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in Veszprém, Hungary. His father

He attended the Petıfi Gimnázium (high school) that had a quite rigorous math and science curriculum. (The Gimnáziums's present list of alumni includes quite a few highly successful people.) Interestingly, Péter got into trouble with his math class in his first semester because he would not solve his math homework if he considered it trivial. This was a politically turbulent time, and his class went through a succession of math teachers who had little personal knowledge of the students.

He responded to the bad grade by entering the annual national high school math competition and winning a respectable position, perhaps among the first ten. He was also an active competitor in the High School Mathematical Gazette (being fully apolitical, this is the oldest continuously published journal in Hungary), joined (and later became the president of) the Chemistry Club, and attended the discussions of the High School Mathematical Society where one of the lecturers was Paul Erdös, one of the leading mathematicians in the second half of the 20 th century. After obtaining his high school diploma (this carried much more weight in those days when only a fraction of the students attended high school; most went to trade schools), he hesitated between the study of mathematics, physics or chemistry. On the advice of his father, he chose chemistry. University admission was highly selective in those days and was determined by a mix of scholarship and the political status of your family.

Péter, who scored high in the nationwide high school senior-level math competition, had no problems and was admitted to Eötvös University as a chemistry major in 1958.

Student years, 1958-1963

The typical curriculum at Hungarian universities followed the traditional German educational system.

The curriculum was quite advanced compared to the average American undergraduate education.

Students had a pretty rigidly defined set of lectures and laboratory exercises to complete in four years. The fifth year was reserved for doing diploma research and writing an M. S. thesis. Péter first encountered theoretical chemistry as a sophomore from the lectures of Professor Török, who himself had just started to study the subject. Quantum mechanics was only marginally included in the physical chemistry curriculum, and Péter had to take a physics course to get his basics right. He was in this last year when I met him, myself being a chemistry student there, two years his junior. His supervisor was Ferenc (Feri) Török. Later on, when we both worked for Professor Török, these three men  plus a woman mathematician Gyöngyi Borossay  formed a group of true friends. Although Feri was only 12-13 years older and very informal with everybody, he became kind of a father figure The necessary calculations were 'run' by Péter on an electro-mechanical calculator. However, it was so loud that he was forced to switch to an old mechanical calculator from the 1930s.

Graduate work with Ferenc Török, 1963-1967

It was clear both for Török and for Pulay that you could not do competitive quantum chemistry in Hungary, so their attention turned towards less computer-dependent areas. In vibrational spectroscopy this was the era of force constant calculations, done on the basis of experimental frequencies. Of course, this inverse eigenvalue problem is underdetermined: for n degrees of freedom the number of experimental fundamental frequencies is just n, while the number of force constants is n(n+1)/2. Symmetry and additional experimental data (isotopomer frequencies, vibration-rotation coupling described by Coriolis coupling constants, etc. ) help but the fundamental problem stays, except for small and symmetric molecules. So, it was probably Török's idea that one should explore the ranges of force constant values compatible with a given set of experimental data. On this subject they published quite a long series of papers in Acta Chimica Hungarica under the title On the parameter form of force constants matrix. 1 This work has certainly contributed to Péter's excellent command of the theory of molecular vibrations. It was in 1965 or '66 that Péter wrote a computer program (in ALGOL !) for the calculation of the G matrix  the matrix associated with the kinetic energy in vibrational theory. In all probability, this program was the first of its kind; before that, the force constant community was constructing the G matrix by hand. He also wrote a geometry In the fall of 1967 Péter got a scholarship to Germany. This was not at all obvious, as our group was well known for its attitude (not the best one) towards the regime. Apparently, however, the support of the head of the Institute, Professor Béla Lengyel, was sufficient for the local party officials to forgive our 'political weakness'. Also, I think they appreciated and in a way admired Péter's exceptional character, considering him as a 'crazy but great theoretician'. This first visit to the West was a great opportunity for Péter that had profound influence on his scientific career. With some breaks he spent more than two years in Germany, part in Munich, part in Stuttgart. His supervisors were Professor Goubeau, a great inorganic chemist with an exceptionally broad overview of science in general, and later Professor Preuss who had created a very active group in Munich. The most important figure for Péter during this period of his life was, however, Wilfried Meyer, a young physicist in Munich. Meyer had escaped from East Germany, so he was also new in the West and they became very close friends. Péter wrote enthusiastic letters home to Professor Török about Meyer as the brightest man he had ever met, about his fantastic knowledge of quantum theory and programming. They worked closely together during this period of time and published several joint papers.

Besides quantum chemistry, Pulay brought from home his interest in vibrational spectra and molecular force constants. So it was natural that he wanted to apply quantum chemistry for the calculation of force constants. The latter are the second derivatives of the energy with respect to atomic coordinates. The analytic calculation of second derivatives was unthinkable in those days, but Péter came up with the idea that one could calculate just the first derivatives analytically and then differentiate these numerically. His classic paper on this gradient or force method appeared in Mol.

Phys. in 1969. [START_REF] Pulay | Ab initio calculation of force constants and equilibrium geometries in polyatomic molecules .I. Theory[END_REF] The force method was the basis of most force constant calculations for two decades. Now, with the availability of higher-order analytic derivatives it has lost some of its significance but, of course, all geometry optimizations are based on analytic first derivatives, first formulated for Hartree-Fock wavefunctions by Pulay. Within two decades the Mol. Phys. paper had become a 'citation classic' (Current Contents, May 2, 1988), with close to 600 citations. (In the next two decades the paper was cited even more often so that the number of citations is now over 1700.) Force constants and molecular geometries were also the subject of the PhD work that he defended at Returning to Hungary from the West was not an easy experience in those days: you had to accept again many restrictions in your life and the very modest financial situation in research. In his private life, however, there came a happy period for Péter. He met Ágnes whom he had known from his student days and they married in 1971. Children came in due order, Balázs in 1972 and Emıke in 1973. They needed a larger apartment and with some effort and luck got one at Nagykörút (Great Ring). The structure of modern Budapest was established in the last quarter of the 19th century, emulating to some extent Vienna. Thus, two rings were built, the Small Ring encircling the old downtown area and a larger ring farther outside. Along these rings, most houses are 4-5 story buildings from the turn of the century, nice, neo-classic structures. However, they had been expropriated by the communist government and after 25 years of public ownership most of them were in bad shape. Péter's flat in one of these buildings was really big and had high walls but needed much repair. Specifically, the floor had to be renovated. This was done by Péter himself or, more precisely, by a team of four or five colleagues from the university. Everybody wanted to show that he was the best at handling the large polishing machine that Péter had rented out for the job. You can imagine how we enjoyed that weekend with much wine and joking. Talking about wine… Ágnes came from Eger, a historic city and center of a high quality wine culture famous of red wines like Bikavér (Bull's Blood). Once, however, somebody presented Péter with a white wine which was terribly sour. As we were tasting it in their kitchen which had a stone floor, he warned me with his characteristic sense of humor: don't spill one single drop from that wine, or it will burn a hole in my floor! Several other stories, so characteristic of Péter, come to mind. From his childhood, he was very interested in astronomy and was building now quite a big telescope. He was polishing the mirrors by hand. As he explained, this is the way to prepare the best mirrors: just polishing with patience and check its optical behavior periodically until you have reached perfectness! This took many-many weeks and Péter was showing us his progress from time to time. Finally the telescope, including the tripod also home made, was ready and one night Péter went down to the street  on Nagykörút, one of the main streets of Budapest!  to test the instrument. You can imagine the crowd around him, watching this crazy magician looking at the skies! For most people it was always a surprise how good Péter was at technical things. For example, he did the maintenance of his car (a small Renault he had brought home from Germany) by himself.

There are tasks, however, that you just can't do alone. So, one day I had the privilege to help him in In science, too, one had to find one's own way to get things done. Péter brought some computational material home from Germany and could exchange letters with Meyer about theoretical questions, so they were able to publish some papers together. For example, two papers on the force field of small hydrocarbons, 3,4 and a paper on ammonia [START_REF] Pulay | Force Constants and Dipole Moment Derivatives of Ammonia from Hartree-Fock Calculations[END_REF] were among the first complete ab initio force constant calculations. Their impact is shown by the around 120-130 citations for each.

"Poor man cooks with water" goes the Hungarian proverb. It was not possible to do ab initio calculations in the 1970s in Hungary, so Péter turned to semiempirical methods. Even this was very cumbersome. The Academy of Sciences had a Computer Center with a CDC 3300 and we had access to it, but you had to travel a good half an hour from the downtown university to the "Castle". (The historic Castle District, location of the computer center). Everything was still punched onto computer punchcards transported to and fro in cardboard boxes. The latter were not quite safe … Péter has told the story several times about meeting me in the "Castle" as I was just trying to collect a whole box of cards from the cobbles of the street. Péter's situation was better because he had special metal boxes bought in Germany.

With all these difficulties, he was able to create several important papers during this period.

The calculation of molecular geometries and force constants from CNDO wavefunctions was described in a paper with Török. [START_REF] Pulay | Calculation of molecular geometries and force constants from CNDO wavefunctions by the force method[END_REF] Two important applications on benzene  one of the basic molecules in the focus of spectroscopists' interest  showed that even these very inaccurate results can be used to distinguish between different 'experimental' force fields. [START_REF] Török | Prediction of vibrational spectra by CNDO/2 force method .1. Out-of-plane vibrations of benzene and fluorobenzenes[END_REF][START_REF] Fogarasi | Prediction of vibrational-spectra by CNDO-2 force method .3. In-plane vibrations of benzene[END_REF] In 1976 there came again a great opportunity for Péter. As part of a project between the U.S.

National Science Foundation (NSF) and the Hungarian Academy of Sciences (HAS), he obtained a scholarship to go to America. Leaving the family behind  the usual "precautionary" regulation by the authorities  he spent a full academic year in the U.S., part of it with Jim Boggs in Austin, Texas and part with Fritz Schaefer in Berkeley, California. Besides computational facilities, the most important thing was that he met many leading quantum chemists, thus building contacts with the scientific community. Fritz Schaefer recognized the significance of analytical derivatives, and invited Péter to contribute to a book, Modern Electronic Structure Theory, that became a seminal text of that era. In the Applications volume, he has given an exquisite description of the method of analytic gradients [START_REF] Pulay | Applications of Electronic Structure Theory[END_REF] which greatly helped popularize his method published 8 years earlier. In current research, Péter's main objective was to write a new, up-to-date computer program, designed specifically for the efficient calculation of first derivatives. This was the major part of his work in the U.S. Although his time was quite limited, he successfully finished the program, baptized it TEXAS, [START_REF] Pulay | Efficient abinitio gradient program[END_REF] and returned to Hungary  without the chance of really using his work. (It is another story that this writer followed in his footsteps to Texas, as described in Chapter 2 of this volume).

When he returned home, Péter was fired-up with all his experiences in the U.S. and had great plans. First of all he was hoping to get financial support to purchase a modern minicomputer, similar to the one which Fritz Schaefer, in a pioneering move, acquired in Berkeley. As disk drives were then large, slow and expensive, Péter planned to use a direct SCF procedure, i.e., recalculating the integrals, which was quite heretical in those days. I remember him working on the technical and administrative details but all these efforts were unsuccessful. Still he could do work which needed just a minimum of computer power and he also had some computational material brought home. In addition, in 1977 I was able to do calculations for him in Texas. Perhaps the most important theoretical result by Pulay from this period was the appearance of his first paper on the DIIS (Direct Inversion in the Iterative Subspace) method: "Convergence acceleration of iterative sequences -the case of SCF iteration". [START_REF] Pulay | Convergence acceleration of iterative sequences -the case of SCF iteration[END_REF] (See also Chapter 3 of this volume.) In terms of the number of citations, his paper on the systematic application of the gradient method [START_REF] Pulay | Systematic ab initio gradient calculation of molecular geometries, force constants and dipole-moment derivatives[END_REF] was an even greater success.

In 1979 there came another chance to make our group internationally competitive.

Spectroscopy has always been a focus of Péter's attention and we applied for a grant to buy a Raman spectrometer. This time we were successful and obtained an absolutely first class Jobin Yvon spectrometer. It was no problem for Péter to build a complete working laboratory within a few weeks (remember his interest in astronomy and optics). But then came a major change in his life….

Life in the U.S.A., 1980-present

In 1980 Péter had again the chance to go to Texas as part of a joint NSF-HAS project with Jim Boggs, this time with his family. As the time of their return was approaching, it became clear from his letters that they might not come back. By that time I had become head of the Budapest group so I was also officially involved in the matter. Péter was hesitating, with serious doubts about the future.

Obviously, for his scientific career the U.S. would provide a much better environment. However, even in those days of relative freedom, if you left Hungary it meant that in all probability you would It was not easy to get settled even after the decision. He told me an interesting story about the difficult process of becoming a naturalized American citizen. In a meeting with an immigration officer, Péter was asked to name a well-known person who would testify for him. He named Professor John Pople. Then, the officer asked: is he a Nobel laureate? Unfortunately for Péter's application, Pople's award came only later … Finally, he was granted a green card and in 1982 he obtained a professorship at the University of Arkansas, Fayetteville. The very next year he became Roger B. Bost Distinguished Professor, and has been there now for 25 years. A University with a higher reputation would probably have been better for his scientific career but northwest Arkansas is a very nice place to live and the region is developing rapidly. At the university, he had some very good graduate students, and his reputation helped him to get excellent postdocs and visiting scientists.

Péter's Fayetteville period has been very productive. One of his most important contributions was an efficient method for calculating NMR chemical shifts. This is based on the realization that NMR shieldings are the derivatives of energy with respect to magnetic field and dipole moment, and so Péter could take advantage of his expertise in derivative techniques. The paper written with Krzysztof Wolinski and Jim Hinton has become a classic (see Chapter 14 of this volume), with about 1300 citations. In the field of geometry optimization the notion of natural internal coordinates and the method of using redundant coordinate systems should be mentioned (ref. [START_REF] Fogarasi | The calculation of ab initio molecular geometries: Efficient optimization by natural internal coordinates and empirical correction by offset forces[END_REF] and Chapter 15). In the field of basic electronic theory, Péter's UNO-CAS 14 method (worked out with Tracy Hamilton and Josep-Maria Bofill) is an intriguing approach for the simplified treatment of MCSCF wavefunctions. Of more general importance, the local treatment of electron correlation (with Svein Saebo and James Boughton) is on its way to become a standard method (ref. [START_REF] Saebo | The Local Treatment of Electron Correlation[END_REF] and chapter 7). Most recently, Péter has been mainly concerned with combining plane waves and Gaussian basis functions (chapter 18). In the nineties, as computer prices fell, he and his group became interested in parallel programming, and with the help of IBM and an award from NSF, built a cluster of 10 workstations and started parallelizing TEXAS. Upon returning from his sabbatical with Joachim Werner, with the help of two outstanding coworkers, they built one of the first Linux PC clusters in quantum chemistry. This became operational in early 1997. It was a big win for Péter that Jon Baker wanted to 

  This relation did not change in later years, when the relative age difference diminished. We were both very sad when Feri died in his early fifties. But Péter was already in the U.S. then ... Péter Pulay, around graduation from Eötvös University, 1963. Péter's diploma work was on the electronic structure of silane, SiH 4 . Research on silicon compounds was conducted in the laboratory, and silane was selected due to its high symmetry and simple structure: this made it possible to use just one-center basis functions, so integrals were easy to calculate.

  analogous to the well-known Z-matrix program) that we had been using in our group for a long time.However you construct the G matrix, for the final calculation of vibrational frequencies (from G and the force constants matrix F) you have to solve the appropriate eigenvalue equation and for that you inevitably need a computer. Several universities in Budapest had a joint computer center at the Karl Marx (now Corvinus) University for Economics. The Ural II computer there used electronic tubes rather than transistors and occupied a large room. I accompanied Péter to this place quite often, watching the great magician with awe and admiration. If my memory serves me well, running a program could involve a manual (!) intervention: at some STOP point you had to push a switch into the correct position. Real magic! Several students grew up around our group in those days who have become internationally recognized scientists, like Mihály Mezei, Pál (Paul) Mezey, Gábor Náray-Szabó, the late Pál Császár and others. We were all about the same age and became very good friends. One of our favorite pastimes was to go rowing and canoeing on the Danube. Péter might have reminisced about these days much later when white-water canoeing in the Ozarks.Rowing event at the Danube, with sister Ágnes and her husband András.

7 Stuttgart

 7 University in 1970, with his thesis "Ab Initio-Berechnung von Kraftkonstanten und Gleichgewichtskonfigurationen mit Anwendung auf die Moleküle HF, H 2 O, NH 3 , CH 4 and BH 4 -". Back in Hungary, with a sabbatical in the U.S.A, 1970-1980

  Ágnes', sister left, wife right, and children, around 1977.

  complete engine (!); this was necessary just to get access to some other part of the car  I don't remember what. The episode also shows how people lived during the communist regime which was totally incompetent to organize modern society.

  again. Who could have foreseen that the world would change completely in less than a decade, making travel and communication free! In 1981-82, his decision to remain in the U.S. must have been a terribly difficult decision.

  academia from industry; with his wide knowledge, he was instrumental in almost all later developments. Péter and Ágnes Pulay, at the celebration of the Doctor et Professor Honoris Causa titel awarded to Péter by their alma mater Eötvös Loránd University, BudapestAt the age of 65 Professor Pulay seems to be as young as ever. Just a few years ago he spent a sabbatical in Japan. When I was exchanging letters about the present Pulay conference with Professor Kuchitsu, one of the great doyens of structural research via electron diffraction, he wrote me: "do you know that Peter and I have been exchanging messages in the Japanese language?" Just recently, he has bought a new house in Fayetteville where he lives with Ágnes. By the time of the appearance of this volume they will be the grandparents of Emıke's first child.
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