Paul Ehrenfest and Dutch physics in the interwar period

Following his call to Leiden in 1912, The Austrian-Dutch physicist Paul Ehrenfest held the Leiden chair for theoretical physics for more than twenty years. Working in the shadow of his predecessor, Hendrik Antoon Lorentz, Ehrenfest nevertheless managed to leave his marks on the development of quantum theory in its various phases. His prime contribution to the new physics, developed just before and during the First World War, was the socalled adiabatic hypothesis. After the first World War he became one of the nodes in the European quantum network, and as such a regular contributor to the international meetings dealing with the problems in atomic theory. He maintained strong ties with other important contributors to this ongoing revolution, such as Max Planck, Albert Einstein, Niels Bohr and Wolfgang Pauli.

Here, however, I want to focus on his national rather than on his international role. What traces, if any, did he leave in Dutch physics? To what extent did he put his mark on his various pupils? And to what extent did he interfere with institutional and organizational changes in the Netherlands? Most of my talk will in fact be about Ehrenfests views on the relation between science and society and his attempts to reorient  Leiden university’s place in society.

At the time of Ehrenfest’s arrival, Holland was experiencing what has been called a second Golden Age in the arts and especially the sciences. Physics fully participated in this bloom, especially at the universities of Leiden and Amsterdam. Lorentz and Kamerlingh Onnes had made Leiden one of the main centres of European physics, and Van der Waals and Zeeman followed suit at the new university of Amsterdam. On the treshold of the First World War the Göttingen physicist Waldemar Voigt could proclaim the Netherlands to have become a ‘Grossmacht im Gebiete der Physik’. 

But these successes were narrow-based and their prolongation was highly uncertain. It is perhaps telling that Lorentz was looking abroad for an adequate successor. Cooperation between Dutch physicists at different universities was virtually absent, as was a national society for physics. Career possibilities for young physicists were scarce and in effect almost limited to that of becoming a secondary school teacher, as most of Lorentz’ students in fact did. In spite of Lorentz’ international role as organizer and president of scientific meetings, and the large number of foreign physicists that flocked the Leiden laboratory, Dutch students were not stimulated to visit foreign universities, or even to explore the different fields of expertise at other universities in their home-country.

As Martin Klein has shown, Ehrenfest did his utmost to change the local culture of physics in Leiden. He opened a reading room for science students, arranged grants so as to enable commuting students to lodge in Leiden, stimulated social activities and student discussions of physics, set up a colloquium where students were confronted with current research in physics, and incited the Leiden students to contact science students in Utrecht and Amsterdam. He took a strong personal interest in his students, who often visited the Ehrenfest house. 

Educating research oriented physicists was the prime goal of his teaching. Talented students were subjected to a joint and daily study with Ehrenfest of the topics Ehrenfest was working on. If Ehrenfest felt that there was little more he could teach them, he would send them to other centres in Europe, such as Niels Bohr’s institute in Kopenhagen. He also invited briljant young foreign physicists to Leiden for one or two semesters in order to stimulate his students and complement his own expertise. His methods payed off brilliantly. Almost all of his doctoral students became university professors, both in the Netherlands and abroad.

Through his own work and teaching and that of his pupils Ehrenfest became the Dutch herald of the new physics. Outside Leiden, Dutch physicists were slow to take up developments in qunatummechanics and even relativity. Here we see the dialectics of progress. The strong Dutch tradition in statistical mechanics and thermodynamics led to a neglect of more adventurous topics. During the first world war and the early twenties, theoretical physicists in Amsterdam, Utrecht and Groningen indeed concentrated on statistical mechanics and thermodynamics. This also implied that their students knowledge of modern physics remained somewhat superficial. Ehrenfest pupils who would Dutch chairs in the twenties and thirties, such as Kramers, Coster, and Uhlenbeck gradually updated physics teaching outside Leiden.

The palmy days of  Ehrenfests institute for theoretical physics were the mid twenties. Long term visitors included talented young physicists such as Enrico Fermi, Ralph Kronig and Oskar Klein. Fermi was strongly impressed by the briljant students he encountered in Leiden. They included Gerhard Dieke, Samuel Goudsmit and George Uhlenbeck. Uhlenbeck and Goudsmits work on electronspin did much to raise the institute’s repute. Ehrenfest’s expertise in statistics was highly welcomed by European physicsts strugling with the new quantumstatistics. In fact Ehrenfest even came to Göttingen  to initiate Born and his collaborators in its secrets.

But I now want to talk about a side of Ehrenfest that is perhaps less well known. It concerns his views of the relationship between science and society and his efforts to reform the university. It may seem surprising that a theoretical physicist, committed to pure science and whose prime concern is with esoteric and abstract principles in atomic physics, should establish close ties with Dutch industry. Nevertheless this was exactly what Ehrenfest did. In 1928 he even mobilized his Leiden colleagues to support the establishment of an extraordinary professorship for Gilles Holst, director of the Philips Physical Laboratory in Eindhoven. In their joint appeal, composed by Ehrenfest, the Leiden physicists referred to the recent rise of industrial laboratories, and the resulting demand of young physicists with an interest in and understanding of the particular means and methods  used in such laboratories. It is remarkable that it was Ehrenfest, rather than either De Haas and Keesom, the new Leiden professors of experimental physics who took this initiative. This move, however, was hardly an isolated effort. It reflected Ehrenfests changing views of the relationship between science, the university and society.

Ehrenfests ties with the Philips laboratory date back to the early twenties when he became a regular visitor of the laboratory. It would be premature to attribute these visits to Ehrenfest’s interest in industrial research at the time. His motives were probably more mundane. During the War and the following  revolutionary events in Russia, the Ehrenfests had lost the small capital they had inherited. This was unfortunate because the house they had built in Leiden during the War was encumbered with a heavy mortgage. Always burdened down with financial worries since, Ehrenfest felt a constant need to supplement his Leiden salary. He succeeded in doing so by holding state examinations, an institution which he thoroughly detested, by giving popular lectures in local societies and, above all, by organizing a series of lectures at the Philips laboratory.

Since the First World War the Philips laboratory was becoming one of the main industrial employers for Dutch physicists. In order to attract talented physicists and to stimulate high quality research it seemed pertinent to establish close ties with academic physicists. In fact Philips physicists played an important role in the establishement of the Dutch physical society in the early twenties and they also played a prominent role in the editoral board of the newly founded Dutch journal Physica. 

In 1920 Ehrenfest was invited to acquaint the scientific staff of the Philips laboratory with recent developments in physics. As a result he visited Eindhoven every two or three weeks to lecture on various subjects. From early 1923 onwards he also invited other physicists to speak at the Eindhoven colloquium. The list of invited speakers presents us with  the elite of European physics, both experimental and theoretical. 

These regular visits may well have contributed to his later views of the role of the university in society but they were certainly not decisive in this respect. Far more influentual was his visit to the United States in 1923-1924. In 1921 Robert Millikan had invited Ehrenfest to lecture at the California Institute of Technology for a few months. Although Ehrenfest doubted whether he could teach the Americans anything new, he accepted the invitation because it gave him a chance to meet American physicists, and to make personal contacts on behalf of young Dutch physicists.  

Like other European Academics visiting the US, Ehrenfest was amazed by the practical bend of  the American universities and the extent to which research and education were geared to social needs. The contrast between Dutch and American universities was particularly striking.

At first Ehrenfest felt a strong urge to convert American physicists to his own creed that physics should be studied primarily for its own sake. But after some time he began to appreciate many aspects of American academic life. He was impressed by the weekly lectures for freshmen that dealt with practical issues such as career possibilities. Adding to his enthusiasm was the liveliness and accessibility of the American Academics that compared favorably to the formal and reserved attitude of most of his Dutch colleagues. While touring various American universities he made sure also to visit industrial laboratories.

The short term spin off of  his American trip was exactly what he had hoped for: growing contacts between young Duch and American physicists. In 1925 his student Gerhard Dieke went to Berkeley to work with the American spectroscopist Birge. Two years later Ehrenfests students George Uhlenbeck and Samuel Goudsmit accepted positions at the university of Michigan. In return the young American physicist Ralph Kronig followed Ehrenfests advice to visit Europe and was later to become a professor of physics in the Netherlands.

But the American experience had also affected Ehrenfest in other ways. His student and assistent Jan Tinbergen had at times expressed  doubts about pursuing a career in physics. His strong political committments urged him to devote himself to a task with more social import. Shortly after his return form the US Ehrenfest advised Tinbergen to study mathematical economy as a topic for his dissertation, itself an old passion of Ehrenfest. This was to be the start of a briljant career culminating in the first nobel prize for economics.

In 1928 Ehrenfest took the initiative of lobbying for a chair for the Holst. At the same time he used all his influence to promote the career of a young Dutch experimental physicist, named A. Michels, part time assistent in the Amsterdam laboratory. Michels’ innovative work in high pressure thermodynamics and his considerable technical skills had caught the attention of industrial companies, above all that of the British Imperial Chemical Industries. Fearing that Amsterdam would lose Michels to a British industrial laboratory, Ehrenfest tried to mobilize Duch physicists to support Michels candidature for a Dutch professorship. Although his attempts were not fully succesful, Michels did acquire a position as lecturer. Increasing financial support would eventually enable Michels to develop a strong research group in high pressure physics in Amsterdam.

In 1930 Ehrenfest made a second trip to the United States. This time he was even more impressed by the American system than before. In fact, he wrote a series of letters to the board of governors of Leiden University arguing for the need of reform. Although he was not uncritical of some aspects of the American system, he did believe that the Dutch universities would benefit by studying the American example. He also warned for a future dominance of science by US academics. But although the secretary of the board showed himself sympathetic to much of Ehrenfests concerns, he also expressed his misgivings about the American universities that in his view lacked cultural depth. He did agree however that in the field of science their was a need for cooperation with industry.

This need was also recognized by other Dutch scientists. In 1930 a long awaited National Institute for applied science was finally founded. It was meant to act as an intermediary between the universities and industry. But for some scientists this was only a first step. The following year the chemist Hugo Kruyt, one of the driving forces behing this new institution, published a  brochure entitled University and Society. Like Ehrenfest, Kruyt had also recently visited the United States, and he too was impressed by the way the American universities were integrated in American society. As a result he strongly criticized the Dutch universities, that cultivated their isolation. Instead he spurred the universities to claim a central position in society. Although most of his colleagues were rather critical of his suggestions of academic reform, fearing the Americanization of their time-honored institutions, Ehrenfest agreed with the general outlook of Kruyt’s plea. 

It is perhaps important to note that Kruyt like Ehrenfest did not want to compromise the purity of Academic research. But he did believe in closer contacts with industry, allowing the latter to profit from the fundamental insights of the scientist. He also believed that the more intellectual kinds of technical and professional training should be accomodated by the universities, rather than by independent professional schools.

It may seem appropriate now to adress the question of Ehrenfests more general social and political outlook. The Ehrenfest house at times looked like an assembly point of young socialists and communists. Many of Ehrenfests students and their visiting friends had strong socialist sympathies. Among them were Dirk Coster, founder of the Leiden socialist fraternity and future professor in Groningen, Jan Burger, future professor in Delft, Dirk Struik, the marxist mathematician, the future astronomer Marcel Minnaert, the marxist historians Jan en Annie Romein, as well as Jan Tinbergen.

Although Ehrenfest abhorred all pump and formality, prompting a dislike of high society, he seems to have had no strong ideological convictions. Like Einstein he had been appalled by the waves of nationalism that during the war had taken hold of even those physicists whom he had always admired. But as far as I can see he never was or became a confirmed socialist. Amused by the youthful enthusiasm of his students for various socialist ideologies, he often liked to tease and provoke them. 

His prime allegiance was with his beloved physics and he expected the same devotion to physics from his students.  But partly due to the war, partly due to his American experiences, his social outlook gradually changed. In 1931 he confided in a letter to the Philips physicist Van der Pol that he cherished hopes that leadership would pass from the hands of politicians, military men and businesmen to those of engineers and scientific managers. He referred in this respect to the Utopian views that H.G. Wells had developed from the 1920s onward, and which he admitted to share. 

In numerous books and pamphlets, Wells had tried to move his fellow citizens to overcome national and social boundaries and unite into a global society. The difference with rival utopias of the period, like those promised by communism and christianity, was that this new order was not to be achieved by revolution and salvation, but primarily by science. In Wells’ vision of the rise and flourishing of the World State, scientific knowledge and scientific workers played major parts. Wells ideal then was that of a technocracy. 

Perhaps the most important contribution by Wells to the history of utopian thought was his stress on internationalism, and this strongly appealed to Ehrenfest. In Ehrenfest’s view the international community of physicists posed the prime example of a secular international brotherhood, who spoke a common language and ruled their behaviour in rational ways. Irrational emotions did not get a chance in science.  If economics and politics were developed along scientific lines, they could help te create and shape the structure of the future state. Science thus showed the way.

At the time Ehrenfest wrote to Van der Pol, he had put his main hopes on what he regarded to be the Russian experiment. He sincerely hoped that the industrialisation of Russia would prove a success, and that this would ultimatley result in a transformation of Europe and America along his technocratic ideals. It was probably the perceived scientific approach to economic problems, rather than the communist ideology that Ehrenfest had based his hopes on. In fact the novel by Wells that had above all inspired his views was the Life of Willian Clissold. The leading character in the book develops his Wellsian outlook after having lost all faith in communism and socialism. 

Of course we must not exaggerate the impact of Ehrenfest’s social ideals on institutional reforms. Compared to the role of people like Kruyt, that of  Ehrenfest was less visible. But is was characteristic of Ehrenfests approach of such matters not to speak out in the open. He usually used his influence with colleagues who were in a better position that get things done. The Leiden chair for Holst is one example; his efforts for Michels provide another. Above all, his views are interesting in so far as they are suggestive of more wide spread sentiments in the scientific community in the interwar period. 

For during the 1930s similar hopes and ideals were cherished by more Dutch physicists. An example is provided by Ehrenfests former student Jan Burgers. During the thirties Burgers tried to mobilize the Dutch academy of science and international scientific organizations to spread an internationalist  ideology as a barrier to fascism and Nazism. As some historians have recently pointed out, internationalism and the ‘unity of science’ became the banners of a politicizing scientific community. It is not clear to what extent Burgers and his political sympathizers were influenced by Ehrenfest.

Let me say then by way of conclusion, that Ehrenfest, in many ways an outsider to the Dutch physical community, nevertheless managed to leave many traces in the development of Dutch physics. Not only did he confront the Dutch with the new physics, driven by his views on science and society he also put his mark on institutional developments.

