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Abstract 
 
 
When solid state physics formed in 1940s America, it was unusual. It violated the 
longstanding convention that physics should only be subdivided according to natural 
classes of research problems or consistent sets of techniques. Instead, solid state 
incorporated a wide range of concepts and methodological approaches that had only the 
most superficial similarities. The unifying force behind the field was the explicit 
professional goal of bringing academic and industrial researchers into closer dialogue. The 
non-traditional manner in which solid state formed was symptomatic of a sea change in the 
American physics community as some physicists in the 1940s began thinking about 
professional and institutional structures as tools with which they could actively define and 
maintain the scope and mission of physics.  
 
This shift had consequences both for solid state, and for American physics as a whole. 
Solid state was initially defined in terms of 1940s professional challenges, and so was 
forced to continually reimagine itself as the context changed around it. Eventually, it 
fractured into subgroups with divergent perspectives about the field’s goals and how best to 
address them. One of these, condensed matter physics, has typically been understood as a 
simple renaming of solid state physics. A close examination of the process by which 
condensed matter emerged, however, indicates that it represented an intentional return to 
defining a sub-disciplinary on the basis of natural phenomena and investigatory 
techniques. Condensed matter physics grew from pointed reactions against the segment of 
solid state that was closely aligned with industry. It crafted an identity that emphasized the 
intellectual puzzles physical studies of complex systems could address. As broadly conceived 
fields like solid state physics established themselves and grew, both in population and in 
influence, physics as a whole became a broader enterprise. Research areas that might 
otherwise have branched off into engineering or become independent specialties were 
offered a place in sub-disciplines like solid state physics. Additionally, other elements of the 
physics community adopted solid state’s mode of discipline formation, making the 
definition of “physics” more fluid and responsive to contemporary professional pressures.  
 
The evolution of solid state physics was guided throughout by a philosophical debate over 
the nature of fundamental knowledge. The disagreement persisted mostly between solid 
state physicists, who advocated the stance that fundamental knowledge could be found at 
any level of complexity, and high energy physicists, who restricted fundamental knowledge 
to the theories and concepts that governed the smallest constituents of matter and energy. 
The progress of this debate was driven by professional concerns about funding and 
intellectual prestige, and the philosophical positions physicists developed helped, in turn, 
to shape the field’s professional infrastructure. 
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Introduction 
– 

Defining Sol id State Physics :   
The Anatomy of a Puzzl ing Sobriquet 

 
 

“Solid state physics sounds kind of funny.”1 
Gregory H. Wannier, 1943 

 
 

I. The Problem 

What is solid state physics? That question and the poverty of the simple answers to 

it motivate this project. In one straightforward sense, solid state physics is the study of the 

physical properties of solid matter. It might also be organizationally identified as the largest 

subfield of American physics for much of the later twentieth century. But those definitions 

are as superficial as they are true. Yes, the physicists who founded solid state in mid-

twentieth century and built it into the largest segment of the American physics community 

were primarily concerned with understanding the behavior of solids, but that casts only the 

palest illumination on those factors that make the field worthy of historical attention. Solid 

matter—rigid though it is—was ill suited to form the topical boundaries of a sub-discipline 

in the 1940s when solid state physics emerged. The physical concepts, theoretical methods, 

and experimental techniques used to investigate solids were frequently just as well adapted 

to studying fluids, gels, plasmas, and molecules. Furthermore, the vast expanse of questions 

physicists could ask about solids, and the equally diverse range of techniques they could 

                                                
1 Gregory H. Wannier, quoted in an untitled document, 1943, Smoluchowski records, NBL, 
Folder 3. 
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use to investigate those questions, made for a diffuse field that initially lacked a set of 

central motivating questions to provide conceptual cohesion.  

 

Figure 1: Bern Porter's Map of Physics, 19392 

The map above (Figure 1) neatly summarizes the difficulty of defining solid state’s 

topical range. Physicist, artist, and disciplinary cartographer Bernard H. Porter drew this 

map in 1939. It identifies several distinct areas of physics such as heat, sound, electricity, 

magnetism, and light, and represents them as geographical features. It is difficult to 

imagine how Porter might have represented solid state had he updated the map a decade 

                                                
2 Reprinted in Charles Bennett, Steve Flammia, and Aram Harrow, “The Quantum Pontiff: 
Instruments for National Philosophy,” accessed 5 May 2013, http://dabacon.org/pontiff/?p=6431. 
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later. Solid state physicists hailed from almost all of the distinct geographical regions Porter 

identifies. The difficulty of locating their work within Porter’s visual schema illustrates the 

fact that solid state is not a discrete region of physics in the traditional sense. It is not a self-

contained assembly of topics and methods that can be conveniently represented as a river, 

island, continent, or other natural outcropping of the disciplinary landscape. 

To approach the question from a different angle, we might invoke familiar and 

illustrative examples. What type of physics has been involved in some of solid state’s most 

visible contributions to science and technology? What do those examples tell us about the 

type of physics that solid state researchers actually do? Magnetic Resonance Imaging (MRI), 

the transistor, and the charge-coupled device (CCD) are some prominent technological 

outcomes of solid state research. The MRI exploits the effects of superconducting magnets 

on atomic nuclei, the transistor exploits quantum effects in the surface states of 

semiconductors, and the CCD takes advantage of the interaction between light and matter. 

It would seem that solid state must therefore have something to do with, at minimum, 

electrical, magnetic, quantum, and optical phenomena. We could expound further 

examples to show that solid state physicists investigate—and exploit in technological 

applications—the acoustic, thermal, and mechanical properties of solids as well. 

This exercise indicates that solid state investigates a wide variety of physics: electric, 

magnetic, and quantum phenomena, heat, light, sound, and mechanical forces. Anyone 

looking at this list would be correct to point out that each of these appears to be a broad, 

but distinct area of physics in its own right, as reflected in Bern Porter’s map (Figure 1). In 



 

4 

fact, this, while not quite exhaustive, is a representative list of the major divisions of 

physical investigation that physicists recognized in the early-twentieth century.3 In the early 

1940s, the War Policy Committee of the American Institute of Physics, which was 

instrumentally interested in defining the scope of physics in order to articulate its relevance 

to war work, made this assumption explicit by defining a physicist as “one whose training 

and experience lie in the study and applications of the interactions between matter and 

energy in the field of mechanics, acoustics, optics, heat, electricity, magnetism, radiation, 

atomic structure, and nuclear phenomena.”4 Furthermore, each of these divisions refers to 

a relatively consistent group of phenomena, each of which had, by the mid-twentieth 

century, a relatively stable suite of theoretical approaches that physicists used to confront it 

(see Table 1, below).5  

Phenomenon Theoretical approach 

Electricity 
Maxwell’s electrodynamics 

Magnetism 

Quantum phenomena Quantum mechanics 
Heat Thermodynamics; Statistical mechanics 
Light Optics 
Sound Fluid dynamics 
Motion and force Classical mechanics; Relativistic mechanics 

 
Table 1: Topical Divisions of Early-Twentieth-Century Physics 

                                                
3 The list excludes astronomy and astrophysics, as well as experimentally defined fields, such as x-ray 
crystallography or electron microscopy. Nonetheless, most physicists would have identified these as 
the most general categories of physics that persisted before World War II. 
4 Quoted in Paul E. Klopsteg, “The Work of the War Policy Committee of the American Institute 
of Physics,” RSI 14, no. 8 (1943): 240. 
5 Each of these categories was broadly internally coherent, but naturally they were not rigid. By the 
1930s, for instance, quantum mechanics was being applied to magnetic phenomena with 
considerable success.  
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Solid state was not the same type of category. It could be argued that the solid state 

of matter is a suitably distinct physical phenomenon, but it did not appear that way from 

the standpoint of physical theory in the 1940s when the field formed in the United States. 

That is, while solidity was an easily identifiable trait of some material aggregates, the 

properties of solids could not be reliably characterized by a consistent theoretical 

approach.6 Whereas Maxwellian electrodynamics served as a single framework with which 

electromagnetic phenomena could be addressed, and physicists could reach for the laws of 

thermodynamics any time they wanted to discuss heat, solids were a medium in which 

phenomena that comprised all the rest of physics might persist, and their investigation 

required employing any number of the above theoretical approaches and a similarly varied 

set of experimental techniques. Solid state was, by the traditional standards of subfield 

formation, an unusual category. It did not follow established patterns of specialty 

formation, but it cannot, at the point of its formation, be unproblematically classified as an 

interdisciplinary field. Solid state represented a desire for a unitary disciplinary identity 

within physics, and although its founders were interested in promoting communication 

with chemists, metallurgists, and engineers, they did not advocate welcoming members of 

those fields into the fold. Its goals were firmly disciplinary, but skirted the traditional 

manners in which American physicists had addressed disciplinary needs. 

                                                
6 The argument might be made that quantum mechanics provides a basis from which it is possible 
to understand, or even derive, most if not all of the properties of solids. However, the unfeasibility 
of such an enterprise in the mid-1940s is indisputable, and so it had little influence on the range of 
methods employed across the entire community of physicists investigating the solid state of matter. 
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Given solid state’s idiosyncrasies, it becomes clear that adequately answering the 

question, “what is solid state physics?” will require something beyond identifying the kind 

of physical investigations solid state physicists pursued. The route to a satisfactory answer 

must address some additional questions: What changes in the physics community allowed 

such an unusual field to form? How did that formation come about? Whose interests did a 

field with such an unorthodox constitution serve? Given the field’s rapid growth into the 

largest subsection of the post-World War II American physics community, what 

consequences propagated as a result of that unorthodoxy and the changes that permitted 

it? In short, why did the field come to exist at all and how did it influence physics as a 

whole? This dissertation investigates those questions, and concludes that the idiosyncratic 

manner of identity formation that made solid state physics the odd field out when it 

formed in the 1940s came to characterize a much larger swath of physics in the United 

States by the end of the century.7 

 

II. Making Space for Solid State in the History of Physics 

Fitting solid state’s story into the prevailing narratives of twentieth-century physics 

poses several historiographical challenges. First and foremost, historians have traditionally 

investigated the relevant era by focusing on other subfields, high energy physics most 

                                                
7 A note on hyphens: Usage of “solid state physics” vs. “solid-state physics” varies widely in both the 
primary and the secondary literature. Generally speaking, however, the hyphen falls away when 
historical actors begin to refer to solid state physics as an autonomous field, rather than using the 
hyphenated term as a more concise form of “physics of the solid state.” In deference to that 
tendency, I use “solid state physics” throughout, except when quotations from other sources follow 
a different convention. 
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prominently. Second, as a result of this focus, solid state has appeared in a disjointed way 

in the historiography. It has typically appeared either as the subject of focused 

examinations of individual research programs, which collectively give little indication of 

how those programs fit into a coherent whole, or a case study in works with other 

interpretive goals. Finally, historians tend to focus on natural phenomena, research 

questions, and suites of techniques as the loci of scientific disciplines and sub-disciplines, 

much in the same way physicists themselves did before World War II. This approach has 

proved fruitful, and has even been fruitfully applied to solid state, but the results of this 

work provide little guidance for the historian investigating the roots of solid state’s 

disciplinary identity. Given this state of affairs, how can historians integrate solid state with 

the prevailing historiographical understanding of twentieth-century physics? As I 

demonstrate in this section, these historiographical biases obscure solid state’s influence on 

the development of American physics. In each case, however, recent literature suggests ways 

in which they might be overcome.  

 

1. Transcending the High Energy Hegemony 

The history of physics through the second half of the twentieth century has 

traditionally been told through the lens of nuclear physics, cosmology, and high energy 

physics, with particular emphasis on the last of these. As a result, the role solid state and 
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allied fields played has been portrayed as subordinate.8 A range of explanations can 

account for the comparative lack of historical attention solid state has attracted. Solid state 

developed mostly away from the public eye. Although a burgeoning American consumer 

culture eagerly embraced the technological products of solid state research—transistors and 

integrated circuits, improved bakeware and stereo equipment, designer alloys—the science 

behind the gadgets remained obscure. It often occurred in industrial laboratories, which 

publicized patents but preferred to keep the details of research with potential commercial 

value under wraps. The ontology of the solid state domain, consisting of lattice structures 

and effective particles, did not capture the popular imagination like atomic nuclei, black 

holes, and elementary particles. Research conducted on lab benches did not provide a 

visual vocabulary evocative enough to compete with mushroom clouds, nebulae, and 

particle accelerators. Finally, solid state was a diffuse field, with no central research 

program historians might follow to describe its goals, achievements, and evolution.  

Others who have tried to tell solid state’s story have identified many of the 

challenges outlined above. In Out of the Crystal Maze: Chapters from the History of Solid State 

Physics, the first thoroughgoing historical investigation of the subject, the editors observe: 

[T]he field is huge and varied and lacks the unifying features beloved of historians—
neither a single hypothesis or set of basic equations, such as quantum mechanics 
and relativity theory established for their fields, nor a single spectacular and 

                                                
8 Chemical physics, plasma physics, fluid dynamics, materials physics, and other areas focused on 
complex systems and/or industrial applications qualify as allied fields of solid state physics, both in 
terms of scientific practice, and in terms of their relationship to the current historiography. 
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fundamental discovery, as uranium fission did for nuclear technology or the 
structure of DNA for molecular biology.9 
 

Solid state, in short, is messy. It does not lend itself to tidy historical narratives. Asking the 

standard questions historians of science have been acculturated to take as starting points—

what is it that solid state physicists do?, what methods do they use?, what theoretical 

program to they follow?—leads to a set of answers too diverse to suggest an enticing 

narrative arc.  

In contrast, particle accelerators, reactors, and a vast nuclear arsenal constitute the 

most visible and psychologically imposing contribution of American physics to the Cold 

War era. Nuclear and high energy physicists were fêted by the media and their council was 

eagerly sought by policy makers. Their facilities consumed billions of taxpayer dollars. In 

part because of the public support and visibility these subfields enjoyed, they also siloed the 

lion’s share of the intellectual prestige physics reaped during the Cold War and their 

soaring rhetoric about the ennobling nature of pure knowledge and the hope of an 

ultimate theory made for excellent copy. These factors ensured that such fields were the 

most obvious exemplars of the American physics community, and historians have reacted 

accordingly. 

The most striking example of how high energy physics has become an exemplar at 

the expense of other provinces of physics is Abraham Pais’s 1988 study Inward Bound. Pais, 

a high-energy-physicist-turned-historian, traces twentieth-century physics as it embraces the 

                                                
9 Lillian Hoddeson et al., eds., Out of the Crystal Maze: Chapters from the History of Solid State Physics  

(Oxford, UK: Oxford University Press, 1992), viii. 
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atom, discovers the nucleus, breaks it apart, and then peers inside protons and neutrons 

themselves. Pais asserts that, for physics, scientific progress has been an inward journey, 

uncovering deeper and deeper layers of the structure of matter and the forces that govern it 

on microscopic scales. For Pais, the laws that govern the smallest things are the most 

fundamental, and so physics in its purest form is a reductionist enterprise.10 On such a 

view, historians are justified in pursuing a narrow focus on the most successful—read, 

reductionist—aspects of the scientific enterprise. 

Pais’s work was a product, in some measure, of its time. It was published while 

hopes were still high for the ill-fated Superconducting Super Collider project. New particle 

discoveries and refinements of the standard model were still an almost annual occurrence. 

Pais, a high energy physicist himself before turning to history, might be forgiven if he was 

caught up in the reductionist fervor sweeping the high energy community.11 I therefore 

present Pais here for metaphorical rather than historiographical ends. “Inward bound” 

implies that the direction of twentieth-century physics was defined by its most visible and 

prestigious subfields. Although few other historians adopt the reductionist view so overtly 

as Pais, the historiographical tendency has nonetheless been to define the key questions in 

the history of physics in terms of the small proportion of the physics community that 

wielded the greatest prestige. 

                                                
10 Abraham Pais, Inward Bound: Of Matter and Forces in the Physical World (Oxford, UK: Oxford 
University Press, 1988). Pais is best known for his Einstein biography Subtle Is the Lord: The Science 
and the Life of Albert Einstein (Oxford, UK: Oxford University Press, 1982). 
11 See Chapter 5. 
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Physicists themselves have encouraged such a tendency. Several prominent 

architects of quantum mechanics and high energy physics have rendered derogatory dicta 

on solid state physics. Wolfgang Pauli, who himself made early contributions to the 

electron theory of metals, derided the physics of solids as “schmutzphysik,” or “physics of 

dirt.”12 The analogous English witticism is commonly attributed to Murray Gell-Mann, who 

reportedly dismissed solid state as “squalid state physics.” These statements might be 

chalked up to sharp-elbowed jousting between competing sub-disciplines, but their content 

indicates the low regard in which some practitioners of other specialties held solid state. 

Similarly, the common invocation of such slights by solid state physicists themselves betrays 

the extent to which some elements within the solid state community have internalized the 

oppositional mindset the insults encourage. Both of these tendencies reinforce the view 

solid state as a subject of secondary historiographical importance. 

In this vein, Helge Kragh suggests in Quantum Generations that quantum mechanics 

was the defining conceptual development of the twentieth century. He leaves the reader 

with a picture of the direction physics is going, framed around questions from Richard 

Feynman, Stephen Hawking, and others about the potential for a final fundamental 

                                                
12 This sentiment has been so often repeated—mostly, as Christian Joas observes, by solid state 
physicists themselves—that its origins are obscure. Christian Joas, “Interacting Fields: Quantum 
Mechanics, Quantum Field Theory, and the Conceptual Borderlands Between Solid-State and 
Particle Physics” (unpublished manuscript, 2011). In reply to the point that Pauli himself 
participated in solid state physics, he would likely have quoted himself: “Man wird hier dem 
Referenten also nicht vorwerfen können, daß er die Trauben deshalb sauer findet, will sie ihm zu hoch 
hängen.” Author’s translation: “Here, therefore, one will not be able to reproach the reviewer that 
he finds the grapes sour because they hang too high for him.” Wolfgang Pauli, “Review: M. Born 
and P. Jordan, Elementare Quantenmechanik,” Die Naturwissenschaften 18, no. 26 (1930): 602. 
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theory, and the subsequent end of physics.13 In the context of this discussion, Kragh 

presents solid state as a peripheral actor—just one of any range of fields that was 

revolutionized as quantum methods swept through the physics community. 

Both Pais and Kragh aimed to give a broad, sweeping account of twentieth-century 

physics, and in such cases detail must necessarily be suppressed. But even the more focused 

works to enter the history of physics canon in recent years have been conditioned by the 

historiography’s longstanding focus on high energy physics. The debate between Peter 

Galison and Andrew Pickering over the epistemic status of knowledge produced in 

accelerator laboratories is an apt example.14 Both Galison and Pickering advance general 

claims about scientific knowledge. Galison, particularly through the example of the 

contested observations of weak neutral currents, aims to demonstrate how science 

converges on consensus. Pickering instead seeks to highlight the contingency of physical 

theory, arguing that both the entities, such as quarks, and the processes, such as weak 

neutral currents, that formed the foundations of high energy physics were contingent. Each 

makes his claim on the basis of examples from high energy physics, and each presents his 

                                                
13 Helge Kragh, Quantum Generations: A History of Physics in the Twentieth Century (Princeton: 
Princeton University Press, 1999), 421–423. More recently, however, Kragh has come out as critical 
of such prognostication. See: Helge Kragh, Higher Speculations: Grand Theories and Failed Revolutions 
in Physics and Cosmology (Oxford, UK: Oxford University Press, 2011). 
14 Peter Galison, How Experiments End (Chicago: The University of Chicago Press, 1987) and Image 
and Logic: A Material Culture of Microphysics (Chicago: University of Chicago Press, 1997); Andrew 
Pickering, Constructing Quarks: A Sociological History of Particle Physics (Edinburgh: Edinburgh 
University Press, 1984) and The Mangle of Practice: Time, Agency, and Science (Chicago: University of 
Chicago Press, 1995). 
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conclusion as general statement about physics rather than as the quirks of one sub-

discipline.15  

Galison asserts in his introduction to Image and Logic: “The stories that follow are 

about physics,” a statement he qualifies by noting their broader connections to 

experimental culture and the ways that culture interacted with the shifting political, social, 

and philosophical contexts of the twentieth century.16 The unarticulated implication of his 

analysis is that the experimental culture that arose around high energy physics provides the 

soundest basis from which to draw conclusions about the experimental culture of physics. 

Galison scrupulously maintains that his case studies are not to be understood as 

generalizable archetypes, and that physics itself should be understood as a collection of 

localized communities that negotiate ways to communicate at their fringes. The hedge is a 

prudent one, given that the questions that he identifies as core to the evolution of 

experimental cultures are heavily inflected by the distinctive types of machines, data 

analyses, ontological commitments, and interpretive difficulties faced by particle 

researchers. 

                                                
15 David Kaiser’s work on Feynman diagrams is another instance, albeit a more innocuous one. 
Kaiser follows the dissemination of Feynman diagrams in a pedagogical context in order to advance 
the larger claim that training and pedagogical practice were crucial drivers of postwar physics. The 
focus on an example from high energy physics poses less of a generalization problem for Kaiser than 
it does for Galison and Pickering, but the inclusion of more works on high energy into the canon 
further entrenches the orthodox view that high energy constitutes the default when considering 
broad trends in American physics. David Kaiser, Drawing Theories Apart: The Dispersion of Feynman 
Diagrams in Postwar Physics (Chicago: University of Chicago Press, 2005). 
16 Galison, Image and Logic (ref. 14), 62. 
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Of course, these stories are about physics. Absent from this discussion and others 

like it, however, is a consideration of the extent to which high energy physics might be the 

exception rather than the rule. The epistemic status of unobservable entities, for example, 

is a worthy question for both historians and philosophers, but it is a question peculiar to 

high-energy physics and plays less of a role in fields like solid state physics, chemistry, or 

biology.17 If we abandon the assumption common among high energy physicists themselves 

that particle research and the quantum mechanical principles that ground it rest at the 

apogee of physical inquiry, we confront the probability that close examination of other 

subfields will present us with a different set of questions to consider. 

A second consequence of the extensive attention historians have focused on high 

energy is an aggregate one: the sheer number of works that take particle physics as 

exemplary create a view from above in which it is the field that dominates twentieth-

century physics. No single author vaulted high energy physics into such a prominent place 

in the historiography, but its presence there has skewed the cumulative narrative that 

emerges. At its peak in 1989, the American Physical Society’s Division of Particles and 

Fields represented only 11.7% of the Society’s membership.18 This figure provides a first 

order indication that paying closer attention to the role of other subspecialties can 
                                                
17 A skeptic might, at this juncture, point to plate tectonics as a counterexample. In this case, 
however, the distinction between unobservable in principle and unobservable in practice is a 
critical one. The burden of proof remains on those who would like to suggest that the high energy 
case is, in fact, generalizable. 
18 See Appendix A for a comprehensive rundown of APS Divisions and their membership 
numbers. In the same year the Division of Condensed Matter Physics (DCMP) enrolled 23.1% of 
the APS. The DCMP had been called the Division of Solid State Physics until 1978. Chapter 4 
contains a discussion of how and why the change occurred. 
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constructively complicate the story of American physics. Recent historical work has begun 

to suggest how such a story might unfold. 

Christian Joas and Jeremiah James, in work developing from the history of 

quantum physics project at the Max Planck Institute for the History of Science in Berlin, 

challenge the supposition that theoretical structures like quantum mechanics were 

completed in the context of so-called “fundamental” physics before being applied to more 

complex phenomena. They have shown how quantum mechanics matured through 

contributions from fields, like solid state and chemical physics, previously dismissed as 

areas where it was merely applied.19 Examining the rich exchange that occurred between an 

assortment of subspecialties and foundation questions in quantum mechanics, Joas and 

James argue, permits a more complete account both of the importance of those 

subspecialties, and of the historical evolution of foundational questions in quantum 

mechanics.  

These insights challenge the completeness of historical narratives told narrowly 

from a perspective built around the explication of quantum mechanics in the progressively 

smaller realms of atomic, nuclear, and ultimately high energy physics. They also provide a 

roadmap for an approach that casts solid state as a crucial component of twentieth century 

physics. The question of where and how fundamental insight occurs in physical research 

                                                
19 Christian Joas and Jeremiah James, “Rethinking the ‘Applications’ of Quantum Mechanics,” 
HSNS (forthcoming); Joas, “Interacting Fields” (ref. 12). 
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has been the subject of considerable debate within the physics community.20 Joas and 

James show that to presume that the story of fundamental physics is a reductionist one 

simply by invoking late-century reductionist dogma obscures critical features of historical 

development.21 

 

2. Piecing together a Fragmented Historiography of Solid State Physics 

Solid state most often appears as the subject of historical inquiry when it serves as a 

case study in works oriented towards other ends. Because solid state physics was a populous 

field that was distributed across many institutional contexts, it naturally appears as a small 

feature of many studies with other foci. Aside from its stalwart place in industry, solid state 

had a strong presence on many university campuses and government installations, 

including the national laboratories. Historians who are primarily concerned with the 

characteristics of these contexts have therefore found a place for solid state in their work. 

Stuart Leslie, for instance, while arguing that Cold War military interests shaped 

scientific research in universities, invokes solid state research in his chapter “A Matter of 

State.” Leslie examines how solid state fit within the network of laboratories at the 

Massachusetts Institute of Technology (MIT) funded by the defense establishment that 

                                                
20 See Chapter 5. 
21 Such a presumption has been a common impulse. For instance, Sam Schweber remarks: “For my 
purposes, ‘fundamental’ refers to physics dealing with the elementary constituents of matter and 
radiation, their properties, their interactions and dynamics.” S. S. Schweber, “The Empiricist 
Temper Regnant: Theoretical Physics in the United States, 1920–1950,” HSPBS 17, no. 1 (1986): 
58–59. 
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sprung up after World War II. He portrays the interdisciplinary nature of the solid state 

group Slater established at MIT and clearly articulates how solid state research drew 

liberally from the resources of related fields. Leslie’s primary motive is to show that 

research at MIT, and also Stanford, became increasingly directed by military money, and 

therefore military interests, through the Cold War. He casts solid state as one field that felt 

the effects of the military-industrial-academic complex.22 

Peter Westwick’s The National Labs: Science in an American System, 1947–1974 

provides a similar example, considering solid state in the national laboratory system. 

Westwick examines solid state and materials science in his chapter on “exemplary 

additions” to the national labs, as they began to grow beyond their Manhattan District 

heritage. Like Leslie, he exposes a critical component of solid state’s interdisciplinary 

collaborations. Also like Leslie, Westwick mobilizes the solid state example in service of a 

larger goal, in this case arguing that the interdisciplinary nature of solid state research was a 

product of the national laboratory system’s singular character, which tended to erode 

barriers between disciplinary frameworks.23 

Studies such as Leslie’s and Westwick’s provide a window into solid state physics as 

it functioned within the assorted institutional context where it took root. But because the 

goals of such studies are not framed with solid state physics in mind, they are difficult for 

                                                
22 Stuart W. Leslie, The Cold War and American Science: The Military-Industrial-Academic Complex at 
MIT and Stanford (New York: Columbia University Press, 1993). 
23 Peter J. Westwick The National Labs: Science in an American System (Cambridge, MA: Harvard 
University Press, 2003). 
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historians who do have solid state as a main interest to synthesize them into a coherent 

picture of the field. Such studies expose some of the characteristic features of solid state, 

such as its ability to thrive in environments where cross-specialty collaboration was 

encouraged, and point to useful directions for further research, but historians should be 

cautious about abstracting the consequences of these scholar’s primary goals to the entire 

field. MIT, for example, was just as often exceptional as it was representative of other 

universities and the national laboratories tended to enjoy looser disciplinary divides than 

did other research sectors. 

An additional strand of research touches tangentially upon solid state physics when 

considering the growth of quantum chemistry. The application of quantum methods to 

chemical questions produced a more traditional chemical subfield, which had significant 

conceptual common ground with the application of quantum methods to solids. Mary Jo 

Nye, S. S. Schweber, and Kostas Gavroglu and Ana Simões have all discussed the 

consolidation of quantum chemistry and its overlap with the physical methods employed 

by solid state physicists.24 Although the invocation of solid state in this context 

demonstrates how fluid the boundaries of the field were, it also increases the 

historiographical emphasis on solid state as a field born from straightforward applications 

of quantum mechanics to complex systems. 

                                                
24 See: Mary Jo Nye, From Chemical Philosophy to Theoretical Chemistry (Berkeley: The University of 
California Press, 1993); Silvan S. Schweber, “The Young John Clarke Slater and the Development 
of Quantum Chemistry,” HSPBS 20, no. 2 (1990): 339–406; and Kostas Gavroglu and Ana Simões, 
“The Americans, the Germans, and the Beginnings of Quantum Chemistry: The Confluence of 
Diverging Traditions,” HSPBS 25, no. 1 (1994): 47–110. 
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Early efforts to write the history of solid state physics qua solid state physics were 

undertaken with tools honed telling the conceptual history of relativity, quantum 

mechanics, and high energy physics. Such efforts, most of which spawned from a grand, 

international collaboration undertaken under the auspices of the American Institute of 

Physics throughout the 1980s and early 1990s, did much to advance understanding of 

specific research programs, but were not designed to create a large-scale picture of the field 

and its significance for twentieth century physics. They tend to focus, for instance, on the 

early twentieth century, a time during which rapid advances in physical theory led to 

equally swift and notable developments in physical understanding of solids.25  

This was a period in which the physics of solids was not grouped into an 

independent professional enterprise and was often undertaken as a secondary project by 

physicists whose primary interest was in the foundational debates that drove the quantum 

revolution. As a result, these early studies could do little to undermine the prejudice that 

solid state was a parochial endeavor that could best be understood as a sidelight to the 

dominant narratives of later twentieth century physics—quantum mechanics, nuclear 

physics, and high energy physics. Hoddeson and Baym, for instance, writing in 1980, 

present the early development of the electron theory of metals as retracing the steps 

                                                
25 See: Lillian Hoddeson, “The Entry of the Quantum Theory of Solids into the Bell Telephone 
Laboratories, 1925–40: A Case-Study of the Industrial Application of Fundamental Science,” 
Minerva 18, no. 3 (1980): 422–447; Lillian Hoddeson and Gordon Baym, “The Development of 
the Quantum Mechanical Electron Theory of Metals: 1900–28,” Proceedings of the Royal Society of 
London A 371, no 1744 (1980): 8–23; Lillian Hoddeson, Gordon Baym, and Michel Eckert, “The 
Development of the Quantum-Mechanical Electron Theory of Metals: 1928–1933,” Reviews of 
Modern Physics 59, no. 1 (1987): 287–326; Walter Kaiser, “Early Theories of the Electron Gas,” 
HSPBS 17, no. 2 (1987): 271–297. 
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followed by theoretical understandings of the atom, implying that new theoretical 

knowledge, developed in a separate context, was progressively applied to the study of 

solids.26 The unintended consequences of this narrative are the presentation of solid state 

questions as secondary, and the assumption—challenged by James and Joas—that they 

played little role in developing foundational physical understanding. 

This strand of history of solid state physics also falls within a historiographical 

tradition focused on individuals and their research groups. Michael Eckert, for instance, 

traces the dissemination of the electron theory of metals by focusing on Arnold 

Sommerfeld as a prolific advisor and effective disseminator of scientific propaganda.27 

Eckert begins with a cautionary note warning that historical work focused on individual 

scientists had, to that point, exhibited hagiographic tendencies and that the genre could 

more effectively document the development and propagation of scientific knowledge.28 

More recent work has been sensitive to historicizing characters who might previously have 

                                                
26 Hoddeson and Baym, “Theory of Metals: 1900–28” (ref. 24). A preliminary indication that the 
trajectory of quantum theory does not map neatly onto solid state is the periodization Hoddeson 
and Baym use. The standard story of quantum physics brings the classical era up to 1913, when 
Bohr ushered in the age of the old quantum theory. This regime persisted until the summer of 
1925, when Heisenberg proposed a fully quantum mechanical theory in the form of matrix 
mechanics. Hoddeson and Baym must strain this framework to make the electron theory of metals 
fit, bringing the classical phase up to the beginning of quantum mechanics in the mid-1920s and 
situating both the semi-classical phase and the transition to a fully quantum framework thereafter. 
The tacit implication that those working on problems in solids had little use for the old quantum 
theory indicates that the picture of a one-way imposition of quantum principles on the theory of 
solids does not fit the historical progression.  
27 Michael Eckert, “Propaganda in Science: Sommerfeld and the Spread of the Electron Theory of 
Metals” HSPBS 17, no. 2 (1987): 191–233. 
28 Eckert, “Propaganda in Science” (ref. 27), 191. 
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been the subjects of uncritical adulation, but the tendency among historians of physics to 

take individuals and their research groups as units of analysis remains.29 

Such an approach works well when considering the early-twentieth-century physics 

community, but is less apt for the context that emerged in post-World War II America, 

especially in solid state and for the goals this project pursues. Populous, geographically 

dispersed, and conceptually inhomogeneous, solid state boasted few individuals who might 

effectively speak for the entire field. The literature addressing “big science” in some 

measure addresses this issue, but that framework is also a poor fit for solid state.30 From a 

personnel standpoint, solid state was certainly sizable, but it was not constructed around 

the large experimental apparatus and staggering sums of federal dollars that defined the 

bigness of nuclear and particle physics research. These approaches—examining the 

influence of individuals in detail on the one hand and the big science approach on the 

other—are well adapted to the ends for which they were originally devised, but their 

inability to motivate a cohesive understanding of solid state suggest that solid state might 

be more effectively considered from the meso-level, where professional networks and 

disciplinary infrastructure evolved. 

                                                
29 Notable examples include Cathryn Carson, Heisenberg in the Atomic Age: Science and the Public 
Sphere (Cambridge, UK: Cambridge University Press, 2010) and Suman Seth, Crafting the Quantum: 
Arnold Sommerfeld and the Practice of Theory, 1890–1926 (Cambridge, MA: Massachusetts Institute of 
Technology Press, 2010). 
30 For an overview of how big science has been used as a historiographical category, see: James H. 
Capshew, and Karen A. Rader, “Big Science: Price to the Present,” Osiris, 2nd Series 7 (1992): 2–
25. The limitations of the big science framework are explored in Catherine Westfall, “Rethinking 
Big Science: Modest, Mezzo, Grand Science and the Development of the Bevalac, 1971–1993” Isis 
94, no. 1 (2003): 30–56. 
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The culmination of the ambitious international project on the history of solid state 

physic was the 1992 volume Out of the Crystal Maze: Chapters from the History of Solid State 

Physics, introduced on p. 8 above, which largely reflects the trends sketched here.31 

Chapters on semiconductors, superconductors, point defects, and other threads that 

composed the solid state confederation highlight the conceptual and technological 

contributions individual researchers in those fields made, but a reader might struggle to 

understand why these contributions belonged together under a single disciplinary 

umbrella. As a result, the intellectual accomplishments of each appear to be small-scale 

advances with little resonance beyond the close circle of researchers who pursued them.  

Crystal Maze was a highly ambitious project based on a series of collaboratively 

researched essays. I present this observation not to claim that it fell short of its goals 

because it did not depict a full picture of solid state’s professional identity or intellectual 

influence, but rather to suggest that the piecemeal approach the editors took was a 

necessary response to the difficulty of launching “the first extended reconnaissance of a 

highly complex and still rapidly developing field.”32 Many of the professional developments 

I discuss later in this dissertation, and which I argue highlight the importance of mid-

century professional developments, were still underway or yet to come at the time the 

research for Crystal Maze was being carried out. 

                                                
31 Hoddeson et al., eds., Out of the Crystal Maze (ref. 9). 
32 Hoddeson et al., eds., Out of the Crystal Maze (ref. 9), xiv. 
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Crystal Maze does contain one chapter that identifies the factors from which a 

coherent picture of solid state might be crafted, and it provides the most critical 

historiographical touchstone for my project. Spencer Weart’s “The Solid Community” 

provides the earliest indication in the historiography that solid state might make sense as a 

self-consistent category when approached using historical methods that highlight its 

unusual constitution.33 Weart examines the solid state community, and the institutional 

bonds that held it together, noting the remarkable way in which a diverse and divergent 

series of research programs became an identifiable subfield of American physics, 

distinguished both by its manifestation in institutional structures and in publication 

patterns. Expanding this line of research, which I attempt to do here, shows that solid 

state’s story is much more central to the arc of American physics than previously supposed. 

Solid state’s surprising and distinctive institutional character became a model for physics in 

the later twentieth century.  

Viewed from this perspective, solid state is emblematic of, rather than peripheral 

to, the historical development of physics. By modulating its scope to address contemporary 

professional concerns, it set an institutional precedent that allowed physics to grow in new 

and unexpected ways following World War II. By establishing the legitimacy of this model 

of community dynamics, its influence persisted even after the dramatic transition in the 

late-twentieth century—discussed in Chapter 4—that saw a subset of the solid state 

                                                
33 Spencer Weart, “The Solid Community,” in Out of the Crystal Maze, ed. Hoddeson, et al. (ref. 9), 
617–669. 
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community rename themselves “condensed matter physicists” in order to establish a 

traditional, conceptually-grounded disciplinary foundation. 

 

3. Rethinking Disciplines 

The traditional view of disciplines, enshrined in the American Physical Society 

constitution and against which solid state rebelled, maintains that scientific disciplines are 

“self-evident reflections of the types of phenomena occurring in nature.”34 This observation 

is due to Gregory A. Good, who uses the case study of geophysics to attack the 

longstanding tendency, among both scientists and historians, to view scientific disciplines 

in this way and to advance the counterargument that “scientific disciplines are thoroughly 

historical entities.”35 Disciplines do not, Good argues, form as a result of a natural 

evolution from research problems, as has often been assumed, tacitly or not.36 Rather, they 

are ever-changing frameworks that emerge as a form of bricolage. They are assembled by 

                                                
34 Gregory A. Good, “The Assembly of Geophysics: Scientific Disciplines as Frameworks of 
Consensus,” Studies in History and Philosophy of Modern Physics 31, no. 3 (2000): 284. 
35 Good, “The Assembly of Geophysics” (ref. 34), 284. 
36 Taking discrete realms of knowledge and coherent sets of techniques to investigate them as the 
starting points for scientific disciplines is an old idea. Thomas Kuhn expressed the orthodox view 
in the course of revising the position he set out in The Structure of Scientific Revolutions: “Similar 
techniques will […] isolate the major subgroups: organic chemists and perhaps protein chemists 
among them, solid state and high energy physicists, radio astronomers, and so on.” Thomas Kuhn, 
“Second Thoughts on Paradigms,” in The Structure of Scientific Theories, ed. Frederick Suppe 
(Urbana: University of Illinois Press, 1974), 462. Although Kuhn has been a lightning rod for 
criticism and revision, this portion of his characterization has remained intact. Along similar lines, 
George H. Daniels identified “preemption,” which he defines as the process by which knowledge 
that was once shared becomes the exclusive province of a subgroup, as the first stage of discipline 
formation. George H. Daniels, “The Process of Professionalization in American Science: The 
Emergent Period, 1820–1860,” Isis 58, no. 2 (1967): 152. 
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scientists who are responding to a range of pressures brought about by conceptual 

challenges alongside professional, institutional, and methodological factors, and they 

respond malleably to those same factors once they are established.37 

Solid state provides an instance in which Good’s framework can be usefully 

applied. Not only was solid state a sub-discipline formed by forces other than those 

provided by natural categories, it formed in spite of those categories. The story of how solid 

state emerged as a disciplinary response to the professional and institutional challenges the 

physics community faced in the 1940s is presented in Chapter 2. Viewed from the 

perspective of discipline formation, the solid state case study lends support to Good’s 

argument that disciplines should be understood as contingent historical phenomena, 

which emerge, evolve, and sometimes dissolve in ways that reflect the diverse needs to 

which scientists respond in their professional lives, rather than the structure of the natural 

phenomena they are organized to investigate or the ensembles of techniques scientists 

mobilize to investigate them. 

S. T. Keith and Paul Hoch have specifically considered how solid state can ground 

a more sophisticated understanding of discipline formation. They consider the case of the 

United Kingdom, and the University of Bristol in particular, to argue that solid state 

represented a “re-conceptualization of existing objects of inquiry—the creation of a new 

                                                
37 Usage note: the term “discipline” here is used both in the specific sense of “high-level division of 
the sciences,” such as physics, chemistry, and biology, and in the more general sense of “any 
reasonably distinct group of researchers.” As a result, I refer to solid state both as a discipline and as 
a sub-discipline or subfield. I restrict the latter usage to places where I refer to solid state in its 
capacity as a sub-discipline of physics, in particular in relation to other sub-disciplines. 
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gestalt of cognitive/social interest—in this case actively promoted by key figures in structural 

crystallography and physical metallurgy.”38 The particular specialties that grounded solid 

state physics varied from locale to locale, but two general lessons nonetheless remain. First, 

in line with Good, solid state cannot be understood either as a progressive evolution from 

existing research areas or as a reflection of natural categories of knowledge. Second, the 

field was actively and intentionally constructed and it was defined by the interest and aims 

of those doing the constructing. 

Taking this lesson seriously, we must accept that any history of solid state will be 

shooting at a moving target. Understanding the dynamic evolution of the bricolage that 

was the discipline is as much a part of the solid state story as the research programs that 

became most closely identified with it. Under the traditional view, solid state must have 

formed by establishing professional structures around physical investigations of solids, 

prompting historians to look towards those conceptual threads to find the origin of the 

field and the source of its identity.  

The influence of this view on previous treatments of solid state is evident. Kragh 

writes: “The scientific core of the new discipline, the theoretical framework that gave it the 

necessary cognitive coherence, was the application of quantum mechanics to the solid state 

of matter.”39 Such an analysis obscures the fact that many members of the early solid state 

                                                
38 S. T. Keith and Paul K. Hoch, “Formation of a Research School: Theoretical Solid State Physics 
at Bristol 1930–54,” The British Journal for the History of Science 19, no. 1 (1986): 44. 
39 Kragh, Quantum Generations (ref. 13), 366. See Chapter 2 for a more detailed discussion of the 
composition of solid state physics at the time of its institutional incorporation. 
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synthesis had no interest whatsoever in quantum methods. In fact, solid state in its early 

days lacked the “necessary cognitive coherence” that was the hallmark of other specialties. 

Crystal Maze offers a more apt characterization, observing: “Solid state physics owes what 

unity it has simply to a common concern with solid materials, but this quality allows such a 

large range of theories and methods that the field resembles a confederation of interest 

groups rather than a single entity.”40 Although it recognizes the full extent of solid state’s 

diversity, Weart’s treatment still searches for unity in the conceptual realm. In doing so, it 

gives short shrift to the strong institutional ties that bound solid state together in its early 

days.41 

The advantage of Good’s framework should thus be clear. When considering 

disciplines, we must take into account their conventional attributes, their protean nature, 

and the ways in which they react to contemporary contextual pressures. Natural 

phenomena and shared investigative approaches might serve as a touchstone for some 

disciplines—this was certainly true in the case of high energy physics, for example—but that 

does not make them essential features of discipline formation. Much of the previous 

historiography, by assuming that conceptual commonality must lie at the heart of solid 

state physics, ultimately obscured the very features that make it such a fascinating and 

instructive case.  

                                                
40 Hoddeson, et al., Crystal Maze (ref. 9), viii. 
41 See Chapter 2. 
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Happily, the historiographical groundwork exists to overcome the challenges 

outlined in this section. James’s and Joas’s recognition of the rich conceptual interplay that 

occurred between solid state and other fields to help forge the foundations of quantum 

mechanics can help overcome the historiographical prejudice towards high energy physics 

as the marquee physical sub-discipline and primary heir to the legacy of the quantum 

revolution. Weart outlines a framework for understanding how the solid state community 

took an active role in crafting its place in the larger world of physics by deviating from the 

established norms of defining specialties. Good offers a way to conceptualize disciplines 

that can make sense of the various ways solid state physicists responded to evolving 

professional, social, and political pressures when involved in that structuring process. This 

background provides the basis for a disciplinary history of solid state physics that 

approaches the field on its own terms and exposes the complex network of structural 

pressures that brought the field into existence and mediated its place in, and influence on, 

twentieth-century American physics. 

 

III. The Argument 

Prewar orthodoxy held that physics should be subdivided as little as possible, and 

then only in parallel with nature itself. Early twentieth-century sub-fields like mechanics, 

thermodynamics, and electromagnetism were based on well-defined research areas, which is 

to say that the conceptual content of physical research drove disciplinary structure. The 

assumption that the structure of physics should mirror the structure of nature was so 
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widely accepted that it rarely needed articulation. The prewar American physics community 

was small, and structural questions could be negotiated easily through personal 

relationships. Explicit expressions of this tenet emerged only when the American Physical 

Society, having blossomed through the 1920s, set down provisions guiding the formation 

of any future divisions. These provisions, enacted along with the establishment of the 

American Institute of Physics in 1931, mandated that any division of the Physical Society 

be formed around well-defined topical criteria. 

The emergence of solid state physics was possible only after challenges to this 

deeply held assumption emerged. It required the ascent of a group willing to define 

themselves by other means. Such a group, the Group of Six discussed in Chapter 2, formed 

the original nucleus of what would become solid state physics. In response to demands 

from industrial physicists, who felt alienated from the academia-dominated Society—which 

borrowed its early identity from Henry Rowland’s impassioned advocacy of pure science—

the Division of Solid State Physics demarcated a new province of physics conventionally. 

That is, solid state physics was brought into being on in the wake of the communal 

agreement that the new division have the authority to organize the physicists whose work 

related to the properties of solids. The subsequent success of the new sub-field owed much 

to its ability to tweak its boundaries to respond to evolving professional demands. Their 

success had wide-ranging effects. The de facto legitimacy of conventionally defined 

subgroups challenged earlier definitions of physics itself, entailing a broadening of the 

discipline to include groups that previously might have branched off into engineering. 
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The self-consciously conventional nature of solid state physics freed its members to 

proactively organize the professional mechanisms and institutional edifices that defined 

their field. Members of the solid state community took active measures to police the field’s 

boundaries, define its scope, and formulate its aims. To describe this intentional 

organization process, I use the term “structure” and its derivatives in two distinct, but 

related ways. First, it refers to the professional and institutional edifices—the organization 

of professional societies, journals, conferences, laboratories, and other such focal points of 

the professional community—that guided the establishment and development of solid state 

physics. Second, it describes the active and conscious attention solid state physicists paid to 

maintaining and modifying—that is to say, “structuring”—their disciplinary entente. This 

term emphasizes the intentional way in which solid state was defined. Solid state physicists 

did not just build disciplinary machinery, which appeared in all branches of American 

physics through the second half of the twentieth century, they built that machinery with 

the express intent of using it to define their field, which otherwise lacked an obvious focus 

for disciplinary identity. The intentionality of solid state physicists’ disciplinary 

maneuvering contrasts the fields most often taken as paradigm examples of post-World 

War II American science, like nuclear and high energy physics, which remained tightly 

organized around distinct phenomena.  

The intentionality of solid state physicists’ professional efforts also offer a 

counterpoint to assessments of Cold War physics that portray physicists as being swept 

along by the militarization of American physical research. Paul Forman, Stuart Leslie, and 
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David Kaiser in particular have discussed how changes in the processes of government 

support of science, the reorganization of academic institutions, and the modification of 

community structures and pedagogical practice brought about by an burgeoning 

population forced physicists into a regime of routinized knowledge production defined, 

from the top down, by military interests.42 Attention to the careful way in which solid state 

physicists structured their field complicates this story by exposing the agency physicists had 

to manage these disruptive changes. This project therefore suggests that the place of physics 

within the military-industrial-academic complex was the result of a complex negotiation 

between physicists’ conceptual and professional needs and the context imposed by Cold 

War political realities. 

Solid state was odd in the 1940s. Its constitution by community convention set it 

apart from other fields of physics. As the twentieth century wore on, however, physics as a 

whole diversified and solid state’s distinctive manner of organization grew more common. 

The following suggests that, as a result, American physics writ large can be best understood 

as a self-structuring enterprise existing in the same mode as solid state physics. Its 

boundaries were drawn by convention and institutionally enforced. This picture is a direct 

contrast to the common understanding that the course of twentieth century physics as a 

whole proceeded much like that of particle physics: as a quest for increasing conceptual 

                                                
42 Paul Forman, "Behind Quantum Electronics: National Security as Basis for Physical Research in 
the United States, 1940–1960," HSPBS 18 (1987): 149–229; Stuart W. Leslie, The Cold War and 
American Science: The Military-Industrial-Academic Complex at MIT and Stanford (New York: Columbia 
University Press, 1993); David Kaiser, “Cold War Requisitions, Scientific Manpower, and the 
Production of American Physicists after World War II”, HSPBS 33, no. 1 (2002): 153–154. 



 

32 

unification. The model provided by solid state physics as it came together and stayed 

together provides a more apt characterization. The physics community factionalized after 

World War II, but nonetheless remained a single field through the later twentieth century. 

It could do so, in large part because of a communal consensus to be ecumenical about what 

could count as physics. 

 

IV. Plan of the Dissertation 

Solid state physicists’ structural endeavors continued to shape their field, including 

its topical scope, disciplinary relationships, and professional standing, as the field grew and 

matured through the twentieth century. The earliest and most evident way in which this 

occurred was through the American Physical Society, which was both the site of the field’s 

first incarnation as a distinct entity, and the mechanism that cemented the name “solid 

state” for the field. Institutional efforts are only part of the picture, however, as solid state 

physicists intervened in publication practices, the name of their field, funding patterns, 

and intellectual prestige hierarchies as they attempted to make—and remake—their field for 

the evolving professional context in which they found themselves. The chapters that follow 

consider the various ways in which solid state physicists structured their professional 

activities and thereby clarify solid state’s importance for twentieth-century American 

physics. 

Chapter 1 sets the stage by examining shifting professional conditions during 

World War II. As physicists became aware of their skyrocketing cultural currency and 
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challenges posed by managing a rapidly growing population, they quickly developed 

strategies to exploit their newfound popular support while managing their swelling ranks. 

They focused attention on how to guide their profession through the transition to 

peacetime while preserving the approbation and influence they had won as a result of their 

fabulously successful contributions to the war effort, in the form of the atomic bomb, 

radar, and operations research. Concerted manipulation of professional evolution helped 

to erode the conviction, which was still strongly held in some parts of the community, that 

physics was defined exclusively as the pursuit of a special and natural kind of knowledge 

and the formation of general principles on the basis of that knowledge. As physicists 

became active agents in the structuring of their discipline, the possibility emerged for 

subfields to form that were defined by convention, imagined to meet specific professional—

rather than conceptual—exigencies. These conventionally defined subfields were categories 

of physics that were created, irrespective of their internal conceptual consistency, in order 

to meet immediate professional challenges. 

The first and fastest growing of this new breed of subfield was solid state physics, 

the emergence of which is the subject of Chapter 2. Debates surrounding efforts to form a 

new division of the American Physical Society dedicated, at first, to metals, unfolded 

around competing perspectives on the conventionalist turn that was underway. The form 

solid state physics ultimately took was a product of these tensions. It was designed to 

answer pressing professional challenges of the 1940s, particularly the widespread exclusion 

of industrial physicists from the disciplinary power structure, but was also forced to meet 
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the insistent demand that it form around some semblance of a topical core. Those 

responsible for establishing solid state remained adamant that physics should include a 

space for industrial researchers, driven in part by the cautionary tale of electrical 

engineering, which had made key contributions to American society after establishing itself 

as a specialty apart from physics. The enthusiasm of those with an inclusive perspective was 

tempered by forces within the American Physical Society demanding that any officially 

sanctioned division of the Society obey a minimum criterion of topical coherence. Solid 

state, in its constitution, was forced to mediate between these constituencies, and this 

manner of formation built an inherent tension into the field. Solid state succeeded in 

some measure to bring together academic and industrial, basic and applied physicists, but 

it did so only by bringing together groups that had, and continued to maintain, opposing 

perspectives on how physical research should be organized. The fault line was initially 

latent but would cause substantial tremors later in the century. 

Chapter 3 follows the new field as it reached maturity—with all the attendant 

tumult of adolescence—in the 1950s. A ballooning population of both solid state physicists 

and physicists generally strained the existing professional infrastructure. One symptom 

became known as the “publication problem.” Physics journals, most notable the Physical 

Review, struggled to keep up with an ever-increasing volume of papers from a growing 

menagerie of sub-specialties. The debate about how best to cope with a growing volume of 

papers became a surrogate for persisting questions about how best to organize physics. 

Amid these pressures, solid state physicists considered casting their lot with the chemists, 
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or branching off their publications into a new journal. Both of these options proved 

unpalatable, and solid state doubled down on its affiliation with physics, reinforcing, for 

the time being, the legitimacy of the conventionalist model it had pioneered a decade 

earlier. 

The instabilities built into solid state physics in the 1940s began to show in the 

1970s. Their effects on the field are the subject of Chapter 4. Many solid state physicists 

remained troubled by their field’s funny-sounding name, and the arbitrary definition that 

went along with it, and sought out alternate ways of categorizing themselves. The field of 

condensed matter physics emerged, which sought to encapsulate a swath of research with a 

more uniform conceptual and methodological composition. Condensed matter physicists, 

on balance, were concerned with the intellectual reputation of solid state physicists, which 

they felt had suffered as nuclear and high energy physics became the marquee fields in the 

eyes of the American public and federal funders. As a result, they made the distinctive 

intellectual challenges posed by many-body systems the touchstone of condensed matter 

physics. This analysis reveals the inadequacy of the shorthand, commonly used by both 

historians and physicists, that identifies condensed matter as a simple rebranding of solid 

state.43 

                                                
43 This tendency is explored in more detail in Chapter 4, but one representative example comes 
from Helge Kragh’s gloss on solid state, in which he writes: “It was only after World War II that the 
new science of the solid bodies, later to be called condensed-matter physics, took off.” Helge Kragh, 
Quantum Generations: A History of Physics in the Twentieth Century (Princeton: Princeton University 
Press, 1999), 366. The implied continuity between solid state and condensed matter obscures the 
way in which solid state was adapted to the professional pressures of the 1940s, and as such had a 
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In counterpoint to the rise of condensed matter, materials science began to grow 

around the same time. Whereas physicists themselves pioneered condensed matter as they 

looked for a new way to classify themselves, materials science was a top-down imposition by 

the United States defense establishment, developing in the university-based 

Interdisciplinary Laboratories funded by the Advanced Research Projects Agency and 

reinforced by federal funding categories. As an interdisciplinary field created to meet 

immediate contemporary technological goals, materials science was a reprise of the 1940s 

conventionalist formula for discipline formation within the 1970s professional context. As 

these parallel trends evolved, solid state lost its disciplinary coherence, and the fragile 

alliance it had enacted between academic and industrial style research dissolved. 

Finally, Chapter 5 steps back to examine a sweep of time from the late 1930s to the 

early 1990s, considering how evolving perspectives on the nature of fundamental research 

within the solid state physics community had a continual shaping effect on field. 

Fundamentality was considered through the mid-twentieth century to be an attribute of 

that research that could serve as a sturdy foundation for further research. This conception 

grounded early solid state-focused installations such as the National Magnet Laboratory. A 

different perspective was incubated in the particle physics community in the decades after 

World War II. This view was explicitly reductionist, maintaining that the most 

fundamental insight could be had only among the elemental constituents of the universe. 

                                                                                                                                            
range and mission that were distinct from that of condensed matter when it emerged later in the 
twentieth cenutry. 
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In response, solid state physicists reformulated their own conceptions of fundamentality, 

developing views that maintained the explanatory independence of higher-level 

phenomena. These opposing perspectives developed through the 1960s and 1970s as 

federal funding for physics was becoming more restrictive, leading to harsher internecine 

tensions within the physics community. Solid state and high energy physicists eventually 

came into direct, high-stakes conflict about the nature of fundamentality during public 

debates over the Superconducting Super Collider (SSC) in the late 1980s and early 1990s. 

While high energy physicists defended the machine as the culmination of the reductionist 

enterprise, solid state physicists complained that it represented the worst excesses of 

megascience and maintained that the billions of dollars earmarked for the SSC could be 

spent on more relevant and equally fundamental small-scale science. Throughout this 

process, perspectives on fundamentality had structural consequences at successive levels of 

scientific organization, from individual installations to discipline-level politics, and even to 

the national scientific infrastructure. 

The conclusion uses the foundation set down in these chapters to reflect on the 

consequences of solid state’s unusual origin on the field, and the subsequent impact solid 

state physics had on the broader physics community. It suggests, first, that the approach to 

the history of solid state physics described here better captures the distinctive features of 

the field than previous efforts have. Second, it proposes some ways in which a more 

thorough understanding of this underexplored area can reform the predominant narratives 

of twentieth century physics. Standard histories of physics have subverted solid state’s 
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significance in several ways, outlined above. This project expands on scholarship that 

transcends the historiographical challenges that solid state poses to show both how solid 

state physics contributed in often unexpected ways to the larger arc of American physics in 

the twentieth century, and how the approach used to describe solid state here can be 

instructive for the history of twentieth-century physics an a whole.  
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Chapter 1 
– 

The United States of Physics : 
American Physic ists Plan to Bel l  the Cat, 1940–1945 

 
 
“Possibly the ‘colonization’ of virgin territory could best be left to the central organization rather than 
a matter of dispute among ‘states.’”1 

Wallace Waterfall and Elmer Hutchisson, 1944 
 
 

I. Introduction 

The fable of the bell and the cat tells of a group of mice convening to develop a 

plan for managing a cat that threatens their wellbeing. The mice vigorously debate their 

options, ultimately settling on a proposal that calls for hanging a bell around the cat’s neck, 

so that the mice might hear it approaching. When it comes to deciding who will take up 

the task of belling the cat, however, volunteers become scarce and excuses abundant. Karl 

K. Darrow, Secretary of the American Physical Society, invoked this fable to describe the 

state of American physics in the 1940s. The community was in broad agreement that 

change was afoot and that American physicists should do something to manage that 

change and prepare for post-World War II conditions, but few were willing to sacrifice 

their own interests. 

This was the context in which solid state physics emerged. That emergence was 

made possible because of a shift in the way some American physicists conceived of their 

field as it underwent substantial institutional changes in the 1940s. Before World War II 

                                                
1 Wallace Waterfall and Elmer Hutchisson, “Organization of Physics in America,” JAP 15, no. 5 
(1944): 409. 
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the physics community was small and divisions within it slight. To the extent that physicists 

were subcategorized at all, they were broken down by approach—theorist, experimentalist, 

spectroscopist—or by the phenomena they investigated—cosmic ray physicist, quantum 

physicist. Moreover, these distinctions were malleable, and an individual might transition 

seamlessly among them on the strength of a paper or two in Physical Review.2 

Phenomenological divisions ensured that the discipline of physics mirrored physicists’ 

picture of nature. The community was categorized only to the extent that nature itself was a 

collection of different phenomena. Solid state was a different matter. The solid phase was 

not so much a physical phenomenon as it was one incidental background against which 

the phenomena that were of real interest to physicists occurred. It was the medium in 

which electricity, magnetism, quantum effects, heat, mechanics, acoustics, optics, and so on 

produced their interesting and useful effects. The idea that the solid state, in and of itself, 

could form the nexus of a new sub-discipline was alien to the way of thinking that took 

nature to be the ultimate arbiter of legitimate disciplinary structure. 

What happened? What changes allowed the subfield that would rapidly become the 

American physics community’s largest to form in 1947? That story is the subject of this 

                                                
2 Arthur Holly Compton’s career provides an excellent example. In the mid-1910s he worked 
largely on the thermal properties of solids before transitioning into x-ray spectroscopy, leading up to 
his classic 1923 paper on what became known as the Compton Effect. Arthur H. Compton, “A 
Quantum Theory of the Scattering of X-rays by Light Elements,” PR 21, no. 5 (1923): 483–502. He 
subsequently developed an interest in cosmic rays, papers on which dominated his curriculum vitae 
through the 1930s. See: Roger Stuewer, The Compton Effect: Turning Point in Physics (New York: 
Science History Publications, 1975). Spencer Weart makes a similar observation and provides 
additional examples in “The Solid Community,” in Out of the Crystal Maze: Chapters from the History 
of Solid State Physics, ed. Lillian Hoddeson, et al. (Oxford, UK: Oxford University Press, 1992), 619–
620. 
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chapter. It unfolds as the extended metaphor, originally advanced by the physicists who 

helped precipitate the change, of the physics community as a nation. The nation of which 

American physicists imagined themselves a part was structured much the same way, and 

faced many of the same challenges, as the United States itself. As physicists began to take 

greater charge of the evolution of the United States of Physics, they reevaluated what 

should or should not be defined as a state within the fractious union. 

We can cast this transition in terms of two understandings of the word “physics.” 

The first, the hallmark of the traditional method of subdividing the discipline, refers to 

features of the world. So the “physics of heat” would refer to the empirically accessible, 

rigorously characterizable regularities that persist in systems that obey thermodynamic laws. 

I refer to this as the naturalistic meaning. The second usage, the conventional meaning, 

does admit solid state as a valid subfield. It describes the practice of physicists. Under this 

definition “physics of heat” would refer to the network of physicists interested in studying 

thermal phenomena, the types of questions they ask, the methods they use to investigate 

those questions, the articles they publish, the conferences they hold—in short, to the 

community of heat physicists and the structures that support them. Under the naturalistic 

meaning of the term, “solid state physics” makes little sense, as it is not suitably distinct 

from “physics of heat,” “optics,” “acoustics,” “quantum mechanics,” “electromagnetism,” 

and other neatly defined topical areas. The solid state, as a phase of matter, expresses the 

“physics” (in the first sense) of each of these phenomena; it has very little physics all its 
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own. To the ear of someone using “physics” in this way, “solid state physics” would 

therefore sound quite strange. 

The conventional meaning of “physics,” however, does provide for the possibility of 

“solid state physics” without any contradiction or uncomfortable overlap. If a group of 

physicists were to come together as a recognizable community, and if that community 

happened to be broadly interested in investigating solids, then “solid state physics” (in the 

second sense) is a perfectly reasonable designation. Daniel Kevles invokes this conception 

of physics when he writes, “physics is what physicists do.”3 In the 1940s that view began to 

gain momentum. The transition, however, was not so obvious as Kevles’s slogan suggests. 

The first notion of “physics” still held considerable sway among the physics community’s 

power brokers. Before solid state could become a viable category a substantial portion of 

the American physics community had to accept the second meaning of “physics” as a valid 

usage. The conditions emerged around World War II that allowed just such a transition to 

take place, but it occurred with considerable controversy and only subsequent to other 

changes within the field. 

Stanford microwave researcher William Hanson articulated the issue, and 

demonstrated its centrality to American physics in the 1940s, in a letter to his colleague 

David Webster, also of Stanford: “How many physicists do you know who have discovered 

a law of nature? You have, I know, and so has Compton and perhaps one or two others I 

                                                
3 Daniel J. Kevles, “Cold War and Hot Physics: Science, Security, and the American State, 1945–
56,” HSPBS 20, no. 2 (1990): 263. 
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don’t know or think of. But really, it seems to me, this privilege is given only to a very few 

of us. Nevertheless the work of the rest is of value.”4 The two were quibbling over whether 

the microwave work being done at Stanford before the war could be reasonable counted as 

physics. Hanson expressed the view, which was gaining popularity at the time, that the 

criteria for defining “physics” be relaxed to include a broader range of activities that were 

not self-consciously directed towards formulating general principles, but nonetheless 

employed physical methods and investigated relevant phenomena. Although Hansen’s 

position resonates with Kevles’s view that the definition of physics is an empirical question, 

the matter was by no means settled in the 1940s, and the opposite view had considerable 

clout. 

As the question of how to define physics became more central to the discourse of 

the 1940s, the APS underwent substantial restructuring. Growth in the sheer number of 

American physicists rendered existing professional structures inadequate to address all of 

their needs. The Society membership, 2484 strong in 1930, sat at 3751 in 1940 after a 

decade of steady growth. Within five years the rolls had already bested the previous 

decade’s increase, swelling to reach 5070 in 1945. By the end of the 1940s, the Society was 

flirting with the 10,000-member mark (see Figure 2, below).  

 

                                                
4 William W. Hansen, letter to David L. Webster, 4 February 1943, Bloch papers, SUA, Box 1, 
Folder 20. 
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Figure 2: APS membership, 1930–19455 

Rapid expansion led to similarly rapid specialization, sparking a debate over how 

the community should restructure itself to cope with increasingly distinct subfields while 

remaining a unitary whole. Between World War I and World War II, American physics 

grew into an active, established, and internationally recognized enterprise, but it lacked a 

well-developed sub-disciplinary structure. Beyond the broad divisions into theoretical and 

                                                
5 Source: American Physical Society, “Membership Growth, 1899 – 2011,” accessed 12 August 
2011, http://www.aps.org/membership/statistics/index.cfm. The growth of the APS accelerated 
through the 1940s. Note especially the steep rise immediately following the end of World War II, 
around the time of the eventual formation of the first APS Divisions. A number of physicists 
concerned about the structure of their community anticipated this increase early in the 1940s. 
Given the number of physicists who were funneled directly into war work during or immediately 
after their graduate education—and in some cases their undergraduate education—it is reasonable to 
assume that the APS membership figures were a trailing indicator of population growth among 
practicing physicists during the mid-1940s. 
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experimental research, physicists did not self-identify with clearly delineated groups.6 The 

ballooning size and increased prestige of physics after the war made this arrangement 

unsustainable. Groups with common interests, conscious that both government and 

industry were primed to make large material investments in science, saw the benefits 

dedicated institutional representation could confer and took steps to mark their territory. 

David Kaiser has referred to the rapid growth of the field, and corresponding 

demographic changes, as the “suburbanization of American physics.”7 Kaiser emphasizes 

the effect a rapid influx of students had on graduate programs. He uses the suburbs both 

literally and metaphorically to describe the impact population and demographic shifts had 

on American physics. First, physicists themselves joined the exodus of white-collar 

professionals from city centers. Second, physics became more crowded, more physically and 

socially structured, and less intimate, much like the bedroom communities filled with tree-

lined cul-de-sacs sprouting up around America’s cities. Kaiser treats this development 

through the lens of physics pedagogy and casts it as a primarily academic phenomenon. 

Education and training contributed to the restlessness physicists began to feel towards the 

end of World War II, but their concerns were also more general. Kaiser finds that the 

                                                
6 For descriptions of the American physics community in the interwar period and the 
theory/experiment relationship therein see: Daniel J. Kevles, The Physicists (New York: Knopf 
[1995] 1971); Gerald Holton, “The Formation of the American Physics Community in the 1920s 
and the Coming of Albert Einstein,” Minerva 19, no. 4 (1981): 589–581; Silvan S. Schweber, “The 
Empiricist Temper Regnant: Theoretical Physics in the United States, 1920–1950,” HSPBS 17, no. 
1 (1986): 55–98; and Alexi Assmus, “The Americanization of Molecular Physics,” HSPBS 23, no. 1 
(1992): 1–34. 
7 David Kaiser, “The Postwar Suburbanization of American Physics,” American Quarterly 56, no. 4 
(2004): 851–888. 
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“angst-ridden hand-wringing over values, norms, and identities in everything from 

department chairs’ annual reports, to graduate student questionnaires, to junior faculty 

skits,”8 was manifested on a larger scale as physicists met emerging demographic challenges 

by consciously mobilizing efforts to restructure the institutional characteristics of their 

field. 

As some physicists began to identify more strongly with their respective subfields 

and pressed for greater autonomy, others became concerned with maintaining the unity of 

physics as a whole. The structural debates that guided demobilization centered on where 

physicists should balance on the spectrum between autonomy and unity. Amidst the 

patriotic fervor of World War II, physicists, particularly those who advocated greater 

representation for proliferating subgroups, reached for a national metaphor to describe 

their struggles. Physics was like a young country, graced with an abundance of natural 

resources, but uncertain how best to explore and allocate them. Faced with an expanding 

topical frontier, how could American physics maintain political cohesion while respecting 

the rights of its independently minded factions? 

 

II. National Aspirations 

The mid-1940s political struggle developed along an axis defined by two competing 

conceptions of unity. What physicists meant by the term—which almost everyone agreed 

was a virtue—depended upon what they meant by “physics.” Advocates of the naturalistic 

                                                
8 Kaiser, “Suburbanization of American Physics” (ref. 7), 853. 
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understanding remained concerned about conceptual cohesion and worried that the 

proliferation of interest groups threatened the intellectual identity of American physics. 

Those who thought of physics conventionally were the most avid supporters of 

restructuring the physics community. They supported a political conception of unity, an all 

for one and one for all bonhomie that could persist as a touchstone for disciplinary 

identity in spite of radical topical disjunction between individual physicists. 

The term “United States of Physics” gained currency among the second of these 

constituencies in the early 1940s. It summed up both the professional aspirations and 

internecine tensions that defined mid-century American physics. These hopeful physicists 

nurtured an e pluribus unum postwar ideal, in which a unified community would emerge as 

a cultural and intellectual force stronger than any of its component parts alone. 

Simultaneously, the newly incorporated “states” that comprised American physics were 

developing strong regional—and in some cases separatist—identities.9 Those who would 

define physics conventionally disagreed about how to approach this diversity. On one side 

sat what might be called strong federalists. They were opposed by states’ rights advocates, 

who sought a greater degree of autonomy for emerging subfields. The provincial interests 

of the states’ rights crowd threatened to undermine the ideal of political unity that the 

federalists hoped to articulate through the nation metaphor. The image of the nation, 

emerging as a whole from disparate parts, expresses the tension between autonomy and 

                                                
9 The Division of Electron and Ion Optics, for example, had been preceded by the Electron 
Microscopy Society of America, which formed in 1942. 
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unity that preoccupied the conventionalist subset of American physicists as they planned to 

stand down from their wartime obligations and forge an existence in an appreciative 

society ready to support their work at unprecedented levels.  

The most fraught borderland in this conflict lay between academia and industry. 

The APS had traditionally served academic physicists pursuing basic research,10 but as the 

industrial sector grew and war work directed more physicists into applied areas, those who 

felt marginalized by the highly theoretical and academic disposition of the APS sought 

greater professional influence. Within discussions that explored the future of the American 

physics community, the academia/industry divide was frequently mapped loosely onto the 

distinction between basic and applied research, by representatives of both camps. This 

mapping assumed, as one industrial researcher observed, that industrial physicists: “are not 

employed to do physics research per se, but to develop applications of physical principles 

and techniques. Their specific problems are generally not self-created.”11 As a consequence, 

one academician noticed, “the academic scientists and the industrial or applied scientists 

each tend to flock by themselves, because the academic scientists sometimes lack interest in 

                                                
10 Basic research, in this period, was considered either theoretical or experimental work directed 
towards formulating or testing general laws describing the physical world, generally without 
concern for the practical implementation of such understanding. Through this period, such 
research was more frequently referred to as “pure” or “fundamental.” Given the excessively value-
laden nature of the term “pure,” and the problematic nuances of the term “fundamental”—
discussed in Chapter 5—I will eschew actors’ categories in this chapter in favor of the term “basic.” 
11 Morris Muskat, “Letter to the Editor,” RSI 16, no. 2 (1945): 38. Muskat was a research physicist 
at Gulf Research Laboratory. 
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the problems of industry, and the industrial people find the papers presented by the 

academic scientists too theoretical or too highbrow.”12 

The mapping of basic to academic and applied to industrial research—the former 

represented by the APS and the latter lacking centralized institutional support—assumed 

that the academic physicist worked on a self-defined basic research program, whereas the 

industrial worker, embedded in a larger research team, pursued projects framed by 

technologists that pursued the application of physical knowledge to patentable advances. 

The mapping produced two caricatures. The first was the academic physicist, concerned 

with basic research and isolated from its potential or actual relevance; the second was the 

industrial worker, part of a research team applying the basic knowledge forged within the 

ivory tower to the task of producing usable technology, but who remained similarly isolated 

from the abstruse theoretical preoccupations of academic physicists. These archetypes 

advanced an image of a divided physics community in which basic, academic research 

squared off against applied, industrial research for prestige, funding, and influence in the 

postwar era. 

The reality was nowhere near so simple, and interlocutors in the debate over 

whether industrial physics should be more closely integrated with academic physics 

sometimes observed the inadequacy of these caricatures. Industrial workers after the war 

pursued basic work in growing numbers, and of course a good number of academic 

                                                
12 Robert S. Mulliken, “Remarks on a Possible Division of Spectroscopy in the American Physical 
Society,” RSI 16, no. 2 (1945): 42. Mulliken was not opposed to a spectroscopy division, but sought 
ways to encourage it to serve as a center of integration rather than a source of regional identity. 
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scientists had applied interests.13 Nonetheless, these archetypes did motivate much of the 

debate around unifying the physics community and served as convenient hooks on which 

to hang competing views of unity. Although the mapping itself breaks down upon close 

analysis, it maintains some truth in aggregate, and it did provide a useful way to describe 

the professional and intellectual schism between academia and industry. As a result, these 

archetypes were invoked to describe what types of interests one’s views represented, 

regardless of institutional affiliations. The simplified sketch made it easier to draw the lines 

across which a deep and very real chasm was opening. 

An article summarizing the state of physics in 1943 and looking ahead illustrates 

how these archetypes influenced physicists’ prognostications on postwar development. 

Thomas H. Osgood of Michigan State College of Agriculture and Applied Science, as 

Michigan State University was then known,14 wrote: 

Both in the past and now, technical physicists have known too little about the 
work, both in research and teaching, in which their academic colleagues are 
engaged; and an even more lamentable ignorance of the practical problems of the 
age which are being solved by physicists in industry has been displayed by those 
who train students in the rudiments of physics in our educational institutions.15  

                                                
13 See, for instance, Lillian Hoddeson, “The Roots of Solid-State Research at Bell Labs,” Physics 
Today 30, no. 3 (1977): 23–30. Two of the key players in the National Research Council 
Conference of Physicists discussed later in this chapter, during which many key questions about the 
shape of postwar physics were negotiated were, in fact, mold-breakers. G. P. Harnwell was a 
University of Pennsylvania physicist with a strong commitment to supporting applied work and 
developing connections with commercial interests in the Philadelphia area, and Karl Darrow was 
one of the staunchest supporters of the traditional academic establishment, but made his 
professional home at Bell Labs. Harnwell and Darrow are explored in more detail in the following 
pages. 
14 The school was renamed Michigan State University of Agriculture and Applied Science in 1955 
and dropped the prepositional phrase in 1964. 
15 Thomas H. Osgood, “Physics in 1943,” JAP 15, no. 2 (1944): 106. 
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Despite—or perhaps because of—the low resolution of the academic-basic and industrial-

applied archetypes, they provided a convenient way to articulate concern about poor 

communication between academic and industrial communities. The concern revealed the 

belief that the basic and applied branches of physics should be in dialogue. If industry and 

academia operated in excessive isolation, and if, as a result, the people who implemented 

physical understanding were cut off from those who generated it, then physics, as it grew, 

was in danger of fragmenting in ways that imperiled its newly won cultural approbation. 

Industrial physicists occupied the most volatile intellectual province of the United 

States of Physics. Many industrial workers felt isolated from the academic core of the 

physics community as World War II drew to a close. In absolute numbers both academic 

physics and industrial physics were growing, but the future growth prospects for industry 

were greater as an increasing proportion of physicists was engaged in applied research 

through the early 1940s. War work had coopted a generation of physics students who were 

thrust into technical positions before completing their foundational training. Concerns 

about this situation were a primary motivator of growing urgency around the question of 

how postwar physics should be organized.  

Gaylord P. Harnwell, University of Pennsylvania physicist and editor of the Review 

of Scientific Instruments, identified a series of professional problems facing physics in August 

of 1943, in an editorial entitled “Research in Physics in the Postwar Period.”16 He 

                                                
16 Gaylord P. Harnwell, “Research in Physics in the Postwar Period,” RSI 14, no. 8 (1943): 231–
236. The article was based on a talk Harnwell delivered at the Symposium on the Role of Physics in 
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expressed concern over: “the large number of people who will be classed as physicists, but 

who will have had an inadequate basic discipline to qualify them for research 

responsibility.” He continued: “There will be more physicists after the war, but the great 

majority of them will have the technical or craftsman's attitude toward the science rather 

than the professional or academic point of view.”17 This concern, and others, led Harnwell 

to conclude that physicists should take careful control of their professional structure and 

public image when thinking ahead to how they would conduct their affairs after 

demobilizing.18 

In accord with Harnwell’s call for physicists to take command of their professional 

infrastructure, several interest groups began to agitate for professional representation. As 

physics grew—both absolutely and topically—representatives of newly distinct sectors with a 

critical mass of members sought to shore up their position within the community through 

representation within the American Physical Society (APS). In early 1943, a group of 

electron microscopists successfully petitioned to form the Division of Electron and Ion 

Optics, which became the first APS division on March first of that year. A Division of 

High-Polymer Physics followed about a year later. Industrial physicists looked to follow suit, 

and petitioned the APS leadership for a division representing industrial interests.19 

                                                                                                                                            
the Postwar Period, hosted by the American Physical Society and the American Association of 
Physics Teachers at State College, Pennsylvania, June 18, 1943. 
17 Harnwell, “Physics in the Postwar Period” (ref. 16), 232–233. 

18 Harnwell, “Physics in the Postwar Period” (ref. 16), 235–236. 
19 For a thorough rundown of APS Divisions, their sizes, and their dates of formation, see 
Appendix A. 
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Powerful figures within the APS, such as Darrow and George W. Stewart, who was 

the President of the APS in 1942, perceived the increasing rift between the academic and 

industrial communities as a threat to the conceptual unity of American physics. They 

succeeded in blocking proposals for an industrial division. Industrial physicists were 

becoming progressively more chagrinned by the fact that the Society was not geared to 

meet their needs. The Council fielded letters to this effect through the early 1940s. One 

W. W. Lozier, for example, griped that the programs for APS meetings were not published 

early enough for employees of industrial laboratories to request leave and suggested that 

the Society generate notices earlier. On this count, the Council determined “that it was not 

practical to change the present procedure.”20 Another industrialist, A. V. Ritchie 

complained that APS publications did not list specific job titles when printing names of 

industrial researchers, and so conveyed no indication of the individual’s rank.21 By 1943, 

the Council was aware enough of the growing desire among physicists employed in private 

enterprise to participate in the affairs of the Society to address, however tepidly, “the topic 

loosely described as ‘encouragement of industrial physicists.’”22 Encouraging industrial 

physicists, however, did not extend as far as granting them a division of their own. 

                                                
20 Council of the American Physical Society, Minutes of the Meeting Held at Pittsburgh, 21 June 
1940, APS minutes, NBL. 
21 Council of the American Physical Society, Minutes of the Meeting Held at Baltimore, 1 May 
1942, APS minutes, NBL. It is not clear whether Ritchie was a member of the APS at the time he 
sent this letter, as he had resigned his membership in 1940. Council of the American Physical 
Society, Minutes of the Meeting Held at Philadelphia, 26 December 1940, APS minutes, NBL 
22 Council of the American Physical Society, Minutes of the Meeting Held at Columbia University, 
5 June 1943, APS minutes, NBL. 
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In the September 1943 issue of Journal of Applied Physics the Secretary of the APS, 

Karl K. Darrow, delivered a shot across the bow to proponents of an industrial division, 

reporting the APS Council’s intention to veto any efforts to reshape the Physical Society in 

a way that would further isolate academia and industry: 

Letters have been received conveying the idea of a ‘Division of Industrial Physics.’ 
The Council is disinclined to favor this idea, which incidentally appears to be 
precluded by the language of Article IX. One of the things most greatly to be 
desired is a unification of the physicists called ‘academic’ and the physicists called 
‘industrial.’ It is important to avert the danger of a lack or loss of interest by either 
group in the problems and the enterprises of the other. Now, the establishment of 
a ‘Division of Industrial Physics’ would work in exactly the opposite direction. That 
way lies the peril of forming two contrasting groups, whose aims and ambitions 
ought to be alike but would infallibly deviate more and more as the years go on.23 
 

Darrow did not unilaterally oppose APS divisions, and had backed the APS Council’s 

approval of the Division of Electron and Ion Optics.24 He encouraged proposals for 

additional divisions, but cautioned that they “be limited in scope to a particular field or 

fields of physics.”25 Darrow’s stance was a defense of the values upon which the society had 

been founded. Henry Rowland, in his presidential address to the Society in 1899, 

cautioned his rapidly professionalizing colleagues to keep their motives pure: “Above all, let 

us cultivate the idea of the dignity of our pursuit, so that this feeling may sustain us in the 

midst of a world which gives its highest praise, not to the investigation in the pure etherial 

                                                
23 Karl K. Darrow, “Current Trends in the American Physical Society,” JAP 14, no. 9 (1943): 437. 
24 Darrow, “Current Trends” (ref. 23), 437. 
25 Darrow, “Current Trends” (ref. 23), 438. 
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[sic] physics which our society is formed to cultivate, but to the one who uses it for 

satisfying the physical rather than the intellectual needs of mankind.”26 

The stance of the APS Council, as articulated by Darrow, represented the 

Rowlandian ideals on which the Society was founded. They stood by the naturalistic 

assumption that physics, if it were to be subdivided at all, should only be carved along 

conceptual lines. The language of Article IX, which was added to the APS constitution in 

1931 in tandem with the formation of the American Institute of Physics (see Chapter 2, 

pp. 81–82), allowed APS divisions to form around “specified subject or subjects in 

physics.”27 Darrow, by suggesting that this language precluded a Division of Industrial 

Physics, upheld the assumption that a “subject” within physics had conceptual roots. 

Borders, as established by divisions, would reflect natural categories of knowledge rather 

than reflecting prevailing professional or institutional categories. This attitude, 

intentionally or not, prejudiced an academic approach to physics.28 Academic physicists 

were more inclined to devote themselves to single, clearly defined research areas, 

predicated upon their interests and the resources available at their institutions, and build 

                                                
26 The address is reprinted in: Henry Rowland, “The Highest Aim of the Physicist,” PT 2, no. 9 
(1949): 20–27. Rowland was an early and vocal advocate of pure science, which he defined as the 
unencumbered pursuit of natural knowledge, and in particular, free of the corrupting influence of 
financial incentive. Henry Rowland, “A Plea for Pure Science,” Science 2, no. 29 (1883): 242–250. 
27 Quoted in Darrow, “Current Trends” (ref. 23), 437. 
28 Darrow, ironically, was employed by Bell Labs. He joined Western Electric in 1917 and 
continued on with the advent of the Bell System in 1925. However, he had made a habit of 
accepting visiting professorships. Darrow spent a year at Stanford in the late 1920s, completed 
stints at the University of Chicago and Columbia University in the early 1930s, and at the time of 
these discussions about industry and academia in the early 1940s, had been teaching at Smith 
College, where he spend the spring semesters of 1941 and 1942. 
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their professional identities within those research areas. For them, conceptually defined 

APS divisions made good sense; such divisions would likely include the bulk of other 

physicists with whom they would want to interact.  

Some generational forces were at play in the APS Council’s resistance to an 

industrial division. The members of the APS Council in 1943 included, in addition to 

Darrow, president Albert W. Hull, vice-president Arthur J. Dempster, treasurer George 

Pegram, along with elected members Joseph C. Boyce, William F. G. Swann, Ferdinand 

Brickwedde, Alpheus W. Smith, and Henry DeWolf Smyth. Only Brickwedde and Boyce, 

both with 1903 birthdays, had been born in the twentieth century but six of the nine were 

over 50. Their collective scientific work was largely in the early-twentieth-century American 

tradition of academic-style instrument-focused research. These factors illuminate the 

Council’s hesitancy to ratify an industrial division. Having matured amid the prewar 

orthodoxy, they would have been naturally suspicious of any proposed category that did 

not closely mirror a natural phenomenon and offered a strict interpretation of the 

requirement that new divisions be subject-based.29 

An arrangement that permitted only topical divisions was challenging for industrial 

physicists. Rather than focusing in depth on a particular research area, an industrial 

                                                
29 As a further example of the force of this policy, a division proposed in 1943 “‘to be devoted to 
the promotion of physical principles as applied to textiles, plastics and rubber,’” referred to in early 
Council meeting minutes as the “Division of Textile Physics” was compelled to proceed as the 
“Division of High-Polymer Physics.” Council of the American Physical Society, Minutes of the 
Meeting Held at Chicago, 27 November 1942 and Minutes of the Meeting Held at Columbia 
University, 5 June 1943, APS minutes, NBL. 
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research physicist would often shift focus to meet the needs of individual projects. That 

same physicist, whose interest in, say, acoustics, was contingent upon a project with a fixed 

timeline, had little incentive to join the Acoustical Society of America. The same logic 

would apply to divisions. Topical divisions, even if they marked out areas of primarily 

applied interest, would not have been a strong draw for industrial physicists who were 

expected to adapt their skills to a wide range of topics as exigencies demanded. 

Darrow lamented the growing rift between academia and industry, but his 

proposed solution, which admitted only naturalistically defined divisions, bolstered the 

traditionally academic view in which physics was unified, and formed its identity, on the 

basis of the character of the knowledge it pursued. On this view the concern that industrial 

physicists were becoming isolated amounted to the suspicion that they might drift too far 

from the mainstream of basic research and stop doing work that qualified as physics. 

Insisting that divisions maintain topical foci would force industrial physicists to define 

themselves conceptually in order to affirm their identity as physicists. 

Harnwell, who edited the Review of Scientific Instruments, used his journal as a 

platform from which to articulate his competing view, which promoted collapsing the 

existing American Institute of Physics (AIP) member societies into a unified organization.30 

Invoking his editorial prerogative he published an article calling for “a more perfect 

union,” proposing “a new American Physical Society to replace the existing associated 

                                                
30 The AIP had been formed in 1931 as an umbrella organization consisting in the American 
Physical Society, the Optical Society of America, the Acoustical Society of America, the Society of 
Rheology, and the American Association of Physics Teachers. 
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Societies and to include all members thereof for the purpose of broadly and liberally 

advancing the science and technology of physics in all its branches.”31 Like Darrow, 

Harnwell was concerned about the diverging paths of academic and industrial physics: “We 

must see to it also that no schism develops between the academic and the industrial 

physicist. In some respects the former tends to be the specialist and the latter the general 

practitioner or clinician, but without the unification of both their efforts in a common 

society, neither can be fully effective.”32 Harnwell’s reason for concern, however, was quite 

different. Whereas Darrow worried that validating industrial research as a distinct category 

would threaten the conceptual unity of physics, Harnwell’s anxiety was that both academic 

and industry might suffer if either could not draw on the other to achieve its goals. His 

admission of the “technology of physics” into his unifying scheme would have been quite 

alien to Darrow’s way of thinking.  

For these reasons, Harnwell maintained a more liberal approach to divisions than 

Darrow. Harnwell wrote favorably of a potential industrial division, observing that a similar 

entity in the American Chemical Society had grown rapidly, serving as a nursery for a 

number of spin-off divisions—admittedly a fact was not likely to endear the comparison to 

someone of Darrow’s perspective. Such were the contours of Harnwell’s federalism with 

respect to American physics. Although he advocated a large, inclusive organization in the 

style of the AIP, he opposed the confederation of the AIP, in which member societies were 

                                                
31 Gaylord P. Harnwell, “A More Perfect Union,” RSI 15, no. 2 (1944): 20. 
32 Harnwell, “A More Perfect Union” (ref. 31), 20. 
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autonomous in most respects and remained linked in a mostly symbolic fashion. Harnwell 

instead championed a role for divisional rights within a strong, centralized framework.  

 

Figure 3: Map of the “United States of Physics”33 

Wallace Waterfall and Elmer Hutchisson responded favorably to Harnwell’s clarion 

call for unity.34 They made the political analogy explicit in a May 1944 editorial in the 

Journal of Applied Physics. The article revolved around a diagram they titled “the United 

States of Physics” (Figure 3, above). “Obviously a strong central organization in physics is 
                                                
33 Waterfall and Hutchisson, “Organization of Physics” (ref. 34), 408. The initialisms expand as 
follows: ASME (American Society of Mechanical Engineers); ASH&VE (American Society of 
Heating and Ventilation Engineers); AIEE (American Institute of Electrical Engineers); IRE 
(Institute of Radio Engineers). 
34 At this time, Waterfall was consulting for the US Navy while being paid through Columbia 
University. Hutchisson was a University of Pittsburgh professor and editor of the Journal of Applied 
Physics. The latter would later serve as president of the AIP. 
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needed,” they concluded on the basis of the apparent fragmentation in the diagram. “A 

single society with many subject matter divisions or a ‘union’ of many ‘states’ might 

accomplish the desired unity in physics provided the proper balance between ‘federal’ 

power and ‘states' rights’ is maintained.”35 Meetings and publications, they argued, could 

be the province of the “states,” whereas issues of broad interest to physicists and the 

“‘colonization’ of virgin territory” could be left to the central organization.36 

Not all those covered by this unification were enthusiastic about their inclusion. 

Alfred N. Goldsmith, longtime RCA research engineer, wrote to the editor on behalf of 

the Institute of Radio Engineers (IRE), which he had co-founded in 1912, and which is 

identified on the map above as dealing with the applications of electronics.37 Goldsmith 

complained that the activities of the “related societies” Waterfall and Hutchisson had 

identified were cast too narrowly, a consequence of their presentation as far-flung provinces 

of the American physics empire: “It is not unusual for a society or institute to define or 

delimit its own activities and to determine, in its own best judgment, the field of its 

activities. However, it is perhaps unique to find one learned society gratuitously defining 

the scope of other scientific organizations.”38 In defiance of the narrow characterization of 

the IRE’s role in the “United States of Physics” diagram, Goldsmith observed: “Of 

                                                
35 Wallace Waterfall and Elmer Hutchisson, “Organization of Physics in America,” JAP 15, no. 5 
(1944): 408–409. 
36 Waterfall and Hutchisson, “Organization of Physics” (ref. 34), 409. 
37 The IRE was one of two societies—the American Institute of Electrical Engineers being the 
other—that combined to form the Institute of Electrical and Electronics Engineers (IEEE) in 1963. 
38 Alfred N. Goldsmith, “Comments on ‘Organization of Physics in America,’” JAP 15, no. 9 
(1944): 649. 
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necessity, problems of mechanical construction, optical theory and design […] and 

acoustical theory […] have been exhaustively treated in the Proceedings of the I. R. E.”39  

Goldsmith’s consternation exposed a weakness in the federalist approach that 

ultimately doomed the idea of a unifying umbrella society to replace the AIP. As is evident 

in Figure 3 (p. 59), the federalists ceded overall control of fundamental research to the 

American Physical Society, which was in turn relegated to regional importance. The 

unification scheme also failed to account for the roles played by smaller societies that 

expanded beyond the boundaries of physics. In short, the strong federalism of Harnwell, 

Waterfall, and Hutchisson failed to take into account the real benefits fragmentation had 

provided existing specialties, and underestimated the extent to which subjugation under an 

umbrella society would be unwelcome among some constituencies. 

Goldsmith’s entry into the conversation is notable for another reason: as an 

electrical engineer he represented an ever-present but rarely articulated fear that dogged the 

helmsmen of the inchoate field of solid state physics. Electrical engineering and physics 

had at one point been part of the same enterprise, but had drifted apart early in the 

twentieth century. Some physicists were worried that solid state would follow the same 

path, losing the potential to benefit from physics’ heightened post-war prestige and 

isolating itself from problems of purely theoretical interest.40 

                                                
39 Goldsmith, “Comments” (ref. 38), 649. 
40 See: Robert Rosenberg, “American Physics and the Origins of Electrical Engineering,” PT 36, no. 
10 (1983): 48–54. 
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Other replies to both articles, which peppered the letters section of the Journal of 

Applied Physics and the Review of Scientific Instruments over the next few months, contained 

generally positive reactions. Applied physicists, for the most part, favored a federalist 

approach in which a large umbrella society with loose membership criteria, which would 

confer unity upon physics without organizing that unity around a central spire of basic 

research, as the APS would have it. Three physicists from the Case School of Applied 

Science wrote to offer a “hearty second” to Harnwell’s proposal, and recorded feeling 

“confident that these groups [societies such as the Optical, Acoustical, Physics Teachers, 

etc.,] would benefit immensely by giving up a little of their autonomy in order to unify the 

profession of physics in America.”41 On the same page, Thomas H. Osgood added his 

support and echoed a popular dissatisfaction among applied physicists with the prevailing 

status quo, writing:  

To say that the activities of this society [the APS] do not now meet the needs of the 
majority of American physicists is to cast no slur upon the American Physical 
Society, but rather to emphasize that physics has so broadened its scope since the 
end of the last century that the academic and theoretical subjects which are the 
special concern of this society may legitimately make no immediate appeal to many 
active physicists.42 
 

Applied workers preferred the prospect of participating in a unified field of physics to the 

possibility of increasing their autonomy by forming their own societies and journals. This 

preference fueled their frustration with the APS, which was under the sway of, and 

                                                
41 Leonard O. Olsen et al., “Letter to the Editor,” RSI 15, no. 4 (1944): 108. 
42 Thomas H. Osgood, “Letter to the Editor,” RSI 15, no. 4 (1944): 108. 
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therefore catered most strongly to, theorists—and the experimentalists who tested 

theoretical claims—most of whom held academic appointments. 

The tenuous consensus to emerge from the applied physics community was that 

political unity should be maintained and that it should be built upon a broad, inclusive 

view of physics—although they remained divided on the issue of federal authority versus 

states’ rights. From the inclusive perspective, the American Institute of Physics, rather than 

the American Physical Society, sat at the appropriate scale for a unifying society. Applied 

physicists saw the APS as a haven for basic researchers—a label that representatives of the 

APS did little to disavow. They advocated expanding the powers of the AIP, which 

included groups such as the Optical Society and the Acoustical Society and which 

promoted more freely the mixing of theory and experiment, basic and applied research, so 

that theoretical interests would not dominate the central governing body of American 

physics.43 Unity, in this context, meant preserving and promoting mechanisms that 

encouraged generous application of the title “physicist” so as to increase dialogue both 

within and across physical sub-specialties. 

                                                
43 When the AIP’s Governing Board held its first meeting at the Cosmos Club in Washington DC, 
May 1931, one articulation of its mission was “to reach a wide audience of men working in physics 
and to give them easily readable news of all kinds relating to physics.” It consciously aimed to avoid 
the limitations of the APS and respond to the needs of physicists wherever they might be working, 
and wherever their interests might take them. Such a mission necessitated a much broader 
conception of “physicist” than the more conservative voices in the APS would have considered. 
Governing Board of the American Institute of Physics, Minutes of Meeting held 3 May 1931, AIP 
minutes, NBL, accessed 30 March 2013, 
http://www.aip.org/history/nbl/collections/minutes/gb_19310503.html. 
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Those in power at the American Physical Society were understandably unenthused 

by the idea that their society be unseated in favor of the AIP, or a new entity made in its 

image, as the flagship society of American physics. Despite the dissatisfaction of applied 

physicists, the APS still wielded the power necessary to definitively influence how the field 

would be structured. The modularity the APS’s divisional scheme provided gave it an 

advantage in negotiations about the organization of American physics. Fred Seitz, in an 

address at the APS meeting of January 1945 entitled “Whither American Physics?,” 

articulated a position that expressed the stance of those advocating for the American 

Physical Society.44  

Seitz, like most of his contemporaries, saw physics as naturally split into two parts: 

“In the first place it contains a body of knowledge which has intrinsic value as a form of 

culture. This component is commonly called ‘fundamental’ or ‘pure’ physics […]. In the 

second place, physics serves as a source of fundamental knowledge for a majority of the 

important fields of engineering.”45 Unlike a considerable number of his colleagues, 

however, Seitz exhibited little concern about the growing rift between the two branches, as 

exemplified by the academic/industrial split, emphasizing that “the terms ‘fundamental 

physics’ and ‘applied physics’ are in no sense synonymous with ‘academic physics’ and 

                                                
44 This address is reprinted in Frederick Seitz, “Whither American Physics?” RSI 16, no. 2 (1945): 
39–42. The January 1945 meeting of the APS hosted, and Seitz’s talk was a part of, the first 
symposium on the solid state discussed in the next section. 
45 Seitz, “Whither American Physics?” (ref. 44), 40. 
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industrial physics.’”46 Seitz, in keeping with the traditional view that emphasized continuity 

with Henry Rowland’s vision for pure science, defended the role of the APS as an 

institutional organ for basic research. “The principal aim of the Society,” he claimed, had 

been “to publish a journal and arrange meetings in which fundamental physics was 

emphasized.”47 If the Society expanded its scope to include an emphasis on applied 

research, he continued, then no other organization would remain to protect the interests of 

basic research.48 

On these grounds, Seitz argued that divisions should proceed within the APS in 

such a way that, a) they did not encourage compartmentalization, and b) that they did not 

lead to too much emphasis being placed on applied physics.49 On point b), Seitz opined: 

The danger from this source is particularly great at present because the vast 
majority of physicists is concerned with problems of applied physics. This includes 
many men who were hitherto concerned only with pure physics. A large number of 
these men desire quite naturally to continue this type of work after the war and 
may, as a result, feel that the society to which they belong should be adjusted to suit 
their new interests.50 

 
Although he recognized the same trend towards applied work as those who favored the 

coronation of the AIP as the new nexus of physics, Seitz preferred to retain the privileged 

place of basic research. He suggested that rather than expanding the APS or elevating the 

AIP, applied physicists could find a professional outlet in existing AIP member societies 

                                                
46 Seitz, “Whither American Physics?” (ref. 44), 41. 
47 Seitz, “Whither American Physics?” (ref. 44), 40. 
48 Seitz, “Whither American Physics?” (ref. 44), 40. 
49 Seitz, “Whither American Physics?” (ref. 44), 41. 
50 Seitz, “Whither American Physics?” (ref. 44), 41. 
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and engineering societies, or start a new association for applied physics to address their 

needs.51 

Seitz did not directly address unity directly, but he was clear that he considered 

fundamental research to be the driving force behind all of physics. Physics did not need to 

be institutionally unified, according to this stance, because applied work necessarily relied 

upon advances in foundational basic research: “the great importance of fundamental 

physics as a spring for the well of technology assures us that the development of this field 

has social value even if we adopt the most hard-headed attitude towards society.”52 Basic 

researchers, in other words, need not be worried about the safety of their social 

importance, because it would be guaranteed by the dependence of applied on basic 

research. Applied physicists and basic physicists had “no basic quarrel on the issue of 

whether or not fundamental physics should be pursued, even though they may feel that 

their objectives lie apart.”53 Physics, for Seitz, was conceptually unified and the first 

objective of the American Physical Society should be to serve and advocate for the 

physicists who investigated the basic concepts of physics. 

To review, in the early 1940s a divide over how to conceive of unity and how to 

promote it guided debates over the direction American physics should maneuver in the 

postwar world. One side favored promoting traditional, conceptual unity, founded on what 

I have called a naturalistic view of physics (see p. 41). The legacy power brokers of the APS 

                                                
51 Seitz, “Whither American Physics?” (ref. 44), 41–42. 
52 Seitz, “Whither American Physics?” (ref. 44), 40. 
53 Seitz, “Whither American Physics?” (ref. 44). 40. 
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espoused this view. They were conscious of the necessity to promote contact between 

academic and industrial researchers, but preferred to do so while maintaining the Physical 

Society’s commitment to advancing basic research. Their opponents took what I have 

called a conventional view of the definition of physics and invoked unity as a political 

ideal, rather than as a conceptual goal. They mostly favored founding a new professional 

society that was not prone to harsh judgments about who was a physicists and who was not. 

Within this group, however, opinions differed on the degree to which the postwar physics 

community should be governed by a central authority at the expense of provincial 

autonomy. 

 

III. A Constitutional Congress: The NRC Conference of Physicists  

The full range of these perspectives was on display at the National Research 

Council (NRC) Conference of Physicists, a “‘town meeting’ of physics,” in the words of 

American Institute of Physics Director Henry A. Barton.54 The idea of such a meeting 

originated within the American Institute of Physics Board of Governors. It was motivated 

by an uptick in efforts to form divisions within the American Physical Society. The AIP 

Governing Board took up the matter of a group petitioning the APS for a division devoted 

to applied spectroscopy during its March 1944 meeting, considering whether the APS was 

the appropriate venue for such an organization, and discussing what the AIP’s role should 

be in mediating such efforts in the future. The discussion moved from the particulars of 

                                                
54 Henry A. Barton, “Institute Doings,” PT 1, no. 1 (1948): 4. 
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the proposal to the general wisdom of supporting interests groups within the AIP member 

societies, which led to the even more abstract question of how conscious organization of 

the physics community could be directed to the advantage of the field. At that point Henry 

Barton suggested that the National Research Council might have funds available to 

support a meeting discussing such questions.55 

The hastily assembled conference convened at the American Philosophical Society 

in Philadelphia two months later, 19–21 May 1944, “for the purpose of discussing the 

present and postwar problems facing physics.”56 The problems singled out for attention 

included education from high school through the graduate level, the value and needs of 

industrial physicists, professional standards and the possibility of instituting discipline-wide 

accreditation mechanisms, how to manage the relationship between physics and 

government during peacetime, and promoting the value of physics to the American public. 

The conference was a premeditated effort to plot the professional contours of postwar 

physics, motivated by an optimistic slant on the ability physicists had to manage their own 

destiny in the postwar world. The participants clearly appreciated, before World War II 

had ended, that the central importance of physics in the war effort presented an 

opportunity to increase the field’s peacetime profile as well. Since physicists were 

                                                
55 Governing Board of the American Institute of Physics, Minutes of Meeting held 10 March 1944, 
AIP minutes, NBL, accessed 30 March 2013, 
http://www.aip.org/history/nbl/collections/minutes/gb_19440310.html. 
56 “Report of National Research Council Conference of Physicists,” RSI 15, no. 11 (1944): 283. 
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conspiring to structure their national profile, nationalist metaphors became a natural way 

to express their goals. 

Richard M. Sutton, Secretary of the Conference and a Haverford College physicist 

well regarded for his teaching, deployed the nation metaphor in his introductory remarks:  

As in an adjacent building here in Independence Square, wise men met to frame 
the Constitution of these United States, so we are in a sense met to frame the 
Constitution of Physics, perhaps I should say ‘The United States of Physics,’ on 
such lines that future generations may acknowledge that we did our work well. Our 
purpose is to take some of the preliminary steps with the expectation that what we 
discuss here will, by the democratic workings of our various organizations, take root 
in the soil of our societies and contribute to the strength of our whole organism. 
[…] There is no question here of academic physicists vs. industrial physicists, or of 
experimentalists vs. theoretical physicists, and there has been a conscious effort 
made to have all sides of physics represented.57 
 

In singling out those specific dichotomies, Sutton reinforced their importance, which, 

despite the conference’s egalitarian mission, was on display throughout. Sutton was 

nonetheless correct to note the broad representation at the gathering. Government 

physicists were in attendance, joining academic physicists from private and public research 

universities as well as small colleges. Representatives from such well-established industrial 

research institutions as AT&T’s Bell Laboratories participated alongside physicists from 

smaller industrial enterprises that were just beginning to dedicate substantial resources to 

research. So although fragmentation was a legitimate and growing fact of life, the NRC 

meeting can be understood as a genuine attempt to bridge the gaps that divided American 

                                                
57 Richard M. Sutton, “Introductory Remarks,” in “Report of National Research Council 
Conference of Physicists,” RSI 15, no. 11 (1944): 285. 
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physicists. Its diversity affords a cross-section of views surrounding the future of physics, 

especially industrial physics, in the 1940s. 

The framing theme to emerge from the meeting was an existential one: what does it 

mean to be a physicist? Oliver E. Buckley of Bell Telephone Laboratories articulated 

common concerns that physics would be debased if it strayed too far from its defining 

ideals, which he understood in the conventional manner of the time as the focus towards 

the formulation of general principles. Buckley identified the question of how “physicist” 

should be defined as key to postwar professional development, and supported developing 

accreditation mechanisms for both institutions and individuals. He championed industry 

as a viable career path for physicists, but also cautioned that while the growth of physics in 

industry “is fine for the physicists and should lead to benefits for them,” it could only do so 

“if it does not at the same time overpopularize the profession as to lead to its 

degradation.”58  

Protecting prestige ranked alongside revamping education as a postwar goal for the 

majority physicists, both academic and industrial. Buckley continued: “Many who are not 

physicists will see nourishment for themselves in adopting the title. Such a result would 

obviously be unfortunate, for it is only by restricting the use of the name physicist to those 

who ennoble it that these benefits can be made enduring.”59 Protecting physics as a 

prestigious appellation meant actively demarcating its responsibilities from those of other 

                                                
58 Oliver E. Buckley, “What Is a Physicist?,” in “Report of National Research Council Conference 
of Physicists,” RSI 15, no. 11 (1944): 303. 
59 Buckley, “What Is a Physicist?” (ref. 58), 303. 
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scientists and technicians, most notably chemists and engineers. Demarcation was 

especially important in industry, where physicists were usually not corralled within 

departmental structures that respected disciplinary divides, and needed to define how their 

responsibilities and their status differed from their collaborators within large research 

groups. 

Concurring with Buckley’s advocacy of accreditation, Cornell’s Roswell C. Gibbs 

judged it “a mistake in making appointments to designate a physicist as an engineer or as a 

chemist even though it may be the easy way to secure approval of a new appointment by an 

Executive Board or Officer or to elicit favorable consideration from a Draft Board for an 

‘essential man’ in the war effort.”60 Being accredited as a physicist, and properly referred to 

as such would, in Gibbs’s view have:  

the effect upon the individual in maintaining his morale, in giving him a proper 
feeling of prestige, in developing a sense of belonging to a group with interests and 
points of view in common with this [sic] own, in promoting loyalty to the 
profession he has chosen, and in encouraging him to associate himself with suitable 
scientific organizations from which he will derive stimulation and other benefits 
and to the development of which he can direct his own efforts and support.61 
 

Gibbs’s anxiety was related to Buckley’s, but it was distinct in one meaningful respect: 

Buckley aimed to keep interlopers out of physics; Gibbs strove to keep credentialed 

physicists in. Whereas Buckley expressed concern that those who were not physicists would 

usurp the name, Gibbs sought to preempt to temptation some individuals might feel to 

                                                
60 R. C. Gibbs, “What Should Be the Method of Accrediting Individuals and Institutions?,” in 
“Report of National Research Council Conference of Physicists,” RSI 15, no. 11 (1944): 305. 
61 Gibbs, “Method of Accrediting” (ref. 60), 305. 
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adopt another name for the sake of expedience. Buckley worried that the status and 

prestige of physics would be diluted if the name were not controlled; Gibbs predicted that 

prestigious accomplishments might bolster the status of competing fields if physicists were 

not properly ensconced in a robust disciplinary structure. Both concerns were relevant 

when considering the growth of industrial physics. The parallel impulse to police the 

boundary of physics from both within and without also reflects a larger ambivalence about 

industry, which appeared in mid-1940s discussions about physics’ future as both a potential 

area for useful growth and as a threat to physicists’ traditional values. 

Harvard’s Edwin Kemble described both the opportunities and dangers industry 

represented by setting out the challenges graduate education faced. He observed what was 

by then a widely accepted fact: “greater emphasis on the industrial applications of physics 

will be necessary and desirable after the war is ended. Industry will need more physicists, 

and physicists will need industrial jobs.”62 Turning to the challenge of preparing graduate 

students for industrial posts while remaining true to traditional ideals of physics, Kemble 

continued: “We shall need to give more electronics, chemistry, metallurgy, and shop work. 

At the same time I, for one, should be very sorry to see anything like the conversion of 

graduate training into a glorified engineering course.”63 Kemble’s concerns mirrored a 

broader ambivalence with respect to the proper place of industrial physics. It was a growth 

area in the 1940s, offering abundant employment for physics Ph.Ds., and its technological 

                                                
62 Edwin C. Kemble, “What Changes in Graduate Training in Physics Are Needed?,” in “Report of 
National Research Council Conference of Physicists,” RSI 15, no. 11 (1944): 291. 
63 Kemble, “Changes in Graduate Training” (ref. 62), 291. 
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focus helped cement physics’ social relevance. Yet industrial work often did little to bolster 

the traditional ideals of physics, which emphasized the pursuit of basic knowledge apart 

from concern for its applications. Kemble’s pejorative reference to engineering expressed 

the feeling many academic physicists shared that knowledge how remained less noble than 

knowledge why. 

Kemble’s stance illustrates an imbalance in the relationship between academia and 

industry. Although the industrial sector could boast faster growth and a larger population, 

all physicists were trained in an academic context. The path to protecting industrial 

interests therefore inevitably cut through academic territory. Building industrial concerns 

into the future of American physics meant convincing graduate advisors that students 

should be exposed to industrial problems, skills, and job opportunities. R. Bowling Barnes 

of the American Cyanamid Company expressed this sentiment by noting that the place of 

the physicist in industry could only be realized more fully through attention to “the type of 

training that our future physicists are given.”64 Barnes foresaw “[g]olden opportunities 

ahead for industrial physicists,” but cautioned that “to take advantage of these 

opportunities […] and to make the best use of his knowledge of physics it will be imperative 

that he be able to speak and understand the language of his fellow scientists.”65 To this 

end, Barnes supported broad training for physics students in the rudiments of general 

                                                
64 R. Bowling Barnes, “How Can the Place of the Physicist in Industry Be Realized More Fully?,” in 
“Report of National Research Council Conference of Physicists,” RSI 15, no. 11 (1944): 296. 
65 Barnes, “Physicist in Industry” (ref. 64), 296. 
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fields such as biology, chemistry, and geology, and also exposure to specific technological 

growth areas like rubber and petroleum. 

Barnes’s remarks stirred up considerable controversy. Several discussants, including 

Mervin Kelly of Bell Laboratories and other industrialists, argued that strong training in 

foundational skills and concepts outweighed broad exposure to other fields, even among 

applied physicists.66 The reaction against Barnes’s advocacy of what Kemble might have 

called “glorified engineering” indicates that while industrial physicists were keen to see 

their interests reflected in graduate training, they were hesitant to do so at risk ghettoizing 

themselves. Protecting industrial physicists, for most, did not mean tracking doctoral 

students into basic or applied sub-programs; rather it meant, as Ralph A. Sawyer suggested, 

expanding the scope of necessary foundational training in physics to include fields such as 

geometrical optics and hydrodynamics.67 

Effectively managing the impending growth of industrial physics, according to a 

number of participants, was not just a matter graduate training, but also required 

organizational encouragement. G. P. Harnwell, having further developed his views on how 

postwar physics should be organized, observed in his address to the NRC that, “the needs 

that should be supplied by and for physicists have simply outgrown the existing 

                                                
66 Barnes, “Physicist in Industry” (ref. 64), 300. 
67 Barnes, “Physicist in Industry” (ref. 64), 301. Sawyer was member of the University of Michigan’s 
physics faculty, but at the time of this meeting, having joined the U.S. Naval Reserve, was directing 
the experimental laboratories of the Naval Proving Ground. 
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organizational framework.”68 In fact, according to Harnwell: “There can scarcely be said to 

be at present any organization of physicists. The American Physical Society is not sufficient 

[sic] broadly based and representative; it is properly an exclusive rather than an inclusive 

society.”69 Harnwell repeated what had become a mantra, stating that “physics is a unified 

discipline dealing with matter and energy in all their forms and interactions,” continuing: 

“But this corpus of concern is so broad that the internal structure of the society must be 

braced with the beams and cross-ties of special interests.”70 Harnwell advocated a 

“horizontal and vertical divisional structure,”71 in which physicists could be represented 

both by institutional context and topical interest, which he felt would allow society to 

better organize meetings and distribute publications such that they would reach the 

greatest number of interested readers. Discontent with the narrow goals of the APS, such 

as that Harnwell expressed, was widespread among applied physicists, and Harnwell’s 

advocacy of an inclusive umbrella organization was one prominent solution under 

consideration. 

The notion that physics should be reimagined under a new, broader framework was 

not universally beloved, however. Although Harnwell’s talk received support from 

industrial physicists who felt that a large, broadly conceived society would better fit their 

needs, he also met pointed criticism. Harvey Fletcher, then of Bell Labs, opened the 

                                                
68 Gaylord P. Harnwell, “The Role of Organization in Meeting the Needs of Physics,” in “Report of 
National Research Council Conference of Physicists,” RSI 15, no. 11 (1944): 310. 
69 Harnwell, “The Role of Organization” (ref. 68), 310. 
70 Harnwell, “The Role of Organization” (ref. 68), 311. 
71 Harnwell, “The Role of Organization” (ref. 68), 311. 
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discussion with the complaint, “Dr. Harnwell's thesis would seem to indicate that we have 

done wrong in forming the Chemical Society, the Astronomical Society, the Physical 

Society, and others, as we have grown from the original Philosophical Society into these 

branches.”72 Fletcher would later serve as president of the APS, but he spoke at the NRC 

with his feet firmly planted in the Acoustical Society, and suggested from this standpoint 

that fragmentation was a natural and unavoidable byproduct of growth.  

Mervin Kelly, also of Bell, suggested that Harnwell was being utopian, and that it 

was more pragmatic to work with the APS as it existed rather than attempting to craft a 

new, suitably complete, large-scale edifice. Karl Darrow, the APS secretary, seconded this 

view, suggesting that the scheme for divisions that APS was just beginning to implement be 

given a chance to work before the physics community considered subjecting itself to 

sweeping changes.73 Together, these voices represented a vote in favor of allowing the 

organic processes of institution building to work before considering invasive, top-down 

action. 

In spite of the range of rhetoric favoring large structural changes at the NRC 

conference and the optimism about the capacity of physicists to shape their fate that 

motivated the congress, the meeting ended on a conservative note. Karl Darrow, 

commenting on the dubious likelihood that many of the proposed actions could be 

implemented in an orderly fashion, remarked: “I am reminded of the old story of the mice 

                                                
72 Quoted in Harnwell, “The Role of Organization” (ref. 68), 312. 
73 Harnwell, “The Role of Organization” (ref. 68), 313. 
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who decided to bell the cat. It seems that in this case the American Institute of Physics has 

been invited to bell the cat.”74  

Darrow’s pessimistic outlook on restructuring conveniently aligned with his 

conviction that the American Physical Society, of which he was Secretary, was adequately 

equipped to handle the pressures of postwar demographic changes. The failure of the likes 

of Darrow to come around to the view that the organizations of American physics required 

substantial restructuring doomed the NRC conference to generate more heat than light. It 

nonetheless made two lasting contributions to the structural discourse of the 1940s. It 

legitimated the growing conviction that physicists should be proactive in protecting their 

professional interests, and it tabled the concerns that would continue to shape their efforts 

to do so. 

 

IV. Conclusions 

The dialogue over the future of physics that evolved through the mid-1940s was 

sparked by the rapid growth of American physics, particularly in the areas of applied and 

industrial research. The core disagreement among the primary interlocutors hinged on how 

the interests of applied physicists could be best represented within unified field. Two main 

views emerged. The first advocated defining the discipline on a large scale that did not 

respect the division between basic and applied research and enthusiastically embraced the 

                                                
74 Karl K. Darrow, “Conclusion,” in “Report of National Research Council Conference of 
Physicists,” RSI 15, no. 11 (1944): 327. 
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application of physical principles in new arenas. It called for an inclusive view of physics, 

represented by a broadly conceived umbrella society, that would showcase for the American 

public both the technological contributions and the basic scientific advances physics could 

offer.  

Those who preferred to retain basic research both as the foundation of physics and 

the nexus of the physics community championed the competing view. This view presumed 

that, as had traditionally been the understood, physics was naturally unified by its innate 

conceptual structure, which mirrored that of the natural world. Basic advances in physics 

might be applied in myriad ways, but the field derived its intellectual importance, its social 

relevance, and its internal cohesion, from the unsullied pursuit of the basic physical 

properties of the world. Advocates of this view preferred to address the field’s growth 

through the existing mechanisms of the American Physical Society, which would serve 

topical interest groups and remain organized around conceptual themes in order to 

prevent them from becoming driven by applied interests. 

The former group was not able to mobilize enough support to enact major 

structural reorganization of the American physics community. In the absence of consensus, 

large-scale intervention was disfavored, and the entrenched society structure remained 

intact. Darrow’s suggestion that American physicists were trying to bell the cat is therefore 

somewhat off the mark. They had not yet reached the point where the agreed on the 

optimal course of action to take, and the result was that reform of institutional structures 

would have to occur from the bottom up. 
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Even though the group favoring conceptual unity was able to parry efforts by the 

former to enact a major reorganization of the discipline, these same battle lines continued 

to guide debates over fragmentation as divisions of the APS began to emerge. Having failed 

to supplant the APS with the AIP or a similarly inclusive organization, industrial physicists 

hardened their resolve to gain recognition within the Physical Society. The defenders of the 

naturalistic orthodoxy tried to ensure that any influx of industrial interests would conform 

to the Society’s established norms. In the ensuing negotiation, both sides could claim some 

small success. Naturalists held strong on the topical criterion for divisions while 

conventionalists succeeded in eroding, to some extent, the restriction to basic research that 

defined the prewar APS. 

The next chapter shows how the Division of Solid State Physics formed as a 

compromise between these two positions. It emerged within the divisional structure of the 

APS, and so was subject to the strictures the Society established for such entities, but it was 

so broadly conceived so as to provide a forum for applied and industrial physicists who 

would otherwise have been poorly represented by a topical APS division. Solid state physics 

was a product of community turmoil in the 1940s. In its earliest incarnation, it represented 

a compromise between traditional, naturalistic ideal and a conventionalist approach to 

defining physics and its scope. 
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Chapter 2 
– 

Balkaniz ing Physics :  
Unity ,  Divis ions, and the Establ ishment of American Sol id State Physics ,  

1943–1950 
 
 

“When we sit on the lawn of the Bureau of Standards, we do not want to feel ‘qu’un sang impur 
abreuve nos sillons.’”1 

 John H. Van Vleck, 1944 
 
 

I. Introduction 

American solid state physics began as a grand compromise. Physical investigation of 

the properties of solid matter could boast a long tradition by the 1940s, but solid state first 

became a distinct field in the United States upon the founding of the American Physical 

Society’s (APS) Division of Solid State Physics (DSSP) in 1947. The DSSP affected a 

compromise between competing views of how the post-World War II physics community 

should be unified. One camp represented a longstanding campaign to protect the interest 

of applied, mostly industrial researchers, who sought to impose political unity on physics 

through institutional and professional machinations. An equally committed group who 

sought to maintain a conceptually cohesive discipline tempered this interventionist 

impulse. The tension between these views was but one squall in the storm surrounding 

American physics’ transition out of its wartime stance and struggle to find its footing 

                                                
1 This excerpt from “La Marseillaise” translates: “that an impure blood waters our furrows.” The 
Bureau of Standards in Washington, D.C. traditionally hosted the annual American Physical 
Society meetings. Their informal character encouraged attendees to converse freely on the lawn 
outside. John H. Van Vleck, letter to Roman Smoluchowski, 16 February 1944, Smoluchowski 
correspondence, NBL. 
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within a dramatically altered and still-changing context. The story of the DSSP’s formation 

reflects the tensions that dogged physicists as they tried to anticipate the changes brought 

about by World War II. It exposes the dynamics of institutional change that marked the 

mid-1940s and, within this context, is an origins story about American solid state physics. 

As the qualitative and quantitative growth described in Chapter 1 disrupted the 

Physical Society’s traditional modes of operating, divisions emerged as the preferred tools 

with which to manage destabilizing expansion. Divisions protecting the interests of smaller 

groups while also placing them under the aegis of the Physical Society, keeping them 

closely linked to a central body that defined and enforced professional norms more strictly 

than could a looser alliance—which some would have preferred. Divisions had been 

constitutionally permitted for some time, but only began to proliferate in the mid-1940s. 

At the time the American Institute of Physics (AIP) formed in 1931 as an umbrella 

organization for five professional societies serving American physicists,2 the APS added a 

ninth article to its constitution, providing: “The Council may, upon petition by members 

of the Society, form a Division within the Society charged with the advancement and 

                                                
2 The five founding societies were the American Physical Society, the Optical Society of America, 
Acoustical Society of America, the Society of Rheology, and the American Association of Physics 
Teachers. The last of these joined in 1932, but did so early enough to be named a charter member. 
The AIP did not expand beyond these societies until the American Crystallographic Association 
and the American Astronomical Society joined in 1966. Governing Board of the American 
Institute of Physics, Minutes of Meeting held 7 February 1932, AIP minutes, NBL, accessed 10 
December 2012, http://www.aip.org/history/nbl/collections/minutes/gb_19320207.html; 
Governing Board of the American Institute of Physics, Minutes of Meeting held 26 March 1966, 
AIP minutes, NBL, accessed 10 December 2012, 
http://www.aip.org/history/nbl/collections/minutes/gb_19660326.html.  
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diffusion of the knowledge of a specified subject or subjects in physics.”3 No groups took 

advantage of Article IX until 1943, which brought the first division, the Division of 

Electron and Ion Optics. The Division of High-Polymer Physics followed it almost exactly a 

year later. 

Physicists interested in the properties of solid matter settled on the term “solid 

state” for their subfield in the process of debates that determined the DSSP’s focus. Its 

scope was expansively defined so that the new division bridged widening divides within the 

physics community. At the same time the DSSP represented the interests of a subset of 

physicists, it ligatured, with institutional ties, disparate segments of American physics. 

Foundational questions about how physicists defined themselves fueled the protracted 

debates and negotiations through which the DSSP was established. The 1947 birth of 

American solid state was embedded in pressing questions of professional identity, which 

led physicists to consciously structure their institutional machinery. The way the DSSP 

resolved these questions determined the shape and mission of solid state physics, and had 

consequences for the scope of the American physics community writ large. 

Spencer Weart, in his contribution to 1992’s Out of the Crystal Maze, describes the 

process through which solid state physics formed, noting: “When we speak of the 

emergence of solid-state physics […] we do not mean the creation of something de novo. We 

mean a grand rearrangement of an entire array of specialties, old and new, into a novel 

                                                
3 Quoted in Karl K. Darrow, “Current Trends in the American Physical Society,” JAP 14, no. 9 
(1943): 437. 
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constellation.”4 Weart aptly identifies the idiosyncrasies that characterized the development 

of solid state physics, a field that broke the rules of discipline-formation followed by its 

sibling subfields, such as nuclear physics. Rather than growing from a seed, Weart observes, 

specialties sometimes “rearrange themselves into fields at a single time when conditions 

reach some critical point.”5 Weart offered a preliminary account of the mechanisms 

through which solid state physics emerged as a reorganized cross-section of the physics 

community.  

In a teaser for the then-forthcoming Crystal Maze published in the July 1988 issue 

of Physics Today, Weart concluded that the lesson of the formation of solid state physics was 

that “a few thoughtful people were able to sway the balance in favor of a community that 

was intellectually and socially open, yet internally coherent—a solid-state physics 

community.”6 This chapter reprises much of Weart’s story, with the goal of suggesting that 

the unity the solid state synthesis supported, while powerful and effective at managing the 

rising tide of specialization, was somewhat less internally coherent than Weart’s account 

suggests. The following expands on Weart’s narrative account, relying on many of the same 

sources. It also situates the distinctive rearrangement Weart describes, which produced the 

solid state community, within both broader changes and specific structural debates in 

                                                
4 Spencer Weart, “The Solid Community,” in Out of the Crystal Maze, ed. Lillian Hoddeson et al. 
(Oxford, UK: Oxford University Press, 1992), 618. 
5 Weart, “Solid-State Physics Community” (ref. 4), 618. Weart identifies the formation of physics in 
the middle of the nineteenth century as another such critical juncture. 
6 Spencer R. Weart, “The Birth of the Solid-State Physics Community,” Physics Today 41, no. 7 
(1988): 45. 



 

84 

American physics, arguing that solid state was a political rather than conceptual 

community, which was internally heterogeneous and quickly became somewhat fractious. It 

departs from Weart’s account, however, by suggesting that solid state, although its founders 

strove for unity, was not defined by the same type of unity beloved of other areas of 

physics. 

Weart, examining the physics community in the 1930s, finds “no clear tendency to 

unify around the general subject of solids,” but concludes that, even so: “there was indeed 

a unifying force. […] This force was the growing intellectual unity of the subject. Solid-state 

physics could become an intellectual community only after its cognitive parts had drawn 

together in the minds of some physicists.”7 In the terminology introduced in the previous 

chapter, Weart sees solid state in terms of conceptual rather than political unity. He 

suggests that a “‘unified theory’ had been created through the coming of quantum 

mechanics,”8 and identifies the “intellectual unity offered by the concept of a solid,”9 as a 

force working in favor of solid state’s cohesion. 

This chapter argues that Weart overemphasizes the conceptual unity of solid state 

physics at the time of its inception, and in particular the casual role that unity played in 

bringing the new field together. It is possible to identify some areas of solid state physics 

where conceptual unity persisted, but focusing on the unity within these research areas, 

which often were part of traditions dating to before the quantum revolution, neglects the 

                                                
7 Weart, “The Solid Community” (ref. 4), 627. 
8 Weart, “The Solid Community” (ref. 4), 628. 
9 Weart, “The Solid Community” (ref. 4), 640.  
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role of political unity in providing what cohesion the field as whole possessed. Analyzing 

solid state as a fractious constellation, bound into a loose alliance in the service of common 

professional goals, helps to understand both the reasons for its formation, the 

characteristics of its evolution through the Cold War decades, and ultimately, as discussed 

in Chapter 4, its decay into new categories, such as condensed matter physics and materials 

science.  

Despite some interpretive differences, this chapter still owes much to Weart’s 

precedent. While focusing on conceptual unity, Weart still offers a compelling account of 

the countervailing centrifugal forces acting on the solid state community. He also points 

out that conceptual affinity alone could not overcome these forces, and institutional 

intervention was necessary. The details of those institutional developments offer an 

example of how the shift described in Chapter 1 had an immediate impact on the 

American physics community. 

The American Physical Society’s Division of Solid State Physics (DSSP) was 

established in 1947. The effort that led to it began four years earlier when a group of 

General Electric (GE) researchers began to advocate for an APS division dedicated to 

“metals physics.” GE’s Roman Smoluchowski provided the initial impetus. His efforts were 

in a large part motivated by the interests of industrial physicists, who had been rebuffed in 

their attempts to form a division of their own. The Physical Society’s administration was 

skeptical of any proposal it suspected would carve the physics community along 

professional rather than conceptual lines. Smoluchowski also met opposition from 
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physicists within his proposed division’s target audience, notably John H. Van Vleck, who 

actively resisted any attempt to subdivide the APS. 

Smoluchowski’s efforts would eventually lead to the formation of the Division of 

Solid State Physics within the APS, but the controversy his proposal sparked exposed 

conflicting visions within the American physics community. The opposition between 

Smoluchowski’s interest in institutionally imposed sub-disciplinary cohesion on one hand 

and Van Vleck’s opposing plea for the conceptual unity of physics on the other exemplify 

this rift. The negotiation between professional and conceptual interests by which the 

proposed Division of Metal Physics became the actual Division of Solid State Physics both 

shaped the identity of American solid state and helped to define the scope of postwar 

American physics as a whole. 

The DSSP was planned and established while the American physics community was 

consciously restructuring itself. The war was both a financial and professional boon. It 

contributed to the centralization of federal funding for scientific research, establishing a 

reliable foundation for growth.10 It also offered physicists greater opportunities to influence 

national policy and garnered the profession more prestige than it had enjoyed at any point 

                                                
10 This argument was advanced in Hunter Dupree, Science in the Federal Government (Cambridge, 
MA: Harvard University Press, 1957), and has since become a point of broad historiographical 
consensus and studies building on Dupree’s work have explored the details of the mechanisms that 
enacted the federal government’s newly robust commitment to funding scientific research. See: J. 
Merton England, A Patron for Pure Science: The National Science Foundation's Formative Years, 1945–
1957 (Washington, DC: National Science Foundation, 1982); Sharon Gibbs Thibodeau, “Science 
in the Federal Government,” Osiris, 2nd series, Vol. 1 (1985), 81–96; Daniel Lee Kleinman, Politics 
on the Endless Frontier: Postwar Research Policy in the United States (Durham, NC: Duke University 
Press, 1995); David Edgerton, “Time, Money, and History,” Isis 103, no. 3 (2012): 316–327. 



 

87 

previously in the United States.11 Rapid growth in population, funding, and social 

approbation, while healthy for the field, was also destabilizing. A larger population 

encouraged the formation of smaller groups under the umbrella of physics, an influx of 

funding created questions about how to apportion it, and greater prestige made the 

appellation “physics” more attractive for subgroups that might otherwise have established 

themselves as independent communities. As described in the previous chapter, these 

factors conspired to create a professional crisis in the mid-1940s as physicists, perceiving 

the impact of these changes, began to consider how physics’ professional structures should 

be altered to better manage them. 

The notion of unity lay at the center of the debate over professional restructuring. 

It was a broadly shared ideal among American physicists, but not all could agree on what 

unity meant or how it could best be achieved. Two major divisions characterized the unity 

debate in the 1940s. Most commentators on organizational challenges agreed that physics 

was divided between basic and applied research, and most shared a related conviction that 

academic and industrial groups were isolated from each other in ways that adversely 

affected the productivity of both. Disagreements hinged on how these divides should be 

managed from a professional standpoint. Both industrial and academic physicists 

                                                
11 On the postwar prestige of physicists see: Daniel J. Kevles, The Physicists (New York: Knopf [1995] 
1971); Laurie Brown et al., eds., Pions to Quarks (Cambridge, UK: Cambridge University Press, 
1989). Robert W. Seidel has situated the origins of the growing prestige of American physics 
slightly before the war, in the success of the Lawrence Berkeley Laboratory. Robert W. Seidel, “The 
Origins of the Lawrence Berkeley Laboratory,” in Big Science: The Growth of Large Scale Research, ed. 
Peter Galison and Bruce Hevly, 20–45 (Stanford: Stanford University Press, 1992). On the 
increased influence of physics on policymaking see, in addition to Kevles, Kleinman, Politics on the 
Endless Frontier (ref. 10). 
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supported measures to stem the widening of the gap between them, but the methods each 

favored varied according to the institutional, intellectual, and professional needs distinctive 

to each group. 

Physicists in industry tended to favor greater professional representation. The 

faction pushing for the institutionalization of solid state physics represented this outlook, 

and argued that validating nascent structure within the physics community would facilitate 

better communication and collaboration, both within physics, and beyond it with the 

neighboring fields of chemistry, engineering, and metallurgy. Collaborations of this type 

were pivotal for industrial research, but academic physicists, who formed the core of 

opposition to divisions, and who controlled the APS, remained concerned that such 

institutional organs would dilute the cohesive character that American physics had enjoyed 

in the pre-World War II years. 

The following discussion assesses the significance of the unity debate in the 

founding of American solid state physics, particularly with respect to solid state’s 

industrial/applied lineage. Disagreements about what unity meant codified developing 

tensions between the basic and applied, academic and industrial branches of the American 

physics community. The motivations behind founding the DSSP were bound to applied 

and industrial interests, and so those interests constrained the decisions that shaped the 

field’s early character. Simultaneously, the DSSP was an expression of a powerful desire for 

unity. Advocates for a new division felt they valued unity just as much as their opponents, 

but they understood it politically rather than conceptually. The political view of unity 
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represented a radical shift from conventional ways of thinking about disciplinary structure 

in the physical sciences, which held that the definition physics was rigidly provided by the 

phenomena under investigation, the way it was accessed, and how it was interpreted. This 

departure provides a lens through which to understand the debt solid state owes to its 

industrial and applied origins, and to rationalize its idiosyncratic structure in the early post-

World War II years. Unity was a shared ideal, but it was not a uniform concept. Physicists’ 

interpretations of unity were shaped by their professional circumstances and institutional 

allegiances. The competing views that emerged in the context of the debate over the future 

of the Physical Society became central to the professional identities of the sub-disciplinary 

groups that emerged from the APS restructuring. Through this process, the first organized 

group of solid state physicists came to value professional over conceptual unity. 

 

II. A Physicist’s War 

Solid state physics began to coalesce within a turbulent environment. Physicists in 

the 1940s took pains to mold the discipline to their advantage. In some cases, this meant 

attempting to realize their visions of unifying physics, and in others it meant protecting a 

particular topic area or institutional context. While unity was a widely shared ideal, 

independence also had its attractions. The collective efforts of physicists to structure their 

post-war existence aggravated the tensions between these two factors. Unity was a powerful 

ideology. In its strongest form, it represented a strong push to identify and maintain the 

essential—that is, conceptual—elements of physics. A number of physicists, however, sought 
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the autonomy to organize their meetings, publications, and research in ways that would 

serve the professional and intellectual ambitions of smaller interest groups. For these 

groups, the ideal of conceptual unity was problematic. Unity held such ideological sway, 

however, that they were compelled to adopt it in another form. They remade the concept 

of unity in a way that was compatible with their goals—as unity through political allegiance. 

These two manifestations of the same concept defined the poles of influence between 

which American solid state physics crystallized. 

The founding of the Division of Solid State Physics was a circuitous affair, lasting 

almost four years, straddling the end of World War II. It began to germinate in November 

1943 in Evanston, Illinois. Northwestern University hosted a meeting of the American 

Physical Society, which included a symposium on the physics of rubber. One purpose of 

the symposium was to discuss a petition that had been circulated earlier in the year, 

garnering 31 signatures, in support of a division representing the physics of high-polymeric 

materials. The industrial lineage of this division is clear from its originally prosed title: 

Division of Textile Physics. The more highbrow reference to high-polymers was sufficient 

to placate the APS Council’s prejudice for subject-based divisions. On the power of the 

Evanston petition and verbal support for such a division, the APS Council authorized the 

Division of High-Polymer Physics, the Society’s second.12 

                                                
12 Lyons, W. James, “Concerning the Division of High-Polymer Physics of the American Physical 
Society,” JAP 15, no. 11 (1944): 729–730. The Division of Electron and Ion Optics, formed by a 
group of electron microscopists, had been approved earlier in 1943. 
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Roman Smoluchowski, a General Electric research physicist, was in attendance. 

Smoluchowski had come to the United States from Poland, fleeing German occupation, a 

few years earlier. In Warsaw he had led the department of the physics of metals, and his 

experience at the rubber symposium emboldened him to launch a similar effort on behalf 

of his preferred class of materials. Learning from the success of the polymer physicists, 

Smoluchowski, before the year was out, assembled a team comprised of himself and five 

other physicists with an interest in metals research to advocate for representation in the 

APS. This “group of six,” so named by Karl K. Darrow, included Smoluchowski’s GE 

colleague Saul Dushman, along with Thomas A. Read (Frankford Arsenal), Sidney Siegel 

(Westinghouse), Fred Seitz (Carnegie Institute of Technology), and William Shockley (Bell 

Labs). Smoluchowski drafted a circular letter entitled “The Present War is a Physicist’s 

War,” which asked so-called “metal physicists” to weigh in on two questions: “First, do you 

think that some sort of a cooperation among metal-physicists is necessary and advisable or 

not; and second, what form this cooperation should take: a small committee, a section of 

The Physical Society, or something else maybe?”13 

                                                
13 Saul Dushman, et al., “The Present War Is a Physicist’s War,” Smoluchowski records, NBL, 
Folder 3. The letter is reproduced in its entirety in Appendix B. Early discussion among the group 
of six and their correspondence referred to a “section” rather than a “division” of the Society. Karl 
K. Darrow, the APS secretary, corrected this error once the petition came to his attention, noting: 
“the word […] is Division and not Section – our Sections are the geographically-defined groups of 
members such as the New England Section.” Karl Darrow, letter to Roman Smoluchowski, 22 
March 1944, Smoluchowski records, NBL, Folder 1. The ease with which most physicists 
interchanged the two terms demonstrates that lack of familiarity with the internal structure of the 
APS, in particular with divisions and their goals, was still widespread in the mid-1940s. 
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The group of six distributed the letter to just over 50 of their colleagues 

nationwide, whose research focused on the physical properties of metals. Metal physicists 

proved more fractious than polymer physicists and the letter elicited mixed responses. The 

most pointed opposition came from John H. Van Vleck, who used the occasion to voice 

his more general objection to the subdivision of the American Physical Society that was 

already underway. Van Vleck, replying to Dushman,14 wrote, “I must confess that I am a 

rather violent opponent of what I like to call ‘Balkanization’ of the American Physical 

Society, be it either geographical or by subject matter.”15 Van Vleck praised “the spirit of a 

quaker meeting” which characterized pre-war meetings, at which “one can go to hear the 

papers, in case one is interested, or sit on the lawn and talk to one’s friends, in case one is 

not,” and where “[a]nybody who wants to can give a ten-minute paper on any subject 

having even the remotest connection with physics.”16 

Van Vleck, by then ensconced at Harvard and heading the theory group of the 

Radio Research Laboratory, was a powerful opponent. His place among the first American 

made quantum theorists and ease within the tight interpersonal networks governing mid-

century American physics gave his opinion considerable sway. It was with good reason that 

Smoluchowski took pains to assuage his concerns. These concerns, centered around Van 

                                                
14 While Smoluchowski was the primary architect of the effort, the letter instructed recipients to 
reply to whomever among the group of six they preferred. Dushman, the first alphabetically, 
therefore received the preponderance of the replies. 
15 John Van Vleck, letter to Saul Dushman, 29 January 1944, Smoluchowski records, NBL, Folder 
1. 
16 Van Vleck to Dushman (ref. 15). 
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Vleck’s preference for the Quaker spirit, extended only so far as his sectarian allegiance to 

physics, as he further criticized plans for a division on the basis that it would dilute APS 

meetings with non-physicists: 

The idea that various groups whose main interest is not physics must be coddled, in 
order to make them members of the American Physical Society, has never appealed 
to me, as just mere numbers is not everything. The American Chemical Society is, 
to my mind, a prime example of this point. It seems to me that the continual 
tendency to section the Physical Society and establish a lot of sub-organizations will 
tend to put it on what I may term a ritualistic and/or new-deal-bureaucratic basis.17 
 

Van Vleck’s objection was twofold. First, he favored an informal society, unencumbered by 

additional substructures. Second, he worried that divisions, if they possessed their own 

membership, would harbor interlopers who had special interest in the subject the division 

represented—for instance, metals—but had no desire to consider questions that were 

characteristically physical, such as generalizable laws. Such opposition was fully consistent 

with the view of the APS as a society catering to basic researchers. Van Vleck, through his 

work on magnetism, had contributed much to the physics of metals but was interested in 

them only so far as they manifested foundational principles.18 By “groups whose main 

interest is not physics,” Van Vleck meant not just chemists, metallurgists, and engineers, 

but applied physicists whose interest in applications meant that they were not concerned 

with basic research. 

                                                
17 Van Vleck to Dushman (ref. 15). Van Vleck was a loyal Republican and in personal 
correspondence of this period often expressed skepticism of Franklin Roosevelt’s policies, so his 
reference to the New Deal may be read as pejorative. 
18 See, most notably, John H. Van Vleck, The Theory of Electric and Magnetic Susceptibilities (Oxford, 
UK: Clarendon Press, 1932.) 
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The opinion Van Vleck expressed represented a minority of the metals physicists 

polled, but his opposition to a division exerted out-sized influence. First, he held a 

legitimate claim to a place among the founders of the American theoretical physics 

community. He was one of the few Americans to participate actively in the quantum 

revolution of the 1920s, and this inspired enough veneration among his colleagues that 

they took his opinions seriously as a matter of routine.19 Second, he was a good friend of 

APS Secretary Karl Darrow, who was ultimately responsible for overseeing the formation of 

new divisions.20 No decisive evidence indicates that Van Vleck exerted direct influence on 

the divisionalization process through Darrow, who supported and oversaw the formation 

of new divisions, but their frequent correspondence gave Van Vleck repeated opportunities 

                                                
19 For a detailed evaluation of the contributions to the quantum revolution that grounded Van 
Vleck’s standing among his peers, see: Anthony Duncan and Michel Janssen. “On the Verge of 
Umdeutung in Minnesota: Van Vleck and the Correspondence Principle, Part One.” Archive for 
History of Exact Sciences 61, no. 6 (2007): 553–624 and “On the Verge of Umdeutung in Minnesota: 
Van Vleck and the Correspondence Principle, Part Two.” Archive for History of Exact Sciences 61, no. 
6 (2007): 625–671. 
20 The two were close enough that Darrow felt comfortable writing Van Vleck in Latin in order to 
coordinate their nomination of mutual friend Eugene Wigner for fellowship in the American 
Philosophical Society: “Amor Germanorum, rum cum coca cola, et debilitas memoriae sunt radices 
multorum malorum. Sicut recte dixisti, Wigner non est socius noster in Societate Philosphica Americana.” 
Author’s translation: “Love of the Germans, rum and Coca-Cola, and weakness of memory are the 
roots of many evils. As you have correctly said, Wigner is not our companion in the American 
Philosophical Society.” Karl Darrow, letter John to Van Vleck, 15 May 1945, Darrow papers, NBL, 
Box 19. (Translation note: Darrow uses the genitive “Germanorum,” which literally translates as 
“possessed by the Germans.” Given the context—just a week after VE Day—it appears that he would 
have been better served by the dative “Germanis,” or “for the Germans.”) Van Vleck also had 
occasion to stay with Darrow while the latter was a visiting professor at Smith College in 1941. 
After Van Vleck departed, misplacing a pair of suspenders in the process, the two exchanged a 
series of letters speculating on whether or not suspenders could be had in the Smith colors and 
whether or not this reflected sartorial trends in women’s colleges. John Van Vleck, letter to Karl 
Darrow, 6 March 1941; Karl Darrow, letter to Van Vleck, 13 March 1941; and John Van Vleck, 
letter to Darrow, 25 March 1941, Van Vleck papers, NBL, Box 9.  
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to reiterate his distaste for sub-sectioning the APS, and can reasonably be thought to have 

contributed to Darrow’s hard line stance that divisions demarcated conceptual, rather than 

institutional territory.21 

In accordance with Van Vleck’s stature and connections, Smoluchowski treated his 

opposition delicately. He responded with an attempt to skirt both of Van Vleck’s 

objections, while still acknowledging their validity and demonstrating the expected degree 

of deference: 

Everybody, I think, will agree that ‘Balkanization’ of the American Physical Society 
would be very undesirable. What some of us consider worthwhile is (if I may use 
your political analogy) an attempt to prevent ‘an invasion and partition by powerful 
neighbors’ (i.e. chemists and metallurgists) at the same time avoiding the dangers of 
specialization. I do hope that if such a group is created it will not interfere with the 
democratic spirit of the meetings of the Society which all of us enjoy so much.22 
 

Van Vleck was not appeased, countering Smoluchowski’s political analogy by further 

extending his own, describing Smoluchowski’s stance as: “a little like the idea of Germany 

before 1914 that if it did not expand, it would be gobbled up by Russia and France. As far 

                                                
21 Upon receiving a survey regarding the Division of Electron and Ion Optics, for example, Van 
Vleck wrote to Darrow: “In reply to your questionaire [sic], I do not wish to be enrolled in the 
electron microscope division of the Physical Society. Apparently we are now to have vertical as well 
as horizontal Balkanization of the American Physical Society. I enclose herewith a copy of the 
Constitution that I ran across in my files. Apparently it is the original form written by our wise 
forefathers at Independence Hall, before any new deal amendments. It seems to carry no provisions 
for either type of Balkanization, or entering into the real estate business. Are you sure that all these 
items are legal?” An original version of the Constitution would not have included 1931’s Article IX, 
which established the legality of topical divisions. The reference to the real estate business refers to 
the Physical Society’s purchase of a building to house its operations in New York. Van Vleck’s 
invocation of Roosevelt’s New Deal programs can be understood as derogatory (see ref. 17). John 
Van Vleck, letter to Karl Darrow, 19 September 1943, Darrow papers, NBL, Box 19, Folder 1943 
TUV. 
22 Roman Smoluchowski, letter to Van Vleck, 3 February 1944, Smoluchowski records, NBL, 
Folder 1. 
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as I can see, the Physical Society is a going concern, and its membership list is not 

shrinking.”23 He further expounded his hesitation about opening the door of the APS too 

widely, writing: “I am more concerned that our meetings will have too many hangers-on 

whose main interest is not that of pure physics or science. When we sit on the lawn of the 

Bureau of Standards, we do not want to feel ‘qu’un sang impur abreuve nos sillons’.”24 

The national imagery is more critical than the military imagery in this instance, as 

Van Vleck harbored no evident malice towards chemists or metallurgists. Instead, he 

emphasized what Smoluchowski missed in his first reply: his objection was not to an 

avenue through which chemists and metallurgists might infiltrate the APS, but to an 

expansion of the scope of the APS beyond basic physics that might accompany divisions. 

Van Vleck felt he was a physicist before anything else—before being a scientist or a theorist 

or a metal specialist—and his loyalty lay with those who felt similar allegiance to physics at a 

general level. Smoluchowski, at this point resigned to Van Vleck’s opposition, replied only 

that he did not anticipate that the type of organization he had in mind, directed mostly 

towards organizing special symposia, would undermine the Quaker spirit of the APS 

meetings.25 Smoluchowski’s internalization of a political notion of unity ensured that the 

core of Van Vleck’s opposition either remained lost on him or was so completely opposed 

                                                
23 Van Vleck to Smoluchowski (ref. 1). 
24 Van Vleck to Smoluchowski (ref. 1). 
25 Roman Smoluchowski, letter to John Van Vleck, 21 February 1944, Smoluchowski records, 
NBL, Folder 1. 
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to his own vision that he felt he could not profitably confront it directly, given Van Vleck’s 

status in the physics community. 

Van Vleck, and other vocal opponents of divisions, made more successful entreaties 

to Fred Seitz, who, as evidenced in the previous chapter, was more favorably disposed to 

view the APS as a haven for basic researchers. In early May 1944, while the group of six was 

in the process of organizing a petition to the APS Council for a metals division, Seitz wrote 

to Darrow suggesting that the question of a metals or solids division be postponed until 

after the war. He explained his suggestion by referencing conversations he had conducted 

with opponents of divisions: “These are men whose opinions I respect very much, and I 

was impressed with the fact that they feel as if divisionalization will be a catastrophe.”26 

Darrow was puzzled by this stutter step in the petition process, replying, “I am not sure 

whether this is a definite withdrawal of the request by your group for a Division of Metal 

Physics, but since the Council has no formal petition for such a division before it, it has 

not yet taken action about such a division nor is it likely to.”27 Darrow continued by 

expressing to Seitz his conviction that further subdivisions of the APS were inevitable, and 

that the process was essential as the Society grew and required additional structures to 

handle practical matters such as the organization of meetings and symposia. He further 

                                                
26 Fred Seitz, Letter to Karl Darrow, 6 May 1944. Smoluchowski records, NBL, Folder 1. These 
opponents of divisionalization included, at the least, Van Vleck and Eugene Wigner, the latter of 
whom was notoriously peripatetic in his research interests, and would therefore find little to 
recommend a sectionalized Physical Society. 
27 Karl Darrow, letter to Fred Seitz, 16 May 1944. Smoluchowski records, NBL, Folder 1. 
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expressed his and the Council’s desire to see the proposed division be devoted to the 

entirety of the solid state rather than to metals alone.28 

Seitz appeared relieved that Darrow had drawn him back from the skeptical brink, 

replying: 

You have put the entire situation in a light that makes me feel much clearer about 
the objectives at hand. As you undoubtedly gathered from my previous letter, I 
have been subject to considerable bombardment from many hands concerning the 
part I had played in connection with the proposal to start a division of ‘Metal 
Physics.’ I now realize that divisionalization is not an evil in itself, and that the 
success or failure of the American Physical Society in the future depends entirely 
upon the way in which the members exercise the rights that they have under the 
existing organization.29 
 

Seitz was also convinced by Darrow’s suggestion that the proposal for a metals division be 

broadened to encompass solids generally. He offered a mea culpa to Smoluchowski for 

wavering in his conviction while being “bombarded very heavily with views against 

divisionalization” before asking: “Do you have a deep-seated objection to using the name 

‘Division on the Physics of Solids?’ This would undoubtedly open the doors to a much 

wider group, such as those interested in pigments and ceramics, and would make the 

aspects of divisionalization a little less grim.”30 

                                                
28 Darrow to Seitz (ref. 27). 
29 Fred Seitz, letter to Karl Darrow, 25 May 1944. Smoluchowski records, NBL, Folder 1. The 
apparent malleability of Seitz’s convictions and his adeptness at navigating the competing interests 
involved carries all the more significance in light of his subsequent work on behalf of big tobacco 
and big oil. See: Naomi Oreskes and Eric M. Conway, Merchants of Doubt: How a Handful of 
Scientists Obscured the Truth on Issues from Tobacco Smoke to Global Warming (New York: Bloomsbury 
Press, 2010). 
30 Fred Seitz, letter to Roman Smoluchowski, 25 May 1944, Smoluchowski records, NBL, Folder 1. 
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The debate over whether to represent metals or solids cut to the core of the 

disagreements over the proposed division’s mission. Léon Brillouin had expressed the 

heart of the opposition to metals in his reply to the group of six’s circular letter: “The 

distinction between metals and other solids has no scientific basis and is only a matter of 

engineering—The physicist cannot draw a border between the two cases, and most of our 

recent knowledge of metals was the result of experiments and theories worked out on the 

non metallic crystals. So let us speak of Physics of solids in general.”31 From the perspective 

of basic physics, the solid state was the superior category because it did a better—if 

imperfect—job of preserving topical coherence within the division. In contrast, the choice 

of metals as an organizing principle betrayed too starkly the industrial motivations of the 

original proposal. Industrial physics, at the time, was concerned overwhelmingly with 

metals. Smoluchowski, responding to Sidney Siegel’s suggestion that the entire solid state 

be considered, reported hearing “the opinion that most industrial research is done in the 

domain of metals,” although he admitted that he could not be sure himself.32 Despite later 

claims to the contrary, both the composition of the group of six and the decision to limit 

the initial proposal to metals demonstrates concern with representing industrial interests.33 

                                                
31 Léon Brillouin, letter to Saul Dushman, 25 January 1944, Smoluchowski records, NBL, Folder 1. 
Original emphasis. Brillouin skirted the similar issue that would later dog solid state physics, 
namely that the border between solids and other states of matter was similarly fuzzy. 
32 Roman Smoluchowski, letter to Sidney Siegel, 17 December 1943, Smoluchowski records, NBL, 
Folder 1. 
33 Four of the six were employed in an industrial capacity. Seitz, the one academician, had an 
industrial pedigree, having worked at GE between 1937 and 1939. For a discussion of the 
environment at GE in the early twentieth century, and in particular Saul Dushman’s inculcation 
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It is worth mentioning that metallurgy was an established field before World War 

II, and had aspirations to improve its standing in the sciences. When the University of 

Pennsylvania was working to expand its research profile in the late 1930s, for instance, 

metallurgy was one area it identified as offering a substantial return on investment. G. P. 

Harnwell, recently appointed chairman of the physics department, attempted to poach 

metallurgist Gerhard Derge from Carnegie Tech, noting that “a number of alumni and 

interested friends of the University have proposed that the interest in Metallurgy be 

expanded,” and emphasizing “a complete unanimity of opinion among us that the graduate 

and research aspect of the development should be conceived of as a pure scientific program 

in the Physics and Chemistry of solids rather than endeavoring to tie it too closely to 

classical empirical metallurgy.”34 Further, metallurgy programs and industries focused 

around research into the properties of metals were hiring physicists trained in the study of 

solids, so Smoluchowski’s fixation with making his group amenable to the metallurgical 

community reflects both the health of that field, and his concern for forming practical 

alliances. 

                                                                                                                                            
into an industrial mindset, see: George Wise, “Ionists in Industry: Physical Chemistry at General 
Electric, 1900–1915,” Isis 74, no. 1 (1983): 7–21, esp. 20–21. 
34 Gaylord P. Harnwell, letter to Gerhard Derge, 20 September 1939, Harnwell papers, UPA, Box 
6, Folder 2. Francis Bitter, a physicist hired by MIT’s Department of Mining and Metallurgy in the 
mid-1930s, and who took steps to bend the field to a physicist’s notion of rigor, provides another 
example of the position and aspirations of metallurgy in the late 1930s. See Chapter 5. By the early 
1960s, the study of metals had lost its luster in the face of “a growing trend throughout the world 
towards the unified treatment of the science of metallic and non-metallic materials.” “Finding a 
Forum for Materials Science,” New Scientist 313, 15 November 1962, 361. See Chapter 4. 
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Smoluchowski required considerable persuasion before he would accept solids over 

metals as the focus of the new division. Despite his deference to Van Vleck’s concerns and 

the pains he took to emphasize that the division was motivated by the best interest of 

physics and physics alone, one of his driving motivations was collaboration with chemists 

and metallurgists. He envisioned an organization that would keep the study of metals tied 

closely to physics, but also saw it as an organ of communication, which would organize 

joint symposia with societies such as the American Society for Metals (ASM) and the 

American Institute of Mechanical Engineers (AIME).  

 Metals were indeed a prominent element of industrial research in the early 1940s. 

In the National Research Council’s 1940 survey of US industrial laboratories, only one, 

Bell Telephone Laboratories, listed “solid state physics” as a research area.35 In the same 

volume, references to metals, alloys, steel, metallurgy, and similar terms appear on almost 

every page and in the entries for the great majority of laboratories that list physicists among 

their research staff. Smoluchowski’s sense that metals were central to the work of industrial 

physicists was therefore not misplaced. But similar data indicates that he need not have 

been so concerned about the exact name of the field. Only a handful of laboratories in the 

1950 edition of the same report list solid state physics among their research areas or solid 

                                                
35 National Research Council, Industrial Research Laboratories of the United States, Seventh Edition, 
(Washington DC: National Academy of Sciences, 1940), 34. The inclusion of “solid state physics” 
was new in 1940 report, having been absent from the 1938 edition. 
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state physicists among their staff,36 but by 1956 the term was in common circulation and in 

1960 it was ubiquitous.37 

Smoluchowski, with the benefit of hindsight, was oversensitive about the name of 

the division. His fixation, though, reveals something of his motives. When Conyers 

Herring, replying to the original circular mailing, echoed Brillouin and others by suggested 

that solids rather than metals might be a better organizing topic for the division, 

Smoluchowski resisted on the grounds that “the cooperation from purely metallurgical 

quarters may be more active if we are ‘all out for metals.’”38 He maintained this line long 

after the majority of the group of six, Karl Darrow, and the APS Council had all become 

convinced that the solid state was the more viable category.  

Smoluchowski wrote Seitz in May of 1944: “I quite agree that from the point of 

view of the A.P.S. as a whole ‘Solids’ are to be preferred, but I think that from the point of 

view of cooperation with other societies, ‘Metals’ are more appropriate. This cooperation 

                                                
36 These include, in addition to Bell: The Franklin Institute of the State of Pennsylvania; the 
Milwaukee Gas Specialty Company; Philips Laboratories, Inc. of Hudson, NY; Westinghouse 
Electric Corporation (“solid state electronics”), and Carl A. Zapffe’s Laboratory, of Baltimore, MD. 
National Research Council, Industrial Research Laboratories of the United States, Ninth Edition, 
(Washington DC: National Academy of Sciences, 1950). 
37 National Research Council, Industrial Research Laboratories of the United States, Tenth Edition, 
(Washington DC: National Academy of Sciences, 1956) and Eleventh Edition, (Washington DC: 
National Academy of Sciences, 1960), 34. 
38 Roman Smoluchowski, letter to Conyers Herring, 15 February 1944, Smoluchowski records, 
NBL, Folder 1. Herring, a pioneer on research into the band structure of solids was a researcher in 
Columbia University’s Division of War Research at the time. After the war he would spend three 
decades at Bell Labs, where he founded the theoretical physics division and garnered accolades 
such as the Oliver E. Buckley Solid State Prize and National Academy of Sciences membership. 



 

103 

and this bridging of the gap between metal physicists and metallurgists is to my mind one 

of our main objectives.”39 Seitz replied: 

Regarding the title of the division, I honestly do not believe that we should worry 
about what the metallurgists would consider a good title. From the experience I had 
in Pennsylvania with organizing cooperative meetings, I believe I can state honestly 
that the cooperation with the metallurgists will have to originate on our side. If 
there are joint meetings with the ASM or the AIMP [sic], it will be because 
someone like you or I has been aggressive enough to approach them. The exact 
name of the division will not play a role in this negotiation. As a result, I still hardly 
favor the use of the word ‘solid’ instead of the word ‘metal’. In addition, I think we 
should remember that the persons interested in pigments, glass, and the like, who 
will be interested in the division, are very large in number, and are no less 
organized than the metallurgists. I believe it would be a mistake if we expressed 
interest in one of these groups, to the exclusion of the other.40 
 

Seitz had been an assistant professor of physics at the University of Pennsylvania in the late 

1930s, during Harnwell’s efforts to expand the institution’s profile in metallurgy. The work 

Seitz was pursuing on solids had been a critical element of Harnwell’s sales pitch to 

potential hires, and so Seitz would have had ample opportunity to develop a considered 

position on the relationship between physics and metallurgy. Seitz’s influence paved the 

way for Smoluchowski to finally abandon his commitment to metals. When Smoluchowski 

met with Darrow two days later on June 16, the result was an agreement to circulate a 

petition for the formation of a representational organ for physics of the solid state and to 

                                                
39 Roman Smoluchowski, letter to Fred Seitz, 30 May 1944, Smoluchowski records, NBL, Folder 1. 
40 Fred Seitz, letter to Roman Smoluchowski, 14 June 1944, Smoluchowski records, NBL, Folder 1. 
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arrange a symposium to discuss the state of the fields and plan future organizational 

efforts.41 

The shift from metals to the solid state, although it appeased some who preferred 

conceptual distinctions, did not supplant Smoluchowski’s original mission to ensure that 

new branches of both “Pure and Applied Physics […] would […] remain branches of physics 

rather than to become new ‘pure sciences’ or new types of ‘engineering,’”42 that “The 

Present War Is a Physicist’s War” had established. The name change quelled some 

opposition, but the proposed division, as demonstrated by subsequent events, remained an 

effort to integrate basic and applied research from both academic and industrial contexts. 

The question of what sort of organization should be established had remained in 

the background up to this point. It became central to the discussion after Smoluchowski 

and Darrow agreed to move ahead with the solid state proposal. The original circular letter 

had asked whether a full-fledged division or a smaller standing committee would be the 

more favorable option. In June of 1944 the APS Council appointed the group of six as a 

committee to organize a symposium at which the question would be tabled before a group 

of interested physicists.43 To this end, the group of six published the results of their survey 

in the Journal of Applied Physics with a one-page statement entitled “Physics of the Solid 

                                                
41 Karl K. Darrow, “Memorandum of a Conversation with R. Smoluchowski – June 16, 1944,” 
Smoluchowski records, NBL, Folder 1. Darrow indicated in the memo that he had with him a copy 
of Seitz’s June 14 letter to Smoluchowski, resolving the question of whether or not Smoluchowski 
had an opportunity to read it before talking the matter over with Darrow. 
42 Dushman, et al, “The Present War Is a Physicist’s War” (ref. 13). Original emphasis. 
43 Karl Darrow, letter to Roman Smoluchowski, 28 June 1944, Smoluchowski records, NBL, Folder 
1. 
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State” that was sold more softly than Smoluchowski’s original pitch in “The Present War Is 

a Physicists’ War.”44  

Rather than advocating for new organizations the statement simply presented the 

range of options available and promoted the symposium to be held at the January meeting 

of the APS in New York at which the options would be hashed out. Alongside the 

possibility of a new division, the article outlined the option of forming a standing 

committee within the APS, which, although it would require modification of the APS 

constitution to allow for such entities, would otherwise be less divisive as it would not 

maintain membership rolls and would thus have less impact on the identity and allegiance 

of individual physicists. The statement recognized among the community of solids 

researchers “a desire to avoid, as much as practical, too formal an organization,” and noted 

that avoiding divisionalization would skirt “the dangers of overspecialization and [stress] 

the unity of interest and of purpose of all physicists.”45 This attempt at informality 

recognized two realities. First, it dampened the impact of vigorous opposition from the 

likes of Van Vleck. Second, it was a concession to the fact that solid state was such a large 

category and that institutionally reifying it would group some physicists who otherwise had 

little in common. 

The group of six spent the fall and winter of 1944 organizing a symposium for the 

January APS meeting. In arranging the program they made overt efforts to show balance in 

                                                
44 Saul Dushman, et al., “Physics of the Solid State,” JAP 15, no. 12 (1944): 791. 
45 Dushman, et al., “Physics of the Solid State” (ref. 44), 791. 
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the institutional affiliations of the participants, in their stated positions on divisions, and 

between basic and applied research. Van Vleck, for example, was approached and agreed to 

speak on the theory of ferromagnetism on the condition that his participation would not 

be presented as an endorsement of “Balkanization.”46 The Journal of Applied Physics, in 

which the statement announcing the symposium was published, was both a preferred 

publication outlet for industrial researchers, and also one of the few publications where a 

good balance of industrial and academic contributions was in evidence.47 The choice of the 

name “Physics of the Solid State” along with the choice of venue, in a period when 

standard terminology had not yet evolved to define the field that would become solid state 

physics, amounted to a flag-planting gesture by the group of six. It announced its intention 

to claim existing research territory in the name of physics, with the venue of publication 

and makeup of the symposium further indicating that this new field would aim to bridge 

the divide between academic and industrial communities while also including an applied 

constituency that had previously been afforded scant influence on APS affairs. 

From an organizational standpoint, the symposium resulted in a short-term 

stalemate. With voices both for and against a division, the symposium, like the circular 

letter before it, produced an overall preference for a committee rather than a division. 
                                                
46 John Van Vleck, letter to Fred Seitz, 9 September 1944, Smoluchowski records, NBL, Folder 1. 
47 In 1944, Journal of Applied Physics published an approximately equal number of articles from 
physicists in industry and academia. These two groups together accounted for about 40% of 
contributions each, with the remainder coming from the government sector—mostly concentrated 
in an issue dedicated to naval research—along with two articles from Soviet researchers. In contrast, 
during same year the Physical Review, by then considered the flagship journal of American physics, 
published 89 articles, 6 of which, less than 7%, came from industrial physicists. University-affiliated 
physicists accounted for 79 of the 89 Physical Review articles, or about 89%. 
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Smoluchowski wrote to Van Vleck following the symposium: “My own feelings are quite 

optimistic now: I hope we will be able to have a ‘solid’ committee acting according to our 

original plans, avoiding at the same time the dangers of ‘pressure groups’ and other 

drawbacks which you have mentioned.”48 This sentiment expressed the broad consensus 

that the needs of the inchoate solid state community could be met by either appointing or 

electing a committee to organize meetings and symposia. The committee would have no 

permanent membership and collect no dues. 

Van Vleck, for his part, used the attention the symposium generated to consolidate 

opposition to divisions. He proposed a prophylactic measure against further divisions—a 

standing Committee on Programs within the APS—that would have representation from a 

range of subject areas and hold the responsibility for organizing meetings so as to be 

beneficial to each. A petition, addressed to Darrow and signed by Van Vleck and a number 

of his like-mined colleagues, argued:  

[I]t is preferable to have a committee of the Society on the whole subject of 
symposia rather than a separate committee for each special field, for two reasons: In 
the first place, the danger of catering to pressure groups would be avoided, and in 
the second place, there would be furnished a better safeguard that the number of 
symposia would be neither excessively large nor too small.49 
 

Smoluchowski and the group of six endeavored to work with Van Vleck on this proposal. 

Upon receiving a copy of Van Vleck’s letter, Smoluchowski replied: “I see no reason why 

each group of physicists representing a definite broad field should not elect one or two 

                                                
48 Roman Smoluchowski to John Van Vleck, 13 February 1945, Smoluchowski records, NBL, 
Folder 2. 
49 John Van Vleck, et al. to Karl Darrow, 29 January 1945, Smoluchowski records, NBL, Folder 2. 



 

108 

men to your General Symposium Committee which would serve as outlined in your letter. 

However, I do think these men should be elected, not appointed.”50 Smoluchowski was 

concerned that younger physicists felt alienated from the Society’s systems of governance 

and would benefit from an organizational structure that encouraged them to participate 

more fully in Society business. In the absence of a committee or a division specifically 

devoted to solids, Smoluchowski insisted on elections to determine the constitution of any 

general committee in order to ensure that the system was not oligarchical. Van Vleck, in 

keeping with his preference for a society with an informal character, found such 

democratic exercises distasteful. He considered contested elections to be sources of ill will 

and uncontested elections to be pointless formalities.51  

This continuing disagreement illustrates that while Smoluchowski and Van Vleck 

had come closer to agreeing on a sequence of practical measures they still maintained core 

differences in their views on how the society should operate. On Van Vleck’s view, a small 

society, conceptually unified and focused closely on basic research, would organically 

produce the individuals willing and able to conduct the committee work necessary to 

arrange meetings. Smoluchowski, on the other hand, saw a need to intentionally structure 

the society in order to achieve his aims. 

                                                
50 Roman Smoluchowski, letter to John Van Vleck, 15 March 1945, Smoluchowski records, NBL, 
Folder 2. 
51 John Van Vleck, letter to Roman Smoluchowski 21 March 1945, Smoluchowski records, NBL, 
Folder 2. 
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Seitz pointed out another consequence of Van Vleck’s plan, writing to 

Smoluchowski, “I believe that a large number of individuals whose primary interest is in 

applied physics will still be disgruntled.”52 Seitz foresaw steep postwar growth in industrial 

employment of physicists, and suggested that if steps could not be made to address their 

needs within the Physical Society, a separate society for applied physics be established. 

Nonetheless, he agreed to support Smoluchowski’s proposal, which would combine basic 

and applied work within the solid state division.53 Seitz’s conviction that applied physicists 

would be dissatisfied by a general program committee is indicative of the widespread 

acknowledgement that industrial and applied physicists generally favored more, rather than 

less structure within the APS. 

While this exchange exposed further differences between the outlooks 

Smoluchowski and Van Vleck brought to their respective efforts to influence the Physical 

Society’s structure, they were ultimately academic. Efforts to organize a committee, either 

topical or general, were thwarted by a constitutional technicality. Provisions for standing 

committees did not exist in the APS constitution. Since the purpose of APS divisions, as 

already in practice by the Division of High-Polymer Physics and the Division of Electron 

and Ion Optics, closely mirrored the proposed functions of the solid state committee and 

of the general program committee, Darrow and the APS Council deemed that an 

amendment to the constitution in order to allow standing committees was not justified. In 

                                                
52 Fred Seitz, letter to Roman Smoluchowski, 30 March 1945, Smoluchowski records, NBL, Folder 
2. 
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the face of this situation, the group of six shelved their efforts until the end of the war, 

when physicists were less encumbered by war work and travel restrictions and the complex 

political maneuvering required to marshal enough support for the solid state division 

would be less complicated. 

Their effort was resurrected late in 1946 when the APS Council again turned its 

attention to the question of divisions. On 19 September, the Council approved an official 

policy regarding divisions, composed of five points: 

1. The Society shall continue the policy of establishing and supporting Divisions as 
provided for in the constitution. 

2. All members of Divisions shall be Members or Fellows of the Society. 
3. In the Division now enrolling Associate Members, these shall be permitted to 

continue in their present status until the reorganization of the American 
Institute of Physics makes provision for individual members.  

4. Any member of the Society may enroll in a Division on payment to the Society 
of an initiation fee of two dollars.  

5. Divisional expenses considered normal by the Council shall be met by the 
Society, and no divisional dues may be collected or assessed by a Division unless 
authorized by the Council.54 

 
The policy, especially points two and three, was specifically designed to prevent divisions 

from bleeding outside the bounds of the APS and thereby to reinforce the Society’s control 

over the scope and character of the discipline. 

Amid the general climate of controversy surrounding divisions, the APS Council 

had appointed a committee, headed by E. U. Condon, to study the issue and craft a more 

                                                
54 Council of the American Physical Society, Minutes of the Meeting Held at New York, 19 
September 1946, APS minutes, NBL. 
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permanent policy.55 At the same time, “Authorization was […] obtained to tell the ‘Group 

of Six’, who want to organize a Division of the Solid State, to go ahead with their plan.”56 

This by no means represented an end to the debate over the role of divisions. At the next 

meeting, the committee in divisions headed by Condon reported back to the Council, 

which found “that both the Committee and the council found themselves confronted with 

irreconcilable viewpoints, and the matter has to go over to the January meeting.”57 

 Substantial progress would have to wait until May of the following year, when the 

Council again, in Darrow’s sardonic tone, “turned to its favorite pastime of discussing the 

question of Divisions.”58 Delegates from the Division of Electron and Ion Optics and the 

Division of High-Polymer Physics complained about the Council’s heavy-handed approach 

to crafting policies curtailing their activities. Divisional representatives had been excluded 

from the committee that drafted the Society’s policy on divisions, and as a result they 

found their by-laws, and the activities allowed by them, suddenly constrained. As 

summarized by Darrow, “the Divisions felt themselves completely at sea owing to the 

authority possessed by the Council to make such changes without consultation with 

                                                
55 Roman Smoluchowski, letter to Thomas Read, Saul Dushman, Sidney Siegel, William Shockley, 
and Fred Seitz, 13 December 1946, Smoluchowski records, NBL, Folder 4. The committee also 
included Karl Darrow, George Pegram, and John T. Tate. Council of the American Physical 
Society, Minutes of the Meeting Held at New York, 19 September 1946, APS minutes, NBL. 
56 Council of the American Physical Society, Minutes of the Meeting Held at Minneapolis, 30 
November 1946, APS minutes, NBL. 
57 Council of the American Physical Society, Minutes of the Meeting Held at Minneapolis, 30 
November 1946, APS minutes, NBL. 
58 Council of the American Physical Society, Minutes of the Meeting Held at Washington, 2 May 
1947, APS minutes, NBL. 
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Divisional officers.”59 The reaction prompted the Council to allow the divisions to take 

part in any future discussions pertinent to divisional activities, but refused to budge on the 

need to implement the policy it had adopted.  

Darrow reported the resolution: “The President shall appoint a committee of five 

members of the Council to study the relations between the Divisions and the Council 

necessary to implement the policy adopted in September 1946. (The underlined phrase is 

an essential part of this motion: suggestions that it be deleted were made, but did not 

eventuate in any amendment of the motion).”60 The Council, in other words, reasserted its 

authority over the divisions. The 1946 policy was designed to ensure that divisional 

activities would remain within the APS, rather than promoting related, but ancillary 

interest groups. The Council was determined to reinforce the restriction on divisional 

affiliation to APS members. It ruled: “The Division of High-Polymer Physics may keep its 

present Associates indefinitely, but neither it nor any other Division may elect Associates 

henceforward,” and further required that “The By-Laws of the two elder Divisions shall be 

examined and brought into conformity,” with the rules the Council had set out.61 

“Promoting” divisions, for the APS Council included active policing of any activities that 

might threaten the social and conceptual cohesion of the Society. 

                                                
59 APS Council minutes, 2 May 1947 (ref. 58). 
60 APS Council minutes, 2 May 1947 (ref. 58). 
61 Council of the American Physical Society, Minutes of the Meeting Held at Montreal, 20 June 
1947, APS minutes, NBL. The Division of High-Polymer Physics had begun with the policy of 
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division. 
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Continued conflict over divisions within the APS, however, failed to dissuade the 

DSSP’s proponents from proceeding. The day after getting the go-ahead from the Society, 

Smoluchowski—who had moved from GE to the Carnegie Institute of Technology in the 

fall of 1946—wrote the Council: “In view of the recent favorable decision of the Committee 

on Divisions (under the chairmanship of Dr. Fletcher) and the return of more normal 

conditions the ‘group of six’ requests the Council to consider again its petition and to 

approve a Division of Solid State in accord with the recommendations of the Committee 

on Divisions.”62 Just over a month later, at the 30 November Council meeting, the 

formation of a “Division of Solid-State Physics” was authorized.63 Its status was officially 

recognized at the June 1947 APS meeting in Montreal.64  

The announcement to the APS membership defined its scope “to comprise all 

theory and experimental research pertaining to the physics of the solid state, such as 

metals, insulators, phosphors, all crystalline substances, etc.”65 Metals had been 

substantially downgraded in the division’s mission, but although the expansion of scope 

made for a division with slightly less fuzzy conceptual boundaries, it also created 

opportunities for it to encompass all manner of research, old and new, basic and applied. 

Metal, as a category, drew problematic conceptual lines, but changing to solid state did not 

                                                
62 Roman Smoluchowski, letter to the Council of the American Physical Society, 20 September 
1946, Smoluchowski records, NBL, Folder 4. 
63 Karl Darrow, letter to Roman Smoluchowski, 4 December 1946, Smoluchowski records, NBL, 
Folder 4. 
64 Karl K. Darrow, “Formation of a Division of Solid State Physics in the American Physical 
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make sharp conceptual distinctions so much as it avoided them. By compromising between 

the Society’s demand for minimal conceptual continuity and the desire to represent basic 

and applied researchers in all institutional contexts, the DSSP became a big tent division, 

ensuring that it would expand rapidly. 

The process by which the DSSP was formed was substantially more fraught than 

that which produced the previous two divisions, both of which had sailed through from 

initial petition to APS Council approval in a matter of months. In contrast, the DSSP 

faced committed opposition, considerable debate over what form it should take, and 

substantial changes to its scope between the inception of the idea in November of 1943 

and its formation three and a half years later. These differences can be accounted for by 

contrasting the types of groups each division represented. Electron microscopists were 

oriented around a particular type of instrument and high-polymer physicist around a 

narrow range of materials with a specific set of industrial applications. Solid state, in 

contrast was amorphous with respect to experimental techniques, applications, and 

conceptual focus. Research on the physics of solids was roughly equally divided between 

industry and academia. It encompassed a wide variety of theoretical and experimental 

problems, a menagerie of different materials with applications that spanned the range of 

industrial interest in physics. Furthermore, it emerged at a time when concerns were 

already rampant about just these demographic characteristics of the physics community. 

Solid state was a highly inhomogeneous category at a time when physicists were struggling 

with how to cope with their field’s increasing diversity.  
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In this context, the DSSP, and the loose community of solid state physicists it 

represented can be seen as a structural experiment. The proposal for a metals division 

exposed several growing rifts within the physics community. As industry was becoming a 

considerable force within the physics community, the rift between Academia and industry 

became a matter of deeper concern, as it threatened the basic/applied research 

relationship. Two incompatible conceptions of unity emerged in the face of questions 

about how physicists should position themselves following the war. The first followed 

directly from the traditional view that physics should be a field dedicated to pure science. 

Unity in this sense, of a field unified by the object of its study, derived its meaning from 

the basic concepts that were supposed to correspond to natural categories. Unity in the 

second sense was political. It embodied the idea that a community could come together for 

a common purpose from far flung provinces so long as it was guided by a strong central 

organization. This type of unity, in contrast to the naturalistic variety, required continual 

institutional upkeep. 

By exposing these divisions the DSSP and the community it represented came to be 

shaped by them. American solid state organized physicists not on the basis of shared 

techniques or conceptual tools, but by professional entente. It was a category imposed 

upon a group of physicists who had a shared interest, but this interest was not in an 

encapsulated realm of physical inquiry; it was in bridging an institutional gap and creating 

organizational representation for groups that were otherwise marginalized. The question of 

how unity should be understood lay at the core of this development. 
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III. Solid State and Political Unity 

The process that led to the Division of Solid State Physics was deeply intertwined 

with the context discussed in Chapter 1. Discussions of unity, both in debates over 

industry’s place in postwar physics and over the foundation of the DSSP, tended to draw 

upon political imagery. Waterfall, Hutchisson, and Sutton invoked the nationalistic image 

of a “United States of Physics,” while Van Vleck and Smoluchowski parsed their 

disagreement in terms of Balkanization and regional conflict. The proliferation of political 

imagery suggests that political unity was the concept at the core of physicists concerns 

about their postwar circumstances. Unity in this sense—which I will call structural unity—

contrasts conceptual unity, which has traditionally been the focus of historians and 

philosophers discussing unity in the sciences, and especially in physics.66 

Traditionally, both historical and philosophical treatments of unity in physics have 

been driven by legacy debates in the philosophy of science. They have concerned 

themselves with how and to what extent, if at all, physics exhibits conceptual and 

ontological cohesion. The approach, which frequently situates itself with respect to the 

unity of science movement lead by early twentieth-century logical positivists, confronts 

                                                
66 Cf. Peter Galison and David J. Stump, eds., The Disunity of Science (Stanford: Stanford University 
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Unification in Physics at the End of the 20th Century,” HSPBS 28, no. 2 (1998): 253–299; and 
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questions of reduction, emergence, methodological continuity, and laboratory practice, and 

aims to draw conclusions with relevance to longstanding philosophical issues, such as 

realism versus anti-realism or reduction versus emergence. This is the type of unity 

traditionalists such as John Van Vleck had in mind when they voiced concerns that 

divisions would dilute the community by admitting those who were not physicists. 

In contrast, when the applied physicists who advocated for a political solution to 

the structural challenges physics faced in the 1940s invoked the term “unity,” they focused 

on how it could be structurally imposed so as to provide desirable professional advantages 

to an existing community, rather than with how it could be objectively defined or 

independently discovered. Its political dimension indicates that it was concerned with how 

people, rather than concepts, are interrelated, and more specifically with how certain 

subsets of people could be kept in close contact. This attitude is evident throughout the 

DSSP’s genesis, beginning with “The Present War Is a Physicist’s War,” which explicitly 

warned of the possibility that new fields of both basic and applied science might branch 

into new fields or new engineering specialties rather than remaining parts of physics.67 

Advocates of political unity were not essentialist about physics. They drew from the process 

of specialization the conclusion that the scope and definition of physics were malleable, 

and, as a consequence, that they could take steps in order to shape the field through 

proactive intervention in its institutional structure. 

                                                
67 Dushman, et al., “The Present War Is a Physicist’s War” (ref. 13). 
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Applied physicists who agitated for the formation of divisions that would serve 

industrial needs were not opponents of conceptual unity, but advocates of political unity. 

Despite the argument from unity as a basis for denying a division of industrial physics, for 

instance, the debate was not between advocates of unity and advocates of fragmentation. 

Applied physicists were just as concerned with unity as their academic counterparts, but 

advocated different methods of achieving it. Disunity, they claimed, was a danger presented 

by the isolation of applied and industrial physicists from positions of influence within the 

community, further suggesting that building a mechanism for representing industrial 

concerns into the APS structure might rectify this. The disagreement hinged on what the 

source of unity in physics should be. Different views on that question implied dramatically 

different opinions on what direction the physics community should take.  

Physicists of a traditional bent advocated conceptual unity. They supported the 

notion that physics was unified by conceptual continuity among the phenomena physicists 

investigated. Thus the increasing isolation of industrial physicists represented a threat to 

unity because it allowed industrial researchers to set the conceptual terms of their own 

research. By drifting in an applied a direction, the industrial arm of the physics community 

ran the risk of becoming another branch of engineering. From the point of view of 

conceptual unity, this faction needed to be brought into line to ensure that physics—

understood as being organized around a conceptual core—retained a foothold in industry. 

Such a view necessarily placed industrial physics on the outskirts, subordinated to an 

academic core. 
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The contrasting view, espoused by advocates of industrial representation, saw unity 

as something that could be institutionally enforced. In the 1940s and 1950s this emerging 

view was heterodox, but symptomatic of trends within the APS. As the Society grew, it 

became less homogenous. In that context, the view that unity could be imposed 

institutionally from the top down, rather than remain rooted in the concepts, made an 

increasing degree of sense. A subset of industrial physicists envisioned a future of the 

discipline in which “unity” represented equal representation for physicists in a range of 

employment situations working on a variety of types of problems. This view allowed a 

broader range of enterprises to be included within physics, a consequence that rankled 

those of Van Vleck’s sensibilities. This view put less value on conceptual continuity than it 

did on institutional cohesion. 

The proliferation of political analogies, especially the prominence of the United 

States as a model, illustrates the institutional character of structural unity. The image of a 

United States of Physics implied a unified field that could be more powerful together than 

apart, but it also acknowledged a large measure of internal diversity. Within the full scope 

of the field imagined by Harnwell, Waterfall, and Hutchisson, basic research, applications 

on a wide range of phenomena, pedagogical issues, instrumentation all rubbed elbows 

within the same designation “physics.” Each subsection of this larger field had its local 

peculiarities and distinctive relationships to other areas, and would be held together within 

the union by virtue of their membership in an umbrella organization, rather than by their 

service to the conceptual norms defined within the realm of basic physics. 
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This perspective did not come to characterize the physics community at large. It 

does, however, describe the principles upon which American solid state physics was 

organized. The American Physical Society—the institutional body traditionally devoted to 

basic research—remained the flagship society of American Physics. Divisionalization, 

however, worked to some extent as Van Vleck had feared; it created another source of 

professional loyalty and so broadened the base of Physical Society membership beyond 

those whose interests were strictly aligned with basic research. The DSSP, in an effort to 

establish itself, opened its doors to anyone broadly interested in the properties of solids, 

whether they were concerned with theoretical explanations of ferromagnetism or with the 

fracture stress of steel and its significance for industrial or military applications. 

The breadth of solid state physics was evident as early as the January 1945 

symposium where the proposal for a division—or a committee—was first submitted to 

community scrutiny. The slate was strong with theoretically sophisticated talks. Wannier 

outlined new applications of statistical methods to cooperative phenomena.68 John Van 

Vleck gave a review of theoretical approaches to ferromagnetism, beginning with 

phenomenological treatments of the early twentieth century and continuing through 

descriptions of competing quantum mechanical approaches. 69 These approaches were 

based on exchange interactions, which, although part of the standard discourse among 

quantum theorists since the late 1920s, were still sufficiently obscure within the general 
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American physics community that Van Vleck needed to caution his audience that, 

“[exchange] forces cannot be described in simple intuitive language.”70  

The symposium also demonstrated a commitment to the applications of solid state 

physics, and included contributions from Bozorth and Williams, who described their work 

as “understanding of the behavior of magnetic materials in apparatus developed as a part of 

the war effort,”71 Zener framed his treatment of the fracture stress of steel using 

unabashedly applied rhetoric, beginning by noting that the “sinews of warfare, namely 

guns, projectiles, and armor, are made of steel,”72 and Breck argued that the increasing 

importance of catalytic processes in chemical technology merited further attention to the 

topic from physicists.73 

The broad cross-section of work on display was representative of the similarly broad 

range of approaches and questions the DSSP ultimately unified. Van Vleck’s concern with 

how the exchange interaction might provide a more robust causal account of 

ferromagnetism had little to do conceptually with Zener’s interest in the phenomenology of 

steel. The fact that they both addressed some property of solid matter was a superficial 

commonality at best. Van Vleck’s discussion of ferromagnetism outlined how the ascent of 

quantum mechanics permitted a new causal understanding of the phenomenon. Such a 

presentation assumed his idea of the natural ordering of physics: the investigation of 
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general laws allowed application to, and explication of, specific systems. Van Vleck, 

representing cutting edge theoretical work, was welcomed into the solid state union, where 

he found himself among the likes of Zener and Breck, with their overtly applied thrust, and 

Percy Bridgeman, who, under the auspices of solid state, continued his longstanding 

research program on the physics of materials under high pressures, which aimed at 

qualitative description of the bulk properties of materials and avoided any effort and 

avoided delving into quantitative generalization.74  

Grouping these disparate enterprises within the same province of physics 

guaranteed that the new field would not respect existing, conceptually defined barriers 

between basic and applied physics. Solid state redefined the borders of one area of physics 

based on convenience. The solid state was an expedient category because it was broad 

enough to encompass such a wide range of topics. Its breadth assured that it would not 

discriminate against industrial or applied physicists, who could often not state their focus 

area narrowly, allowing the DSSP to span academic and industrial territories that were 

otherwise isolated from each other. 

Solid state physics exemplified unity by political fiat. Its founders made little effort 

to show the conceptual continuity between its various branches. Instead, the field could 

claim to be a unified one, and, more generally, remained part of a unified field of physics, 

because its members took active steps to ensure that it did, and because they assembled the 

                                                
74 P. W. Bridgeman, “Effects of High Hydrostatic Pressure on the Plastic Properties of Metals,” 
RMP 17, no. 1 (1945): 3–14. 
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institutional mechanisms that assured they would retain that position. At the time, such 

action represented a growing, but still idiosyncratic view of physics as a field whose 

boundaries were subject to change based on the convictions of its practitioners. The 

centrality of this view among the early solid state physics community would continue to 

influence its development. In one sense, it was a liberating idea that freed solid state 

physicists to borrow from and collaborate with neighboring fields without concern that 

such practices would damage their standing as physicists at a time when the appellation 

carried substantial prestige. In another, however, it gave solid state an outsider persona, 

and isolated it from the conceptual core of the physics community, which came 

increasingly to be dominated by nuclear and high energy physicists. Solid state physics was 

united, but nontraditionally so. 

The political unity manifested by the formation of a solid state community in the 

United States differed in three substantial ways from conventional conceptual unity. First, 

it was structurally imposed. Solid state could be said to be unified because it was 

guaranteed cohesion through institutional representation. Such representation was 

necessary. Because solid state was so diverse, it required an organizational infrastructure if 

its various sectors were to avoid being annexed by other areas of physics, other sciences, or 

branches of engineering. As MIT electrical engineer Arthur von Hippel observed in 1942: 

“the fence between the two fields [physics and electrical engineering] is falling into 

disrepair. The electrical engineer has to learn and to apply atomic physics in order to 

understand and improve his new tools, and the physicist is beginning to talk about ‘high 
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Q’s’ and ‘characteristic impedances’—and seems to like it.”75 The physicists who could 

speak the language of electrical engineering—or mechanical engineering, chemistry, 

metallurgy, et cetera—tended to be those who would be classified as solid state physicists. 

The weak conceptual boundaries that kept these fields apart meant that, if physicists 

interested in certain types of solid state problems were to be kept within physics, they 

would need institutional support and encouragement. 

Second, solid state was a malleable union. Its form was not supposed to be 

objectively fixed by any facts about the physical world. This gave political unity strategic 

potential. It allowed solid state physics to define itself in such a way that it might grow, 

adapt, and compete for funding and prestige. It could easily change its scope without 

endangering its standing. A solid state physicist could explore a new area of industrial 

interest, for instance, without transgressing the topical boundary of the field. Such 

flexibility proved critical as industry became a more prominent element of American 

physics in the post-World War II era. 

Third, political unification allowed solid state to embrace the applied consequences 

of scientific research. Conceptual unity assumed that engineering applications of scientific 

knowledge lay inevitably outside any unified field of physics. Solid state took a more 

flexible approach. By so actively seeking to provide applied and industrial physicists 

representation it unified the traditional basic research arm of the physics community with a 

                                                
75 Arthur von Hippel, “New Fields for Electrical Engineering,” von Hippel papers, MIT, Box 1, 
Folder 44. 
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growing industrial sector in which technological needs demanded to be filled more 

forcefully than explanatory lacunae. These differences ensured that solid state remained a 

viable subfield, but also branded it an outsider. The field’s path over the subsequent 

decades reflects both the potential it enjoyed and the difficulties it confronted as a result. 

 

IV. Conclusions 

The debate over unity was, at core, a debate over what shape physics would take in 

the postwar community. It played out as a turf war within the APS. Those in power at the 

flagship society were wary that an industry-based splinter group might leave physics—as 

electrical engineering had earlier in the century—at the same moment the field writ large 

was proving its practical worth to American society. The same group of influential 

physicists also hedged against the possibility that interest groups they considered fringe 

would erode the integrity of the discipline’s outer boundaries.  

Industrial and applied physics, however, were growing quickly out-of-step with the 

Physical Society’s traditional focus on basic research. Industrial growth was outstripping 

academic growth, so a strong industrial presence in the APS threatened to alter the 

society’s character by suggesting a broadening of its mission into areas some thought 

should not qualify as physics. Applied physicists were no less emphatic about their identity, 

however, pointing to their training and to the centrality of physical principles to their 

work, denying that manipulating and applying these principles made them less worthy of 

inclusion in the field than those who set out to discover them. They promoted institutional 
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mechanisms that would allow them to operate within the APS while still maintaining a 

measure of autonomy. 

John Van Vleck championed the traditionalist point of view in response to this 

challenge, staunchly maintaining that researchers with strictly applied interests fell outside 

of the APS mission and that including them would dilute the atmosphere of free exchange 

that characterized pre-war American physics. His idea of unity was a purely conceptual one: 

physics was unified by a set of first principles that constituted the targets of physical 

investigation. The search for and manipulation of those principles held physics together 

largely undifferentiated. Van Vleck correspondingly opposed attempts to build bridges over 

which researchers who were not interested in those questions might swarm. 

Opposing interests sought greater representation for applied physicists within the 

American physics community. Building on G. P. Harnwell’s big tent ideal, in which the 

term “physicist” would be generously bestowed—as it was by the American Institute of 

Physics, as opposed to the American Physical Society—advocates for industrial and applied 

physicists sought to reform the American physics community by promoting an 

intentionally broad topical scope and erasing topical and institutional value distinctions 

among its membership. Solid state’s founders took as central to their mission the problem 

of bridging the gap between industry and academia. This institutional problem and efforts 

to address it began the process by which a structural approach to unifying physics emerged. 

The DSSP emerged amid the tension between these two opposing views of physics, 

and in some measure it succeeded in bridging them. Karl Darrow and the APS Council 
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perceived a danger in allowing industrial physicists to lose the ability to identify with the 

physics community, but also insisted that industrial physicists primary allegiance within the 

APS be to a topic area and not to industrial applications per se. Because solid state physics 

emerged within the Physical Society’s divisional structure, it could not emerge as a strictly 

institutionally oriented field, and instead broadened its scope to the point where it served 

in a fashion similar to the big tent physics community Harnwell envisioned, but on a 

smaller scale. The grand compromise that resulted in the DSSP aimed to fulfill the APS 

mission, not by closing off the division to those doing applied work, as Van Vleck would 

have liked, but by bringing applied physicists into contact with their basic counterparts 

within the confines of the Society. 

In order to make this compromise work, the DSSP proceeded on the basis of a 

political, or structural view of unity. So as to maintain a wide-ranging field, serving both 

academic and industrial physicists working on both basic and applied problems, the 

framers of American solid state physics distanced themselves from the ideal of conceptual 

unity that had characterized the mission of the prewar Physical Society. Solid state physics 

emerged as a distinct unit, not on the strength of a well-framed research program or a 

common experimental approach, but through the growth of a consensus, imposed and  

maintained by institutional decree. The following chapters will explore the distinctive 

character provided by the combination of a singular flexibility with a lack of a conceptual 

center that continued to define solid state physics through the second half of the twentieth 

century. 
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Chapter 3 
– 

Good Fences Make Good Neighbors: 
Mending the Boundaries of Sol id State Physics ,  1950–1965 

 
 

Before I built a wall I'd ask to know 
What I was walling in or walling out, 

And to whom I was like to give offence. 
Something there is that doesn't love a wall, 

That wants it down.1 
Robert Frost, 1915 

 
 

I. Introduction 

Shortly after professional pressures fused solid state together they threatened to 

shake it apart. Rapid growth produced the most pressing challenges. The newly demarcated 

subfield grew quickly under the charge of its nascent Division. From the group of six and 

the small confederation of 50-odd metal physicists who had guided its formation, the 

Division of Solid State Physics grew to almost five times that size by the time the 

membership was submitted to its first unofficial census in 1948.2 By 1961 the Division 

enrolled around 800 physicists, who constituted approximately 5% of the American 

Physical Society’s total membership.3 The Division’s ability to swell its ranks marked its 

                                                
1 Robert Frost, “Mending Wall,” in North of Boston (New York: Henry Holt and Company, 1915). 
2 The total membership was between 230 and 240 in April of 1948, according to an informal assay 
conducted at the time. Elias Burstein, letter to Karl Darrow, 19 October 1956, APS records, NBL, 
Box 14, Folder 11. The APS as a whole reported a membership of 7649 in 1948. See Appendix A. 
3 Exact DSSP membership for 1961 is unavailable, but the Division had 670 members in 1958 and 
951 by 1963. Percentage based on expected growth from 1958, the closest date for which both 
DSSP and APS membership data are available: that year, the DSSP enrolled 670 of the Physical 
Society’s 13844 members. DSSP membership numbers from: Sistina F. Greco, Circulation 
Manager, letter to Mrs. Gaile Dody, 22 March, 1963, APS records, NBL, Box 17, Folder 10; 
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viability shortly after its formation, but membership was only one dimension of the 

Division’s growth. It also developed an increasing measure of autonomy, realizing aspects 

of Van Vleck’s fears about Balkanization while also further entrenching solid state’s status 

as an autonomous province of American physics. 

In 1950, APS Secretary Karl Darrow, at the Council’s behest, suggested to the 

Chairmen of the three Divisions then established that they consolidate their contributed 

papers and symposia at the March meeting of the Physical Society, a practice which went 

gradually into effect over the following few years.4 Van Vleck remained concerned for the 

unity of physics, pushing unsuccessfully for the March meeting to be discontinued and 

divisional meetings moved to June in order to stem the proliferation of professional 

congresses that he felt exacerbated topical divides by reinforcing temporal and geographical 

rifts. Although Van Vleck’s opinion carried considerable weight, he was unable to muster 

widespread support for his position; lacking a clear consensus, the Council elected to leave 

matters as they stood.5 

                                                                                                                                            
Darrow to John C. Slater, 13 February 1958, Slater papers, APS, Folder Darrow, Karl #3. American 
Physical Society membership figures from: American Physical Society, “Membership Growth, 1899 
– 2011,” accessed 12 August 2011, http://www.aps.org/membership/statistics/index.cfm. For a 
thorough rundown on APS Divisions and their membership, see Appendix A. 
4 Council of the American Physical Society, Minutes of the Meeting at Oak Ridge, 18 March 1950, 
APS minutes, NBL. The three divisions were the DSSP, the Division of High Polymer Physics, and 
the Division of Electron Physics, which had changed its name from “Electron and Ion Optics” in 
1948. 
5 Council of the American Physical Society, Minutes of the Meeting at Washington, 29 April 1953, 
APS minutes, NBL. Van Vleck, at this point, was the past president of the APS. Ironically, given his 
unreserved advocacy of basic research, he had been made Dean of Engineering and Applied Physics 
at Harvard in 1951. In 1960 he would become chair of the DSSP executive committee. 
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Divisional hegemony over the March meeting grew. By the beginning of the 1960s 

the DSSP was operating under its own direction to the extent that Fred Seitz, who was 

then serving on the APS Council, was moved to chastise Elias Burstein, Secretary-Treasurer 

of the DSSP: “Division of Solid State Physics has been getting out of hand, and is using 

loopholes to take independent action that seem improper to me and probably will to the 

Committee.”6 Seitz was not alone in his assessment that the DSSP was overreaching. Karl 

Darrow submitted a letter to the APS Council complaining, “The Division of Solid State 

Physics gives at times the impression of acting as though the March meeting were its own 

private affair to locate as it chooses.”7 The APS power structure mobilized to bring the 

obstreperous Division to heel. 

The scrap developed because the DSSP had, upon its own authority, made 

arrangements for its membership to attend the 1961 March meeting in Monterey, 

California, without APS approval. After the APS Council, ignorant of the DSSP’s plans, 

accepted an invitation from Buffalo, New York they were forced to backpedal on promises 

made to Buffalo hotels and conference centers. Those charged with issuing the red-faced 

mea culpas were understandably miffed. Seitz warned Burstein that the practice of 

planning meetings, especially in conjunction with other societies, without the blessing of 

the APS would “cause endless confusion and undermine the prestige of the APS,” and 

                                                
6 Fred Seitz, letter to Elias Burstein, 6 January 1961, Van Vleck papers, NBL, Box 35, Folder 
American Physical Society. 
7 Karl Darrow, letter to the Members of the Council of the American Physical Society, 18 January 
1960, APS minutes, NBL. 
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continued: “Should there be a substantial feeling at present among a group of solid state 

workers that the APS is too confining, the group has the choice of starting its own 

organization outside the Society. It cannot, however, have complete autonomy and still 

enjoy the prestige and privileges of the APS.”8 Burstein had, in the past, expressed the view 

that it would be “more desirable for the Division to have an APS meeting to itself, except 

for occasional planned joint meetings with other Divisions of APS,”9 but showed no 

indication of wanting to split from the Physical Society entirely. 

The Monterey episode indicates two facets of solid state physics’ development 

through the 1950s. First, it was rapid and healthy. The division’s expansion in size and 

influence allowed it to mediate interactions between the solid state community and 

associated groups in the American Chemical Society and the International Union of Pure 

and Applied Physics, when a decade earlier it was scarcely more than a modestly conceived 

mechanism for arranging symposia within APS meetings. Second, however, it was losing 

touch with the central organizing body of American physics. The tensions between the 

DSSP and the APS, which were sparked by the DSSP’s increasing autonomy, realized Van 

Vleck’s fears about Balkanization. Despite Seitz’s suggestion that the DSSP form a separate 

society if it could not operate within the confines of the APS, such a possibility does not 

appear to have received serious consideration. Nonetheless, the friction generated by the 

                                                
8 Seitz to Burstein (ref. 6). 
9 Elias Burstein, letter to DSSP Membership, undated 1956, Slater papers, APS, Folder Burstein, E. 
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Division’s independent functioning demonstrates the compartmentalizing influence 

divisions had over a subfield that was only loosely aligned just ten years earlier. 

As solid state established itself within American science, these two facets played the 

predominant role in determining its goals. Solid state was viable, but it was also perched 

precariously on the boundaries of the physics community. As Seitz’s emphasis on prestige 

indicates, solid state gained more from its association with the APS at this stage of its 

development than the Society at large gained from the Division’s activities, especially when 

those activities proceeded without the knowledge or approval of the Council. As it 

managed its growth and negotiated its place within American physics, solid state honed its 

identity as a physical subspecialty and negotiated its place within the physics community. 

This chapter explores how growth, both within solid state physics and of the larger 

community, challenged the fledgling discipline, and demonstrates that the strategies the 

field’s early leaders adopted to meet those challenges cemented solid state definitively 

within physics, while preserving the close connections with neighboring disciplines its early 

leaders had taken pains to cultivate. 

The most pressing way in which boundary concerns manifested themselves involved 

what became known among physicists as “the publication problem.” As the population of 

the American physics community in general—and the solid state community in particular—

swelled, the established publication outlets strained under the pressure of increased 



 

133 

submissions and ballooning publication costs.10 The straining journal infrastructure of the 

American Institute of Physics (AIP) in turn pressured the emerging discipline of solid state 

physics to reevaluate its identity by confronting anew the question of what audience it 

sought to reach. Some solid state physicists saw this as an opportunity to escape the 

confines of the Physical Review and build a closer association with chemical and 

metallurgical publications outlets. Others perceived the opportunity to start a new journal 

dedicated to solid state physics, asserting the field’s independence.11 Still others fought for 

a resolution within the established order, which would maintain solid state’s newly won 

place alongside the other sub-disciplines of physics with which it had, until then, shared 

space in general physics journals, including the highly regarded Physical Review, without 

incident. 

The third option, which reaffirmed solid state’s identity as a field of physics, 

eventually carried the day, but not before passing through what might be called a gut-check 

moment for the new field. Wrestling with questions about what solid state was positioned 

to accomplish, and with whom it should be communicating, helped to define a clearer 

sense of the field’s mission and overcome a portion of the anomie that characterized its 

                                                
10 For a discussion of the larger impacts of rapid population growth on American physics, see: 
David Kaiser, “The Postwar Suburbanization of American Physics,” American Quarterly 56, no. 4 
(2004): 851–888. 
11 A similar strategy was pursued, with more success in Europe where Physica Status Solidi was first 
published in 1961. For a summary of this journal’s role in the establishment of European solid 
state physics, and especially as a mechanism for scientific exchange between east and west during 
the Cold War, see: Dieter Hoffmann, “Fifty Years of Physica Status Solidi in Historical Perspective,” 
Physica Status Solidi B 250, no. 4 (2013): 871–887. 
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early adolescence. By providing solid state with a clearer sense of place within the field of 

physics, the publication problem also fanned the first pangs of animosity between solid 

state and high energy physics, which would become a central theme of the subsequent 

decades. As the tectonics of the American physics community shifted in the postwar years, 

the accompanying tremors spurred solid state physicists to take a clear stand on where their 

discipline would be situated and with whom it would cast its lot. That decision had long 

ranging consequences for the terms on which solid state interacted with neighboring fields, 

both inside and outside physics. 

 

II. Background to the Publication Problem: The Journal Explosion 

The Physical Review hit its stride in the 1930s. John T. Tate assumed the editorship 

in 1926, which contemporaries viewed as a critical transition for a journal that had 

previously been overshadowed by its European counterparts. John Van Vleck, who was 

Tate’s colleague at the University of Minnesota from 1923 to 1928, recalled that in the 

early 1920s “Our American journal, The Physical Review, was only so-so, especially in theory, 

and in 1922 I was greatly pleased that my doctor’s thesis was accepted for publication by the 

Philosophical Magazine in England […]. By 1930 or so, the relative standings of The Physical 

Review and Philosophical Magazine were interchanged.”12 Van Vleck, along with another of 

                                                
12 Van Vleck, John H., “American Physics Comes of Age,” PT 17, no. 6 (1964): 22, 24, also quoted 
in Anthony Duncan and Michel Janssen, “On the verge of Umdeutung in Minnesota: Van Vleck 
and the Correspondence Principle, Part One” AHES 61, no. 6 (2007): 566. Cornell physicist Paul 
Hartman echoed this sentiment in his memoir commemorating the journal’s centennial, writing: 
“If there was any question about the world stature of the Physical Review at the beginning of the 
 



 

135 

Tate’s Minnesota colleagues, Alfred O. C. Nier, credited the new editor with this reversal 

of fortunes: “Tate showed rare judgment and common sense in not delaying by much 

refereeing noteworthy papers dealing with various applications of quantum mechanics; this 

was important, for America was somewhat at a disadvantage compared to the centers of 

Europe, where the [quantum] revolution had germinated.”13 Under Tate’s stewardship, the 

previously lackluster American journal rode the wave of the quantum revolution to be 

come a prestigious venue for both American and European physicists, and increasingly also 

for the European émigrés settling in the United States.14  

The boost in the journal’s reputation shows in its publication rates. Phys. Rev. 

published 172 articles in 1925, the year before Tate took the helm. In 1931, it achieved a 

                                                                                                                                            
Tate regime, there was surely none thereafter.” Paul Hartman, A Memoir on the Physical Review (New 
York: American Institute of Physics, 1994), 137. 
13 Alfred O. C. Nier and John H. Van Vleck, “John Torrence Tate: 1889–1950,” in Biographical 
Memoirs of the National Academy of Sciences, Vol. 47 (Washington, D.C.: The National Academies 
Press, 1975), 471. 
14 The literature on the transformation of the American physics community in the 1920s, and the 
impact of scientific emigration in the 1930s, is extensive. Representative of the genre are: Charles 
Weiner, "A New Site for the Seminar: the Refugees and American Physics in the 1930s," in The 
Intellectual Migration: Europe and America, 1930–1960, ed. Donald H. Fleming and Bernard Bailyn, 
190–234 (Cambridge, MA: Harvard University Press, 1969); Stanley Coben, “The Scientific 
Establishment and the Transmission of Quantum Mechanics to the United States, 1919–32,” The 
American Historical Review 76, no. 2 (1971): 442–466; Gerald Holton, “The Formation of the 
American Physics Community in the 1920s and the Coming of Albert Einstein” Minerva 19 (1981): 
569–581; Paul K. Hoch, “The Reception of Central European Refugee Physicists of the 1930s: 
U.S.S.R., U.K., U.S.A.,” Annals of Science 40, no. 3 (1983): 217–246; Roger H. Stuewer, “Nuclear 
Physicists in a New World: The Émigrés of the 1930s in America,” Berichte zur 
Wissenschaftsgeschichte 7, no. 1 (1984): 23–40; Robin E. Rider, “Alarm and Opportunity: Emigration 
of Mathematicians and Physicists to Britain and the United States, 1933–1945,” HSPS 15, no. 1 
(1984): 107–176; Silvan S. Schweber, “The Empiricist Temper Regnant: Theoretical Physics in the 
United States, 1920–1950,” HSPBS 17, no. 1 (1986): 55–96; and Alexi Assmus, “The 
Americanization of Molecular Physics,” HSPBS 23, no. 1 (1992): 1–34. 
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pre-World War II peak of 380. Three new journals with some topical overlap launched 

around this time. Reviews of Modern Physics in 1929, followed by Review of Scientific 

Instruments in 1930 and Physics in 1931.15 Tate himself was involved in establishing the first 

and the last. These siphoned away some articles from Phys. Rev., tempering its growth, but 

for the rest of the decade its publication rate held steady at between around 300–350 

papers per year (see Figure 4, below).16 

 

 

Figure 4: Articles published in Physical  Review  between 1920 and 1960 

                                                
15 Physics was renamed Journal of Applied Physics beginning with the January 1937 issue, and 
continues under that name today. John T. Tate, “Let Us Go Forward…,” JAP 8, no. 1 (1937): 1. 
16 Data collected from the online Physical Review archive at http://prola.aps.org/. Only full articles 
were counted, omitting letters, minor contributions, errata, and editorial notes. 
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The war precipitated a publication lull. The self-imposed embargo on publication 

of nuclear research, the diversion of physicists to the war effort, and the breakdown of 

international scientific communication conspired to decimate the journal’s output, which 

fell as low as 78 articles in 1945. But it rebounded with a vengeance, clearing its prewar 

high water mark in 1948 and more than doubling it by 1953. In 1956, Physical Review 

published 1212 articles, more than three times 1931’s volume of 380.  

As the journal and the community it represented grew in size, they both diversified 

in character, a change driven by the wave of specialization Van Vleck was doing his level 

best to stem. Specialization was accompanied by demographic shifts, which became an avid 

point of discussion in Physics Today, a monthly magazine founded in 1948. The magazine, 

conceived as a forum for articles of general interest from all branches of physics, was itself a 

response to a diversifying discipline. It had first been proposed at the National Research 

Council’s 1944 Conference of Physicists in Philadelphia, which had established the need 

for stronger communication mechanisms linking physicists and empowered the AIP to 

pursue it. Physics Today appeared as, according to AIP Director Henry Barton, an “Institute 

journal suitable for circulation to all physicists […] a readable report and discussion of what 

concerns physics and physicists—today.”17 Advocacy for the magazine through its early years 

centered on its capacity to address the challenge of a fragmenting community: “I am sure 

you are as keenly interested as the rest of us,” G. P. Harnwell wrote Fred Seitz in 1950, “in 

making a go of Physics Today in order that the Institute may take on some unity and 

                                                
17 Henry A. Barton, “Institute Doings,” PT 1, no 1 (1948): 4. 
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character through having a journal reaching all its members.”18 A general character was 

Physics Today’s most distinctive attribute. It proceeded from the assumption that some 

issues were of interest to all physicists, and provided a forum in which to discuss them. 

In a note opening the inaugural issue, editor David A. Katcher wrote, “as fields of 

research become more and more specialized, the knowledge shared by research workers in 

their technical journals is becoming a secret understood only within the specialized field,” 

and described the new journal as a prophylactic against insularity: 

Physics Today is for the physicist, to inform him in comfortable, everyday language, 
of what goes on and why and who goes where. But it is also for the chemist, the 
biologist, the engineer, to tell them of the science towards which they are driven by 
so many of their investigations; it is for the student, the teacher, the lawyer, the 
doctor, and all who are curious about physics; it is for administrative officials who 
deal with research; it is for editors and writers whose profession puts them midway 
between what is done and how it should be reported; it is for you, whatever reason 
brought you to this page.19 
 

Katcher’s somewhat optimistic vision of the magazine’s reach tells us more about the 

problems that precipitated its founding than its immediate impact. It was no longer 

possible for a physicist to stay current on the whole range of issues that might hold 

potential interest. The size of the community was increasing and existing topics were being 

parceled into finer and finer segments. Just as importantly, the scope was expanding. As 

solid state had shown the year before, the hoary fundamentalists of the old APS no longer 

had a monopoly on what could or could not be called physics. Keeping the chaotic range of 

new subfields in some kind of rational order required efforts to open common lines of 

                                                
18 G. P. Harnwell, letter to Fred Seitz, 29 September 1950, AIP-PT records, NBL, Box 3, Folder Se. 
19 David A. Katcher, “Editorial,” PT 1, no. 1 (1948): 3. 
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communication. Physics Today responded to what Charles Weiner has called “the spirit of 

the forties.”20 Physicists, as they became ensconced in their sub-specialties to a degree they 

had not been before, required an outlet that reaffirmed their shared identity and protected 

their mutual claim to postwar public approval. 

Early issues of Physics Today were scrupulously attentive to breadth. The abbreviated 

eight-issue run that comprised the magazine’s first calendar year included features on 

cyclotrons, neutrinos, and liquid helium, but also explored connections between physics 

and cancer, electrical phenomena in the atmosphere, the origin of the earth, and 

oceanography.21 Promoting unity meant modeling inclusiveness by welcoming perspective 

of what previously would have been considered fringe provinces of the physics community. 

Physics Today actively courted any scientists, regardless of institutional affiliation or 

professional status, who self-identified as physicists or thought that physics research might 

be useful for their own work. 

The magazine’s second year brought indications that these efforts had been 

successful at promoting outreach, if not at instilling unity. Physics Today would not become 

a mouthpiece for the emerging nuclear/particle physics constituency that was in the 

process of establishing itself as the standard bearer of American Phyiscs, at least in the eyes 

                                                
20 Charles Weiner, “Physics Today and the Sprit of the Forties,” PT 26, no 5 (1973): 23–28. 
21 The articles referenced are, respectively: Benjamin V. Siegel and Richard C. Sinnott, “The El 
Cerrito Cyclotron,” PT 1, no. 4 (1948): 1–15; George Gamow, “The Reality of Neutrinos,” PT 1, 
no. 3 (1948): 4–9; Laszlo Tisza, “Helium, the Unruly Liquid,” PT 1, no. 4 (1948): 4–9; Arthur K. 
Solomon, “Physics and Cancer,” PT 1, no. 1 (1948): 18–20; J. C. Jenson, “…Pigtails on a 
Stratoliner,” PT 1, no. 7 (1948): 10–16; Thornton Page, “The Origin of the Earth,” PT 1, no. 6 
(1948): 12–24; Columbus O’D Iselin, “Down to the Sea,” PT 1, no. 4 (1948): 16–20. 
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of the public and the halls of Capitol Hill. In the January 1949 issue, George Gamow 

published his philosophical suspicions physics was converging on an ultimate set of 

theories and concepts. “If and when all the laws governing physical phenomena are finally 

discovered, and all the empirical constants occurring in these laws are finally expressed 

through the four independent basic constants,” he speculated, “we will be able to say that 

physical science has reached an end, that no excitement is left in further explorations, and 

that all that remains to a physicist is either tedious work on minor details or the self-

educational study and adoration of the magnificence of the completed system.”22 Although 

Gamow took care to note that he was making no bold predictions, he did record his 

instinct that such a theory of the micro-scale was within grasp. 

Gamow’s suggestion that a self-consistent theory of elementary particles would 

render the rest of physics uninteresting provoked some indignant letters to the editor. 

Representative of these complaints, two long examples of which were accorded 

unprecedented column space in the March issue, was Richard C. Raymond’s. The 

Pennsylvania State College thermodynamics researcher derided Gamow’s “unbridled 

speculation,” and took him to task for failing to appreciate the complexity of the 

universe.23 By 1949, the editorial courting of diverse demographics had paid off and a vocal 

                                                
22 George Gamow, “Any Physics Tomorrow?” PT 2, no. 1 (1949): 18. 
23 Richard C. Raymond, “Letter to the Editor,” PT 2, no. 3 (1949): 5, 38. 
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portion of Physics Today’s readership found the grand speculations of nuclear and particle 

physicists outré.24 

Contrary to the journal’s aims of unifying the community, some found its 

scrupulous attention to breadth alienating. George R. Harrison, then Dean of the School 

of Science at MIT cautioned G. P. Harnwell when the latter assumed control of an ad hoc 

committee to review the structure and effectiveness of Physics Today: “there is a species of 

nuclear physicist who has no use whatever for Physics Today, and who does not hesitate to 

make his views known. Listening to such people I would have thought that we should give 

up the Journal long since, but always when I have come to this conclusion I have found in 

other walks of life a set of opposite views to counterbalance them.”25 Along similar lines, 

Sam Goudsmit, poised to take over the editorship of the Physical Review, commented in 

response to Harnwell’s invitation to serve on the magazine’s Governing Board: “It is 

obvious that Physics Today is meant for the broader group of non-academic colleagues with 

whom I have too little contact to know their needs,”26 and John Van Vleck replied that 

                                                
24 High-minded speculation was becoming common in certain segments of the physics community 
by the middle of the century. For an account that places them in the context of a longer tradition 
of such grand theorizing, see: Helge Kragh, Higher Speculations: Grand Theories and Failed Revolutions 
in Physics and Cosmology (Oxford, UK: Oxford University Press, 2011). 
25 George R. Harrison, letter to Gaylord P. Harnwell, 20 January 1950, Harnwell papers, UPA, Box 
2, Folder 22. 
26 Sam Goudsmit, letter to Gaylord P. Harnwell, 29 June 1950, Harnwell papers, UPA, Box 2, 
Folder 22. 
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“some less pretentious publication, such as an appendix to the PHYSICAL REVIEW, 

would be adequate for my own personal needs.”27 

The mission of Physics Today to bring the physics community together ran abruptly 

into the realities of its fragmentation. Those who perceived themselves as occupying the 

hard core of American physics, nuclear physicists in particular, had little use for a 

publication that was making active overtures to those engaged in far-ranging applications of 

physics. Much like solid state physics, Physics Today was a mechanism designed to generate 

political unity and encountered pushback from the bloc of physicists who retained a firm 

commitment to conceptual unity. 

Given its commitment to breadth and efforts to instill unity, however haltingly, it is 

unsurprising that many early Physics Today articles confronted demographic issues. Not least 

among them was the question of industrial physics and its place. The second issue 

contained an apology for industrial research, which acknowledged that industry was 

pushing the boundaries of physics. “How can one measure the comfort of a floor?” Asked 

Howard A. Robinson: “In years gone by this would not have been a proper question to ask 

a physicist, but in the past decade […] physicists […] have discovered, somewhat to their 

amazement, that these border-line problems in which an individual is part of the 

measuring system can sometimes be solved. Thus the broadening of physics to include 

                                                
27 John H. Van Vleck, letter to Gaylord P. Harnwell, 27 June 1950, Harnwell papers, UPA, Box 2, 
Folder 22. 
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physiological manifestations is now well established.”28 Robinson articulated the new 

orthodoxy among the industrial set that physics could no longer be contained within a 

traditional academic definition of “basic” research. 

Broadening into industrial areas was, in part, attributable to the legacy of war 

research. Even though APS membership was expanding at record rates during and after the 

war (see Figure 2, p. 44), Ph.D. production had stalled. Vannevar Bush lamented in the 

very first issue of Physics Today that “we foolishly ceased to train [physicists] during the 

war.”29 The lack of traditionally trained Ph.D. physicists created a problem for academic 

programs looking to expand their ranks or replace retiring faculty. Fred Seitz, then at the 

Carnegie Institute of Technology, put the problem to Bell Labs’ William Shockley early in 

1945: 

Graduate education was stopped cold in the winter of 1940-41. Moreover, many of 
the men who would have entered graduate school then will probably never do so. If 
the present situation lasts another two years, there will be a missing generation 
covering a range between seven and ten years. In a recent survey the American 
Institute of Physics has decided that no less than 2000 Ph.D. physicists, who would 
have been created had the educational situation continued as of 1939, will never 
receive complete graduate training. These are just the men you would look forward 
to hiring. It seems to me there are three choices: 

(a) Hiring Ph.D.’s who will be thirty or over when they join your staff. 
(b) Hiring men who have not had formal graduate training but who have 

received an apprenticeship like at the Radiation Laboratory. 
(c) Waiting until a new group comes along in 1950 or later.30 

 

                                                
28 Howard A. Robinson, “The Challenge of Industrial Physics,” PT 1, no. 2 (1948): 5. 
29 Vannevar Bush, “Trends in American Science,” PT 1, no. 1 (1948): 7. 
30 Frederick Seitz, letter to William Shockley, 28 February 1945, Shockley papers, SUA, Box 1, 
Shockley Correspondence, July 25, 1939 – March 30, 1948, Volume I. 
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Seitz was sour on each of these options, feeling that physicist over thirty had lost too many 

of their most creative years, regarding those without doctorates as risky investments, and 

dismissing the third option as “the worst of the three prospects.” He concluded 

pessimistically that “good physicists will be difficult to obtain in the immediate post-war 

period and that you will have to be willing to make some concessions.”31 The physics’ 

community’s growth, although robust, proceeded along nontraditional lines, challenged 

the prewar professional status quo, and upset longstanding training and hiring practices. 

Where academic institutions and quasi-academic research labs like Bell saw 

concessions, other areas of industry saw opportunity. A wide range of industrial interests 

proved more than willing to hire physicists who had cut their teeth on war work, however 

unorthodox their training. The Radiation Laboratory at MIT and Harvard’s Radio 

Research Laboratory (RRL) had been particularly rigorous proving grounds for young solid 

state physicists who would otherwise have been occupied by their graduate work. A RRL 

administrative report boasted that “the requirements of RRL were far more stringent than 

those of even a peacetime industrial firm.”32 The success that both the Rad Lab and the 

RRL enjoyed bringing new technologies into the field conditioned the expectations for lab-

                                                
31 Seitz to Shockley (ref. 30). 
32 “Origin of Radar Countermeasures (Rough Draft),” RRL records, HUA, Box 4, Folder 
Administrative Report Accumulation. 
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to-marketplace turnaround in postwar industry and exposed areas of research that were 

ripe for industrial exploitation.33 

A survey conducted by the AIP in 1954 showed that the proportion of physicists 

employed in industry—negligible before the war—equaled the proportion employed in 

academia, with both boasting at 40.5%.34 Industries with direct interests in physical 

research, such as communications, atomic power, instrument and electrical component 

development, and aviation, employed the preponderance of industrial physicists; however, 

physicists also found homes in less obvious venues, like the textile, petroleum, plastics, and 

photography industries, which had previously been dominated by chemists. 

Not only had the size of the Physical Society and the publication load of the Physical 

Review ballooned by the mid-1950s, the physics community had assumed a distinctly 

different complexion. The growth of American physics, in population, publication volume, 

and scope was unprecedented, to the point of creating cost, backlog, and relevance 

problems for its core publications. Furthermore, topical specialization and institutional 

reorientation within the community created faults along which the discipline’s tentatively 

maintained unity might split. When existing journals became saturated, facing the prospect 

                                                
33 See: Paul Forman, “‘Swords into Ploughshares’: Breaking New Ground with Radar Hardware 
and Technique in Physical Research after World War II,” Reviews of Modern Physics 67, no. 2 (1995): 
397–455. 
34 The remaining 19% came from government (15%), and non-profit, other, or no reply (4%). 
“Employers of Physicists,” excerpt of a draft of a proposal to create a handbook for prospective 
physics graduate students, 1 October 1963, Hutchisson records, NBL, Box 2, Folder 5:II:39. This 
number no doubt indicates not only that more people trained as physicists were taking jobs in 
industry, but also that the definition of “physicist” had broadened to include scientists who might 
have been otherwise classified in the 1930s or early 1940s. 
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of a growing backlog and damaging publication delays, these contextual pressures 

prompted physicists to consider how a response to the journal issue might also be used to 

address the instability they saw in the professional sphere. The response from solid state 

physicists, discussed below, exposes some of the fault lines created by physics’ expansion 

into new professional and topical areas that could not be easily accommodated by 

traditional operational modes. 

 

III. Background to the Publication Problem: The Trajectory of Fred Seitz 

The task of mapping out possible responses to the publication problem was taken 

up by Fred Seitz. A native San Franciscan, Seitz earned a physics and mathematics 

education at Stanford before relocating to Princeton for graduate school, where he joined 

in the first wave of Americans trained specifically in the physics of solids. Seitz’s would go 

on to become, through the central position he would occupy in the advisory apparatus of 

American science, a major factor in shaping solid state’s institutional evolution. The 

genesis of the mindset he brought to this position is therefore worth exploring in some 

detail. 

While at Princeton, Seitz would form key professional connections and take on an 

intellectual approach that informed his later scientific work and institutional maneuvering. 

He encountered both Roman Smoluchowski, who visited Princeton in the mid-1930s 

before emigrating from Poland in 1939, and William Shockley, who was John Slater’s 

graduate student at MIT. Shockley was also a native Californian, and the two shared a 
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cross-country road trip in Shockley’s DeSoto convertible to begin the 1932–1933 academic 

year.35 Shockley, Seitz, and Smoluchowski would go on to form half of the Group of Six, 

which founded the American Physical Society’s Division of Solid State Physics, as discussed 

in Chapter 2.  

Seitz’s training was just as important as the personal connections he made. 

Through the mid-1930s, three centers had emerged for aspiring physicists interested in 

solids. John Slater was lured from Harvard to MIT 1930, where incoming president Karl T. 

Compton gave him free rein to expand the physics department in accordance with his 

vision. John Van Vleck, after stints at Minnesota and Wisconsin, returned to Harvard, 

where both he and Slater had earned their Ph.Ds., in 1934.36 Finally, Eugene Wigner 

secured a permanent position at Princeton in 1938 in part on the recommendation and 

urging of Van Vleck, but had, with the exception of a visiting stint at Wisconsin in 1937–

38, held down one temporary appointment or another at Princeton since 1931.37 It was in 

this latter capacity that Wigner oversaw Seitz’s doctoral work, which Seitz later remembered 

as “one of the most remarkable experiences of my life.”38 

                                                
35 Frederic Seitz, On the Frontier: My Life in Science (New York: American Institute of Physics, 1994), 
67. This anecdote is also recounted in Joel N. Shurkin, Broken Genius: The Rise and Fall of William 
Shockley, Creator of the Electronic Age (New York: Palgrave Macmillan, 2006), 30–31. 
36 For a detailed recounting of Van Vleck’s physical and conceptual peregrinations, see: Frederick 
Hugh Fellows, “J. H. Van Vleck: Early Life and Work of a Mathematical Physicist” (Ph.D. diss., 
University of Minnesota, 1985). 
37 Eugene P. Wigner, The Recollections of Eugene P. Wigner As Told to Andrew Szanton (New York: 
Plenum Press, 1992), 171–179. 
38 Seitz, On the Frontier (ref. 35), 58–59. Seitz was Wigner’s first American graduate student. His 
second and third were John Bardeen and Conyers Herring, respectively. Bardeen would go on to 
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Wigner was an exception within this group. Slater and Van Vleck had both been 

trained at Harvard, learning their quantum mechanics from Ed Kemble, who, in the 

1920s, offered the first intensive training in quantum theory available west of the Atlantic. 

Their experience at the vanguard of quantum physics in the United States led Slater and 

Van Vleck to see themselves as carrying the torch for American physics.39 Van Vleck, in 

1971, would bridle at an offhand suggestion that Slater was an heir to the British tradition. 

The Belgian physicist Léon Rosenfeld, in a historical overview of atomic theory, 

emphasized the formative nature of Slater’s postdoctoral visit to the Cavendish laboratory, 

referring to him as “a physicist educated in the British and American tradition.”40 Van 

Vleck sent Slater a copy of the article, along with an expressive note: “I am usually 

something of an Anglophile but the reference to your training […] rather made my blood 

boil. I’ll grant you that Slater is an English name but what the author says makes about as 

much sense as it would be to say that I am Dutch-trained because my name is Van Vleck.”41 

Slater was equally eager to distinguish American and European physical traditions, penning 

a Physics Today editorial in 1968 in which he attacked the conventional wisdom that 

                                                                                                                                            
win two Nobel Prizes for his solid state work, and Herring would found the influential theoretical 
physics division of Bell Labs. 
39 See: Alexi Assmus, “The Americanization of Molecular Physics,” HSPBS 23, no. 1 (1992): 1–34, 
esp. 22; Duncan and Janssen, “Umdeutung in Minnesota” (ref. 12); and Silvan S. Schweber, “The 
Young John Clarke Slater and the Development of Quantum Chemistry,” HSPBS 20, no. 2 (1990): 
339–406. 
40 Léon Rosenfeld, “Men and Ideas in in the History of Atomic Theory,” AHES 7, no. 2 (1971): 77. 
41 John Van Vleck, letter to John Slater, 17 November 1971, Van Vleck papers, NBL, Box 28, 
Folder 615. 
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American physics in the 1930s was transformed by the influx of European émigrés.42 The 

reluctance Van Vleck and Slater exhibited to sully their work with what they saw as baser 

pursuits can be better understood within the context of the pride they both took in 

representing American physics, and American theory in particular. Van Vleck’s resistance 

to divisions was one manifestation of this phenomenon. 

Wigner, in contrast, counted himself among “the Martians,” the group of 

Hungarian scientists that also included Theodore von Kármán, John von Neumann, Leo 

Szilard, and Edward Teller, who were chased from Central Europe by Hitler’s rise.43 

Wigner arrived in the United States with a background in chemical engineering, which he 

had studied at the Technische Hochschule in Berlin, earning a doctorate in 1925. He 

recalled that his chemical training, which was more theory-oriented in Berlin than a similar 

degree in the United States would have been, “came in handy many times in my life in 

physics.”44 Indeed, Wigner’s career was characterized by remarkable topical breadth, which 

often involved flirtations with chemical phenomena. Moreover, Wigner came from a 

European tradition that was not shy when it came to talking about the reality of physical 

microstructures, even if only provisionally. He was immediately taken, for instance, with 

                                                
42 John Clarke Slater, “Quantum Physics in American between the Wars,” PT 21, no. 1 (1968): 43–
51. 
43 The distinctive nature of the Hungarian accent, combined with the preternatural ability these 
men showed in science and mathematics, led to the nickname. For a more detailed recounting of 
the story see: István Hargittai, The Martians of Science: Five Physicists Who Changed the Twentieth 
Century (Oxford, UK: Oxford University Press, 2006). 
44 Transcript of talk entitled “My Life as a Physicist,” Wigner papers, PUA, Box 13, Folder 3. 
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the discovery of the neutron, and wasted no time employing this new tool to better 

understand nuclear masses.45 

Slater offers a compelling contrast on this score. He was famously embittered by his 

experience as a postdoc at Niels Bohr’s Institute for Theoretical Physics snapping at 

Thomas Kuhn in an interview that he “never had any respect for those people [Bohr and 

Kramers],” after his experience in Copenhagen.46 Although Slater later recanted, claiming 

that his differences with Bohr were scientific rather than personal, this unguarded remark 

indicates the lingering influence Copenhagen had over Slater, negative though it might 

have been. The disagreement stemmed from the Bohr-Kramers-Slater (BKS) theory, which 

grew from an idea of Slater into Bohr’s last stand against light quanta. 

In 1922, Arthur Holly Compton observed a correlation between the wavelength of 

radiation produced in x-ray scattering and the angle at which it was scattered. The change 

in wavelength implied a corresponding loss of energy, thus softening the scattered 

secondary rays. This correlation posed a problem from the classical wave theory perspective 

in which such effects would have been expected to disappear at the low intensities 

Compton was using, and he was not immediately sure how to explain his results. His 

                                                
45 Eugene Wigner, “On the Mass Defect of Helium,” PR 43, no. 4 (1933): 252–257. 
46 John C. Slater, interview by Thomas S. Kuhn and John H. Van Vleck on 3 October 1963, 
accessed 26 October 2009, http://www.aip.org/history/ohilist/4892_1.html. 
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crucial insight came when he recognized that the process could be treated as an inelastic 

collision between the scattering electron and the scattered x-ray quantum.47 

To many in the physics community, Compton scattering, and his explanation in 

terms of light quanta, which appeared in a 1922 Physical Review paper,48 provided the 

smoking gun needed to validate the reality of light quanta. Compton described the process 

like this: 

Any particular quantum of x-rays is not scattered by all the electrons in the radiator, 
but spends all of its energy upon some particular electron. This electron will in turn 
scatter the ray in some definite direction, at an angle with the incident beam. This 
bending of the path of the quantum of radiation results in a change in its 
momentum. As a consequence, the scattering electron will recoil with a 
momentum equal to the change in momentum of the x-ray.49 

 
In the face of Compton’s strong experimental evidence, and the simplicity of the 

resolution to the conundrum that light quanta offered, the bulk of the physics community 

finally accepted Einstein’s 1905 light quanta hypothesis.50 

Niels Bohr was not among the newly converted, and his young American postdoc 

had brought riches from the New World. Slater had developed his own approach to 

                                                
47 Stephen G. Brush, “How Ideas Became Knowledge: The Light-Quantum Hypothesis 1905–
1935,” HSPBS 37, no. 2 (2007): 221. 
48 Arthur H. Compton, “A Quantum Theory of the Scattering of X-rays by Light Elements,” PR 21, 
no. 5 (1923): 483–502. 
49 Compton, “Scattering of X-rays” (ref. 48), 485. Also quoted in Brush, “How Ideas Became 
Knowledge” (ref. 47), 222. 
50 See: Roger Stuewer, The Compton Effect: Turning Point in Physics (New York: Science History 
Publications, 1975), Chapter 7. 



 

152 

understanding the interaction between light and matter.51 He submitted a letter to Nature 

shortly after arriving in Copenhagen, which described his virtual oscillator concept in his 

characteristically verbose style:  

Any atom may, in fact, be supposed to communicate with other atoms all the time 
it is in a stationary state, by means of a virtual field or radiation originating from 
oscillators having the frequencies of possible quantum transitions and the function 
of which is to provide for statistical conservation of energy and momentum by 
determining the probabilities for quantum transitions.52 
 

Bohr saw in this idea a way to escape light quantization. He appropriated Slater’s approach, 

and quickly produced, with Hendrik Kramers, a paper that explained the Compton effect 

as a Doppler shift, in which a electrons recoil under the influence of an incident light 

wave. That recoil caused the emission point of the scattered radiation to shift, producing 

the correlation between scattering angle and wavelength that Compton observed.53 

The influence of this work, which constituted the last dying gasps of resistance to 

light quanta, and which stood on the cusp of the new quantum mechanics that would 

begin emerging in 1926, has been well documented.54 Less well explored is the theory’s 

                                                
51 For a wide-ranging history of such investigations, see: Marta Jordi Taltavull, “Transmitting 
Knowledge across Divides: Optical Dispersion from Classical to Quantum Physics,” HSNS 
(forthcoming). 
52 John Slater, “Radiation and Atoms,” Nature 113, no. 2835 (1924): 307. 
53 Niels Bohr, Hendrik Kramers, and John Slater, “The Quantum Theory of Radiation,” The 
Philosophical Magazine 6, no. 47 (1924): 785–802. 
54 See: Roger H. Stuewer, “The Compton Effect: Transition to Quantum Mechanics,” Annelen der 
Physik 9, no. 11–12 (2000): 975–989; John Hendry, “Bohr-Kramers-Slater: A Virtual Theory of 
Virtual Oscillators and Its Role in the History of Quantum Mechanics,” Centaurus 25, no. 2 
(1981): 189–221; Neil H. Wasserman, “The Bohr-Kramers-Slater Paper and the Development of 
the Quantum Theory of Radiation in the Work of Niels Bohr” (Ph.D. diss., Harvard University, 
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influence on the embittered Slater. By his own account, Slater felt as though he had been 

hijacked in service of an agenda that was not his own.55 Slater came back to the United 

States having been convinced that “Bohr was fundamentally of a mystical turn of mind and 

I’m fundamentally of a matter-of-fact turn of mind.”56 In the words of S. S. Schwber, 

“Slater came to see his conflict with Bohr as not only about physics but also about how one 

does physics.”57 

The deep commitment to a heavily calculation-based style Slater brought to solid 

state can be traced in part to his experience abroad. He was repulsed by the speculative 

approach he saw in Bohr, having been convinced by the BKS experience that pursuing 

research on the basis of deeply held theoretical prejudice was fruitless. Although Slater’s 

group at MIT, like Wigner’s at Princeton, bled over into chemistry, it did so for different 

reasons: Wigner was willing to employ approximation strategies gleaned from chemistry 

and maintained a chemist’s willingness to provisionally commit to expedient ontological 

assumptions. Slater, on the other hand, realized that there was very little instrumental 

difference between cranking out wave functions for molecules and cranking out wave 

                                                
55 Slater, interview by Kuhn and Van Vleck (ref. 46). Nevertheless, Slater did publish a follow-up to 
the BKS paper when he returned to the United States: John C. Slater, “A Quantum Theory of 
Optical Phenomena,” PR 25, no. 4 (1925): 395–428. Duncan and Janssen suggest that, despite his 
consternation with his collaborators in Copenhagen, Slater continued to defend BKS well after 
Bohr had resigned himself to the reality of light quanta. Duncan and Janssen, “Umdeutung in 
Minnesota” (ref. 12). Slater’s subsequent work on solid state and molecular physics, however, which 
consisted mostly of conducting ab initio calculations with progressively more powerful digital 
computers, is consistent with his self-reported distain for foundational speculation, which was 
evidently reinforced by his experience abroad. 
56 Slater, interview by Kuhn and Van Vleck (ref. 46). 
57 Schweber, “Quantum Chemistry” (ref. 39), 352. 



 

154 

functions for solids. Slater’s approach to solid state and molecular theory, which, with the 

advent of electronic computers, would involve throwing more and more computing power 

at ab initio calculations, bore little resemblance to Wigner’s, which used the 

phenomenological features of solids, rather than quantum mechanical first principles, as a 

conceptual starting point. 

Wigner’s approach had a clear influence in the young Seitz, whose thesis, “On the 

Constitution of Metallic Sodium,” would remain his most influential intellectual 

contribution to physics. Published jointly with Wigner, it established what became known 

as the Wigner-Seitz method for describing the properties of metals. This approach 

negotiated between the two most prevalent alternatives at the time. The first, championed 

by Felix Bloch and Léon Brillouin among others, was the free electron model, which aimed 

to describe conduction and ignored chemical properties, which were the products of 

valence, by modeling the interactions between free conduction electrons and lattice 

vibrations in crystalline metals. The second, backed largely by Slater, aimed to describe a 

wider range of chemical and mechanical properties by calculating the influence of valence 

forces on metals.58 The former method offered a ready tool with which to confront 

electrical conduction, but the simplifications it introduced made it ill suited for much 

else—for instance, it only worked for ideal metals—and led many physicists to view it as 

unsatisfactory as a result. On the other hand, Slater’s approach required laborious 

                                                
58 Eugene Wigner and Frederick Seitz, “On the Constitution of Metallic Sodium,” PR 43, no. 10 
(1933): 804–810. 
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calculations, and, in an era before computing power made them tractable, could be faulted 

for being too cumbersome to be practically useful. 

Seitz and Wigner sought out a middle ground between these two methods. Wigner, 

drawing from his training as a chemical engineer, was sensitive to the notion that a theory 

of metals should describe more than electrical conduction. The two set out a method of 

approximation that would allow the free electron model to be applied to real, not just ideal 

metals.59 The method begins with the lattice structure of a metal, and defines a cell by 

bisecting the lines between any given lattice point and its nearest neighbor. The points 

inside the polyhedron defined in this way are closer to that lattice point than any other, 

and a set of these polyhedrons packs to fill the entire lattice.60 For solids with highly 

symmetrical lattice structures, each of these cells may be approximated by a sphere, 

allowing Schrödinger’s equation for a solid to be solved relatively simply. The use of 

creative approximation methods to simultaneously simplify calculations and capture 

structural features of complex systems would become a signature of solid state physicists’ 

approach. 

The impact of this paper, which rapidly led to extensions and applications by 

Slater, Van Vleck, Nevill Mott, and others, fueled Seitz’s early career. Through the 

remainder of the 1930s, Seitz explored positions in both industry and academia, spending 

                                                
59 Paul Hoch, “The Development of the Band Theory of Solids, 1933–1960,” in Out of the Crystal 
Maze: Chapters from the History of Solid State Physics, ed. Lillian Hoddeson et al. (Oxford, UK: Oxford 
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two years at the University of Rochester before finishing out the decade at General 

Electric. Moreover, the conceptual approach embodied in Seitz’s thesis was mirrored in his 

approach as an institution builder. Seitz repeatedly sought to combine the diverse 

approaches endemic to solid state into a cohesive whole. This often required sacrificing 

strict conceptual or methodological continuity while uniting diverse approaches under a 

single institutional banner. 

The watershed moment of Seitz’s publishing career came in 1940 when he released 

his textbook Modern Theory of Solids. It was the first comprehensive textbook devoted to the 

topic, and it would cement his influence over the field for decades, as it reinforced the 

approach to solid state theory Seitz had acquired from Wigner, which emphasized creative 

approximation and attention to properties that were traditionally considered chemical 

alongside those more commonly found in physics training. Second, and perhaps more 

importantly, it marked the beginning of his gradual transition from practitioner to 

administrator. Through the 1940s and the early 1950s, until shortly after his arrival at the 

University of Illinois, Seitz remained an active research physicist. In the 1950s, he devoted 

increasing measures of his time to assorted advisory committees and governing boards, 

many of which would make crucial decisions about solid state and its direction. 

Modern Theory of Solids begins by striking the topically ecumenical note Seitz had 

inherited from Wigner. Seitz expresses his hope that it will serve the needs of three types of 

reader:  

First, of course, students of physics and chemistry who desire to learn some details 
of a particular branch of physics that has general use; second, experimental 
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physicists and chemists, and engineers and metallurgists with mathematical 
leanings who are interested in keeping an eye on a field of physics that is of possible 
value to them; and third, theoretical physicists of various stages of development 
who are interested in the present status of that phase of solid bodies that deals with 
electronic structure.61 
 

This statement expresses an early vision for the permissive scope of what would become 

solid state physics: a field, firmly within physics, that was nonetheless broadly conversant 

with a variety of neighboring disciplines. Given Seitz’s actions in the face of the 

institutional pressures that shook solid state in the 1950s, it is evident that he kept this 

vision firmly in mind throughout. 

By the time the publication problem began to weigh on physicists’ minds, Fred 

Seitz had become one of the most astute institutional animals in the solid state 

community.62 He developed a facility of navigating the labyrinth of advisory committees, 

society councils, and journal boards that gave him a low-angle view of the growing field. In 

1949, Wheeler Loomis lured him the University of Illinois at Urbana-Champaign, 

beginning a process that would produce one of the most influential centers of solid state 

physics in the country, second, perhaps, only to Bell Labs. From the center of the country, 

in an emerging center of solid state research, Seitz began to parlay his integration with 

disciplinary governance mechanisms into influence over the field’s direction. When physics 

journals began to stagger under pressures of growing backlogs, rising costs, and increasing 

                                                
61 Frederick Seitz, Modern Theory of Solids (New York: McGraw Hill, 1940). 
62 More recently Seitz has become somewhat infamous for putting his political acumen to work on 
behalf of the tobacco and petroleum industries. See ref. 26 on p. 97. 
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specialization, he was therefore in a position to direct the response of solid state physicists 

to the situation. 

 

IV. Coping with the Publication Problem 

The first small signs of trouble with the Physical Review appeared in the late 1940s. 

Up until 1948, the journal turned a profit through subscription fees and page charges. At 

the January 1948 Council meeting, however, the editor Jack Tate and Society treasurer 

George Pegram made it clear that “the period in which the Physical Review returned a net 

profit to the Society from subscriptions of non-members has come to its end.”63 Failing to 

break even was not an immediate hardship, however, as other AIP journals were still 

profitable, and the Society enjoyed a “handsome surplus,” which would sustain its flagship 

publication for some time.64 

The publication problem was on the radar, but would generate more heat than 

light through the next few years. Tate’s death in 1950 and the transfer of editorial 

operations to Brookhaven National Laboratory produced logistical issues aplenty to keep 

all concerned occupied as the journal grew thicker and slipped further into the red. By 

1953, the financial situation had become pressing. Pegram’s report on the Society’s 

financial situation warned that “the Society may have done a little better than ‘break even’ 

during 1952, even without taking into account the $20,000 donated by the National 

                                                
63 Council of the American Physical Society, Minutes of the Meeting Held at New York, 29 January 
1948, APS minutes, NBL. 
64 APS Council minutes, 29 January 1948 (ref. 63). 
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Science Foundation to assist in meeting the deficit of The Physical Review; and that he 

expects that in 1953 the margin of income over expenditures may attain $30,000.”65 

By the mid-1950s, increasing publication costs, along with associated publication 

delays, spurred action. Both the American Physical Society and the American Institute of 

Physics put institutional machinery into motion to address it. At the April 1955 APS 

Council meeting, Sam Goudsmit, Tate’s successor as the Physical Review’s Managing Editor, 

provided “a lengthy report on the situation ensuing from the interminable expansion of 

The Physical Review.” In accordance with the “ominous” financial prospects such expansion 

brought about, the Council approved steep hikes in both page charges and subscription 

rates. A motion to split the journal, proposed to gauge opinion rather than to spur action, 

was defeated, and the Council also ruled unfavorably on a proposal that the APS take over 

the Journal of Chemical Physics from the AIP. Nonetheless, the prospect of major 

restructuring loomed. Goudsmit recorded his strong feelings “that the American Institute 

of Physics should enlarge its journals.”66 

The AIP had similar inclinations. Institute director Henry A. Barton commented in 

March of 1955: “Pressure for publication of research results in certain fields has again 

come to the point of severe strain,” and while he did not promote any specific solutions, he 

assured his readers that “The Institute stands ready to help study such problems and 

                                                
65 Council of the American Physical Society, Minutes of the Meeting Held at Washington, 29 April 
1953. APS minutes, NBL. 
66 Council of the American Physical Society, Minutes of the Meeting Held at Washington, 27 April 
1955, APS minutes, NBL. 
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continually investigates proposed ways of reducing publishing costs.”67 Barton and the AIP 

Governing Board, at their March meeting, appointed a joint AIP-APS committee to 

generate recommendations for easing the publication burden. 

Demographic changes played a complicating role in the committee’s mission, 

particularly the increasing importance of industrial physics in the Cold War. Seitz made 

the observation, common by that point, that “industrial organizations which were 

uninterested in physicists prior to 1940 are now eagerly attempting to hire Ph.D.’s.”68 The 

numbers backed him up. By 1954, while a plurality of physicists (42.0%) was still employed 

in the academy, 35.8% held industrial positions.69 Solid state in particular thrived on the 

growth of physics in industry, and the separate interests and professional challenges that 

drove industrial physicists contributed to the professional instability solid state experienced 

amidst the publication crunch. 

Alan T. Waterman, Director of the National Science Foundation, singled out the 

Physical Review as one site where diversification within physics could be identified. Replying 

to Karl Darrow’s request for funds to support the AIP’s publication study, Waterman 

reported hearing “statements to the effect that probably no single individual is interested in 

more than one-tenth of the contents of the Review.” He further suggested: “If this is ture 

[sic], it may eventually be desirable or even necessary to restrict publication in the journals 

                                                
67 Henry A. Barton, “American Institute of Physics, Director’s Report for 1954,” 12 March 1955, 
Seitz papers, UIUC, Box 1, Folder AIP Correspondence #1. 
68 Frederick Seitz, letter to Henry A. Barton, 3 November 1954, Seitz papers, UIUC, Box 1, Folder 
AIP Correspondence #1. 
69 Barton, “Director’s Report for 1954” (ref. 18). 



 

161 

of wide circulation to papers of more general interest. Questions such as this could be 

studied objectively. Perhaps the recent vote with the Physical Society on the desirability of 

splitting the Review has already shed some light on the question.”70 The field of physics was 

becoming compartmentalized, and the growth of topical enclaves put pressure on a journal 

structure that was conceived for a small community with few internal divisions. 

These considerations motivated the second circular letter—the first being “The 

Present War Is a Physicist’s War” distributed by the group of six—that would bear heavily 

on solid state’s fate. In March 1955, on behalf of the AIP-APS joint committee, Seitz 

circulated a questionnaire to selected solid state and chemical physicists, asking if they 

would welcome an exodus of solid state publication from the Physical Review to the Journal 

of Chemical Physics (JCP), which the committee tentatively proposed renaming the Journal of 

Solid State and Chemical Physics.71 The JCP was published by the AIP, but as the Division of 

Chemical Physics was being formed in 1949, a few members of the APS began advocating 

for the Society to take it over.72 The idea was bandied about for several years, but failed to 

produce any substantial changes. Having been a regular element of Council meeting 

                                                
70 Alan T. Waterman, letter to Karl K. Darrow, 5 July 1955, APS minutes, NBL. 
71 The distribution list of the letter is not available, but the committee proposed contacting 
“leading solid state physicists and chemical physicists,” naming as representative of this group: 
“[LeRoy] Akper, [John] Bardeen, [Harvey] Brooks, [Conyers] Herring, [Charles] Kittel, [Andrew W.] 
Lawson, [Humboldt] Levernz, [Gordon] McKay, [Frederick] Seitz, [William] Shockley, [John] Slater, 
[Cyril Stanley] Smith, C.S., [Arthur H.] Snell, [John] Van Vleck, [Eugene] Wigner.” 
“Recommendations of the AIP-APS Committee on Joint Publication Problems with Regard to the 
Journal of Chemical Physics,” Seitz papers, UIUC, Box 1, Folder AIP Correspondence #1. 
72 Council of the American Physical Society, Minutes of the Meeting Held at Chicago, 25 and 26 
November 1949, APS minutes, NBL. 
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discussions, however, the notion of acquiring the JCP, not just for chemical physics, but 

for solid state as well, was a logical option to pursue. 

At the time, the readership of the JCP was composed principally of chemists.73 The 

field known as chemical physics—as distinguished from physical chemistry—was conceived 

and operated as an interdisciplinary field, but it was populated predominantly by those 

trained in chemistry, even though they tended to publish in physics journals, and the 

chemical physics graduate programs across the United States tended to be housed in 

chemistry departments.74 Co-locating chemical and solid state physics publications into JCP 

would therefore necessitate a much closer relationship between solid state and the 

chemical community than the names alone would suggest. With that consideration in 

mind, Seitz advanced the suggestion cautiously:  

It is the writer’s opinion that this transformation would inevitably make the journal 
less valuable to the chemists who do not participate actively in the APS or AIP and 
hence would act to the disadvantage of this important segment of the scientific 

                                                
73 The Journal of Chemical Physics was, in fact, essentially a chemical journal despite its membership 
in the AIP family of publications. Of the papers it published, 65% originated in chemistry 
departments. “Recommendations of the AIP-APS Committee on Joint Publication Problems with 
Regard to the Journal of Chemical Physics,” Seitz papers, UIUC, Box 1, Folder AIP 
Correspondence #1. 
74 An illustration: in 1967 Robert Parr, then based at Johns Hopkins, who was deeply involved with 
promoting chemical physics in both the American Physical Society and the American Chemical 
Society (ACS), observed: “Inspection of the pages of the Journal of Chemical Physics shows that 
some chemical physicists are professional chemists, some are professional physicists. (For example, 
32 of the papers in the April 1, 1967 issue of JCP are by authors clearly identifiable as chemists, 9 
by authors clearly identifiable as physicists and 29 by authors not clearly identifiable as one or the 
other.) The subject is truly interdisciplinary, although more chemists go into it than do physicists.” 
Oral Report to the Physical Sciences Group on May 19, 1967, Parr papers, CHF, Box 131, Folder 
Chemical Physics program. By 1967, approximately 40% of the members of the ACS’s Division of 
Physical Chemistry were also members of the APS. Herbert S. Gutowsky, letter to ACS 
membership, 11 October 1967, Koch records, NBL, Folder 64:24. 
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world. For this reason the change would probably not be justified unless a great 
majority of the solid state physicists would be willing to use the transformed journal 
as their principal outlet for publication, leaving the PHYSICAL REVIEW in the 
main to the nuclear physicists and diverse minorities which would not feel at home 
in the revised journal.75 
 

The enclosed survey asked those interested to indicate, a) their field (solid state, chemical 

physics, or other) b) whether they favored, did not favor, or were agnostic about the 

proposal, and c) their willingness to publish in the revised journal. 

Responses were mixed, although tilted distinctly in the direction of opposition.76 

Harvard’s Harvey Brooks replied: “While I can see some virtue in a closer relation between 

Chemical Physics and Solid State Physics, shotgun marriages of this sort are usually not 

very successful,”77 and concluded that since the interests of solid state physics cleaved more 

closely to the topics covered by the Physical Review, a forced exodus in the direction of 

chemistry would be inadvisable. William Shockley, on the other hand, favored the 

proposal, commenting: “Solid state physics papers are now too diffuse a component of the 

Phys. Rev.”78 

                                                
75 Frederick Seitz, letter to select solid state and chemical physicists, 1 June 1955, Seitz papers, 
UIUC, Box 1, Folder AIP – Correspondence #1. 
76 The 22 responses preserved in the Seitz papers break down as follows: Of the solid state 
physicists responding, thirteen opposed the proposal, two favored it, and three reported no strong 
opinion. All three chemical physicists responding were in favor. One additional favorable vote 
came from a self-identified “other.” The final tally of these reports: six in favor, thirteen opposed, 
three with no strong opinion. 
77 Harvey Brooks, letter to Frederick Seitz, 23 Jun 1955, Seitz papers, UIUC, Box 2, Folder AIP – 
Reorganization of Journals. 
78 William Shockley, completed survey: “Opinion of the Recommendations Concerning the 
Journal of Chemical Physics,” received 16 June 1955, Seitz papers, UIUC, Box 2, Folder AIP – 
Reorganization of Journals. 
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Voices both favoring and opposing the proposal shared a concern for boundary 

issues. George E. Pake, head of the physics department at Washington University in St. 

Louis, neglected to identify himself either as a solid state or as a chemical physicist. Instead 

he pointed to magnetic resonance as his primary research interest, suggesting that it 

bridged the divide. In favoring the proposal, Pake maintained that “structure of matter 

physics and chemical physics do not have a readily discerned boundary between them.”79 

Walter Kohn, then of the Carnegie Institute, held the opposite view. In his eyes, “solid 

state physics has closer ties to other branches of physics than to chemistry and would be 

damaged if these ties were weakened.”80 

The difference between Pake’s view and Kohn’s fell along topical lines, and their 

disagreement is emblematic of a clear split within the pool of reactions to the proposal 

Seitz was able to assemble. Pake, an experimentalist who helped develop early NMR 

techniques, saw applications of those techniques flow smoothly from solids to molecules, 

with little practical or conceptual differences. Kohn, on the other hand, was a theorist who 

had made his career up to that point in semiconductor physics. His research wrestled with 

the foundational issues quantum mechanics faced when applied to complex systems, and 

                                                
79 George E. Pake, completed survey: “Opinion of the Recommendations Concerning the Journal 
of Chemical Physics,” Seitz papers, UIUC, Box 2, Folder AIP – Reorganization of Journals. Pake’s 
resistance to the term “solid state” is notable. Pake’s research and education were representative of 
self-identified solid state physicists at the time; he’d taken a Ph.D. at Harvard with Edward Mills 
Purcell, and published extensively on nuclear magnetic resonance and paramagnetism. His 
avoidance of the term, and his use of an uncommon alternative, “structure of matter physics,” 
reflect discomfort with “solid state” among portions of the community. See Chapter 4 for a more 
extensive discussion. 
80 Walter Kohn, completed survey: “Opinion of the Recommendations Concerning the Journal of 
Chemical Physics,” Seitz papers, UIUC, Box 2, Folder AIP – Reorganization of Journals. 
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he was therefore less inclined to think that he had much to gain from a closer association 

with chemistry.81 

Similarly, Brookhaven National Laboratory’s Hillard B. Huntington, a theorist 

focusing on metallic lattice structures and dynamics worried about too close an association 

with chemistry, responding: “I don’t believe that solid state physics and chemical physics 

will be compatible bedfellows in such a close union.”82 Conyers Herring, founder of Bell 

Laboratories’ theoretical physics division, was concerned that “this move would tend to 

widen the gulfs between solid state physics and fundamental physics, on the one hand, and 

chemistry, on the other.”83 Columbia’s Shirley L. Quimby supported the proposed merger. 

He articulated his instinct that those “engaged in experimental research […] will favor the 

proposed journal and patronize it.”84 Several other self-identified chemical physicists also 

expressed a willingness to publish alongside solid state physicists, so long as the latter did 

not displace chemically-oriented work. 

This wide range of responses reflects the parochial interests of the respondents. 

Spencer Weart has argued that the diverse conceptual scope of solid state physics made it 

susceptible to the formation of smaller social structures, each of which developed its own 

                                                
81 It is therefore a lovely irony that Kohn would win the 1998 Nobel Prize in Chemistry, which he 
shared with John Pople. Kohn was cited for his role in developing density functional theory, which 
had broad relevance for both solid state and chemical problems. 
82 Hillard B. Huntington, completed survey: “Opinion of the Recommendations Concerning the 
Journal of Chemical Physics,” Seitz papers, UIUC, Box 2, Folder AIP – Reorganization of Journals. 
83 Conyers Herring, completed survey: “Opinion of the Recommendations Concerning the Journal 
of Chemical Physics,” Seitz papers, UIUC, Box 2, Folder AIP – Reorganization of Journals. 
84 Shirley L. Quimby, completed survey: “Opinion of the Recommendations Concerning the 
Journal of Chemical Physics,” Seitz papers, UIUC, Box 2, Folder AIP – Reorganization of Journals. 
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set of values and interests.85 Questions about how solid state, as a field, should govern its 

publication practices did not simply generate opposing camps, one in favor of a closer 

alliance with neighboring disciplines and one opposed. Rather, individual subgroups fell 

on one side or the other of this divide on the basis of highly local considerations. If a 

research program happened to enjoy a close and mutually constructive relationship with 

chemistry, then its members would be favorably disposed to publishing alongside chemists. 

Those representing other groups saw little to gain from such crossover, and were bemused 

and alarmed at the suggestion that they should conceive of themselves as engaged in an 

interdisciplinary collaboration. 

The responses to Seitz’s circular expose some of the cracks that, even in the mid-

1950s, shot through the solid state community as research-based subgroups formed and 

developed clearer perspectives on their interests. The most vehement opposition to the 

proposal came from solid state theorists, especially those in the influential semiconductor 

group, who were busy adapting the methods of quantum mechanics to complex systems 

and saw little profit in distancing their work from the core publication outlet of the physics 

community. The case in favor of the proposal was carried mostly by those experimentalists 

who identified relevance for their work to both chemical and solid state problems. 

Chemists and chemical physicists also lent their support, both because of the experimental 

connections, and because techniques developed in the context of solid state theory were 

                                                
85 Spencer Weart, “The Solid Community,” in Out of the Crystal Maze, ed. Lillian Hoddeson et al. 
(Oxford, UK: Oxford University Press, 1992), 652. 
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relevant for theoretical chemistry.86 The breadth of the solid state enterprise meant that the 

connections researchers drew to related fields depended strongly on the type of work in 

which they were engaged. The theory/experiment division is one dimension of this effect, 

but topical focus was also a factor. The decision about how to structure solid state 

publications was therefore, in part, advocacy of a particular perspective on the discipline. 

This pattern of responses raises the question of why the committee produced a 

proposal that was so evidently out of step with the desires of those who self-identified as 

solid state physicists and felt strongly enough to respond to the survey. Why did the 

committee, after reviewing the facts on the ground, craft a proposal that was so widely 

panned? The answer can be found by examining the emergence of one consolidated bloc 

within solid state that was vocal, but not necessarily representative of the whole. As 

indicated above, physicists as a whole, and solid state practitioners in particular, were 

increasingly diverse and industrial. Solid state physicists in industry were collaborating 

regularly with chemists and engineers. At the same time, however, a cohesive group of 

theorists was emerging within a field that had hitherto been without a clear center. The 

proposal that solid state form an alliance with chemistry touched a nerve with this small, 

but passionate group.  

The group was organized around investigations of the electromagnetic structure of 

matter. Notably, it was the same area where John Van Vleck had made is most important 

                                                
86 See: Kostas Gavroglu and Ana Simões, Neither Physics nor Chemistry: A History of Quantum 
Chemistry (Cambridge, MA: MIT Press, 2011). 
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contributions. It had also produced some of the most technologically relevant discoveries, 

such as the transistor. As the area that had the most quickly and successfully adopted 

quantum methods, it was also area whose practitioners were best able to claim that they 

occupied intellectual frontiers of physics. This group, as a result, was positioned to exert 

considerable influence on the professionalization process. Its representatives, like Kohn, 

were more inclined to see solid state as a traditional physical subfield than as an 

interdisciplinary synthesis and therefore opposed too close a marriage between solid state 

and chemistry, metallurgy, or engineering. A decision about how, if at all, to restructure 

the publishing patterns of solid state physicists would therefore be a test of their status and 

influence over the course of the field.  

Just as Seitz was getting a sense of how the journal infrastructure in the United 

States would shape the future of solid state physics, he was blindsided by Harvey Brooks, 

the Harvard physicist and student of John Van Vleck who had earlier expressed skepticism 

about the wisdom of a closer alliance between solid state and chemistry. Seitz and the AIP 

had been deliberately testing the waters before acting on the publication problem, and so 

were taken aback upon learning that Brooks had, without consulting the movers and 

shakers at the AIP or the APS, co-founded the International Journal of the Physics and 

Chemistry of Solids in partnership with Pergamon Press. As the title indicated, this new 

journal was an international effort, publishing articles in Russian, French, German, or 

English, and seeking to meet the perceived need within the global community “to 
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encourage greater interchange between physicists and chemists interested in solids.”87 The 

foreword to the first issue, published in September 1956, began: “The emergence of solid-

state physics as a recognized specialty of physics has taken place over a period of many 

years. A more recent development, stimulated partly by the growth of industrial interest in 

the field, has been the growing realization of the common interests of physicists and 

chemists in the problems of solids.”88 The journal met a clear demand within the solid 

state community. But that community was already highly heterogeneous, at it was not yet 

clear to the community’s leaders that this particular constituency should govern the 

direction of publication within the field. 

The journal’s sudden appearance therefore preempted the AIP’s efforts to manage 

the publication problem domestically. Seitz, while the survey of the community was in 

progress, had initiated discussions with the Academic Press about the possibility of 

founding a new journal, with an audience to be determined by whatever needs the AIP-

APS committee identified, the scope of which would be tuned so as to syphon an 

appropriate publication load from the Physical Review. Brooks, by acting outside of the 

powerful institutional mechanisms the AIP and APS were erecting, limited their ability to 

scale their response to the publication problem by selecting an appropriate topic and 

volume for the new journal. Brooks, by lending his support to an interdisciplinary journal, 
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the Physics and Chemistry of Solids, February 1956, Seitz papers, UIUC, Box 11, Folder Harvey 
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had decided to favor a closer association with both industry and chemistry, just as Seitz was 

getting a sense that this was precisely what the most vocal constituency within solid state 

did not want. 

Brooks was cowed when he learned that he had upset the AIP apple cart. He 

purposely avoided extending the issue even so far as his secretary, and self-typed a long, 

effusively apologetic letter to Seitz describing how he had succumbed to a hard sell from 

General Electric’s J. Herbert Hollomon and Kevin Maxwell, the director of Pergemon 

Press’ international division. “As I think back over the history of this matter,” Brooks 

wrote, “I realized that my behavior has been somewhat inexplicable and not to my credit, 

and indeed in retrospect I feel quite unhappy about my actions.” He further expressed 

concern “with the fact that in this matter I have behaved with a degree of irresponsibility 

which is a matter of great regret to me, and I feel that I have not dealt fairly or honestly 

with you either in your capacity as chairman of the institute, or as representing Academic 

Press, or as a friend.” Nonetheless, Brooks maintained: “The job itself [as editor of the new 

journal] is a worth while one in my opinion, and I do not mean to imply by my present 

regrets that I have any hesitation in being associated with it other than the question of 

whether I can do a good job.”89 

                                                
89 Harvey Brooks, letter to Fred Seitz, 15 November 1955, Seitz papers, UIUC, Box 11, Folder 
Harvey Brooks. 
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Seitz replied pointedly to Brooks’s contrite missive, outlining how the appearance 

of the new international publication outlet disrupted the AIP’s ability to mount a 

measured response to distinctly national challenges: 

Until the character of the new journal is clearly established, it will have the effect of 
pre-empting the position for any other journal that might be contemplated. About 
half the interest of any new journal would be in the field yours will cover. Another 
individual might hesitate to accept the editorship at this time. I find it very hard to 
decide whether this is good or bad for American physics as a whole.90 
 

Brooks unwittingly trammeled Seitz’s best-laid plans, but his journal was an honest 

response to widespread demand. Its impact was not to prevent the AIP from responding to 

the publication problem, but to render a summary decision on how the problem would be 

addressed. It was a response, although perhaps not the precise response that would have 

emerged from a more deliberative process. 

For better or worse, the AIP and the APS could now focus their respective 

responses to the publication problem more narrowly. The problem consumed the APS in 

the mid-1950s to the extent that committees on its various aspects proliferated. The 

included, as of 1956, the “Standing Committee to consider such publication-problems as 

Managing Editor does not accept as lyin[g] in his province,” the “Committee to consider a 

proposal of National Science Foundation regarding publications in physics,” and 

“Committee to study all aspects of the problem of publications of American physics.” By 

1957, the former two had, in the fanciful language of Karl Darrow, reached “what some 

                                                
90 Fred Seitz, letter to Harvey Brooks, 19 November 1955, Seitz papers, UIUC, Box 11, Folder 
Harvey Brooks. 



 

172 

nineteenth-century statesman called a condition of innocuous desuetude.”91 Three factors 

led to reduced urgency of the publication problem. Brooks’s journal, and a smattering of 

other privately funded physics journals, was one. Second, as increases in page charges and 

subscription fees kicked in and officials cracked down on loopholes—such as librarians 

joining the APS to get its journals at member rates rather than library rates—publication 

operations inched back toward solvency. Finally, the Physical Review gained a pressure valve 

in the form of Physical Review Letters, which launched in the middle of 1958 with funding 

from the NSF.  

The fast-publishing journal for short pieces, previously accommodated as letters to 

the editor in the Physical Review, satisfied the demand for a quick-to-print outlet that could 

protect priority claims for important new research and relieved the Physical Review of a 

substantial volume of contributions. In part due to the relief Physical Review Letters 

provided, the Physical Review had nearly cleared out its backlog by 1960. A relieved Sam 

Goudsmit reported to the January Council meeting that his long-suffering journal was 

“well on the way to catching up.”92 The shortening of the Physical Review’s turnaround time 

took considerable oomph out of the pressures favoring a topical realignment of the 

Society’s publication structure. For the time being, all topics of physics would remain 

aligned with the field’s flagship journal. 

                                                
91 Council of the American Physical Society, Part of Preliminary Agenda for 29 January 1957. APS 
minutes, NBL. 
92 Council of the American Physical Society, Minutes of the Meeting Held at New York, 26 January 
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The upshot was that, despite a great deal of hand-wringing and the existence of 

several seemingly viable plans that would have given solid state physicists new publication 

homes, the bulk of the American solid state community continued publishing in the core 

journals. A combination of small, specialist journals springing up on their own initiative, a 

return to solvency for the Physical Review, and strong opposition from a small, but vocal 

bloc of solid state physicists ensured that solid state would remain firmly established as a 

subfield of physics and avoid any structural commitment to the relationships it often built 

on the ground with related fields. 

 

V. Conclusions 

The challenges of a crowded publication landscape did not evaporate once solid 

state’s helmsmen resolved to steer safely inside the boundaries of the physics community, 

but the disciplinary identity crisis did subside, for a time. Solid state would effectively get a 

dedicated journal in 1970, when the Physical Review split into four separate journals, with 

Physical Review B dedicated to solid state.93 By that time, solid state’s position within physics 

was more stable than it had been in the mid-1950s and the subdivision of the journal, 

which had become a simple necessity based on the volume of articles Physical Review was 

publishing, brought less discussion of structural reorientation. 

                                                
93 Section A was devoted to atomic, molecular, and optical physics, C to nuclear physics, and D to 
particle and astrophysics. 
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Solid state physics in the 1950s was analogous to a chaotic system beginning to self-

organize. The ecumenical spirit with which it was founded in the 1940s left it unusually 

susceptible to the formation of interest groups, particularly those that naturally grew 

around research programs, and which shared few strong intellectual connections with 

other such groups that also formed under the auspices of solid state. These interest groups 

developed differing visions for the future of the field. As new professional challenges 

emerged during the 1950s, these groups were given the opportunity to nudge solid state 

physics in a direction that better suited their goals. 

The objection of one of these groups to a closer association with chemistry 

contributed to solid state avoiding an officially sanctioned schism from the rest of physics. 

It helped that the group was well organized—more so than the field as a whole—and vocal. 

Their success was due in part to the structure of the solid state community. The lack of a 

commonly shared conceptual program meant that solid state was grouping into smaller, 

weakly interacting communities built around specific research programs. The thrust of the 

whole solid state confederation could be shifted substantially if only one of these groups, or 

a small subset of them, chose to speak up. In this case, the cadre of solid state physicists 

who had built a cooperative network centered on the electromagnetic properties of solids 

mustered an emphatic response to an active question of disciplinary policy. Even though 

this group did not necessarily represent solid state physicists as a whole, they made enough 

of an impression on those responsible for making the decisions that they were able to guide 

the field in the direction that best suited their own interests. In addition, their cause was 
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aided by the timely appearance of several small journals that relieved some of the pressure 

on the AIP’s central publishing operations and reduced the impetus for sweeping changes 

in publishing patterns. 

Two factors are particularly notable about this episode. The first is that it resulted 

from a delicate series of contingencies. Seitz and his publications committee were in a 

position to exercise considerable sway over how community dynamics within solid state 

evolved. Their research indicated a field that, by and large, would welcome official 

recognition of the close association between solid state physics and chemistry that they saw 

on the ground, particularly in industrial laboratories. After Harvey Brooks unwittingly 

threw a spanner in the works, their power was curtailed substantially. A vocal minority 

favoring inaction thereby gained additional weight. 

The second is the particular character of that vocal minority. The cohesive group of 

researchers—and theorists in particular—emerging around studies of the electromagnetic 

properties of solids began to resemble a traditional subfield on a small scale much more 

than solid state itself did, even at low resolution. This group was committed to maintain 

their enterprise as a part of physics and resisted any efforts that would introduce ambiguity 

as to where solid state stood. This group was, in fact, the nucleus of what would become 

“condensed matter physics,” the establishment of which is explored in the next chapter. 

They were wary of the conventional basis on which solid state was founded and saw the 

fractiousness that resulted as an obstacle in their quest to garner wider recognition for their 

intellectual contributions to physics. 
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In this sense, solid state physicists’ response to the publication problem proved to 

be both edifying and destabilizing. In one sense, it resolved some lingering ambiguity about 

the boundaries of the terrain on which solid state would pitch its oversized tent. On the 

other, it set the stage for a challenge to solid state’s conventional definition. By exerting 

their influence to keep solid state within the established physics journals, the ascendant 

bloc of condensed matter theorists established the groundwork for reorganizing their 

activities around a well-defined family of conceptual approaches. The publication problem, 

although it might have been a relatively minor challenge when seen in the larger context of 

American physics in the 1950s, was a prelude to a major restructuring of the solid state 

community. 
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Chapter 4 
– 

A Good Name and Great Riches: 
Materia ls Science, Condensed Matter Physics ,  and the Seeds of Sol id State’s 

Fracture, 1960–1986 
 
 
“When Solomon said that ‘a good name is rather to be chosen than great riches,’ he knew what he 
was talking about.”1 

Oliver E. Buckley, 1943 
 
 

I. Introduction 

When Oliver E. Buckley recited the above quote to the National Research 

Council’s Conference of Physicists in 1943, the name he had in mind was “physics.” He 

worried that the term evoked nothing concrete to the average American, rendering the 

field unnecessarily obscure. A similar concern nagged soon-to-be solid state physicists as 

they cast about for an appropriate designator. That same year, University of Iowa theorist 

Gregory Wannier crisply summarized the fledgling community’s collective unease when he 

observed, “solid state physics sounds kind of funny.”2 The funny-sounding name stuck for 

several decades, but questions persisted regarding its appropriateness. In 1963 the second 

edition of the American Institute of Physics Handbook—a comprehensive reference work—

added a section devoted to solid state physics.3 Its editor, Dwight E. Gray, griped: “Adding 

a chapter so named to the conventionally labeled group of mechanics, heat, acoustics, and 

                                                
1 O. E. Buckley, “What’s in a Name?” RSI 15, no. 11 (1943): 301. 
2 Quoted in an untitled document, 1943, Smoluchowski records, NBL, Folder 3. 
3 Dwight E. Gray and Bruce H. Billings, eds., American Institute of Physics Handbook, 2nd edition 
(New York: McGraw-Hill, 1963). 
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so forth is, of course, a little like trying to divide people into women, men, girls, boys, and 

zither players,” and recounted parenthetically his co-editor’s droll suggestion “that perhaps 

the book should contain only three major sections—Solid-State Physics, Liquid-State 

Physics, and Gaseous-State Physics.”4 

Beginning in the 1970s the simmering discontent with “solid state” came to a head 

and the name question gained new relevance. The field began to rupture. One branch of 

solid state drew closer to the growing field of materials science, which was interdisciplinary 

in constitution and applied in focus, while another sought out a new appellation, 

“condensed matter physics,” which gained traction among those who aimed to bolster solid 

state’s intellectual reputation. Far from being a simple rebranding, the growth of materials 

science and the simultaneous migration from solid state to condensed matter signaled the 

culmination of longstanding tensions within the solid state community between its 

institutionally unified roots and a competing desire for a conceptually coherent definition 

of its purpose and scope. 

The second line of the proverb Buckley quoted can further elucidate the rupture 

within solid state: “…and loving favor rather than silver and gold.” From the time of solid 

                                                
4 Dwight E. Gray, “The New AIP Handbook,” PT 16, no. 7 (1963): 41. The original AIP Handbook 
had been published in 1957. The implication that it was problematic to see physics as classifiably by 
states of matter was apropos. For instance, John Van Vleck’s 1932 textbook The Theory of Electric 
and Magnetic Susceptibilities (Oxford, UK: The Clarendon Press, 1932) had been adopted as a classic 
of solid state physics, but nonetheless presented a theory of susceptibilities principally through the 
examination of magnetic gasses. See: Charles Midwinter and Michel Janssen, “Kuhn Losses 
Regained: Van Vleck from Spectra to Susceptibilities,” in Research and Pedagogy: A History of Early 
Quantum Physics through its Textbooks, ed. Massimiliano Badino and Jaume Navarro (Berlin: Edition 
Open Access, forthcoming). 
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state’s formation, its builders struggled to balance their need for research funding with 

their quest for intellectual prestige. The arguments solid state physicists could make for 

these goals did not often come into alignment for them at a time when nuclear and high 

energy physics dominated public and political discourse. The materials science/condensed 

matter split fell along this axis, with the former organized around effective strategies for 

securing funding and the latter established to advance the intellectual reputation of a 

particular brand of research. 

These dynamics are obscured by the convention, shared by physicists and 

historians, of treating “solid state physics” and “condensed matter physics” as effective 

equivalents, distinguished only because they were preferred at different times. Phil 

Anderson, for example, habitually implies continuity between the terms, referring to “solid 

state (now ‘condensed matter’) physics.”5 Similarly, Helge Kragh writes: “From a 

sociological and historical point of view, solid state physics did not exist [in the 1930s]. It 

was only after World War II that the new science of the solid bodies, later to be called 

condensed-matter physics, took off.”6 Spencer Weart gives a preliminary indication that the 

transition was not so clean, noting: “the newly popular name [condensed matter] included 

liquids and, like ‘materials science’ in a different manner, reflected a persistent uncertainty 

                                                
5 Philip W. Anderson, “Reflections on Twentieth Century Physics,” in Philip W. Anderson, More 
and Different: Notes from a Thoughtful Curmudgeon (Singapore: World Scientific, 2011), 90. 
6 Helge Kragh, Quantum Generations: A History of Physics in the Twentieth Century (Princeton: 
Princeton University Press, 1999), 366. 
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as to whether ‘solid-state physics’ was the best way to group subfields.”7 It is true that many 

of the same people, addressing some of the same problems, worked within both the solid 

state and the condensed matter professional spheres, but the renaming signals significant 

structural changes within the community that are obscured by overemphasizing this 

continuity. 

The story of solid state’s gradual transition exposes a basic feature of its 

constitution: it was never intended to be permanent. It was designed to respond to an era-

specific set of professional challenges. Because it did not owe its identity to a fixed feature 

of the natural world, it could therefore be reshaped relatively easily to meet the challenges 

of later eras.8 The split between materials science and condensed matter physics therefore 

shows that the underlying motivations that led to solid state’s formation had changed 

substantially in the decades following. Solid state’s fracture thereby provides a window into 

the tectonics of the broader professional context.  

Condensed matter’s rise can be seen schematically in the figure below. Before 

World War II, the terms “solid state physics,” “condensed matter physics,” and “materials 

science” were effectively unused. The rise of “solid state physics,” beginning in the mid-

1940s, mirrors the growth of the selfsame field following the war, beginning roughly 

                                                
7 Spencer Weart, “The Solid Community,” in Out of the Crystal Maze, ed. Lillian Hoddeson et al. 
(Oxford, UK: Oxford University Press, 1992), 651. 
8 As discussed in the introduction, the solid state of matter might very well be considered a feature 
of the natural world. However, the properties and phenomena solid state physicists found 
interesting were most often interesting for reasons that were not essential to the solidness of the 
matter under investigation. As a result, the character of the field was not tied closely to solids in the 
way, for example, nuclear physics was tied to the atomic nucleus. 
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around the time the American Physical Society’s Division of Solid State Physics formed. Its 

usage begins to drop in the mid-1970s—a period corresponding to the rise of “condensed 

matter physics,” which first shows appreciable usage in the mid-1970s as a terminological 

unit. Against that backdrop is the rapid rise of “materials science,” beginning in the mid-

1950s, surpassing the use of “solid state” in the mid-1970s, just as the cooption of the 

systematic study of solids for the study of useful materials was coming to physicists’ 

awareness. 

 

Figure 5: Names for the study of solids9 

The more traditional, conceptual boundary conditions of the new field of 

condensed matter physics show how the name change marked an institutional shift in 

constitution of the study of solids. The condensed matter community sought to 

differentiate itself from the growing field of materials science, which was commanding a 
                                                
9 Google Ngram Viewer, accessed 16 September 2011, http://books.google.com/ngrams. 
Smoothing level 3. The x-axis is the year, while the y-axis marks the frequency with which each term 
appears as a percentage of Google’s catalogued text. This is a crude indicator. Google’s Ngram 
viewer isolates the percentage rate with which individual search terms occur in their digitized 
catalogue. As a result, these data are limited to volumes Google has digitized, leaving the possibility 
of sampling error and other inconsistencies. The chart is used here only to illustrate graphically 
some very general relationships, which will also be otherwise substantiated in this chapter. 
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growing share of solid state’s funding and personnel. Materials science was engineered to 

be a practical, technology-oriented field in which basic physical research played only a 

subsidiary role. The case for basic physical insight, taken up by those who advocated for 

solid state’s intellectual merit, would be more difficult to articulate if solid state, through 

its association with materials science, was stigmatized as purely practical. The new category 

of condensed matter physics, organized around conceptual approaches to complex systems 

and foregrounding basic theoretical contributions, distinguished itself from the materials-

focused branch of solid state physics. In doing so, it responded to the challenge of the 

outcome-oriented funding mindset gained prevalence at the height of the Cold War.  

The position solid state physics occupied in the intellectual landscape—against 

which the condensed matter movement reacted—is illustrated in a 1987 diagram from a 

solid state textbook (Figure 6, below). This picture does give solid state some privileged 

status by identifying it as a “basic science” and situating it at the “core of nearly all fields.” 

But it also links solid state inextricably to the application-focused materials science realm, 

reflecting the prevailing view that solid state could be considered foundational only to the 

extent that it produced practical technological or economic benefits.10 Disavowing the close 

connection between basic scientific pursuits and immediate practical benefits was central to 

the condensed matter platform. 

                                                
10 The expectations this view created in federal funding contexts drove some of the opposition solid 
state physicists articulated towards the reductionist view high energy physicists advocated, as 
discussed in Chapter 5. 
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Figure 6: Solid state physics subsumed by materials science11 

This diagram appeared in D. L. Weaire’s 1987 volume Solid State Science: Past, 

Present, and Predicted, which described the emergence of solid state’s “bewildering diversity 

[…] both as regards physical phenomena and applications.”12 Weaire further comments: 

“The subject [of solid state physics] has lacked a Charles Darwin who could classify all the 

information around a single grand theme. Instead we divide it up as we see fit for the 

                                                
11 D. L. Weaire (ed.) Solid State Science: Past, Present and Predicted (Bristol: Adam Hilger, 1987), x. 
12 Weaire, Solid State Science (ref. 10), xi. 
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purposes at hand.”13 According to Weaire, the provinces of solid state could be 

taxonimized in a number of ways, including by structure (amorphous materials, crystals, 

defects, surfaces, etc.), by type of material (insulators, metals, semiconductors, ionic solids), 

and by object of study (this, the largest taxonomy, might alternately be called 

“phenomena,” as it included categories such as superconductivity, electron and ion 

emission, lattice dynamics, transport, resonance and relaxation, etc.). More importantly, 

these divisions could be made in order to meet “the purposes at hand,” be they conceptual, 

professional, technological, social, economic, or political. 

The susceptibility of solid state to being carved along such diverse axes can be 

traced to its institutional roots, which were broadly spread in the service of professional 

aims and specifically shunned the grand theme Weaire finds wanting. Weaire’s observation 

is not anomalous. By the 1980s, the lack of a conceptual focus was becoming conspicuous, 

especially to the field’s practitioners. The problem was especially pressing in light of the 

persistent prestige gap between solid state and other areas of physics, particularly high 

energy, and because of the vast sums of money physics research commanded throughout 

the Cold War. By reorienting solid state around a conceptual rather than an institutional 

core, advocates of condensed matter sought to reinvent the field for a late-century 

professional and social context in the hopes that basic solid state research could garner 

some of the intellectual prestige enjoyed by high energy physics while still sharing in the 

financial resources applied research commanded. 

                                                
13 Weaire, Solid State Science (ref. 10), xi. 
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As condensed matter physicists positioned themselves to reinstate a claim to 

conceptual cohesion, materials science was becoming a magnet for federal funding. 

Materials science was not a fully developed field in its own right. It typically involved 

collaboration between physicists, chemists, metallurgists, and engineers, arranged into a 

field that borrowed what autonomy it had from its focus on strategic technological 

development aims—much in the same way solid state had arrayed itself around professional 

goals. Whereas condensed matter rebelled against solid state’s model of organizing 

disciplinary structures conventionally, materials science epitomized that model. 

These orthogonal trajectories indicate an underlying tension responsible for much 

of solid state’s instability. Prestige and funding were the two key forces driving disciplinary 

structure during the Cold War. For fields like high energy physics, the case for one pulled 

in the same direction as the case for the other. Particle physicists’ successful funding 

rhetoric was intimately intertwined with their case for their enterprise’s intellectual value. 

Solid state physicists enjoyed no such luxury. Although they were not in direct opposition, 

the arguments solid state physicists could make for the conceptual value of their work were 

not the same arguments that were successful at securing large-scale federal support. The 

former most frequently took the form of a philosophical attack on reductionism, while the 

latter required leaning heavily on solid state’s contribution to technology. Solid state 

physicists were therefore faced with choosing one rhetorical strategy or, like Phil Anderson 
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did during Congressional hearings on the fate of the Superconducting Super Collider, 

attempting to strike an awkward balance between the two.14  

This persistent tension, combined with changes in the social and intellectual 

ecology in which solid state had to carve out a niche, led eventually to the disintegration of 

the fragile constellation of research programs that coalesced in the 1940s. In the words of 

this chapter’s epigraph, condensed matter physicists pursued a good name, seeking to 

restructure themselves in a conceptually consistent manner. Others within the solid state 

community pursued a home in areas such as materials science, where the great riches 

furnished by federal funding promised reliable support, even if it came at the expense of 

intellectual coherence and a measure of control over the field’s research agenda. 

 

II. The Amalgamation of Materials Science 

“Materials science,” as indicated in Figure 5 (p. 181), began to gain traction in the 

mid-1950s. The term’s prehistory lies in the federal advisory system in the United States. In 

the early 1950s, as the national research infrastructure that had been rapidly mobilized in 

the heated furor of World War II began to find its footing in the Cold War context, 

materials came under scrutiny as a source of limitation in a range of technical advances. In 

1951 the National Research Council formed the Materials Advisory Board (MAB) to 

devote focused attention to how advances in materials might help overcome this strategic 

                                                
14 See Chapter 5 for a thoroughgoing discussion of Anderson’s arguments before Congress in 
opposition to the Superconducting Super Collider (SSC). By the end of the SSC hearings, the 
fortuitous alignment had collapsed for high energy physicists as well. 
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bottleneck. MAB replaced the Minerals and Metals Advisory Board. The name change was 

prompted by “recognition of the interrelations of the metals and nonmetals, particularly in 

structural applications.”15 Despite the reorientation, the MAB’s early-1950s iteration had 

little association with physics: “The Board has been reconstituted to include materials 

engineers, chemists, and metallurgists […] to provide advisory services to the Office of the 

Assistant Secretary of Defense for Research and Development and to the Administrator of 

the General Services Administration.”16 Other early uses of the term are similarly restricted 

to engineering. 

Military research organizations followed NRC’s lead with little hesitation, 

cementing “materials research” as a prominent strategic target for Cold War research and 

development funding for engineering. The narrow focus on engineering, however, began to 

erode towards the end of the decade; as MAB honed its mission it reached out to physics 

and embraced “basic” research in a limited fashion. A 1957–1958 NRC report notes: 

“increased attention to materials brought about by the needs of weapons system 

development has resulted in a considerable expansion of activity for the Materials Advisory 

Board.”17 The expansion referenced here did not just indicate new personnel, but the 

addition of voices from new disciplinary camps. 

                                                
15 National Academy of Sciences, National Research Council, Report of the National Academy of 
Sciences, 1953–54 (Washington, D.C.: National Academy of Science, 1954), 60.  
16 National Academy of Sciences, National Research Council, Report of the National Academy (ref. 
15), 60. 
17 National Academy of Sciences, National Research Council, Report of the National Academy of 
Sciences, 1957–58 (Washington, D.C.: National Academy of Science, 1958), 46. 
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The inclusion of new topical breadth is evident from a 1960 MAB committee 

report on “Fundamental Aspects of Materials Research.” The committee included Cornell 

physicist James Krumhansl as the deputy chair. The presence of a physicist among the 

metallurgists, chemists, and industry mavens who previously composed the committee 

indicates MAB’s emerging emphasis on establishing close connections between basic 

research and its applications, a position that was being expressed urgently by 1960. The 

committee sharply criticized the Department of Defense’s existing efforts to mobilize basic 

research to strategic ends, remarking that “in-house basic research capability is grossly 

inadequate,” and recommending “its immediate strengthening.” The committee urged the 

research arms of the Army, Navy, and Air Force to sponsor “strong centralized laboratories 

in which basic research, comprising the entire spectrum of potentially pertinent science 

including the materials sciences, can be promoted.”18 

The committee’s recommendations, designed to enhance “the ability to bring 

knowledge to bear on the defense needs of the nation in the shortest possible time,” came 

to define the mission of materials science as it was imagined within the advisory structure.19 

The concept of basic research was incorporated in the service of technological defense 

needs, which were not being addressed with alacrity sufficient to appease the Department 

of Defense and its teams of advisors. Responding to pressure to incorporate basic research 

                                                
18 Materials Advisory Board, “Standing Review of Department of Defense Materials Research and 
Development Program,” Seitz papers, UIUC, Box 1, Folder Air Research and Development 
Command, 1952–61 #1. 
19 Materials Advisory Board, “Standing Review” (ref. 18). 
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in order to accelerate lab-to-market turnaround, the NRC’s conception of materials science 

continued to expand rapidly. Another 1960 Committee, considering the Scope and 

Conduct of Materials Research, was formed:  

to view the total materials research needs of the country with relation both to 
national defense and the public welfare more generally; to appraise the adequacy of 
present research programs to meet those needs; to consider the resources of 
personnel, facilities, and administration that are available; and to make 
recommendations for the correction of deficiencies that the Committee may 
identify.20 
 

This committee included solid state physicists Fred Seitz and Cyril Stanley Smith alongside 

the regular complement of engineers, chemists, and industrialists. The report’s 

recommendations reflected a closer integration between science and engineering within 

materials science. It advocated greater centralization of funding, coordination, and 

oversight of materials research, as well as “strengthening the universities in their dual role 

of training scientists and engineers and also doing basic research.”21 By 1960, scientists 

advising the federal government strongly advocated mechanisms to increase dialogue 

between those studying the properties of materials and those implementing that knowledge 

in strategically relevant ways. 

The emerging advisory emphasis on materials, in particular with respect to training 

and basic research, also exerted its influence within American universities. The first major 

                                                
20 National Academy of Sciences, National Research Council. More Effective Organization and 
Administration of Materials Research and Development for National Security (Washington, D.C.: 
National Academy of Sciences, 1960), frontmatter. 
21 National Academy of Sciences, National Research Council. More Effective Organization (ref. 20), 
vii. 
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textbook for the training of materials scientists and engineers appeared in 1959. Lawrence 

H. Van Vlack’s Elements of Materials Science presented itself as a bridge between traditional 

engineering approaches to materials and the increasing influence science disciplines 

exerted on the field. Van Vlack began the introduction:  

The subject matter taught in Engineering Materials courses is changing rapidly. 
Formerly, this subject was taught on an empirical basis. Now, although the science 
of materials is far from complete, it can be approached from a more scientific 
viewpoint, because of the development of principles which relate the properties and 
behavior of many materials to their structures and environments.22 
 

Nonetheless, the volume remained focused towards the needs of engineers: “This 

introductory text […] is designed for freshman and sophomore engineering students with a 

background in general physics and chemistry; it does not use the rigorous approach which 

is common in solid state physics books.”23 True to Van Vlack’s description, the textbook is 

light on formalism, opting instead to deliver content through prose, pictures, and 

diagrams, appealing to traditional visually and mechanically oriented engineering students. 

While early appropriations of the term “materials science” to describe a field gestured 

towards the increased role of the scientific search for general principles and its applicability 

to the material limitations of technology, it was firmly ensconced in an engineering 

tradition through the end of the 1950s. 

                                                
22 Lawrence H. Van Vlack, Elements of Materials Science (Reading, MA: Addison-Wesley, 1959), vii. 
23 Van Vlack, Elements of Materials Science (ref. 22), vii. 
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The Advanced Research Projects Agency (ARPA), founded in 1958, catalyzed the 

transition towards an interdisciplinary definition of the term.24 Following the increasing 

advisory thrust towards centralized targeting of training and basic research at universities, 

one of ARPA’s first large scale funding initiatives was for a series of university-hosted 

interdisciplinary laboratories (IDLs) dedicated to the study of materials. The IDLs 

prompted universities to erode departmental divisions within the context of materials 

science, creating sites where students could be trained from the start to think broadly about 

problems related to materials and their limiting effect on technological development. 

Within the walls of these IDLs, the diverse engineering, scientific, and administrative 

character of materials science began to take shape. 

ARPA’s call for proposals mirrored the 1950s advisory emphasis on materials as a 

bottleneck for strategic development, explaining: “The Government has a vital stake in the 

establishment of the best possible materials research and development program. This is 

true because materials are a limiting factor in the performance of the advanced systems and 

devices essential to the operations and missions of Government agencies and 

departments.”25 The very next paragraph, however, indicated the expansion upon the 

materials science concept that the ARPA IDLs represented: “In order to strengthen basic 

                                                
24 This agency’s name vacillated between ARPA and DARPA (Defense Advanced Research Projects 
Agency) as the agency underwent sinusoidal acknowledgement of its focus on military research. To 
avoid confusion, I will refer to it as ARPA throughout. For reference, it was founded as ARPA in 
1958, changed its name to DARPA in 1972, dropped the “D” in 1993, and restored it in 1996. 
25 “Interdisciplinary Laboratories for Basic Research in Materials Sciences,” Slater papers, APS, 
Folder MIT. Dept. of Physics #39. 
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research in materials sciences […] the Government decided to support the establishment of 

a number of interdisciplinary materials research laboratories in universities. The objective 

of this Interdisciplinary Laboratory Program is to expand the national program of basic 

research and training in the materials sciences.”26 

Given ARPA’s dual emphasis on attacking technological limitations and on 

training students in materials science, it is notable that the agency chose to promote the 

development of a new interdisciplinary field, rather than to support efforts in existing 

fields, such as solid state, which were already oriented towards similar aims. Materials 

science grew from the same type of synthesis between research on metals and non-metals as 

solid state, but solid state, which maintained its close association with physics, was not 

serving defense needs in APRA’s eyes. Materials science, as it coalesced within ARPA’s 

IDLs did, however, mimic solid state’s strategy of organizing a field to address contingent 

needs. These needs were professional in the case of solid state, and technological in the 

case of materials science, but they similarly subjugated close conceptual cohesion to other 

organizing schemes. 

The emphasis on basic research, as a result, should not be read as a dampening of 

ARPA’s enthusiasm for research oriented towards well-defined practical aims. Rather, it 

represented a reconceptualization of materials science as an interdisciplinary enterprise 

designed to make efficient use of basic research in physics and chemistry. Since university 

training, in physics especially, emphasized a basic foundation rather than narrow technical 

                                                
26 “Interdisciplinary Laboratories” (ref. 25). 
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training, rhetorical space for basic research within the IDLs was necessary—along with 

physical space—to advance their explicit objective of training a generation of scientists and 

engineers with an ingrained sensitivity to questions of materials, their properties, and their 

utility. 

Twelve universities won ARPA contracts to construct IDLs between 1960 and 

1962.27 ARPA funds prompted these schools to consolidate their materials research efforts, 

which were often scattered across several departments and distant campus locations, in 

centralized “Materials Science Centers.” The Massachusetts Institute of Technology 

provides an apt case study.28 John C. Slater spearheaded MIT’s IDL application. By the late 

1950s, Slater was an Institute Professor29 of Physics and devoted the bulk of his time to 

heading up a research program in solid state and molecular theory, which relied on the 

                                                
27 The first three were hosted at Cornell University, the University of Pennsylvania, and 
Northwestern University, with the remainder appearing in quick succession at the University of 
Chicago, Harvard, the University of Maryland, the Massachusetts Institute of Technology, the 
University of North Carolina, Purdue University, Stanford University, and the University of 
Illinois—Urbana. National Academy of Sciences, Advancing Materials Research (Washington, DC: 
The National Academies Press, 1987), 35. 
28 MIT serves as both an instructive and an exceptional case. Because of its rapid adaptation to an 
environment dominated by military funding, and success in parlaying wartime research installations 
into permanent facilities, it represented the ideal ARPA had in mind when it launched the IDL 
program. The extent of its correspondence with this ideal, however, meant that it far exceeded 
many of its peer institutions in both level of federal funding and development of interdepartmental 
research infrastructure, so while it is exemplary, it is not necessarily representative. Future 
development of this project will explore the extent to which the situation at other IDLs mirrored, 
or differed from, the situation at MIT. See: Stuart W. Leslie, The Cold War and American Science: The 
Military-Industrial-Academic Complex at MIT and Stanford (New York: Columbia University Press, 
1993). 
29 Slater, in 1951, was the first to be granted this honorary title. 
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latest digital computers to attempt ab initio calculations, using various approximation 

schemes, of the properties of solids and molecules.  

Despite his commitment to a research program rooted firmly in the physics 

department, Slater was in tune with the collaborative, interdeparmental efforts that 

characterized MIT’s research culture in the 1950s.30 In his correspondence with ARPA 

administrator John F. Kincaid, Slater identified “Aeronautics and Astronautics, Chemical 

Engineering, Chemistry, Civil Engineering, Electrical Engineering, Mechanical 

Engineering, Metallurgy, Naval Architecture, and Physics” as the departments in which 

materials research was conducted.31 Slater, well aware of the emerging emphasis on 

interdisciplinary collaboration within advisory circles, took great pains to emphasize this 

aspect of MIT’s existing research program.  

MIT’s initial proposal to ARPA was titled “The Interdisciplinary Nature of M.I.T. 

Research,” and began by asserting: “One of the fundamental features of our proposal 

relates to the way in which we expect the various disciplines to cooperate in the research.”32 

The proposal leaned heavily on the track record MIT had established promoting 

connections between departments, emphasizing in particular the Laboratory for Insulation 

                                                
30 At the time of MIT’s initial ARPA proposal, four of the five faculty members affiliated with the 
solid state and molecular theory group were physicists, and one was a chemist. Slater, László Tisza, 
George F. Koster, and Michael P. Barnett comprised the physics department cohort, while Walter 
R. Thorson was the lone chemist. 
31 John C. Slater, letter to John Kincaid, 6 May 1959, Slater papers, APS, Folder Kincaid, John F 
#1. 
32 “The Interdisciplinary Nature of M.I.T. Research,” Slater papers, APS, Folder Proposal for a 
Materials Center at M.I.T., 1960. 
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Research (LIR) and the Research Laboratory of Electronics (RLE).33 Slater was equally 

attuned to ARPA’s interest in graduate training, reassuring Kincaid: “We feel that 

establishment of interdisciplinary laboratories would be the best way to encourage 

expansion in graduate training and research.”34 

The close correspondence between Slater’s rhetoric in describing MIT’s plans for a 

Materials Research Center and ARPA’s stated ideals might be read as kowtowing to a 

funder’s demands, but records indicate that similar initiatives had been underway at the 

Institute prior to ARPA’s call for proposals. In October of 1958, Slater circulated a memo 

reporting “a good deal of discussion of the desirability of some mechanism for getting 

closer liaison between persons in various departments of the Institute interested in solid-

state and molecular science,” and indicating broad support from “members of the 

chemistry, electrical engineering, mechanical engineering, metallurgy, and physics 

departments.”35 

The commitment to cross-department collaboration at MIT is evident as far back as 

the early 1940s, as the Institute began mobilizing its resources for war work. Arthur von 

                                                
33 “Interdisciplinary Nature” (ref. 32). The LIR had been founded before the war, in 1940, by 
Arthur von Hippel, who recalled the need to choose an abstruse name as “a camouflage trick,” 
designed “to avoid stepping on sensitive toes by encroaching on the entrenched interests of 
physicists, chemists, and metallurgists in the materials field.” Arthur von Hippel, interview by 
Professor Z. Malek in September 1969, MIT, von Hippel papers, Box 1, Folder 16. After the war, 
concerns about vested interest were dampened considerably, as exemplified by the RLE, which 
maintained the departmentally ambivalent structure established by radar work at the Radiation 
Laboratory. See: Leslie, The Cold War and American Science (ref. 28); Louis Brown, A Radar History of 
World War II (London: Taylor & Francis, 1999). 
34 Slater to Kincaid (ref. 31). 
35 John C. Slater, untitled memorandum, Slater papers, APS, Folder M.I.T. Dept. of Physics #10. 
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Hippel, the force behind the Laboratory of Insulation Research (see note 31), commented 

in 1942:  

There is no real boundary between physics and electrical engineering. Our field is a 
branch of applied physics mainly concerned still with the applications of Maxwell’s 
theory. While the physicist stood ‘clean’ of such useful tasks and strove for insight, 
the electrical engineer built a new economy and talked in a new technical language 
appropriate for his tools. Thus the link between the two was wearing thin, until 
events forced both sides into closer co-operation. The physicist began to toss into 
the domain of the electrical engineer new instruments, such as thermonic tubes 
and photocells, rectifiers, thermistors, and fluorescent lamps, which could not be 
understood on the old classical basis. And the electrical engineer replied in kind 
with magic eyes, complex impedance bridges, high-frequency generators, high-
voltage machines, and magnets for cyclotrons, which revolutionized the 
experimental technique of the physicist.36 
 

In consequence, according to von Hippel, “the fence between the two fields [physics and 

electrical engineering] is falling into disrepair.”37 Von Hippel held up the LIR as an 

example of MIT’s recognition that departmental divides were often impediments to 

progress. 

Following in that tradition, MIT scientists had been itching for a more 

consolidated materials program since at least the mid-1950s—well before ARPAs 

formation—when a proposal for an expanded program of materials research was compiled 

at the prompting of the Atomic Energy Commission.38 ARPA, therefore, was not solely 

                                                
36 Arthur von Hippel, “New Fields for Electrical Engineering,” von Hippel papers, MIT, Box 1, 
Folder 44. This was a piece von Hippel prepared for The Tech Engineering News, a periodical 
published by MIT undergraduates. It appeared in the April 1942 edition. 
37 Hippel, “New Fields” (ref. 36). 
38 Proposal for An Expanded Program of Materials Research at the Massachusetts Institute of 
Technology, July 12, 1956, MIT, Slater papers, Folder MIT Materials Research #1. The AEC made 
a similar push within the national laboratories, as discussed in Peter J. Westwick, The National Labs: 
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responsible for stoking MIT’s desire to consolidate its efforts in materials research. Faculty 

had been touting the possibilities such integration offered for some time. What ARPA did 

do, at MIT and elsewhere, was provide the resources to make it possible. Slater wrote to 

Kincaid with a frank assessment of MIT’s physical constraints:  

At present all of our work in materials research is very crowded, and we could 
hardly expand at all in number of students in some parts of the field without 
providing additional building space. To accommodate all the work in the field, on 
the scale on which we should like to operate, would require a building of 
approximately 350,000 square feet gross floor space. This would cost something 
like $14,000,000 to build.39 
 

ARPA’s most critical contribution to the formation of materials science was physical space. 

When APRA funded an IDL at MIT in 1961,40 it provided the Institute with a crucible in 

which a stable interdisciplinary field could form. 

A 1956 assay of MIT’s efforts in materials research recorded a total of 88,020 

square feet distributed over nine departments, serving 87 academic staff and 419 support 

personnel.41 The report, designed to pique the Atomic Energy Commission’s interest in 

                                                                                                                                            
Science in an American System, 1947–1994 (Cambridge, MA: Harvard University Press, 2003), 257–
258. 
39 John C. Slater, letter to John Kincaid, 30 April 1959, Slater papers, APS, Folder Kincaid, John F. 
#1. 
40 The successful application was actually MIT’s second attempt. In spite of apparently close 
correspondence between ARPA’s goals and MIT’s research infrastructure, MIT’s initial proposal 
was denied. Slater, in an unpublished autobiographical manuscript, suggested that this decision 
stemmed from ARPA’s sense that MIT’s interdisciplinary infrastructure was already so robust that 
their money would be better spent attempting to build similar infrastructure elsewhere. John C. 
Slater, A Physicist of the Lucky Generation, Slater papers, APS, Folder A Physicist of the Lucky 
Generation (Autobiography), part 1. 
41 “Materials Research Program, (ca. 1956),” Slater Papers, APS, Folder MIT. Materials Research 
#1.  
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funding materials research at MIT, called for consolidating these efforts in a new, 100,000 

square foot Materials Research Laboratory, which would promote a “more fundamental 

approach” to the problems of material limitations on development.42 By the time of the 

ARPA proposal, the estimate for the size needed to accommodate all materials science 

efforts had more than tripled to 350,000 square feet.43 MIT’s successful proposal called for 

a comparatively more modest 200,000 square foot building, acknowledging that full 

consolidation was not a realistic goal.44 

The physical spaces ARPA provided were disciplinary laboratories as well as 

materials research laboratories. They hosted a nationwide experiment in interdisciplinary 

collaboration, out of which emerged the field of materials science. A memorandum sent 

from ARPA to its IDLs in 1962 described the terms of the experiment: 

As you know, we have undertaken the responsibility of initiating a program in the 
national interest with universities for ‘basic research and graduate education’ in a 
somewhat loosely defined area called material sciences. You have to a great extent 
defined what is meant—at least in your university—by material sciences by listing in 
your proposals to us the names of individuals you believe to be the core of the 

                                                
42 Materials Research Program” (ref. 41). 
43 John C. Slater, letter to John Kincaid, 30 April 1959, Slater papers, APS, Folder Kincaid, John F. 
#1. 
44 John C. Slater, “On the MIT Materials Center,” ca. 1960, Slater papers, APS, Folder Slater, J. C. 
On the MIT Materials Center. Laboratory design and the spaces of research have recently become a 
matter of historical interest. Scott Knowles and Stuart Leslie, for example, have argued that the 
campuses at industrial laboratories such as Bell, General Motors, and IBM mimicked what architect 
Eero Saarinen supposed to be the university model of organizing research, that is the linear model, 
in which basic research fed directly into industrial applications. The rhetoric around MIT’s IDL 
reveal similar goals by suggesting that placing basic research in physics and chemistry alongside 
materials engineering fields would help to advance ARPA’s technical aims. Scott G. Knowles and 
Stuart W. Leslie, “‘Industrial Versailles’: Eero Saarinen's Corporate Campuses for GM, IBM, and 
AT&T,” Isis 92, no. 1 (2001): 1–33. 
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program at your institution. The collective research interests of these individuals 
defines in more detail material sciences.45 
 

For ARPA, the question of how materials science should be defined was an empirical one. 

Still, the goals of the field were established before it could be empirically identified. The 

agency empowered universities to consolidate their programs that fit under the materials 

rubric within physical spaces the agency provided, and would award the label “materials 

sciences” to the collaborations that proved productive according to the standards 

determined in advance by the IDL program’s objectives. 

The inclusion of solid state physics in this grand disciplinary experiment 

underwrote ARPA’s assertion that it was concerned with basic research. By maintaining its 

identity within physics, solid state had retained a claim, however contentious it would 

become, to being a fundamental scientific discipline. That claim made it a useful 

component of materials science, which tried, in part, to set down a smooth stretch of 

pavement traversing the often arduous path between theoretical understanding and useful 

applications. 

Large portions of solid state research, as a result, were gradually subjugated to the 

goals of materials science. ARPA’s experiment was successful in validating materials science 

as a funding category, as evidenced by the physical spaces it dominated on campuses across 

                                                
45 ARPA, “Administrative Memo #1,” 20 July 1962, Slater papers, APS, Folder MIT. Dept. of 
Physics #138. 
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the country.46 Materials science’s growth created a niche for solid state physics as the 

foundation of development; however, by lending its basic research credentials to materials 

science, solid state cast its lot with an essentially applied program and signed on to a 

funding regime in which programmed research targets took precedence over exploratory 

research. 

The forging of materials science within ARPA’s IDLs represented the large-scale 

adoption of solid state’s goal-oriented approach to structuring research activities. ARPA 

started with a set of concrete objectives: to consolidate research on materials from a range 

of disciplinary standpoints and to train students within this new synthesis. It then 

promoted the formation of a field to address those objectives, showing no regard for 

whether or not the field that emerged obeyed rational conceptual boundary lines. In doing 

so, it created a space in which a portion of the solid state community could make a case for 

its utility. At the same time, it exacerbated the tensions underlying the lingering discontent 

over solid state’s name, lending momentum to the emerging case for an alternative: 

condensed matter physics. 

 

                                                
46 Recent work has explored the process by which the ARPA IDLs and the “center” model they 
pioneered became stable features of the research landscape and a standard mechanism by which to 
funnel federal funding to universities, often with enduring impacts on the campuses that housed 
them. Cyrus C. M. Mody and Hyungsub Choi, “From Materials Science to Nanotechnology: 
Interdisciplinary Center Programs at Cornell University, 1960–2000,” HSNS 43, no. 2 (2013): 
121–161. Mody and Choi show how ARPA’s model of disciplinary research lives on in the 
somewhat ephemeral field of “nanotechnology,” which began to exert considerable heft as a 
funding category in the 1990s. 
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III. Whence Condensed Matter Physics? 

Condensed matter, like solid state, was a technical term before it was a disciplinary 

designator. When the physical questions under investigation did not depend on the 

specific state of matter in question, so long as it was dense enough, physicists talked about 

“condensed matter” as a medium. Its path to challenging solid state as a preferred name 

was circuitous. American physicists became aware of “condensed matter” as a disciplinary 

designator in the mid-1960s. The label was a European import, and it gained traction 

slowly in the United States.47 The German journal Zeitschrift für Physik reorganized in 1962, 

titling its Section B “Condensed Matter.” The Physical Review followed suit, to a limited 

extent, a year later, announcing in October of 1963 that in the following year: “The first 

twelve issues of each volume will be divided into two sections (A and B) of six issues each, 

appearing alternately. Section A will be primarily devoted to the physics of atoms, 

molecules, and condensed matter, and Section B will be primarily devoted to the physics of 

nuclei and elementary particles.”48 Such early topical uses fell short of becoming 

disciplinary designators. In the Physical Review, early uses of “condensed matter” to indicate 

a field of study invariably referenced Zeitschrift articles or conferences devoted to condensed 

                                                
47 Pierre Teissier notes that in 1971, when American physicists were just beginning to use 
“condensed matter” to describe their own activities, Pierre-Gilles de Gennes had already named his 
chair at the Collège de France the “Physics of Condensed Matter” chair. Pierre Teissier, “Solid-State 
Chemistry in France: Structures and Dynamics of a Scientific Community since World War II,” 
HSNS 40, no. 2 (2010): 251. 
48 “Important Announcement,” PR 132, no. 1 (1963): 1. This was not a full-scale fission of the 
journal, as it did not yet allow separate subscriptions to each section, but rather a topical grouping 
within what was still a single journal. A full scale split would come several years later in 1970. 
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matter held in Europe, where the term held more currency.49 Technical uses of the term 

referred to condensed matter as a medium through which, for example, a muon might 

travel and exhibit behavior that required explanation.50 Such usage was common in the 

early 1960s. It was not until later in the decade that the term emerged as an alternative to 

solid state physics, a name that still made some physicists uncomfortable.  

Unlike solid state, the growth and acceptance of condensed matter was not driven 

from within the American Physical Society. The Society was a late adopter; it did not 

change the name of the Division of Solid State Physics until 1978. A proposal at the 

January 1978 Council meeting to change the division’s name to the “Division of 

Condensed Matter Physics” met staunch opposition from two representatives from the 

Division of Fluid Dynamics:  

[François] Frenkiel expressed concern over the overlap between the subject matter 
covered by a Division of Condensed Matter Physics and by the Division of Fluid 
Dynamics, and noted that approval of such a change would force the Division of 
Fluid Dynamics to change its name. [Tony] Maxworthy noted that the Division of 
Fluid Dynamics Executive Committee expressed strong feeling against the name 
change.51 
 

                                                
49 For example, E. Guyon, A. Martinet, J. Matricon, and P. Pincus, “Tunneling into Dirty 
Superconductors Near their Upper Critical Fields,” PR 138, no. 3A (1965): A746; D. D. Coon and 
M. D. Fiske, “Josephson ac and Step Structure in the Supercurrent Tunneling Characteristic,” PR 
138, no. 3A (1965): A744; and D. G. McFadden, R. A. Tahir-Kheli, and G. Bruce Taggart, “Space-
Time-Dependent Correlation Functions for One-Dimensional Heisenberg Spin Systems in a 
Lorentzian-Gaussian Approximation,” PR 185, no. 2 (1969): 854. 
50 As in R. A. Ferrell, Y. C. Lee, and M. K. Pal, “Magnetic Quenching of Hyperfine Depolarization 
of Positive Muons,” PR 118, no. 1 (1960): 317–319. 
51 Minutes of the American Physical Society Council Meeting, San Francisco, California, 22 
January 1978, APS minutes, NBL. 
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The matter was postponed until April, giving the two divisions some time to hash out their 

differences. They were successful enough that the motion succeeded at the April meeting, 

but it remained controversial, passing by a vote of 15 in favor to 7 opposed.52  

By 1978, renaming the DSSP should, on the face of things, have been a formality 

reflecting the constitution of its membership, but it had been identified with solids for so 

long that the new name stepped on the toes of other divisions. The Division of Fluid 

Dynamics (DFD) did not ultimately need to change its name, but their resistance indicates 

that the shift from solid state to condensed matter was about more than finding an 

appropriate moniker. It indicated that a group within solid state was assembling a new set 

of conceptual goals that somewhat inconvenienced the existing institutional structure. The 

DFD had been founded in 1948, shortly after the DSSP, at a time when solid state’s 

professional goals were far more industrially oriented than were the goals of condensed 

matter the late 1970s. Condensed matter encroached on the DFD’s conceptual space in a 

way that indicates that it reoriented solid state’s goals. Resistance from DFD 

representatives and other meant that condensed matter only became the official 

terminology within the APS well after it was already common parlance in the larger 

community.53 

                                                
52 Minutes of the American Physical Society Council Meeting, Washington, D.C., 23 April 1978, 
APS minutes, NBL. 
53 Further evidence indicates that name changes proceeded at a uniformly sluggish pace within the 
APS around this time. It took almost three years after the DSSP changed its name, until November 
of 1980, for anyone to officially suggest that the Oliver E. Buckley Solid State Physics Prize—the 
preeminent award in the solid state community, issued by the DSSP/DCMP—be renamed the 
Oliver E. Buckley Condensed Matter Physics Prize. American Physical Society, Minutes of the 
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Because of these complications within the APS, the evolution of condensed matter, 

like materials science, can be better examined through its use by the extensive science 

advisory apparatus that sought to effectively guide federal support for research in the 

United States.54 In 1966, a NAS-NRC report was commissioned to provide a broad survey 

of research in physics. The survey committee included established solid state physicists 

Charles Townes, Harvey Brooks, and Roman Smoluchowski, along with the rising star 

David Pines, who had recently established his bona fides by following up on the 

implications of the Bardeen-Cooper-Schrieffer (BCS) theory of superconductivity. Their 

report identified “Solid-State (and Condensed-Matter) Physics” as one of the primary 

divisions whose progress it addressed.55 Fred Seitz, another central figure in the solid state 

community, was the president of NAS at the time. The usage was, both literally and 

                                                                                                                                            
Executive Committee Meeting held at New York, 21 November 1980, APS minutes, NBL. The 
name change went into effect in January of 1981, in time for the 1982 prize to be awarded to 
Bertrand I. Halperin under the new name. American Physical Society, Minutes of the Council 
Meeting held at New York, 25 January 1981, APS minutes, NBL. 
54 The reasons the advisory structure offer a better tool with which to track the growth of 
condensed matter when the APS was the most useful benchmark for solid state’s establishment are 
worth noting briefly. The primary reasons are contextual. In the 1940s, the factors the physics 
community examined when defining its categories were endogenous, based predominantly on 
internal professional concerns. As centralized federal support for science was not fully entrenched 
until after World War II, solid state could form in the incubator of the Physical Society without the 
imposition of federal funding categories. By the 1970s, the enormous increase in government 
funding allowed exogenous categories to impose themselves, as the case of ARPA and materials 
science shows. At the same time, the divisional structure had become entrenched and was more 
resistant to change. Condensed matter is a hybrid case. The term itself was a product of the physics 
community, but its status as s disciplinary category was fixed by its enshrinement as a funding 
category before this change was reflected in the APS, which, by this time, had an extensive and 
entrenched divisional structure that was more difficult to change than it had been in the 1940s. 
55 National Academy of Sciences, Physics: Survey and Outlook (Washington, D.C.: National Academy 
of Sciences, National Research Council, 1966), 67. 
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figuratively, a parenthetical one. Despite the passing nod to the fact that condensed matter 

might be a more technically appropriate term, the report, throughout its analysis of the 

field’s performance, referred to it as “solid-state,” and referenced condensed matter only 

when the phenomenon under discussion deviated too uncomfortably from the realm of 

solids. They describe early research in the field, for example, by slipping seamlessly from 

talking about solids to invoking condensed matter when discussing superfluidity: “Until 

the beginning of this century […] the science of solids remained almost entirely empirical 

and descriptive. Between 1912 and the early 1930’s, most of the salient properties of 

condensed matter, with the striking exception of superfluidity, were understood at least 

qualitatively.” Such results ensured, the report contends, slipping back into the language of 

solids, that “[t]he stage was set for the beginning of solid-state physics in its present sense.”56 

“Condensed matter” appears here as a linguistic stopgap, used to paper over spots 

where the uncomfortably restrictive nature of “solid state” became obvious. As of 1966, the 

term’s use did not yet connote the fight for intellectual prestige in which solid state 

physicists would soon be engaging, nor did it presage sweeping changes to the structure of 

solid state physics that would begin as a result. Although it insists that solid state “is a 

fundamental branch of physics,” and hopefully suggests that future progress in solid state 

“could well turn out to be of greater significance to our knowledge of the world than 

                                                
56 National Academy of Sciences, Physics (ref. 55), 67. 
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further progress in elementary-particle physics,” the report saves its greatest emphasis for 

solid state’s technical contributions to physics.57  

The section entitled “Intellectual Challenge” begins: “In solid-state physics there is 

at present no clearly visible need for radically new concepts,” and makes the case for 

conceptual importance by pointing to inchoate research areas, such as non-crystalline 

solids, as the potential source of “new concepts and principals.” 58 In stark contrast, the 

report raves about field’s “indispensible [role] in numerous technological developments,” 

boasting, “the whole [of] communications technology is being fundamentally affected by 

these [solid state] developments.”59 The authors, shifting from a cautious and hopeful tone 

when discussing solid state’s intellectual importance, emphasize the “indispensable,” 

“vital,” and “essential” contributions solid state research made to technological systems that 

were “totally dependent” on the devices and know-how solid state was producing.60 Solid 

state was still building its intellectual portfolio, but its technological track record was 

strong. “Condensed matter,” although it was inserted occasionally to save the semantic 

phenomenon when it was awkward to refer to work on liquids or other non-solids with 

“solid state,” was not yet a serious alternative to “solid state.” So long as the field justified 

itself primarily on technological grounds, its most prominent research programs would be 

focused around solids, and nagging category errors could be swept easily under the rug. 

                                                
57 National Academy of Sciences, Physics (ref. 55), 68. 
58 National Academy of Sciences, Physics (ref. 55), 67–69. 
59 National Academy of Sciences, Physics (ref. 55), 69. The term “fundamentally,” in this context, 
was not yet imbued with the philosophical baggage explored in Chapter 5.  
60 National Academy of Sciences, Physics (ref. 55), 69. 
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Such usages, peripheral as they might have been, do indicate persisting discontent with 

“solid state,” a term chosen on the basis of needs specific to a historical moment.  

In the early 1970s—as dismay over the widening prestige gap between solid state and 

particle physics peaked—“condensed matter” unseated “solid state” as the preferred term in 

policy circles. An analogous NRC report published in 1972 included a chapter on “Physics 

of Condensed Matter,” and mostly eschewed the language of solid state when referencing 

the contemporary field.61 The volume as a whole was assembled by a committee containing 

many of the same members as the 1966 report—notably Brooks, Townes, and 

Smoluchowski—but some new faces were responsible for the chapter on condensed matter 

physics. With the exception of Pines, the solid state representatives on the 1966 panel had 

earned their Ph.Ds. before World War II: Smoluchowski in 1935, Townes in 1939, and 

Brooks in 1940. The 1972 panel was overwhelmingly populated by physicists who had 

earned their doctorates during or after the war, such as George Vineyard (1943), Theodore 

Geballe (1949), Arthur Nowick (1950), and Roland Schmitt (1951). 

The difference in generational makeup paved the way for a new perspective on 

condensed matter physics. The shift in language was accompanied by newly potent concern 

over patterns of funding for condensed matter. The condensed matter chapter explained:  

Our objective is to show that basic research in physics of condensed matter, 
performed solely to understand in the deepest possibly way the complex behavior of 

                                                
61 National Academy of Sciences, Physics in Perspective, Volume II, Part A: The Core Subfields of Physics. 
Washington DC: National Academy of Sciences, 1972). The report did tend to refer to “solid-state 
physics” when making historical observations. Overall, the terms “condensed matter” and “solid 
state” appeared with approximately the same frequency over the 108 pages consumed by the 
condensed matter chapter. 
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solids and liquids, has been the source of two decades of unprecedented 
achievement in critical new technologies. We see no way in which these 
achievements could have been planned in the past and no way in which further 
progress can be programmed except by continued support of basic research.62 
 

“Programming”—the structuring and funding of research programs based on preconceived, 

and typically technological goals—became a serious concern in the 1970s. The formulation 

of research programs with specific practical outcomes in mind, the modus operandi in 

materials science, threatened to undermine solid state’s intellectual autonomy. The same 

forces that prompted Bell Labs’ Phil Anderson to pen an impassioned defense of solid 

state’s intellectual merit in 1972 motivated the condensed matter panel composed of his 

mid-career peers to articulate, in the same year, the field’s intellectual value much more 

enthusiastically than their more senior counterparts had in 1966.63 

The 1972 panel was also much more circumspect about solid state’s technological 

contributions. They were unambiguous in their assertion that solid state research was 

responsible for steady technological innovation, but were careful to emphasize “the 

richness and complexity of these events [inventions of solid state technologies], as well as 

the varied motivations of the scientists and engineers involved.”64 Through a focus on the 

complexity and capriciousness of the routes from basic research to technological 

applications, the panel sought to protect federal funding of basic solid state research by 

                                                
62 National Academy of Sciences, Physics in Perspective (ref. 61), 460. 
63 Philip W. Anderson, “More Is Different” Science, New Series 177, no. 4047 (1972): 393. See 
Chapter 5 for a thoroughgoing discussion of this article and its relationship to the professional 
context. 
64 National Academy of Sciences, Physics in Perspective (ref. 61), 458. 
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attacking the federal government’s tendency to link basic research expenditure to clearly 

articulated outcomes: “The United States would not spend its research and development 

dollars nearly so well if it insisted either that basic research be strongly motivated by and 

directed to practical goals or that all basic research be isolated from practical 

considerations.”65 The new name served that goal by providing a conceptually coherent 

category that did less to imply, either through semantics or historical baggage, the 

possibility of promoting technological development by identifying needs and addressing 

them accordingly. 

Incipient in 1972, this argument shines through with sharp clarity in a 1986 NRC 

report. Condensed matter, as a category, addressed the problem of intellectual prestige by 

highlighting, “the fact that condensed matter physics is the physics of systems with an 

enormous number of degrees of freedom.” As a consequence, the report emphasized, “[a] 

high degree of creativity is required to find conceptually, mathematically, and 

experimentally tractable ways of extracting the essential features of such systems, where 

exact treatment is an impossible task.”66 The 1986 volume goes to great lengths to identify 

condensed matter physics as a fundamental and intellectually valuable field of science, and 

thereby to distinguish it from materials science. “Condensed-matter physics is intellectually 

stimulating,” the report emphasizes, “because of the discoveries of fundamental new 

phenomena and states of matter, the development of new concepts, and the opening up of 

                                                
65 National Academy of Sciences, Physics in Perspective (ref. 61), 459. 
66 National Research Council, Panel on Condensed-Matter Physics, Condensed-Matter Physics: Physics 
through the 1990s (Washington, D.C.: National Academy Press, 1986), 3. 
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new subfields that have occurred continuously throughout its 60-year history.”67 The choice 

of a 60-year timeline for the field reveals something of the authors’ agenda. Harkening back 

to 1926, the year in which quantum mechanics gained enough momentum to displace the 

old quantum theory, places condensed matter firmly in the tradition of the quantum 

theory of solids, which emerged in the late 1920s as some of the architects of quantum 

mechanics explored the new theory’s utility for describing electrons in metals.68 

That identification served a dual purpose. First, it made clear that condensed 

matter physics was to be defined, at core, by its intellectual contributions to physics. It was 

to be united around the conceptual tools required to describe the complex interactions of 

atoms and molecules in close contact. Precisely dating condensed matter to advent of 

quantum mechanics emphasized the field’s theoretical thrust. Solid state physicists before 

the 1980s frequently groped for earlier touchstones, particularly in the late nineteenth and 

early twentieth centuries.69 Following such a strategy for condensed matter would have 

made it more difficult to distinguish it from solid state and materials science. Making that 

separation evident, and emphasizing that condensed matter physicists would not carry 

                                                
67 National Research Council, Panel on Condensed-Matter Physics, Condensed-Matter Physics (ref. 
66), 3. 
68 See: Lillian Hoddeson, Gordon Baym, and Michael Eckert, “The Development of the Quantum 
Mechanical Electron Theory of Metals, 1926–1933,” in Out of the Crystal Maze: Chapters from the 
History of Solid State Physics, edited by Lillian Hoddeson, et al., 88–181 (Oxford, UK: Oxford 
University Press, 1992) and Christian Joas and Jeremiah James, “Rethinking the ‘Applications’ of 
Quantum Mechanics,” HSNS (forthcoming). 
69 Slater was indicative of this trend, writing in 1952: “The physics of the solid state is nothing new. 
In 1900 it was as well realized as now that mechanics, heat, electricity, magnetism, optics, all have 
their solid-state aspects.” John C. Slater, “The Solid State,” PT 5, no. 1 (1952): 10. 
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water for technological interests, was the second purpose. The report began by 

emphasizing: “we are not surveying materials science nor the considerable impact of 

condensed-matter physics on technology.”70 By the mid-1980s, the distinctions between 

condensed matter—the “fundamental” discipline—and materials science—its applied 

cousin—were solidifying, while the fragile professional alliance that had sustained solid state 

physics through the preceding decades was dissolving. 

A further consequence of this split was the rhetorical quagmire in which the 

condensed matter community found itself. While condensed matter physicists maintained 

distance from materials science, so as to create space for their intellectual autonomy claim, 

they simultaneously attempted to cling to some scraps of technological relevance, touting 

condensed matter as “the field of physics that has the greatest impact on our daily lives 

through the technological developments to which it gives rise.”71 The difficulty arose 

because such arguments required condensed matter physics to remain one degree removed 

from actual technological applications, which it ascribed to materials science and 

engineering. That presupposed something akin to the linear model of innovation—the 

philosophy that basic research was the primary wellspring of technological advance—which 

                                                
70 National Research Council, Panel on Condensed-Matter Physics Condensed-Matter Physics (ref. 
66). 
71 National Research Council, Panel on Condensed-Matter Physics Condensed-Matter Physics (ref. 
66), viii. 
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was rapidly going out of fashion with those who controlled the federal purse strings.72 

Materials scientists were happy to jettison such a model. Rustum Roy, co-founder of the 

Materials Research Society called the notion that basic science begets innovation, which in 

turn begets prosperity, “preposterous, certainly in league with perpetual motion.”73 

Condensed matter physicists’ linear arguments, even in detailed surveys such as the 

1986 NRC report, were limited to showing that basic scientific knowledge was relevant to 

existing areas of technological importance. Evidently, drawing such connections was 

considered sufficient to make the case for supporting basic research; they did not spell out 

how funding for basic research would translate into technological advances on the ground. 

Two factors can be identified to rationalize this rhetorical structure. The first is the 

powerful focus on the fundamental nature of condensed matter physics, which implied a 

division of labor that would place development of new insights outside the condensed 

matter camp. In this case, the growth of materials science as the development arm of the 

old solid state constellation allowed condensed matter physicists the latitude to bracket 

such concerns as somebody else’s problem. Second, drawing too close an association 

between basic research and applied goals tempted explicit links between basic research 

funding and applied targets, the very appearance condensed matter physicists hoped to 

                                                
72 For an overview of the linear model, see: Benoît Gordon, “The Linear Model of Innovation: The 
Historical Construction of an Analytical Framework,” Science, Technology, & Human Values 31, no. 6 
(2006): 639–667. 
73 Rustum Roy, “Funding Big Science,” PT 48, no. 9 (1985): 9. 
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avoid. They were therefore walking a fine line, pressing hard for intellectual prestige while 

still hoping to maintain a reasonable claim to technological relevance. 

The complex problems that arose from the physical complexity of solids were by no 

means unique to that phase of matter. Originally, solids were chosen as an appropriate 

category because of their relevance to industry.74 In the immediate post-World War II years 

that choice served the perceived need to bring industrial researchers into the professional 

fold and to establish better lines of communication beyond the ivory tower. By the 1970s, 

however, the field’s industrial associations were beginning to become a liability in the eyes 

of those who defended the merit of its intellectual content. The focus on solids underlined 

industrial relevance, as technological advances in areas such as computing, munitions, and 

medicine overwhelmingly dealt with the manipulation of solid matter. Condensed matter 

divorced the field somewhat from those associations, which had matured over the period 

of several decades, allowing physicists interested in basic problems in complex material 

systems to emphasize the intellectually challenging elements of their enterprise. 

 

IV. Conclusions 

Solid state, which formed within the 1940s professional context, preserved 

structural features designed for era-specific challenges. The ballast of the 1940s promoted 

its fracture as the context shifted. As professional pressures evolved, solid state became 

progressively less suited to the new context. The first sputtering of its evolution began in 

                                                
74 See Chapter 2. 
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the mid-1960s. Condensed matter showed signs of becoming a viable alternative and 

materials science gained traction as an interdisciplinary forum for applied solid state work. 

Rendered in the language of this chapter’s epigraph, these parallel trajectories represented 

a choice between a good name and great riches. 

Condensed matter represented the desire for a good name. Solid state was a vexing 

appellation. By definition, it excluded from its purview substances that might be 

understood by the same theoretical and experimental methods as solids. It also invited 

bleed-over into areas that were of dubious relevance to physics; many physicists considered 

their mission to be restricted to the formation of general principles and laws. The field was 

founded in part to bring industrial researchers into dialogue with academic researchers and 

give more influence to demographics that had typically been marginalized by the power 

structure of the American Physical Society. It met those demands within the immediate 

post-World War II context. At the same time, it locked the field into a structure adapted to 

a singular context. When the set of professional concerns that occupied the attention of 

physicists in the 1940s shifted, the unusual synthesis that solid state physics had become 

was subjected to pressures that eventually split it apart. 

The growth of “condensed matter physics” represented a revolt against solid state’s 

unorthodox discipline formation model. Solid state physicists were colleagues by 

convention: a researcher investigating plastic flow in glass might have little to say to 

someone interested in ferromagnetism. Both were nonetheless considered solid state 

physicists. They were held within the same professional sphere by a model of disciplinary 
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structure that valued professional solidarity more than conceptual continuity. Physicists 

who preferred “condensed matter” rejected this model and turned to conceptual and 

methodological common ground—the suite of methods that had evolved to cope with 

many-body systems—as a basis for claiming autonomy. Those quantum-mechanical 

techniques formed the core of an approach to restructuring the solid state community that 

emphasized the family resemblance between the concepts and methods required to 

theoretically characterize complex systems and their interactions. 

To return to the epitaph, the proverb of which Oliver E. Buckley selected the first 

part to vent his frustration with the name “physics” in 1943—“A good name is rather to be 

had than great riches, and loving favor rather than silver and gold”—is a clean, if somewhat 

poetical articulation of the challenge solid state physicists faced as their professional 

context evolved. Loving favor describes what condensed matter physicists craved. They 

understood themselves to be engaged in the same enterprise as their colleagues in high 

energy physics: the search for fundamental knowledge, and, no less importantly, the 

intellectual esteem that came with it. The best way they saw to accomplish that goal was to 

return to a traditional mode of discipline formation by articulating the character and 

importance of the concepts and methods around which they framed their goals. 

Materials science pursued silver and gold. It translated the funding that was 

increasingly funneled towards research programs with focused practical objectives into 

vigorous growth. In so doing, it adopted and extended the model solid state had founded, 

conglomerating several disciplinary approaches into a new enterprise defined by a set of 
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contingent practical goals, rather than by conceptual coherence. The apotheosis of the 

Cold War assured that money could be reliably obtained by demonstrating relevance to 

national defense. Materials science consolidated the alliances solid state physicists had been 

cultivating since the 1950s within a technological development context. 

At the close of the twentieth century, solid state was fracturing. Its experiment in 

disciplinary gerrymandering, however, had lasting impacts. Solid state enjoyed remarkable 

success through much of the later twentieth century. From the early 1960s it counted a 

plurality of APS division members among its ranks, solid state researchers reeled off a series 

of technological advances that provided the foundation for entire new industries, and they 

tackled some of the most vexing problems in physical theory. But it proved, in the long 

run, to be too complex a category and too loose an alliance to remain intact; competing 

interests within its overbroad purview prompted it to fragment. 

Despite the field’s disincorporation, the principle it embodied found new life in 

other segments of the community. The legacy of solid state physics transcends both its 

technological contributions and the theoretical understanding of complex systems it 

promoted. Solid state, by structuring itself around professional rather than investigative 

goals, paved the way for a host of other factors to influence the disciplinary and 

institutional structure of the scientific enterprise. Materials science provides one example 

of how solid state’s unorthodox mode of discipline formation was widely adopted.75 It fell 

                                                
75 Another, more recent example is “nanotechnology.” See: Matthew N. Eisler, “‘The Ennobling 
Unity of Science and Technology’: Materials Science and Engineering, the Department of Energy, 
and the Nanotechnology Enigma,” Minerva (forthcoming). 
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short of full autonomy, appearing instead as a stable interdisciplinary enterprise. 

Nonetheless, its American manifestation was manufactured by the advisory infrastructure 

to serve the technical needs of military and economic interests. 

Considering the transition from solid state to condensed matter a mere renaming 

obscures these dynamics. Because condensed matter solved a persistent categorical 

problem, it is tempting to see the shift in usage as a natural corrective to an unluckily 

named field. This interpretation, however, assumes a fixed view of the purpose of physics; 

it privileges the pre-World War II orthodoxy in which disciplinary categories had to reflect 

natural categories. Solid state proved impermanent, but that did not undermine its 

mission, which was self-consciously oriented towards mid-century professional 

contingencies. Its legacy legitimized considering contextual contingencies when structuring 

the scientific enterprise, and so its dissolution in the face of new contextual factors proved 

to be, in its own way, a further fulfillment of that legacy. 

 

V. Historiographical Epilogue 

The growth of condensed matter and materials science suggests interpretation in 

terms of a core historiographical debate in the history of twentieth-century American 

physics. The debate hinges on the impact of Cold War militarism on basic research. Paul 

Forman set the terms of the discussion in 1987, contending that “American physics, 

accelerating its historic quantitative growth, underwent a qualitative change in its purposes 

and character, an enlistment and integration of the bulk of its practitioners and its practice 
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in the nation’s pursuit of security through ever more advanced military technologies.”76 

Forman draws contemporary parallels, expressing concern that “America in the eighties is 

reminiscent of America in the fifties.”77 Forman’s conclusion was intended as a referendum 

on the 1980s funding context, the very context in which materials science, with its applied 

inflection, consumed an increasing proportion of federal science resources. 

Forman bases his argument in large part on changing funding patterns, which 

precipitated a “realignment, not to say revolution, in the institutional foundations for the 

support of basic physical research in the U.S. in the aftermath of the second world war.”78 

As the government and military replaced private foundations as the primary source of large-

scale science funding, unencumbered funds for basic research were squeezed to the point 

where they constituted only 5% of federal research expenditures. Forman again draws the 

analogy to the 1980s, with the caveat that “the difference is that today even the 5% is 

encumbered by an explicit mission orientation.”79 For Forman, the marriage of applied, 

mostly military interests to every level of scientific funding, in government, industry, and 

universities, “effectively rotated the orientation of academic physics toward techniques and 

                                                
76 Paul Forman, “Behind Quantum Electronics: National Security as Basis for Physical Research in 
the United States, 1940–1960,” HSPBS 18, no. 1 (1987): 150. The structure of the argument 
mirrors that of his much-discussed 1971 article, “Weimar culture, causality, and quantum theory: 
adaptation by German physicists and mathematicians to a hostile environment,” HSPS 3 (1971): 1–
115. 
77 Forman, “Behind Quantum Electronics” (ref. 76). 
78 Forman, “Behind Quantum Electronics” (ref. 76), 188. 
79 Forman, “Behind Quantum Electronics” (ref. 76), 200. 
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applications,” thereby stunting the potential for growth in basic physical understanding 

that fields like solid state exhibited immediately after the war.80 

Where Forman concentrates on how military money shaped the knowledge 

produced in a Cold War context, Stuart W. Leslie focuses on how the alliance between 

universities, industry, and the military constrained the institutional makeup of university 

research. He invokes the term “golden triangle” to refer to the pecuniary relationship the 

government, industry, and academia formed during the Cold War.81 Leslie targets solid 

state and materials science as outgrowths of the applied focus of Cold War research. He 

takes, as a primary case study the Massachusetts Institute of Technology, which was 

uniquely successful at parlaying the wartime radar research it hosted into a military funding 

pipeline. This relationship, on Leslie’s account, transformed the composition and focus of 

MIT’s research infrastructure. He argues, for example, that MIT’s Laboratory of Insulation 

Research “was shaped as much by the ‘macro’ interests of its sponsors as by the ‘micro’ 

interests of its staff.”82 Leslie makes a similar point regarding MIT’s National Magnet 

Laboratory, an institution ostensibly dedicated to basic research, which subsisted only 

briefly on Air Force funding despite a strong track record of both basic and applied 

contributions. The transfer of funding responsibility from the Air Force to the National 

Science Foundation, Leslie argues, demonstrated the dangers basic research facilities faced 

if they failed to articulate clear and immediate practical utility. 

                                                
80 Forman, “Behind Quantum Electronics” (ref. 76), 216. 
81 Leslie, The Cold War and American Science (ref. 28), 9. 
82 Leslie, The Cold War and American Science (ref. 28), 192. 



 

220 

David Kaiser adds yet another dimension to thinking about military influence on 

Cold War research by focusing on graduate training. Kaiser documents the influx of 

students into physics programs in the early Cold War era. He suggests that war research 

played a key role in generating interest among potential physics students and that the Cold 

War environment also provided a powerful recruiting tool, leading young physicists to be 

more practically focused from the beginning of their training. Kaiser further observes that 

artificially inflated demand for physicists rapidly expanded the populations of graduate 

programs, and that this influx necessitated the abandonment of the traditionally close 

advisor-advisee relationship, leading instead to the proliferation of well-posed practice 

problems and a more routinized process of thesis production. He concludes: “The 

tremendous, unprecedented demographic shifts helped to drive a pedagogical emphasis 

upon efficient, repeatable—and thereby trainable—techniques of calculation, thus solidifying a 

prewar instrumentalist trend,” the consequence being that “[e]pistemological musings or 

the striving for ultimate theoretical foundations—never a strong interest among American 

physicists even before the war—fell beyond the pale of the postwar generation and their 

advisors.”83 

                                                
83 David Kaiser, “Cold War Requisitions, Scientific Manpower, and the Production of American 
Physicists after World War II”, HSPBS 33, no. 1 (2002): 153–154. Kaiser has since suggested that 
American physics regained a taste for foundations later in the century in part through the influence 
of 1960s and 1970s counterculture movements on a particular cadre of west coast physicists. David 
Kaiser, How the Hippies Saved Physics: Science, Counterculture, and the Quantum Revival (New York: W. 
W. Norton & Company, 2011). 
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David Hounshell aptly calls the stance that military influence stunted basic research 

during the Cold War “the distortionist hypothesis.”84 He suggests that this hypothesis, as 

advanced by Forman, Leslie, and Kaiser, ties the rapid influx of unprecedented military 

money into physics after World War II and simultaneous, if not related, demographic 

shifts within the physics community to a suppression basic research in favor of the pursuit 

of technological treasure, retarding the trajectory of non-applied theoretical and 

experimental work. On this interpretation, the emphasis on manipulating materials 

encouraged by military needs produced, in Forman’s words: “a program for knowledge 

only in a typically postwar sense of the term. What is involved here is certainly not new 

understanding, since phenomena thus produced are ‘new’ only in the very restricted sense 

of an extreme intensification of known physical processes.”85 The type of applied research 

military funding encourage, according to Forman, suppressed basic advance in fields like 

solid state because applicable knowledge and basic knowledge in those fields were of an 

essentially different type. By learning how to manipulate semiconductors, metals, 

insulators, and other solids, physicists were becoming better at using materials but falling 

short of discovering the general principles by which they might be understood. Leslie does 

not push such a hard epistemic line, but nonetheless maintains that the pressures of 

military needs limited the ability of solid state physicists to undertake basic research. Kaiser 

                                                
84 David Hounshell, “The Cold War, RAND, and the Generation of Knowledge, 1946–1962,” 
HSPBS 27, no. 2 (1997): 239. 
85 Forman, “Quantum Electronics” (ref. 76), 223. Forman relies on the particular example of 
quantum electronics, which proceeded largely by manipulating quantum energy states in material 
systems. 
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supplements this view by making the case that the bulk of physicists trained during the 

Cold War were not encouraged—either individually, by their advisors, or structurally, by 

the organization of graduate programs—to think about foundations. 

Forman’s article has prompted as many impassioned criticisms as it has 

elaborations. Hounshell, writing on the RAND Corporation, suggests that the 

paradigmatically Cold War institution was nonetheless a wellspring of basic insight: 

“RAND researchers made fundamental contributions to several existing disciplines, 

opened up entirely new fields of human inquiry, and brought extant research disciplines 

together in ways that led to powerful new insights about a variety of phenomena.”86 

Pursuant to this thesis, Hounshell effectively documents RAND’s contributions to areas 

such as artificial intelligence, economics, game theory, applied mathematics, and the new, 

idiosyncratic field of “Soviet studies.” These efforts by RAND were “basic” contributions 

within their domain, but Hounshell fails to address Forman’s claim that the Cold War 

reoriented the definition of basic research itself, and an advocate of the distortionist thesis 

might easily point to Hounshell’s case study as an example of that reorientation. 

A different line of attack against the distortionist thesis comes from Daniel J. 

Kevles, who has maintained that the marriage between science and the military, rather than 

diverting basic science, ensured that physicists’ collective efforts “diversified into 

                                                
86 Hounshell, “Cold War and RAND” (ref. 84), 265. 
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intellectually promising areas made hot by the needs of national security.”87 The 

consequence of this diversifying effect, for Kevles, “was not the seduction of American 

physics from some true path but its increased integration as both a research and advisory 

enterprise into the national-security system.”88 Kevles further suggests that Forman’s 

contention that those areas of research relevant to military work are inherently less basic 

than more arcane fields presumes an innate hierarchy within physics. He draws a parallel 

with the disdain in which some particle physicists held solid state:  

[I]nherent in that attitude are value judgments that are not only intellectual but 
social—judgments whose nature is suggested by the tendency of some particle 
physicists to refer to solid state physics as ‘squalid state’ physics. These judgments 
are not merely that solid state physics is less worthy because it confronts natural 
phenomena that are disorderly and, hence, intellectually dirty, but also because it is 
involved with the practical world—with electronics, with industry, with defense.89 
 

Kevles’s analysis clarifies a hidden assumption in the distortionist thesis. Distortionism 

tacitly takes particle physics as an exemplar of basic research and judges distortion in solid 

state by the extent to which it failed to live up to the particle physicists’ ideal. Yet even 

without the influence of the Cold War, the two fields maintained very different 

relationships between basic and applied work, to the point where the distinction blurs 

when applied to the realms solid state physicists investigated. 

Joan Bromberg has brought some focus to the blurry line between basic and 

applied work in solid state. She also assailed the distortionist thesis by attacking the 

                                                
87 Daniel J. Kevles, “Cold War and Hot Physics: Science, Security, and the American State, 1945–
56,” HSPBS 20, no. 2 (1990): 264. 
88 Kevles, “Cold War” (ref. 87), 264. 
89 Kevles, “Cold War” (ref. 87), 262–263. 
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division between funding for basic research and funding for applied research on which 

Forman’s argument is based.90 Bromberg argues that fundamental insight and 

philosophical curiosity often coexisted with explicitly military research, and that the 

parallel dimensions of basic insight and practical applications informed each other. This 

perspective on Cold War science implies: “it was impossible to divorce the process of 

creating gadgets from the process of posing fundamental questions. The distortion thesis 

fails to hold because the two paths, that of basic physics and that of military-inspired device 

physics, were soldered together.”91  

Bromberg confronts the distortion thesis where it is strongest, discussing an 

example from the solid state subfield of quantum electronics, which was flush with military 

money. Her case study focuses on Marlan O. Scully. The University of Arizona at Tuscon 

professor was trained at Yale under Willis E. Lamb, Jr., and spent stints teaching at both 

Yale and MIT before alighting in Arizona. Scully’s position mirrored the institutional 

context described by Leslie and Forman. Arizona’s Optical Sciences Center was formed at 

the behest of the Defense Advanced Research Projects Agency (DARPA) and was funded 

                                                
90 Joan Lisa Bromberg, “Device Physics vís-a-vís Fundamental Physics in Cold War America: The 
Case of Quantum Optics,” Isis 97 (2006): 237–259. Forman does acknowledge that he, in places, 
commits “the common mistake” of “reifying ‘basic’ and ‘applied,’ treating them as time-invariant 
types of research activity.” He restates his argument by suggesting that the culturally and 
institutionally embedded understanding of “basic research” that persisted under the hegemony of 
military influence “was primarily as a means for creating new techniques, and secondarily as a 
means for maintaining contact with persons possessing intellectual abilities that could be turned to 
the advantage of the military services.” Forman, “Quantum Electronics” (ref. 76), 219–220. 
Bromberg’s critique is nonetheless relevant, as Forman confines his discussion to the definitions 
put forward by funding agencies, while Bromberg’s criticism hinges on the analysis of how the 
division manifested itself in a specific example of scientific work conducted under that regime. 
91 Bromberg, “Device Physics” (ref. 90), 238. 
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by the Air Force, with a mandate, enshrined in its mission statement, to train scientist to 

make material contributions to government and industry.92 Scully appears, therefore, to be 

just the type of physicist who would have been diverted from basic work by the financial 

and institutional pressures military funding imposed on the research community. 

Bromberg, however, concludes that “even a physicist who believed that aiding in 

weapons development was an important way to serve his country, and who actively engaged 

in such research, saw fundamental and foundational problems as a natural part of his 

purview.”93 Scully’s research on the theoretical basis of the laser led him into abstruse 

foundational debates about Quantum Electrodynamics versus neoclassical theories, and 

into philosophical speculations about the quantum measurement problem. Bromberg 

points to Scully’s insatiable appetite for collaboration, the abundance of quantum 

opticians entering the fray over hidden variable theories, and Leonard Mandel—a central 

figure in American quantum optics—who was also deeply involved in debates over 

interpretive questions in quantum mechanics as three examples of why the physicist’s story 

can be taken as representative of the discipline of quantum optics generally.94 

                                                
92 Bromberg, “Device Physics” (ref. 90), 245. 
93 Bromberg, “Device Physics” (ref. 90), 257. 
94 Bromberg, “Device Physics” (ref. 90), 257–258. Bromberg brackets the question of the extent to 
which the case of quantum optics mirrors other areas of physics, leaving it to other scholars to fill 
in the gaps, a task towards which this project attempts, in some small measure, to contribute. 
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Kevles, in reviewing Leslie’s book, takes yet another line of attack, pointing out that 

the distortion thesis rests on an implied counterfactual.95 That is, it assumes that in the 

absence of increased military involvement in science funding during the Cold War, 

scientific research would have followed a different trajectory. Kevles takes Leslie to task for 

failing to explore the alternate route for basic research that might have been. I would 

suggest instead that the counterfactual fails, not because the alternative is not fleshed out 

in sufficient detail, but because the specific counterfactual Leslie proposes departs too 

radically from the actual historical process, and thereby introduces too many unsupported 

assumptions.96 Given the enormous magnitude of the funds the American government and 

military infused into the scientific community during the Cold War, it is not at all clear 

how American science would have developed in its absence, or a substantial reduction in 

its scale. The distortionist thesis, in the form introduced by Leslie and Forman, thus rests 

on assumptions about what might have been in a radically different historical evolution. 

They are free to suppose a highly optimistic trajectory for basic research in a scenario in 

which the Cold War research environment was not flooded with military dollars, but to do 

so is to beg the question. The more reasonable response is to admit that we do not know 

what would have happened. The subject matter is too complex and the experiment is not 

                                                
95 Daniel J. Kevles, “Review: The Cold War and American Science. The Military-Industrial-Academic 
Complex at MIT and Stanford, by Stuart W. Leslie,” Science, New Series 260, no. 5111 (1993): 1162–
1163. 
96 As I have argued elsewhere, counterfactuals tend to introduce assumptions about both the causal 
nature of the historical process, and its sensitivity to initial conditions, and should therefore be 
understood as possessing a limited heuristic range. Joseph D. Martin, Contingency, Predication, and 
Counterfactuals in the History and Philosophy of Science (M.A. thesis, University of Minnesota, 2011). 
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repeatable. If we restrict counterfactual speculation to more modest scales, the distortionist 

thesis becomes less convincing. 

Kevles further responds to the distortion thesis by asserting: “Physics is what 

physicists do.”97 This is, perhaps, too glib, but it does raise an important question: was 

prewar “physics” the same as post-war “physics?” As discussed in Chapter 2, the way 

physicists thought about themselves changed after the war. The field’s scope expanded to 

the point where it encompassed things that might otherwise have become part of 

engineering. Considering this more limited counterfactual casts the distortionist thesis in a 

different light. What would we say about the direction of American physics in the Cold 

War if fields like solid state and quantum electronics had unfolded within the boundaries 

of engineering, metallurgy, or chemistry? The central distortionist proposition sounds 

somewhat less potent if it argues that Cold War engineering was directed towards military 

aims.  

The expansion of the definition of physics, combined with both the expansion of 

the population of physics as described by Kaiser, and with the expansion in physics funding 

might create the appearance that applied physics ran roughshod over basic programs. 

Allowing for the rapid expansion in these three sectors, however, we see that 

“fundamental” progress proceeded much as it had before the war. The speed of progress 

was constrained by other factors. The military rapidly filled in demand for funding in the 

areas of physics that fit within the newly formed post-war understanding of “physics,” but 

                                                
97 Kevles, “Cold War and Hot Physics” (ref. 87), 263. 
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to cast this as a departure from the core objectives of physical research is to obscure the fact 

that physics, and what it meant to do physics, changed markedly between the 1930s and 

the 1950s. Solid state, which formed on the basis of professional entente rather than a 

coherent group of phenomena, serves as the paradigm example of this shift. 

The distortionist thesis does nothing to deny the possibility that without military 

funding, basic research would have proceeded much like it did, but the vast edifice of “new 

physics” would not have grown as rapidly or as expansively. The story of the military and its 

influence on basic research is crucial for the history of solid state physics, but not because 

of distortion. Rather, military funding supported the institutional configuration that 

allowed solid state to remain part of physics. The founders of solid state physics, such as 

Roman Smoluchowski and Fred Seitz, actively considered the possibility that solid state 

investigations would branch off and form a new field of engineering, much as electrical 

engineering had. Such realignment was a real concern for some physicists in the 1940s.98 

They responded to this challenge by lashing solid state to the physics community with 

institutional bonds and a political conception of disciplinary unity. In the process, they 

participated in, and hastened, a sea change in American physics, whereby the definition of 

the term expanded beyond the pre-World War II focus on generalizable principles to 

include the applications of those principles, whether to other scientific problems or to 

technological advances. Physics itself thereby became professionally—and therefore 

conventionally—defined, allowing it to grow rapidly in both size and scope. Moreover, this 

                                                
98 See the detailed discussion in Chapter 2. 
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process was well underway long before the huge influx of military money had an 

opportunity to work any corrupting influence it might have had. 

Military funding did play a role in reinforcing this reformulation of physics. The 

abundance of military dollars, especially through the 1950s, fertilized the soil in which the 

newly reconceptualized field was planted. It was therefore an edifying force, providing the 

motivation and means to keep the new field as it was. Further, this new picture of physics 

included a much broader range of topics, many of which did not obey so well the 

distinction between basic and applied research, which Vannevar Bush had emphasized so 

strongly at the outset of the Cold War.99 Military funding helped to blur the distinction 

between basic and applied research, both by enforcing an institutional picture that 

included a new breed of physics sub-disciplines, such as solid state, chemical, plasma, and 

polymer physics, and also through its predilection for basic research with a track record of 

applicable outcomes. Physics in the Cold War was no longer John Van Vleck’s Quaker 

meeting.100 Instead, it was a big tent discipline, more similar in its constitution to chemistry 

than to prewar physics when considered as a whole. 

That shift came as the result of population issues, as Kaiser has argued.101 Prewar 

basic research relied on a small community of scholars who knew each other well. 

Demographic changes in physics after the war ensured that the proportion of the 

                                                
99 Vannevar Bush, “Science—The Endless Frontier: A Report to the President by Vannevar Bush, 
Director of the Office of Scientific Research and Development, July 1945,” accessed 27 January 
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100 See Chapter 2. 
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community devoted to basic questions was smaller. Demographic shifts are not enough in 

isolation, however, to describe the postwar landscape; they were accompanied by a 

definitional change that broadened the purview of physics considerably. Basic research did 

not die out, and it does not follow that it lost pace from its prewar trajectory given the 

rapid expansion of the field. If anything, the United States was even better regarded for its 

basic work after the war than it was before, when it was only beginning to build an 

international reputation.102 The expansion of the scope of physics supplemented rather 

than diverted the path of foundational research. 

The appearance of distortion in post World War II American physics is exaggerated 

when failing to contextualize demographic shifts in terms of the expanding definition of 

physics following the war. Further, it deprives Cold War physicist of any autonomy to 

influence the professional structure of their field. A few individual case studies would be 

sufficient to show that, even given the gargantuan influence of military funds, it is 

inaccurate to characterize that influence as diversionary. That the scope of basic physics 

failed to match the much-expanded scope of applied physics is not relevant for the 

distortion question when considering the rapid expansion of physics into new topical 

territories. The relevant comparison should instead be with prewar basic research. 

Bromberg has provided one such case study. Another can be found in the shift from solid 
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state to condensed matter physics. This transition represents the limits of the utility of 

solid state’s singular institutional arrangement for continued basic research. The case study 

of condensed matter physics above shows that the military-industrial-academic complex did 

exert pressures on basic researchers, but also that they had latitude to respond and reform 

the community in a way that was conducive to their goals. It differs from Bromberg’s 

approach in one critical respect. Whereas Bromberg focuses on expounding an example of 

fundamental conceptual work that occurred under a military funding regime, the story of 

condensed matter demonstrates how American physicists had the agency to intervene in 

the instructional and professional structures that the distortionist perspective assumes 

exerted top-down influence over individual physicists. 

Military interest created an environment in which fewer rewards—money, prestige, 

political influence—were available for basic research than for applied research, but it also 

helped create and maintain an environment in which more rewards were available for 

physics generally. When examining basic research with respect to applied research, 

distortion seems plausible, but that is only one axis. The other, the comparison between 

prewar and postwar basic research, provides a different picture. To tease out the 

relationship between basic and applied research through the Cold War requires attention 

to both axes. 

The emergence of condensed matter physics, given its roots in frustrations over the 

applied direction of solid state and materials science, sustains one such comparison. It does 

not fall neatly into either framework, taken alone. On the one hand, the push towards a 
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conceptually defined field and the abandonment of an institutional ordering principle 

shows that the impulse to pursue basic work was still very much alive within the solid state 

community, as Bromberg’s study demonstrates. Basic research was a strong element of solid 

state’s mission, even though it might not have been its most visible aspect. Furthermore, 

the close integration of basic research and applications meant that solid state could 

workably sustain basic research programs within a funding context dominated by military 

money, and focused around near-term technological advances. The establishment of 

condensed matter physics can therefore be understood as an effort to recognize and 

institutionally reinforce the de facto practice of bolstering applied solid state work with 

robust basic foundations. 

On the other hand, much of the frustration solid state physicists felt with the 

direction of their field stemmed from institutional pressures towards applied research. So 

while the movement to self-identify solid state as condensed matter was an expression of 

the importance of basic research for solid state, it was also a cry of frustration with the 

prospects of conducting that research effectively within the prevailing institutional context. 

Those advocating for condensed matter felt that, while basic research could be pursued, 

institutionally enforced applied goals constrained its scope to problems that could boast 

readily recognizable practical outcomes. The mere fact that a basic research program could 

flourish did not mean it was the basic research program those pursuing it would have most 

wanted to see. 
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Consequently, the rise of condensed matter physics cannot be understood either as 

a clear-cut example of the persistence of basic research or as an unambiguous example of 

distortion. It was motivated by deeply held appreciation of basic research, and was 

simultaneously a byproduct of an institutional environment favoring applied research. It 

recognized the institutional dichotomy between the two, while also acknowledging that the 

division was not sharp at the level of the lab bench. Condensed matter was both a product 

of the unique historical circumstances in which solid state formed in the 1940s and a 

response to contemporary institutional pressures in the 1970s and 1980s. The preceding 

discussion, which chronicles the rise of materials science and the response that manifested 

itself in the form of condensed matter physics, shows how the two sides of this 

historiographical debate can be reconciled. Physicists were impacted by the distinctive 

context of the Cold War, and that context promoted the growth of new research areas that 

might have offended prewar sensibilities. At the same time, physicists were not swept along 

helplessly in the tides of these changes. They had some agency in determining the shape of 

their field, and made measured interventions into the structure of physics to turn 

contextual developments to their advantage.  

The boundaries of physics—both internal and external—were fluid in the second 

half of the twentieth century, and the borderlands were particularly volatile in the 

provinces solid state occupied. Considering the process by which the field grew and 

fragmented offers a revealing angle on the distortionist debate. Solid state epitomizes both 

the large-scale excesses of military largess, which Forman emphasizes, and the persistence of 
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the spirit of basic inquiry among individual researchers, which Bromberg demonstrates. 

The spectrum of views in this debate can be synthesized to show that while the overall 

character of American physics did change substantially during the Cold War, it did not do 

so to the extreme detriment of the prewar community ideal that enshrined the value of 

basic research. 

The story of the unlikely alliances that constituted solid state and the struggles with 

the tensions those alliances produced provides a new perspective on this lingering 

historiographical debate. Forman, arguing that defense spending reoriented physics away 

from fundamental problems towards technical outputs, bracketed the issue of how the 

definition of physics changed through the twentieth century, especially after World War II. 

A study of solid state exposes rapid expansion of that definition after the war. Solid state 

and its sibling sub-disciplines, such as chemical physics and fluid dynamics, emerged as part 

of a topically expanding physics community. Just as electrical engineering had a few 

decades earlier, these new subspecialties had the option to defect to the engineering 

community. Instead, they remained securely within physics thanks to proactive professional 

efforts to broaden the field’s scope. 

Solid state and allied fields grew rapidly after the war, and a complex of 

professional interests kept them tied to the physics community. Industrial and economic 

interests permitted disproportionate growth within the areas of physics that exhibited 

applied relevance; however, had these become new engineering subfields—as it is reasonable 

to assume would have been possible in the absence of vigorous institution building—the 
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argument that defense spending encouraged engineers to focus on applied ends would be 

rather toothless. Despite rapid growth of physical subfields with sizable applied 

components, the late-century emergence of condensed matter physics indicates that the 

thread of fundamental investigation was not lost. Rather, concerted attention from 

condensed matter physics on the pitfalls of programmed research served to reinforce a 

small but vigorous nexus of physicists who defended the fundamental nature of the study 

of solids. Furthermore, their success at constructing a viable new category within the 

advisory structure shows the influence physicist could exert over their discipline’s structure. 

Contrary to the picture painted by Forman, physicists were not merely passive elements of 

large-scale social and institutional structures. Rather, those structures evolved in part 

through the intervention of physicists in their organization and constitution.  



 

236 

Chapter 5 
– 

Fundamental Disputat ions:  
How Phi losophical Debates Structured Sol id State Physics ,  1939–1993 

 
 
“I am not an applied physicist. I like to call myself a fundamental physicist as well. I just am 
fundamental in somewhat different ways.”1 

Philip W. Anderson, 1993 
 
 
I. Introduction 

What does it mean for physics to be fundamental? This question pervaded solid 

state physicists’ efforts to structure their discipline through the second half of the twentieth 

century. A protracted dispute with particle physicists—in which the fundamentality 

question became a surrogate for struggles over funding, intellectual prestige, and social 

approbation—motivated solid state physicists to develop robust philosophical stances about 

fundamentality. These stances responded to changes in the organization of the scientific 

community, and in turn had a shaping effect on physicists’ efforts to influence that 

organization. This chapter traces the evolution of solid state physicists’ views on 

fundamentality and examines how the process by which those views were crafted and 

implemented guided the structure of American solid state physics.2 

                                                
1 Senate, Joint Hearing before the Committee on Energy and Natural Resources and the 
Subcommittee on Energy and Water Development of the Committee on Appropriations, 
Department of Energy’s Superconducting Super Collider Project, 103rd Cong., 1st sess., 4 August 1993, 57. 
2 The debate did not cleanly group solid state physicists on one side and particle physicists on the 
other; however, these groups do characterize the core interlocutors, and the relevance of each 
position to the institutional and professional goals of each group makes the otherwise overly broad 
dichotomy an instructive one.  



 

237 

Physicists of all persuasions exploited the term “fundamental” to brand particular 

research important or valuable, but each usage differed, often dramatically, in its deeper 

implications. The array of meanings fundamentality assumed during this debate, though 

confoundingly diverse, can be initially differentiated by field of study. Particle physicists 

adopted a reductionist approach, arguing that only the laws governing the elementary 

components of matter and energy qualified as fundamental. On this view, insight gained by 

investigating such laws was both socially and epistemically valuable because of its 

supposedly fundamental nature. Solid state physicists stressed the explanatory 

independence of higher-level laws, concepts, and phenomena, leading to a set of more 

permissive views of fundamentality. Advocates of these views maintained that 

investigations at many levels of complexity might yield fundamental insights, and 

advocated fecundity—the potential for generating new research in varied fields—as a 

criterion for evaluating the social and epistemological worth of scientific research.3  

The term “structural,” as used here, requires clarification. Consider an actual 

building. It has an internal structure of rooms, walls, plumbing, electrical wiring, and other 

furnishings. A structural engineer might examine the same edifice to understand how its 

                                                
3 I avoid the term “emergence” to describe this position, even though it might accurately 
characterize the view, because solid state physicists themselves avoided it until the 1990s. Before 
then, it was commonly associated with the mind-body problem in philosophy or considered a 
biological term of art and physicists were either not aware of it or considered it unsuitable for 
describing physical systems. Phil Anderson, who crafted some of the most pointed arguments in 
favor of physical emergence, recalled being ignorant of the term at the time his famous 1972 article 
“More Is Different” was published. Philip W. Anderson, “More Is Different – One More Time,” in 
More Is Different: Fifty Years of Condensed Matter Physics, ed. N. Phuan Ong and Ravin N. Bhatt 
(Princeton: Princeton University Press, 2001), 3. 
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frame oscillates, bears loads, and responds to stresses. On yet another scale, the building 

has a structural impact from an urban planning perspective through its influence on traffic 

flow, real estate availability, or the skyline. “Structure” is meant to capture the analogue of 

each of these senses with respect to science. It refers to three scales of scientific 

institutional, social, and political organization: the anatomy of individual research 

installations; prestige hierarchies and their dynamics within scientific disciplines; and the 

protocols that define relationships between science and society. The articulation and 

maturation of philosophical views occurred within, were shaped by, and had consequences 

specific to each of these scales. “Structural” therefore aims to capture this diversity by 

avoiding the suggestion of a singular scale that accompanies the naked term “institutional.” 

Additionally, the verb “to structure” captures physicists’ deliberate efforts to affect 

organization on each of these levels. The interventionist action physicists took to structure 

their discipline became the mechanism through which philosophical convictions and 

structural conditions developed reciprocal dependency. 

“Philosophical” is used in a similarly circumscribed way. Through the mid-

twentieth century, physicists cultivated views describing the characteristics of fundamental 

research and how it could be encouraged. Such views were developed and deployed within 

individual research installations in order to guide research and education policy within 

them. It would be a stretch to call these philosophies. They would be more accurately 

described as convictions about best scientific practice. Such views did, however, provide the 

raw material from which bona fide, self-consciously philosophical stances would be 
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assembled, and as such can be understood as proto-philosophical. In response to changing 

contextual factors in the 1960s, such as a tightening of federal basic research budgets and 

the growth of strong reductionism among particle physicists, solid state physicists refined 

these proto-philosophical convictions into clearly developed and explicitly articulated 

philosophical stances. These positions sought to place pre-existing beliefs about intellectual 

prestige, scientific merit, and rational resource allocation on firm philosophical footing. 

Once these views were developed, they provided a framework for subsequent debates over 

institution building, prestige, and federal funding. Their application blunted them, and 

they reacquired some of the rule-of-thumb characteristics that defined their proto-

philosophical predecessors. In becoming shibboleths for disciplinary communities they 

intertwined with realities of practice and bent to meet the political exigencies of the 

moment.  

Views about fundamentality were applied on different scales as they emerged and 

matured. In the mid-century decades, solid state physicists articulated proto-philosophical 

views and applied them on the level of individual installations. When mature 

philosophical positions emerged in the late 1960s and early 1970s, they did so in response 

to discipline-level pressures. These positions then framed the debate at the national level in 

the 1980s and 1990s, changing in response to the distinctive pressures they encountered in 

that context.4 

                                                
4 A potential triviality lurks in these definitions. I do not merely claim that views about how to 
organize science did, in fact, influence how science was organized. Instead I show that pressure 
from changing political and economic conditions, internal intellectual disputes, and jockeying for 
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This chapter is organized into three case studies. Each follows one stage of 

development through which solid state physicists’ views about fundamentality passed. The 

span of all three studies describes how these views evolved, while each considers the 

distinctive characteristics the relevant views assumed at each level of applicability. I begin 

with Francis Bitter and the National Magnet Laboratory at the Massachusetts Institute of 

Technology (MIT), which was founded in the early 1960s as the realization of goals Bitter 

had nurtured since the late 1930s. Laboratory administrators deployed proto-philosophical 

stances, some of which predated the laboratory and some of which developed in response 

to the funding hurdles it encountered in the mid-1960s. The second case study interprets 

explicit expressions of philosophical positions by working physicists—in particular Philip 

W. Anderson’s article “More Is Different”—and demonstrates how changes within the 

physics community during the late 1960s and early 1970s motivated physicists to develop 

and articulate otherwise tacit philosophical views. Finally, disagreements over the merits of 

the Superconducting Super Collider (SSC) in the late 1980s and early 1990s indicate how 

those views fed into debates about national science policy. At each of these levels of 

scientific structure—individual research installations, prestige hierarchies within physics, 

                                                                                                                                            
prestige motivated physicists to construct philosophical positions from preexisting views, and then 
to refine these positions, which in turn drove their efforts to consciously structure the scientific 
enterprise. Tracing competing conceptions of fundamental research demonstrates that physicists’ 
philosophical beliefs had a reciprocal relationship with internal hierarchical struggles and the place 
of science and scientists within social, political, and institutional structures. 



 

241 

and the national funding context—physicists’ convictions manifested themselves differently, 

and with different results.5 

Jordi Cat has addressed elements of the latter two case studies through the lens of 

unity.6 Solid state physicists, Cat argues, “place[d] the burden of unity in methodology,” 

while their particle physicist counterparts advocated reductive unity.7 Cat focuses on the 

origins of these views in the conceptual structure of the research in which each group was 

engaged. In contrast, I examine the contextual causes and consequences of these views. For 

this purpose, the question of whether or not a piece of physics was fundamental was more 

important than how the field was unified. Unity was a central question when physicists 

reflected upon their field as a whole, particularly with respect to other sciences. When 

internecine tensions developed, however, physicists turned to fundamentality as a way to 

rank and privilege competing subfields.  

                                                
5 John A. Schuster and Richard A. Yeo, “Introduction,” in The Politics and Rhetoric of Scientific 
Method, ed. John A. Schuster and Richard A. Yeo (Dordrecht: D. Reidel, 1986), ix–xxxvii, esp. xi–
xv, set out a similar hierarchy. They claim that the rhetoric of scientific method operates on three 
levels of discourse. First, in the laboratory, it provides a way to rationalize an often messy and non-
linear process of knowledge production. Second, they identify the institutional organization of the 
sciences as the level on which scientists negotiate disciplinary politics. Finally, they discuss how 
those who articulate science in wider social and cultural contexts deploy the rhetoric of the 
scientific method. This study mobilizes similar hierarchical divisions, but contends that their 
boundaries are fuzzy and their interactions rich, and argues that the views developed and used 
within each level function as more than mere rhetorical strategies. 
6 Jordi Cat, “The Physicists’ Debates on Unification in Physics at the End of the 20th Century,” 
HSPBS 28 (1998): 253–299. 
7 Cat, “Physicists’ Debates on Unification” (ref. 6), 254. 
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Hallam Stevens has tackled the question of how particle physicists’ reductionist 

view of fundamentality arose.8 Stevens describes how the theoretical power of the concept 

of symmetry underwrote particle physicists’ claims to ultimate knowledge, claims that in 

turn allowed them to distance themselves from military research when it became 

controversial in the mid-1960s. It was only when opposition to this view matured within 

other sectors of the physics community, according to Stevens, that reductionism failed in 

its attempt to gain public trust and support. The parallel narrative offered here describes 

the maturation of one of those alternatives to reduction. A deeper understanding of the 

development of solid state physicists’ approach to fundamentality complicates Steven’s 

picture, in which particle physicists’ views on fundamentality provided “a grand narrative 

that sustained fundamental physics through the 1960s and 1970s.”9 

Cat, Stevens, and other historians of science have tended to consider conceptual 

factors when examining the relationship between philosophy and physics. Richard Staley 

has recently observed this trend and commented that “historians have done too little to 

illuminate the broader disciplinary context” philosophical debates between physicists 

reflect.10 This takes up Staley’s challenge. The episodes reconstructed here show how the 

same philosophical commitments that grew from, and influenced, conceptual 

                                                
8 Hallam Stevens, “Fundamental Physics and its Justifications, 1945–1993,” HSPBS 34, no. 1 
(2003): 151–197. 
9 Stevens, “Fundamental Physics” (ref. 8), 170. 
10 Richard Staley, “Trajectories in the History and Historiography of Physics in the Twentieth 
Century,” forthcoming in History of Science 51 (2013). Staley also makes the larger point that the 
history of the physical sciences can benefit from expanding its scope to consider fields like solid 
state, chemistry, oceanography, climate science, et al. in greater detail. 
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developments also played a central role in shaping the disciplines and institutions of 

American physics in the second half of the twentieth century. On the basis of these case 

studies, this project suggests that historians might profitably consider scientists’ 

philosophical commitments when examining institutional, disciplinary, and other extra-

conceptual aspects of science’s historical development. 

 

II. Background: Post-World War II Growth of Solid State and Particle Physics 

In order to set this discussion into context, it will be useful to offer a brief reprise 

of some relevant background drawn from the preceding chapters. Pre-World War II 

American physics lacked a robust sub-disciplinary infrastructure. Physicists identified 

themselves as theorists or experimentalists and formed professional networks around 

research areas, but no institutional structures enforced intellectual divisions. This began to 

change after World War II when nuclear physics, flush with the prestige of the Manhattan 

Project, attracted a growing proportion of young physicists and established a model for sub-

disciplinary cohesion.11 Groups with common interests, conscious that both government 

and industry were primed to make large material investments in science, sought dedicated 

institutional representation.12 

                                                
11 David Kaiser, in “Cold War Requisitions, Scientific Manpower, and the Production of American 
Physicists after World War II,” HSPBS 33 (2002): 131–159, and “The Postwar Suburbanization of 
American Physics,” American Quarterly 56 (2004): 851–888, has tied this shift in the organization of 
American physics to the pedagogical shift precipitated by the post-World War II influx of students 
into graduate programs. 
12 Spencer Weart, “The Solid Community,” in Out of the Crystal Maze: Chapters from the History of 
Solid State Physics, ed. Lillian Hoddeson, Ernst Braun, Jürgen Teichmann, and Spencer Weart 
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In 1943, as American physicists were beginning to plan their transition to 

peacetime, Harvard theorist John H. Van Vleck decried the “Balkanization” of American 

physics. He applied the term to Roman Smoluchowski’s suggestion that the American 

Physical Society (APS) establish a division of metals physics.13 Smoluchowski was a research 

physicist at General Electric. Seeking to galvanize a group of physicists who shared his 

interest in metals he approached several colleagues to help him draft a letter marshaling 

support for a metals division. Smoluchowski’s group sent the letter to some 50 physicists 

nationwide. Van Vleck, responding to the letter, rejected the assumption that dedicated 

institutional representation was necessary to protect the interests of metals physicists. Van 

Vleck worried that APS-sanctioned factionalization would inhibit free and open 

communication between physicists with divergent research interests and undermine the 

“Quaker spirit” of the APS meetings, where physicists of all stripes could mingle on the 

Bureau of Standards lawn.14 Smoluchowski hoped strong institutional structures would 

facilitate communication. He expressed to Van Vleck his desire to “stir up a movement to 

give younger physicists a chance to meet, through Symposia, other physicists interested in 

the same field and at the same time to give them more voice in the Society.”15 Their 

disagreement hinged on whether imposing organization upon the physics community 

                                                                                                                                            
(Oxford, UK: Oxford University Press, 1992), 617–669 describes the process by which a loosely 
affiliated group of physicists interested in the properties of solids organized efforts for 
representation within the American Physical Society. 
13 John Van Vleck to Saul Dushman, 29 January 1944, CRS, Box 1, Folder 1. 
14 Van Vleck to Dushman (ref. 13). 
15 Roman Smoluchowski to John Van Vleck, 15 March 1945, CRS, Box 1, Folder 2. 
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would serve their shared ideal of open scientific discourse. Smoluchowski viewed metals 

physicists, especially those working in industry, as marginalized. He emphasized the 

potential of institutional structures to give them influence within the APS. Van Vleck 

suspected that further structure would break up a tight knit community and thought that a 

new division would draw into the APS industry-based metallurgists, engineers, and physical 

chemists, whom he did not consider true physicists. Despite Van Vleck’s and others’ 

concerns, the APS’s Division of Solid State Physics—having been expanded from the 

original proposal for a division of metals physics—was established in 1947. 

The nuclear and particle physics communities underwent a similar process around 

the same period. Nuclear physics took full advantage of the Atomic Energy Commission’s 

National Laboratories to build a network of reactor-based research sites, parlaying the 

success of the Manhattan Project into enthusiastic federal patronage.16 The infrastructure 

that resulted from the rapid growth of particle accelerators, especially stemming from E. O. 

Lawrence’s Berkeley laboratory, gave physicists who focused on elementary particles the 

means, method, and opportunity to branch off from nuclear physics.17 The scale of the 

machinery and consequent necessity of large, dedicated facilities to conduct the relevant 

experiments helped establish a disciplinary culture that allowed these fields to gain 

                                                
16 Peter J. Westwick, The National Labs: Science in an American System, 1947–1994 (Cambridge, MA: 
Harvard University Press, 2003). 
17 John L. Heilbron and Robert W. Seidel, Lawrence and His Laboratory: A History of the Lawrence 
Berkeley Laboratory, Volume I (Berkeley: University of California Press, 1989). 
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autonomy.18 By the end of the 1950s, solid state, nuclear, and particle physics were firmly 

established. 

The growth of a sub-disciplinary menagerie encouraged direct competition for 

resources and prestige. For a time, government and military funds were sufficient to 

support most research groups and keep tensions low. When funding became tighter and 

more competitive these sub-disciplinary groups, growing into adolescence, became 

embroiled in sibling rivalry. The following case studies indicate how those tensions 

interacted with the incompatible conceptions of fundamental research that matured within 

competing sub-disciplinary camps. 

 

III. Case Study 1: Francis Bitter and the National Magnet Laboratory 

In 1939, Francis Bitter, who would later found MIT’s National Magnet Laboratory 

(NML), articulated his vision for metallurgy in an unpublished document entitled 

“Abstract of the Present State and Possible Developments in Physical Metallurgy.” Bitter 

had earned his Ph.D. in physics from Columbia in 1928, but joined MIT in 1934 in the 

Department of Mining and Metallurgy, where he would remain until transferring to 

                                                
18 See: Laurie M. Brown, Max Dresden, and Lillian Hoddeson, “Pions to Quarks: Particle Physics in 
the 1950s,” in Pions to Quarks: Particle Physics in the 1950s, ed. Laurie Brown, Max Dresden, and 
Lillian Hoddeson (Cambridge, UK: Cambridge University Press, 1989), 3–39 and Peter Galison, 
Image and Logic: A Material Culture of Microphysics (Chicago: University of Chicago Press, 1997). The 
American Physical Society’s Divisions of Nuclear Physics and Particles and Fields were not 
established until 1967 and 1968, respectively. The groups were dominant enough within the 
American Physical Society in the years shortly after World War II to make due without specialized 
divisional representation. I. I. Rabi even maintained that Divisions were only necessary for 
“peripheral fields.” Council of the American Physical Society, Minutes of the Meeting Held at 
Chicago, 25 and 26 November 1949, APS minutes, NBL. 
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physics in 1945. Between leaving Columbia and starting at MIT, Bitter spent time at 

assorted and auspicious institutions. He conducted postdoctoral research with R. A. 

Millikan at Caltech, worked as a research physicist for Westinghouse, and visited the 

Cavendish Laboratory on a Guggenheim Fellowship.19 Over the span of these 

appointments his interests evolved from his thesis work on the magnetic susceptibilities of 

gases to the nature of ferromagnetism.20 His outlook on physics was also shaped by a pre-

doctoral stint in Berlin in 1925–1926, during which he immersed himself in the unfolding 

quantum revolution.21 Arriving at MIT fresh off his Guggenheim, Bitter was enthusiastic, 

and his outlook on metallurgy optimistic. He imbued his hopes for the field with a 

physicist’s conception of fundamental progress, articulated in his “Abstract,” that shaped 

his subsequent efforts to craft the NML’s mission. 

                                                
19 Bitter enjoyed excellent placement and better timing. Caltech was a leading site of cosmic ray 
research in the late 1920s while Bitter was a postdoc there. His stint at Westinghouse overlapped 
with one of the lab’s most productive periods of magnetron research, which fed directly into World 
War II radar work. Bitter also arrived at the Cavendish immediately after Chadwick’s discovery of 
the neutron and the accompanying boom in atomic theory. See: Qiaozhen Xu and Laurie M. 
Brown, “The Early History of Cosmic Ray Research” AJP 55, no. 1 (1987): 23–33; Karl Stephan, 
“Experts at Play: Magnetron Research at Westinghouse, 1930–1934,” Technology & Culture 42, no. 4 
(2001): 737–749; and Andrew Brown, The Neutron and the Bomb: A Biography of Sir James Chadwick 
(Oxford, UK: Oxford University Press, 1997). 
20 Ferromagnetism was a particularly lively research area in the 1930s, and it pointed to questions 
of foundational importance for the subsequent development of solid state physics. See: Charles 
Midwinter, “Disputed Domains: Controversies over Ferromagnetism, 1930–1952,” HSNS 
(forthcoming). 
21 Francis Bitter, Magnets: The Education of a Physicist (New York: Doubleday & Company, Inc., 
1959), 55. Bitter recalled that during his time in Berlin he heard Max Planck speak on 
thermodynamics, attended the colloquium at which Erwin Schrödinger introduced wave 
mechanics, and taught himself electricity and magnetism from Max Abraham’s textbook, The 
Classical Theory of Electricity and Magnetism. Since this text was not available in English translation at 
the time, Bitter most likely refers to the 1923 German edition: Max Abraham and August Föppl, 
Theorie der Elektrizität (Leipzig: B. G. Teubner, [1905] 1923). 
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Bitter, in setting out his vision for metallurgy, described how it might become a 

more fundamental science:  

During my brief association with the subject of metallurgy I have obtained the 
impression that in this field more than any I have come into contact with, there is 
now an opportunity for rapid and fundamental development through an application of the 
concepts and techniques of physics and chemistry. The achievement of such progress 
must come as a result of the cooperative effort of a group of men whose chief 
interest it is to discover and classify the properties of metals and alloys in all their 
generality with the aim of formulating physical laws, rather than to follow the behavior 
of certain special alloy systems in detail with the aim of developing and 
understanding commercial processes.22 
 

Bitter distinguished between the engineering and the scientific components of 

metallurgical research and found that, through insufficient development of the latter, the 

former lacked “proper help and stimulation of a fundamental nature.”23 He described how 

metallurgy might position itself to make what he deemed fundamental contributions, 

which involved focused attention to building a robust conceptual foundation rooted in 

physics and chemistry, plus a strategy of collaborating across disciplinary boundaries to 

borrow techniques and insights from neighboring fields with established fundamental 

research programs. This grand vision for metallurgy might just as well have been a plan to 

establish the intellectual foundations of solid state physics. It called for understanding 

general features of metals through theoretical physics, a focus on mechanical properties, 

research on crystal structure, and increased understanding of phase transitions, all of which 

would fall under the auspices of solid state once the field cohered after World War II. 

                                                
22 Francis Bitter, “Abstract of the Present State and Possible Developments in Physical Metallurgy,” 
1939, FBP, Box 5, Folder MIT Magnet Lab. Emphasis added. 
23 Bitter, “Physical Metallurgy” (ref. 22). 
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Bitter did not restrict fundamental insight to any particular field. Physics had it, 

chemistry had it, and metallurgy could attain it by learning from these disciplines. Bitter’s 

optimism for the future of metallurgy required a two-stage process of fostering basic 

insights and then building a close relationship with practical applications, a relationship he 

believed drove scientific progress generally. “The physicist develops the fundamental laws 

which the engineer applies. In chemistry we have a similar situation,” he wrote, before 

presenting his rhetorical call to arms, asking: “Who, in metallurgy, is doing a similar job?”24 

Bitter’s view of fundamental research demanded constructive dialogue between theoretical 

and experimental researchers, emphasizing how such interactions could form the basis for 

further advances in both the theoretical and applied branches of their sciences and 

establish a pattern of interaction that would make the field of metallurgy a fundamental 

science. 

Two criteria for fundamentality can be distilled from Bitter’s disquisition on 

metallurgy. The first, a theoretical criterion, was the formulation of general principles; the 

second, a practical consideration, was utility as the foundation for a wide range of new 

research. The main flaw Bitter perceived in contemporary metallurgical work was the lack 

of emphasis on codifying regularities in the behavior of metals. He thought that the field 

lacked the generalizing input of theory. The hallmarks of fundamental disciples, Bitter 

maintained, were theoretical principles that applied far beyond narrowly defined systems. 

A science concerned with the properties of metals and alloys, therefore, could become 

                                                
24 Bitter, “Physical Metallurgy” (ref. 22). 
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fundamental by crafting a theoretical scheme that effectively described the properties 

metals and alloys as a class of materials. 

Organizing existing knowledge into a generalized scheme, though, was not the 

ultimate goal of fundamental research; fundamental science also had to prove useful in 

areas where knowledge was less sure-footed. The second quality Bitter emphasized can be 

instructively termed “fecundity.” This term implies the actuality, not just the potential, for 

generating intellectual progeny: the general principles that satisfy Bitter’s first criterion can 

be unequivocally deemed fundamental once they prove their worth in a realm for which 

they were not specifically designed. Characterizing Bitter’s primary criterion for 

fundamentality in this way emphasizes its empirical nature. The field of metallurgy would 

become fundamental, for Bitter, when its efforts actually produced new, novel, and 

generative insights. Fecundity-based fundamentality is defined by its relationships. That is, 

it does not focus on the intrinsic character of scientific knowledge, but rather emphasizes 

the way knowledge interacts with related research efforts. From this perspective, achieving 

fundamentality requires more than modeling research on disciplines that already exhibit it; 

it requires building the personal and institutional relationships through which research 

efforts can be cashed out in terms of real influence. Science is fundamental, in the 

fecundity sense, when those relationships have born fruit by successfully provoking new 

research and serving as a foundation for new conclusions. 

Bitter perceived this quality in physics and chemistry. Both sciences aimed to 

formulate general principles, but more importantly, rich interactions between theory and 
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experiment drove progress in these sciences and made them broadly applicable to other 

fields, like metallurgy and engineering. Bitter claimed that metallurgy lacked one half of 

this interaction. The problem was not merely that metallurgists wanted for a robust theory 

of metals, but that they were not in dialogue with people who were working to develop 

one. In the absence of such an interaction, Bitter thought metallurgy would be limited to 

cataloguing and quantifying the properties of a growing alloy zoo. This type of research, 

because it did not promote forming general laws or asking new questions, could never be 

fundamental. His remedy was to encourage metallurgists to overcome the insularity of their 

field and collaborate with physicists and chemists to build the bridges that would foster 

new thinking. Bitter’s idea of fundamental research was many-level, contingent only upon a 

field’s conceptual and collaborative success. It granted no innate advantage to any 

discipline and encouraged those fields that did not have it to structure themselves so they 

could attain it. His recommendations called for MIT metallurgists to change the way they 

fit within the departmental infrastructure, suggesting, for example, that “one or two 

physicists in the metallurgy department […] carry out their work in close contact with the 

rest of the staff,” and promoting “closer contact with [John C.] Slater’s work in Physics and 

with the work of [Charles W.] MacGregor in Mechanical Engineering.”25 

                                                
25 Bitter, “Physical Metallurgy” (ref. 22). The appellation “fundamental” was commonly employed 
permissively around this time. Bitter was therefore in accordance with accepted usage by suggesting 
that sciences other than physics can be fundamental. Frederick Seitz, writing just a few years later, 
identified “fundamental” with “pure” research, defining it as that “which has intrinsic value as a 
form of culture.” He further mirrored elements of Bitter’s definition by suggesting that “physics 
serves as a source of fundamental knowledge for a majority of the most important fields of 
engineering.” Frederick Seitz, “Whither American Physics?,” RSI 16, no. 2 (1945): 40. Similarly, 
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Generality and fecundity—the two pillars of Bitter’s view of fundamental 

knowledge—and a commitment to interdisciplinary collaboration were pivotal to the 

founding and growth of the National Magnet Laboratory two decades later. Bitter 

coordinated planning for the NML, which opened in 1960 as a facility dedicated to high 

magnetic field research. Its early history reflects Francis Bitter’s 1939 vision. The proposal 

that convinced the Air Force Office of Scientific Research to fund the lab framed its 

mission using Bitter’s notion of fundamentality, its goal being “to make continuous fields 

up to 250,000 gauss available for fundamental research in solid state and low temperature 

physics and related fields, and to serve as a center for advancing the art of field 

generation.”26 By 1960, Bitter’s had transferred to the physics department and he built the 

NML with solid state physics, rather than metallurgy, in mind.27 The NML was to be a 

place where foundational research would enrich the field and make it more productive. A 

quote from Bitter’s laboratory dedication speech, composed long before budget concerns 

                                                                                                                                            
Vannevar Bush asked rhetorically in the inaugural issue of Physics Today, “who would have 
expected, looking forward from, say, 1939, to find the United States Navy vigorously furthering a 
program in fundamental science, including nucleonics, genetics, and mathematics?” Vannevar 
Bush, “Trends in American Science,” PT 1, no. 1 (1948): 6. Further, Sabine Clarke has 
demonstrated that “fundamental research” took on a range of other meanings in the first half of 
the twentieth century that did not obey the distinction between basic and applied. Sabine Clarke, 
“Pure Science with a Practical Aim: The Meanings of Fundamental Research in Britain, circa 
1916–1950,” Isis 101, no. 2 (2010): 285–311. 
26 “Proposal for a High Field Magnet Laboratory,” 8 Sep 1958, NMLR, Box 1, Folder 55. 
27 Bitter took a leave of absence from MIT to work on degaussing naval ships during World War II. 
During this time, his metallurgical magnetism laboratory was dismantled and its resources 
redistributed to war work. Upon his return to MIT at the end of the war, both he and the 
administration thought it more appropriate to reassemble the magnetism program under the 
auspices of the physics department. 
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caused NML staff to emphasize its practical offshoots, indicates the place he saw it 

occupying within the scientific community: 

The solid-state research program is being transferred from the M.I.T. magnet 
laboratory to the new facility [the NML]. The aim of this program is to increase 
knowledge of the basic electrical, magnetic, optical, acoustical, and thermal 
properties of solids. This fundamental information, pursued for its own sake, has 
and will continue to provide the basis for the continuing development of new and 
improved solid-state electronic devices.28 
 

Concern with establishing an environment in which fundamental research could flourish 

was at the forefront of Bitter’s thinking. With the NML, he institutionalized his 

convictions about fundamental research, hoping that its structure would research that 

could serve as the basis for something more.29 

Administrative responsibility was shared among the departments that used the 

NML. Beyond offering a venue for research using high magnetic fields, the facility provided 

an interdepartmental forum for MIT scientists and engineers and attracted visiting 

                                                
28 Francis Bitter, “Dedication of the National Magnet Laboratory,” 30 Apr 1963, FBP, Box 5, 
Folder NML Dedication Notes. 
29 The extent to which it was possible in practice for an installation such as the NML to be truly 
devoted to basic research while operating on military funding is a matter of some debate. See: Paul 
Forman, "Behind Quantum Electronics: National Security as Basis for Physical Research in the 
United States, 1940–1960," HSPBS 18 (1987): 149–229; Stuart W. Leslie, The Cold War and 
American Science: The Military-Industrial-Academic Complex at MIT and Stanford (New York: Columbia 
University Press, 1993); and Joan Bromberg, “Device Physics vís-a-vís Fundamental Physics in Cold 
War America: The Case of Quantum Optics,” Isis 97 (2006): 237–259. Forman and Leslie argue 
that military interest diverted—or at least inclined—Cold War solid state research away from 
fundamental work. In contrast, Bromberg argues that applied military research co-existed, and 
indeed interacted constructively, with fundamental theoretical work. It is not my goal to take a 
position on this debate here. Though I am sympathetic to Bromberg’s case, this issue is not central 
to my purposes. It is enough that a desire to pursue basic research manifested itself in the 
laboratory’s goals. For a more detailed discussion of this question, see the historiographical 
epilogue to Chapter 4. 
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researchers from other institutions, again in accordance with Bitter’s view that 

fundamental work should be conceptually outward looking. The NML was also an 

educational space. Bitter had admonished the metallurgical community in 1939 that 

fundamental advances required training students to ask fundamental questions. In the 

early 1960s, the NML provided just such an opportunity for MIT graduate students. A 

1963 promotional brochure emphasized this aspect of the lab’s mission, touting the 

“[o]pportunity to pursue extremely fundamental speculations” graduate students enjoyed, 

citing work on magnetic field dependence of the velocity of ultrasonic waves in metals one 

doctoral student was pursuing.30 By 1965, the lab’s second full year of operation, its 13 

academic staff supported 24 students, who worked alongside 9 Lincoln Laboratory 

researchers, and 56 visiting scientists.31 

The NML provided the space, resources, community, and pedagogical 

opportunities necessary for a solid state research facility embodying Bitter’s vision. Bitter, 

who was nearing the end of his career, did not take an active role in the lab’s 

administration. Instead, Benjamin Lax became its first director. Lax was Hungarian-born, 

but had immigrated to the United States in his youth and earned his bachelor’s degree at 

Cooper Union in 1941. He was drafted while pursuing doctoral work at Brown, and 

arrived at MIT in 1944 as a researcher at the Radiation Laboratory. He stayed on after the 

                                                
30 National Magnet Laboratory promotional brochure, 1963, FBP, Box 5, Folder NML Dedication 
Notes. 
31 “Visiting Scientists and Students,” 1965, NMLR, Box 2, Folder 17. 
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war, completed his Ph.D. in 1949, and joined the Lincoln Laboratory shortly thereafter, 

where he rose to head of the Solid State Division in 1958.  

The selection of Lax as NML director represented the desire to coordinate solid 

state research across departments. John Slater, who wielded significant influence as an 

Institute Professor and head of the Physics Department’s solid state and molecular theory 

group, wrote to MIT President Julius Stratton as plans for the NML were brewing: 

I feel that if we seized the opportunity presented by the Magnet Laboratory, if it 
goes through, and correlated it with […] work on solids in the departments of 
Physics, Chemistry, Electrical Engineering, and some of that in Metallurgy, we 
should have the possibility of building up a solid-state laboratory of great value not 
only to M.I.T. and the educational program, but to the services and the country as 
a whole.32 
 

Slater advocated grouping representatives from this range of departments “together with 

Lax and as much of the Lincoln solid-state group as could possibly be included, in a great 

cooperative organization, if possible housed together on or close to the campus, and 

including both students, professors, and research scientists of the Lincoln type.”33 Support 

from prominent figures such as Slater ensured that, beyond absorbing the existing magnet 

program Bitter had established, the new lab would seek greater integration of solid state 

work across MIT’s campus. 

With institutional support for interdepartmental collaboration secured, Lax carried 

Bitter’s ethos forward. “I believe it is important for us to provide in the field of basic solid 

                                                
32 John C. Slater to Julius A. Stratton, 8 August 1958, FBP Box 3, Folder High Field Magnet 
Facility, No. 1 of 3. 
33 Slater to Stratton (ref. 32). 
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state and applied physics, centers of excellence that will contribute to education and to 

science in a most effective way,” he wrote to Roman Smoluchowski in 1965.34 The NML 

was productive. By December 1965, its 38 staff members had published 61 papers that 

calendar year, with 29 more in press, accepted, or submitted, and had collectively delivered 

79 meeting or colloquium talks. The numbers of papers published and talks delivered 

more than doubled the 1963 totals, far outstripping the 18.75% staff increase in the same 

interval.35 Of the 61 articles, book chapters, and monographs published in 1965, more 

than half, 37, were published in American Institute of Physics journals. Of these, 19 

appeared in the Physical Review or Physical Review Letters, the flagship publications dedicated 

to basic physical research.36 These articles contributed to major contemporary solid state 

research trajectories, for instance by examining the band structure of solids and properties 

of superconductors. Although crude, these data indicate that a large proportion of the lab’s 

output was dedicated to the type of foundational work Bitter championed. 

The facility was a strong draw for young talent within the solid state community. 

Lab director Benjamin Lax found himself with an embarrassment of riches in the mid-

1960s and complained to the National Research Council’s Solid State Sciences Panel that 

despite having “interviewed a greater fraction of first-rate young scientists than we have 

                                                
34 Benjamin Lax to Roman Smoluchowski, 10 Mar 1965, NMLR, Box 3, Folder 25. 
35 “NML Publications Record,” 31 Dec 1965, NMLR, Box 2, 17. From 1963 to 1965 staff increased 
from 32 to 38. 
36 The remainder were spread over the Journal of Applied Physics (8), Review of Scientific Instruments 
(4), Applied Physics Letters (2), and one each in the Journal of Chemical Physics, Journal of Mathematical 
Physics, Physics of Fluids, and Physics Today. 
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throughout my entire career […] with very few exceptions, we reluctantly turned these 

away.”37 Lax himself won the Oliver E. Buckley Prize in 1960, which, although less than a 

decade old at that point, was among the most prestigious accolades a solid state physicist 

could garner. He would be elected to the National Academy of Sciences in 1969. It was not 

for want of results that the Air Force’s enthusiasm for the facility began to wane in the mid-

1960s. 

In 1965 the NML administration asked the National Science Foundation (NSF) to 

take over financial responsibility for visiting scientist support and a share of both magnet 

maintenance and research costs from the Air Force. Funding for the laboratory had flat-

lined after its initial ramp-up. Widespread national shortages in basic science funding, 

coinciding with the escalation of the Vietnam War, became a prod with which to nudge 

the lab towards a more explicitly applied stance. Lax sensed the Air Force’s increased 

interest in the applicable fruits of magnet research in 1967, noting: “This is a complete 

change from the past when NML was discouraged from including in its charter an applied 

program.”38 Lloyd A. Wood, director of the physical sciences division within the Air 

Force’s Office of Scientific Research, substantiated this observation, writing to Lax a 

month later: “It is as you know becoming more and more an issue in Washington to 

                                                
37 Benjamin Lax to Roman Smoluchowski, 10 Mar 1965. John C. Slater Papers, American 
Philosophical Society, Philadelphia, PA, Folder National Academy of Science-National Research 
Council, Solid State Sciences Panel. 
38 Benjamin Lax to George H. Vineyard, 17 Mar 1967, NMLR Box 2, Folder 18. 
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‘couple’ federally supported basic research to ‘practical’ enterprises, and a large project such 

as the Magnet Laboratory has a great opportunity for doing this.”39  

An eye towards applied benefits was not incompatible with the NML’s stated 

mission, which had, since Bitter’s early vision, emphasized the importance of basic insight 

for technological advance. “Coupling” of basic research funding with explicitly practical 

considerations, however, challenged Lax’s vision for the lab, and he resisted any 

reorientation of the NML’s core mission. He was happy to accommodate an applied 

program so long as the Air Force was willing to supply the requisite funding, but 

maintained: “Financially we are in no position to begin such work on our own.”40 Further, 

Lax continually pushed to keep applied projects and their funding isolated from the 

operations and basic research budgets. He testified before Congress on the transition from 

Air Force to NSF funding, for instance, that the NML “has always coupled its basic 

research results with the mission-oriented agencies having the greatest interest in a 

particular line of development and will continue to do so,” while qualifying that 

commitment by saying, “[w]hen there is a development of special interest to an agency we 

will solicit support and participation by that agency, whether it be the Air Force or other 

DOD department, NASA, NIH, or the environmental agencies.”41 Explicitly applied 

                                                
39 Lloyd A Wood to Benjamin Lax, 19 Apr 1967, NMLR, Box 2, Folder 18. 
40 Lax to Vineyard (ref. 38). 
41 Lax to the Subcommittee on Science, Research and Development of the Committee on Science 
and Astronautics, 5 Mar 1971, NMLR, Box 2, Folder 4. Lax does use the “coupling” language here, 
but is careful to write that the results of basic research can be coupled with applied questions, 
rather than the planning, execution, or funding of the research. 
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projects were fine, in Lax’s eyes, so long as they did not distract, or draw funding, from the 

fundamental work he considered the lab’s raison d’être. 

As negotiations with the NSF continued through the mid-1960s, the laboratory 

faced tight budgets and an uncertain future. The lab’s advisory committee was initially 

agitated. In February 1966, the committee struck a defiant tone in the face of restrictive 

budgets, maintaining “the strong opinion that a moderate and orderly expansion of 

funding is desirable,” and further noting: “It is discouraging and unhealthy for a 

Laboratory, after a vigorous initial period of building up from zero to a viable state, to be 

abruptly leveled off by budgetary constraints, when large areas of interesting and 

appropriate research remain.”42 Just over a year later, the committee was more resigned to 

the difficult environment. An April 1967 report offered less resistance, and resignedly 

noted: “similar budget freezes affect all solid state physics research, if not most scientific 

research activities in this country at the present time.”43 

Lax, in his role as NML director, was not so content to accept the lab’s struggles 

just because they were symptomatic of larger trends. He vented his frustration in a letter to 

a fellow solid state physicist, Harvard’s Nicolaas Bloembergen: “It is true that there is a 

budget squeeze all throughout the country, particularly on solid state. However, as it turns 

out, funds have been found for other areas of physics which are already better funded 

                                                
42 “Report of the Advisory Committee of the National Magnet Laboratory,” February 1966, NMLR, 
Box 2, Folder 17. 
43 “Report of the Advisory Committee of the National Magnet Laboratory,” Apr 1967, NMLR, Box 
2, Folder 18. 
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overall nationally than the solid state activities at the universities. This, in spite of the fact 

that solid state constitutes by far the largest segment of the physical society.”44 Lax was 

similarly candid in a letter to National Science Foundation director Leland Haworth, 

calling it “preposterous […] that the country’s only national facility for high magnetic field 

research is hamstrung while millions are being spent on redundant facilities in other 

scientific disciplines.”45 By “redundant facilities,” Lax almost certainly had in mind the 

National Accelerator Laboratory (NAL)—better known as Fermilab—plans for which the 

Atomic Energy Commission had approved just months earlier. Lax, the director of a one-

of-a-kind, large-scale solid state research facility was irked that large particle physics 

laboratories were proliferating while his own was being forced to curtail its programs. 

In what Lax felt was a concession to these demands, the NML’s work did shift in a 

more applied direction towards the end of the 1960s. In 1968, the number of publications 

by NML staff in the Journal of Applied Physics (18) equaled the combined total of those 

                                                
44 Benjamin Lax to Nicolaas Bloembergen, 10 May 1967, NMLR, Box 2, Folder 18. In 1967 the 
Division of Solid State Physics had 1193 members, compared to 762 in the Division of Nuclear 
Physics, the next-largest division. The Division of Particles and Fields held its inaugural meeting in 
January 1968 with a charter membership of 551. W. V. Smith, Letter to Division of Solid State 
Physics Members, 6 January 1967, John C. Slater Papers, American Philosophical Society, 
Philadelphia, PA, Folder American Philosophical Society, #5; American Physical Society, 
“Proceedings of the American Physical Society Meeting #425,” 1967, American Physical Society 
meeting minutes and membership lists, 1902–2003, NBL; M. Davis, Letter to Chairmen and 
Secretary-Treasurers of APS Divisions, 15 February 1968, American Physical Society Records, Series 
I, Divisions and Sections, NBL, Box 17, Folder 10. 
45 Benjamin Lax to Leland Haworth, 10 May 1967, NMLR, Box 2, Folder 18. 
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published in Physical Review and Physical Review Letters.46 An April 1969 Advisory 

Committee report noted the addition of a program designed to explore medical 

applications of magnetic fields.47 By the early 1970s, the lab began to take on more 

aspirational applied projects, such as the magneplane, which endeavored to translate the 

NML’s high-field knowhow into a practical railroad system. The magneplane was a 

particularly sore point for Lax, who felt it epitomized the sacrifices the NML had made to 

the Vietnam era funding bottlenecks, which demanded applied payouts from solid state 

facilities supposedly pursuing fundamental work. On more than one occasion, NML 

research scientist Henry Kolm, who headed the project, bore the brunt of Lax’s disdain. 

In a memo to Lax entitled “Magnetism Applications Projects,” Kolm described 

himself as “the only strong-minded SOB who has survived in your entourage,” and voiced 

his frustration with Lax’s sometimes snide disapproval of Kolm’s applied interests: 

Our magnetism applications programs are not a concession to expediency, an act of 
prostitution in the bleak years of 69 to 71. They are a long-neglected obligation of 
the scientific community. They are giving new relevance to our graduate education, 
revitalizing our professional stature, and improving the survival chances of the 
laboratory, of MIT, and of the entire scientific establishment.48 
 

Kolm objected to Lax’s contention that the raft of applied projects the lab had acquired 

syphoned funds from its mission-critical research. In a stark indication of the depth of their 

disagreement of the NML’s mission and direction, Kolm suggested: “if you find it 

                                                
46 “Publications of the Francis Bitter National Laboratory in 1968,” NMLR, Box 2, Folder 20. In 
1965, by contrast, publications in the latter two journals more than doubled publications in the 
former. 
47 “Meeting of the Advisory Committee,” Apr 1969, NMLR, Box 2, Folder 20. 
48 Henry Kolm to Benjamin Lax, 2 Jun 1973, NMLR, Box 2, Folder 32. 
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impossible to integrate a significant applications program into the ‘core’ work of the 

laboratory in such a way that you and others do not resent its existence, then serious 

consideration should be give [sic] to severing it administratively […] by creating a new 

laboratory.”49 

No such schism was forthcoming, but the tensions between Lax and Kolm 

demonstrate the extent to which changes in federal science policy challenged the NML’s 

mission. Lax, who administered in accordance with Bitter’s vision of fundamental research, 

was shaken by the need to take on applied projects for their own sake. Kolm, representing 

a younger generation, was less ideologically opposed to adding applied objectives to the 

laboratory’s mission. 

By 1971 the NML—renamed the Francis Bitter National Magnet Laboratory in 

November 1967, following Bitter’s death—had found more stable, if not more generous, 

financial support from the NSF. Its struggles through the late 1960s and early 1970s are 

telling: Francis Bitter’s view of fundamentality, although realizable in a large-scale research 

laboratory, did not fare well into the larger funding environment. The Air Force, seeing 

less and less reason to fund facilities devoted to non-applied work, began transferring 

responsibility to a civilian agency, limiting its expansion, well before the 1973 Mansfield 

Amendment compelled such a transfer on a larger scale.50 As the NML struggled, particle 

                                                
49 Kolm to Lax (ref. 48). 
50 See: Daniel J. Kevles, The Physicists: The History of a Scientific Community in America (Cambridge, 
MA: Harvard University Press, [1971] 1995), esp. 420–421 and Glen R. Asner, “The Linear Model 
of the U.S. Department of Defense, and the Golden Age of Industrial Research,” in The Science-
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accelerators thrived. Unlike solid state physicists, who could no longer justify a large facility 

without invoking potential practical outcomes, particle physicists justified large scale 

expenditures based on the promise of fundamental knowledge, as future NAL director 

Robert R. Wilson famously did in 1969 when he told Congress that the proposed 

accelerator “has nothing to do directly with defending our country except to make it worth 

defending,” and argued that the search for fundamental physical knowledge provided the 

same culturally ennobling qualities as art and literature.51 

Hallam Stevens has argued effectively that particle physicists, ambivalent over 

military and economic justifications for their research in the face of 1960s protest 

movements, widely embraced the high-minded rhetoric of fundamentality that Wilson 

personified.52 They were successful in casting particle physics as “a grand cultural 

enterprise, elegant and profound, that deserved the support of society.”53 That avenue to 

funding, especially large-scale government funding, was not available to solid state 

physicists, who by the 1960s were already too closely associated with technology in the 

imaginations of federal funders. The many-level view of fundamentality around which 

Bitter had build the NML failed to fill the lab’s coffers. Five year plans and annual reports 

to the Air Force stressing the NML’s fundamental contributions could not replicate the 

rhetorical success of Wilson’s eloquent testimony on behalf of the NAL. Faced with this 

                                                                                                                                            
Industry Nexus: History, Policy Implications, ed. Karl Grandin, Nina Wormbs, and Sven Widmalm 
(Sagamore Beach, MA: Watson Publishing International, 2004), 3–30. 
51 Quoted in Stevens, “Fundamental Physics” (ref. 8), 174. 
52 Stevens, “Fundamental Physics” (ref. 8). 
53 Stevens, “Fundamental Physics” (ref. 8), 175. 



 

264 

failure, the NML’s solid state physicists felt slighted by the comparatively more severe 

funding shortfalls they suffered and resented the emerging perception in the particle 

physics community that fundamental knowledge could only be derived from the ultimate 

constituents of matter and energy. As the next section shows, these frustrations extended 

beyond the walls of the NML. At the dawn of the 1970s, solid state physics was a mature 

discipline, confident in its ability to generate fundamental scientific knowledge, but it was 

in the midst of an identity crisis encouraged by unfavorable comparisons to its more highly 

lauded siblings. 

 

IV. Case Study 2: “More Is Different” 

Philip W. Anderson, a Bell Laboratories solid state theorist, was also rankled by the 

financial difficulties basic solid state research faced. Anderson had completed his Ph.D. 

with John Van Vleck in 1949. He immediately joined the solid state group at Bell where he 

imbibed the spirit of the Bell system, in which, after winning the favor of his supervisor, 

William Shockley, he could pursue his own work almost unencumbered.54 Bell at this time 

was still buzzing from the invention of the transistor two years earlier, which promised to 

revolutionize the telecommunications industry.55 High-profile successes like the transistor 

                                                
54 Lillian Hartmann Hoddeson, “The Roots of Solid-State Research at Bell Labs,” PT 30, no. 3 
(1977): 23–30 describes the process by which a basic research ethos took root at Bell Labs, and 
chronicles how the establishment of solid state research in this context led to a laissez faire approach 
distinctive to American industrial laboratories of the time. 
55 See: Lillian Hoddeson, “The Discovery of the Point-Contact Transistor,” HSPS 12, no. 1 (1981): 
41–76; Michael Riordan, Lillian Hoddeson, and Conyers Herring, “The Invention of the 
Transistor,” RMP 71, no. 2 (1999): S336–S345. 
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made the laboratory a draw for a slew of talented young physicists and Anderson found 

himself among a uniquely large and accomplished assemblage of solid state theorists and 

experimentalists. A postdoc who overlapped with Anderson, writing to Shockley to recount 

his impressions, recalled, “I think everybody on my hall was doing exactly what he wanted 

to do,” and expressed awe at the concentration of expertise, observing that although “it’s 

not as ‘gemütlich’ [cozy] as a college campus […] [i]f you’ve got an obscure technical 

problem, chances are that somewhere in the two-mile network of corridors sits the expert 

on this particular specialty.”56 Through the 1950s and 1960s, benefiting from Bell’s vibrant 

intellectual climate, Anderson conducted the research that would earn him the 1977 

Nobel Prize, which he shared with the University of Bristol’s Neville Mott and his advisor, 

John Van Vleck, “for their fundamental theoretical investigations of the electronic 

structure of magnetic and disordered systems.”57 

By the late 1960s, however, even the Bell oasis was feeling the pangs of concern 

reverberating through the solid state community. In the spring of 1967 Anderson delivered 

a lecture at the University of California, San Diego that formed the seed of his 1972 Science 

article, “More Is Different.” The talk grew, as Anderson recollects, from the simmering 

discontent he perceived within the solid state community.58 In Anderson’s view, nuclear 

and particle physicists monopolized influential government advisory roles, many 

                                                
56 Stefan Machlup to William Shockley, 30 May 1955, Shockley Papers, SUA, Box 2, Folder 
Correspondence 1954 and 1955.  
57 “The Nobel Prize in Physics 1977,” Nobelprize.org, accessed 7 December 2011, 
http://www.nobelprize.org/nobel_prizes/physics/laureates/1977/. 
58 Anderson, “More Is Different – One More Time” (ref. 3). 



 

266 

prominent universities hired solid state faculty only as an afterthought, and solid state 

physicists had trouble breaking into prestigious institutions such as the National Academy 

of Sciences (NAS). The NAS member rolls validate Anderson’s concern. Between Charles 

Kittel’s election in 1957 and the entry of both Anderson and Charles Slichter in 1967, the 

Academy admitted six solid state physicists compared with twenty-seven nuclear and 

particle physicists.59  

 

 

Figure 7: Weisskopf’s diagram of extensive vs. intensive research60 

                                                
59 National Academy of Sciences, “Members,” accessed 10 February 2011, 
http://www.nasonline.org/site/Dir?sid=1011&view=basic&pg=srch. Data taken from both current 
and deceased member rolls. NAS does not indicate deceased members’ sections. They were counted 
only if they could be identified as unambiguous examples of solid state, nuclear, or particle 
physicists. 
60 Viktor Weisskopf, “Nuclear Structure and Modern Research,” PT 20, no. 5 (1967): 25. 
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Anderson was also responding to the particle physics community’s reductionist 

view of fundamentality, in particular to Victor Weisskopf’s distinction between intensive 

and extensive research (see Figure 7, above).61 Weisskopf, who had served on Anderson’s 

doctoral examination committee, identified two camps in the physics community in a 1967 

Physics Today article; “intensivists,” he claimed, argued that science should seek first 

principles above all else, while “extensivists” countered that science’s merit could be 

assessed only by its useful applications, either to technology or to other scientific fields.62 

The intensivist position, as Weisskopf described it, aptly characterized the view of 

fundamentality particle physicists adopted in the 1960s. Similarly, his description of 

extensive research captured one aspect of the type of fundamentality Bitter championed—

with the caveat that Weisskopf would not have called that type of research fundamental. 

Weisskopf cited Alvin Weinberg—not to be confused with particle theorist Steven 

Weinberg—as a paradigm extensivist. Alvin Weinberg, a nuclear physicist by training, wrote 

a Physics Today article in 1964 warning of tough choices ahead as funding for scientific 

research plateaued. As the director of Oak Ridge National Laboratory, he would be 

charged with deciding which projects to pursue and which to sideline when funding 

tightened. Anticipating this challenge, Weinberg proposed criteria for determining which 

research could claim priority in funding battles. In doing so, he echoed Bitter’s view of 

                                                
61 Anderson, “More Is Different – One More Time” (ref. 3), 1–2. 
62 Weisskopf, “Nuclear Structure” (ref. 60), 24. 
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fundamental research as work that provides a foundation for further developments, 

articulating what would become known as the Weinberg Criterion:  

The word ‘fundamental’ in basic science, which is often used as a synonym for 
‘important,’ can be partly paraphrased into ‘relevance to neighboring areas of 
science.’ I would therefore sharpen the criterion of scientific merit by proposing 
that, other things being equal, that field has the most scientific merit which contributes 
most heavily to and illuminates most brightly its neighboring scientific disciplines.63 
 

Conceptual fecundity, however, was only one element of Weinberg’s fundamentality 

calculus. His view went beyond Bitter’s, including not just conceptual elements, but also 

technological fruitfulness and social relevance as components of fundamentality. Tested 

against these criteria, Weinberg rated particle physics poorly, saying, “I know of few 

discoveries in ultra-high-energy physics which bear strongly on the rest of science.”64 

Weinberg pushed this agenda vigorously at the 1964 meeting of the APS in 

Washington, arguing: “Science which commands great public support must be justified on 

grounds that originate outside the particular branch of science demanding the support; it 

must rate high in social, technological, or scientific merit, preferably in all three,” and 

challenging particle physicists: “to state their case clearly, to say exactly why it is that 

elementary-particle physics is as important as all our elementary-particle physicists believe it 

is. To say that it is ‘fundamental’ in itself does not answer the question, because one then 

                                                
63 Alvin Weinberg, “Criteria for Scientific Choice,” PT 17, no. 3 (1964): 45. 
64 Weinberg, “Criteria for Scientific Choice” (ref. 63), 47. Terminological note: physicists grew to 
prefer “high energy” and “condensed matter” to “particle” and “solid state” later in the century. For 
consistency I use the older terms throughout. While shades of difference exist in each set of terms 
(see Chapter 4), they overlap enough that each pair can be treated as equivalent for the purposes of 
this argument. 
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has to decide what one means by ‘fundamental.’ I tried to interpret the idea ‘fundamental’ 

in basic science to mean having the greatest kind of bearing on the rest of science, and 

even on other human knowledge.”65 Such a stance holds clear utility for the director of a 

large, broadly invested laboratory such as Oak Ridge. Weinberg valued research programs 

that would promote useful connections with other enterprises within the laboratory, and 

also favored research that would shore up the laboratory’s social and political support. This 

view also set him in direct opposition to the emerging orthodoxy within particle physics. 

The disconnect between Weinberg and Weisskopf is evident in a co-authored 

Physics Today article entitled “Two Open Letters,” published June 1964. Weisskopf argued 

that: “The nucleon is the basis for all matter and therefore of all science,” where as 

Weinberg retorted that he was nonetheless, “justified in characterizing high-energy physics 

as ‘rather remote.’”66 Weisskopf emphasized the possibility in principle of reducing higher-

level laws to lower, whereas Weinberg focused on the impracticality of doing physics from 

the bottom up. Weisskopf claimed that theories of lower levels were privileged because 

higher-level theories could be reduced to them; Weinberg, in contrast, allowed a variety of 

fields to claim privileged status, so long as they met his fecundity criterion. It did not 

matter for Weinberg, when choosing which research to fund, whether or not higher-level 

phenomena could, in principle, be explained in terms of lower-level phenomena after the 

                                                
65 C. N. Yang et al., “High-Energy Physics: Round-Table Discussion,” PT 17, no. 11 (1964): 52, 57. 
66 Viktor Weisskopf and Alvin Weinberg, “Two Open Letters,” PT 17, no. 6 (1964): 47. The quark 
model was proposed by Murray Gell-Mann and George Zweig in 1964, but did not gain 
experimental traction until 1967, so Weisskopf’s identification of nucleons as the basis for all 
matter is, in content and rhetoric, equivalent to later claims of the same status for quarks. 
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fact because, contra Weisskopf, he tested the degree of fundamentality research exhibited 

by its relationship to other areas of knowledge rather than by its purported relationship to 

physical reality. 

As Anderson entered into the Weinberg-Weisskopf debate he did not, as might 

seem natural, adopt Weinberg’s line that fundamental research is that which exhibits 

broad relevance. Instead, he rejected Weisskopf’s narrow characterization of intensive 

research. Anderson marks a transition in the form the debate took. He adopted a many-

level view of fundamentality, like Bitter and Weinberg, but he departed radically from the 

fecundity argument. For Bitter and Weinberg, fundamentality was a relational property of 

scientific research. It could be assessed only based on the impact it had, either on other 

research programs, or on technology and society. The traditional reductionist view held 

fundamentality to be an intrinsic property of scientific knowledge, determined by the 

nature of the phenomena under investigation. This difference accounts for why Weisskopf 

and Weinberg talked past each other: they disagreed at the core about how fundamentality 

was derived. Weisskopf saw it as an innate epistemic property of the realm under 

investigation; Weinberg saw it as a degree of interconnectedness with other scientific, 

technological, and social problems. 

Anderson accepted the particle physicists’ terms of debate. He agreed with his 

reductionist opponents that fundamentality was an intrinsic property of some types of 

scientific knowledge. He disagreed with them about the realms in which it could be found. 

Despite this difference with his allies, he did attempt to ground their primary conclusion—
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that reductionist physics should not be funded to the detriment of other fields—on a sound 

philosophical basis. In doing so he focused the debate around a single disagreement about 

the nature of scientific knowledge. 

“More Is Different” begins: “The reductionist hypothesis may still be a topic for 

controversy among philosophers, but among the great majority of active scientists I think it 

is accepted without question.”67 Some biologists, chemists, psychologists, or even other 

solid state physicists might have resisted this characterization, but the statement did reflect 

prevailing trends in the physics community. In 1970, particle physics research received 

approximately four government dollars for every one spent on basic solid state research.68 

This is despite of the fact that the American Physical Society’s Division of Solid State 

Physics was, by this time, the largest division, and was over twice as large as the Division of 

Particles and Fields.69 The reductionist hypothesis—even if it was not, as Anderson claimed, 

naïvely accepted within the scientific community broadly—was reflected in the way the 

federal government funded physics. 

Anderson opposed the reasoning, which he attributed to particle physicists, “that if 

everything obeys the same fundamental laws, then the only scientists who are studying 

                                                
67 Philip W. Anderson, “More Is Different,” Science, New Series 177, no. 4047 (1972): 393. 
68 Data from a 1972 National Academy of Science report Physics in Perspective, Vol. II, Pt. A. Tables 
I.6 and IV.1 show $211.7 million in total expenditure for particle physics versus $56 million for 
basic condensed matter research. 
69 Untitled document, APS records, NBL, Box 17, Folder 10. Data taken from numbers collected 
following a 1968 membership drive. 
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anything really fundamental are those who are working on those laws.”70 This view, 

according to Anderson, started from a reductionist hypothesis stating laws and concepts 

operating on any given level of complexity could be reduced to laws and concepts at a 

lower level of complexity. It thereby concluded that only research addressing the ultimate 

constituents of matter and energy could be truly fundamental. The reductionist argument 

built into particle physicists’ philosophy of scientific knowledge the justification for 

pursuing research on progressively smaller scales, using accelerators of progressively higher 

energy and greater cost. By arguing that the foundational character of lower physical levels 

conferred privilege upon knowledge of the laws governing those levels, reductionism 

supported the view that science funding should mirror the hierarchy particle physicists saw 

in the physical world. 

To undermine this position, Anderson moved past the Weinberg Criterion and its 

emphasis on conceptual, technological, and social applicability. He accepted the standard 

reductionist premise that laws governing higher-level phenomena could be reduced to laws 

governing lower-level phenomena, but rejected the inverse, claiming that the particle 

physicists’ view of fundamentality rested on a constructionist hypothesis, which assumed 

that higher-level laws could be extrapolated from lower-level laws. With this move, 

Anderson attacked the narrow definition of intensive research that underwrote the 

reductionist scientific hierarchy, preserving the ability of solid state physicists to claim 

fundamental insight, contending: “The main fallacy of this kind of thinking is that the 

                                                
70 Untitled Document (ref. 69), 393. 
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reductionist hypothesis does not by any means imply a ‘constructionist’ one: The ability to 

reduce everything to simple fundamental laws does not imply the ability to start from those 

laws and reconstruct the universe.”71  

He illustrated his point with the example of an ammonia molecule, aiming to 

demonstrate construction’s failure even at the level of simple molecular systems. Naïvely, 

ammonia should have a dipole moment, given its pyramidal structure’s asymmetry. A 

nitrogen atom forms polar covalent bonds with three hydrogen atoms, leaving the nitrogen 

with a net negative and the hydrogen with a net positive charge. The resulting tetrahedron, 

though, does not empirically behave like a dipole. In its stationary state, the molecule is in 

a superposition of the left hand and right hand orientations; when observed through time 

it undergoes a process of inversion, in which the nitrogen atom tunnels through the 

triangle of hydrogen atoms and emerging on the other side, several billion times per 

second. 

A broad swath of physicists would have been familiar with ammonia’s properties, as 

it provided the material basis for the original maser, which Charles Townes and his 

research group had announced, to considerable acclaim, in 1955.72 Nitrogen inversion 

itself had been a familiar chemical process for several decades. It received renewed interest 

in the mid-1950s when nuclear magnetic resonance spectroscopy allowed it to be measured 

                                                
71 Untitled Document (ref. 69), 393. 
72 J. P. Gordon, H. J. Zeiger, and C. H. Townes, “The Maser—New Type of Microwave Amplifier, 
Frequency Standard, and Spectrometer,” PR 99, no. 4 (1955): 1264–1274.  
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with accuracy superior to that provided by older radio-frequency techniques.73 Anderson 

leveraged the familiar example to illustrate the implausibility of applying foundational 

symmetry laws to larger systems without reference to the higher level’s internal structure: “I 

would challenge you to start from the fundamental laws of quantum mechanics and 

predict the ammonia inversion and its easily observable properties without going through 

the stage of using the unsymmetrical pyramidal structure, even though no ‘state’ ever has 

that structure.”74 Construction, in other words, is impracticable: “The relationship between 

the system and its parts is intellectually a one-way street. Synthesis is expected to be all but 

impossible; analysis on the other hand, may not only be possible but fruitful in all kinds of 

ways,” a result he hoped would undercut “the arrogance of the particle physicist” and allow 

that “each level can require a whole new conceptual structure.”75 Anderson did not draw 

out this statement’s implications, but it is tempting to see the tacit suggestion that a whole 

new conceptual structure would require a whole new funding structure. 

The distinction between impossible in practice and impossible in principle lingers 

under the surface of Anderson’s analysis. He rejected the restrictive view of intensive 

                                                
73 See: John D. Roberts, Nuclear Magnetic Resonance: Applications to Organic Chemistry (New York: 
McGraw-Hill, 1959), 74–76. 
74 Anderson, “More Is Different” (ref. 67), 394. 
75 Anderson, “More Is Different” (ref. 67), 396. This argument has parallels familiar to 
philosophers of biology; it is a common anti-reductionist argument that biological processes do not 
make sense in terms of genes alone, and that reference to the organismal level, at least, is required 
to explain phenomena such as differential fitness. This position is astutely summarized by humorist 
Douglas Adams, who observes: “If you try to take a cat apart to see how it works, the first thing you 
have on your hands is a nonworking cat.” Douglas Adams, The Salmon of Doubt: Hitchhiking the 
Galaxy One Last Time (New York: Random House, 2002), 135–136. 
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research, and yet hedged when saying that synthesis of lower-level laws to find higher-level 

laws is “all but impossible” and calling it an “intellectual,” rather than a physical or 

ontological one-way street. He claimed that the laws of solid state physics could never 

practically be extrapolated from quantum mechanics without reference to empirically 

established, higher-level phenomena; he fought shy of the stronger claim that higher-level 

laws could never in principle be derived from below.  

Anderson does not explain the delicate dance he executes by linking the 

independence of higher-level concepts to practical rather than physical considerations. I 

propose four reasons this position is notable. The first two reflect Anderson’s more general 

focus on the practice of science. The third and fourth are more speculative, drawing on the 

context of the late 1960s and early 1970s and help explain how “More Is Different” fit 

within it. Anderson has himself acknowledged that his perspectives were shaped by 

conditions in the scientific community that were unfavorable to solid state physicists:  

Sociologists of science posit that there is a personal or emotional subtext behind 
much scientific work, and that its integrity is therefore necessarily compromised. I 
agree with the first but reject the second. I think ‘More Is Different’ embodies these 
truths. The article was unquestionably the result of a buildup of resentment and 
discontent on my part and among the condensed matter physicists I normally spoke 
with.76 
 

As a result, considering how the fine structure of Anderson’s argument worked within the 

context that motivated it can be instructive. 

                                                
76 Anderson, “More Is Different—One More Time” (ref. 3), 1. 
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The first reason Anderson’s focus on practical level independence is notable is that 

it reflects a more general focus on scientific practice. On this point, he represents 

continuity with Bitter and Weinberg. Many-level views of fundamentality were uniformly 

hardheaded about the process of scientific research. The in-principle derivability of higher-

level phenomena was useless if it provided no practical directives for doing science. Here is 

Anderson reprising his argument in 2001: “a perverse reader could postulate a sufficiently 

brilliant genius—a super-Einstein—who might see at least the outlines of the phenomena at 

the new scale; but the fact is that neither Einstein nor Feynman succeeded in solving 

superconductivity.”77 Similarly, Anderson’s ammonia example drew its force from the fact 

that anyone attempting to describe its behavior for the first time would, by any reasonable 

understanding of practice, be required to employ higher-level concepts in addition to so-

called first principles. 

Second, that necessity supplied a font of new solid state problems. In a 1999 

interview with Alexei Kojevnikov, Anderson recalled being motivated to develop his 

philosophical views in part by a 1960 lecture Brian Pippard, a Cambridge solid state 

                                                
77 Anderson, “More Is Different—One More Time” (ref. 3), 4. Superconductivity was a notoriously 
intractable theoretical puzzle. Failing to derive a theory of it was almost a rite of passage for the 
most accomplished theoretical physicists before John Bardeen, Leon Cooper, and Robert Schrieffer 
succeeded in 1957. Felix Bloch notoriously advanced the theorem that all theories of 
superconductivity can be disproven, a refinement of Wolfgang Pauli’s more cutting comment that 
theories of superconductivity are wrong. See: Jörg Schmalian, “Failed Theories of 
Superconductivity,” in BCS: 50 Years, ed. Leon N. Cooper and Dmitri Feldman (Singapore: World 
Scientific, 2011), 41–56. 
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theorist, had given at a superconductivity conference hosted by IBM.78 Pippard lamented a 

lack of compelling and accessible fundamental problems in solid state, suggesting that 

solutions to the most prominent—such as superconductivity—had left the field without 

appealing intellectual challenges for young talent. Pippard offered up the gloomy 

prognostication that “ten years is going to see the end of our [solid state physicists’] games 

as pure physicists, though not as technologists,” and so advocated “a swing of emphasis 

now away from pure research to applications,” which should necessitate exposing 

promising students to “the methods of research in industrial laboratories.”79 Anderson, 

who spent the 1967–1968 academic year as Pippard’s colleague during a part-time visiting 

professorship at Cambridge, described him as “a professional pessimist.”80 The second axis 

of Anderson’s argument from practice is evident from his reaction against Pippard’s 

pessimism regarding academic solid state research. “More Is Different” makes the case for 

the widespread availability of academy-friendly, intellectually interesting basic research 

problems in solid state physics. The practical necessity of employing higher-level concepts 

to describe solid state systems provided, for Anderson, a nearly inexhaustible supply of new 

and interesting fundamental questions. The failure of construction ensured that solving 

longstanding problems did not impoverish the field so much as Pippard supposed; 

surprising physical insights could always be expected when considering the next level of 

                                                
78 Philip W. Anderson, interview by Alexei Kojevnikov on 23 Nov 1999, NBL, accessed 14 
November 2011, http://www.aip.org/history/ohilist/23362_3.html. 
79 Brian Pippard, “The Cat and the Cream,” PT 14, no. 11 (1961): 40–41. 
80 Anderson, interview (ref. 78). 
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complexity. This interpretation meshes well with Anderson’s clear preference for practical 

considerations, as the question of in-principle independence had little bearing on whether 

an adequate supply of interesting research problems would be available to slake the 

intellectual thirst of future graduate students. 

Third, the narrow focus on in-practice independence was expedient. A strong claim 

about the nature of objective physical reality was not essential to allow solid state research a 

claim to fundamental knowledge given an argument that denied the practical possibility of 

synthesis. Because claims to fundamental knowledge and financial support were correlated 

during this period, at least for particle physicists, Anderson can be read as making the 

weakest claim necessary to advance his position without inviting attack from those who 

objected to the wholesale independence of higher levels from lower levels. So long as the 

case could be made for acquiring knowledge of higher levels, questions of physical hierarchy 

were merely academic.81  

Finally, the contours of Anderson’s philosophical position and the consequences it 

had for fundamentality debates can be understood in terms of changing prestige politics in 

the late 1960s and early 1970s. Physics enjoyed plenty of prestige following World War II, 

but as the funding plateau Weinberg predicted arrived, prestige, like financial support, 

became a limited resource, leaving physicists to carve it up among their sub-disciplines. 

                                                
81 Cat, “Physicists’ Debates on Unification” (ref. 6), makes a similar observation when assessing 
Anderson’s position in terms of the unity of physics. Anderson, according to Cat, saw physics as 
methodologically (rather than ontologically) unified. If physics could be unified by methodology, 
rather than by the reduction to a single set of laws and concepts, then fundamental physical 
knowledge need not be restricted to the lowest level of complexity. 
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Separating reduction and construction severed the link between physical hierarchy and 

epistemic privilege. Anderson sought to deny particle physicists an exclusive claim to 

fundamental knowledge, knowing, as Weinberg did, that “fundamental” often meant the 

same thing as “important.” The weaker position also avoided the question of whether a 

many-level view undermined the prestige of physics more generally. Solid state might have 

been struggling in this period, but physics was still firmly established as the standard bearer 

of American science. A stronger view implying the equivalence of all scientific knowledge 

would have been strange given the circumstances. Cat’s analysis is useful here when 

considering the relationship between physics and other sciences. By avoiding ontological 

claims, Anderson shifted the focus to methodology as a basis by which physics could be at 

once internally unified and demarcated from other sciences.82 Although Anderson gives no 

indication that this was a conscious motivation, his argument does have the convenient 

consequence of undermining the exclusive claim particle physicists laid on fundamental 

knowledge without similarly undermining the more general entitlement physicists felt to a 

high degree of social approbation.83 

                                                
82 Cat, “Physicists’ Debates on Unification” (ref. 6). 
83 Anderson subsequently expanded his view to encompass concepts in the social and biological as 
well as the physical sciences, but recalled that his initial sensitivity to the level-dependence of 
concepts arose because it was “the principle by which my own field of science arose from the 
underlying laws about particles and interactions; and it was only as I broadened my perspective that 
I realized how general emergence is.” Philip W. Anderson, “Emergence vs. Reductionism,” in More 
and Different: Notes from a Thoughtful Curmudgeon (Singapore: World Scientific, 2011), 135. It is 
therefore appropriate to understand Anderson’s 1972 stance as primarily about physics, even 
though he later refined it into a view about science in general. It is also worth noting that by the 
time Anderson’s emergentist views had fully matured, biology had unseated physics as the doyen of 
the American sciences. 
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Examination of these contextual pressures brings Anderson’s departure from Bitter 

and Weinberg into focus. The difference between his views and his predecessors’ 

corresponds to a shift in conditions within the scientific community. The funding pinch in 

the late 1960s and early 1970s was asymmetrical. Particle physics, the flagship enterprise of 

reductionism, enjoyed continued large-scale success in the form of new, expensive facilities. 

Anderson recognized the growing prestige and funding gaps between solid state and 

particle physics. Amid these conditions, which became more acute as large government 

grants became more difficult to obtain, Anderson developed a view of fundamentality that 

was not merely Bitter’s egalitarianism or an application of the Weinberg Criterion, 

although it arrived at similar conclusions. Given the undistinguished, impecunious 

position Anderson perceived solid state physics to occupy in the late 1960s and early 

1970s, the well-worn claim that research needed only to provide a basis for further research 

to be fundamental would not have met the challenge particle physics posed. Instead he 

sought the source of fundamentality in the nature of physical knowledge, adopting the 

strategy that had served particle physicists so well. “More Is Different” makes the best 

historical sense when placed against the foil of particle physics and its strong reductionism, 

within a context where physics still dominated American science. The fecundity notion of 

fundamentality implied no hierarchy and did not play favorites among the sciences. 

Anderson, by accepting the intrinsic view of fundamentality more typical of the 

reductionist account, denied particle physics an exclusive claim to the privilege physical 
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knowledge enjoyed, as a matter of course, over chemical, biological, or social scientific 

knowledge. 

Solid state physicists had been concerned with keeping related disciplines like 

chemistry at a safe distance since the 1940s. Among those most concerned with 

maintaining that boundary was Anderson’s Ph.D. advisor, John Van Vleck. In 1944, Van 

Vleck, in the same exchange with Roman Smoluchowski during which he lamented the 

Balkanization of physics, wrote: “The idea that various groups whose main interest is not 

physics must be coddled, in order to make them members of the American Physical 

Society, has never appealed to me.”84 Smoluchowski did not object to the sentiment, but 

replied that forming an entity to advocate for the interests of metals physics did not 

constitute an effort to bring other fields under the umbrella of physics, but rather “an 

attempt to prevent ‘an invasion and partition by powerful neighbors’ (i.e. chemists and 

metallurgists).”85 Changes in the physics community in the late 1960s and early 1970s gave 

solid state physicists the inverse worry: they felt they were being isolated from the center of 

the physics community. Anderson responded by developing a philosophy aimed at halting 

that process by reaffirming solid state’s contributions to the conceptual core of physics.  

 “More Is Different” pursued this goal by arguing the negative case that 

fundamentality was not unique to particle physics. Anderson gave examples of non-

reductionist physics that he believed provided fundamental contributions, but his positive 

                                                
84 John Van Vleck to Saul Dushman, 29 January 1944, CRS, Box 1, Folder 1. 
85 Roman Smoluchowski to John Van Vleck, 3 February 1944, CRS, Box 1, Folder 1. 
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account of what it means to be fundamental was less developed. Max Dresden, in 1974, 

described more fully some of the tacit implications of Anderson’s argument.  

Dresden, a student of Hans Kramers best known to historians of physics for his 

biography of Kramers, was also a polymath within the physics community.86 He was a 

Dutch-born émigré, who arrived in the United States in the late 1930s and earned his 

Ph.D. from the University of Michigan in 1946 with a dissertation in statistical physics. His 

career was peripatetic, and he hopped from the University of Kansas to Northwestern 

University and then on to the University of Iowa before Settling at the State University of 

New York at Stony Brook in the mid-1960s. Both geographically and conceptually, 

Dresden developed a broad perspective. In addition to moving between many institutions, 

Dresden was able to turn his acumen with statistical methods to a plethora of problems in 

many subfields of physics. As a result, by the time he rendered his verdict on reductionism, 

he was familiar with the conceptual and professional issues both particle and solid state 

physicists faced.  

Unlike Anderson, perhaps due to his broad perspective, Dresden confronted the in 

principle versus in practice question head on. He argued that physical descriptions at 

different scales were, in principle, autonomous from descriptions of their substrata on the 

basis of the distinctness of the concepts employed at higher levels of description. 

                                                
86 Max Dresden, H. A. Kramers: Between Tradition and Revolution (New York: Springer, 1987). The 
example of Dresden is also considered by Cat, who focuses on Dresden’s attack on reduction as a 
relationship between mathematical descriptions at successive levels. Cat, “Physicists’ Debates on 
Unification” (ref. 6). For further biographical details, see Peter B. Kahn, “In Appreciation: 
Remembering Max Dresden (1918–1997),” PIP 5, no. 2 (2003): 206–233. 
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Considering how the foundational concepts of solid state physics—such as lattice structures, 

energy bands, free electrons, phonons, and electron-phonon interactions—relate to the 

supposedly “more fundamental” description of solid state systems in terms of component 

parts and their interactions, Dresden argued: 

The level in which the analysis is carried out, really defines the scale – and the 
autonomy of the scales and the lack of any simple relationship between the scales, 
follows directly from the manner in which they were obtained. This means that 
every level of description has to develop its own concepts and methods, for 
organizing and structuring its information. In this process reference to underlying, 
deeper levels, to universal results of those levels might be useful and important. But 
[…] the search for regularities and concepts, especially adapted to the level under 
study can not exclusively (or primarily) be based on a deductive analysis of the 
deeper levels. Thus the independence of the scales is every bit as important as their 
interrelations.87 
 

Dresden’s discussion complements Anderson’s by emphasizing the impossibility of 

deducing the higher level concepts that constitute the medium of scientific exchange in 

solid state physics from first principles. Dresden, however, went a step further by taking a 

stand on the in practice/in principle question. 

Dresden, like others who sought, in his words, a “less partisan” account of 

fundamentality, focused on the creation of scientific knowledge rather than post hoc 

rationalizations of its place within a unifying scheme.88 He took a stronger stand than 

Anderson did on the in-principle independence of higher level phenomena. Dresden did 

not defend the claim that physics would remain more fundamental than other disciplines 

                                                
87 Max Dresden, “Reflections on ‘Fundamentality and Complexity,’” in Physical Reality and 
Mathematical Description, ed. C. P. Enz and J. Mehra (Boston: D. Reidel, 1974), 158. 
88 Dresden, “Reflections” (ref. 87), 134. 
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given the autonomy of higher-level concepts, but he limited his discussion to physical 

considerations, discussing chemistry only insofar as it provided an example of physical 

complexity.89 Discussions such as Anderson’s and Dresden’s reflected the tensions between 

different branches of physics, and, while many of the views they advanced had 

consequences beyond that realm, those consequences were pushed to the background, as 

even physicists with permissive views of fundamentality accepted the field’s privileged place 

in American science. 

 Anderson’s and others’ refinements of earlier conceptions of fundamentality 

suggest how changing financial realities and corresponding hierarchical shifts within the 

scientific community exerted pressure on scientists to develop philosophical stances. Solid 

state physicists’ relational, fecundity-based view of fundamentality was well adapted to the 

early post-World War II funding environment. Changes in the environment and growth of 

a competing philosophy in the form of virulent reductionism among particle physicists 

motivated an extension and sharpening of their position, leading physicists to place their 

                                                
89 It is notable that Dresden avoids discussing chemistry, biology, and other fields in 1974 
considering that, like Anderson, he gives them a larger role in subsequent articulations of his 
position. In 1997 Dresden won the Paul Klopsteg Memorial Lecture Award and spoke about the 
necessity of scale-specific concepts in science and the failure of “the fundamentalist credo” that the 
universe was fully describable in terms of “laws and concepts which completely specify the 
interactions between the irreducible objects.” Max Dresden, “The Klopsteg Memorial Lecture: 
Fundamentality and Numerical Scales—Diversity and the Structure of Physics,” AJP 66, no. 6 
(1998): 469. On page 479 of the same article, Dresden leaves his narrow focus on physics behind 
and asserts: “It is […] a rather common occurrence that as the number of constituents or degrees of 
freedom N increases, new concepts become relevant. This is especially true in biology and 
chemistry.” He concludes the article with a discussion of levels of organization in chemistry and 
biology and argues that the diversity work at more complex scales brings is an essential driving force 
in the sciences generally. 
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convictions on more philosophically rigorous ground. To whatever extent Anderson’s 

views might have been based in his research, in the case of his views on fundamentality, 

they were shepherded to maturity by what I have called structural challenges. 

 

V. Case Study 3: The Superconducting Super Collider 

The previous two case studies have explored, respectively, how proto-philosophical 

commitments were manifested in the establishment of an individual research facility and 

how changing structural conditions motivated some physicists to advance pointed 

philosophical arguments. These examples, alone or in tandem, are insufficient to show 

how philosophical considerations played out in the national politics that influenced the 

scientific community’s superstructure. The third case study, which focuses on the 

Superconducting Super Collider (SSC), indicates how philosophical commitments 

operated to shape interactions between the scientific community and the political entities 

that supported it, and how physicists reimagined them as a result. The current literature 

provides a detailed accounting of the factors that led to the SSC’s demise.90 This case study 

does not seek to replicate such efforts, but instead looks at the SSC as an example of how 

                                                
90 See: Daniel J. Kevles, “The Death of the Superconducting Super Collider” in The Physicists: the 
History of A Scientific Community in Modern America. 3rd edn. (Cambridge, MA: Harvard University 
Press, [1971] 1995), ix–xlii, which discusses the changes wrought by the end of the Cold War and 
the rise of an unsympathetic freshman congressional delegation; Michael Riordan, “A Tale of Two 
Cultures: Building the Superconducting Super Collider, 1988–1993,” HSPBS 32, no. 1 (2001): 
125–144 and “The Demise of the Superconducting Super Collider” PIP 2 (2000): 411–425, which 
examine dysfunction within the SSC’s management structure; and Lillian Hoddeson and Adrienne 
W. Kolb, “The Superconducting Super Collider’s Frontier Outpost, 1983–1988,” Minerva 38 
(2000): 271–310, which exposes the early disconnect between the vision of the physicists designing 
the SSC and the inclinations of those commanding the federal purse strings. 
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physicists’ philosophical debates intensified, changed, and encountered limits to their 

impact when they entered a more public context. 

By the mid 1980s, when the SSC project was gathering momentum, the 

reductionist and many-level concepts of fundamentality were firmly established doctrine for 

the particle and solid state communities, respectively. The SSC, in its very concept, was the 

apotheosis of the reductionist commitment to exploring the energy frontier in search of 

ultimate physical truth. As reductionist sentiment peaked among particle physicists, a 

sizable segment of the solid state community had begun to rebrand themselves “condensed 

matter physicists,” emphasizing “the discoveries of fundamental new phenomena and states 

of matter, the development of new concepts, and the opening up of new subfields,” the 

investigation of complex matter generated.91  

Each of these motivating principles would be challenged, and deformed, by the 

grueling legislative process to which the SSC and its mushrooming price tag was subjected. 

Particle physicists articulated the strongest forms of reductionism they could muster in 

order to justify expenditures on physics, which, on the face, was remote from quotidian 

social, economic, and national security concerns. Simultaneously they embellished the 

standard reductionist justification with spin-off claims, in an attempt to meet the 

unambiguous congressional demand for return on investment. Solid state physicists’ views 

were similarly tailored, as they tried to balance Anderson;s claim for the pure epistemic 

                                                
91 National Research Council, Panel on Condensed-Matter Physics, Condensed-Matter Physics: Physics 
through the 1990s (Washington, D.C.: National Academy Press, 1986), 3. 
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value of complex concepts with Weinberg’s argument for funding physics on the basis of 

concrete payoff. 

Although solid state physicists and particle physicists had their squabbles in the 

1960s and 1970s, taken as a whole, the hegemony of physics within the American scientific 

community was still intact. By 1993, when Congress cut off funding to the SSC, biology 

was ascendant.92 The Human Genome Project, beginning in 1990, represented the new 

face of big science; physics no longer held the unchallenged excess of scientific prestige it 

had enjoyed earlier in the century. Furthermore, the end of the Cold War and economic 

hiccups of the early 1990s—which Kevles has detailed—eroded the national patience for 

large expenditures with concrete benefits that lay over the horizon.93 Shifts in the prevailing 

national goals in the early 1990s led both to the extravagant spin-off claims high-energy 

physicists made while trying to justify the SSC, and to a resurgence of Alvin Weinberg’s 

fundamentality-as-fecundity view among solid state physicists who had renewed incentive to 

promote the relevance of solid state work to other areas of science, technology, and society. 

Whereas philosophical disputes in the 1960s and 1970s remained internal to the 

scientific community, the corresponding conflicts in the late 1980s and early 1990s played 

out in the public eye. The debate had grown from the confines of Science and Physics Today 

to the floor of Congress and the pages of the popular press. When the once arcane 

                                                
92 See: Daniel J. Kevles, “Big Science and Big Politics in the United States: Reflections on the Death 
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disagreement became a matter of public policy, and the implications for the future of 

physics in the United States became clearer, physicists voiced their views more strongly, 

and to a more diverse audience. At the same time, the intellectual currency those views 

carried diminished among scientists who were forced to contend with the myriad of other 

concerns that populated the legislative milieu. The combination of shifted social priorities 

and the transition to a new structural scale led both solid state and particle physicists to 

reformulate their views.  

 

Figure 8: The SSC in popular news media94 

                                                
94 John Trever, “SSC,” Hendersonville Times-News, 2 July 1993. 
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Spinoff claims from particle physicists represented the most visible rhetorical shift. 

The cartoon above, from syndicated Albuquerque Journal cartoonist John Trever, illustrates 

the extent to which particle physicists were thrown off balance by the sudden reluctance of 

the federal government to support costly accelerator projects. Many SSC advocates, 

including SSC Director Roy Schwitters, perceived that high-minded declarations about the 

ennobling nature of fundamental knowledge would not be sufficient to convince legislators 

that the project was worthwhile, and looked to technological offshoots to provide a parallel 

line of justification. 

 “Elementary particle physics does not exist in isolation,” Schwitters asserted in his 

written statement for a 1989 meeting of a Senate’s Subcommittee meeting on the 

Department of Energy budget: “Stimulation, information, and techniques flow both ways: 

from other activities toward particle physics, and from particle physics toward other 

activities.”95 He emphasized intellectual overlap with nuclear physics, cosmology, and solid 

state, and stressed that the demands of accelerator engineering had upstream technological 

effects for computing, superconducting magnets, and semiconductor devices. The cutting 

edge technical needs of accelerators, Schwitters maintained, “provide fruitful interchange 

with other researchers, manufacturers, and developers of technology in fields such as 

                                                
95 Senate, Hearing before Subcommittee on Energy, Research, and Development Committee on 
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medical imagery.”96 Such claims aimed, in essence, to establish that particle physics was 

fundamental in a fecundity sense as well as in a reductionist sense. 

Fecundity arguments and reductionist arguments were sometimes conflated even 

more directly. Cosmologist George Smoot, testifying in 1992 before a hearing on the 

“Importance and Status of the Superconducting Super Collider,” recounted an anecdote 

about sharing a plane with a group of cataract patients traveling for laser surgery only 

available in the United States, which he used to illustrate the claim: “It just shows you do 

not know what development is going to turn out to be something useful […]. You really 

have to understand the basics of all science. That is where physics, and particularly higher 

energy physics comes together because physics is what we call the queen of sciences. It is 

the basic underlying structure for all of sciences, the foundation everything sits on. You 

have to understand physics to understand what is going on.”97 This formulation, in which 

the supposed generative power of particle physics was tied to its status as the science of the 

fundamental scale, proved intensely controversial, even among SSC advocates. 

Smoot, for example, had testified immediately after Leon Lederman, whose most 

notable contribution to the public conversation around the SSC was introducing the term 

“The God Particle” to describe the Higgs Boson.98 Lederman, who had won a Nobel Prize 

                                                
96 Senate, 1990 budget request (ref. 95), 102. 
97 Senate, Joint Hearing before the Committee on Energy and Natural Resources and the 
Subcommittee on Energy and Water Development of the Committee on Appropriations, On the 
Importance and Status of the Superconducting Supercollider, 102nd Cong., 2nd sess., 17 January 1992, 27. 
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in 1988 for his neutrino research, gave legislators a more conventional version of 

reductionist rhetoric. He employed the strategy, popular among particle physicists during 

the hearings, of casting the SSC as the culmination of a narrative beginning in Ancient 

Greece: “The road from Miletis [sic] to the SSC is what philosophers call a reductionist 

road. […] Until we can complete the unification process and make the picture 

mathematically whole, the question of how the world works will not be answered.”99 He 

continued by dissociating the reductionist justification from spinoffs claims: 

“[Technological benefits] would be a crazy reason to build the SSC. We do not build it for 

the spin-offs. We build it because we are humans who think and are insatiably curious, and 

have an unquenchable determination to know,” recalling Robert Wilson’s apology for the 

National Accelerator Laboratory 25 years earlier.100 

Lederman’s argument stands in stark contrast to willingness of his younger 

colleagues to adopt fecundity arguments when convenient. The split might well have been 

generational. Schwitters and Smoot were both born in the mid-1940s and earned their 

doctorates in the early 1970s. In contrast Lederman, along with another advocate for the 

unembellished reductionist justification, Steven Weinberg, were among the generation 

                                                                                                                                            
Lederman and Dick Teresi, The God Particle: If the Universe is the Answer, What is the Question? (New 
York: Houghton Mifflin Company, 1993). 22. Anderson attempted to turn this rhetoric on its 
head by referring to emergence as “The God Principle.” Philip W. Anderson, More and Different: 
Notes from a Thoughtful Curmudgeon (Singapore: World Scientific, 2011), 135.  
99 Senate, Status of the Superconducting Supercollider (ref. 97), 24. The misspelling should read 
“Miletus,” the Greek city that was home to Thales and is widely considered to have been the cradle 
of Greek science and philosophy. Lederman’s testimony was oral, so the error is attributable to a 
stenographical error rather than to Lederman himself. 
100 Senate, Status of the Superconducting Supercollider (ref. 97), 25–26. 
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who had overseen the articulation of the philosophy in the 1960s. For them, stooping to 

arguments on the basis of technological output weakened the justification for pursuing 

fundamental physics for its own sake. The high stakes of the SSC debates influenced these 

two groups differently. On one hand, it promoted an intensification of the reductionism 

that had underwritten particle physics’ push to higher energies through the 1960s and 

1970s. At the same time, suspicions that such a justification would not work on its own 

prompted younger physicists to advance the fecundity argument, in the form of 

contortionist claims for spin-off benefits, which Lederman found unnecessary.  

Although divided about how spin-off claims meshed with fundamentality claims, 

particle physicists—and cosmologists, who were close allies of the SSC throughout the 

hearings—testifying before Congress were uniformly of the opinion that the SSC was 

valuable because it could offer fundamental knowledge where other facilities, and other 

branches of physics, could not. They maintained the belief, summarized by S. S. Schweber, 

that “elementary particle physics has a privileged position, in that the ontology of its 

domain and the order manifested by that domain refer to the building blocks of the higher 

levels.”101 Steven Weinberg provided the most impassioned defense of the strong 

reductionist position. His 1979 Nobel Prize came for work unifying electromagnetism and 

the weak nuclear force, and he was a visible public advocate for reductionist science, 

writing a popular book that expressed optimism for the culmination of physics with a 
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unified physical theory.102 Throughout the hearings he presented justifications for building 

the SSC alongside a broader view of science. “We are at the frontier,” he testified in 

August of 1993 in a hearing before the Committee on Energy and Natural Resources and 

the Subcommittee on Energy and Water Development of the Committee on 

Appropriations, “We have pushed the chain of questions why as far as we can, and as far as 

we can tell we cannot make any progress without the super collider.” He continued: 

Well, who cares? You know, there are a lot of people, a lot of Americans, a lot of 
members of Congress who really see science only in terms of its applications. And 
that is a respectable view. Not everyone is turned on by the same things. Not 
everyone likes classical music. Not everyone has this hunger to know why the world 
is the way it is, and we have to live with that. I find it sad, myself, but that is the 
way people are.103 
 

Anyone opposing the SSC, in other words, is not hungry to know the way the world works 

and, by extension, is only concerned with applications. The assumption that the high 

energy frontier owned a monopoly on fundamental knowledge was central to Weinberg’s 

testimony throughout the SSC hearings. His claim was not only that the United States 

should fund the SSC because it provided fundamental knowledge, but because it was the 

only route to fundamental knowledge; everything else was derivative. By the early 1990s, 

the state of the art in reductionism was substantially more virulent than it had been in the 

1960s and 1970s. Robert Wilson in the late 1960s, although justifying Fermilab on the 

basis of the ennobling knowledge it would produce, stopped short of suggesting that no 

other branches of science contributed to the national character. 
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The psychological effectiveness of Steven Weinberg’s rigid dichotomy between 

fundamental/pro-SSC views and applied/anti-SSC views became evident when the 

committee chairman, Senator J. Bennett Johnston, Jr. (D-LA), introduced the next witness: 

“a distinguished Nobel laureate. Professor Philip P. Anderson from the Department of 

Physics, I think that is Applied Physics, at Princeton University.”104 Putting aside 

momentarily his prepared testimony, Anderson offered two corrections for the record: 

Senator Johnston and this committee, and the Democratic National Committee are 
the only two people who give me the middle initial ‘P’ when my actual middle 
initial is ‘W’. And I receive a lot of mail from the Democratic National Committee 
to Phil P. Anderson. And I am not an applied physicist. I like to call myself a 
fundamental physicist as well. I just am fundamental in somewhat different ways.105 
 

Anderson endeavored to undermine Weinberg’s hard and fast distinction between 

fundamental physics and applied physics, just as he had sought to undermine Weisskopf’s 

distinction between intensive and extensive research two decades earlier. Johnston’s initial 

error provided him a crisp segue into that argument. 

Anderson’s opposition to the SSC was two pronged: First, he advocated a many-

level form of fundamentality that opposed particle physicists’ attempts to justify the SSC 

on a reductionist basis; second, he argued for the need to establish scientific priorities, 

much as Alvin Weinberg had in 1964. By introducing the second line of argument, 

Anderson departed from his 1972 article, where the question of funding remained in the 

background. His SSC testimony used his arguments about the character of scientific 
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knowledge to underwrite a picture of how science funding should be organized. Like 

Steven Weinberg, his testimony transcended the SSC and pushed a perception of science 

with broader implications. Anderson did not oppose the SSC on the basis of the project’s 

inherent intellectual merits, but objected to it as an outcropping of the consolidation of 

financial support for non-applied research in big budget particle physics installations while 

solid state was confined to smaller labs pursuing narrowly defined, predetermined practical 

goals and afforded scant opportunity for intellectual curiosity. The narrow focus was a 

consequence, he believed, of the conflation of fundamentality with reduction. He 

described fundamental research in solid state as, “caught between the Scylla of the 

glamorous big science projects like the SSC, the genome, and the space station, and the 

Charybdis of the programmed research, where you have deliverables, where you are asked 

to do very specific pieces of research aimed at some very short-term goal.”106 

Anderson attempted a precarious traverse of this rhetorical Strait of Messina. He 

advocated funding fundamental research for its own sake and opposed funding for 

preconceived, near-term technological outcomes. His opposition to the SSC rested on the 

claims, a) that solid state was just as fundamental as particle physics, and b) that funding 

exploratory solid state research with no strings attached would, as a matter of course, 

produce more socially and technologically valuable results. Solid state could boast of 

sterling technological bona fides, but advocating funding priority over the SSC strictly on 

that basis would undercut Anderson’s mission to demonstrate solid state’s intellectual 
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merit. Even if the technological line of argument would have fallen more musically on 

many legislators’ ears, solid state’s fight for intellectual prestige was too strong a component 

of its identity for some, like Anderson, to sell it short. 

Anderson parsed his objections to the SSC in terms of how particle physics fit into 

his broader view of science. Before the House of Representatives Task Force on Defense, 

Foreign Policy and Space in 1991 he delivered the same message he would give the Senate: 

The standard testimony you will receive on behalf of the SSC will tell you that in 
some sense elementary particle physics, high-energy physics is the bellwether of the 
sciences, the one which is out there leading the pack, the one which in some sense 
is investigating the ‘deepest’ layers of reality in the world around us and the ‘most 
fundamental’ laws of physics. […] [T]here is at least one other kind of frontier in the 
physical sciences where a lot of action—and I would argue more action—is taking 
place: the frontier of looking at bigger and more complex aggregates of matter 
which often behave in new ways and according to new laws. These new laws don’t 
contradict the laws the elementary particle people discover; they are simply 
independent of them, and I would argue they are in no way any less or any [more] 
fundamental.107 
 

Given the expense of particle physics, Anderson’s testimony continued, what does it 

contribute in proportion to the funds it receives? How many scientists does it employ? 

Does the knowledge it produces either motivate practical applications or stimulate research 

in other areas of science? The answers to these questions should, in his view, determine 

how science is funded.  

Like particle physicists, who were compelled to make outlandish spin-off claims to 

justify the SSC, solid state physicists were also wrenched into some uncomfortable 
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contortions by the demands of a Congress looking eager to cut spending. For Anderson, 

this meant dulling his subtle, epistemologically centered argument of “More Is Different” 

and embroidering his stance with elements of the Weinberg Criterion. The position 

Anderson articulated in 1972 still grounded his opposition to the SSC, but his arguments 

in the 1990s were blunter. He claimed that laws governing complex systems were 

independent rather than not derivable. He also leaned heavily on the question of broader 

relevance, supplementing his argument that fundamentality was intrinsic to solid state 

systems by focusing on the degree of connection to other areas that Bitter and Weinberg 

emphasized. As in the late 1960s and early 1970s, Anderson’s views evolved in response to 

developments in the structure of science. The pressures of reforming his philosophy for a 

public audience forced him to attempt to argue simultaneously for the intellectual 

autonomy of solid state physics and for its social and technological merits, a combination 

which he delicately attempted to package as a single, coherent view. 

Weinberg and Anderson each had an agenda that transcended the fate of the SSC 

and spoke for their respective communities. Each used his agenda to frame his testimony. 

They and their colleagues ensured that Congress heard competing views of scientific 

research and its goals as much as they heard arguments for or against the SSC.108 That 

more was at stake than a single research facility is evident from the extent to which the SSC 

debate spilled over into the popular press. Both Weinberg and Lederman published 
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popular books espousing a reductionist view of science.109 Weinberg also took his case to 

the pages of The New York Times in March of 1993, as the SSC’s prospects were looking 

progressively dimmer. In an op-ed entitled “The Answer to (Almost) Everything” Weinberg 

appealed to a popular audience with an example about the weather, writing: “Elementary 

particle physics is more fundamental than, say, meteorology, not because it will help us 

predict the weather, but because there are no independent principles of meteorology that 

do not rest on the properties of elementary particles.”110 

Weinberg’s article piqued more than one solid state researcher. Northwestern 

physicist Pulak Dutta retorted in a letter to the editor: “The public relations triumph of 

particle physics is that it has cast itself as the sole heir of atomic physics and quantum 

mechanics, and thus irrefutably ‘fundamental.’ However, […] we’ve known for some time 

that elementary particles are made of quarks, but that hasn’t made (and isn’t likely to 

make) any difference to any other area of human activity. It just isn’t fundamental to 

anything.”111 Dutta’s rehearsal of Alvin Weinberg’s criterion for scientific choice in the face 

of Steven Weinberg’s reductionism reflected the mood among solid state researchers. They 

viewed particle physicists as demanding extraordinary resources while maligning the 

intellectual merit of solid state physics and making unrealistic spin-off claims for a field 
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with little measurable importance to other areas of science and few prospects for making 

socially or technologically useful contributions. 

Contrasting 1960s reductionist rhetoric, which was successful in securing funding 

for Fermilab, the anti-reductionist argument held more sway with the 1990s Congress—

even if it played a secondary role to the broader shift in which biology replaced physics as 

the marquee American science. Congressman Sherwood Boehlert (R-NY), Chairman of the 

House Committee on Science, Space, and Technology, opened a May 1993 hearing by 

rehearsing arguments solid state physicists had presented: “My first concern is the basic 

question of priorities. SSC supporters like to suggest that to oppose the SSC is to oppose 

science. Nothing could be further from the truth. Science is not some indivisible domain 

but is made up of separate, if related, disciplines.”112 Similarly, in the Senate, Senator Dale 

Bumpers (D-AR) brusquely dismissed the argument that particle physics and basic science 

were one and the same: “The assumption that anybody who opposes this project is 

opposed to basic science is a distraction and a diversion.”113 By 1993, the arguments solid 

state physicists had presented to Congress over the preceding years were being echoed in 

the House and the Senate by Republicans and Democrats alike. The competing view solid 

state physicists offered allowed legislators to oppose a prominent scientific budget item 

without appearing to be anti-science. 
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Resurgence of the issue in Physics Today, which took the form of a debate over the 

supposed unity of physics, paralleled the debate that played out in Congressional testimony 

and popular writings.114 In a letter published in the March 1991 issue, Lawrence Cranberg, 

a retired University of Virginia physicist who researched the physics of wood as it applied 

to domestic energy needs, wrote that particle physicists showed little interest in work not 

directly related to their own. He charged that, “the quest for unity has become a specialty 

that narrows so intensely the intellectual focus of its devotees that they are unwilling to be 

interested in anything else in physics,” and continued, asking rhetorically: “Is that what we 

want to encourage when we speak of ‘the unity of physics’? Or does such ‘unity’ condemn 

one to a snobbish isolation from the mainstream of scientific and human concerns?”115 

Instead of unity alone, Cranberg advocated accepting diversity as an equally potent ideal.116 

His criticisms of the particle physics agenda show that the same tensions that arose over 

high-stakes projects like the SSC were much deeper, shaping discussions of the discipline’s 

direction throughout the physics community.117 

The same issue of Physics Today featured two articles from solid state physicists 

arguing for the importance of higher-level phenomena, shoring up the foundations of 

public arguments against the SSC, and favoring increased support for smaller projects. In 

the first, University of Chicago theorist Leo Kadanoff wrote on self-organization in physical 
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systems, describing how plumes develop in heated fluids and finding “many different laws 

and many different levels of description.”118 Kadanoff’s focus on complex phenomena 

complemented the perspective he had presented as a regular contributor to Physics Today’s 

editorial page since the mid-1980s. In 1986 he praised the ability to discern between 

practical and impractical demands for understanding and controlling complex systems as a 

key component of scientific judgment.119 In 1988 he brought his notion of good scientific 

judgment to bear on contemporary trends in government science funding:  

The true value of science is in the development of beautiful and powerful ideas. 
Overinvestment in big science detracts from what is really worthwhile. I do not 
think that the nation’s or the government’s budget for research or for R&D is too 
small. It is, however, increasingly misdirected toward grandiose projects. We 
physicists have a responsibility to understand what is truly valuable in science and 
use this understanding to help the nation develop and express its priorities.120  
 

Close links between intellectual merit and broader relevance, of the type Anderson 

expressed before Congress and Kadanoff articulated in Physics Today, increasingly 

characterized the solid state community’s outlook on the structure of science in America in 

the 1980s and 1990s. 

The second relevant article in March 1991’s Physics Today came from the American 

Physical Society president, Cornell’s James Krumhansl. The piece was based on his 

outgoing presidential address at the 1990 APS meeting in Washington. The speech itself 

came only two months before Krumhansl wrote to journalist Malcolm Browne, who 
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himself had published an editorial in The New York Times raising doubts, “as to whether the 

new knowledge it [the SSC] generates will be commensurate with the enormous cost.”121 

Krumhansl’s letter, which was entered into evidence during a 1992 Senate hearing, 

charged that: “extravagant representation to the public of the potential fruits from the SSC 

was fictitious and ethically irresponsible and that accurate acknowledgement was not given 

to researchers in many other subfields of physics which were the true source of 

contributions from physics to medicine, technology, economics and education but imputed 

to particle physics.”122 

Krumhansl’s retirement address, and the article that grew from it, were scaled down 

substantially in tone from his private correspondence with Browne, but the message was 

the same: unity does not mean reduction, but rather the relevance of knowledge at all 

levels to the whole of physics.123 His message complemented that of Cranberg’s and 

Kadanoff’s. Anderson himself entered the fray a few months later, writing: “With the 

maturation of physics, a new and different set of paradigms began to develop that pointed 
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the other way [from reductionism], toward developing complexity out of simplicity.”124 The 

dual characteristics of diversity and complexity, for solid state researchers working in the 

shadow of particle physics, were critical prerequisites for unity. They indicated that physical 

knowledge was interdependent rather than hierarchical, which in turn implied a 

methodological rather than a theoretical unity, and cemented their claim to fundamental 

knowledge. As Cat has argued, the reductionist unity particle physicists sought was 

counterproductive for the goal of methodological unity.125 This shared belief gave solid 

state researchers a singleness of purpose throughout the SSC debates. 

By the 1990s solid state physicists were expressing a consistent view of 

fundamentality, at least for a national audience. It was a view similar to those that Francis 

Bitter and Alvin Weinberg described decades earlier. Solid state physicists championed a 

many-level approach to fundamental knowledge, one that promoted research across 

disciplinary boundaries and encouraging diverse applications. Without the reductionist 

hegemony and its influence on government science funding, though, the position 

championed by solid state community would never have developed to the extent it did. 

Virulent reductionism, and the success of its proponents, forced solid state physicists to 

develop their views on why knowledge of complex systems was no less fundamental than 
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knowledge of simple systems, and on how money and prestige should be distributed 

accordingly. Anderson’s “More Is Different” responded to brewing discontent in the solid 

state community while physics was at the height of its prestige. Likewise, the resurgence of 

the Weinberg Criterion among solid state physicists, Anderson included, during the SSC 

debates was driven by angst over conditions that might allow the SSC to dominate the 

funding landscape as physics’ prestige was waning.  

In this particular skirmish, the many-level view of fundamentality prevailed. That is 

not to say that a philosophical stance was responsible for sinking the SSC. Rather, a 

complex set of shifting social and political factors brought the views of influential solid 

state physicists more in line with the post-Cold War goals of Congress. Hallam Stevens has 

contended that “the fragmentation of the physics community” accounts for the failure of 

particle physicists to convey for the SSC the same clear message with which they backed the 

NAL.126 After chronicling how particle physicists developed their account of 

fundamentality on the basis of physical symmetries, Stevens concludes: “Fragmentations 

over strings, SDI, and condensed matter resulted in a cacophony of competing voices 

laying claim to ‘fundamental’ science and drowning out the persuasive force of the 

symmetry narrative.”127 As the preceding discussion has demonstrated, fragmentation—that 

is, the diversity of approaches to fundamentality provided in a large part by figures like 

Anderson—was not appreciably greater in 1993 than it was in 1969. Rather, the intervening 
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years had allowed solid state physicists to better refine and articulate their views, giving 

them an opportunity for a broader hearing. Further, the contextual changes provided by 

the end of the Cold War weakened the impact of reductionist rhetoric. The Soviet Union 

had been the proverbial Jonses with whom American sciences strove to keep up, and by the 

early 1990s Glasnost had eroded that motivation and focused legislative attention on 

domestic concerns. The symmetry narrative had lost its persuasive force without the help of 

competing views, which merely offered a convenient alternative for the SSC’s opponents. 

An evolutionary metaphor is appropriate: changing ecological conditions conferred 

a selective advantage to a particular conception of science. The change in conditions is 

evident from the success anti-reductionist rhetoric enjoyed before Congress. It is also clear 

from SSC advocates’ efforts to show that particle physics was not isolated from the rest of 

the sciences, to claim that reductionist knowledge was prerequisite for true understanding 

of higher levels, and to promise that the SSC would produce a vast array of technological 

spinoffs. SSC advocates recognized that the Weinberg Criterion resonated with Congress. 

Their attempts to exploit it were not so well coordinated as those of solid state physicists; 

however, those attempts do provide further indication of how the political environment 

changed after the Cold War ended. Physics was no longer the darling of government 

funding bodies, but philosophical diversity within the physics population allowed the 

physics community to adapt to a changing ecological landscape and frame itself compatibly 

with the new context, even if such compatibility came at the expense of its pride of place 

within American science. 
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VI. Conclusions 

The preceding case studies have provided some examples of how philosophical 

outlooks, as elements of scientific discourse, structured the scientific community’s internal 

politics and external interactions. These outlooks were, in turn, reshaped by this 

interaction. The conceptual details of scientific research were not enough to bring about 

strongly articulated philosophical positions within the solid state community. Instead, the 

institutional, financial, and political context in which that research took place catalyzed 

such views to grow from pre-existing proto-philosophical stances, which could also claim 

institutional roots. The historical study of these views, their origins, and their development 

provides an area of research that can illuminate science’s structural evolution through the 

second half of the twentieth century. This section synthesizes the conclusions drawn from 

the examples above and offers a brief sketch of how the way I have used scientists’ 

philosophical commitments here can be more generally applied in the history of science.  

Scientists’ convictions about fundamentality operated at every level of scientific 

organization. Individuals with clear commitments sought to implement those 

commitments when they functioned as institution builders, as seen through the example of 

Francis Bitter and the National Magnet Laboratory. Changes such as growing funding 

asymmetries and the establishment of prestige hierarchies led individual scientists to craft 

and defend philosophical positions, as Anderson did with “More Is Different.” The case of 

the SSC reveals how the compatibility or incompatibility of scientists’ philosophies with 



 

307 

national goals influenced the way the government supported scientific research. The story 

of how philosophical commitments were developed and deployed by solid state physicists 

mirrors the development of the field itself: from one of a plurality of maturing postwar 

specialties, to embattled physical sub-discipline, to mature specialty flexing a small measure 

of policy influence. 

The National Magnet Laboratory exemplifies how individual scientists’ 

commitments can guide the structure and mission of individual research installations. This 

was particularly true in the early post-World War II era when an abundance of government 

funding, encumbered by few caveats, meant that scientists enjoyed a large measure of 

autonomy when designing laboratories and assembling research groups. Internecine 

tensions ran low. The National Magnet Laboratory reflected Francis Bitter’s desire to 

pursue fundamental questions and train students to ask them. His conception of 

fundamentality, which emphasized the formulation of widely applicable theoretical 

principles and power of research to motivate further research, produced a lab that 

promoted cross-disciplinary dialogue and a close interaction between theory and its 

applications. The NML embodied the view of fundamental research that helped structure 

American solid state physics. An emphasis on fecundity and a willingness to draw insights 

from chemistry, metallurgy, engineering, as well as from other areas of physics, facilitated 

solid state physicists’ efforts to unite a wide range of research programs within the 

institutional confines of a new sub-discipline. Bitter’s brainchild was representative of a 
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field that sought fundamental insight at all levels and sought to apply it as broadly as 

possible. 

Although a many-level approach functioned well within the laboratory, changes in 

the way the government funded science limited the flexibility of NML administrators, and 

of solid state physicists generally, to fully determine the direction and scope of their 

research. Justifications that worked well for structuring a field’s internal interactions were 

contingent upon their compatibility with broader social goals. This dependence grew as 

physical research demanded greater levels of financial support. Budgets tightened and 

competition with a dominant particle physics community escalated through the 1960s and 

1970s. The philosophical preference for viewing fundamentality as attainable by physical 

research at all levels, with which solid state physicists defined their early research programs, 

evolved into a justificatory mechanism aimed at external funders and competitors within 

the scientific community. Philip Anderson’s “More Is Different” developed solid state 

physicists’ folk understanding of how fundamental research should be carried out into a 

description of fundamental scientific knowledge. Whereas the conceptions of 

fundamentality offered by Francis Bitter and Alvin Weinberg were non-hierarchical and 

had few consequences for how the sciences interrelated, Anderson’s view conceived of 

fundamentality within a traditional hierarchical scheme that posed no challenge to the 

pride of place physics enjoyed in Cold War America. Anderson, and later Dresden, 

departed from previous views that saw fundamentality as a measure of utility for further 

work. In doing so, they staked out a more general position on what it meant to have 
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fundamental physical knowledge—knowledge composed of concepts that could not be 

attained by deriving them from something more basic. 

Anderson was motivated to articulate his views by the fight for resources, but 

financial struggles were not his only reasons. Particle physicists, by conflating fundamental 

insight and successful reduction threatened to monopolize the considerable prestige 

physicists enjoyed in the Cold War era United States. Particle and solid state physicists 

developed philosophical viewpoints that reflected the exigencies of doing expensive 

research in a competitive funding environment with a substantial degree of social 

approbation at stake. For particle physicists, a reductionist account of fundamentality 

justified federal funding for expensive installations with little hope for generating practical 

social or technological results. For solid state researchers, a many-level account of 

fundamentality, sharpened in reaction to reductionism, underwrote their claims to an 

equal slice of the basic research funding pie and equal or greater relevance to social goals. 

Solid state physicists’ rapid response to the rise of reductionism complicates the picture 

that places particle physics at the nexus of philosophical and conceptual unity in the 1960s 

and 1970s.128 

The sharpened perspectives that both solid state and particle physicists developed 

through the 1960s and 1970s provided the framework in which the SSC debates unfolded. 

Each view was deeply entrenched to the point where the debate did not occur between 

physicists but developed as each side reformulated old arguments for new audiences: 

                                                
128 As in Stevens, “Fundamental Physics” (ref. 8). 
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Congress and the American public. The prevalence of these views, both in their expression 

on the floor of Congress, and their further dissemination through the popular press, 

meant that Congress members voting on the SSC were not faced with a choice between 

funding science and not funding science, but rather with a choice between competing 

perspectives on what science should be seeking. Both Philip Anderson and Steven 

Weinberg, representing solid state and particle physicists respectively, presented a broad 

picture of how science should be done, shifting the debate away from the details of the 

SSC and onto the larger question of how science could best serve society. Anderson and 

his colleagues capitalized on their opportunity to influence national science policy by 

offering a contrast to reductionism and providing congressional opponents of the SSC a 

positive view of science to support and a mechanism by which to deflect the anti-science 

stigma that might have come from an anti-SSC vote.129 

The SSC’s story indicates the complexity of how philosophical outlooks operated at 

the highest levels of the national scientific infrastructure. Advocates of reductionist and 

many-level approaches to fundamentality advanced competing ideals of scientific success 

from the mid-1960s through the 1990s. Their relative success on a national level was 

predicated upon shifting external conditions. As Kevles argues, the end of the Cold War, 

growing economic concerns in the early 1990s, and a freshman class of Representatives 

                                                
129 The virulence of solid state physicists’ views was not primarily, or even largely, responsible for 
the SSC’s demise. It played a small role, along with the many other major and minor factors that 
combined to sink the project. Kevles, “Death of the Superconducting Super Collider,” Riordan, 
“Building the SSC,” and Hoddeson and Kolb, “Superconducting Super Collider’s Frontier 
Outpost” (ref. 90) each provide an account of some of these factors. 
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bent on sweeping spending cuts constituted a dramatic change in how members of 

Congress integrated science into their conception of the national interest.130 Congress 

moved from a willingness to fund large, expensive projects for the sake of national prestige 

and the slim chance of a major technological breakthrough to a more circumspect 

approach to the national science budget, in which specific deliverables should exist to 

guarantee a material return on investment. This change threatened the privilege of 

reductionist physics, which had historically operated on a mandate built from intellectual 

merit and only the remote possibility of technological payoff. Hoddeson and Kolb, quoting 

particle experimentalist David Ritson, point out that as the Atomic Energy Commission 

began morphing into the Department of Energy in 1975, physicists “became ‘just another 

group of constituents.’”131 The stranglehold physicists, and particle physicists in particular, 

once enjoyed over the federal advisory apparatus had evaporated by the early 1990s. A 

philosophical basis for scientific research that allowed fundamental knowledge to coexist 

with a more concrete promise of technological applicability and cross-specialty relevance 

was better adapted to the prevailing political ecology. 

The role philosophical principles played in shaping the institutional missions, 

hierarchies of scientific communities, and the relationships between science and the 

broader society changed at each level of interaction. Its importance on each of these levels 

indicates the extent to which philosophical considerations play a role in how scientists 

                                                
130 Kevles, “Death of the Superconducting Super Collider” (ref. 90). 
131 Hoddeson and Kolb, “Superconducting Super Collider’s Frontier Outpost” (ref. 90), 308. 
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conceived of and ordered their professional activities. Scientists’ philosophical 

commitments are of interest not only to questions about how they conceive of and 

interpret their research, but also to questions of how science is structured. Philosophical 

considerations are largely absent from institutional histories of later twentieth-century 

science. The cases considered here show, however, that they had a recognizable impact on 

the structural development of solid state physics.132 

Further investigation can reveal how philosophical views function similarly or 

differently at, and also between, various levels of scientific organization. I take the position, 

supported by the case studies above, that these questions must be answered within their 

specific domains. An analogy to Anderson’s argument in “More Is Different” accurately 

describes this position: it is an empirical question how philosophical positions affect 

change at different structural levels. The articulation of philosophical views by influential 

scientists does not guarantee their manifestation within the national structure of science. 

The process through which those views exert their influence, and change in response to 

shifting external conditions, is much richer. The historical impact and development of 

these views therefore represents a fruitful area of research for historians of science.

                                                
132 This discussion focuses on debates between physicists, but they were not the only scientists with 
philosophical agendas in the later twentieth century. Much has been written on reduction in 
twentieth-century biology, for example, and although I have not attempted to draw connections 
with that story here, the national ascendance of biology is necessary to understand the reorientation 
of physicists’ expectations at the end of the century. For a recent survey of philosophical debates 
over reduction in biology, see: C. Kenneth Waters, “Beyond Theoretical Reduction and Layer-Cake 
Antireduction: How DNA Retooled Genetics and Transformed Biological Practice,” in The Oxford 
Handbook of Philosophy of Biology, ed. Michael Ruse (Oxford, UK: Oxford University Press, 2008), 
238–262. 
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Conclusions 
– 

Making Sol ids Matter :  
Future Possibi l i t ies for the History of Sol id State Physics 

 
 

“It may be that the theory of solid and liquid states is now so complicated that one has to allow time 
for a man to reach a broad perspective.”1 

Arthur L. Schawlow, 1967 
 
 

I. Introduction 

In 1992, the editors of Out of the Crystal Maze expressed their aspirations for the 

legacy of their labor: “We do not hope or even desire to say the final word [on the history 

of solid state physics], but will judge our success above all by the extent to which our work 

stimulates others to carry on the study of the subject.”2 In the twenty years since, despite 

the clear potential the book demonstrated to launch a lively new area of inquiry, few have 

taken up that call. One possible explanation is that the first attempt to tell the story of 

solid state physics could, by necessity, offer little guidance on how that story would fit into 

the larger themes of twentieth-century physics—themes that were still developing at the time 

the book was written. The contributors to Crystal Maze did a remarkable job of pulling 

together a rich range of sources to tell a series of interlocking narratives about how the 

physics of solids came to be better understood. One of the clearest messages to emerge 

from that effort, however, is just how confusing the history of solid state physics can be. In 

                                                
1 Arthur L. Schawlow, letter to Felix Bloch, 18 October 1967, Bloch papers, SUA, Box 8, Folder 
15. 
2 Hoddeson, et al. Out of the Crystal Maze: Chapters from the History of Solid State Physics (Oxford, UK: 
Oxford University Press, 1992), xiv. 
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an effort to do some small part to overcome the veneer of intractability that confusion 

lends the history of solid state, these concluding remarks offer some suggestions about 

how, by accepting the challenge Crystal Maze posed, further historical study of solid state 

physics can inform general themes in the history of science. 

I began this project by asking definitional and existential questions of solid state 

physics: first, what is it, and second, why did it come into being? The analysis in the 

intervening chapters permits some reflection on the broader importance of those 

questions. Taking the current historiography at face value, one could easily come away with 

the impression that solid state is peripheral and came into being accidentally. The 

preceding analysis demonstrates that this is not at all the case. Solid state played a leading 

part in the intellectual, technological, and professional evolution of American physics, and 

although many contingencies influenced its boundaries, character, and evolution, the field 

was assembled intentionally and in direct reaction to the professional pressures that most 

preoccupied American physicists in the mid-twentieth century. Solid state was one response 

to concerns about managing postwar expansion, integrating academia and industry, and 

ensuring that the label “physics” was affixed to some of the most vigorous areas of scientific 

growth in the early post-World War II years. By at least one measure—population—it was 

the most successful of such responses. 

Nevertheless, barriers to articulating solid state’s relevance for larger historical 

themes remain. Foremost among these is the widespread perception that it was ancillary to 

the central story of twentieth century physics. This project has sought to show some ways in 
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which that view fails while also explaining how that perception arose. Solid state’s 

nontraditional disciplinary origin story, the trajectory of the prestige politics that guided its 

evolution, and solid state physicists’ role as purveyors of the philosophical counterpoint to 

reductionism offer both a clear demonstration of the field’s core relevance to American 

science, and an indication of why that relevance is easily obscured. 

These concluding remarks expand on these themes. They offer an articulation of 

why historians of science should care about solid state physics, both from the standpoint of 

the history of twentieth-century physics and given the more general historiographical trends 

that are currently ripening. For the reasons outlined above, previous historical scholarship 

on solid state has found it difficult to articulate how the field can inform themes of general 

historical relevance and interest. I suggest that such difficulties were, to a large extent, an 

unfortunate case of bad timing, and that the historiographical moment is now right for a 

reexamination of solid state’s impact on twentieth-century science. 

 

II. Why Solid State Matters 

The discussion to this point demonstrates some ways in which the sense of 

confusion that accompanies most historical descriptions of solid state physics might be 

overcome. This section suggests three concrete ways in which the narrative above supports 

the conclusion that solid state’s place in twentieth-century American physics should be 

reassessed: first, through the example it provides of the manner of discipline formation 

that became steadily more apt in the later twentieth century; second, through the prestige 
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dynamics it exposes; and third, though the indication it provides of the importance of 

philosophical convictions to the structure of science. 

 

1. The Changing Shape of Physical Disciplines 

It is an amusing irony that solid state’s key contribution to the organization of 

American physics—its conventionally defined structure—was the very characteristic that 

made it idiosyncratic when it formed. It is also fitting that the field dedicated to studying 

complex physical systems was itself such a complex disciplinary assembly. Solid state 

pioneered a new mode of disciplinary organization, one that ran counter to the prevailing 

mid-century wisdom. The benefit of historical perspective allows us to recognize this 

characteristic as a precocious foresight rather than a chance aberration. Solid state 

therefore offers historians a powerful basis from which to understand disciplines and their 

influence over scientific discourse. Furthermore, the solid state example clarifies the 

importance of disciplinary identity in the later twentieth century for mediating scientific 

authority, governing prestige disputes, and guiding resource allocation. The lack of a clean 

research- or concepts-based answer to the question “what is it that solid state physicists 

did?” focuses attention on the professional outlook that unified the field for several 

decades. 

A holistic look at American physics during the same period indicates that it, not 

just some of its subfields, became conventionally rather than conceptually or 

methodologically unified. Narratives driven by the proliferation of quantum mechanics 
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and efforts to hasten theoretical unification often obscure this evident state of affairs. But 

the evolution of the professional infrastructure of American physics—a story to which solid 

state was central—was a progression away from the early-twentieth century Rowlandian 

vision of a community unified by full-throated advocacy of pure research. The American 

Physical Society sprouted divisions beginning in the early 1940s, beginning a process of 

specialization and compartmentalization that continued for the rest of the century.3 Physics 

Today launched in 1948 boasting of its intentionally egalitarian editorial policy, a stance it 

maintained. From the 1960s on, growing numbers of physicists participated in new 

interdisciplinary fields such as material science. All these factors indicate that physics 

steadily became a bigger tent with thinner walls through the second half of the twentieth 

century. 

Understanding how and why solid state formed therefore offers a case study, on a 

smaller scale, of how American physics evolved through the twentieth century. The nature 

of physics changed as membership in the disciplinary community became less a matter of 

working on a small set of communally sanctioned problems and more about training and 

self-identification. As with the condensed matter movement with respect to solid state, 

there was some pushback against this development within physics. The push for grand 

unification and the strong reductionist impulse that drove high energy physics from the 

1960s through the 1990s, however, appears in a different light if considered as a 

                                                
3 The newest division, representing the physics of particle beams, was established in 1989. See 
Appendix A. 
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counterpoint to a diversifying field than it does when presented as the central narrative of 

American physics. Solid state can encourage a more complete historical understanding of 

American physics in the later twentieth century by itself being a microcosm of how the 

larger community was structured. 

 

2. Prestige Asymmetries and Their Consequences 

Prestige looms largest to those who feel they lack their fair share. Solid state 

physicists spent much of the Cold War watching their opposite numbers in nuclear and 

particle physics reap the social, political, and pecuniary benefits of physics’ newfound 

cultural visibility. The solid state community became status conscious. Many a solid state 

physicist sported a chip on the shoulder, and that pugnacious streak flavored the field’s 

professional story from the 1960s on.4 Understanding the prestige dynamics of twentieth-

century physics is therefore a prerequisite for tracing solid state’s disciplinary trajectory and 

its influence on more general disciplinary dynamics. 

At the same time, solid state can support a more nuanced understanding of how 

those prestige dynamics weigh on the historiography of twentieth-century physics. It is 

interesting and worthwhile to ask why fields like high energy physics emerged with the 

largest slice of the pie when postwar prestige was divvied up among the physical sub-

                                                
4 Christian Joas observes that common anecdotes about arrogant quantum or particle physicists 
making snide remarks deriding “squalid state physics,” (Murray Gell-Man) or “schmutzphysik” 
(Wolfgang Pauli) are trafficked almost exclusively by solid state physicists themselves, indicating 
that an oppositional attitude was part of the field’s identity. Christian Joas, “Interacting Fields: 
Quantum Mechanics, Quantum Field Theory, and the Conceptual Borderlands Between Solid-
State and Particle Physics” (unpublished manuscript, 2011). 
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disciplines. It cannot, however, be assumed that the fact that they did ensures that their 

activities are inherently more worthy of historical attention.5 To a large extent, the history 

of twentieth-century physics has tacitly replicated the prestige hierarchies that prevailed 

within physics. Historical examination of solid state physics provides a corrective to that 

trend, and opens a conversation about how and to what extent such prestige bias skews our 

historical understanding of science. 

On one level, those disciplines that enjoy the greatest intellectual status and the 

strongest social approbation can parlay that support into superior influence over the course 

of science. The fact that nuclear and high energy physicists had the ears of assorted federal 

movers and shakers during much of the Cold War does provide some reason to suspect 

that their perspectives lent more impetus to the direction of physics than others. The 

influence conferred by prestige, however, is just one of the factors that shaped American 

physics. In fact, as high energy physicists cast themselves in loftier terms they became more 

isolated from the concerns of other physicists. When Alvin Weinberg excoriated high 

energy physics for becoming aloof from questions of relevance to other scientists, 

technologists, and American citizens he expressed the reality that the rest of physics would 

not fall into lockstep behind its most prestigious representatives if they failed to engage 

with questions that others found relevant. This counter-narrative can offer a richer, more 

complete perspective on the field’s topology and warrants further scrutiny.  
                                                
5 I am acutely aware of the possible corollary that the mere fact that a field was the largest does not 
make it the most important. That is not the stance I advance here. Rather, I suggest that solid 
state’s size and diversity indicate the plurality of ways in which twentieth-century physics can be 
understood historically. 



 

320 

 

3. Philosophy in Practice 

I have maintained herein that the philosophy of physics should be understood, not 

just in terms of what professional philosophers have to say about the conceptual puzzles 

physical research raises, but also through incorporating the robust views on similar 

questions that physicists themselves develop to explain and justify their work. Such views 

frequently do not engage with contemporary philosophical literature, and they might lack 

the delicately contoured edges and careful attention to internal consistency that are the 

hallmarks of professional philosophy, but they are nonetheless rich, complex, 

sophisticated, and exist in close, dynamic tension with scientific practice. The history of 

their operation within the structural evolution of solid state physics demonstrate that they 

function as more than convenient, post hoc justification mechanisms. 

Moreover, through the solid state lens, historians can understand how 

philosophical commitments operate on a structural scale, making their presence felt in 

institution building, professional squabbles, and the interface with social concerns. The 

impact of philosophical considerations on the conceptual development of science has been 

considered a fruitful area of exploration for historians and philosophers alike for some 

time, but little attention has been paid to the way similar commitments structure and 

respond to community-level processes. Solid state demonstrates the potential of such an 

approach, and suggests that it might profitably be applied elsewhere, to consider, say, the 

role of reduction in high energy physics in more detail than I have been able to provide 
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here, or to explore connections with similar views in biology and that field’s professional 

development. 

 

III. The Historiographical Moment and Possibilities for Future Research 

The three factors outlined above suggest that sustained historical study of solid 

state and similar fields can have a powerful influence on historical understanding of the 

physical sciences. In recent years, signs have emerged that the history of physical sciences 

community is primed to reevaluate its core narratives. Not least of these is an effort to 

define a historiographical category and build a community around “history of the physical 

sciences” rather than “history of physics.” I conclude with some thoughts about where this 

project fits with this trend, and the possibilities for further research it exposes. 

The current push to advance “physical sciences” as a historiographical category is 

not dissimilar to efforts to define “solid state” as a province of physics in the 1940s.6 Just as 

solid state eschewed a clear natural demarcation of its scope, the physical sciences do not 

refer to any field or group of fields that regularly self-identifies in that way. In both cases 

the result is an indistinct and porous boundary, and in each case the utility of such a 

category derives from contemporary professional challenges.  

The specific challenges even show some notable parallels. “Physical sciences,” as a 

historiographical category, responds to concerns over increasing specialization in the 

                                                
6 See: Amy A. Fisher and Joseph D. Martin, eds., “Emerging Prospects for History of the Physical 
Sciences,” special issue, HSNS (forthcoming). 
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history of science. A recent call and response between Isis and Osiris has confronted the 

question of how historians of science should respond to a slow, but steady move towards 

hyperspecialization, microhistorical analysis, and a disregard for themes shared among 

topical foci.7 The loose consensus to emerge from these discussions is that, although 

detailed microhistorical studies have done the valuable service of sensitizing historians to 

the fine-grained dynamics of scientific practice, the overwhelming emphasis on such studies 

in the recent literature has encouraged neglect for, and sometimes even derision of larger 

thematic relevance. 

The physical sciences offer a category of intermediate scale that can encourage 

focused, detailed studies to draw broader connections. It may be the case that no 

individual scientist identified, personally or professionally, with the label “physical 

scientist.” Nonetheless, the category highlights the fact that—along with nuclear and high 

energy physicists—metallurgists, geophysicists, chemists, materials scientists, and solid state 

physicists were engaged in research with conciliatory goals. To achieve those goals, they 

fought for the same funding, traveled within interlocking professional communities, 

communicated with the same publics, and responded to the same cultural context. 

                                                
7 See the Focus section of Isis from June 2005, especially: David Kaiser, “Training and the 
Generalist’s Vision in the History of Science,” Isis 96, no. 2 (2005): 244–251; Robert Kohler, “A 
Generalist’s Vision,” Isis 96, no. 2 (2005): 224–229; Paula Findlen, “The Two Cultures of 
Scholarship?” Isis 96, no. 2 (2005): 230–237; Steven Shapin, “Hyperprofessionalism and the Crisis 
of Readership in the History of Science,” Isis 96, no. 2 (2005): 238–243. Responses to the issues 
raised in this issue appear in the 2012 Osiris, notably: Peter Dear, “Science Is Dead; Long Live 
Science,” Osiris 27 (2012): 37–55; Robert E. Kohler and Kathryn M. Olesko, “Introduction: Clio 
Meets Science,” Osiris 27 (2012): 1–16; and David Kaiser, “Booms, Busts, and the World of Ideas: 
Enrollment Pressures and the Challenge of Specialization,” Osiris 27 (2012): 276–302. 
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Grouping them together as the physical sciences does not suggest that they might all be 

collapsed into physics or that their distinctive disciplinary identities should be viewed as 

subjugate to a larger category. It rather suggests that historians working on different 

specialties have something to learn from one another; that responsible generalizations are 

worthy and useful elements of historical discourse. 

In the case of solid state, some possibilities for such discourse are presented in the 

previous subsection, and plenty of research remains to explore their potential. Additional 

research is required to adequately document the manner in which solid state’s distinctive 

brand of discipline formation manifested itself elsewhere in the sciences. I have given one 

example, materials science, in which another field was defined to meet professional needs. 

The power of disciplinary gerrymandering as a professional tool remains to be investigated 

in greater depth, and current research on topics such as nanotechnology suggest that it 

remains a powerful mechanism shaping American science and technology.8 

Solid state boasted a strong industrial pedigree. Exploring the character of 

industrial solid state and its influence on the field can help strengthen the counter-

narrative to a prestige-driven historiography of physics. Researching industrial science poses 

considerable challenges, given that active industrial interests are less open with their 

records than academic or non-profit institutions. One consequence—admittedly with this 

project as well as others—is the ease with which the roles of industrial scientists are pushed 

                                                
8 See: Matthew N. Eisler, “‘The Ennobling Unity of Science and Technology’: Materials Science 
and Engineering, the Department of Energy, and the Nanotechnology Enigma,” Minerva 
(forthcoming). 
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into the background. Expanding historical research on solid state in industry can help offer 

a more complete picture of the field, while also providing further opportunities to observe 

solid state in a collaborative mode and better document the conceptual legacy it owes to its 

neighboring fields.  

The importance of philosophical thinking to solid state’s evolution offers another 

way in which its history might communicate more broadly relevant themes. Similar issues 

about reduction and emergence weighed heavily on biologists within a similar time frame, 

and possibilities abound to draw comparisons between these cases. In the philosophy of 

physics, as well as the history of physics, discourse is diversifying. Philosophers are 

expanding their focus beyond the core debates about foundations of quantum mechanics 

and the nature of spacetime that grounded the field for much of the past few decades. New 

growth areas focus especially on the philosophical problems raised by complex systems, 

including issues explored in Chapter 5 of this dissertation.9 This topical expansion follows 

recognition that tacit dogmas about what constituted “foundational” debates in philosophy 

of physics had left vast arrays of problems underexplored. Solid state promises a rich vein 

of historical examples that can help advance this trend and promote connections with 

similar questions in philosophy and history of the biological sciences. 

Solid state might be best known for its messiness. The professional structure of the 

field itself, as I have emphasized, best resembles the disordered systems some of its 

                                                
9 This trend is explicitly explored in Robert Batterman (ed.), The Oxford Handbook of Philosophy of 
Physics (Oxford, UK: Oxford University Press, 2013). 



 

325 

members studied. Its most enduring contributions to science come from making some 

limited sense out of obscure and complicated processes. This, I have argued, is not a reason 

to view it as unrepresentative. Recent scholarship suggests that both historians and 

philosophers of science have become increasingly attuned to the complexities of the 

historical process and the vagaries that often characterize scientific practice. Viewed from 

this perspective, solid state, with all its myriad confusions, just might be the best barometer 

one could hope for when assessing the pressures that impelled American science through 

the twentieth century. 
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Appendix A – American Physical Society Divis ional Membership 
 

Notes on Source Data 

The chart on the following page lists aggregated membership data for each APS 

Division between 1943, when the first was established, and 2013. From 1998 through 

2013, data represents official records kept and reported by the APS. Data from previous 

years is assembled from a variety of sources, including the minutes of the APS Council and 

Executive Committee, where divisional membership was intermittently reported. Other 

sources of information are predominantly archival, and reflect internal divisional counts 

rather than numbers reported by the APS at large. All membership numbers reported after 

1998 are taken in January, as are most of the figures reported in meeting minutes. Data 

from archival sources, however, might have been from other months, as recordkeeping was 

not standardized among the divisions until later in the twentieth century.  

 

Notes on Formatting 

In years for which data is not available, cells are left blank. Lightly shaded cells 

indicate years before the division was established. Shaded numbers and darkly shaded cells 

indicate years when the Division in question was a Topical Group. Bolded numbers 

indicate membership in a Division’s first full year of operation (not necessarily the year in 

which it was founded). The key below provides relevant abbreviations and years of 

establishment for each division. 
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Key 
 
Abbreviation Full Name Established 
DAMOP Division of Atomic, Molecular & Optical Physics1 1943 
DAP Division of Astrophysics2 1969 
DBIO Division of Biological 1973 
DCOMP Division of Computational Physics 19913 
DCMP Division of Condensed Matter Physics4 1947 
DCP Division of Chemical Physics 1950 
DFD Division of Fluid Dynamics 1948 
DPOLY Division of Polymer Physics 1944 
DLS Division of Laser Science 19965 
DMP Division of Material Physics 19916 
DNP Division of Nuclear Physics 1966 
DPB Division of the Physics of Beams 19897 
DPF Division of Particles and Fields 1967 
DPP Division of Plasma Physics 1959 
 

                                                
1 Name changed from "Division of Electron & Atomic Physics" in 1986 and from "Division of 
Electron and Ion Optics" in 1948. 
2 Name changed from "Cosmic Physics" in 1983. 
3 Computational Physics was a Topical Group from 1987 to 1991. 
4 Name changed from "Division of Solid State Physics" in 1978 
5 Laser Science was a Topical Group between 1986 and 1996. 
6 Materials Physics was a Topical Group between 1987 and 1991. 
7 Physics of Beams was a Particle Beam Topical Group between 1985 and 1989. 
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Appendix B – “The Present War Is a Physic ist ’s War” 
 

The Group of Six—Saul Dushman, Thomas A. Read, Sidney Siegel, Frederick Seitz, 

William Shockley, and Roman Smoluchowski—sent the letter reproduced below to 53 

physicists whom they identified as “metals physicists” 1943. It initiated the process that 

culminated with the founding of the Division of Solid State Physics (DSSP) within the 

American Physical Society in 1947. The DSSP, in turn, was the central institutional organ 

of solid state physics in its early years. This letter is as near as solid state physics has to a 

founding document, and already in 1943 indicates some of the central tensions that would 

shape the discipline’s development in the ensuing decades: 

‘The Present War Is a Physicist’s War’ 
 
This slogan not only indicates that some of the most important problems of 
modern warfare had to be put in the hands of physicists, but it also suggests that 
after the war we will have more demand for physicists and more students studying 
physics than we ever had before. We can expect also a development of various 
branches of Pure and Applied Physics, and we would like them to remain branches 
of physics rather than to become new ‘pure sciences’ or new types of ‘engineering.’ 
 
It has been suggested from various quarters that we should recognize the present 
importance of certain domains of physics and in anticipation of their rapid growth 
after the war we should create now some sort of a nucleus around which the future 
development might concentrate. In particular, this has been stressed in connection 
with Physics of Metals, which is expecting a rapid development both in the 
theoretical and in the practical direction. 
 
Among the various aims of such a group of physicists interested in metals, probably 
the primary one would be to organize Symposia on various current topics in 
connection with the meetings of The Physical Society as well as to organize joint 
meetings with The American Society for Metals or other similar societies. This 
would create the rare opportunity of meeting other physicists interested in related 
problems in the domain of metals and of meeting non-physicists who could often 
supply a great deal of experimental knowledge such as would help those physicists 
who are interested in more theoretical aspects. There are, of course, other lines of 
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activity in which such a group may be useful (special publications, personnel, 
terminology, etc.). The different suggestions vary from a small (permanent) 
symposium committee to a regular section of The physical Society [sic]. We should, 
of course, avoid the danger of over-organizing. 
 
The purpose of this letter is to make an informal survey of the opinion on this 
problem of some of the physicists who are or were interested in the domain of 
Physics of Metals. There are really two questions: First, do you think that some sort 
of a cooperation among metal-physicists is necessary and advisable or not; and 
second, what form this cooperation should take: a small committee, a section of 
The Physical Society, or something else maybe? Would you please express your 
opinion? 
 
Undoubtedly there are other physicists who are very much interested in metals and 
who through an unintentional oversight have not received this letter. If you know 
of such cases, we will appreciate it if you will refer this letter to them for an 
expression of opinion. 
 
If the results of this survey turn out to be essentially in favor of some sort of a more 
or less formal organization of the metal-physicists, then an appropriate petition will 
be directed to the Council of The Physical Society in accord with its constitution. 
 
Signed, 
 
Saul Dushman 
Thomas A. Read 
Frederick Seitz 
William Shockley 
Sidney Siegel 
Roman Smoluchowski 
 
P.S. 1.) The term ‘metal-physicist’ is being used here because of a lack of a better 
one and because of its similarity to the generally accepted terms like ‘X-ray physicist’ 
or ‘rubber-chemist.’ One alternative is ‘metallurgical-physicist’ but this seems to be 
more of an engineering title. 
 
2.) Please send your answer to anyone of the above signers. 
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