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1 Introduction

A central question in strategic management is where and when commercial opportunities emerge.

Technological innovation has long been recognized as one of the main primogenitors of opportunity

(Schumpeter 1942), yet the path from R&D to broad industrial activity is often uneven (Klepper

2015). Though a large scholarship has studied market-based processes shaping the origination

and early growth of new industries (e.g., Agarwal et al. 2017, Moeen and Agarwal 2017), major

technological capabilities are sometimes built inside large, centralized R&D e�orts whose immediate

aims are not commercial (e.g., Fuchs 2010, Bonvillian 2018, Mazzucato 2018, 2021). In some

cases, such e�orts are followed by rapid private entry and expanding markets; in others, resulting

capabilities remain con�ned to a narrow set of �rms or applications. This duality is particularly

pronounced in government R&D programs (Mowery et al. 2010, Agarwal et al. 2021). What might

make such an endeavor commercially generative? What (if anything) may result that private �rms

can later use or build upon? Answering questions like these is di�cult because impacts typically

unfold over long periods and leave few direct empirical traces.

In this paper, we explore these questions through a historical example which has since served as a

reference point for projects with similar aims: radar in and after World War II. During the war,

the U.S. government organized and funded an expansive e�ort to develop microwave radar as a

military technology and deploy it in land, sea, and air applications. This undertaking was based at

the newly created MIT Radiation Laboratory (Rad Lab), which undertook research, prototyping,

and testing, led collaborations between manufacturers and military users, and engaged a large

share of the emerging U.S. electronics sector in production. By mid-1945, U.S. �rms had produced

over (2022 USD) $40 billion of radar equipment. After the war ended, radar immediately began

spreading to civilian domains, and by the early 1950s, nearly 200 U.S. �rms were producing radar

systems or components for a variety of commercial applications.

Our goal is to examine to what degree this postwar activity drew upon or re
ected the technological

and institutional artifacts the World War II radar program generated. Using archival records from

the Rad Lab and many of its partner �rms, together with data on postwar entry, invention, and

technical labor 
ows, we identify several technical and organizational resources created in the war,

including new scienti�c understanding, technical designs, trained personnel, a component-system

technological architecture, and an industrial structure that matched it. We then trace the reap-

pearance of these outputs in postwar commercial activity, documenting their reuse, recombination,

and extension as radar moved into civilian markets. Taken together, the evidence provides a ba-

sis for interpreting how large, centralized R&D e�orts (including those without commercial aims)
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can support decentralized innovation and industry growth through the creation of long-lasting and

distributed resources that can be applied to commercial opportunities.

We begin by brie
y describing the wartime radar e�ort and the creation of the Rad Lab. The

U.S. radar program was born in October 1940, when the National Defense Research Committee

(NDRC; later the O�ce of Scienti�c Research and Development, or OSRD) began organizing an

e�ort to develop microwave radar as an instrument of war. This followed a secret demonstration by

British scientists of the cavity magnetron|the �rst device capable of producing high-power radio

waves at microwave frequencies, which were necessary to track distant objects precisely. Building

radar systems around it required simultaneous advances in science, components, integration, mass

production, and applications. Whereas prewar e�orts in advancing radio detection technology were

fragmented and small-scale, war demanded more rapid progress. To support the work that was

needed, NDRC contracted with MIT to create the Rad Lab as a government-funded, university-

based hybrid research organization which would lead this charge.

Working in partnership with the military and industrial �rms, the Rad Lab played a central role

in advancing microwave radar from an idea to an operational military technology|developing

radar science and prototype systems, supporting hando�s to manufacturers, aiding di�usion, and

bringing feedback from military users back into research and development (R&D). Alongside R&D,

however, it guided a wider industrial mobilization to produce radar in many varieties and large

volumes, coordinating a network of radar system and component manufacturers and downstream

application sectors which integrated radar into ships and aircraft.

When the war ended in 1945, the Rad Lab and wider OSRD radar program were wound down. Im-

mediately in their wake, however, emerged a dynamic industry serving both defense and commercial

buyers. Radar had di�used broadly during the war into military systems, where its importance

only grew afterwards, including in new applications like guided missiles and missile defense. Firms

also quickly began pursuing commercial sales, �rst by �rms which had supplied military demand

during the war, and soon after by others, especially by �rms in adjacent industries like radio or

electrical equipment. Promotional material from Western Electric in 1946, for example, described

commercial applications of radar in aircraft, including navigation, altitude control, collision avoid-

ance, airstrip approach, or air tra�c control, and similar material from Sperry Gyroscope marketed

its commercial marine radar, also for new uses like river navigation.

We organize our analysis around two main categories of outputs which could have persisted in

postwar commercial activity: (i) technical knowledge and (ii) an integrated ecosystem of compo-

nent suppliers, systems developers, downstream integrators, and end users. Rad Lab records point
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to speci�c choices and outputs on each dimension. Being �rst and foremost a research organiza-

tion, its principal output was new fundamental understanding and technology development, which

manifested in both codi�ed knowledge (e.g., published science, patents) which was made widely

available after the war ended, and knowledge embodied in the scientists who worked there, many of

whom later transitioned to industry. Importantly, the Rad Lab's organizational structure matched

the technology and ensured that progress was made simultaneously across the many interdependent

inputs that radar required, with frequent exchange between researchers working on them|often

taking place in the same building. Records also point to deliberate e�orts to expand the radar

ecosystem beyond a few large companies and to coordinate production of components, many of

which \had never been made before by anyone" and required new tools and know-how (Radiation

Laboratory 1945b, p. 16), expanding the set of �rms with relevant capabilities. Continuous Rad

Lab-hosted exchange between researchers, component and system manufacturers, downstream inte-

grators (ship and aircraft manufacturers), and end users generated industry relationships, technical

standards, and other shared resources which promoted alignment.

Using both narrative archival evidence and empirical evidence, we document many examples of

postwar commercial �rms using these outputs, including both �rms which were mobilized into the

war e�ort and those which were not but entered the radar business afterwards. The records of

several World War II �rms describe speci�c plans to repurpose wartime R&D to civilian uses.

Firm directories and patent data also reveal substantial entry and innovation by others. Re
ecting

continuity from the war period, much of this innovation cites Rad Lab science or patents, and many

of these �rms employed Rad Lab alumni. Beyond knowledge alone, the component-based industry

architecture that the war program established persisted into the postwar era, giving de�nition to

potential market positions �rms could occupy. Consistent with prior theory (e.g., Zander and Kogut

1995, Almeida and Kogut 1999), codi�ed knowledge di�used broadly, whereas embodied knowledge

(workers) di�used more locally and was concentrated in large �rms.

In analyzing the radar case, we follow established traditions in strategy research of studying in-

dividual industries to identify potential generalizable patterns1 and using abductive methods on

historical cases to link organizational choices and outcomes (Argyres et al. 2020). Radar is a par-

ticularly revealing example because the wartime e�ort generated extensive documentation, speci�c

technical outputs, and observable postwar entry, enabling these links to be made with unusual pre-

cision. The main contribution is to identify speci�c outputs which persisted into the commercial
1For example, prior research has examined industry evolution in agricultural biotechnology (Moeen 2017, Moeen and
Agarwal 2017, Moeen and Mitchell 2020), �ber optics (Cattani 2006), solid-state lighting (Sanderson and Simons
2014), lasers (Suh 2022), personal genomics (Gao and McDonald 2022), typesetting equipment (Tripsas 2008), and
rubber tires (Klepper and Simons 2000b, Buenstorf and Klepper 2009).
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era and how they were used. In our view, the �ndings are particularly relevant for other tech-

nology development problems with high interdependence across components, production, and use,

where coordination is likely to be especially valuable. Amid large existing literatures in technology

management and industry studies, we highlight coordinated R&D programs as an organizational

approach to innovation in complex technologies and identify channels through which they may

in
uence industry evolution. The Rad Lab's dual role in R&D performance and ecosystem orches-

tration merges research on industry emergence (e.g., Agarwal et al. 2017) and business ecosystems

(e.g., Adner and Kapoor 2010, Jacobides et al. 2018), building on prior research studying high-tech

industry emergence (Moeen and Agarwal 2017, Moeen and Mitchell 2020) and nascent industry

ecosystems (Hannah and Eisenhardt 2018, Szerb and Furr 2025).

The organizational approach we examine in this paper|\coordinated R&D programs"|adds to a

wider set of industry-shaping government activities that have been studied in strategy and adjacent

�elds, such as investments in public science or infrastructure, guaranteed demand, subsidies, intel-

lectual property protections, trade protections, and knowledge transfer. In contrast to all of these

mechanisms, technology development programs like the radar project are distinguished by active

management and the presence of an integrator|an approach which can potentially access the ad-

vantages of both centralized and decentralized R&D (Argyres 1995, 1999, Argyres and Silverman

2004) and coordinate ecosystems (Iansiti and Levien 2004, Adner 2012). The most direct parallel

may be DARPA R&D programs, which resemble the World War II radar program in linking science

and engineering and cultivating ecosystems around emerging technologies|though we argue the

principles apply more broadly, including beyond the public sector.

Based on the evidence, we argue that the persistence of the wartime radar e�ort was not simply a

function of speed, scale, military demand, or other distinctive features of the period and problem.

Rather, we see it as tied to how the radar research program was run (at a central lab), the kinds of

outputs it produced (knowledge and structure), and the choice to make its outputs (science, tech-

nology, talent) broadly accessible. At the same time, the case presents a few potential boundary

conditions. World War II presented exceptional non-market circumstances. Urgency increased tol-

erance for experimentation at scale, and the ability to mobilize resources rapidly. The military was

essentially a monopsonistic buyer with large, guaranteed demand. We argue that these conditions

were important for accelerating radar development and deployment, but they are neither necessary

nor su�cient for subsequent commercial di�usion. What appears to have mattered for longer-run

industry development is not simply that a large public R&D e�ort occurred, but that it produced

outputs that were su�ciently standardized, documented, and embedded in people and production
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relationships to be taken up by postwar private �rms competing under ordinary market conditions.

In this context, the war can be viewed as the impetus for concentrating R&D and for permitting a

more active government role in shaping market activity and de�ning market positions than would

otherwise be the case; in other words, the wartime context o�ers an explanation for why the radar

program did what it did rather than why it had the e�ects it had.

We proceed as follows. Section 2 reviews the history of the World War II radar program. Section 3

describes the data and methods we use to evaluate its relationship to postwar commercial industry

innovation and growth. Section 4 examines the radar program's speci�c impacts during the war in

advancing radar science and technology and orchestrating the nascent industry value chain. Section

5 then documents the postwar emergence and evolution of the U.S. radar industry and shows how

speci�c capabilities and resources borne of the wartime program were subsequently put to use.

Section 6 contextualizes these �ndings in a broader conversation on innovation strategy, discusses

coordinated R&D programs as an organizational approach to innovation problems, and compares

our �ndings to research on adjacent examples. Section 7 concludes by reviewing the central �ndings,

boundary conditions, and potential questions for future study.

2 Historical Background

2.1 The Beginnings of the World War II Radar Program

World War II began in September 1939 with Germany's invasion of Poland and quickly ignited

across most of Europe. As it did, Germany swiftly established air supremacy, making clear that

aerial warfare, and in turn, the ability to track and target enemy craft, would be fundamental in this

war. Radio detection (i.e., radar) at the time was an experimental technology that had been under

development for several years at the (U.S.) Naval Research Laboratory and Army Signal Corps and

the (British) Air Ministry Research Establishment, each of which had independent research streams.

In the U.S., e�orts by the NRL and Signal Corps were given relatively few resources and low priority,

and in turn made limited progress, while failing to exploit opportunities for coordination. 2 British

e�orts were more focused, and produced a wider range of radar equipment as well as some principles

of systems design. But these systems were \crude, half-engineered, and often unreliable" (Guerlac

1987, p. 122). In all three cases, these prototypes were constrained to ultra-high frequency (UHF)

wavelengths and had signi�cant limits in range, accuracy, resolution, sensitivity, and bulk/size,

2Guerlac (1987, p. 85) recounts that the NRL and Signal Corps worked \along parallel, but essentially separate,
lines," with \no exchange of engineering personnel, no coordination of programs, [and] no jointly planned attacks
on any of the basic problems." The result was three primitive systems (one from NRL, two from the Signal Corps)
which entered small-quantity production (20 to 200 units) in late 1940.
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which ruled out many useful applications (Rigden and Rabi 1987). Microwave frequencies held

more promise in performance but would require \a whole new art" (Guerlac 1987, p. 40), and as

of 1940 was technically infeasible, with no foreseeable development path.

Around this time, a small group of high-ranking science administrators convinced U.S. President

Franklin Roosevelt to create a National Defense Research Committee (NDRC; later subsumed by

the O�ce of Scienti�c Research and Development), a wartime agency for supporting research by

civilian scientists on military problems, arguing that the U.S. was technologically unprepared for

a modern war (Stewart 1948, Gross and Sampat 2023). Radar was a priority from the beginning,

being among NDRC's �rst requests from the Army and Navy (Baxter 1946). An initial assessment

of the radar problem quickly a�rmed that a solution would likely require microwave frequencies|

but also acknowledged there was no known device which could generate microwaves with enough

power for use in radar. Following the serendipitous receipt of such a device from a British technical

mission to the U.S. in September 1940|the recently-invented cavity magnetron|NDRC agreed

to undertake an e�ort to try to develop around it new radar systems for airborne interception,

automatic anti-aircraft artillery, and long-range navigation (Rigden and Rabi 1987). Anticipating

that this might be a project of signi�cant scope and scale, NDRC leaders decided it would operate

most e�ectively under a central laboratory model sta�ed with civilian scientists and engineers from

universities and industry. After a brief search, it chose to establish, fund, and site at MIT a new

research organization: the Radiation Laboratory (the \Rad Lab").

2.2 The MIT Radiation Laboratory

The Rad Lab eventually evolved to be the epicenter of World War II radar development. When it

held its �rst meeting in November 1940, however, it had three dozen sta�, and almost no speci�c

knowledge on the problem: Rad Lab Director Lee A. DuBridge explained that \little to nothing"

was then known about \the microwave electronics that would be needed to translate the British

10-centimeter magnetron into a working radar system" (Zachary 1997, p. 134). Despite this, there

was an urgent need to establish that microwave detection was possible. With little understanding

of its inner workings, by February, it had jury-rigged a radar system on an MIT rooftop that could

track an airplane taking o� from Boston's Municipal Airport.

Following this successful demonstration, the Rad Lab was given additional funding and began

to grow, recruiting scientists and engineers to Cambridge from universities and �rms across the

country. The attack on Pearl Harbor on December 7, 1941 and America's formal entry into the

war the next day increased the urgency of the Rad Lab's work|both because the U.S. was now

at war, and because the Pearl Harbor attack could have been mitigated by a more successful
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implementation of early warning systems.3 By the end of 1941, the Rad Lab had transformed from

a small, experimental laboratory to a large professional R&D organization of nearly 500 sta�. By

late 1943 it employed nearly 3,000 people, and in 1944 nearly 4,000, including many of the country's

top academic physicists and electrical engineers (MIT 1946).

Organization, collaboration, and coordination

The Rad Lab, and the wider NDRC radar program of which it was the central actor, was a

complex undertaking from the start. To see why, it is useful to �rst have a clear understanding

of what radar is: a radar system (illustrated in a block diagram form in Figure 1) must be able

to: generate, amplify, and propagate microwaves; receive the re
ected radio waves; process these

signals; transform them into a human-readable display; and manage signal timing, synchronization,

and interactions between components to ensure they successfully work together. At the dawn of

the war, essentially none of these pieces had yet been created.

[Figure 1 about here]

For most of the war, the Rad Lab was organized in 12 divisions (Appendix Figure A.2): four covering

basic science and major categories of components (transmitter components, receiver components,

and beacons), four for major categories of systems (airborne, ground and shipborne, navigation, �re

control), three for business operations (buildings, personnel, administration), and a �eld service.

Component divisions in turn had working groups for speci�c parts seen in Figure 1, like transmitters,

modulators, antennas, receivers, and indicators.4 Together, they did the yeoman's job of developing

the science of microwave engineering, radar components, and prototype systems. The Rad Lab also

had an internal shop for \crash" production, facilities for testing, and �eld service division which

put scientists in the battle�eld to support users and collect feedback. Midway through the war, its

countermeasures (i.e., radar jamming) division was spun out as the Harvard-based Radio Research

Laboratory (RRL). Throughout the war, co-location supported coordination and collaboration

(Roche et al. 2024), with constant information exchange.

The Rad Lab's specialization throughout the war was radar R&D. Both the military and industrial

�rms were key partners in the enterprise: the former to identify problems that R&D was needed

to solve and collaborate on implementation, and the latter to produce parts and systems at scale.
3The incoming Japanese attack on Pearl Harbor was (infamously) detected by radar nearly an hour before it took
place, but the radar signature was misinterpreted and disregarded (Baxter 1946).

4The Rad Lab thus explicitly modularized radar development and created an organization that matched this
structure|consistent with the logic of Sanchez and Mahoney (1996), who argue that organizational structures
which match product architecture can facilitate coordination in development.
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Re
ecting these interdependencies, collaboration with upstream and downstream partners was a

part of the Rad Lab's operation, and on-site personnel spanned the value chain: it hosted represen-

tatives from (i) the armed services and (ii) manufacturers, who sent their own personnel for training

and to collaborate on product designs, embedding an understanding of the challenges that mass

production would present. The Rad Lab similarly placed its own sta� at industrial partners, where

they supported the creation of production lines for Rad Lab-designed technology while preserving

functionality, and in the military. Baxter (1946, p. 155) writes that over time, \this type of liaison

came to constitute a large and increasing part of its activity."

Role of �rms in the enterprise

Firms were a crucial partner in the wartime radar program in part due to the size, depth, and

sophistication of U.S. electrical equipment and communications industries (such as radio and tele-

phony) at the dawn of the war. The largest industry contractors included General Electric, Western

Electric, Westinghouse, and RCA, though many other �rms were also involved in the e�ort; monthly

surveys conducted by the Rad Lab of available industrial capacity for expanding the production of

radar equipment consistently enumerated 80 di�erent companies.5

These �rms played a dual role in the wartime radar ecosystem, supplying both parts and systems,

and through 1945 had ful�lled (2022 USD) tens of billions of dollars of military radar supply con-

tracts (see Table 1 for a list of the top wartime suppliers by value). Although initially they produced

Rad Lab-designed parts and systems, over the course of the war they developed independent R&D

capabilities and increasingly began to supply distinct in-house designs. Contemporary documents

further indicate that they drew from a robust network of subcontractors that supported radar pro-

duction. Throughout the war, however, the Rad Lab remained the principal organizing body for

wartime radar research and product development (Stewart 1948).

[Table 1 about here]

2.3 Impacts and Demobilization

Despite its embryonic state in 1940, within �ve years microwave engineering was a highly developed

art, and radar had become standard equipment on military ships and aircraft, was deeply integrated

into military strategy, and had an annual U.S. production volume in the tens of thousands of units.

By the end of the war, NDRC had spent over (2022 USD)$1.5 billion on the Rad Lab alone, and

5Radiation Laboratory archival records, U.S. National Archives and Records Administration, Record Group 227,
NAID 894515, Project Administration Records, 1941-1945, Box 7.
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over $2.5 billion on radar R&D overall, and roughly 80% of microwave radar systems by volume

and value produced during the war were based on Rad Lab designs.6 After Germany surrendered

on May 7, 1945, the Rad Lab began to wind down, and when Japan surrendered on August 14, it

triggered its termination plans, shifting its focus to getting patents �led, cataloging discoveries, and

�nding jobs for sta�. It o�cially dissolved on December 31, 1945, and its remnants were repurposed

into MIT's new Research Laboratory for Electronics.

3 Data and Methods

To evaluate the link between the wartime radar program and the postwar radar industry we draw

on several data sources. The most important of these is an expansive set of archival records from

central actors in the wartime and postwar radar ecosystem, including records from the Rad Lab

and from participating �rms. We augment these records with data on or from (i) historical industry

directories, (ii) Rad Lab-developed inventions, which we link to U.S. patents, and (iii) lists of Rad

Lab and RRL researchers, which we link to postwar professional society directories to identify their

postwar employers. These data sources provide a quantitative window into the scale and scope of

the emerging radar industry and its antecedents. We describe the data in greater detail below and

in later sections (where used) and discuss them further in Appendix B.

Our inferential approach is primarily abductive. The object of analysis (a single industry, observed

over time) is both singular and lacking a clear counterfactual, and thus does not lend itself nat-

urally to econometric assessment of causal factors in a potential outcomes causal framework. We

instead look to the preponderance of evidence, which we will argue suggests a causal connection

between the wartime radar program and postwar commercial activity. In doing so, we follow prior

strategy research which uses abductive methods to study industry evolution, especially (though

not exclusively) in single-industry studies or in historical contexts (Agarwal et al. 2025). As Pillai

et al. (2024) have observed, an abductive approach involves distinct inferential logic and bene�ts

from a detailed understanding of context|in this case, through the combination of primary source

records, historical analysis, and data|which we will suggest supports a causal inference over the

impacts of wartime R&D on industry emergence and evolution.

Measuring Radar Industry Participation

Parts of our analysis will use the Thomas Register of American Manufacturers (TRAM) to measure

industry participation over time. The Thomas Register is a historical industry directory in the U.S.
6Radiation Laboratory archival records, U.S. National Archives and Records Administration, Record Group 227,
NAID 894515, Project Administration Records, 1941-1945, Box 7.
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that listed manufacturers, suppliers, and distributors of industrial products by category and was

periodically updated and re-issued. Since Gort and Klepper (1982), TRAM has been frequently used

in industry studies research to study industry evolution, especially in seminal works by Klepper (see

Appendix B.2 for a sample). Yet TRAM is also limited in important ways: its sampling procedure

(i.e., how �rms are selected for inclusion and classi�ed) is opaque, and for systems technologies like

radar which are supported by a broad range of inputs, industry boundaries are hard to discretely

de�ne, making a TRAM-based accounting liable to be incomplete. Moreover, TRAM reports only

a few �rm features: name, location, size, and a brief description.

We complement the TRAM data with a patent-based sample, which o�ers a distinct window into

the evolution of radar technology and the �rms and inventors behind it. To construct this sample

we compile data on U.S. patents granted between 1920 and 1979 with �ling and issue dates, patent

class, harmonized assignee names and types (to isolate �rms), and inventors. Using OSRD archival

records, we identify all patents produced under the Rad Lab's and RRL's OSRD contracts, and we

identify inventors which participated in wartime radar research by linking inventors to Rad Lab

and RRL sta� rosters (see Appendix B.3 for details of the patent data). A particular focus in our

analysis will be radar-related innovation, which we measure in two ways, �rst by identifying patents

in technology areas (USPCs) where the Rad Lab and RRL patented most heavily during the war,

and second by identifying patents classi�ed to detailed CPC codes representing speci�c categories

of radar components or systems which also have keywords such as \radar" or \microwave" in the

patent speci�cation. We additionally measure patents building on Rad Lab technology and science

as those which cite Rad Lab (and RRL) patents or Rad Lab publications, the latter using data on

patent citations to science from Marx and Fuegi (2020, 2022).

Using these measures we can identify both �rms and individuals producing radar-related innovation.

We then construct two panels: an individual-level panel measuring inventors' propensity to �le

patents in radar-related classes over time, and a �rm panel measuring �rms' radar-related patenting

over time|and which can be used to produce distinct measures of industry participation among

R&D-performing �rms. We augment the �rm panel by additionally measuring postwar employment

of former Rad Lab and RRL researchers, which we determine using membership directories of the

Institute of Radio Engineers (a professional society for radio and electronic engineers, with tens of

thousands of members during our study period), which include a large number of researchers from

the radar program and consistently report employers.7 Though these patent-based samples also

present limitations, including in conditioning to �rms with patents or in the occasional judgment

7We thank Jingyuan Zeng for generously sharing the Institute of Radio Engineers directory data. Of roughly 2,400
known Rad Lab/RRL sta� members, we �nd 800 in IRE directories. See Appendix B.4.
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calls we must make (e.g., in determining radar-related patents), these samples complement TRAM-

based analysis with more 
exible industry boundaries while creating opportunities to study other

features of industry evolution unmeasured by the TRAM data.

4 Wartime Radar Development

Commercial activity around nascent technologies faces several fundamental hurdles|one of which

is capabilities and resources for innovation itself. Motivated by prior research emphasizing technical

breakthroughs as triggers for new industries to take shape around them (e.g., Agarwal et al. 2017,

Moeen and Agarwal 2017) and ecosystem bottlenecks to industry growth (e.g., Adner and Kapoor

2010, Jacobides et al. 2018), in this section we identify technical resources which the radar program

generated and the emerging ecosystem of suppliers, assemblers, and integrators it organized before

turning to analysis of their postwar applications in Section 5.

4.1 Codi�ed and Embodied Knowledge

Historians describe the radar program as having generated a large amount of new fundamental

understanding in microwave physics and engineering and in solid-state electronics, which were in

turn assimilated into radar technology (Guerlac 1987, Martin 2018). Importantly, science developed

in lockstep with applications, with use orientation and bilateral feedback. At the end of the war,

however, this knowledge was a closely guarded secret (due to its national security value during the

war; Gross 2023) and concentrated in the Rad Lab and its closest R&D partners. Recognizing that

this would both limit its use and advantage incumbents in its future application, Rad Lab records

document that dissemination rose to \near the top of our o�cial Laboratory priority list" at the

end of the war (Radiation Laboratory 1945a).8 The result of this dissemination e�ort was the

MIT Radiation Laboratory Series |a 27-volume encyclopedic introduction to radar and microwave

engineering published shortly after the war which became \the authoritative reference in the �eld

of microwave electronics" Rigden and Rabi (1987, p. xxiii), an \occupational bible" for researchers

(Buderi 1996, p. 251), and the handbook to the �eld (Morrow 2010).9

Alongside its publication of the Radiation Laboratory Series, in the late stages of the war the Rad

Lab also began �ling patent applications on its technological output: according to OSRD records
8The Rad Lab's Associate Director (I. I. Rabi) explained the risk of industry capture more bluntly: \unless we put
it down in the form of books, then after the war, there will only be one group who would know all this technology:
the Bell Telephone Laboratories" (Rabi, quoted in Buderi 1996, p. 250).

9A former director of MIT Lincoln Laboratory later explained in an oral interview that \These were the textbooks
that you looked for ... They were unique in the world. Foreign countries desperately scooped them up, and many
places in this country used them" (Morrow 2010). As testament to its staying power, according to WorldCat the
Rad Lab Series remains in circulation at hundreds of libraries today.
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(see Appendix B.3), the Rad Lab and RRL together produced over 2,500 patentable inventions, on

which roughly 750 patent applications were �led and 600 patents issued. These patents described

the technical underpinnings of many modern radar components and systems, and because under

their contract terms title to these patents went to the U.S. government, this technology was also

publicly owned (to our knowledge, these patents were not enforced). In Table 2(A) we list the top

six patent classes (USPCs) with Rad Lab/RRL patents, highlighting that the labs were the top or

near-top producers of patents in associated classes in the mid-1940s. Table 2(B) lists speci�c radar

systems and components which are identi�able using CPC codes and shows that the Rad Lab and

RRL were also top producers of patents in these categories.

[Table 2 about here]

A third resource the Rad Lab/RRL had to develop is human capital|especially since at the dawn of

World War II there were few people familiar with the science and technology of radar or microwave

engineering (Zachary 1997). Because innovation in radar components and systems was frequently

patented, the patent record lends itself to systematic tests of growing human capital in the radar

�eld. Table 3 examines Rad Lab and RRL researchers' di�erential propensity to patent in radar-

related technology classes over time. Our sample for this exercise consists of inventors with patents

before (1933-1940), during (1941-1948), and after the war (1949-1956). We estimate di�erence-in-

di�erences in these propensities for Rad Lab/RRL vs. other inventors in the pre- to mid-, mid- to

post-, and pre- to post-war era, as in the following speci�cation:

Yit = � � 1(Is RL/RRL alum) + � i + � t + " it

where i and t index inventors and periods, and� is the parameter of interest. Columns (1) through

(3) present results for intensive measures of radar-related patenting (the fraction of an inventor's

patents in radar classes, de�ned as the top six classes with Rad Lab/RRL patents), and Columns

(4) to (6) extensive measures (an indicator for any patents in these classes). Table 3 shows that

Rad Lab/RRL sta� were far more likely to continue patenting in radar after the war ended, with

the magnitude of the e�ect many multiples of the sample mean.

[Table 3 about here]

In Appendix C we explore other channels through which Rad Lab (and RRL) alumni may have

in
uenced postwar development. Table C.7 shows that Rad Lab/RRL inventors' postwar invention
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was more heavily cited than their pre-war work, suggesting higher technological impact. Using ad-

ditional data from a 1960, NSF-conducted survey of scienti�c and technical workers (the National

Register of Scienti�c and Technical Personnel, or NRSTP), Table C.8 shows that relative to ex-

tremely similar peers (of the same sector, �eld, degree level, and years of experience), Rad Lab and

RRL alumni were substantially more likely to have managerial responsibilities in 1960|suggesting

that they also disproportionately embodied managerial capability.

4.2 Radar Industry Architecture

4.2.1 Establishing the industrial base

Reducing these technical advances to practice required also developing a network of component

suppliers, systems developers, and and downstream complements.

Rad Lab records identify nearly 20 �rms which were contracted into producing speci�c Rad Lab-

designed systems, such as those shown in Appendix Table D.2, which lists �rm production by

system type. But in the early years of the war, developing an industrial base for components was

a precursor to and of even greater importance than systems (Radiation Laboratory 1945b): radar

systems contained multiple interacting subassemblies (as in Figure 1) and could include thousands

of parts. A fundamental problem for a novel technology like radar was input gaps: many of the

necessary components \had never before been made by anyone, and special equipment and know-

how were usually necessary" (Radiation Laboratory 1945b, p. 16).

Over the course of the war, the radar program trained and engaged hundreds of �rms in component

production. Fortune (1945) describes it as having involved \200 prime manufacturers" and \8,000

subcontractors." Table 4 shows a sampling of suppliers of speci�c major components which could

be identi�ed in Guerlac (1987), already illustrating the breadth of this ecosystem|though addi-

tional sources, including Rad Lab records, directly name dozens more. Individual �rms' capacity

constraints forced this ecosystem broadening: although \early in the war most Service contracts

for radar were being placed with a very few large concerns such as Western Electric and General

Electric," these �rms quickly grew overloaded, necessitating that \many smaller �rms [also] be

introduced to the radar art" (Radiation Laboratory 1945b, p. 11). 10

[Table 4 about here]

10 Records show the Rad Lab taking a systematic approach to doing so, tracking monthly production capacity and
utilization of American electrical equipment �rms to identify those with enough slack to take new contracts.
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4.2.2 Ecosystem orchestration

The size and complexity of this ecosystem made it intrinsically susceptible to misalignment and

supply chain bottlenecks, even despite the urgency of war. Dow (1945, p. 89) describes early

military di�culty in \co-ordinating the production of Navy electronics equipment among the many

prime contractors" and limited component availability causing \serious delay[s]," further noting

that the \[t]he magnitude of this problem" is partly attributable to a dependence on \some thousand

di�erent plants ... supplying military electronic components and equipment." Other challenges

emerged in transitioning lab models into mass production, where \many serious design problems

arise which usually require the continued advice and assistance of the engineers and scientists who

were responsible for the initial development" (DuBridge 1943, p. 1).

The Rad Lab served a prominent role in addressing these challenges through its integrated research

model. The integration of these activities is perhaps best illustrated by a contemporary description

of a typical project. As Exter (1944, p. 2) explains,

A typical new development begins with the responsible systems division outlining a
possible design. Since the components divisions will do a large share of the development
work, they are called in at the beginning ... Since these parts have never before been
produced, manufacturers [are also] introduced so that all parts will be in production
by the time the prime contractor for the complete system is ready to start assembly
... Frequently the manufacturer's engineers have come to the Laboratory and worked
side by side with our engineers in an e�ort to telescope the usually separate stages of
development and production engineering.

An internal Transition O�ce had the explicit task of managing relationships across this ecosystem

and attempting to keep it in concert. This o�ce was explicitly created to be a \liaison o�ce for the

Laboratory with the Services and manufacturers in the transition of new projects from research and

development to production and operational use" (Radiation Laboratory 1945b, p. 26). With respect

to the military, the Transition O�ce connected radar development to speci�c needs and coordinated

demand from a di�use set of customers|an activity which required reconciling \interdepartmental

friction" within the military itself. 11 It also played a similar role with manufacturers, building

relationships between �rm and Rad Lab personnel through which R&D, engineering, and production

11 According to Rad Lab records (Radiation Laboratory 1945b, p. 26), \Transition O�ce personnel became acquainted
with key o�cers in the Navy's Bureaus of Ships, Aeronautics and Ordnance and in many branches of the Army ... [It
also] became familiar with the responsibilities and powers of the various organizations and how they �tted into the
total radar picture. A knowledge of the limitations of the authority of each Service organization was as important
as a knowledge of its authority. Until quite recently there was much interdepartmental friction and procurement
and engineering o�cers were apt to talk without basis on matters outside their respective jurisdictions. This was
frequently misleading unless one was acquainted with the true situation."
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was coordinated and \aid[ing] to a large extent in the initial contacts between manufacturers and

the Army and Navy" (Radiation Laboratory 1945b, p. 12). Firms likewise describe a high degree of

exchange: Bell Labs accounts, for example, observed that \any day of 1944 or 1945 might have seen

from �ve to 20 Bell Laboratories men [conferring] at the Radiation Laboratory and a corresponding

number from there at Bell Laboratories" (Kelly 1946, p. 16).

Example impact: Compatibility standards

One area where the e�ects of ecosystem coordination are visible is in the development of technology

standards. Due to the complexity of radar, the myriad variants being designed and produced, the

many �rms supplying components that needed to work together, and the number of components

which were shared across systems, compatibility standards were a high-value potential addition to

the ecosystem. Yet converging di�use industry participants around common standards is known

to be a di�cult problem for markets to resolve on their own (Farrell and Saloner 1988). Although

Army-Navy standards existed for some military equipment at the dawn of the war, because radar

was new, no coordinating mechanisms were in place when it began.

As a result, the �rst two years of the radar program produced a proliferation of variants of speci�c

components, many bespoke to individual projects and systems. As component variety grew, so did

its cost. Rad Lab sta� observed that \use of non-standard parts in military equipment aggravates

an already di�cult supply problem" (Willett 1944, p. 2) and necessitated signi�cant reengineering

when prototypes moved from the lab into production (Radiation Laboratory 1945b), while Navy

administrators noted the costs associated with having \vast numbers of components with respect

to types, sizes, and ratings, which must be dealt with in regard to improvement, testing, inspection,

procurement, stock upkeep, issue, and cataloging" (Dow 1945, p. 89), as well as delays this variety

caused due to frequent stock-outs of distinctive, irreplaceable parts.

To overcome these challenges, midway through the war the Rad Lab organized an internal stan-

dards committee with representatives \from each component and operating division" (Curtis 1942,

p. 1), which collaborated with manufacturers as well. This activity eventually spun out component

committees which were subsequently led and managed by the Army and Navy. As it did so, the

Rad Lab's function evolved from developing standards to ensuring that manufacturers were \con-

form[ing] to Service speci�cations" (Sechrist 1945, p. 1). The bene�ts were recognized at the time

by Rad Lab sta� (Willett and Bridge 1943) as conferring 
exibility (to source and combine parts

from di�erent manufacturers), resilience (with multiple sourcing), scale (enabled by interchangeable

parts), and repair (facilitating maintenance and parts replacement).
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4.2.3 Frictions in the ecosystem

The Rad Lab also faced several challenges in orchestrating this activity. One was in ascertaining

the boundaries of its authority relative to military o�ces. Though the Rad Lab was the de facto

ecosystem leader, The Naval Research Laboratory and Army Signal Corps also sought (and had) a

role in promoting radar R&D. The multilateral relationships that the Rad Lab managed (between

itself, military o�ces, and manufacturers) also created confusion around ultimate authority, espe-

cially when the services placed orders with �rms for Rad Lab-designed systems. The Army and

Navy \at times desire[d] that [the Rad Lab] assist them and the manufacturer during the transition

stage and occasionally for some time after production [was] underway," but because \�nal respon-

sibility for satisfactory production lies by contractual arrangement between the Army or Navy and

the manufacturing company," the Rad Lab was typically limited to an advisory or consultant role

without any formal managerial or decision authority (NDRC 1943, p. 19).

A challenge which presented a more direct threat to postwar activity was intellectual property

rights (IPR). As Fortune (1945, p. 203) explains, by the end of the war there were in 1945 an

estimated \2,000 and 3,000 patents that are basic to radar production," with \some 1,500" of

them having been developed during the war. Of these, \roughly a third [we]re government-owned"

(consistent with our counts from OSRD records), but although largely government-�nanced, most

of the rest belonged to �rms. These di�use patent rights threatened to obstruct commercialization.

To \avoid pyramided royalty payments and a long period of interference litigation," the Navy

proposed that �rms create a patent pool among the major manufacturers of \all patents essential

to radar production"|though this would intrinsically advantage these incumbents and limit entry.

The proposal received a mixed response from the major �rms and failed to materialize into concrete

action. Gaps in the remaining evidence leave it somewhat opaque to how serious a problem patent

thickets were in the postwar period, or how they were overcome, but one factor factor that may

have (at least partially) mitigated this problem is the U.S. government's ownership of Rad Lab

patents, which to our knowledge were not subsequently enforced.

5 The Takeo� of the Postwar Radar Industry

5.1 From Military to Civilian Markets

Through late 1945, radar was produced exclusively for military use|in part because nearly all

production capacity was mobilized for war, and in part due to government restrictions on the public

disclosure of radar technology itself (Gross 2023). Despite this, radar had already grown to be one
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of the largest U.S. electrical industries by the time the war ended, as a result of military demand. A

Fortune magazine article in October 1945 (one month after the war ended) introducing this industry

to the public established it was \larger than radio", with \more than a billion dollars' worth of

radar systems, tubes, and accessories were produced in the U.S. last year", and explicitly attributed

it to a \cooperative e�ort on the part of government laboratories, 200 prime manufacturers, and

an estimated 8,000 subcontractors" (Fortune 1945, p. 146).

The same article concluded by anticipating the imminent takeo� of a (civilian) commercial industry.

As predicted, within a year, radar had begun to spread to the civilian sector, driven by its di�usion

from military to civilian applications in air and sea transportation, such as air tra�c control,

long-range navigation, and detection in low-visibility conditions. Military demand also continued

growing as radar became a critical defense technology in the Cold War and its uses expanded

into guided missiles and air defense systems. By 1960, nearly 50 civil airports had adopted radar

systems for modern areal surveillance (Federal Aviation Agency 1960), weather radar had become

standard on large civil aircraft and navigation radar on merchant ships, and the military had begun

operating the nationwide, radar-driven SAGE air defense system.

Measuring participation in the radar industry is di�cult, in part because its boundaries are fuzzy,

as many radar input suppliers (e.g., antennas, diodes, or cathode ray tubes) might be reasonably

classi�ed in other sectors. One approach to measuring industry size is to count �rms in the Thomas

Register (TRAM). Radar was �rst added to TRAM in 1944, but for security reasons no �rms were

named; it was then listed in 1947 and every edition thereafter.

We follow Gort and Klepper (1982), Klepper and Graddy (1990), and Agarwal and Gort (1996) in

reporting �rm counts in TRAM for radar. Many of these �rms are radar systems manufacturers and

include known World War II suppliers; others are described as supplying speci�c components (see

Appendix Figure B.4 for a sample). Figure 2 shows the number of �rms growing from (implicitly)

zero in the 1930s to roughly 50 in 1947 and 175 by 1956, covering the industry's initial era of rapid

expansion (according to Gort and Klepper 1982). Given the scope of the wartime e�ort, and the

reporting limitations of TRAM, we think these counts are directionally accurate but likely to be

an underestimate of the full scope of the postwar radar industry. As Figure 2 also shows, industry

participants included both wartime suppliers and new entrants|many of whom were existing �rms

entering from adjacent industries (e.g., aircraft manufacturers or electrical or marine equipment

suppliers), and a smaller number of which were de novo startups.

[Figure 2 about here]
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Archival records from the largest �rms involved in the war e�ort provide a window into their

commercial transition. Promotional material (e.g., Appendix Figures A.5 and A.6) from West-

ern Electric and Westinghouse advertised radar systems for air and sea, consistently emphasizing

their World War II experience. Sperry Gyroscope records include newspaper clippings of commer-

cial radar demonstrations, such as in river navigation and harbor tra�c control (Appendix Figure

A.7). Sperry records also document that by 1948, over 250 vessels belonging to nearly 100 di�erent

�rms were using Sperry radar for water navigation, including customers with signi�cant interna-

tional shipping like Standard Oil or United Fruit (Sperry Gyroscope 1948). Appendix Table A.3

reproduces internal accounting records from the company documenting the pro�tability and growth

of its marine radar business, with the majority of sales to domestic or foreign commercial markets,

and a growing share to internal units for incorporation into other Sperry-made products|one of

the rare instances where we can see product-level performance.

5.2 Linkages from World War II to the Postwar Industry

We consider several ways in which the war e�ort may have been linked to postwar commercial

activity in radar. The �rst is the emergence of technological opportunity in translating wartime

progress in radar to commercial applications. This was an opportunity widely recognized at the

time and the October 1945 Fortune article identi�ed explicitly (Fortune 1945). Beyond opportunity,

however, we consider the possibility that the wartime radar program also established new structures

and resources around which the nascent industry could grow. Although wartime e�ort provided the

\push" which created these structures and resources, their commercial application required speci�c

�rm choices and investments to incorporate them into new products, decide where to compete, and

establish competitive positions in the emergent postwar industry.

5.2.1 Repurposing of wartime capabilities: Codi�ed and embodied knowledge

Archival documents from many World War II contractors indicate an explicit choice to redeploy

resources towards commercial markets. An internal Westinghouse review of wartime work circulated

in October 1946, for example, predicted that \[t]he techniques and `know-how' gained from [its work

on radar] equipment will without doubt be applied to numerous post-war developments," noting

that aircraft landing in low visibility conditions would be one of its �rst applications (Westinghouse

Electric Corp. 1946, p. 137). Sperry Gyroscope records argued that entering commercial markets

was a \logical step" due to its \accumulated experience in [radar] applications" (Bigelow 1961, p.

5). Both �rms appear in our TRAM �rm list from 1947 onward.

Despite this continuity, Figure 2 makes clear that the postwar radar industry included many �rms
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which were not involved in the war e�ort, including many �rms which were seemingly founded after

war ended altogether. These �rms did not have war-borne resources to redeploy, but nevertheless

may have bene�ted from resources which the war e�ort cultivated. To evaluate this possibility,

we empirically examine both incumbents' (i.e., World War II �rms') and entrants' use of three

resources: Rad Lab science, technology, and human capital.12

For this analysis, we transition from the TRAM records to our sample of patenting �rms, which

we believe covers �rms engaged in new product development and enables us to look beyond the

boundaries of the TRAM sample itself. We construct a panel of �rms with radar-related patents

(see Section 3 or Appendix B.3) spanning 1940 to 1965, and in each year measure (i) their number

of radar-related patents, (ii) whether these patents cite Rad Lab or RRL patents, and (iii) whether

they cite the Rad Lab series (i.e., Rad Lab science).13 We additionally measure whether and when

each �rm employed Rad Lab/RRL researchers, using membership directories of the Institute of

Radio Engineers (as described in Section 3). We interpret patent citations as indicating applications

of codi�ed knowledge and employees as embodied knowledge.

Figure 3 �rst documents the growth of radar-related �rms and patents over this period, with Panel

(A) showing the number of �rms each year with � 1 radar-related patent and Panel (B) showing

the number of such patents, separately reporting (i) World War II program participants (\WW2

incumbents"), (ii) non-World War II �rms with one non-radar patent before their �rst radar patent

(\Diversifying entrants"), and (iii) �rms whose �rst patent is a radar patent (\New �rms"). In the

years immediately after the war, World War II �rms enjoyed a \dominance by birthright" (Klepper

and Simons 2000a), but this position eventually gave way to a large wave of entry by �rms entering

radar from other industries (especially other electronics and communications industries), which by

1960 accounted for the majority of radar-related patenting.

[Figure 3 about here]

In Figure 4 we explore the degree to which these �rms built on Rad Lab science and technology

and employed former Rad Lab researchers. Panel (A) shows the share of patenting �rms in biennial

12 Qualitative evidence suggests other Rad Lab-developed resources also extended to the postwar commercial industry.
For example, an article describing the \Commercial Applications of Wartime Science" largely focused on the civilian
value of radar and emphasized that the \Standardization of many components of electronic equipment [that] was
brought about during the War to simplify production and distribution problems ... will now be available to industry
as a guide wherever high quality is demanded" (Van Deusen 1946, p. 371).

13 We limit this panel to years after a �rm's �rst USPTO patent �ling (of any kind), to exclude �rm-years where a
given �rm may not yet exist. A small number of �rms in this sample experienced M&A during our sample period,
according to merger statistics from the Federal Trade Commission; for these �rms, we dynamically reassign their
patents to ultimate owners in post-acquisition years. See Appendix B.3.
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intervals who cite Rad Lab patents or the Rad Lab series in at least one patent, and Panel (B) the

share of these �rms whom we can identify as employing at least one Rad Lab researcher; in both

panels, we report these rates for World War II �rms and postwar entrants (combining diversifying

entrants and new �rms). Both World War II �rms and postwar entrants made use of these resources,

though the former did so at a much higher rate: at the peak, 60-80% of these �rms cited Rad Lab

science and technology in at least some of their radar patents (versus� 40% for postwar entrants),

and around 50-60% employed Rad Lab researchers (versus 20%). Appendix Figures D.1 and D.2

build on this evidence further: the former by showing that both component and system innovation

drew on Rad Lab science and technology, and the latter by showing that the Rad Lab's footprint

continued into later generations of radar-related technology.14

[Figure 4 about here]

How broadly accessible these resources were is a distinct question. Knowledge is in theory mobile

but has long been recognized to localize (Ja�e et al. 1993, Rosenthal and Strange 2003, Roche 2020),

and knowledge workers even more so (Rice et al. 2006, Rosenthal and Strange 2008). Table 5 asks

whether having a physical presence in Cambridge was advantageous for harnessing these resources.

We evaluate whether �rms with recent R&D in Cambridge or its surrounding county (Middlesex,

MA) were more likely in a given year to (i) cite Rad Lab/RRL patents or (ii) the Rad Lab series

(conditional on patenting), or (iii) employ a former Rad Lab/RRL researcher. To do, we regress

indicators for these outcomes on an indicator for whether the �rm �led any radar-related patents

in Middlesex in the prior year (a proxy for local operations), initially with no �xed e�ects and then

with �rm and year �xed e�ects. Firms of both types were similarly likely to cite Rad Lab patents

and science, but those located near Cambridge were much more likely to employ former Rad Lab

sta�, indicating that codi�ed knowledge in patents and publications was more widely accessible,

and vindicating the intent behind the Rad Lab's e�ort to proactively disseminate knowledge while

highlighting the limits to its newly-developed human capital.

[Table 5 about here]

5.2.2 Persistence of industry architecture

Beyond these resource channels, the war may have facilitated commercial activity in a more fun-

damental way: by institutionalizing the structure of the radar industry, which during the war was
14 Though only 5% of radar-related patents directly cited Rad Lab patents by the 1960s (as the technology continued

evolving), roughly 50% had a 3rd-degree or lower linkage through the citation record.
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organized around component suppliers and systems developers and was largely vertically disinte-

grated but supported by centralized coordination. To test for potential continuity of this industry

structure, we return to TRAM, where most �rm listings were accompanied by business descriptions.

Tabulating the frequency of words in these business descriptions, the most common words (in order,

and singularized) areComponent, Equipment, Radar, Part , and Microwave. Shortly after these are

names of speci�c components and system types, such asWaveguide, Antenna, Tube, Navigation,

and Airborne |indicative that this industry structure persisted. To more formally evaluate post-

war industry structure, we manually classify each business description into four categories: radar

systems, components, services (e.g., design or custom manufacturing to speci�cations), and other

or missing. Figure 5 shows the distribution of TRAM-listed �rms across these categories each year

from 1947 to 1956 and demonstrates how this structure persisted.

[Figure 5 about here]

5.2.3 Assessing causal linkages and counterfactuals

Because we do not have a counterfactual to empirically compare the radar industry's history against,

our analysis is intrinsically abductive. Absent clear deductive evidence, we would advise caution

against an unequivocal inference that the radar program was responsible for postwar developments

per se. Prior research suggests multiple other pathways through which similar outcomes could

have developed, and that �rms or other organizations can also be ecosystem leaders (Iansiti and

Levien 2004, Adner 2012). However, even if microwave radar were inevitable, contemporaries

argued that the war sped its development by decades (Baxter 1946, MIT 1946). The most speci�c

counterfactual analysis arguably comes from archival records. When OSRD Director Vannevar

Bush asked Rad Lab sta� near the end of the war \why manufacturers had not become more

independent of the Laboratory" sooner, several reasons were given, including that (i) most �rms

had lacked the capabilities to undertake the necessary basic research which the Rad Lab performed,

as well as \adequate engineering sta�," (ii) private �rms lacked the close interaction that the Rad

Lab maintained with the military services, and (iv) �rms lacked adequate testing facilities and

equipment|infrastructure which would bene�t the full industry, but which the Rad Lab had the

necessary scale and incentives to invest in (Exter 1944, p. 7).
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6 Discussion

6.1 Coordinated R&D in environments with extreme interdependence

Despite the emphasis of strategy scholarship on market-driven R&D strategy, technology manage-

ment, and patterns in industry evolution, it is also widely recognized that �rms in research-intensive

industries face structural obstacles to pro�ting from innovation (e.g., Arrow 1962, Teece 1986, Levin

et al. 1987, Cohen et al. 2000). The same pressures that discourage �rm R&D in general can be

in
amed by interdependencies, particularly when value creation around a given technology hinges

on simultaneous advances in a large number of components or complements, those complements are

controlled by other parties, and the weakest link will create a bottleneck for system performance

(Baldwin and Clark 2000). Ensuring that each subsidiary input (i) exists, (ii) provides the requi-

site level of performance, and (iii) advances at a similar pace to and remains compatible with the

system as a whole has been recognized as a deeply challenging problem for decentralized markets

and for �rms which depend on external components (Iansiti and Levien 2004, Adner and Kapoor

2010, Adner 2012). Beyond the R&D process itself, these technologies must also be integrated into

downstream applications, which is often nontrivial (e.g., Argyres 1999).

Radar is in many ways a representative example, requiring many parts to come together to deliver

the whole. Radar designs in the 1940s, for example, could involve \as many as 7,000 interrelated

parts [in] a space not larger than a hat box," and modi�cations could induce \thousands of changes

in the elemental manufacturing operations or in the timing or grouping of those operations" (Lack

1946, p. 69). Advances in radar technique hinged on improvements in both microwave science and

speci�c components|which themselves interdepended. Additional interdependencies arose from

integrating radar into ship and aircraft design and in military strategy.

Established governance structures for innovation problems like those which radar presented in-

clude vertical integration (such as AT&T and its historical R&D subsidiary, Bell Labs), R&D

consortia (such as SEMATECH, the organization which helped revitalize the U.S. semiconductor

industry in the 1990s), and decentralized markets. The centralized direction of both research and

production in vertically-integrated organizations can facilitate coordination across interdependent

components and activities, but typically keeps knowledge within �rm boundaries (Teece 1986, Ar-

gyres 1999). Research consortia, in contrast, seek to achieve coordination through joint governance

while distributing research activity across members, leading to more distributed knowledge and

capabilities|but with distinctive challenges in incentive alignment, and limited capability develop-

ment and knowledge di�usion beyond consortium members themselves (e.g., Grindley et al. 1994,
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Link et al. 1996, Mowery 1998, Langlois and Steinmueller 1999). In comparison to vertical inte-

gration and R&D consortia, decentralized innovation distributes both research and production and

can generate broadly accessible outputs, but relies on market-based coordination that may be less

productive for complex systems innovations that require tight integration.

The wartime radar program's approach was distinct from these alternatives, and we speculate it

may have combined the bene�ts of centralized and decentralized R&D (Argyres 1995, Argyres and

Silverman 2004), consolidating essential research functions in the same organization and physical

space, distributing manufacturing and implementation to partners with speci�c capabilities (or

capacity) and to end users, and maintaining alignment across the project through active manage-

ment.15 These observations lead us to identify a fourth alternative structure, coordinated R&D

programs, which we de�ne as an organized e�ort that combines the following set of features: (i)

centralized research direction under a designated coordinating body; (ii) distributed production

across multiple �rms; (iii) ecosystem orchestration, including across research, engineering, compo-

nent suppliers, system integrators, and users, with actively-managed transitions; and (iv) deliberate

e�orts to disseminate outputs beyond the coordinating body itself.

Coordinated R&D programs may be more likely than other approaches to have broad-based im-

pacts, due to the distributed capabilities they may generate and broad knowledge access they tend

to permit. Rather than concentrating activity in a single �rm or a closed consortium, the Rad

Lab coordinated research, engineering, and production across many participants while generating

outputs that were legible outside the immediate wartime context. Although none of these features

guaranteed a postwar commercial expansion, they in
uenced the portability of wartime advances,

making it easier for both incumbent �rms and new entrants to reuse and adapt them in postwar

market competition. In this sense, the radar case suggests that organizational arrangements that

centrally coordinate development, cultivate distributed capabilities, and disseminate outputs may

be especially conducive to subsequent decentralized industrial growth.

6.2 Comparative cases and counterexamples

The radar example highlights how organizational choices made by an organized R&D e�ort can

in
uence whether its outputs are used beyond the scope of the project itself. Though comparison

cases can be useful in evaluating the generality of this pattern, we are not aware of close studies of

15 Historical references suggest the alternatives were to either (i) locate R&D in the military services, or (ii) contract
the orchestration role to Bell Labs, but the disadvantages of the former were already revealed in the pre-war era
(vis-�a-vis duplication and fragmentation across the Army and Navy, which had divergent goals and incentives), and
the disadvantages of the latter were understood in relation to capabilities, incentives (e.g., to support potential
competitors), legitimacy, research security, and overall control.
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organizations or settings which match the Rad Lab's features precisely|in part because its time

and circumstances were distinctive, and in part because no two organizations are alike. Some recent

scholarship has nevertheless studied examples of mission-oriented government R&D programs with

shared features, including at NASA (the Space Shuttle program and Hubble Space Telescope; Roy

et al. 2019, 2025) and DARPA (the early Internet; Greenstein 2015).

Roy et al. (2019) examine the development of charge-coupled device (CCD) image sensors in the

course of NASA's Hubble Space Telescope (HST) project. We see their evidence as broadly rein-

forcing of this paper's �ndings. The demands of space-based imaging, and NASA's need, propelled

extensive pre-commercial experimentation by multiple �rms. Similar to the radar example, these

e�orts generated codi�ed and transferable knowledge in the form of patents, publications, and de-

sign techniques that di�used well beyond NASA and were later recombined in civilian and consumer

imaging markets. We view this case as a microcosm of the present example in the sense that CCDs

were an input to, rather than the ultimate objective of, the HST program, but CCD development

nevertheless shared some similar features and commercial reuse.

Follow-up research on NASA's Space Shuttle program provides an example where this transition

did not take place, due to its outputs being far less portable beyond the originating organization.

Roy et al. (2025) demonstrate that NASA developed the Space Shuttle through intensive internal

knowledge production, characterized by oscillation and accumulation across tightly interdependent

performance attributes. Although this process produced a major technical achievement in space

transportation, the resulting designs were optimized for NASA's narrow mission pro�le and deeply

embedded within the organization and its contractor network. As a result, Space Shuttle-related

knowledge did not di�use directly to a commercial space sector or support broad private entry

and decentralized recombination. Subsequent commercial launch markets emerged instead through

alternative technology architectures and organizational models.

A di�erent but complementary pattern appears in accounts of the early Internet. As Greenstein

(2015) explains, ARPANET was developed under a DARPA-led technology program with the goal

of creating resilient electronic communication networks. However, its commercial impact hinged

on the early adoption of open protocols, modular architecture, and permissive knowledge di�usion.

Although the military was the initial funder and user, it did not retain exclusive control over the

resulting technologies; instead, standards were made public and extensible, enabling entry by �rms

and entrepreneurs far removed from the original defense context.
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7 Concluding Remarks

Using archival records and data on postwar �rm entry, innovation, and technical workers, this paper

documents how the World War II radar program contributed to the postwar genesis of a commercial

radar industry|namely, by producing a set of durable technical and organizational outputs that

were picked up by the civilian sector after the war ended. These included codi�ed knowledge (pub-

lished science, patents, and other documentation), embodied knowledge (specialized personnel), and

a component{system technological and industrial architecture (including interfaces and standards)

that persisted in subsequent market activity. We show that these outputs were widely reused, re-

combined, and extended by both wartime participants and postwar entrants as radar di�used into

civilian markets. The empirical and archival evidence points to speci�c organizational-architectural

choices, and deliberate e�orts at dissemination, as being important to the portability of wartime ad-

vances, enabling decentralized private �rms to build on them under competitive conditions. Taken

together, the evidence clari�es a pathway through which centralized, mission-oriented R&D projects

can leave behind foundations that support later industry growth.

We think the evidence from this case is most directly relevant to technology problems and (public

or private) R&D institutions with similar goals and features. Several public R&D organizations

operating today are direct descendants of the Rad Lab or other World War II-era research projects,

and others share the same ambitions of cultivating ecosystems around emerging technologies. The

institution that bears the closest resemblance to OSRD is arguably DARPA, and the closest par-

allel to the wartime radar program today may be DARPA-led technology development projects.16

Other related examples include integrated industrial R&D programs such as aircraft development

projects, where coordinated e�orts across multiple stakeholders may be useful in to overcome tech-

nological and market challenges (e.g., Argyres 1999). Similarly, industry consortia like SEMATECH

(Grindley et al. 1994, Link et al. 1996, Mowery 1998, Langlois and Steinmueller 1999)|a collabora-

tive, publicly-funded industrial R&D program in the 1980s and 1990s which sought to improve the

competitiveness of the U.S. semiconductor industry|can guide cooperative e�orts across �rms and

other ecosystem players to advance technologies with signi�cant interdependencies. In contrast

to the radar program, SEMATECH saw suppliers, manufacturers, and users voluntarily coordi-

nate with each other (without strong government leadership), using Moore's law to align R&D

16 Although DARPA is not a monolithic agency, and the R&D programs it runs have substantial heterogeneity (Bonvil-
lian et al. 2019), they also several features with the radar program. These include speci�c (defense-related) mission
goals, active management, the ambition to advance high-risk science and transition it into useful technology, and
the active construction of cross-sectoral networks and ecosystems that can collectively bring emerging technologies
to fruition. DARPA is widely recognized as a driving force behind several major modern high-tech industries, from
computer networking and internet-enabled industries to autonomous vehicles.
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investments of participants across the semiconductor value chain.

There are also potential limits to generalizability. The World War II radar program was operated

to meet an urgent military need in a global war, and its commercial impacts were incidental to the

primary goal of creating technology for war. This urgency motivated a level of public investment and

market intervention which is unusual in other times. It also facilitated cross-sectoral collaborations

which in other contexts may not take place due to incentive con
icts or antitrust constraints. The

military provided essentially guaranteed demand. Yet by design, the essential work of radar R&D

and ecosystem orchestration took place at the Rad Lab itself|activities which might be di�cult to

reproduce through decentralized market relationships alone. In this sense, as we noted earlier, the

wartime context has more bearing on why a coordinated R&D program was established than on the

central focus of our analysis: which of its outputs were incorporated into commercial �rm activity

after the war ended, why, and what this indicates about the links between large, centralized R&D

projects and subsequent decentralized industry development.

Additional research is needed on whether similar e�ects may be produced by other mission-oriented

R&D e�orts, including in emerging sectors like renewable energy or arti�cial intelligence today. But

beyond reproducibility, this study points to new questions. Examples include questions such as:

how do government versus private e�orts at coordinated R&D compare in their execution and

impact? Under what conditions do coordinated R&D programs create entry barriers, entrenching

participants as industry leaders, versus enable wider entry? Which �rms choose to engage in coor-

dinated R&D programs, and why? Rad Lab-like projects have long sustained policy interest based

on their perceived historical impacts, and this interest is growing today at U.S. government and

philanthropic research funders (e.g., National Science Foundation 2025, Renaissance Philanthropies

2025, Institute for Progress 2025), suggesting they are poised to expand. If they do, we anticipate

these questions will be increasingly fertile grounds for future study.
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Figures and Tables

Figure 1: Radar system: Block diagram
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Notes: Figure presents a block diagram of a radar system.
Adapted from Guerlac (1987), Figure 2-17.

Figure 2: Radar industry participants in the Thomas Register, 1940s-1950s

Notes: Figure shows count of radar industry participants in successive editions of the
Thomas Register of American Manufacturers (TRAM). The �rst edition to include
radar as a product category was 1944, though �rm listings were suppressed for security
reasons until 1947, when industry participants already numbered > 50 �rms. \WW2
incumbents" are those which we can identify as having participated in the wartime
program, based on Rad Lab records, information in Guerlac (1987), and war supply
contract data from Li and Koustas (2019) (where we searched for contracts with the
word \radar" in the product description). \Diversifying entrants" are non-WW2 sup-
pliers which are present in the TRAM index in 1941 or 1944. Firms which are neither
war suppliers nor in previous editions of TRAM we label \new".
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Figure 3: Annual number of radar-patenting �rms and radar patents, 1940-1965

Panel (A): Radar-patenting �rms Panel (B): Radar patents

Notes: Panel (A) shows the number of �rms each year from 1940 to 1965 with at least one radar-related patent,
by �rm type. We associate patents to �rms through assignees. \WW2 incumbents" are those which we can
identify as having participated in the wartime program, based on Rad Lab records, information in Guerlac
(1987), and war supply contract data from Li and Koustas (2019) (where we searched for contracts with the
word \radar" in the product description). \Diversifying entrants" into radar are non-WW2 �rms which had at
least one non-radar patent before their �rst radar patent. \New �rms" comprise all other entrants. In Panel
(B) we report the number of radar-related patents over time by �rm type.

Figure 4: Rate at which radar-patenting �rms used or extended
RL/RRL-developed science, technology, and human capital

Panel (A): Share of �rms citing Panel (B): Share of �rms employing
RL/RRL science or patents � 1 former RL/RRL researchers

Notes: Panel (A) shows the share of radar-patenting �rms between 1940 to 1965 which cite RL/RRL patents or
the Rad Lab series in at least one radar patent, by �rm type. We associate patents to �rms through assignees.
\WW2 incumbents" are those which we can identify as having participated in the wartime program, based
on Rad Lab records, information in Guerlac (1987), and war supply contract data from Li and Koustas
(2019) (where we searched for contracts with the word \radar" in the product description). \Entrants" are all
other �rms. Panel (B) shows the share of radar-patenting �rms between 1940 and 1965 which we identify as
employing a former RL/RRL researcher, using near-annual IRE member directories between 1942 and 1963
(note: no data available for 1943-1945, 1947, 1949, and 1957).
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Figure 5: Share of TRAM-listed �rms by radar industry segment, 1947-1956

Notes: Figure shows the share of radar industry participants in each edition of
the Thomas Register of Manufacturers (TRAM) between 1947 and 1956 which
we classify as providers of radar systems, components, and services, based on the
product/service descriptions provided in the TRAM directory listings. Firms
can be classi�ed into multiple categories (e.g., component manufacturing to
customer speci�cations as both component and service). Firms without product
descriptions classi�ed as unknown.

Table 1: Top 10 manufacturers of radar systems in World War II
WW2 value Pct. of Listed in TRAM?

Firm (2022 $, BBs) WW2 total 1947 1950 1953 1956 1959
Western Electric Co. 20.281 39.9%
General Electric Co. 6.247 12.3% Y Y Y
Philco Corp. 4.283 8.4% Y Y Y Y Y
Raytheon Mfg. Co. 3.741 7.4% Y Y Y Y Y
Westinghouse Electric Corp. 3.657 7.2% Y Y Y Y Y
Radio Corp. of America 2.150 4.2% Y Y Y Y
Hazeltine Corp. 1.913 3.8%
Stewart-Warner Corp. 1.050 2.1%
Belmont Radio Corp. 1.033 2.0% n.a. n.a. n.a. n.a. n.a.
Sperry Gyroscope Co. 0.863 1.7% Y Y Y Y Y

Notes: Table lists the top 10 World War II radar suppliers (by value), based on Guerlac
(1987), with values in
ated from 1940s levels using a composite wartime adjustment, weighting
annual in
ation factors by each year's share of radar deliveries. It then indicates whether each
�rm was listed as a radar supplier in postwar editions of the Thomas Register of American
Manufacturers (TRAM). Though not found in TRAM, Western Electric is known via archival
records to have been active in radar. Belmont Radio Corp. was acquired by Raytheon in 1945
and is not separately listed thereafter.
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Table 2: RL/RRL share of patents in principal radar patent classes and components, 1943-1946

Pct. of patents from Govt. funded RL/RRL rank
USPC or Component/System RL/RRL, 1943-1946 share of patents among assignees

Panel (A): Share of patents in radar-related classes
343 (Radio wave antennas) 15.5% 59.2% 1
342 (Directive radio wave systems/devices (radar)) 10.8% 58.2% 2
333 (Wave transmission lines and networks) 10.4% 51.4% 2
327 (Electrical devices, circuits, and systems) 7.9% 58.9% 2
315 (Electric lamp and discharge device systems) 5.5% 28.9% 3
708 (Electrical computers: processing) 5.4% 39.1% 4

Panel (B): Share of radar-related patents in speci�c measurable components
Radar systems 15.2% 68.5% 1
Antennas 14.3% 58.8% 1
Waveguides 10.9% 55.3% 3
Magnetrons 9.2% 37.3% 3

Notes: Panel (A) lists the top patent classes (USPCs) with Rad Lab/RRL patents between 1943 and 1946 (when
nearly all Rad Lab/RRL patents were �led). Columns report (i) the Rad Lab/RRL share of patents, (ii) the
government-funded share of patents, and (iii) the Rad Lab/RRL rank against all class assignees. Panel (B) lists
radar systems and components which are identi�able using CPC codes (see Section 3), and reports the same
statistics among patents associated with these systems/components.

Table 3: Changes in research orientation of Rad Lab/RRL inventors:
tendency to produce patents in radar classes

Fraction in Radar USPCs Any in Radar USPCs
(1) (2) (3) (4) (5) (6)

Pre-to-Mid Mid-to-Post Pre-to-Post Pre-to-Mid Mid-to-Post Pre-to-Post

1(Is RL/RRL alum) 0.232 -0.100 0.091 0.597 -0.278 0.310
(0.038) (0.036) (0.035) (0.061) (0.078) (0.062)

N 76006 38866 58582 76006 38866 58582
R2 0.71 0.71 0.61 0.73 0.71 0.64
Y mean 0.02 0.02 0.02 0.04 0.06 0.04

Notes: Table estimates di�erences in di�erences in the tendency of Rad Lab/RRL sta� to invent in
radar, relative to other inventors, as it changed across the pre-, mid-, and post-war periods. In each
panel there are two outcomes: Columns (1) to (3) present intensive measures (the fraction of the
inventor's patents of a given type), and Columns (4) to (6) intensive measures (any patents of a given
type, conditional on patenting at all). The third and sixth columns are our preferred speci�cations,
being indicative of lasting shifts in inventive behavior. Robust SEs in parentheses.
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Table 4: Firms supplying wartime radar components and systems named in Guerlac (1987)
Components

Firm Systems Antenna T-R Box Crystal Mixer Receiver Indicator CRT Modulator Transmitter Beacons
Western Electric Co. X X X X X X X
General Electric Co. X X X X X X X
Radio Corp. of America X X X X X X X
Raytheon Manufacturing Co. X X X X X X
Philco Radio Corp. X X X X X
Sylvania Electric Products Co. X X X X
Westinghouse Electric Corp. X X X X
Galvin Manufacturing Co. X X X
Sperry Gyroscope Co. X X X
Grinding Tool Co. X X
F. J. Hagerty Co. X X
Douglas Aircraft Co. X X
Stromberg-Carlson Co. X X
F. M. Link Co. X X
Hallicrafters Co. X X
Gil�llan Brothers Co. X X
+ 15 �rms producing only systems
+ 2 �rms producing only components

Notes: Table identi�es World War II suppliers of complete radar systems and of speci�c radar components explicitly
named in Guerlac (1987), sorted in descending order by number of segments a �rm is described as having been present
in. Contemporary evidence suggests the complete wartime radar ecosystem included a wider set of �rms than those
noted by Guerlac, and a supply chain that ran several layers deep (a Fortune (1945) article on the emergent industry
alleges \8,000 subcontractors", though this is potentially an overestimate).

Table 5: Di�erences in postwar use of Rad Lab/RL resources by radar �rms
as a function of whether they have an R&D presence near Cambridge

Cites in a patent: Employs Cites in a patent: Employs
(1) (2) (3) (4) (5) (6)

RL/RRL patent RL series Any alum RL/RRL patent RL series Any alum

Presence in Middlesex, MA 0.101 0.106 0.446 0.044 0.034 0.117
(0.085) (0.061) (0.081) (0.076) (0.061) (0.048)

N 835 835 2562 801 801 2562
R2 0.01 0.01 0.05 0.43 0.40 0.70
LHS mean 0.31 0.21 0.26 0.32 0.21 0.26
RHS mean 0.16 0.16 0.05 0.16 0.16 0.05
Firm FE Y Y Y
Year FE Y Y Y

Notes: Table relates �rms' tendency to build on or use RL/RRL-developed resources to whether the �rm
has R&D operations in Cambridge, MA or its surrounding county (Middlesex). The results provide a test
of whether a physical presence in or near Cambridge was needed to make use of these resources. Columns
(1) and (2) estimate di�erences in �rms' propensity to cite RL/RRL patents (Column 1) or the Rad Lab
Series (Column 2) in radar-related patents (de�ned as patents classi�ed in radar component and system
CPCs with the word \radar" or \microwave" in the patent text). The outcome is measured at the �rm-year
level as an indicator for whether such a citation was made in a given year, conditional on the �rm �ling any
radar-related patents, and the sample spans 1947 (when front-page citations begin) to 1965. Column (3)
estimates di�erences in these �rms' propensity to employ at least one former RL/RRL researcher, measured
using near-annual IRE member directories between 1948 and 1963. In all cases, the independent variable
measures whether the �rm �led any radar-related patents in the prior year in Middlesex County, as an
indicator for current R&D activity in the area. Columns (4) to (6) repeat these estimations adding �rm
and year �xed e�ects. SEs clustered by �rm in parentheses.
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A Historical Appendix

A.1 Archival records: A glimpse into the Rad Lab

This appendix section provides additional contextual information on WWII radar program, partic-

ularly for the research organizations at the center of the wartime research e�ort: the MIT Radiation

Laboratory (Rad Lab) and Harvard Radio Research Laboratory (RRL). Figure A.1 presents photos

of the Rad Lab's facility. Tables A.1 and A.2 describe the Rad Lab's organizational structure|

where many divisions and working groups map to speci�c radar components, and others map

to (upstream) basic science and speci�c (downstream) applications. Figures A.2 and Figure A.3

provide org charts for the Rad Lab and RRL, respectively.

Figure A.1: Photographs, 1940-1945 (reproduced from MIT 1946)

Panel (A): Aerial photograph of Building 20 (Rad Lab building; on right, outlined)

Panel (B): Initial o�ce schematic (1940) Panel (C): Early research activity (1940)
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Table A.1: List of Rad Lab Divisions (reproduced from MIT 1946)
Division Name Chief Known Sta�
1 Business O�ce T. F. O'Donnell 95
2 Buildings and Maintenance J. G. Peter 4
3 Personnel and Shops F. W. Loomis 51
4 Research I. I. Rabi 73
5 Transmitter Components J. R. Zacharias 235
6 Receiver Components L. J. Haworth 158
7 Beacons L. A. Turner 46
8 Fire Control and Army Ground Forces I. A. Getting 81
9 Airborne Systems M. G. White 78
10 Ground and Ship J. C. Street 95
11 Navigation J. A. Pierce 24
12 Field Service J. G. Trump 13

Notes: Table lists Rad Lab divisions, division heads, and sta� counts we are able to identify
in each. Divisions 4 to 11 were the principal technical divisions.

Table A.2: List of Rad Lab R&D Working Groups (reproduced from MIT 1946)
Division Division name Group Group name Group chief

4 Research 41 Fundamental Development E. M. Purcel
4 Research 42 Propagation D. E. Kerr
4 Research 43 Theory G. E. Uhlenbeck
4 Research 44 Experimental Systems J. L. Lawson
4 Research 45 Special Dielectrics O. Halpern
5 Transmitter Components 51 Modulators H. D. Doolittle
5 Transmitter Components 52 Transmitters G. B. Collins
5 Transmitter Components 53 Radio Frequency A. G. Hill
5 Transmitter Components 54 Antennas L. C. Van Atta
5 Transmitter Components 55 Test Equipment F. J. Ga�ney
5 Transmitter Components 56 Component Engineering M. M. Hubbard
5 Transmitter Components 57 Special Problems J. C. Slater
6 Receiver Components 61 Receivers S. N. Van Voorhis
6 Receiver Components 62 Indicators C. Sherwin & J. Soller
6 Receiver Components 63 Precision B. Chance
6 Receiver Components 64 Trainers R. L. Garman
6 Receiver Components 65 Moving Target Indication R. A. McConnell
7 Beacons 71 Racons A. Roberts
7 Beacons 72 Identi�cation M. D. O'Day
8 Fire Control and Army Ground Forces 81 Systems L. L. Davenport
8 Fire Control and Army Ground Forces 82 Systems R. P. Scott
8 Fire Control and Army Ground Forces 83 Servos N. B. Nichols
8 Fire Control and Army Ground Forces 84 Theory R. S. Phillips
8 Fire Control and Army Ground Forces 85 Design J. S. White
9 Airborne Systems 91 (none) T. W. Bonner
9 Airborne Systems 92 (none) M. G. White
9 Airborne Systems 93 (none) W. M. Cady
10 Ground and Ship 101 Mechanical Engineering M. B. Karelitz
10 Ground and Ship 102 Ship Applications J. S. Hall & R. E. Meagher
10 Ground and Ship 103 Special Applications R. M. Emberson
10 Ground and Ship 104 Ground Applications E. G. Schneider
11 Navigation 111 Laboratory A. J. Pote
11 Navigation 112 Loran Operational Research J. A. Pierce
11 Navigation 113 Field Engineering and Procurement W. L. Tierney
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Figure A.2: Rad Lab Organization Chart (source: MIT 1946)

Figure A.3: RRL Organization Chart (source: Harvard University 1946)
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A.2 Supplementary material on World War II suppliers

Figures A.4 to A.6 provide examples of postwar commercial promotional materials for Sperry Gy-

roscope, Western Electric, and Westinghouse obtained from corporate archives. Both advertise

commercial applications of radar while emphasizing each �rm's wartime work: Figure A.4 (Sperry)

markets commercial marine radar and refers to its \knowledge gained in development and man-

ufacture of radar during the war," Figure A.5 (Western Electric) markets radar \for air and sea

commerce" and highlights that it supplied \approximately 50% of the dollar volume of all [wartime]

radar," including airborne, shipborne, and ground systems. Figure A.6 (Westinghouse) similarly

markets both air and sea radar and references its wartime experience. Figures A.7 and A.8 provide

internal and public reports of new product development and testing for Sperry's commercial marine

radar, from the �rm's archival records. Table A.8 reproduces Sperry's internal accounting records

reporting the pro�tability and growth of its marine radar business.

Figure A.4: Promotional material for Sperry Gyroscope marine radar (1946)

Source: Hagley Museum, Sperry Gyroscope Company collection, Box 5, Folder 332.
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