You have made an outstanding contribution to the solution of Hilbert’s tenth problem. And in fact, to a great extent, it is your victory. 

CONSTANCE REID

They began to collaborate by letter before Julia actually met Yuri, which was the next year at a meeting in Bucharest. This was one of the great pleasures of Julia’s life. This was the decade of the 70’s that concluded with a joint paper by Julia, Martin, and Yuri about the solution to the tenth problem. 

YURI MATIYASEVICH (subtitled)

I met Julia in Bucharest and Leningrad, and twice in Canada, and she wanted very much me to visit her in the states, but at that time it was impossible. It’s a rather strange thing for me. Julia was older than me, and I usually had not so comfortable relations with people which are older than me. If I just write a paper, I publish it and wait maybe for several years and then somebody would read it and react and use and so on. And in this case I knew that there is at least one person who is very interested to read it, who would react immediately, who would go further, if possible, in this direction. 

LENORE BLUM

That started a really beautiful relationship with her and Yuri after that. And they proved many things about getting the… In the polynomial they got you had to get the number of variables down to make it really nice. And they worked to get it down to, I think 13 or 11, and really got some very nice, beautiful mathematics out of this.

MARTIN DAVIS

Julia was really the contact with Yuri for that purpose. He was operating under rules where even a draft of a scientific paper had to be approved before it could be sent out of the country. So what he did was mask his contributions in the form of letters discussing various things.

YURI MATIYASEVICH (subtitled)

There were two kinds of difficulties in communication with Julia. The one that’s obvious was technical, because at that time there was no e-mail. I had to write each letter by hand and use a carbon copy for myself. I was not able just to go to mail and send the letter abroad. I needed to get a special permission for each letter, and I counted that I needed to collect ten signatures just to send a letter abroad with mathematical formulas.

Of course Julia was very close to me mathematically, because she thought about the same things for many years and, for example, to explain the same ideas to others I would need more words, more formulas and so on. For her, only a few hints were sufficient, usually. 

MARTIN DAVIS

I sometimes thought, to put it a little poetically, that Julia saw him as the child she never had. 

(Main Title)

A very hard subject

CONSTANCE REID

Kathleen Morawetz had brought up at a mathematical meeting, I think it was a meeting of the Board of  Trustees or something like this, and she had said, “You know, we have a problem with women in mathematics.” What’s the problem? There aren’t any women in mathematics. And Saunders McClain, which she never forgave him for, said, “Well, mathematics is a very hard subject.” Well, Saunders McClain proposed Julia for the National Academy. There’s a picture of a famous number theory conference in 1955 at Cal Tech and there are only two women in the picture, and one of them is Julia and the other is Emma Lehmer. Neither of them had an official position, but they were recognized as mathematicians by their peers. 

LENORE BLUM

Julia was very majestic looking. She was very tall, a very nice person. I found her, quite frankly, slightly intimidating, because I thought she was just so wonderful and I was always afraid that I would say some mathematics that wasn’t quite right in front of her. So I was very much in awe of her. But when I got to Berkeley I was totally shocked to find out that she wasn’t a professor at the university, that she always signed her papers Berkeley, California cause that’s where she lived. I remember once we were asking her, and also Emma Lehmer, about what their role had been at the Berkeley math department all those years as spouses of mathematicians there. And again, I remember many people said, “Well, they don’t really want jobs.” But I remember they answered us and said, “Oh, the math department, they always hired us when the guys went out to war.” 

CONSTANCE REID

Julia had never been officially affiliated with Berkeley. And the news came to the press office of the university: who is this Julia Robinson who’s just been nominated for the – or elected to the National Academy?  So the press office called up the mathematics department, and they said, “Oh, that’s Professor Robinson’s wife.” “Well,” said the caller, “Professor Robinson’s wife has just been elected to the National Academy of Sciences.”

MARTIN DAVIS

The mathematics department was embarrassed. By this time these nepotism rules had disappeared anyway and they managed to come up with this 1/6th time tenured appointment that Julia was quite happy about and that satisfied everybody.

CONSTANCE REID

Julia did not want to teach. She didn’t want the burden of teaching as a faculty member.  Her position gave her much more freedom and certainly gave her freedom not to publish and to work on politics and things like that. On the other hand, it was nice to be recognized.

NARRATOR

Julia reported her appointment to the National Academy of Sciences to Yuri in a letter: “I guess I’m the first woman to be elected in the mathematics section. I can think of oodles of people who belong in before I do, but it is sort of fun to get all the attention for a bit.”

LENORE BLUM

And I think she changed at that moment. At that moment she was given national recognition. Very shortly after that, within weeks or month… less than a month, she was given a position at Berkeley, and she became president of the American Mathematics Society, she got a MacArthur. Many of these accolades she deserved came to her after that. And I think at that point she saw herself very much as a public figure, and really wanted to reach out. And it was at that time we got closer, and that she really approached me and wanted to know what she could do for women in mathematics.

ANITA FEFERMAN

There are so few women mathematicians who achieve the level that she did that I think it, it’s special. And she didn’t want to be remembered that way, but it’s a way that she will be remembered, and maybe she didn’t want to be a role model, but she is a role model. 

(lower third)

ANITA FEFERMAN

Biographer

KIRSTEN EISENTRÄGER

From my first year on, before I even knew I was going to work on Hilbert’s tenth problem I had Julia Robinson’s biography on my bookshelf.

(lower third)

KRISTEN EISENTRÄGER

Mathematician

KIRSTEN EISENTRÄGER

And in the first paper that I read by Yuri Matiyasevich so he described a little bit what, uh Julia Robinson’s contribution was.

KIRSTEN EISENTRÄGER (at blackboard)

Two quadratic forms, q1 and q2, that…

NARRATOR

Kirsten Eisenträger is one of the new generation of mathematicians exploring questions opened up by the solution of Hilbert’s tenth problem.  

KIRSTEN EISENTRÄGER

I read an article by Jan Denef that proved some generalization of Hilbert’s tenth problem, and used elliptic curves, and I just found this very intriguing so I started to look for some problem that I could work on. I was working on one theorem related to Hilbert’s tenth problem that I wanted to prove and there was one part that I was just stuck with. And I talked to my advisor, Bjorn Poonen, and told him where I was stuck. And I think, one day in the department I just knew how to do it. I don’t even remember what I was doing at the time, but I was very excited and I immediately sent an e-mail to a friend saying, “I now know how to do this.” And it was this final piece missing and it was very satisfying when I figured out how to do it.

(lower-third)

Voice of Julia Robinson

JULIA ROBINSON

You try to think of all the things that you know that could have any bearing on it.  Sometimes you could say, well, if this were true, then by doing this you might be able to prove what you want to. Or you may find out that this isn’t true at all, and so you have to think of another scheme.

(Main title)

Recognition

LENORE BLUM

She was all dressed up. She wasn’t usually so fancily dressed up. And she was beaming. And she said, “I have something to tell you.” And I said, “what?” And she says, “Well, I just got a MacArthur for my role in solving Hilbert’s tenth problem.”

CONSTANCE REID

I remember Julia calling me up and she said, “Constance, what next? I’ve just been asked to stand for president elect of the American Mathematical Society.” I mean, her feeling was these honors just… It was a Cinderella story, these honors simply dropped upon her, you know one after another, the National Academy, the MacArthur award, the election to the American Mathematical Society, the American Academy of Arts and Sciences, one of the hundred and one most outstanding women in I think it was the Good Housekeeping or the Ladies’ Home Journal. It was just, “Constance, what next?” 

DANA SCOTT

She was president of the American Mathematical Society from ‘83 to ‘84. She was extremely glad to have that position in order to help promote a better status for women in mathematics. Just the month in which she was finished with her duties as president of the society she found out that she had leukemia, and then it was barely a year before it took her life.

CONSTANCE REID

When she was dying, this was just about a month before, and it was clear that she was going to die, I said, “Julia, you know, you’re a first woman in these many fields and somebody is going to write about you. And the best thing would be to have your sister do it. And do it right now. I got this idea of writing it as the autobiography of Julia Robinson and Julia agreed to that. She didn’t really approve of it, but she had to recognize that she was doomed to be written about. Also, she had to recognize the fact that reading about other mathematicians had been very inspiring to her in her youth, and she in fact, specifically had encouraged me to write about mathematicians. 

This was just about two weeks before Julia died. And she’s wearing the wig. I’ve always liked this picture.

ANITA FEFERMAN

She knew she had gotten someplace really, really high. And to see that look on her face in that last picture in Constance’s book where she’s smiling, she’s craggy looking, and she really just looks great. And it’s nice to see a life sort of rounded that way. She did something. 

(lower-third)

St. Petersburg, Russia

1999

(lower-third)

29th anniversary of the solution of H10

YURI MATIYASEVICH

It’s heavy. Wow. What is it?

CONSTANCE REID

It’s an Icosahedron.

YURI MATIYASEVICH

Yes, I know, but what is the reason for bringing it to me?

CONSTANCE REID

I brought it to you because it is something that was always on Julia’s desk. She was always fond, whenever she saw a crystal, geometrical shape.

Now we’ll toast the solver of the tenth problem.

YURI MATIYASEVICH

One of the solvers. 

(lower-third)

Gent, Belgium

1999

(lower-third) 

Workshop on Hilbert’s Tenth Problem

ALEXANDRA SHLAPENTOKH

I don’t think people like to think directly about very hard problems because I think that’s a way to go insane very fast. You mostly try to find things you can do and hope that with some luck after you’ve done the things you could do, that something, you’ll have some sort of… you’ll be enlightened as to where to go further and that eventually you’ll get to that hard problem.

(lower-third)

ALEXANDRA SHLAPENTOKH

East Carolina University

JAN DENEF

This is just the beauty of mathematics. Often the solutions or the answers to the problems are difficult to find. And they are difficult to find because it’s not straight forward. One has to reduce the problem to another problem, and that problem gets reduced to another problem. And at the end one is working with some things which have on first view have nothing to do with the thing you started with.

(lower-third)

JAN DENEF

Leuven University
YURI MATIYASEVICH (subtitled)

There are mathematicians who obtained important results just by applying a known technique. One of the strongest points of Julia was the originality of her thinking. She was able to contribute a number of important original ideas to give a new point of view to old subjects. She was able to spend her time on the subject of real interest to her. 
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