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When Sam Goudsmit was 23, he and George Uhlenbeck hypothesized that the electron had spin. Sam was a well-known atomic physicist working at the University of Michigan when World War II began. During the war he first worked on radar at the MIT Radiation Lab, and then in the waning days of the war in Europe he led a mission to determine how far the Nazis had gotten in developing an atomic bomb. After chairing the Physics Department at Brookhaven, in 1950 APS named Goudsmit Managing Editor of Physical Review and Reviews of Modern Physics; in 1966 he was named Editor-in-Chief. He founded Physical Review Letters in 1958.
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Physical Review Letters (PRL) is celebrating the fiftieth anniversary of its founding in 1958. PRL has already published a short history of itself written by Robert Adair entitled "Physical Review Letters; Sam Goudsmit's Vision" [1]. To round out that presentation, I offer here an equally short biography of Sam Goudsmit. A future article by George Trigg will emphasize his PRL editorial activities. I have written a more complete biography of Goudsmit that is in press [2].

Before founding PRL, Sam was already a famous physicist. He was born in the Hague, Holland in 1902. His career in physics began in 1921 as a graduate student of the renowned Leiden physicist and teacher Paul Ehrenfest. By 1925, Goudsmit had already published ten
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Samuel Goudsmit in 1952. Photo courtesy of Brookhaven National Laboratory.
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papers in Dutch, German, and English journals. In that year, while still a graduate student, he and his fellow student George E. Uhlenbeck hypothesized that the electron possessed angular momentum-that is, spin-in addition to mass and charge [3]. Their motivation was to explain the mystery of doublet and higher order spectral line splitting. Their insight furnished a missing link leading to the final triumph of the then-struggling birth of quantum mechanics.

Goudsmit later noted that electron spin was anticipated more than once. He credited Arthur H. Compton with postulating a quantized electron rotation years earlier. It is well known that Ralph Kronig (1904-1995) had proposed the existence of spin before Goudsmit and Uhlenbeck, but he was discouraged from publishing by Wolfgang Pauli, who felt the concept to be unrealistic. A principal objection, that the model of a spinning electron would require a surface speed exceeding that of light, was eventually overcome, in 1926, by a correct relativistic calculation by L. H. Thomas. In later years, Goudsmit followed through on the spin discovery to exploit nuclear spins in the study of atomic hyperfine structure, which is attributable in part to the nuclear magnetic properties that inevitably accompany nuclear spin.

Helped by their newly acquired fame, Goudsmit and Uhlenbeck moved to the U.S. in 1927, to the dynamic physics department of the University of Michigan, where Sam remained for nine years. It was during this time that he collaborated with Linus Pauling on the famous book The Structure of Line Spectra (1930) and with his graduate student Robert F. Bacher on Atomic Energy States (1932). From known spectroscopic data, Bacher and Goudsmit pro​duced the first book to tabulate atomic energy levels. That book was a precursor to the Charlotte R. Moore series that was later produced at the National Bureau of Standards (now the National Institute of Standards and Technology). Thus, before he was 30 years old, Goudsmit had already established himself as an internationally known atomic theorist. He and Uhlenbeck remained colleagues and good friends throughout their lives.

Sam possessed an inimitable personal style in physics. He was "hands on;" not as formal a theorist as Uhlenbeck, he always sought ways to link theory directly with observation. An example was his development, along with Bacher, of the concept of "fractional parentage," a scheme that enabled them to predict energy levels of unknown states of excited atoms and ions in terms of known ones. The method employs derivations of linear relations that express the unknown energy in terms of observed energy values. They showed that the degree of accuracy in determining such levels increases with the amount of experimental data available. This technique was later used by Amos de-Shalit, Guilio Racah, Igal Talmi, and others in nuclear as well as atomic structure calculations. Goudsmit was among the first to perceive that precision spectral analysis could be used to determine nuclear spins and magnetic moments. In 1933, he published a summary of these properties for nuclei throughout the periodic table. Shortly thereafter, he expanded his interests to neutron physics, publishing several papers on the diffusion of slow neutrons. That research in neutron physics may possibly have played a role in his eventual selection as scientific head of the Alsos project (see below).

As World War 11 began, Goudsmit took leave from Michigan for a temporary position at Harvard University. There he hoped he would be able to contribute more directly to the growing war effort, with the U.S. entry into the war only a year away. Sam was a strong anti​Nazi, and he was eager to participate in the war effort. In 1941, he joined the MIT Radiation Laboratory, enabling him to do this more directly. He played an important role in helping the British deploy the short wavelength (10 cm) magnetron, developed at MIT, in their fighter​based radar.

At some point during the war he was placed in charge of the Radiation Laboratory document room; that turned into a very important assignment-a portent of his later career at Physical Review. The "RLE reports" became a primary source for the huge amount of technical information acquired during the war that proved invaluable to American physics tooling up to return to basic research after the war.

Towards the end of the war, his career took an unusual and dramatic turn when he was made scientific chief of Alsos, the military unit that was established by the U.S. Army to go rapidly into European laboratories as they were being liberated, in early 1945. The Alsos mission was to learn of Nazi scientific accomplishments, particularly those of military relevance, and, most importantly, of the Nazi progress towards developing nuclear weapons. Goudsmit
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personally knew practically every important physicist in Europe because of his residence in Leiden as a favorite student of Professor Ehrenfest. Also, the University of Michigan was the home of a famous series of summer schools where again every major European physicist contributed from time to time. In fact, Werner Heisenberg actually stayed in Goudsmit's house on occasion, and they had become good personal friends. Thus the choice of Sam for this assignment was a wise one, although he himself claimed not to know how or why he had been selected.

Goudsmit and his scientific staff were presented with an extraordinary opportunity to witness at first hand the German nuclear effort. Of course, the earliest fission discoveries had been made in Germany; there was considerable anxiety about its progress towards developing weapons. In fact, the Alsos team quickly learned that Germany's accomplishments were far behind those of the U.S. and Great Britain. Goudsmit wrote an important book about this adventure, Alsos [4]. A reader with interest in the subject of Nazi atomic bomb research would be best advised to go directly to the Goudsmit book, now back in print. That book offers an extraordinarily full picture of those activities, as well as presenting a more general appraisal of German physics and physicists during those unhappy times. Goudsmit describes in detail the Nazi bomb effort, which proceeded sporadically, hindered by German bureauc​racy, Allied bombing, the persecution of Jewish scientists and other dissenters, and other factors.

It was during the Alsos mission that Goudsmit found an opportunity to visit the apartment in the Hague where he had lived as a child. As he describes this event in Alsos, it was unoccupied and had been vandalized, with some of his own childhood possessions and papers scattered about. It must be mentioned here that his parents had been removed to a concen​tration camp and murdered some time earlier. Bacher, in a Goudsmit obituary [5], states, "Sam never did recover the very light touch that he had before the war, but gradually he recovered a fair measure of his old buoyancy."

Over many years Goudsmit and Heisenberg engaged in a coolly polite argument concern​ing the actual quality of the German effort, complicated by some later discredited claims of German passive resistance to bomb research. Even so, Goudsmit states in an obituary [6] of Heisenberg that his scientific accomplishments were "as revolutionary as those of Einstein and as profound as those of Bohr," but he also states "many of us hoped that he would have been more outspoken in condemning the Nazi regime." This was about the most direct criticism that Goudsmit could level at his revered colleague and erstwhile good friend.

After the war, followed by a short period at Northwestern University, Goudsmit moved to Brookhaven National Laboratory, where he soon became Chair of the Physics Department. By then physics had entered the big time, attributable partly to the success of the Manhattan
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Project but also because of the increasingly important role that science in general was playing in the military arena. Goudsmit's days of doing pure physics were over. He acquired important administrative responsibilities and not surprisingly developed into an elder states​man of physics and physics policy, even though he was still only in his late forties. He wrote numerous articles on policy and physics issues and for a while served as a consultant to the federal government on cold war security issues. He was an active supporter of the Federation of Atomic Scientists and strongly defended J. Robert Oppenheimer during his security hearings, even though he was not an uncritical admirer of him.

In 1950, after the death of long-time Physical Review Editor John T. Tate (who was a professor at the University of Minnesota), Goudsmit was appointed Managing Editor of APS's two principal journals, Physical Review and Reviews of Modern Physics. The editor​ships were soon split, with Sam becoming Editor of Physical Review with editorial offices on site at Brookhaven and the editorship of Reviews of Modern Physics being handed to a series of active physicists off site at various home institutions. (It was because of the historic accident that Goudsmit happened to work at Brookhaven that the principal APS publication office to this day is located there, though now in APS's own establishment not very far from Brookhaven's main gate.)

The lead up to the founding of PRL is described in the Adair article and will be covered in even greater detail in the forthcoming Trigg article, so I will not go into detail here, restricting myself to a few general comments. A few important dates: PRL was founded in 1958; Goudsmit was Editor of PRL until 1974. He was the first APS Editor-in-Chief, a position created in 1966 because of the continual growth and proliferation of APS journals. Although he officially retired from APS in 1974 he continued as a journal consultant. At that time, he moved to the University of Nevada, Reno as Distinguished Visiting Professor, a position he held until his death in 1978.

The present style and format of PRL did not spring full blown at its birth. To give an idea of how far the journal has evolved since its founding, Goudsmit, in his first PRL editorial [7] stated, "Since there is little time or none at all for refereeing, most of the decisions for acceptance and for minor alterations will have to be made in the Editor's office." In fact, the peer review process at PRL today is about as rigorous as can be found in any archival scientific journal. Sam remained hands on at PRL for as long as it was humanly possible, despite the ever-increasing demands on his time. His personal involvement is illustrated by his many editorials in the journal, which make great reading even to this day; those editorials can be accessed through the APS Physical Review Online Archive. During the 16 years of his editorship, he produced 73 editorials, ranging over many subjects including acceptance criteria, opinions on priorities, style, relevant subject matter, journal growth (a perpetual problem), "hot" topics, and referee selection.

Sam was the recipient of numerous honorary degrees and awards, including the U.S. Medal of Freedom; he was a Fellow of APS, the American Nuclear Society, and the American Philosophical Society as well as a member of the National Academy of Sciences.

A short biography such as this one cannot do justice to Sam Goudsmit, a person of immense achievement, outstanding character, and enormously attractive personality.

I refer the reader to several sources where a fuller picture of him can be revealed.

First, there is the collection of Goudsmit papers contained at the American Institute of Physics, Center for History of Physics, College Park, MD 20740, consisting of 75 boxes and 30 linear feet(!)-prior access approval required. An oral history transcript, 131 pages long, can be obtained for a modest fee from Oral History Office, Claremont Graduate University, 121 E. 10th Street, Claremont, CA 91711-3911. See also Ref. [2].

*Ben Bederson is a bona fide New Yorker. He obtained his complete education in New York City, from public schools to a Ph.D., from New York University (NYU), in 1950. He served in the U.S. Army during World War 11, mostly at Los Alamos. He

held academic positions at NYU from 1952 until his retirement in 1992; he is now Professor of Physics Emeritus. He was Chair of the Physics Department (1973​1976) and Dean of the Graduate School of Arts and Science (1986-1989). At the
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American Physical Society (APS), he was Editor of Physical Review A (1978​1992). He was Editor-in-Chief from 1993 to 1996 and is now Editor-in-Chief Emeritus. In recent years, he has been active in the APS Forum on History of Physics.
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R. K. Adair, Phys. Rev. Lett. 100, 020001 (2008).

A more complete biography appears in B. Bederson, "Samuel A. Goudsmit, a Biography," National Academy of Sciences Biographical Memoirs (in press), which includes a partial bibliography and a number of other important Goudsmit sources.
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