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Crucial to the establishment of a scientific discipline is a body of knowl-
edge organized around a set of instruments, interpretive techniques, and
regimes of training in their application. In this paper, we trace the
involvement of scientists and engineers at Varian Associates in the de-
velopment of nuclear magnetic resonance (NMR) spectrometers from the
first demonstrations of the NMR phenomenon in 1946 to the definitive
takeoff of NMR as a chemical discipline by the mid-1960s. We examine
the role of Varian scientists in constructing several models of NMR in-
struments for research scientists in the 1950s and the Varian efforts to
influence the adoption of NMR as a standard tool for chemical analysis
through Varian-supported publications, participation in scientific meet-
ings, collaborations with academic chemists, workshops, and postdoc-
toral fellowships. Special attention is devoted to the development of the
Varian A-60, the first commercial NMR instrument intended for the
broadly trained chemist rather than a custom-built tool for the research
specialist. Drawing on an examination of the use-rate of NMR instru-
ments in chemical literature, the assessment of NMR in the chemical
review literature by practitioners, and indicators of the establishment of
a suitable funding environment for the growth of physics-based scientific
instrumentation in the post-Sputnik era, we argue that the establish-
ment of NMR as a discipline coincided with the adoption of the A-60 in
the mid-1960s. During the period of our study, Varian Associates was a
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primary military contractor. This paper is intended to contribute to re-
cent interest in the relation of military funding to scientific enterprise
during the Cold War and to the larger question of university-industry
interactions in the growth of knowledge.

Introduction: Disciplines and Networks of Innovation

Historians of industrial research have provided ample evidence for
rewriting the standard narrative about science as produced solely by
persons in academic institutions and consumed by industry scientists
and engineers as applied academic knowledge. Numerous studies of
Bell Labs, General Electric, and the various Kaiser-Wilhelm-Institutes
have emphasized the contributions to basic science by scientists work-
ing in industry (Hoddeson 1977, 1980, 1981; Russo 1981: LaPorte 1983;
Reich 1983, 1985, 1987; Wise 1983; Feldman 1990; Johnson, Jeffrey A.,
1990; Kline 1992). The history of chemistry and pharmaceuticals is rife
with examples of the mutual stimulation of basic scientific research
by academic and industrial laboratories as well as of the ambitions of
industrial chemists to contribute to the growth of fundamental scien-
tific knowledge and even the construction of new scientific disciplines
(Rossiter 1975; Servos 1976, 1980; Hounshell 1980; Latour [1984] 1988;
Liebenau 1984, 1985, 1987; Hounshell and Smith 1985, 1988; Schling-
Brodersen 1989, 1992; Munday 1991; Jones, Paul R., 1993). Recent work
in several areas of concern to social and economic studies of science
and technology adds further support to the notion that we reconsider
the entire spectrum of traditional assumptions regarding university-
industry relations in the production of knowledge and new technol-
ogy. Gone from recent studies, for example, is the traditional distinc-
tion between “pure,” basic or fundamental, and applied science. In
light of the multidisciplinary character of most contemporary scientific
work and the highly instrumentalized character of most fundamental
science, distinctions between basic and applied are increasingly diffi-
cult to draw in many fields (Rosenberg 1991; Rosenberg and Nelson
1993). Gone too is the linear model of innovation and development that
characterized earlier accounts, replaced by the notion of innovation
as a distributed process, which incorporates the user as adaptor and
modifier of technology, in short as coparticipant in the process of inno-
vation rather than as passive recipient of “black-boxed” technology
(Latour 1987; Hippel 1988; Lundvall 1988; Imai 1992; Trajtenberg 1990).
This notion of innovation as a distributed social process is further sup-
ported by recent social studies and economic studies of the organiza-
tional structures required to capture, support, and manage innovation
at both the firm and industry level. One of the prominent features of
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recent studies of innovation is an emphasis on the role of local cultures,
communities of practice, and situated knowledge in the generation
and accumulation of innovations within organizations (Goodman and
Associates 1988; Brown, Collins, and Duguid 1989; Brown and Duguid
1991). Rather than thinking of groups as bounded entities that lie
within an organization and its view of tasks, this perspective, more
productively, takes groups to be fluid and interpenetrative, often cross-
ing the restrictive boundaries of the organization to incorporate people
from outside. The focus in these innovation studies on interactive dis-
tributed networks of exchange meshes well with recent work on sci-
ence regions, particularly the importance of horizontal, open yet highly
competitive networks of information exchange and knowledge spill-
over in high-tech regions (Blume 1992, pp. 38-73; Kargon, Leslie, and
Schoenberger 1992; Jaffe, Henderson, and Trajtenberg 1993; Scott 1993;
Saxenian 1994). Several recent studies have noted the importance of
shared culture and values in successful examples of innovative knowl-
edge and technology transfer. High-technology innovation requires
experimentation and learning and the rapid combination and recombi-
nation of local skill and knowledge. Saxenian (1994) has argued that
flexible forms of organization that encourage the interdependent link-
ing of firms and public and private educational and training institu-
tions in active social networks rather than the vertically integrated cor-
porate forms of an earlier industrial era are particularly conducive to
the growth of high-tech industries that are dependent on rapid, contin-
uous innovation. The mere agglomeration of self-sufficient indepen-
dent units in the same area is insufficient to encourage innovation and
adaptation in situations of change; geographical proximity must be
supplemented by social structures and institutions that encourage the
sharing of information, mutual trust, and collaboration.

This diverse array of work suggests we consider the production of
knowledge relevant to technoscience networks in terms of a model of
university-industry relations that extends knowledge production well
beyond the walls of the university. Rather than treating university-
industry relations in terms of bounded, sharply delimited organiza-
tions, it may be fruitful to think of universities as participating in a
situated knowledge community and, in effect, to treat the disciplinary
structure of the university as part of a regional knowledge economy.
Indeed, Bruno Latour and Michel Callon have raised this principle to
constitutive status in their “actor-network” theory (Callon 1987; Latour
1987), an approach that gains empirical support from—among other
studies—Erich von Hippel’s work on innovation. Von Hipple points
out, for instance, that innovations in industrial products frequently lie
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outside the organization and among its suppliers or customers (von
Hippel 1988). We might apply this insight more generally to knowl-
edge communities: sources of innovation for knowledge work within
the university might profitably be sought among its customers or sup-
pliers. Focusing on the specific case of nuclear magnetic resonance
(NMR), a field of physics research that came into existence after World
War II, this paper traces its transformation by the mid-1960s into a
discipline of analytical chemistry. Our goal with this example is to ana-
lyze the role of university-industry relationships in the generation of
new technology and the role of the industrial partner in the creation
of new regimes of practice at the core of young scientific disciplines.
The emergence of a new discipline is typically associated with a new
body of scientific theory, together with a collection of applications, re-
search tools, and problem-solving methods. While acknowledging that
disciplines serve and are composed of diverse practitioner communi-
ties, including academic, clinical, industrial, and governmental clien-
teles, studies of scientific disciplines focus mostly on aspects of institu-
tionalization rather than on the construction of scientific and technical
practice. In typical analyses topics such as the construction of a scien-
tific society, a journal, and the creation of academic institutions for
career training take precedence, which may result in an overrepresen-
tation of academics in the processes of knowledge production and dis-
cipline building. But if we consider that most crucially, a new discipline
is invariably linked with a new discipline-specific instrumentarium
and training in its use and interpretation, then we might do well to
consider the role of the industrial partner, particularly the manufac-
turer of instruments, in this process. The focus on the role of instru-
ment makers in the process of discipline formation was explored in
1987 in a pioneering article by Yakov Rabkin on the development of
infrared (IR) spectrometry, but Rabkin’s call for more studies of instru-
ments in discipline formation has not been followed (Rabkin 1987; Bud
and Cozzens 1992; Hankins and van Helden 1994) Indeed, while de-
parting from some of his theses, our own study supports many of Rab-
kin's claims, particularly his central claim concerning the role of instru-
ment companies like Perkin-Elmer and Beckman Instruments in
disseminating IR techniques to university chemists (Sturchio and
Thackray 19884, 1988b).

In this paper, we examine the early history of the development of
NMR in Stanford University laboratories and at Varian Associates of
Palo Alto. Our findings suggest a more active role on the side of the
commercial company in constituting the object of scientific research as
well as the techniques, skills, and standards of interpretive practice



280 Instrument Makers and Discipline Builders

that come to constitute the core of the discipline as practiced by aca-
demics. Since its primary business is supplying an academic market,
Varian, or any scientific instrument company, necessarily engages in
close interactions with that community as part of its business. This
case highlights the diverse range of creative science carried out by
scientists working in industry and their participation in the construc-
tion of a public good at the same time they seek to generate proprietary
knowledge and market advantage. Insights from such cases may sug-
gest ways to illuminate the relations more generally between the uni-
versity and other industry sectors.

The Culture of Innovation: The Stanford Experience and the Formation
of Yarian Associates

Varian Associates was founded in 1948 by, among others, the Varian
brothers Russell and Sigurd, William Hansen, Edward Ginzton, and
Leonard Schiff, who was then head of the Stanford Physics Depart-
ment (Lowood 1987). These men came together to form a physics and
engineering research company on the borders of Stanford partly as
a response to impediments to their research agendas in the postwar
environment at the university. In launching the commercial venture of
Varian Associates, they sought to create a working environment offer-
ing both reliable funding and opportunity to pursue research and de-
velopment interests in classified military technologies that could not
be conducted in an open university environment.

The idea of encouraging startup companies to develop in the vicin-
ity of Stanford had been pursued by Frederick Terman before the war,
his encouragement of William Hewlett and David Packard being the
most celebrated example. But the wartime experience of Frederick Ter-
man, dean of engineering at Stanford from 1946-55 and provost from
1955-65, figures importantly here. Terman was not a founding member
of Varian Associates, but, as Edward Ginzton recalled, “[Terman] was
a mentor of a number of his former students, a partner in the formation
of the company and a very able and wise counsel” (Ginzton 1990, p.
27). Terman eventually replaced Dorothy Varian as a member of Var-
ian’s board of directors. As director of the Radio Research Lab devoted
to developing radar counter measures, located at Harvard during
World War II, Terman, himself an engineer, coordinated a large staff
of research physicists and had responsibility for turning the research
of the lab into devices, overseeing their manufacture at Bell Labs, GE,
RCA, and Westinghouse, and seeing that military personnel were in-
structed in their use. This experience convinced Terman of the impor-
tance and desirability of research eventually leading to a product. In
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writing of his time in the Radio Research Lab, he noted that he had
been impressed by the amount of work required to take a device from
working model to one ready for manufacture (Leslie 1993, p. 54). As
Terman prepared to return to Stanford, he was convinced that in order
to continue the productive cooperation of industries, universities and
government after the war it would be necessary to give engineers edu-
cations more closely matching those of physicists. “Most major ad-
vances,” he said, “were made by physicists and people of that type of
training rather than the engineers”(Leslie 1993, p. 54). As one means
to this end, Terman envisioned a new microwave laboratory on the
campus that would bring physicists and engineers together.

The wartime experience was definitive in several respects for estab-
lishing collaborations between engineers and physicists at Stanford
after the war. A persistent concern both before and after the war was
the search for financial means to support an increasingly expensive
and expanding physics laboratory. Indeed, even alliances between
physicists and engineers at Stanford were driven in part by financial
and equipment needs, a point that became clear during the war to
Felix Bloch, a Stanford nuclear physicist with a theoretical bent, and
William Hansen, Bloch’s colleague at Stanford who was more strongly
oriented toward applied physics than was Bloch. As the following let-
ter from Hansen (working during the war at Sperry Gyroscope in Gar-
den City, New Jersey) to Bloch indicates, some Stanford physicists saw
value in Terman’s vision of a future union of engineers and physicists
in a microwave lab, though for different reasons. In contemplating how
to organize their work after the war, Hansen wrote:

There are obvious reasons for the close connections between any
microwave laboratory and the E.E. Dep't. ... An additional rea-
son for Terman's entering the picture that you might not be aware
of, is that he got the University to set aside money for a new radio
lab, and it may be we could usefully tie onto this non-existent
but promised building. This is especially so since the scheme out-
lined in [another physics colleague, Paul Kirkpatrick’s] letter
seems feasible and definite except for one thing—where do we
put the stuff? [ would like it in or near the Physics Building, but if
this is impossible, we may have to look elsewhere. (Hansen 1942)

Hansen turned to the Stanford microwave group’s equipment needs
again at the end of the letter:

At M.LT, the government is accumulating a fantastic collection
of micro-wave equipment. No one knows what will become of it,
but as a guess I would say that a university with (a) a “Microwave
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Laboratory” and (b) if possible, some spare cash, would have a
good chance of getting a lot of good stuff almost free. This is an
argument for starting such a lab, and if possible, saving some
money along about two or three years from now—whenever one
guesses the war will end. (Hansen 1942)

Another persistent concern of the physicists, implicit in their rumina-
tions about future collaborations with engineers, was the construction
of a compatible research environment in which they were free to define
and pursue their own interests. Since the very beginnings of their work
in microwaves, matching these two criteria—funding and autonomy—
proved to be complicated, in some ways impossible (Galison, Hevly,
and Lowen 1992). From the late 1930s on, the group had experimented
with several support arrangements. Pursuing Hansen’s earlier work on
the rhumbatron, Hansen and Russell Varian, a research associate in
the Physics Department, had invented the klystron tube in 1937, and
Sigurd Varian, who lacked a college degree but boasted considerable
skill in electronics, turned their designs into a working model. This
new device was potentially patentable, and Hansen, in the interest of
securing more research money for his laboratory, had indicated as
much to the university. During the years before the war, a collection of
superb physicists and engineers in microwave physics had been as-
sembled at Stanford, including Hansen, Ginzton, Bloch, Russell Varian,
and David Webster, then chair of the Physics Department. To support
the research of the microwave group, a bargain was struck with Sperry
Gyroscope for the development and manufacture of the klystron. This
arrangement proved only semiworkable: when Hansen wished to pur-
sue a novel, more elegant klystron model, Sperry management insisted
that he stick to a model that would lead to speedier development. The
alliance with a commercial company interested in establishing its pa-
tent situation had the uncomfortable outcome of directing the physi-
cists’ work away from potentially interesting theoretical directions
they wished to pursue.

For some members of the group, the wartime experience with
Sperry Gyroscope proved to be more productive than their prewar ex-
periences had led them to expect it would be. Edward Ginzton, for
instance, recalled the time at Sperry as very productive. The labora-
tories were beautiful and well equipped. “Nobody told us what to
do. ... We were fully aware of military needs, and as a result of this
participation in the military program, we made proposals to the gov-
ernment, and the government would grant us money with which we
could do whatever was agreed upon. Sperry as a corporation never
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participated in guiding this work at all. We were on our own. As the
war progressed, it was obvious that Sperry would be a fine place to
work at for the rest of our lives “ (Ginzton 1990, pp- 26-27). At the close
of the war Ginzton visited Sperry president Preston Bassett to inquire
about the possibility of staying on with the company. Ginzton, like his
other Stanford colleagues, was not interested in staying in Long Island,
however, but in returning to California. Would Sperry consider build-
ing a plant in Palo Alto? The answer turned out to be negative. Deter-
mined to return to the San Francisco Bay area, Ginzton, Hansen, and
the Varians in 1943 formed a plan to construct a company that would
be a small laboratory providing a source of employment for the micro-
wave group. Initially their strategy was to stay clear of klystron work,
for which, in spite of their own expertise, their combined capital of
$22,000 was insufficient to compete with Sperry and other firms with
immense resources poised to manufacture klystrons in high volume.
“All we felt we would do was to get a laboratory started, and since we
were smart enough to invent the klystron before, we would be smart
enough to do something else again. Anything would do as long as it
provided a source of a living” (Ginzton 1990, p. 27).

Everyone returned to Stanford desiring to recreate the institutional
arrangements they had experienced during the war. Ginzton, Hansen,
and the Varians wanted a well-equipped microwave measurement and
instrumentation lab similar to what they had constructed at Sperry in
Long Island, in which a combination of government and industry
funding would support basic unrestricted research aimed at techno-
logies with military and commercial application; Terman, for his part,
returned to Stanford impressed by the “high class operation” he had
observed at MIT (Terman n.d., p. 138). A common pattern emerges in
the ideas about the postwar organization of scientific and engineering
work of individuals we have studied who participated in the Manhat-
tan Project or in the Radio Research Lab. Although we have no evi-
dence that they were directly influenced by Vannevar Bush’s vision for
the postwar organization of science, the views of Terman, Ginzton,
Varian, and others are remarkably consonant with positions outlined
by Bush in his Science—the Endless Frontier and in the appendices to
his report of July 25, 1945, to Franklin D. Roosevelt. Bush was insistent
on the point that war related research had produced new scientific
and technical knowledge that should be transferred to universities and
industry for generating new jobs and stimulating industrial growth
(Bush [1945] 1990, p. 8; Kevles 1977; Reingold 1987). Bush’s report also
advocated the establishment of contracts and fellowships for long-
range military research to be conducted by civilians working in indus-





























































































































































































