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ABSTRACT

During the late 1950s, the United States Air Force initiated development on nearly two-
dozen military “command and control systems.” What they shared in common was a novel
application of digital electronics to the problem of nuclear warfare. Most of these systems
descended, in some fashion, from a program called “SAGE,” the Semiautomatic Ground
Environment, which gathered data from a network of radar stations for processing at
large Air Defense Direction Centers, where digital computers assisted human operators in
tracking, identifying, and, potentially, intercepting and destroying hostile aircraft.

Although histories of SAGE have been written before, they have tended to stress digital
computing as a rationalist response to the threat of mass raids by nuclear-armed Soviet
bombers. Nevertheless, organizational sociology suggests that large bureaucratic organiza-
tions, such as the United States Air Force, often defy our intuition that decisions, technolog-
ical or otherwise, must follow a perceived problem to its potential solution. According to
the so-called “garbage-can model of organizational choice,” problems and solutions may, in
certain circumstances, arise independently and join together unpredictably, because the
basic social phenomena do not conform to bureaucratic ideals.

This dissertation argues that SAGE, and indeed, the entire Cold War project of nuclear-
and-command, can be understood as a sequence of “garbage-can-like” decisions, resulting
in a conglomeration of independent systems whose behavior appeared reasonable from
the perspective of the using organization, but which nonetheless failed to cohere against
the far greater danger of a global thermonuclear exchange. They did, however, succeed at
satisfying the government’s need to act by projecting uncomfortable questions of political

organization onto popular technology programs.
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The tradition of all dead generations weighs like a nightmare
[ein Alp] on the brains of the living.

Karl Marx, Der achtzehnte Brumaire des Louis Bonaparte, 1852
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Introduction
Air-Defense Systems in the Organization of Command-and-Control

The rules of decision making...may be much more preoccupied
with the problem of assigning outcomes their legitimate history
than with the question of deciding before the actual occasion of
choice the conditions under which one, among a set of alternative
possible courses of action, will be elected.’

Harold Garfinkel, Studies in Ethnomethodology, 1967

During the 1960s, America’s postwar ambitions for continental air-defense simultaneously
reached their fulfillment and lapsed into decrepitude. The decline was evident in the number
of projects canceled, outposts shuttered, squadrons deactivated, and officers reassigned, as
well as in reduced funding and personnel levels overall.? Yet it was the curtailment of the
Semiautomatic Ground Environment, or SAGE, that most strongly attested the retrenchment
of the continental air-defense program. The technological centerpiece of plans devised only
a few years earlier, SAGE achieved the dubious distinction of not only rapidly diminishing
in scope prior to its deployment, but actually being withdrawn from service while that
deployment was still in progress.

According to the schedule drawn up in December 1955, 46 SAGE “direction centers,” each

housing two 21,000-square-foot AN/FSQ-7 computers—one active, and the other on standby—

1. Garfinkel, Studies in Ethnomethodology, 114.

2. Figures tabulated in Historical Data of the Aerospace Defense Command, 1946-1973, ADCHO 73-4-12 (Ent AFB,
CO: Office of Command History, Headquarters, Aerospace Defense Command, April 1973), AFHRA (1006100),
vols. 1-2, which overlaps somewhat with History of Strategic Air and Ballistic Missile Defense, 2 vols. (1972; repr.,
Washington: US Army Center of Military History, 2009). A narrative overview of much of the following passage
was compiled in Richard F. McMullen, The Aerospace Defense Command and Antibomber Defense, 1946-1972,
Aerospace Defense Command Historical Study No. 39 (Ent AFB, CO: Office of Command History, Headquarters,
Aerospace Defense Command, June 1973), redacted copy provided by Command History Office, US Northern
Command, Peterson AFB, CO.



were to be constructed between 1955 and 1961; total cost: $1.161 billion.? Six months later,
the number of anticipated SAGE installations had fallen to 40, of which, 32 would be Direction
Centers. The remaining eight consisted of so-called “combat centers” equipped with pairs
of cheaper but less capable variants of the AN/FSQ-7, designated AN/FSQ-8. The date on
which the first Direction Center was supposed to come online at McGuire Air Force Base
in central New Jersey likewise slipped from 1955 to 1957. Quietly, the headquarters of the
Air Defense Command—the agent of the United States Air Force charged with guarding the
continental United States—expressed serious doubts about even this significantly relaxed
deployment schedule. Their apprehensions proved well founded, as by 1957, the order had
been again reduced to 28 Direction Centers and 8 Combat Centers, with the final completion
date receding to late 1963.*

Ultimately, only 22 SAGE installations were ever built: all Direction Centers, three with
an adjoining Combat Center, and each on the grounds of a major airbase in the United
States, and, in one case, Canada.’ The roll-out effectively halted, just as it began, in 1958,
when Air Force headquarters began deleting lower priority sites from its air-defense plan
in order to fund the construction of “super combat centers.” This improved type of SAGE
facility would be equipped with a miniaturized AN/FSQ-7, its vacuum-tube circuits replaced
by transistorized equivalents, and buried hundreds of feet underground in order to mitigate

the blast effects of a ballistic-missile strike.®

3. During development, Lincoln Laboratory referred to the AN/FSQ-7 as “Whirlwind II” and labeled its
prototype as the XD-1. Generally, the production model was simply called the “Q-7.”

4. The initial SAGE implementation schedule from December 1955, the revised schedule adopted in August
1956, and its subsequent revision, Schedule No. 7, issued in November 1957, were summarized in Richard
F. McMullen, The Birth of SAGE, 1951-1958, ADC Historical Study No. 33, vol. 1, Narrative (Ent AFB, CO:
Headquarters, Air Defense Command, December 1965), AFHRA (0500702), 32-34, 58-62, 72-74, respectively.

5. The structure for a fourth Combat Center was built at Minot Air Force Base in North Dakota, but equipment
was never installed and the facility never occupied. Of the 22 Direction Centers, ADC reserved one—at
Richards-Gebaur Air Force Base in Kansas City—for training and software development, though, to help
offset the wave of closures in 1966, it later transitioned into operational use. At the same time, a previously
unfinished Direction Center in the San Francisco Bay Area was fitted with a transistorized BUIC II computer
(see below) and added to the network as well.

6. Thomas A. Sturm, Command and Control for North American Air Defense, 1959-1963 (Washington: USAF
Historical Division Liaison Office, January 1965), 10-23, https://media.defense.gov/2016/Apr/22/2001521098/



When this program too was suspended late in 1959, digging had begun at only a single
bunker in North Bay, Ontario; it was later fitted with AN/FSQ-7 computers still reliant on
vacuum tubes and operated as a regular Direction Center. By the time it became operational
in 1963, five other facilities had already been shut down. None had been operated for more
than four years; the Direction Center in Minot, North Dakota, for instance, was barely two
years old, with the empty blockhouse for an uncompleted Combat Center still abutting its
structure like a vestigial appendage.” Another wave of four closures followed in 1966 and
1967, leaving just six centers trucking on until 1983, after which point, an additional eight
were deactivated between 1968 and 1969.°

The broad strokes of causality are not difficult to see. In 1953, the SAGE plan had called
for 46 installations, all active by 1961, at a total cost of $1 billion. By 1962, when the Secretary
of Defense decided to draw down the 22 facilities that had been completed to date, the SAGE
program was costing $2 billion per year.” Meanwhile, the threat of mass raids by nuclear-
armed Soviet aircraft, so feared in the early postwar period, had never materialized. Con-
scious of its geographical disadvantage with respect to forward-basing, and pragmatic about
the cost of long-range heavy bombers, the Soviet Union had concentrated its investment in
missiles and rockets instead.'® The same developments that led to Russia’s early victories in
its “space race” with the United States likewise rendered SAGE doubly irrelevant: a system
of soft targets, with few anticipated targets of its own.

As the network collapsed, Hollywood prop-houses began to stock components salvaged
from decommissioned AN/FSQ-7 computers, which added futuristic set-dressing to film

and television productions as early as 1966 and as recently as 2016—a useful, if perhaps

-1/-1/0/AFD-160422-409-002.pdf .
7. Sturm, Command and Control for North American Air Defense, 1959-1963, 40-45.

8. According to the catalog in David F. Winkler, Searching the Skies: The Legacy of the United States Cold War
Defense Radar Program (Champaign, IL: U.S. Army Construction Engineering Research Laboratories, November
1997), 89 and following.

9. Sturm, Command and Control for North American Air Defense, 1959-1963, 31-32.

10. Cf. Pavel Podvig, ed., Russian Strategic Nuclear Forces (Cambridge: MIT Press, 2001).



undignified afterlife, though one hardly worth the estimated $11 billion of public wealth
consumed by the project.'’ Among the last of the original models to go was housed on the
campus of the System Development Corporation in Santa Monica—the “Q-7 building,” as
it was aptly called—since a single AN/FSQ-7, used for software development and testing,
comprised nearly its entirely volume. “Once accounting for $40 million of SDC’s annual
revenues,’ the remaining air-defense work “stood at $15 million in 1969 and shrank to a
$5 million residue...in 1971,” a small retainer to support what remained of the training
program, most of it for the BUIC system: SAGE’s successor, or its subtraction, depending on
the perspective.™

“Symbolic of this decline,” lamented Claude Baum, author of The System Builders, the
company’s self-chronicle, “SDC’s AN/FSQ-7 computer, once a proud forerunner of large
modern computers and the nerve center of SAGE, found itself sitting forlornly in SDC’s
parking lotin September 1970, waiting to be picked up for scrap.”*® It was hot, that September,
even for a late summer in Southern California. As the sharp, modernist angles of SDC’s
machine—among the last of the AN/FSQ-7—quivered in the sultry air rising from the blacktop,
its aluminum surfaces as warm as a skillet, it languished as surely as any computer in a

garbage can, albeit one that had cost millions.

11. Mike Loewen, “The AN/FSQ-7 on TV and in the Movies,” accessed July 17, 2017, http://q7.neurotica.com
has been fastidiously recording appearances of the computer’s machinery in popular entertainment for many
years.

12. The Back-Up Interceptor Control, or BUIC (pronounced “Buick”), program began with a 1962 plan to
augment a select number of radar sites with hand-operated command posts intended to assume the functions
of the local SAGE center in case it was destroyed or incapacitated by Soviet missiles, prior to the arrival of the
main bomber force. During the mid-to-late 1960s, these “backup” stations became highly capable in their own
right as they were gradually equipped with transistorized BUIC II, and later, BUIC III computers, the latter of
which incorporated more than a decade of advances in computing technology over the AN/FSQ-7. By 1972, a
total of 12 BUIC IIIs, plus the six remaining SAGE centers, was considered sufficient to operate the greatly
reduced interceptor force still active at that time. Sturm, Command and Control for North American Air Defense,
1959-1963, 23-39, History of Strategic Air and Ballistic Missile Defense, 73-77; McMullen, The Aerospace Defense
Command and Antibomber Defense, 277.

13. Claude Baum, The System Builders: The Story of SDC (Santa Monica: System Development Corporation,
1981), 144.



1. The computer in the garbage can

The computer in the garbage can

What makes a technological object a “success” or a “failure”? As the first real-time, mis-
sion-critical, networked system of digital computing devices, SAGE has attracted vigorous
debate as to whether it represented a pathbreaking technological achievement, a miscalcu-
lated waste of public funds, or both. Given the prevailing, almost self-evident significance
attached to its peripheral and subsidiary developments, which ranged from automated ma-
chine-tools to the global Internet, retrospective judgments have come down predominantly
in favor of success.

Evidence suggestive of failure, most notably the fact that the American public derived
little to no benefit directly from the outrageous sums expended on the project, have generally
been played down against SAGE’s genuine, though indirect benefits of relevance today,
including, for instance, the cultivation of the nation’s nascent digital-computing industry, or
the establishment of important technological precedents for their own sakes. Nevertheless,
none of these outcomes could have been stated affirmatively beforehand, and indeed, their
proliferation closely tracked the movements of the most prominent storytellers themselves:

the scientific-technical professionals who had staked their careers on its construction.

Permutations of the success narrative

As a classic in the field, Paul Edwards’ The Closed World is the obvious place to begin sampling
some retrospective evaluations of the SAGE program. As the culmination of a project
commenced during the escalation of Cold War tension, and concomitant arms build-up,
under the Reagan Administration, Edwards’ monograph was, as a rule, suspicious of the
motives underlying the absolutist push for automatic control through digital computing. On
air-defense specifically, he wrote skeptically of “the hope of of enclosing the awesome chaos
of modern warfare...within the bubble of automatic, rationalized systems,” even though

“the military potential of SAGE was minimal”:



1. The computer in the garbage can

Many, perhaps most, of those who worked on the project knew this...In any case, SAGE
would not have worked. It was easily jammed, and tests of the system under actual
combat conditions were fudged to avoid revealing its many flaws. By the time SAGE
became fully operational in 1961...SAGE control centers would have been among the
first targets destroyed in a nuclear war.'*

While Edwards fumbled some historical facts of variable importance, his general critique
still holds.™ After all, it was, as we shall see, inspired by others made before, and a prototype
for those that followed.

Nevertheless, The Closed World continued to acknowledge that “in another important

sense, SAGE did ‘work’”:

It worked as industrial policy, providing government funding for a major new industry.
Perhaps most important, SAGE worked as ideology, creating an impression of active
defense that assuaged some of the helplessness of nuclear fear. SAGE represented both
a contribution and a visionary response to the emergence of a closed world.*

The statement elegantly furthered Edwards’ ultimate thesis linking computer development
with the Cold War imperative of security at any cost, but it is also, fundamentally, a reca-
pitulation of the argument for success through industrial expansion and sheer technical
accomplishment.

Meanwhile, in Rescuing Prometheus, Thomas Parke Hughes expressed more sympathy
for the scientists and engineers who participated in the SAGE program, especially those
acting in the capacity of technology managers. Consistent with his career-long, discipline-
defining interest in “large technological systems,” Hughes viewed SAGE as less of a political

object than a managerial one. “Can SAGE be labeled simply a failure?” he asked:

14. Paul N. Edwards, The Closed World: Computers and the Politics of Discourse in Cold War America (Cambridge:
MIT Press, 1996), 110, emphasis in original.

15. For instance, Edwards evinced only a vague sense of how a SAGE sector operated, leading to an unfor-
tunate conflation of SAGE with the AN/FSQ-7 computer itself; moreover, his brief characterization of the
Strategic Air Command Control System (SACCS) and the Worldwide Military Command and Control System
(WWMCCS) was completely inaccurate. Nevertheless, his thesis included not only a forceful repudiation of
utilitarian explanations of the military origins of modern computing, but also a persuasive statement that
such explanations had been proffered retrospectively—a critical precedent for the argument to be presented
here.

16. Edwards, The Closed World, 110, emphasis in original.
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At the bar of history, critics will emphasize SAGE’s inadequacies as a defense against
both bombers and missiles. Supporters, however, will stress that it became a learning
experience of surpassing influence...Subsequent to SAGE, the Air Force funded devel-
opment of similar computerized command, control, and communications systems
including those for the Strategic Air Command Control System, the North Atlantic Air
Defense Command, the NATO Air Defense Ground Environment, and the World Wide
Military Command and Control System."’

In light of additional non-military application, which included public infrastructure, such
as the FAA’s automated Air Route Traffic Control Centers, as well as commercial products
like American Airlines’ SABRE booking and scheduling system, Hughes identified SAGE
as an agent of “technology transfer,” a wellspring of methods and experience that would
eventually transform the global information economy as a whole.'®

Once again, the claim for success is an indirect argument-from-utility. “Much like the
Erie Canal project early in the nineteenth century became the leading engineering school
of its day,” Hughes added, “the SAGE project became a center of learning for computer
scientists, engineers, and technicians.” The condensation of expertise extended from
individuals to institutions as well; for instance, the problem of implementing a computerized
air-defense network motivated the foundation of Lincoln Laboratory, now among the oldest
federally contracted private research-centers; the MITRE Corporation, among the earliest
firms dedicated to the integration of large electronic systems; the System Development
Corporation, likewise the world’s first dedicated software company. It also contributed
to the growth of related enterprises, such as MIT’s Project MAC, IBM’s Federal Systems

Division, and the Digital Equipment Corporation.®

17. Thomas P. Hughes, Rescuing Prometheus: Four Monumental Projects That Changed the World (1998; repr.,
New York: Vintage, 2000), 65-66.

18. In addition to the works of Hughes and others mentioned in this passage, publications such as David
F. Noble, Forces of Production: A Social History of Industrial Automation, 2nd ed. (1984; New Brunswick, NJ:
Transaction, 2011); Martin Campbell-Kelly, From Airline Reservations to Sonic the Hedgehog: A History of the
Software Industry (Cambridge: MIT Press, 2003); James W. Cortada, How Computers Changed the Work of American
Public Sector Industries, vol. 3 of The Digital Hand (Oxford: Oxford University Press, 2008); Rebecca Slayton,
Arguments That Count: Physics, Computing, and Missile Defense, 1949-2012 (Cambridge: MIT Press, 2013); and
Martin Campbell-Kelly et al., Computer: A History of the Information Machine, 3rd ed. (Boulder: Westview
Press, 2014) have all cast SAGE in some sort of genetic role, though they do not share a universally positive
view of the technological precedent it set.

19. Cf. Atsushi Akera, Calculating a Natural World: Scientists, Engineers, and Computers During the Rise of U.S.
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Though hardly the only source still worthy of comment, there is, at last, From Whirlwind
to MITRE, the definitive research-and-development history of the AN/FSQ-7, cultivated and
refined over a span of decades by Kent C. Redmond and Thomas M. Smith.? Redmond
had begun chronicling SAGE as early as 1958, when, as a professor at the University of
Oklahoma, he prepared a small study of MIT Lincoln Laboratory for inclusion in the annual
historical report of the Air Research and Development Command (ARDC), which, though
classified, would have likely been read by hundreds security-cleared technology managers
across the military-industrial-academic complex.”

Some time after moving to Worcester State Teachers College, Redmond contracted with
the Air Force again in order to co-author a standalone history of the Air Defense Systems
Integration Division (ADSID), the field office that had administered ARDC’s stake in the
SAGE program at a government-owned campus shared with Lincoln Laboratory at Laurence
G. Hanscom Field in Bedford, Massachusetts.?? Then, in 1967, Redmond partnered with
Thomas M. Smith of the University of Wisconsin to draft a history of Project Whirlwind
for new patrons at the MITRE Corporation, the nonprofit “systems integration” firm that
MIT had spun off from Lincoln in 1958 solely to support the work of ADSID. The latter
was quickly superseded by another pair of Air Force agencies—also located at Hanscom—
called the Command and Control Development Division and the Electronic Systems Center,

which merged in 1961 to form the Electronic Systems Division. MITRE likewise expanded

Cold War Research (Cambridge: MIT Press, 2007); Simson L. Garfinkel, Architects of the Information Society: 35
Years of the Laboratory for Computer Science at MIT, ed. Hal Abelson (Cambridge: MIT Press, 1999); Emerson W.
Pugh, Building IBM: Shaping an Industry and Its Technology (Cambridge: MIT Press, 1995); Edgar H. Schein
etal., eds., DEC Is Dead, Long Live DEC: The Lasting Legacy of Digital Equipment Corporation (San Francisco:
Berrett-Koehler, 2003).

20. Kent C. Redmond and Thomas M. Smith, From Whirlwind to MITRE: The R&D Story of the SAGE Air Defense
Computer (Cambridge: MIT Press, 2000).

21. History of the Air Research and Development Command, 1 Jan-31 Dec 1958, vol. 1, Narrative (Baltimore:
Headquarters, Air Research and Development Command, n.d. [1959?]), redacted copy provided by staff,
AFHRA (0484795), 47-80.

22. Kent C. Redmond and Harry C. Jordan, Air Defense Management, 1950-1960: The Air Defense Systems
Integration Division, ARDC Historical Publication 61-31-I, vol. 1, Narrative (Bedford, MA: Historical Branch,
Office of Information, Air Force Command and Control Development Division, February 1961), AFHRA
(0485177).
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its business by offering to apply its experience with SAGE to the FAA’s air-traffic control
system, among other public-sector applications.?

Apparently, the Redmond-Smith manuscript circulated informally for nearly a decade
before MITRE began printing its own copies as Project Whirlwind: A Case History in Contem-
porary Technology in 1975.%* “In the beginning,” read the foreword, “MIT begat Whirlwind.
Whirlwind begat SAGE; SAGE begat Lincoln Laboratory; Lincoln Laboratory begat MITRE.”
This pseudo-biblical chronology more accurately described that of its author, Robert R.
Everett, who had followed the computer from a graduate program at MIT to the presidency
of the MITRE Corporation. “Lest our lineage be forgot, we publish the Whirlwind History.”*
Originally intended for the Smithsonian Institution Press, the work of Redmond and Smith
was not even professionally typeset until the Digital Equipment Corporation released a
revision of the MITRE edition as Project Whirlwind: The History of a Pioneer Computer in
1980.%° When the MIT press finally published the greatly expanded From Whirlwind to MITRE
in 2000, it fulfilled a nearly decades-long project by its authors, who had produced, very
nearly, a first-hand account of their subjects.

Theirs were indeed subjects, plural, because the story they told was, more precisely, the
story of technologists become managers—most of whom, like Everett, began their careers
at MIT’s Digital Computing Laboratory, before moving to Division 6 of Lincoln Laboratory

in 1952, and thence to the MITRE Corporation in 1958—rather than Whirlwind itself, or of

23. Cf. Howard R. Murphy, Early History of the MITRE Corporation: Its Background, Inception, and First Five
Years, MITRE Report M72-110 (Bedford, MA: MITRE Corporation, June 30, 1972), Internet Archive, Bitsavers
Collection, https://archive.org/details/bitsavers_mitreM7211heMITRECorporationJun72_22060658 ; Robert C.
Meisel and John F. Jacobs, eds., MITRE, the First Twenty Years: A History of the MITRE Corporation, 1958-1978
(Bedford, MA: MITRE Corporation, 1979).

24. Kent C. Redmond and Thomas M. Smith, Project Whirlwind: A Case Study in Contemporary Technology
(Bedford, MA: MITRE Corporation, November 1975), Internet Archive, Bitsavers Collection, https://archive.
org/details/bitsavers_mitwhirlwirlwindACaseHistoryInContemporaryTechnolo_14582082 .

25. Redmond and Smith, Project Whirlwind, iii. Pieces of Everett’s biography appear scattered in vari-
ous sources and oral histories; “MITRE Mourns the Passing of Former CEO Robert Everett,” August 16,
2018, accessed September 1, 2018, The MITRE Corporation, https://www.mitre.org/news/in-the-news/
mitre-mourns-the-passing-of-former-ceo-robert-everett gave a brief summary of his career in memoriam.

26. Kent C. Redmond and Thomas M. Smith, Project Whirlwind: The History of a Pioneer Computer (Bedford,
MA: Digital Press, 1980).
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its successor: designated AN/FSQ-7, for “fixed special equipment,” in standard Army-Navy
equipment nomenclature.” On this point, they did not dissemble: “the men in this story

t.28 The close-

were engineers,” they acknowledged in the introduction to the 1967 manuscrip
ness of the relationship with the subjects is evident, for example, during a roundtable oral-
history discussion conducted for a 1982 issue of the IEEE Annals in the History of Computing,
dedicated entirely to SAGE, in which Redmond and Smith both recalled and interpreted
some of the other participants’ actions for them.?

This is not to suggest that Redmond or Smith were inherently compromised by prox-
imity to their subjects; on their contrary, their practical embeddedness in the “Hanscom
complex,” as the cluster of facilities became known, produced a good-faith account rich
with observational description that will likely never be replicated with the same degree of
fidelity. The Redmond-Smith story should thus be appreciated as an authentic rendering
of the mentality of the Hanscom community during and, just as critically, after the peak
of the SAGE program, though it needs also to be acknowledged as such. It is undeniably
optimistic, as narratives evolved from official histories tend to be, emphasizing problems
solved and challenges surmounted, yet it is neither outrightly whiggish nor unprincipled in
identifying what those problems and challenges were, or dismissive of their severity. In
fact, the overall picture that emerges is almost one of a controlled train-wreck followed by
a surprisingly successful effort to improvise with parts salvaged from the debris field.

Indeed, the 1967 manuscript appears to have been calculated to rebut a widespread

opinion that Whirlwind—and, by extension, SAGE—had, in some crucial respect, failed.

27. Although numerous oral history interviews of many of Everett’s colleagues exist in various archives and
special collections, John F. Jacobs, The SAGE Air Defense System: A Personal History (Bedford, MA: MITRE Corpo-
ration, 1987) is the only published memoir (though see the roundtable discussion cited below). An exceptional
case was the force behind the original Project Whirlwind, Jay W. Forrester, who pursued other topics after
leaving Lincoln Laboratory in 1956: Peter Dizikes, “The Many Careers of Jay Forrester,” MIT Technology Review,
June 23, 2015, https://www.technologyreview.com/s/538561/the-many-careers-of-jay-forrester .

28. Redmond and Smith, Project Whirlwind, 1.03.

29. “A Perspective on SAGE: Discussion,” IEEE Annals in the History of Computing 5, no. 4 (July-December
1983): 375-398, doi:10.1109/MAHC.1983.10091.
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There is a sense of lingering soreness, for instance, over the unfavorable 1949 assessment of
the Institute of Advanced Study, commissioned by the Office of Naval Research—which was,
at the time, still funding Project Whirlwind as a simulator for training pilots—even though
its negative pronouncement precipitated the events leading to the Air Force’s long-suffering
patronage in the first place.*® “In the view of others,” reported Redmond and Smith, “the
men of Project Whirlwind extravagantly spent some five million dollars of public money
in five short years” in order to pursue an “impetuous, risky, and unrealistic research and
development practices in peacetime,” practices appropriate only “in time of war or extreme
crisis”:

According to this view, Project Whirlwind provided not a lesson in how the efficient

and and expeditious conduct of research and development might be achieved as a new

norm, but a demonstration of its malpractices, of the essential wisdom of traditional
procedure.

It succeeded rather than failed, according to this argument, because of unusual and
unexpected circumstances beyond its control. The project had become an engineering-
development project without a practical mission until these circumstances, involving a
potential shift in the very balance of international power in world affairs, had inter-
vened. Not only was the project not a business-as-usual enterprise, but it took nothing
less than a looming national military and political crisis to come to its rescue. Had
Project Whirlwind been conceived in the beginning or shortly thereafter been modified
in anticipation of this crisis, then its importance, its priority rank, and its conduct of
its own affairs would have developed naturally. Instead, one could argue, it had been
fiscally hell-bent to develop a fantastic machine for which virtually no one except its
enthusiastic builders could see any use.*

In short, “Project Whirlwind, when all was said and done, had been lucky.”

Evidently, the poison injected by the IAS report continued to sting, even two decades
after the fact, because the authors dedicated several lengthy passages to pointing out how
history had eventually proved them wrong. “Because Project Whirlwind succeeded does

not mean that it was inevitably destined to succeed,” they argued, adding:

30. Akera, Calculating a Natural World, 181-220 gives the best reading of Project Whirlwind’s early phase,
though it too built upon the basic facts presented in Redmond and Smith, Project Whirlwind.

31. Redmond and Smith, Project Whirlwind, 1.04-1.06.
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It was, like all challenges, a creature of human endeavor. It did achieve its goal, however,
and it did accelerate computer progress both by the concepts it demonstrated and by
the talented engineers it developed. As a consequence, hindsight permits one to hail it
as a model of R&D.*

Like Edwards and Hughes, who both drew on the work of Redmond and Smith, they identi-
fied the project as a managerial innovation and singular point of origin for commercially
significant technologies and engineering talent. Moreover, they noted that the project
had “national historical significance” for introducing the “conceptions of ‘Command and
Control’ which Whirlwind had demonstrated as feasible, and in the development of which
Whirlwind had played a vital role.” Not only were these ideas “incorporated into the national
defense structure as an essential element,” they expanded “well beyond military use through
application to other governmental needs and to the needs of industry and society in general,
as the computer moved in the direction of becoming one day a true public utility which,
so proponents argued, would rank with the telephone and the water faucet.”* Devices,
experts, skills, businesses, industries, concepts, even models of scientific research-and-
development; this was an argument-from-utility that operated on many levels.

But not every level. The United States Air Force did not involve itself in the project in
order to cultivate a workforce, or a discipline, or an industry, to test competing fashions in
research and development, develop concepts of “command and control,”—a term that did not
even exist yet—or to apply the digital computer to real-time automation of organizational
systems merely to prove it could be done. All these were rationalizations ex post facto,
outcomes impossible to predict in 1950, 1955, or even 1958, when the first SAGE sector

became operational. None of them addressed the central question of whether the AN/FSQ-

32. Redmond and Smith, Project Whirlwind, 13.18.

33. Redmond and Smith, Project Whirlwind, 13.3-13.4. The invocation of public utilities here referenced the
then-popular belief in the future of a “computer utility,” a concept obsoleted by the unexpected economics
of the personal-computer. However, it can be viewed as distorted precedent to modern “cloud computing,’
where the only substantive difference is that its infrastructure is entirely private and unregulated. See Martin
Campbell-Kelly and Daniel D. Garcia-Swartz, “The Rise, Fall, and Resurrection of Software as a Service:
Historical Perspectives on the Computer Utility and Software for Lease on a Network,” in The Internet and
American Business, ed. William Aspray and Paul. E. Ceruzzi (Cambridge: MIT Press, 2008), 201-230.
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7 itself performed the function for which it had been explicitly intended—at any cost, let
alone a reasonable one.

By the time From Whirlwind to MITRE was published in 2000, however, Redmond and
Smith had slightly softened their touch, perhaps because the rational-success narrative had
outlasted its opposition, as even critics like Edwards never seriously questioned its most
basic assertions. While still concluding that Project Whirlwind, Lincoln Laboratory, and the
MITRE and System Development corporations had “played major parts in the advancing
the state of the art in computer technology”; “contributed heavily to the rise of command-
and-control systems, setting the pattern for the military and space systems that followed”;
“contributed to laying the R&D foundation for the Massachusetts mini-computer industry”;
“revolutionized the information industry” as a whole; in addition to training “hundreds of
digital-system engineers, thousands of computer programmers, and thousands of digital-
computer field engineers”; as well breaking the ground in “computer-driven displays, on-
line terminals, time-sharing, high-reliability computation, digital signal processing, digital
transmission over telephone lines, digital track-while-scan, digital simulation, core mem-
ories, computer networking, duplex computers,” among others; and above all, teaching
“the American computer industry how to design and build large, interconnected, real-time
data-processing systems,” thus marking the point at which “computer systems as we know
them today came into existence”; the book’s final passage tried to strike a faintly equivocal
chord. “Whether the techniques learned from that lesson would serve as a basis for further
successful efforts in the United States and the rest of the world to place modern science and
technology more efficiently and securely in the service of humanity remained to be seen.”**

More than anyone, Smith, and certainly Redmond, knew the problems associated with
the development of SAGE. One of Redmond’s secret histories, Air Defense Management, 1950

1960: The Air Defense Systems Integration Division, which he co-authored in 1961 with Harry

C. Jordan, the official Air Force historian at Hanscom Field, thoroughly documented the

34. Redmond and Smith, From Whirlwind to MITRE, 442-443.
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program’s incessant, severe, and quite often embarrassing administrative missteps and
indiscretions.* Although Redmond’s later work with Smith occasionally referenced these
events, the perspective of the Air Force bureaucracy all but disappeared from the record
presented to the public, likely for reasons having less to do with security classification
than the need to appeal to the interests of their new sponsors. So far, only Stephen B.
Johnson’s The United States Air Force and the Culture of Innovation, 1945-1960, commissioned
and published by the Air Force History and Museums Program, has recalled some of the
historical memory documented by this earlier study and others like it.*

In most cases unwittingly, the many “success” and “failure” narratives, which borrowed
their basic premise from Redmond and Smith, have effectively perpetuated a story that the
Hanscom community told itself, as further evidenced by the contents of interviews, papers,
and memoirs promulgated by project leaders—mostly at the end of their careers, though
already well-formed by the time of the 1967 manuscript.”’” But their tendency to define
“success” on their own terms, or in opposition to peers, cannot be so easily dismissed as an
instance of an expert community, insular and self-satisfied, developing an acute sensitivity
to the opinion, commonly held, that their prime technical achievement represented nothing
more than an obsolescent boondoggle. Indeed, Redmond and Smith may very well have
known better than to try to settle the question based on parameters set by SAGE’s using
organizations—the United States Air Force, generally; and the Air Defense Command, more
specifically—because there were none.

It is merely canonical to restate the claim that the Air Force wanted to improve its

35. Redmond and Jordan, Air Defense Management, vol. 1, Narrative, AFHRA. It is unclear, however, when
the contents of this study would have become available to the public; the copy in AFHRA’s possession was
declassified in 1996, though due to the vagaries of executive privilege, a copy held by another agency might
have been cleared earlier.

36. Stephen B. Johnson, The United States Air Force and the Culture of Innovation, 1945-1965 (Washington: Air
Force History and Museums Program, 2002).

37. A non-exhaustive list of the most prolific of these participants would include Herbert D. Benington, Robert
R. Everett, Jay W. Forrester, John V. Harrington, C. W. Halligan, Albert G. Hill, John F. Jacobs, F. Wheeler
Loomis, Carl F. J. Overhage, Norman H. Taylor, George E. Valley, C. Robert Wieser, Jerome Wiesner, and
Charles A. Zraket.
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capability to defend the North American continent following the first Soviet atomic test in
1949. Although essentially correct, the statement is so imprecise, so unobjectionable as to
have been emptied almost entirely of significance. The “Air Force” is not a singular unit of
intentionality; it cannot be said to “want” or to possess a “capability” without parsing what
this language means in the case of a bureaucracy, rather than an individual.

But to abuse that language for a moment—or, rather, repeatedly, as expository conve-
nience demands—while the “Air Force” may have indeed “wanted” to improve its capability
to defend the North American continent, it did not really know it wanted digital computers
to help improve that capability, or even that it was in the process of obtaining them for the

purpose, until after it had already gotten them.

The garbage can model of organizational choice

In 1963, a RAND analyst named Norman F. Kristy conducted a field study of several active
SAGE sectors, as well as sites performing key—albeit, by that point, routine—functions in
maintenance, training, documentation, and software production. As a liaison to the Air
Defense Command since 1956, Kristy would have been a face familiar to old hands from
every arm of SAGE development and operations.® In summarizing perceptions reinforced
by his interviews with both military personnel and civilian technicians, he reported that “it

has been stated many times that SAGE was designed backward”:

That is, from Project Charles and the Whirlwind I computer there emerged the idea
that a digital computer could assist in Air Defense operations. The concept was that the
large-internal memory digital computer then newly designed and looking for a job was
capable of real-time data-processing on a large scale. Simultaneously, air defense of
the United States, a vast real-time data-processing problem, was looking for improved
solutions. Thus it is that these two were brought together.*

38. Kristy was appointed as a “permanent representative” to the Air Defense Command according to the
November 1956 issue of RAND’s company newsletter: “Excerpts from the RANDom News,” System Develop-
ment Division, RAND Corporation, Santa Monica, California, 1956, Internet Archive, Bitsavers Collection,
https://archive.org/details/bitsavers_sdcsageRAN_3915327 .

39. N. F. Kristy, Man in a Large Information Processing System: His Changing Role in SAGE, RM-3206-PR (Santa
Monica: RAND Corporation, February 1963), AFHRA (0907065), 4.
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Later that decade, the philosopher Abraham Kaplan and the psychologist Abraham Maslow
independently popularized the modern aphorism, “when all you have is a hammer, every-
thing looks like a nail,” with phrasings so similar they likely replicated an existing English-
language proverb.* While diagnosing the “solution in search of a problem” as a form of
cognitive bias among scientific researchers, Kristy’s publication suggests a phenomenon
already familiar in more casual circumstances; in his case, the experience of adapting to
the products of engineering.

If it is possible for a “solution” to exist even before a corresponding “problem” has
been identified for it to solve, then the ostensibly self-evident logic of so-called “rational”
or “willful” choice becomes entirely suspect. “The standard explanation provided for the
actions of individuals or institutions involves two assertions,” according to James G. March
and Johan P. Olsen, two of the most influential organizational sociologists of the last half-
century. “First, someone decided to have something happen...[and]...second, the decision
was made because it was in the self-interest of the decision maker to make it.” The extension
to social groups, including formal organizations, is as straightforward as a single corollary:
“different people, in their own self-interest, wanted different things and got what they wanted
in proportion to their power.” Whether in the context of the individual or the mass collective,
a problem is supposed to arise from changes in the social or natural environment, and the
solution—whether correct, or not; efficient, or not; effective, or not—should, at least the
very least, have been premeditated in response to need.*

Of course, March qualified that “the concept of choice as a focus for interpreting and

guiding human behavior has rarely had an easy time in the realm of ideas,”* On the contrary,

40. Abraham Kaplan, The Conduct of Inquiry: Methodology for Behavioral Science (San Francisco: Chandler,
1964), 21 tried to define “the law of the instrument” with the expression, “give a small boy a hammer, and he
will find that everything he encounters needs pounding”; while Abraham H. Maslow, The Psychology of Science:
A Reconnaissance (New York: Harper & Row, 1966), 15, on the other hand, wrote, “I suppose it is tempting, if
the only tool you have is a hammer, to treat everything as if it were a nail.”

41. James G. March and Johan P. Olsen, “Garbage Can Models of Decision Making in Organizations,” in
Ambiguity and Command: Organizational Perspectives on Military Decision Making, ed. James G. March and
Roger Weissinger-Baylon (Marshfield, MA: Pitman, 1986), 13.

42. James G. March, “The Technology of Foolishness,” in Ambiguity and Choice in Organizations, ed. James G.
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it has been a source of continual disputation in philosophy, theology, psychology, and the
methodologies of the human sciences overall, from the ancient past to the present. But
“choice is a faith as well as a theory,” at least it is commonly applied. “It is linked to the
ideologies of the Enlightenment and associated with definitions of the nature of the species,”
most notably, the hypothetical homo economicus.”® “A reading of the leading newspapers
and journals of any Western country will show that the primary interpretive model used by
individuals in these societies is one of willful choice,” and that rational decision-making
provides the “standard terms of discourse for answering the generic questions: Why did it
happen? Why did you do it?”**

Asthe most retrospective aspect of this discourse, history reflects the same assumptions:
the “pre-existence of purpose,” the “necessity of consistency” between purposes and options,
and the “primacy of rationality” in deciding among options, as identified by March.* While
historiography has long recognized the danger inherent in the uncritical ascription of such
properties to actors generally, and, in diverse instances, developed methods to confront

it, the case of the organizational actor remains comparatively under-theorized.* In other

March and Johan P. Olsen, 2nd ed. (Bergen: Universitetsforlaget, 1979), 69. This is not for a lack of parry and
riposte, however; see, for instance, S. M. Amadae, Rationalizing Capitalist Democracy: The Cold War Origins of
Rational Choice Liberalism (Chicago: University of Chicago Press, 2003); Angus Burgin, The Great Persuasion:
Reinventing Free Markets Since the Depression (Harvard University Press: Cambridge, 2012); or Philip Mirowski
and Dieter Plehwe, eds., The Road From Mont Pélerin: The Making of the Neoliberal Thought Collective (Cambridge:
Harvard University Press, 2009).

43. Here, echoes of Herbert A. Simon, Models of Man, Social and Rational: Mathematical Essays on Rational
Human Behavior in a Social Setting (New York: Wiley, 1957) will already be discernible to the trained ear, but
it is not Simon’s thinking, which was still rationalist at its core, that I find as interesting as its influence on
certain students, colleagues, and admirers who pushed a more radical interpretation of “bounded rationality.”

44. March and Olsen, “Garbage Can Models of Decision Making in Organizations,” 13.
45. March, “The Technology of Foolishness,” 69-70.

46. There is, of course, the precedent of the so-called “organizational synthesis,” first identified in the classic
historiographical review, Louis Galambos, “The Emerging Organizational Synthesis in Modern American
History,” The Business History Review 44, no. 3 (Autumn 1970): 279-290, doi:10.2307/3112614; as well as its
follow-ups: Louis Galambos, “Technology, Political Economy, and Professionalization: Central Themes of the
Organizational Synthesis,” The Business History Review 57, no. 4 (Winter 1983): 471-492, doi:10.2307/3114810 and
Louis Galambos, “Recasting the Organizational Synthesis: Structure and Process in the Twentieth and Twenty-
First Centuries,” The Business History Review 79, no. 1 (Spring 2005): 1-38, doi:10.2307/25096990. Note that
Thomas P. Hughes, Networks of Power: Electrification in Western Society, 1880-1930 (Baltimore: Johns Hopkins
University Press, 1983) was perceived as one of the key contributions to the school. Nevertheless, Brian Balogh,
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words, despite acquiring a considerable degree of sociological sophistication in many
respects, descriptions of organizations still tend to fall back onto “willful” or “rational”
models of choice for lack of better vocabularies with which to represent their complexity.

Here, the language of “bureaucracy” frequently serves as a useful shorthand. Absent a
close inspection of the tenets of bureaucracy, however, the thematic contradiction between
organization as a rationally efficient machine—in the tradition of Max Weber—and organiza-
tion as an imponderable hulk of senseless rules—in the style of Franz Kafka, Joseph Heller,
or indeed, the lived experiences of most of us—will continue to typify historical writing as
much as it does other forms of discourse, including the discourse that modern organizations
generate in the process of managing themselves.*’ The historiographical challenge is as
imposing as the imperative of meeting it, because large bureaucratic organizations have
never suspended their natural tendency to consolidate political, economic, social, and
cultural dominion, especially over science and technology, since first rising to prominence
in the mid-to-late nineteenth century, creating the modern condition that Charles Perrow

has diagnosed as a “society of organizations.”*

“Reorganizing the Organizational Synthesis: Federal-Professional Relations in Modern America,” Studies in
American Political Development 5, no. 1 (Spring 1991): 119-172, doi:10.1017/S0898588X00000183 observed that
while sociological considerations have proved highly significant to this historiographical tradition, it still
tends to adopt naively Weberian assumptions about the nature of bureaucratic efficiency and a simplified
Parsonian model of competing professional interests. Decades of advances in organizational sociology have
yet to be applied to the “organizational synthesis,” which is itself mainly circumscribed by studies of the
America Progressive Era. However, Lynn Eden, Whole World on Fire: Organizations, Knowledge, and Nuclear
Weapons Devastation (Ithaca: Cornell University Press, 2004) is one study that defies both these restraints and
is an important motivation for this dissertation.

47. Although the history of their publication is not straightforward, Weber’s writings on bureaucracy and
bureaucratic authority are concentrated in two passages: Max Weber, Economy and Society: An Outline of
Interpretive Sociology, ed. Guenther Roth and Claus Wittich, trans. Ephraim Fischoff et al. (Berkeley: University
of California Press, 1978), 217-241 and 956-1005; Kieran Allen, Max Weber: A Critical Introduction (London:
Pluto Press, 2004), chaps. 7 and 9 is a helpful exegesis. On the antimonies of bureaucracy, as expressed in
art, discourse, and policy, see, for instance, James Dawes, “Language, Violence, and Bureaucracy: William
Faulkner, Joseph Heller, and Organizational Sociology,” in The Language of War: Literature and Culture in the
U.S. From the Civil War Through World War II (Cambridge: Harvard University Press, 2002), 157-191 and Torben
Beck Jorgensen, “Weber and Kafka: The Rational and the Enigmatic Bureaucracy,” Public Administration 90,
no. 1 (March 2012): 194-210, doi:10.1111/j.1467-9299.2011.01957.x.

48. That organizations provide the means for elites to concentrate their power, and thus represent the
dominant actors in modern society, is the thesis of Charles Perrow, Organizing America: Wealth, Power, and the
Origins of Corporate Capitalism (Princeton: Princeton University Press, 2002).
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Nevertheless, this is not a dissertation on organization sociology, and it intends nei-
ther to stake an extra-disciplinary claim nor subordinate itself to the service of mere case
study.*” Its framework is eclectic and liable to simplifications insofar as they promote clarity
rather than obfuscation. However, many, or perhaps most elisions result not as a matter of
convenience alone, but of ambiguity in the historical record itself. Such ambiguities may
be compounded by the passage of time, but they are not fundamental to it. The “normative
model of choice”—purposeful, consistent, and rational—withstands no more scrutiny in the
context of a large organization than it does that of the individual or the small group.

Indeed, organizational sociologists have supposed that retrospection is the one of the
means by which bureaucracy effaces the ambiguity of the present, legitimizing its actions
through rationalist narratives conceivable only after the fact. It was likely not by chance,
then, thatin 1963, N. F. Kristy reported a pervasive belief that “SAGE was designed backward.”
A decade later, Michael D. Cohen, James G. March, and Johan P. Olsen proposed an empirical
model which abandoned the assumption that, in all circumstances, organizations “search”
for solutions in “response” to problems they encounter. Instead, the “garbage can model
or organizational choice,” as they called it, did not presuppose any relationship between
“problems” and “solutions,” but rather, treated them as independent streams of inputs into
a black-boxed decision-making process.>

“In pure form,” March and Olsen explained, “the garbage can model assumes that
problems, solutions, decision makers and choice opportunities are independent, exogenous
streams flowing through a system” and linked “in a manner determined by their arrival

and departure times.” A number of “structural constraints” may be imposed on these

49. Indeed, applications of the case-study model to the same topic already exist, such as John P. Crecine,
“Defense Resource Allocation: Garbage Can Analysis of C3 Procurement,” in Ambiguity and Command: Organi-
zational Perspectives on Military Decision Making, ed. James G. March and Roger Weissinger-Baylon (Marshfield,
MA: Pitman, 1986), 72-119.

50. Michael D. Cohen, James G. March, and Johan P. Olsen, “A Garbage Can Model of Organizational Choice,’
Administrative Sciences Quarterly 17, no. 1 (March 1972): 1-25, doi:10.2307/2392088. The argument was later
expanded in James G. March and Johan P. Olsen, eds., Ambiguity and Choice in Organizations, 2nd ed. (Bergen:
Universitetsforlaget, 1979).
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assumptions, but “in the absence of structural constraints...solutions are linked to problems,
and decision makers to choices, primarily by their simultaneity.”" In other words, outputs
result more from a critical number of decision-makers agreeing on the existence of an
opportunity to connect a problem with a solution, both sifted from the organization’s
“garbage can,” regardless of the order in which the ideas entered it.

Although not all bureaucratic processes can be described as “garbage-can-like,” one
of the preconditions for its manifestation is an overabundance of potentially legitimate
stakeholders in a particular issue relative to the number of actors who can realistically
become involved in the decision. Put simply, not all of the parties who could stake a claim
on the outcome actually do. The reasons may very, because the totality of an organization’s
affairs is beyond the ken of the individual human actor, who is inherently bound by both
cognitive and physical limitations. Executives cannot perceive every option or foresee every
possible eventuality, only act on the limited information that reaches them through the filter
of the organization, and even then, time and energy must be conserved, as many different

issues vie for each decision-maker’s attention simultaneously.>

51. March and Olsen, “Garbage Can Models of Decision Making in Organizations,” 17.

52. The concept of “bounded rationality” first emerged from Herbert A. Simon’s early studies of public
administration, especially Herbert A. Simon, Administrative Behavior (New York: Macmillan, 1947), which
nonetheless owed an obvious debt to Chester I. Barnard, The Functions of the Executive (Cambridge: Harvard
University Press, 1938). It became more widely recognized with the publications of James G. March and
Herbert A. Simon, Organizations, 2nd ed. (1958; Malden, MA: Blackwell, 1993); and Richard M. Cyert and
James G. March, A Behavioral Theory of the Firm, 2nd ed. (1963; Malden, MA: Blackwell, 1992). These are
the three fundamental works of the so-called “Carnegie school” of behavioral economics and organizational
sociology. For comments, see Hunter Crowther-Heyck, Herbert A. Simon: The Bounds of Reason in Modern
America (Baltimore: Johns Hopkins University Press, 2005); Mie Augier, “James March, Richard Cyert, and
the Evolving Field of Organizations,” in Oxford Handbook of Management Theorists, ed. Morgan Witzel and
Malcolm Warner (Oxford: Oxford University Press, 2013), 407-426; Augier, “James March, Richard Cyert,
and the Evolving Field of Organizations”; the papers collected in Linda Argote and Henrich R. Grieve, eds.,
“A Behavioral Theory of the Firm: 40 Years and Counting,” special issue, Organization Science 18, no. 3 (May-
June 2007): Perspective, 491-542; and Olivier Germain and Laure Cabantous, eds., “Carnegie School and
Organization Studies,” Special Symposium, European Management Journal 31, no. 1 (February 2013): 67-
103. Ultimately, however, I consider my outlook phenomenological rather than empirical; which is to say,
I invoke organization science to thematize and clarify the historical narrative, and not to test theoretical
hypotheses. What is most relevant to me is the tradition of reinterpreting Carnegie School ideas through
various strains of social analysis: cf. Giovanni Gavetti, Daniel Levinthal, and William Ocasio, “Neo-Carnegie:
The Carnegie School’s Past, Present, and Reconstructing for the Future,” Organization Science 18, no. 3 (May-
June 2007): 523-536, doi:10.1287/0orsc.1070.0277 and James G. March and Johan P. Olsen, “Elaborating the
‘New Institutionalism’,” in Oxford Handbook of Political Institutions, ed. R. A. W. Rhodes, Sarah A. Binder, and
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Thus, the formal rules and structure of the organization cannot, in themselves, predict
which actors will choose to participate and which will abstain. Participation depends
on factors such as personality, group dynamics, and elements of pure chance, such as
who happens to learn or care about the issue, and when. March, together with another
collaborator, Pierre J. Romelaer, illustrated the scenario as “a round, sloped, multi-goal

soccer field on which individuals play soccer”:

Many different people (but not everyone) can join the game (or leave it) at different
times. Some people can throw balls into the game or remove them. Individuals while
they are in the game try to kick whatever ball comes near them in the direction of goals
they like and away from goals that they wish to avoid.>®

Viewed from the outside, the process seems chaotic, if not nonsensical, but the results
are not entirely random, because “the slope of the field produces a bias in how the balls
fall and what goals are reached,” and “after the fact, they may look rather obvious,” even
“normatively reassuring.” Still, “the course of a specific decision and the actual outcomes
are not easily anticipated.”

When these conditions holds, decision-making tends to be dominated by “policy entre-
preneurs”: officials who may not possess the greatest degree of bureaucratic authority, but
who most vigorously promote their preferred match between the perceived problem and a
potential solution. The outputs, or “problem-solution pairs,” tend to fail most criteria of eco-
nomic efficiency. Rather than rigorously adhering to established bureaucratic procedures,
they sift through the organization’s “garbage”—to use the authors’ guiding metaphor—in
order to salvage from it pieces that fit together just well enough, usually suffices to keep

business moving from day to day.>* Once a match is accepted, however, the process is sub-

Bert A. Rockman (Oxford: Oxford University Press, 2006), 3-20.

53. James G. March and Pierre J. Romelaer, “Position and Presence in the Drift of Decisions,” in Ambiguity and
Choice in Organizations, ed. James G. March and Johan P. Olsen, 2nd ed. (Bergen: Universitetsforlaget, 1979),
276.

54. The concept of “satisficing”—which supposes that organizations do not pursue optimal outcomes, but rather,
settle for the first satisfactory solution they discover—was introduced in March and Simon, Organizations,
158-172 and has since become a staple in studies of business, public administration, and rational choice. Cf.
Michael Byron, ed., Satisficing and Maximizing: Moral Theorists on Practical Reason (Cambridge: Cambridge
University Press, 2004).
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jected to ex post facto rationalization, which is to say, that in the interest of maintaining the
legitimacy of bureaucratic order, the outcome is stripped of its “nonrational” contingencies
and incorporated into a narrative of logical inevitability, thereby recovering the myth of
“willful choice.”

Although the garbage-can model seems to affront our intuitive sense of rational order,
empirical studies suggest it may express the normal form of bureaucratic activity—under the
prescribed set of conditions—and not its perversion.”® While a number of organizational
sociologists have encouraged the field to reconsider its uncritical commitment to rationalist
explanations and accept contingency as a phenomenon to be appreciated rather than a
pathology to be eradicated, the implications are nonetheless unsettling when applied to deci-
sions of momentous consequence, especially those involving inherently risky technologies,

such as nuclear weapons.>®

The organization of nuclear command-and-control

With the preliminaries now in hand, the primary claim of this dissertation can be stated as
follows. SAGE should be understood neither as the product of rational management, nor an

irrational enthusiasm for science, technology, or political commitments; but rather, as a

55. The “garbage can” hypothesis has generated a massive literature; for a retrospective, see Michael D.
Cohen, James G. March, and Johan P. Olsen, “‘A Garbage Can Model’ at Forty: A Solution That Still Attracts
Problems,” in The Garbage Can Model of Organizational Choice: Looking Forward at Forty, ed. Alessandro Lomi
and J. Richard Harrison. (Bingley, UK: Emerald, 2012), 19-31. Charles Perrow offered a synthetic assessment
of its contribution to the theory of organization in Charles Perrow, Complex Organizations: A Critical Essay,
3rd ed. (New York: Random House, 1986), 119-156. Many authors, including March, have preferred to
frame the issue in terms of how complex organizations make “sense” from “ambiguity.” March himself
summarized his own intellectual project in a series of lectures published as James G. March, The Ambiguities
of Experience (Ithaca: Cornell University Press, 2010); for a brief intellectual biography, see Mie Augier, “James
March, Richard Cyert, and the Evolving Field of Organizations,” in Oxford Handbook of Management Theorists,
ed. Morgen Witzel and Malcolm Warner (Oxford: Oxford University Press, 2013), 408-430. Another well-known
publication by one of the more prominent figures working in this tradition is Karl E. Weick, Sensemaking in
Organizations (Thousand Oaks, CA: Sage, 1995).

56. Cf. Charles Perrow, Normal Accidents: Living With High-Risk Technologies (New York: Basic Books, 1984);
Scott D. Sagan, The Limits of Safety: Organizations, Accidents, and Nuclear Weapons (Princeton: Princeton
University Press, 1993); Diane Vaughn, The Challenger Launch Decision: Risky Technology, Culture, and Deviance
at NASA (Chicago: University of Chicago Press, 1996).
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nonrational outcome of bureaucratic processes too complex for the human actors to fully
comprehend themselves. This is not a judgment with regard to “success” or “failure,” for
these words are superfluous when the “solution” is not affirmatively linked to the “problem”
to be solved until such time as it becomes necessary to explain the outcome. Although
the desire to incorporate them into our language is only natural—and indeed, extremely
difficult to avoid—it nonetheless mischaracterizes the nature of choice in a bureaucratic
environment. Organization is essential to modern technology as assuredly as technology
is to modern organization; and as such, they must be appreciated by their relation to one
another, and likewise, through their estrangement from the experience of the individual.>’

Before proceeding, however, it remains to reflect on a peculiar phrase that has already
infiltrated the passages above, mostly through direct quotation of sources that otherwise
passed it over without comment. That phrase is “command and control,” and the prevalence
and presumptuous nature of its usage should have already signaled its centrality to the
historical conceptualization of SAGE and other objects like it. Unfortunately, entire tracts
have disappeared in the discursive fog of its seemingly endless definitions, connotations,

associations, applications, extensions, and so on.*

57. Although I am unaware of a prior articulation of a thesis explicitly equating organization with technology,
and technology with organization, it strongly resembles Lewis Mumford’s theory of the modern “megama-
chine” in Lewis Mumford, The Pentagon of Power, vol. 2 of The Myth of the Machine (New York: Harcourt, Brace,
Jovanovich, 1970). Without diverting into a lengthy excursus on the philosophy of technology, comparisons
can also be drawn with the characterization of technique most familiar from Jacques Ellul, The Technological
Society, trans. John Wilkinson (New York: Knopf, 1964), as well as the more expansive invocations of “technos-
tructure”—which is to say, those not limited to a particular model of corporate governance—in John Kenneth
Galbraith, The New Industrial State (Boston: Houghton Mifflin, 1967). While no substitute for the sources
themselves, Val Dusek, Philosophy of Technology: An Introduction (Malden, MA: Blackwell, 2006) does touch
upon all these concepts.

58. To be fair, a cottage industry for books attempting to demystify the concept for military officers, civilian
officials, and other defense professionals began to prosper during the late Cold War: for instance, George
E. Orr, Combat Operations C°I: Fundamentals and Interactions (Maxwell AFB, AL: Air University Press, 1983),
OCLC (50193503); Roger Beaumont, The Nerves of War: Emerging Issues in and References to Command and Control
(Washington: AFCEA International Press, 1986); Jon L. Boyes and Stephen J. Andriole, eds., Principles of
Command and Control (Washington: AFCEA International Press, 1987); Thomas P. Coakley, Command and
Control for War and Peace (Washington: National Defense University Press, 1992); Carl H. Builder, Steven
C. Bankes, and Richard Nordin, Command Concepts: A Theory Derived From the Practice of Command and
Control (Santa Monica: RAND Corporation, 1999); Kenneth Allard, Command, Control, and the Common Defense,
rev. ed. (1990; Washington: National Defense University Press, 1996); or see Frank M. Snyder, Command
and Control: The Literature and Commentaries (Washington: National Defense University Press, 1993) for
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A peculiar argot, popularized in the 1970s, only exacerbated the problem. First came
the contraction of “command and control” into “C2” or “C?” (pronounced as “C-two” or “C-
squared,” interchangeably). The trend appears to have begun around 1960 as a wry bit of
workplace humor about the unwieldy acronyms attached to systems-management agencies
like the aforementioned Air Force Command and Control Development Division, or “C>D?,”
in some stylings.” Over the years, jargoneers have spun various related concepts into
and out of the same orbit: Reagan-era security discourse favored C*I—“command, control,
communications, and intelligence”—while the current trend within the defense community
has been toward C*ISR, for “command, control, communications, computers, intelligence,
surveillance, and reconnaissance.” The existence of even more exotic permutations, such

as C*I%, C°1, and C*ISTAR, inspired one waggish commentator to postulate:

C?E: command, control, communications, computers, cohesion, counterintelligence,
cryptanalysis, conformance, collaboration, conceptualization, correspondence, cama-
raderie, commissaries, camouflage, calculators, cannon, caissons, canteens, canoes,
catapults, carpetbaggers, caddies, carabiners, carrier pigeons, corn whiskey, camp
followers, calamine lotion, etc.%

Engaging a topic so amorphous as this on its own terms would be a prodigious task resulting

in a very different kind of study than the one presented here.

an extended bibliography. Many of these publications were, in some capacity, associated with Harvard’s
Program on Information Resource Policy (PIRP), which Anthony Oettinger, a professor of computer science,
ran together John LeGates, a private consultant, from 1973 to 2011. Its Seminar on Command, Control,
Communications, and Intelligence began meeting in 1980, attracting contributions from most of the authors
cited above, as well as members of their audience and interlocutors; Thomas P. Coakley, ed., C*I: Issues
of Command and Control (Washington: National Defense University Press, 1991) condensed some of the
proceedings to that point, though a complete list of transcripts and working papers remains available at http:
/[www.pirp.harvard.edu/publications . Another source of print activity, whose affiliates partially overlapped
with PIRP, was AFCEA, the Armed Forces Communications-Electronics Association, the industry group
responsible for publishing the profession’s leading periodical, Signal, since the late 1940s. The above excludes
the more critical literature generated or circulated primarily in academia, which will be referenced separately.

59. Likewise, the Directorate of Command, Control, and Communications at Air Force Headquarters, an
office organized in 1962, was similarly abbreviated to “D/C3.” The creation of the position of the Assistant
Secretary of Defense for Command, Control, Communications, and Intelligence, or “ASD(C®I),” in 1978 might
also explain the preference for the acronym, “C%1,” which emerged around the same time.

60. Kenneth L. Moll, “Understanding Command and Control, Part 1,” Defense and Foreign Affairs 6, no. 6 (June
1978): 41, quoted in Coakley, Command and Control for War and Peace, 9-10.
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Rather than attempt a frontal assault on the conceptual fortress itself, the goal here is
to leverage the advantage of historical observation. As a matter of lexical chronology, the
official Dictionary of United States Military Terms for Joint Usage did not define “command and
control” in 1958, though “command” and “control” independently referenced the “authority”
that could be “vested” in and “exercised” by a human agent.®* While neither term varied
with the next edition, issued in 1962, the revision also introduced “command and control”
as “an arrangement of personnel, facilities, and the means of information acquisition,
processing, and dissemination employed by a commander in planning, directing, and
controlling operations.”® Command-and-control, in other words, is what command-and-
control systems do. But if “command and control” asserted something irreducible either to
“command” or “control,” then why maintain its association with either at all?

No definitive text or critical utterance will settle the matter. Unlike some other terms
of art, the language of “command and control” was not invented—it evolved, gradually
mingling the substance of new ideas with the husks of old ones.®® Nevertheless, it can be
traced outward from the United States Air Force to the defense establishment at large, and
thence to NATO allies and other nations and applications as well. So whatever happened
must have happened between 1958 and 1962, which also corresponded to the years of SAGE’s
activation, as well as the initiation of research-and-development on dozens of other projects

in some way inspired by it.

61. United States Departments of the Army, the Navy, and the Air Force, Dictionary of United States Military Terms
for Joint Usage, Sth ed., DA Pam 320-1/OPNAV Instr 3020.1C/AFP 5-1-1/NAVMC 1177 (Washington: Government
Printing Office, March 13, 1958), 29, 32, OCLC (691014335).

62. United States Joint Chiefs of Staff, Dictionary of United States Military Terms for Joint Usage, with change
order no. 1, 2 July 1962, JCS Pub. 1 (Washington: Government Printing Office, February 1, 1962), 50, OCLC
(691014335).

63. Allard, Command, Control, and the Common Defense can be read as an institutional history of American
“command and control,” though the term would be anachronistic during most the period covered. Moreover,
John Keegan, The Mask of Command (New York: Viking, 1987) and Martin Van Creveld, Command in War
(Cambridge: Harvard University Press, 1985) are both essentially military pre-histories of the idea and, despite
their age, remain the standard texts in the field. Manuel de Landa, War in the Age of Intelligent Machines (New
York: Zone, 1991) follows a more idiosyncratic approach, which is not the most relevant to the present project,
but is nonetheless deserving of mention.
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No source prior to 1958 describes SAGE as a “command-and-control system”; it was
always an “air-defense system.” Likewise, no source prior to 1958 describes something
like SAGE as a “command-and-control system” either, but rather, a “management control
system,” or perhaps, a “military information system.”®* By 1960, however, the process of
generalization and consolidation appears to have been approaching completion: both SAGE
and “SAGE-like” systems had been gathered under the same banner, despite, in many cases,
looking more different than they did alike. An observable effort must have been expended
to accomplish a conceptual transformation as thorough as it was rapid—one that continues
to serve a vast confederation of national-security interests.

The following chapters will unfold the story of how these interests came together, who
they represented, what they accomplished, and why they chose the language they did. The
conclusion offers another reading of what command-and-control means, and why it seemed
necessary to promote it. For the time being, it is sufficient to observe that according to
the most rigorous public accounting ever undertaken on the subject, the United States
Government spent $921 billion (in constant 1996 value) on “nuclear command-and-control,”
broadly construed, during the Cold War. The total is only slightly less than the cost of US
nuclear-weapons production—$403 billion—plus the $644-billion cost of all the missiles,
aircraft, and submarines built to deliver them to their targets.®

Nevertheless, even a sum so magisterial as this was ultimately insufficient to resolve the
underlying dilemma. By the 1980s, for instance, many experts observed that official policy

had ossified the divisive, uncoordinated, inefficient systems of the 1950s into a monstrous

64. For instance, Donald G. Malcolm and Alan J. Rowe, eds., Management Control Systems: The Proceedings of a
Symposium Held at System Development Corporation, Santa Monica, California, July 29-31, 1959 (New York: Wiley,
1960); Edward Bennett, James Degan, and Joseph Spiegel, eds., Military Information Systems: The Design of
Computer-Aided Systems for Command (New York: Frederick A. Praeger, 1964); or Robert N. Anthony, Planning
and Control Systems: A Framework for Analysis (Boston: Division of Research, Graduate School of Business
Administration, Harvard University, 1965).

65. Stephen I. Schwartz, ed., Atomic Audit: The Costs and Consequences of U.S. Nuclear Weapons Since 1940
(Washington: Brookings Institution, 1998). The grand tabulations presented in this study vary from the
figures quoted here because, for the purposes at hand, it made sense to group certain subcategories together
differently than the authors did, especially those related to air and ballistic-missile defense.
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anatomy, distorted by incompatible, inconsistent, incoherent technological artifacts.®
Many declared the objective failure to achieve anything approaching a reliable or even
logically consistent method of nuclear command-and-control. In 1985, such as Bruce Blair,
the most persistent among them, claimed in 1985 that “deficiencies in U.S. C*I systems have
been so severe for so long that developments in the size and complexity of the superpowers’
arsenals have been practically irrelevant to the nuclear confrontation.”®” As early as 1960,
many within the defense establishment had already begun to fear that only a handful of

nuclear weapons, artfully employed, could end the political existence of the United States.®®

66. Within the academic discourse, John Steinbruner, “Beyond Rational Deterrence: The Struggle for New
Conceptions,” World Politics 28, no. 2 (January 1976): 223-245, doi:10.2307/2009891 and John D. Steinbruner
and Thomas M. Garwin, “Strategic Vulnerability: The Balance Between Prudence and Paranoia,” International
Security 1, no. 1 (Summer 1976): 138-181, doi:10.2307/2538581 are the earliest precedents, likely owing to the
author’s participation in the classified History of the Strategic Arms Competition project for the Office of the
Secretary of Defense. Subsequently, the publication of Desmond Ball, Can Nuclear War Be Controlled?, Adelphi
Papers, No. 169 (London: International Institute for Strategic Studies, 1981) seems to have revivified the study
of nuclear command-and-control as an internal source of international instability; it also directly inspired
the writing of the trade book, Daniel F. Ford, The Button: The Pentagon’s Strategic Command and Control System
(New York: Simon & Schuster, 1985). Other near-contemporaneous monographs that ask similar questions
included Bracken, The Command and Control of Nuclear Forces; Fred Kaplan, The Wizards of Armageddon (New
York: Simon & Schuster, 1983); William M. Arkin and Peter Pringle, SIOP: The Secret U.S. Plan for Nuclear
War (New York: Norton, 1983); and Bruce G. Blair, Strategic Command and Control: Redefining the Nuclear
Threat (Washington: Brookings Institution, 1985). Moreover, the papers collected in Ashton B. Carter, John D.
Steinbruner, and Charles A. Zraket, eds., Managing Nuclear Operations (Washington: Brookings Institution,
1987) and the proceedings recorded in Peter Stein and Peter Feaver, Assuring Control of Nuclear Weapons, CSIA
Occassional Paper, No. 2 (Lanham, MD: University Press of America, 1987) represent the concrescence of a
clear research agenda around the topic, which, unfortunately, evaporated with the Soviet bloc, and almost
as precipitously as well. Stephen J. Cimbala, Uncertainty and Control: Future Soviet and American Strategy
(London: Pinter, 1990); Peter Feaver, Guarding the Guardians: Civilian Control of Nuclear Weapons in the United
States (Ithaca: Cornell University Press, 1992); Bruce G. Blair, The Logic of Accidental Nuclear War (Washington:
Brookings Institution, 1993); and David E. Pearson, The World Wide Military Command and Control System:
Evolution and Effectiveness (Maxwell AFB, AL: Air University Press, 2000) were among the later entries, the
last of these deserving special attention, as its organizational-sociological approach is very similar to the one
followed here.

67. Blair, Strategic Command and Control, 4.

68. In 1960, a study widely circulated among defense officials estimated that just nine ICBMs, directed against
four key targets in the Chesapeake region, would almost certainly terminate the political existence of the
United States: John Ponturo, Analytical Support for the Joint Chiefs of Staff: The WSEG Experience, 1948-1976,
IDA Study S-507 (Alexandria, VA: Institute for Defense Analyses, International and Social Studies Division, July
1979), declassified copy, 129-151, DTIC (ADA090946). This substudy, contracted to the Institute for Defense
Analyses, was completed before the main report—a broad-based systems analysis of the nation’s strategic
nuclear deterrent—and circulated separately on its own merit; several extended passages were quoted verbatim
as L. Wainstein et al., The Evolution of U.S. Strategic Command and Control and Warning, 1945-1972, IDA Study
S-467 (Alexandria, VA: Institute for Defense Analyses, International and Social Studies Division, June 1975),
declassified copy, 239-248, DTIC (ADA331702). Incidentally, due to the prevailing regime of national-security
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Since no one can know for certain, perhaps the most dire suggestion of all is the fact that
even a trillion dollars did not significantly improve the state’s confidence in the robustness,
reliability, and performance of the nuclear command-and-control systems meant to ensure

its own survival.®

Synopsis

For the most part, the argument will proceed chronologically, advancing for the early days
of World War II to the dawn of the Missile Age. The main exception is chapter 4, which, for
thematic purposes, returns to the 1940s in order to incorporate civilian technologists into
what will have been, up to that point, primarily a story of military operations and federal
bureaucracy. Consequently, the third chapter serves as a pivot, identifying a neglected

historiographical route, while suggesting where it may yet lead.

Chapter One. Remember Opana Point

A number of historians have claimed that the prevailing regime of American security began
not at Alamogordo, at Hiroshima, or even at Potsdam, but at Pearl Harbor. The “infamous”
surprise attack, executed almost to perfection by the Imperial Japanese Navy, demonstrated
the maturity of military aviation and portended a new era of great-power conflict in which
America’s historical sense of geographical invulnerability, inspired by its great transoceanic

redoubts, finally evaporated. For nearly two centuries, the United States had prepared

secrecy, this latter study encapsulates virtually all that is definitely known about the topic during the period it
covered.

69. Perhaps the best evidence is that the United States Government effectively gave up trying to do more than
incrementally improve the token measures implemented in the 1960s, instead adopting the position that
nuclear war could be controlled as an official fiction: see, for instance, William M. Arkin, “Nuclear War in
Triplicate,” Bulletin of the Atomic Scientists 42, no. 10 (December 1986): 6-7, doi:10.1080/00963402.1986.11459448.
As Pearson, The World Wide Military Command and Control System observed, the technological measures
implemented at the time could not surmount the underlying problems of organization and governance,
and the system’s architecture—to the extent it can even be called a unitary “system”—appears essentially
unchanged in the latest Nuclear Matters Handbook (Washington: Office of the Deputy Assistant Secretary of
Defense for Nuclear Matters, 2011), https://fas.org/man/eprint/NMHB2011.pdf .
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to defend itself by sea; by the end of World War II, it was confronted with the far more
intimidating prospect of defending itself primarily in the skies.

The Battle of Britain will prove the natural point to begin tracking the dispersion
of expertise with regard to building, operating, and analyzing air-defense “systems,”—or
“networks,” as they were still called, with roughly equal frequency. A defining feature of
these systems, in contrast to other technological systems identified during the same period,
is the extreme difficulty of separating their “technical” elements from the “organizational”
ones. In other words, the organization’s role was not merely to manage the system, but
rather, to “integrate” it in some capacity. Although unlikely to have altered the outcome,
the existence of a partly functioning, though ultimately ineffective, air-defense system on
the Hawaiian Islands on December 7, 1941 contributed to the perception that the attack was

a disaster that could and should have been prevented.

Chapter Two. “Atomic Pearl Harbor”

Even before the United States Air Force came formally into existence in September 1947,
the Department of War had already created the Air Defense Command and charged it with
preparing an “integrated” air-defense system for the continental United States. Amid the
political stagnation of the immediate postwar period, however, this little headquarters
lacked clear guidance about what it was supposed to “integrate.” In the absence of real
assets like radar stations, communications links, or interceptor squadrons, air-defense
commanders could do little besides ratiocinate about an “integrated” air-defense system in
abstract, organizational terms.

With the assistance of Air Force headquarters, however, the Air Defense Command
eventually discovered a winning argument in an incrementalist philosophy of air-defense
integration, which emphasized the need to build an infrastructural “nucleus.” However
minimal at first, this nucleus would adapt and expand, according to the latest fashions

in technology or budgetary politics, through a process of gradual “evolution,” rather than
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total “revolution.” With no opportunities to exercise its components as interdependent, as
opposed to isolated, activities, the organization could not even begin to know what it did

not know about its capability to defend the nation from enemy aircraft.

Chapter Three. Holes in the Sky

Although expectations for the first air-defense “nucleus” were not high, the system still
disappointed many observers when it entered service in 1949-1950. Their displeasure
resulted less from the analytical findings than from a general impression of confusion,
disorganization, and inefficiency—problems that could only be resolved through regular
experiment and study. However, the cost of staging live exercises with real aircraft restricted
both the scope and frequency of testing opportunities, limiting their usefulness as tools
for self-examination and, just as importantly, crew training. Simulation promised an ideal
supplement, but it was then, as yet, practically infeasible to “script” by hand the sheer
number of actions to which an air-defense operations center had to respond during an
exercise of even modest size and duration.

To address the issue, the Air Defense Command developed, through its relationship with
the RAND Corporation, the System Training Program, a method of organizational simulation
that likely represents the first industrial-scale application of computing technology to
military operations and training. In replicating the hand-operated air-defense centers of the
time, however, the experiments that led to the System Training Program accelerated a trend
toward thinking of humans as mere components in a larger machine, and as irredeemably
slow, expensive, and unreliable ones at that. The positive aspects of human intervention,
which had proved essential to the functioning of air-defense systems in the past, were erased

almost entirely, exposing the ambition to eliminate human liabilities through automation.
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Chapter Four. Laboratories at War

When the MIT Radiation Laboratory dispersed in 1946, the Army Air Forces moved quickly
to recruit as many of its former personnel as possible to work in its own laboratories,
particularly the Cambridge Field Station, which had been established expressly for this
purpose. Winning over employees proved difficult enough, though not nearly so difficult as
transforming their institutional allegiances, as those who did take government jobs generally
chafed against the imposition of management controls uncharacteristic of smaller, less
formal, university-like environments. Facing intense competition from private industry,
however, military managers perceived no option better than appeasing this privileged
generation of technical talent, raised on the raucous, anti-bureaucratic style cultivated by
the wartime Office of Scientific Research and Development.

The attempt to reconstitute the Radiation Laboratory split the Air Force’s research
program for ground electronics, which included high-power radar, but also equipment
peripheral to it, such as automatic data-relays essential to centralizing air-defense operations.
Although intended as a temporary post, the Cambridge Field Station refused to consolidate
with Watson Laboratories, a larger, prewar military installation for electronics research,
which the Air Force inherited from the Army Signal Corps, located in Red Bank, New Jersey,
and subsequently relocated to Rome, New York. The Cambridge lab did report to the Rome
lab for some time, but by 1950, the two had developed their own teams with their own
partially overlapping agendas, creating the preconditions for internecine conflict over the

future of research related to the automation of air defense.

Chapter Five. “The Maginot Line boys from MIT”

The fissure between Rome and Cambridge posed a dilemma for Air Force technology man-
agers. On the one hand, the Rome lab, which had descended from a traditional government
research center, remained closely tied to the headquarters of the Air Materiel Command

at Wright-Patterson Air Force Base in Dayton, Ohio—the effective center of the USAF’s
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military administration. Excepting payroll, Dayton disbursed most of the Air Force’s annual
appropriation, and its technical staff collectively represented the largest and most capable
managerial force throughout the entire service. At some point, every action regarding in-
dustrial engineering, research, and procurement passed through Wright-Patterson, which
consulted with laboratories, field units, and private contractors even more regularly than
the Air Force’s executive headquarters in the Pentagon.

Nevertheless, the Air Materiel Command was an agency preoccupied with the sprawling
responsibilities of logistics, maintenance, purchasing, and supply. As the nation’s organiza-
tion for joint military research-and-development broke down in the late forties, a faction
within Air Force headquarters arranged an end-run around Dayton’s hegemony, carving
out a small but sovereign space for formulating science-and-technology policy. Most of the
individuals responsible had entered public service with Division 14, and they retained close
ties to its successors in the greater Boston area. As it happened, the powerful “Cambridge
lobby” took charge of a messy restructuring of the Air Force’s research-and-development
organization at precisely the wrong moment to lend the continental air-defense program

the clarity it so badly needed.

Chapter Six. Crisis in Command

To grasp how the Cambridge lobby understood itself, what it was trying to do, and why, it will
be necessary to read its proposals against the overlooked products of the Rome-Michigan
alliance. While mastering the situation technically, as well as dominating their perceived
opposition politically, advocates of the “Cambridge way” nevertheless neglected to build
relationships with the ultimate users of their research products. The resulting misappre-
hension not only confused the Air Force rank-and-file, who feared the disruptiveness of
an outside imposition, it extended even to industrial firms hesitant to assume liability for
their roles in a program that appeared to have accelerated beyond their patron’s ability to

control. As much as the Cambridge lobby celebrated its managerial exceptionalism, both
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during and after the events in question, its disdain for bureaucratic channels likely cost
more time, and certainly more money, than it saved.

Unaware of the irony, a major study guided by SAGE’s former luminaries, expressed
deep concern for the nation’s uncoordinated rush toward real-time computing for nuclear
operations—a course they feared would constrain the options available to future leaders to
those foreseeable by the engineers who had designed the systems upon which the effectua-
tion of national authority depended. This was the first real effort to interpret “command
and control” as a type of technological-organizational phenomenon, a sort of higher-order
property, or “system of systems,” emerging from their interaction. The goal of command-
and-control should be to maximize human agency, they argued, and yet no one authority
could unite the many project organizations that specified the precise technical behavior of
each system in virtual isolation from one another. Naturally, they offered the authority of

their own expertise instead.

At this project’s end, we will finally be in a position to appreciate this story’s significance
both to our present condition and our sense of how we reached it. Historians have diligently
charted America’s “state capacity,” its power to administer programs on a national scale,
which matured during the first half of the last century.” This is the “bigness” of government,
its dimension of size, but the latter-twentieth century also forced the presence of time—the
government of “now”—to the point that the President of the United States of America can

now express his majesty by viewing a display, tracking a bomb, flying through a window,

half a world away.”

70. The term comes from Stephen Skowronek, Building a New American State: The Expansion of National Admin-
istrative Capacities, 1877-1920 (Cambridge: Cambridge University Press, 1982), one of the foundational texts in
the field of American political development, which, though claimed mostly by departments of government,
remains rooted in historical studies of the Progressive Era. See Karen Orren and Stephen Skowronek, The
Search for American Political Development (Cambridge: Cambridge University Press, 2004) for an overview and
a bibliography.

71. Like other centers of high command, the White House Situation Room’s precise capabilities and functions
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We ought to be astonished, and not with the marvels of mere research and development.
Such power actually represents the antithesis of management, the abrogation of bureaucracy,
because it is not—contrary to our perceptions—everywhere, all of the time. It is only ever
here and now, present before the few, or even the one, thus recovering the qualities of
charisma, arbitrariness, and particularism that we thought defined an age departed.

How did such a thing come about? How was it that rationalism, fairness, and univer-
sality turned on themselves? In a word, indeterminacy. Law still requires judgment, and
action, however constrained, must still interpret procedure, for the rules can never follow
themselves. What the United States sought, above all, was to formalize its authority over
crisis: the conspiracy of circumstances, the specificities of which overwhelm whatever
might have been foreseen generically, which arises so suddenly, and presents stakes so high
and consequences so immediate, that any means not immediately at hand are irrelevant to
its conclusion.

To govern crisis is to manage the unmanageable, with all the contradiction that entails.
Command-and-control promised to prove the state’s validity under the conditions most
likely to call that validity into question, and to do so with all the apparent impartiality
of nature itself, which is to say, the organization of technology, and the technology of

organization.

remain classified: Michael K. Bohn, Nerve Center: Inside the White House Situation Room (Washington: Brassey’s,
2003) is one insider account, but it was written before the most recent improvement program began. A
president might not personally direct or observe a drone strike in real-time even if it were technically possible,
and the normal chain-of-command almost certainly does not call for it: Jeremy Scahill, ed., The Assassination
Complex: Inside the Government’s Secret Drone Warfare Program (New York: Simon & Schuster, 2016) documented
virtually all that was known to journalists at the time it was published. Reality is ultimately beside the point,
however, because what matters is perception, or rather, its imagination, and the ubiquity of images like the
famous photograph of the Situation Room during Operation Neptune Spear in contemporary media amply
demonstrates the public’s fascination with bureaucratic technology as a kind of executive fantasy.
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CHAPTER 1

Remember Opana Point

Command, Control, and Organizational Technology

When I assumed command of the Strategic Air Command...Gen-
eral LeMay asked me point-blank, “Who do you remember from
Pearl Harbor?”... I gave him the only reply that immediately came
to mind: “Sir,” I said, “I remember General Short and Admiral Kim-
mel”... “You are exactly right,” he said. “The responsible military
commanders are the ones remembered in disasters and defeats.”
He explained that history does not record, nor do people remem-
ber, all those others who may have abetted, or even caused, the
debacle; it is the one with command responsibility who is charged
with failure.!

General Russell E. Dougherty, CINCSAC, 1974-1977

At dawn on December 7, 1941, the sound of low-flying aircraft woke Kenneth P. Bergquist
in his quarters at Wheeler Field, a small airstrip in Oahu’s central valley. A Navy exercise
out of Pearl Harbor, Bergquist presumed, since his own unit, the 14th Pursuit Wing, was
supposed to be enjoying its first lazy Sunday in six weeks. The first explosion could have
been a plane crashing nearby, a misfortune witnessed commonly enough by a career officer

in the United States Army Air Corps. “And then right after that, of course, a lot of bombs

1. Russell E. Dougherty, “The Psychological Climate of Nuclear Command,” in Managing Nuclear Operations,
ed. Ashton B. Carter, John D. Steinbruner, and Charles A. Zraket (Washington: Brookings Institution, 1987),
407.



went off there at Wheeler,” he later recalled.? After securing his young daughter as best he
could, the 29-year-old major dressed quickly and left his home, evading “a string of machine
gun bullets [that] went up the street” on his way to the wing command-post.

“All the airplanes were burning,” he discovered upon his arrival. The wing’s entire
complement of P-40s had been left parked in tight formation, a measure ordered to guard
against sabotage, but which greatly increased their vulnerability from the air. As director
of operations, Bergquist’s official duties meant little to an airfield in ruins. Most probably,
he joined the scramble to clear the runway for the handful of aircraft that remained un-
damaged. Whatever his actions, however, the situation was so confused that he could not
fully recall them during testimony recorded just a few weeks later.? Indeed, no evidence
clearly establishes what happened that morning at Wheeler, except that a small flight of
four antiquated P-36s took off around 8:50 AM, one hour after the initial attack.*

When the second wave raided the airfield shortly thereafter, Major Bergquist enjoined
an enlisted man to drive him to Fort Shafter in Honolulu, fifteen miles down the Kame-
hameha Highway. Their marked staff-car almost immediately attracted a pair of Japanese
fighters hunting for targets of opportunity. Under fire, the occupants abandoned the vehicle
still in gear. The driver went for the brush while Bergquist tackled the rear bumper and
scuffled slowly along the pavement behind the moving car.® After the first plane passed

overhead, Bergquist took shelter from the second in the backseat. “My only injury of the

2. Interview, Maj. Gen. Kenneth P. Bergquist, Commander, Air Force Communications Service, with Arthur
K. Marmor, USAF Historical Liaison Office, Washington, DC, October 1965, transcript dated April 14, 1972,
AFHRA (1008200), 10.

3. Testimony of Maj. Kenneth P. Bergquist, December 24, 1941, in Joint Committee on the Investigation of
the Pearl Harbor Attack, Pearl Harbor Attack: Proceedings of the Roberts Commission 79th Cong., 1st sess., 1946,
pt. 22, 225-232, CIS (HRG-1946-PHB-0017). He later gave a more thorough statement to official investigators as
Testimony of Col. Kenneth P. Bergquist, August 18, 1944, in Joint Committee on the Investigation of the Pearl
Harbor Attack, Pearl Harbor Attack: Proceedings of the Army Pearl Harbor Board 79th Cong., 1st sess., 1946, pt. 27,
615-632, CIS (HRG-1946-PHB-0022). In the case of few minor discrepancies, I have favored the statements
Bergquist made nearer the time of the attack over his oral history interview recorded a quarter-century later.

4. Leatrice R. Arakaki and John R. Kuborn, 7 December 1941: The Air Force Story (Hickham AFB, HI: Pacific Air
Forces, Office of History, 1991), 76-80.

5. Bergquist interview, October 1965, AFHRA, 10.
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1. Organizational systems and technological control

whole war is a little scar I have on my little finger from holding on to a fender.” Unable to
locate his driver—whom, as he learned later, lay bleeding from a stray round to the leg some
distance away—Bergquist proceeded alone toward the columns of hot ash pluming from
the harbor, visible even in the distance. The descending route allowed him a sweeping view
of the devastation before he reached his destination: a small, temporary structure on the
grounds of Fort Shafter, where, for the previous six months, Bergquist had labored—almost
entirely on his own initiative—to transform a one-room wooden cantonment into a proper

air-defense information center.

Organizational systems and technological control

This first chapter examines the most notorious air-defense “failure” in American history:
the surprise attack on Pearl Harbor. The repercussions of this nationally traumatic event did
not end with World War II; on the contrary, fear of an “atomic Pearl Harbor” refashioned the
national-security politics of the United States, while also lending the postwar continental-
defense mission a sense of military urgency.®

Before the war, the obstructions to establishing a working air-defense system on the
Hawaiian Islands—as in the Philippines, the Panama Canal Zone, and the few other places

where Americans had tried to do so—were not widely recognized beyond the small group of

6. While building upon prior arguments, Douglas T. Stuart, Creating the National Security State: A History of the
Law That Transformed America (Princeton University Press: Princeton, 2008) advances the strongest thesis
connecting the memory of Pearl Harbor with the military-political reforms implemented by the United States
Government after the end of World War II, even going so far as to refer to the new regime as the “Pearl Harbor
system.” Other accounts, such as Michael J. Hogan, A Cross of Iron: Harry S. Truman and the Origins of the
National Security State, 1945-1954 (Cambridge University Press: Cambridge, 1998) and Aaron L. Friedberg, In
the Shadow of the Garrison State: America’s Anti-Statism and Its Cold War Grand Strategy (Princeton: Princeton
University Press, 2000), stress the exigency of the Cold War in motivating this reorganization, but even though
the context cannot be discounted, the fact remains that the National Security Act codified a structure evolved
during the war, and broadly followed the outlines of proposals that had been under study and negotiation
since 1943. Cf. John C. Ries, The Management of Defense: Organization and Control of the U.S. Armed Services
(Baltimore: Johns Hopkins University Press, 1964); Edgar F. Raines Jr. and David R. Campbell, The Army and
the Joint Chiefs of Staff: Evolution of Army Ideas on the Command, Control, and Coordination of the U.S. Armed
Forces, 1942-1985, CMH Pub 93-3 (Washington: US Army Center of Military History, 1986); Herman S. Wolk,
Planning and Organizing the Postwar Air Force, 1943-1947 (Washington: Office of Air Force History, 1984).
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1. Organizational systems and technological control

officers actually responsible for it.” Although the Air Corps borrowed doctrine, tactics, and
operating principles liberally from their more experienced counterparts in the Royal Air
Force, certain features peculiar to the structure of the United States Government, as well as
the American military tradition, induced frustrations of idiosyncratic nature and nontrivial
consequence.

In particular, American military doctrine did not yet recognize “air defense” as a dis-
tinct military function that required a unitary chain of command. Rather, it represented a
collection of secondary activities performed by each unit or agency staked in the defense of
the area.® As such, Americans relied by necessity on an ungainly method of liaison, centered
on the person of the “controller,” who acted as a dispatch officer for defensive measures
not formally under his command. This differed considerably from the construction of so-
called “Dowding System” that the Royal Air Force employed during the Battle of Britain,
in which the senior duty-officer exercised direct command authority over the entire air-
defense organization during its operation.

By way of contrast, an American air-defense commander performed more of an im-

plementing and managerial function: designing, exercising, and regulating the many cross-

7. America’s preparations for the defense of the Western Hemisphere following the outbreak of hostilities
in Europe and Asia, but before its own entry into conflict, are not widely known, except in diplomatic or
grand-strategic terms. An overview of American military posture during this period can be found in Stetson
Conn and Byron Fairchild, The Framework of Hemispheric Defense, The United States Army in World War II:
The Western Hemisphere, CMH Pub 4-1 (1960; repr., Washington: US Army Center of Military History, 1989)
and Stetson Conn, Rose C. Engelman, and Byron Fairchild, Guarding the United States and Its Outposts, The
United States Army in World War II: The Western Hemisphere, CMH Pub 4-2 (1964; repr., Washington: US
Army Center of Military History, 2000).

8. The principle of “unity of command” descended from the European military tradition before entering the
management literature through Henri Fayol, General and Industrial Management, trans. Constance Storrs (1919;
London: Pitman, 1949). It holds that every subordinate should be responsible to one, and only one, superior.
By extension, in a military organization, a single officer should, ideally, have complete authority over all
forces under his or her command, according to a textbook commonly used by American officers-in-training
after World War II: John Robert Beishline, Military Management for National Defense (New York: Prentice-Hall,
1950). Except on small scales, however, the principle is rarely achievable in practice, however, and especially
so in the American military tradition, which has evolved a convoluted “joint” doctrine in order to coordinate
the efforts of its armed forces. Arrangements during the war, on the other hand, were almost completely ad
hoc, because as cabinet-level departments, the prewar Army and Navy had relatively little occasion to interact
except on matters of policy, such as United States Joint Board, Joint Action of the Army and Navy (Washington:
GPO, 1927).
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1. Organizational systems and technological control

organizational agreements and mutual understandings necessary to operate the defense
system, with or (usually) without his immediate presence. The element of authority, there-
fore, became embedded in the configuration of the system itself; its actions legitimated by
their adherence to a premeditated set of standard operating procedures, as opposed to legal
investiture in the controller per se.

Despite substantial differences in both organization and technique, American military
professionals conceived of air defenses as expressions of “system,” as did the British. While
the case examined in this chapter arguably descended into pathology, Americans eventually
did succeed in operating effective air-defense nets according to principles similar to the
ones explained here. Still, persistent deficiencies pushed Americans toward the norm of
unity-of-command, though full adoption of the model lay more than a decade in the future.

Given the historiographical deference to air defense in the evolution of “systems think-
ing,” however, it is worth considering how such thinking was adapted to local contingencies,
and thereby, created a body of operational experience.” The goal here is to begin forming a
picture of organizational means interacting with technological means, eventually reaching
the point where, in a later chapter, the apparently natural division between the technical
and organizational elements of system can be challenged. While today the term “system
integration” does, in certain restricted contexts, refer to a well codified body of engineering
practices, in general, “integration” is more an ideal than a criterion, which supposes an

almost ineffable harmony between designers and users, in opposition to a reality where

9. The introduction details the literature most relevant to the present discussion, which, in addition to
automated air-defense, further overlaps with historical studies concerning radar, guidance, fire-control,
operations research, and ballistic-missile defense, such as David A. Mindell, Between Human and Machine:
Feedback, Control, and Computing Before Cybernetics (Baltimore: Johns Hopkins University Press, 2002); Donald
A. MacKenzie, Inventing Accuracy: An Historical Sociology of Nuclear Missile Guidance (Cambridge: MIT Press,
1990); Rebecca Slayton, Arguments That Count: Physics, Computing, and Missile Defense, 1949-2012 (Cambridge:
MIT Press, 2013); Erik P. Rau, “Technological Systems, Expertise, and Policy Making: The British Origins of
Operational Research,” in Technologies of Power: Essays in Honor of Thomas Parke Hughes and Agatha Chipley
Hughes, ed. Michael Thad Allen and Gabrielle Hecht (Cambridge: MIT Press, 2001), 215-252; Peter Galison,
“Laboratory War: Radar Philosophy and the Los Alamos Man,” in Image and Logic: A Material Culture of
Microphysics (Chicago: University of Chicago Press, 1997), 239-311, and Thomas P. Hughes and Agatha C.
Hughes, introduction to Systems, Experts, and Computers: The Systems Approach in Management and Engineering,
ed. Agatha C. Hughes and Thomas P. Hughes (Cambridge: MIT Press, 2000), 1-26.

39
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system behavior is often unspecifiable, because it depends on the unanticipated reactions
of the humans to be organized by the system.?

This chapter will proceed in two phases. First, it follows a small group of American
officers who observed the RAF’s air-defense organization in action during the Battle of
Britain with an eye toward implementing similar provisions in the United States. In so
doing, they registered opinions about what an air-defense “system” should be, while re-
maining realistic about the bureaucratic obstructions that would inhibit the adaptation
of such systems to their own military establishment. The nature of this military-political
environment is characterized, and, in the second part, its contingencies demonstrated in
one specific yet memorable scenario: the Japanese attack on Pearl Harbor.

Although mindful of the fact that nothing the actors could have done would have likely
altered the outcome—not to the mention the arguable significance of the outcome itself—
the following may be considered an account of what is, in modern terms, one of the most
famous command-and-control failures in modern military history. The cultural trauma of
the event justifies exploring what they themselves perceived had “gone wrong,” independent

from the grand forces of military politics and international diplomacy.™

10. With respect to engineering practice, Harry H. Goode and Robert E. Machol, System Engineering: An
Introduction to the Design of Large-Scale Systems (New York: McGraw-Hill, 1957) was perhaps the earliest
textbook on “systems management” in widespread use, though Fremont E. Kast and James E. Rosenzweig,
eds., Science, Technology, and Management (New York: McGraw-Hill, 1963) and George A. Steiner and William
G. Ryan, Industrial Project Management (New York: Macmillan, 1968) provide more tangible glimpses into the
evolving state-of-the-art at the time of their publications.

11. This is not an analytic study of military “failure” per se, as in, for instance, Richard K. Betts, Surprise Attack:
Lessons for Defense Planning (Washington: Brookings Institution, 1982) or Eliot A. Cohen and John Gooch,
Military Misfortunes: The Anatomy of Failure in War (New York: Simon & Schuster, 1990), whose concern lies
mainly in extracting “lessons learned” for current and future officials. The perspective here is, by comparison,
agnostic, holding that had the outcome been different, Americans might tell the same story as a sequence of
happy accidents, rather than a systemic breakdown. That said, Roberta Wohlstetter, Pearl Harbor: Warning
and Decision (Stanford: Stanford University Press, 1962), in particular, still stands apart for its meticulous
reconstruction of the operational record, some portion of which will likewise follow, having been drawn from
some of the same primary sources.
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The first Air Defense Command

So long as historians continue to debate the origins of the Second World War, they will
likely never agree whether the attack on Pearl Harbor truly surprised American officials—
either in Washington or Hawaii—or if it should have surprised them, even if indeed it did.
Regardless, the United States military did have sufficient opportunity to observe, and at
least some occasion to incorporate, the state-of-the-art in air-defense operations as studied
and practiced by the Royal Air Force during the Battle of Britain. Preparations on the
strategically vital island of Oahu were already well advanced by the fall of 1941, a fact that
still engenders a remorseful sense of missed opportunity, especially when further incited
by the wrathful conspiracism of the historiographical fringe.

Indeed, in March 1941, the Hawaiian Department had sent Major Bergquist to Mitchel
Field, near Hempstead on Long Island, home to the newly established Air Defense Command,
for instruction in the latest advances in “ground-controlled interception,” or GCI, from across
the Atlantic—knowledge he and others began to apply to Oahu eight months before the
attack.’® Some of the Army’s first production-model SCR-270 radar followed not long after
them. A radar-equipped Aircraft Warning Service that was, in theory, capable of supporting
British-style GCI operations entered its first stage of operation in November.

Of course, a great deal has been said concerning the remarkable advancement in
air-defense capabilities attributable to the development of radar, or what the British still

called “RDF,” for “range-and-direction finding.”** To clarify, while Bergquist, like most other

12. The historiography and cultural history of the attack on Pearl Harbor is out-of-scope here, but see Emily S.
Rosenberg, A Date Which Will Live: Pearl Harbor in American Memory (Durham: Duke University Press, 2003),
particularly on the evolution of revisionist claims.

13. Kenneth Schaffel, The Emerging Shield: The Air Force and the Evolution of Continental Air Defense, 1945-1960
(Washington: Office of Air Force History, 1991), 36-38. Although my presentation of ADC’s organizational
history largely parallels Schaffel’s, I have expanded and in some cases revised his conclusions after consulting
the primary sources, as indicated in the footnotes. Much of Schaffel’s own material on World War II revisited
Wesley Frank Craven and James Lea Cate, eds., Men and Planes, vol. 6 of The Army Air Forces in World War II
(1954; repr., Washington: Office of Air Force History, 1983), chap. 3; see also Conn, Engelman, and Fairchild,
Guarding the United States and Its Outposts, chaps. 1-3.

14. The historiography of radar is dominated by enthusiast histories of Anglo-American scientists and
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students, had never heard of radar before attending the March School, this was not because
famous “Tizard mission” to the United States had suddenly surprised American scientists
and engineers with the miraculous discovery of the cavity magnetron. The magnetron
created the possibility of microwave radar, the most pressing application of which was
perceived to lie in the production of detectors with resolution sufficiently high to be useful
for navigation and gun-laying while remaining small, light, and low-powered enough to
mount on ships, aircraft, and motor vehicles, or easily transported by them.”

Sprawling air-defense networks, on the other hand, relied on large, fixed installations
without such rigid technical requirements, and since existing equipment was considered
sufficient for ground-based applications, they never achieved the priority necessary to earn
allocations of microwave components in any quantity before the war’s end. In fact, the
early-warning stations guarding the English coast in 1940 operated in the high-frequency
band, a rather pedestrian form of radar compared to a VHF set like the SCR-270, which was

then entering service even in a military backwater like the United States.'® A high-frequency

engineers and the application of their ingenuity to wartime problems; cf. Hartmut Petzold, “Some Problems
of Radar Systems Historiography,” in Tracking the History of Radar, ed. Oskar Blumtritt, Hartmut Petzold, and
William Aspray (Piscataway: IEEE-Rutgers Center for the History of Electrical Engineering, 1994), 247-266, as
well as relevant parts of other contributions to the same volume. Note that early British sources favored the
term “RDF” but gradually adopted the Americanism, “RADAR,” for “radio-detection and ranging.” Although
quickly “de-acronymized” to “radar,” the all-caps styling continued to appear in technical writing at least until
the mid-to-late forties. This text follows the British convention when historically appropriate and the modern
convention in other cases.

15. James Phinney Baxter III, Scientists Against Time, Science in World War II (Boston: Little, Brown, 1946)
remains the canonical account of the Tizard Mission, but a careful reading also reveals its overwhelming
concern for miniaturized, low-power microwave radar. The application of microwaves to high-powered
ground radar will be dealt with in chapter 4.

16. A Chain Home station consisted of two separate sites: a three- or four-mast curtain array that broadcast a
high-frequency signal typical of commercial radio, and a four-element Adcock array to receive the backscatter.
By 1941, the Army Signal Corps had already fielded a similarly capable set, the SCR-270, but in a smaller,
mobile package. (The SCR-271 variant was identical except that its support equipment had been adapted for
permanent installation.) Until 1943, however, the Air Force believed the British design performed better in
the field, a perception the Signal Corps Laboratories attributed to the RAF’s superior training, maintenance,
and staffing levels, as well as the presence of supplemental detectors to fill gaps in the radiation pattern. The
tension slackened as these issues were gradually addressed, and the SCR-270 remained the Army Air Force’s
primary search-radar throughout the war. George Raynor Thompson et al., The Signal Corps: The Test, December
1941 to July 1943, The United States Army in World War II: The Technical Services, CMH Pub 10-17 (1957;
repr., Washington: US Army Center of Military History, 1978), 93-102; George Raynor Thompson and Dixie R.
Harris, The Signal Corps: The Outcome, Mid-1943 Through 1945, The United States Army in World War II: The
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Chain Home station could not follow a passing aircraft or reliably distinguish moving objects
from surface clutter, except over open water, so after penetrating the coastline, tracking
targets depended almost entirely upon more rudimentary methods, such as the volunteer
aircraft-spotters in the Royal Observer Corps.

Therefore, the “Dowding system,” so-called for Air Chief Marshal Sir Hugh Dowding,
succeeded or faltered not by its technological marvels alone, but by the pace and certainty
with which their readings could be rendered sensible as well. Even the finest instrumen-
tation available today can only represent the physical characteristics of radio-frequency
reflections; it is otherwise blind to all features of organizational significance. Echoes return
no matter their identity or intention, to the extent they can be positively determined to
possess intentionality at all. Thus, to become a “contact,” with discernible relevance to the
tactical situation, a signal must be processed through a variety of mechanisms, some of
which rely primarily on humans, and others on machines."’

Measured on the scale of decades, the balance between human and machine has tilted
substantially toward the latter, and yet what the Battle of Britain demonstrated—even to
the few Americans sent to observe—was that, evolving from one moment to the next, the
equilibrium between organization and technology is a furiously dynamic thing. As such, it
could not assume the same form in the United States, with its different military tradition, as

it did in Great Britain, despite the similarities in terms of equipment and installations.

Technical Services, CMH Pub 10-18 (1966; repr., Washington: US Army Center of Military History, 1991), 468—
477. The AAF’s recollection was, of course, discrepant, and apparently confused by the distinction between
high-frequency and microwave radar. Cf. Craven and Cate, Men and Planes, 82-84; Schaffel, The Emerging
Shield, 29. It is true, however, that the Air Corps’ rank-and-file was generally unaware of radar technology
of any kind, as the development program during the 1930s remained a small one under recondite Signal
Corps administration: Harry M. Davis, ed., The Signal Corps Development of U.S. Army Radar Equipment, 3
pts., Signal Corps Historical Project A-1-3 (Washington: Historical Section, Office of the Chief Signal Officer,
November 1945), declassified manuscripts provided by Historical Office, United States Army Communications-
Electronics Command (CECOM), Aberdeen Proving Ground, MD.

17. Cf. Denys Volan, The Identification Problem in the Air Defense of the United States, ADC Historical Study No. 3
(Ent AFB, CO: Directorate of Historical Services, Headquarters, Air Defense Command, June 30, 1954), OCLC
(31413878). Incidentally, modern sensors are capable of extracting some physical characteristics of a remote
body with the aid of sophisticated digital-signal processing. Since the analysis is statistical, however, it cannot
reliably distinguish between aircraft with similar structural features, rendering methods such as transponders,
flight-tracking, and voice communication as necessary today as they were during World War II.
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The Dowding System: Judgment, representation, and action

The city of London suffered its first aerial bombardment on May 30, 1915, the beginning
of a series of nighttime strikes conducted by German zeppelins. After the lighter-than-air
offensive proved ineffectual, the Luftstreitkrdfte suspended its bombing of English cities
until May 1917, when a flight of 23 Gotha G.IV biplanes attempted to attack London, in
broad daylight, before diverting to their secondary targets in Kent. That summer, Gotha
raids killed thousands on the southeastern coast, and soon the metropolis again found itself
besieged almost nightly by air.'®

Within a year, a provisional unit called the London Air Defence Area (LADA) belted the
Thames Estuary with concentric rings of observers, searchlights, fighter patrols, barrage
balloons, and antiaircraft artillery crewed by over 20,000 personnel. At each of the area’s 25
control rooms, tellers relayed local observations by telephone to a central control facility at
Whitehall, where a team of plotters pushed colored blocks around a large map table with
wooden rakes. “I sat overlooking the map from a raised gallery,” recalled Major-General
Edward Ashmore, “in effect, I could follow the course of all aircraft flying over the country, as
the counters crept across the map.”* Given their relatively high velocity, the organization’s
paramount parameter was, according to its own language, “time lag”: the delay between an
observation and the organization’s response, usually through an order issued over radio or
telephone circuits to air or gun crews.

Even primitive Gotha bombers could still travel over a mile with each minute that lapsed

18. See the relevant passages in Raymond H. Fredette, The Sky on Fire: The First Battle of Britain, 1917-1918
(1966; repr., Tuscaloosa: University of Alabama Press, 2007), which, in addition to further detail on LADA,
contextualizes the foundation of the Royal Air Force in 1918, the organization that established the modern
precedent for segregating at least some portion of military aviation from the command of ground and naval
forces, and, to the continued aggravation of officers in the Army Air Corps, a precedent not followed by the
United States until the National Security Act of 1947.

19. E. B. Ashmore, Air Defence (London: Longmans, Green, and Co., 1929), 93. The London Air Defence
Area commenced operation soon after the infamous Folkstone raid in May 1917 and consolidated antiaircraft
measures initially developed to defend against zeppelins. See Sir Percy Scott, Fifty Years in the Royal Navy
(London: John Murray, 1919), chap. 18, the memoir of the naval artillery officer who began installing them in
1915.

44



2. The first Air Defense Command

from the initial sighting, so to make the defense credible, Ashmore needed to prove his
claim that “the time when an observer at one of the stations in the country saw a machine
over him, to the time when the counter representing it appeared on my map, was not,
as a rule, more than half a minute.”® In practice, the figure was likely aspirational. To
order-of-magnitude, though, it represented a significant achievement of organizational and
technological control. Since the advent of electric communication, observation-response
cycles with comparable “time lags” had previously been achieved militarily only across
limited spatial extents: in naval gunnery, for instance, or indirect artillery-fire.”* LADA, on
the other hand, became the standing precedent for how to organize a military operation
across a large geographical area coordinated to within a minute or less.

By 1940, attack and pursuit aircraft alike could reach speeds exceeding 300 miles-per-
hour, rendering the organizational “time lag” of air defenses even more critical. During
the previous war, Ashmore needed only to concentrate patrols along the enemy’s flight
path. Once relative velocities approached 10 miles-per-minute, however, hostiles could no

longer be merely cut off en route to their targets; they had to be intercepted—the proverbial

20. Carrying a 110-pound payload, a Gotha G.V could only cruise around 70 miles-per-hour—only 10-15 miles-
per-hour above its stall speed at altitude. Simply maintaining level flight could not have been easy even under
ideal conditions, let alone angry gunfire, and so it is unsurprising that more Gothas were lost to accidents
than enemy action. Laurence K. Loftin Jr., Quest for Performance: The Evolution of Modern Aircraft, NASA SP-468
(Washington: Scientific and Technical Information Branch, National Aeronautics and Space Administration,
1985), 48-50.

21. The operations room aboard a naval vessel is probably the closest historical analogue to an air-defense
control center, both reaching similar levels of sophistication at roughly the same time: Timothy S. Wolters,
Information at Sea: Shipboard Command and Control in the U.S. Navy, From Mobile Bay to Okinawa (Baltimore:
Johns Hopkins University Press, 2013) and Mindell, Between Human and Machine; see also Norman Friedman,
Naval Firepower: Battleship Guns and Gunnery in the Dreadnought Era (Annapolis: Naval Institute Press, 2007) or
John Brooks, Dreadnought Gunnery and the Battle of Jutland: The Question of Fire Control (New York: Routledge,
2005) for more on the practice of shipboard gunnery and fire-control. Field artillery experienced a similar
evolution in both methods, tactics, and supporting equipment as guns increased in range and accuracy, to the
point where battlefield commanders required electrical communications and more centralized headquarters
in order to to coordinate “indirect fire” (i.e. beyond sight of the gunnery crews) on positions spotted by forward
observers: John J. McGrath, Fire for Effect: Field Artillery and Close Air Support in the US Army (Fort Leavenworth,
KS: US Army Combined Arms Center, Combat Studies Institute Press, 2011). Nevertheless, one of the best, if
overlooked historical comparisons for both the organizational and technological context of a large-area air-
defense system is quite possibly the construction of harbor and seacoast defenses during the late-nineteenth
can early twentieth centuries; Seacoast Artillery: Basic Tactics and Technique (Harrisburg: Military Service
Publishing, 1944), though a pedagogical treatise compiled from Army field manuals and regulations, gives a
sense of how such area defenses were constructed and operated.
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striking of a bullet with another bullet—imposing hard limits on uncertainty, let alone
second chances. Even the sharpest-eyed pilots could not reliably spot another aircraft at
distances greater than five miles, or as little as one mile when separated by at least 5,000
feet of altitude. If ground controllers missed either parameter by comparable margins, an
interceptor would probably not catch the intruder in time to disrupt its attack, presuming
contact could be established at all.**

Dowding now had the advantage of a coastal RDF network, an undeniable improvement
over the crude acoustical devices employed, to varying degrees of effectiveness, during
World War I. Nevertheless, by increasing the detection radius by an order of magnitude, radio
observation also multiplied spurious and redundant reports, which, as British operational
analysts learned before the war, cascaded greater and greater confusion the farther they
propagated along the command chain.” The German Luftwaffe had witnessed as much in
its own prewar experiments and fully expected mass raids to oversaturate the opponent’s
organizational capacity, the basic principles of which had not changed appreciably between

the wars.?*

22. United States Department of War, Air Defense, Army Air Forces Field Manual (FM) 1-25 (Washington: GPO,
June 15, 1943), OCLC (56664963) described some of the technical elements of computing interceptions, which
provided a baseline for instruction during the war. While the underlying calculations are similar to those
used by gunners, air-defense crews had to refine their own tools and methods for performing them, such as
the ubiquitous “Tizzy angle,” so named for Henry Tizard of “Tizard mission” fame, which proved an efficient
means for an air-defense controller (or pursuit officer, in the American case) to eyeball an intercept vector
straight from the plotting board; see David Zimmerman, Britain’s Shield: Radar and the Defeat of the Luftwaffe
(Stroud, UK: Sutton, 2001), 110-117. On the tactical limitations confronting interceptor pilots, cf. Stephen
Bungay, The Most Dangerous Enemy: A History of the Battle of Britain (London: Aurum, 2000), 239-267 or Mark
Kendall Wells, “Aviators and Air Combat: A Study of the U.S. Eighth Air Force and R.A.F. Bomber Command,’
(PhD diss., King’s College London, 1992), DTIC (ADA265349), the latter of which, while concerned primarily
with stress and morale, lucidly describes the fighting environment of British and American air crews.

23. The following passage draws mainly from David Zimmerman, “Information and the Air Defence Rev-
olution,” Journal of Strategic Studies 27, no. 2 (June 2004): 370-394, doi:10.1080/0140239042000255968, a
condensation of the author’s earlier Zimmerman, Britain’s Shield, which is worth consulting for additional
detail. Some military-historical elements come from Robin Higham, “The RAF and the Battle of Britain,” in
Case Studies in the Achievement of Air Superiority, ed. Benjamin Franklin Cooling (Washington: Air Force History
and Museums Program, 1994), 115-178, which also includes a helpful bibliographic essay. The literature on
the Battle of Britain is vast but duplicative.

24. In fact, though some German officers suspected the British must have had some form of radar-based air-
defense system, electronic surveillance failed to identify it correctly, presuming that, given the low operating
frequency of Chain Home stations compared to German VHF sets, the high-power emissions were generated by
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Furthermore, in addition to sorting through potentially specious reports, Dowding’s
“system” also needed to account for the movements of friendly and civilian aircraft, as
well as to distinguish between them. The methods for so doing included—when possible—
sophisticated communications-electronics such as multi-band VHF, airborne transponder
beacons, and radio direction-finding (“R/DF,” not to be confused with “RDF”), as well as more
mundane techniques such as controlled airspaces, visual inspection, and the recording and
conveyance of flight plans. These myriad, mostly paper-based reports required correlation
with RDF returns before the situation in the air became clear enough to compute and relay
interception vectors, a process that imposed its own “time lag” as well.?

Considering the far greater premium now placed on organizational latency, it is perhaps
paradoxical that the RAF discovered an unavoidable need to filter and reduce incoming
reports, even when such manipulations could potentially delay the response by precious
seconds, or more likely, minutes. Compared to Ashmore’s defense provisions, what the

Dowding System did was physically separate the responsibility to represent the air-battle from

commercial broadcasting, or some other form of interference. Thus, the Lufiwaffe remained largely unaware
of the defenses arrayed against them until after beginning its assault on Great Britain in 1940. Zimmerman,
Britain’s Shield, 204-205.

25. Popular sources, including Bungay, The Most Dangerous Enemy; James Holland, The Battle of Britain:
Five Months That Changed History: May-October 1940 (New York: St. Martin’s, 2010); Robert Buderi, The
Invention That Changed the World: How a Small Group of Radar Pioneers Won the Second World War and Launched a
Technological Revolution (New York: Simon & Schuster, 1996); and Louis Brown, A Radar History of World War II:
Technical and Military Imperatives (Bristol, UK: Institute of Physics, 1999); as well as canonical accounts, such as
Derek Wood and Derek Dempster, The Narrow Margin: The Battle of Britain and the Rise of Air Power, 1930-1940
(New York: McGraw-Hill, 1961); Len Deighton, Fighter: The True Story of the Battle of Britain (New York: Knopf,
1978); and the official histories: Basil Collier, The Defence of the United Kingdom (London: HMSO, 1957) and
Denis Richards, The Fight at Odds, vol. 1 of The Royal Air Force, 1939-1945, ed. Denis Richards (London: HMSO,
1953) describe, in varying levels of detail, the idealized operation of the Dowding System. The majority tend
not to question the orthodox view, shaped during the administration of Winston Churchill, and cemented by
his postwar self-hagiography—in particular, Winston S. Churchill, Their Finest Hour, vol. 2 of The Second World
War (Boston: Houghton Mifflin, 1949)—that British air-defenses had proved decisive due to their technical,
administrative, and moral superiority. Even specialty volumes, such as Henry Probert and Sebastian Cox, eds.,
The Battle Re-Thought: A Symposium on the Battle of Britain, 25 June 1990 (Shrewsbury, UK: Airlife Publishing,
1991), have, while emphasizing previously neglected aspects of the campaign, nevertheless continued to soft-
pedal the hard questions. Only as the old-guard has retired have more recent studies, like the work of David
Zimmerman, cited elsewhere, and Richard Overy, The Battle of Britain: The Myth and the Reality (New York:
W. W. Norton, 2001), expressed more willingness to question, or at least complicate, the received story. See
Anthony J. Cumming, “Did Radar Win the Battle of Britain?” The Historian 69, no. 4 (Winter 2007): 688-705,
doi:10.1111/j.1540-6563.2007.00194.x.
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the responsibility to act upon it. Discerning a raid was “simply and solely an assessment of
probability,” according to one researcher, “a weighing of the accuracy of various sources of
information or the estimation of the accuracy of any source of information.”® As such, it
required the judgment of one familiar with the quirks of individual RDF stations and the
qualities of the teller relaying each observation, a task not only distinct from directing an
interception, but a distraction frequently inimical to it.

At Fighter Command headquarters, then, the controllers in the operations room saw
only a plot constructed from reports received indirectly through an intermediate “filter
room,” rather than directly from the observations themselves. Next door, the filter officer
acted as a sort of plotting umpire: sensitive to ambiguity while also communicating a
measured degree of certainty—more or less depending on his judgment of the situation—in
order to avoid confusing, misleading, or otherwise belaboring the controllers. According to
the procedure’s engineer, the filter officer addressed “the problem of ensuring that the most
probable data on position, track and speed, and composition of each individual track and
speed, and composition of each individual raid are extracted from the incompletely accurate
and incompletely concordant reports of several RDF stations, and that the identification of
defensive and friendly formations is made secure as may be.”’ The position was perhaps
the most crucial to the entire operation, and the most significant arguments within the
administration concerned the specifics of how to do it.

While the Battle of Britain remains positively mythic in popular memory, specialists
seriously doubt whether the Dowding System truly crested the grandiloquent peaks of

Churchillian oratory.”® Indeed, the German offensive eventually did overstress its capacity,

26. E. C. Williams, a chemical engineer, assigned to the Operations Research section at RAF Fighter Command
in 1939; quoted in Zimmerman, Britain’s Shield, 182-183. For a brief account of British OR activities with
respect to air defense, see Maurice W. Kirby, Operational Research in War and Peace: The British Experience From
the 1930s to 1970 (London: Imperial College Press, 2003), chap. 3.

27. Edmund Dixon, a communications engineer, who had worked for the British Post Office before joining the
RAF’s Bawdsey Research Station (later, the Telecommunications Research Establishment) in 1936; quoted in
Zimmerman, Britain’s Shield, 126 (emphasis added).

28. See note above on the predominance of laudatory histories of the role of technology and system in the
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and by September 1940, its uncounterable shift to nighttime “terror bombing” had cost
Dowding his command.?”’ His successor, Air Marshal Sir Sholto Douglas, represented a
faction that opposed Dowding personally perhaps more than his “system,” the eponymous
attribution of which, moreover, effaces the work of the RAF’s Bawdsey Research Station, the
core of what later became the Telecommunications Research Establishment—a key site in
the development of modern operations-analysis. Nevertheless, under Douglas, Fighter Com-
mand’s sophisticated ground-based techniques were largely supplanted by indiscriminate
sweeps by large formations of aircraft over and across the English Channel.*® While this “big
wing” doctrine essentially revived the outmoded tactics of the previous war, by that time,
the Battle of Britain had already depleted the Luftwaffe of both aircraft and experienced
pilots and navigators.

Notwithstanding Dowding’s political undoing, the Royal Air Force established the Anglo-
American precedent for unitary air-defense, organized separately from, yet interdependent
with, other military stakeholders operating in the same area. From Fighter Command’s
headquarters in Bentley Priory, the controller issued orders to subordinates units, including
guns and aircraft, configured both technically and legally along relatively clear channels of
communication and responsibility. Although the representation he perceived was heavily

mediated, and even calibrated to his abilities, he acted directly on his own authority as a

Battle of Britain. The genesis and perpetuation of the traditional narrative has received some scrutiny of
late: Garry Campion, The Good Fight: Battle of Britain Wartime Propaganda and the Few (New York: Palgrave
Macmillan, 2009); S. P. MacKenzie, The Battle of Britain on Screen: “The Few” in British Film and Television Drama
(Edinburgh: University of Edinburgh Press, 2007); as well as the polemical Richard North, The Many Not the
Few: The Stolen History of the Battle of Britain (London: Bloomsbury, 2012).

29. David Zimmerman, “British Radar Organization and the Failure to Stop the Night-time Blitz,” Journal of
Strategic Studies 21, no. 3 (September 1998): 86-106, doi:10.1080/01402399808437728.

30. As a point of tangential interest, Dowding’s purported “knifing” by political enemies, eager to claim
his achievements for themselves, remains a tender issue in the mustier corners of British military history,
redolent of the grievance concerning the public sword-fallings of Walter Short and Husband Kimmel following
the attack on Pearl Harbor. While the present argument need stake no claim in this, John Ray, The Battle of
Britain: Dowding and the First Victory, 1940 (London: Cassell, 2000) and David E. Fisher, A Summer Bright and
Terrible: Winston Churchill, Lord Dowding, Radar, and the Impossible Triumph of the Battle of Britain (Washington:
Shoemaker & Hoard, 2005) provide some interesting, though perhaps obsessive, documentary insights into
the conduct of a specific military-political affair, particularly the latter, which highlights Dowding’s rather
eccentric personality.
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commanding officer.

Exercise and indoctrination: The ADC March School

Whatever deficiencies they later displayed, the British clearly surpassed the aimless prepa-
rations of the United States, where air defense remained outside the mainstream of military
thinking throughout the 1930s. As a political matter, however, lack of immediate relevance
did not dissuade the Army or the Navy—beleaguered as they were by the Great Depression—
from arguing as vigorously as they did pedantically about their respective duties to defend
America’s shores from enemy aircraft. Dispute persisted even within the War Department
as to whether the ultimate responsibility should lie with the Coast Artillery, which admin-
istered the guns and fortifications; the Signal Corps, who ran the observation posts and
the communications between them, or, perhaps unlikeliest of all, the Air Corps’ petulant
“pilotocracy.” At an air-defense exercise in Florida in 1935, for instance, one squadron leader
went so far as to refuse radio instructions from ground controllers, invoking the rather
chivalric premise that the pilot is always the captain of his own aircraft.*

With an international conflict on the horizon, the War Department proceeded in 1937,
albeit tepidly, to follow after the Royal Air Force. American air-defense exercises held in
1938 and 1939 reconfirmed the painful state of misapprehension between the Air Corps, the
Coast Artillery, and the Signal Corps. On December 15, 1939, the Secretary of War ordered
the Chief Signal Officer of the Hawaiian Department to organize one of the nation’s first
“aircraft warning services,” the capabilities of which would nevertheless be sharply limited
by the lack of cross-organizational consensus on command authority.*> A department circu-

lar published a few months later delegated to the Signal Corps the task of “development,

31. A general officer, who was merely observing, eventually defused the situation by commanding the pilot to
obey all orders as if the general had issued them personally. Schaffel, The Emerging Shield, 6-19.

32. Signal Office, Central Basic Base Command, “Report on the Establishment of an AWS in Hawaii,” August
31, 1944, exhibit 58 in Joint Committee on the Investigation of the Pearl Harbor Attack, Pearl Harbor Attack:
Proceedings of the Army Pearl Harbor Board 79th Cong., 1st sess., 1946, pt. 31, 3139-3158, CIS (HRG-1946-PHB-
0022) recounts, in stifling detail, the sequence of administrative actions concerning the air-defense of the
Hawaiian Islands sampled in this chapter, including the one above.
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procurement, storage, and issue of all electrical apparatus for determining the location of
radio stations, aircraft, and marine craft, and all the electrical apparatus associated with
range finding,” as well as “such other equipment and supplies as may be designated...in
connection with the installation, operation, and maintenance of an aircraft warning ser-
vice”—in short, to provide the technical infrastructure for air defenses, while leaving the
necessary methods of inter-operation unspecified.*®

Such formalistic inconsistencies were typical of the American military tradition.* The
comparatively fractious evolution of military organization in the United States imposed a
premium on coordination on the air-defense controller, who was legally not a commander,
in most cases, but rather, a sort of human switch for delegating facts to an appropriate
action officer. While the Dowding System similarly depended on a tenuous military-political
consensus among senior British Government officials, the American model had to emerge,
case by case, from the military assets specific to the area, each of which generally lacked

“unity of command,” and hence, the equivalent of a singular controller-commander.* In

33. War Department Circular No. 57, 1940, section 1, changes to Army Regulation (AR) 105-5, in United
States, Department of War, Compilation of War Department General Orders, Bulletins, and Circulars (Washington:
GPO, September 1, 1940), 189. The prescribed methods of operating antiaircraft artillery, in conjunction
with the Aircraft Warning Service, were printed in United States Department of War, Antiaircraft Artillery,
Organization and Tactics, Coast Artillery Field Manual (FM) 4-15 (Washington: GPO, August 12, 1940), OCLC
(44441654) and United States Department of War, Aircraft Warning Service, Signal Corps Field Manual (FM) 11-
25 (Washington: GPO, August 3, 1942), OCLC (744464401). It should be remembered, however, that military
regulations, manuals, statements of doctrine, and the like only represent the subject in terms of pedagogy,
procedure, or administrative law. While sometimes illustrative, in the absence of other sources, they do not
demonstrate how their provisions were put into practice, if at all. Official publications issued from Washington
often responded to a perceived lack of uniformity in the field, rather than dictating it proactively, and were
neither circulated nor observed consistently. For example, consider the thwarted ambition behind The Air
Force in Theaters of Operations, published in 1943, as described in Robert Frank Futrell, Ideas, Concepts, Doctrine:
Basic Thinking in the United States Air Force, vol. 1 of (1971; repr., Maxwell AFB, AL: Air University Press, 1989),
68, or indeed, the difficult stories of the many other official promulgations considered in the same volume.

34. For perspective, see, for instance: Kenneth Allard, Command, Control, and the Common Defense, rev.
ed. (1990; Washington: National Defense University Press, 1996); Jonathan M. House, Toward Combined Arms
Warfare: A Survey of 20th-Century Tactics, Doctrine, and Organization, Combat Studies Institute Research Survey
No. 2 (Fort Leavenworth, KS: US Army Command and General Staff College, 1984); James A. Winnefield and
Dana J. Johnson, Joint Air Operations: Pursuit of Unity in Command and Control, 1942-1991 (Annapolis: Naval
Institute Press, 1993).

35. Perhaps to belabor the obvious, the same person could not have supervised RAF Fighter Command’s
operations every hour of every day for months on end. So-called “duty controllers” were assigned through a
system of deputation.
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other words, whereas a British duty-controller possessed the rank and legal investiture
necessary to command all defensive measures at his disposal on his own authority, his
counterpart in an American air-defense organization usually did not. While the area’s air-
defense commander might also assume the controller’s chair as a matter of course, his
primary responsibility was understood to lie primarily in negotiating the parameters for the
system’s operation between the interested parties.

In February 1940, the War Department tepidly acknowledged the need to accelerate
these negotiations by establishing the Air Defense Command (ADC), though only as a
planning activity of the Air Corps, with billets alloted for only five officers, who occupied
a crowded office in the base headquarters building at Mitchel Field. As the contingent
grew, they were eventually moved into a wooden lean-to built against the side of a hangar.
“The discomfort of the personnel who had no choice but to sit at their desks bundled
up in winter clothing in an unheated wooden building could more easily be imagined
than endured,” wrote the command historian, who spared few words in lambasting the
hardscrabble conditions imposed on the small organization.*® It had no combat units of its
own and none to train—only a few signal companies to operate its radar and communications
equipment during the field tests it had been charged with preparing.

In October, the War Department sent the commander of the Air Defense Command,
Major General James E. Chaney, together with his executive, Captain Gordon P. Saville, to
study the Dowding System in action. Probably no officer in the Air Corps could claim more
experience with air defenses than Saville, whose involvement dated back to the Florida
exercise in 1935. Problems that Americans only encountered in drills, the British had
already confronted under fire, even if their inability to effectively counter the Blitz called

at least some of these responses into question.*” Thus, while Chaney and Saville returned

36. History of the Air Defense Command, 26 Feb 1940-2 Jun 1941 (Hempstead, NY: I Fighter Command, n.d.
[1942?]), AFHRA (0198206), 13. Most references to the “first” Air Defense Command, i.e. the one that existed
from 1940 to 1941, invoke the first chapter of this report.

37. For background on Saville, see Schaffel, The Emerging Shield, 13-16, 24-29, 35.
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from England with a list of 16 immediate recommendations, their observations increased
the number of questions that needed answers when ADC began operating its own “test
sector” in the northeastern United States, as scheduled, in January 1941.%®

While the first exercise in August 1940 produced superficially encouraging results, “the
main lesson learned,” according to its chief signal officer, “was that the previous conceptions
of what the Information Center should be, how the information came to the evaluating and
intercept officers, and the methods employed to sort out that information and translate
it into proper action for handling several raids, needed considerable revision.” Or, to put
it bluntly, “when a raid condition was imposed...the whole system fell apart.”® Among
the most serious issues uncovered was that as the Information Center expanded from a
clearinghouse to a command post, no single official possessed the authority to give orders
to all the air-defense units in the field.*

“To explain this,” again quoting ADC'’s chief signal officer, “it must be understood that
an area defense, particularly a territorial defense system has to function under a detailed
plan of operation and that on such matters concerning the various scope of action and

responsibility on the part of all agencies this has been previously worked out”:

In other words, this Controller on duty is just the operator of the organization for a
particular duty period within the twenty-four hour period. He has at his side liaison
officers from anti-aircraft artillery, balloons, air raid precaution agencies, pursuit
aviation, radio communications officer, wire communications officer, officers and
others whose individual duties during the time they are on duty are also integrated as a
part of the operations and Information Center service. The Controller gives his orders
to the respective agencies through those liaison channels.*!

38. Maj. Gen. James E. Chaney, Commanding General, Air Defense Command, to Assistant Chief of Staff, G-2,
War Department, “subj: Observations on a Trip to England,” February 12, 1941, exhibit 30 in History of ADC,
1940-1941, AFHRA, 9, 41-45.

39. Interview, Lt. Col. Paul S. Edwards, Signal Corps, by Lt. Col. W. W. Irving, Coast Artillery Corps, and Maj.
Ralph Snavely, Air Corps, Mitchell Field, New York, January 22, 1941, exhibit 5 in Report of C&GSS observers
on Air Defense Command Test Exercise, Jan 21-23, 1941, Lt. Col. W. W. Irving, Coast Artillery Corps, to
Commandant, Command and General Staff School, January 29, 1941, OCLC (822028802), 3; cf. History of ADC,
1940-1941, AFHRA, 219-261.

40. The British had actually begun to decentralize the functions performed at Fighter Command headquarters,
but for reasons having to do with efficiency, rather than bureaucratic authority.

41. Edwards interview, ADC Test Exercise Report, OCLC (822028802), 6.
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Recalling the chivalrous interceptor pilot from 1935, the legal-philosophical foundation
for air-defense command rested on a mutual agreement between representative agencies
concerning the system’s general mode of operation. Delegation freed the controller to
assign tracks without becoming overwhelmed by the task of directing interception, gunfire,
and other defensive measures, but it also depended critically on officers willing to cooperate
beyond the limits of their institutional chains of command.

The ADC test sector ran at full-scale for only three days, however, and while it did
produce badly needed data on plotting, telling, and filtering performance, as well as equip-
ment, training, and personnel requirements, given the artificial nature of the exercise, the
necessary spirit of cooperativeness could be taken for granted.** The effectiveness of high-
level command relationships thus remained largely untested, a fact apparently not lost on
the staff that convened a group of 60 students, including Kenneth Bergquist, for the “Air
Defense Orientation and Indoctrination Course” at Mitchel Field in March of 1941. In his
introductory address, Captain Saville emphasized the importance of unifying “operational
control” over all air-defense measures within the operating area, a statement lifted from the
official report of his trip overseas with General Chaney. Still, he implicitly acknowledged
that such unity would be difficult to achieve in the field.*

Meanwhile, ADC officers introduced attendees to the latest tactical and administrative
procedures observed in Great Britain and implemented in the Northeastern Test Sector. But
with little operational experience even among the instructors, the March School proceeded
less like a training course than a mutual lesson in collaborative problem-solving. When
Bergquist and others were asked to prepare their own five-step “Air Defense Estimate
and Plan,” adapted to the geography of their areas and keyed to the resources potentially

available to them, students and teachers alike puzzled over how to approach the astonishing

42. While massaging the criticism, History of ADC, 1940-1941, AFHRA, 262-314 recorded the plans and key
findings of the test-sector exercise.

43. The lecture is summarized in History of ADC, 1940-1941, AFHRA, 206-209. It was later revised and formally
promulgated as Air Defense (see below).
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variety of technical, personal, and organizational contingencies at work throughout their
respective jurisdictions. After the school concluded in April, its graduates transferred
rapidly to assignments in the nation’s outlying territories: Alaska, Hawaii, the Philippines,
and the Panama Canal Zone, where command staffs furthermore requested copies of ADC'’s
instruction material, which established for them the first unofficial doctrine for air-defense
organization and tactics.*

Despite an ambitious start, the War Department declared the planning mission of the
Air Defense Command complete in June 1941, and deactivated its headquarters immediately
thereafter. Armed with only a few weeks of informal training and wanting for a definite place
in the institutional structure, the first American officers who can reasonably be identified
as air defense “professionals” could rely on little more than the personal support of their

superior officers in order to accomplish the duties in which they had been instructed.

The air defense of the Hawaiian Islands

It is doubtful that even whole squadrons of American pilots rising to meet Japanese forces
in the skies could have blunted the force of the attack on Pearl Harbor.*® Once Admiral
Chiiichi Nagumo’s fleet successfully evaded the United States Navy en route to its launching
point, only a spectacular operational failure, such as a serious blunder of aerial navigation,

might have plausibly altered the outcome, the actual military effect of which seems far

44. History of ADC, 1940-1941, AFHRA, 195-213.

45. Of course, exercises in counterfactuality are a common feature of military history, not all of which can
be dismissed as the product of its high proportion of popular and enthusiast publications. Having been
stigmatized by the mainstream of academic history, military history primarily serves the needs of professional
military education, where normative assessments fulfill an important pedagogical function. Cf. Jeremy Black,
Rethinking Military History (London: Routledge, 2004), 26-65; Michael Howard, “Military History and the
History of War,” in The Past as Prologue: The Importance of History to the Military Profession, ed. Williamson Murray
and Richard Hart Sinnreich (Cambridge: Cambridge University Press, 2006), 12-20. Thus, the fruitfulness of
debating the possibility of mitigating, or even averting, the attack on Pearl Harbor remains dubious, but their
centrality to the discourse is difficult to ignore. Alan D. Zimm, Attack on Pearl Harbor: Strategy, Combat, Myths,
Deceptions (Philadelphia: Casemate, 2011), 267-288, for instance, reaches a more sanguine conclusion about
the American defensive capabilities by employing standard wargaming techniques.
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less significant now than it did at the time.* Nevertheless, by failing to consider such
possibilities, the many subsequent investigations helped unbridle America’s increasingly
absolutist mentality with respect to surprise attack—an expedience more political than
military. Official inquiries tended to lead witnesses toward an uncomplicated narrative that
concentrated blame on the supreme military authorities in the Hawaiian Islands: Lieutenant
General Walter C. Short, commander of the Hawaiian Department, and Admiral Husband E.
Kimmel, commander-in-chief of the US Pacific Fleet.*

Although the testimonies did reveal a systemic neglect of air defenses—to say nothing
of intelligence gathering, handling, and a myriad of other organizational deficiencies—
the questioning generally presumed that the attack constituted a disaster that might have
otherwise been prevented.*® A fact unknown at the time was that the Japanese plan included
a third wave targeting the harbor’s infrastructure—facilities which, left nearly unscathed,
allowed the Navy to rebuild and resupply the Pacific Fleet with almost inconceivable rapid-
ity—but that Admiral Nagumo had decided to withhold it because the second wave sustained
losses heavier than the first. While the greatest damage was inflicted by uncoordinated
antiaircraft fire rather any coherent response, Japanese commanders did not know that
Hawaii’s air-defenses were not yet fully organized. Fearing greater attrition yet, Nagumo

elected to conserve his remaining aircraft for a potential counter-attack from the Pacific

46. Still, the military significance of the Japanese raid remains largely overstated in America’s cultural-histori-
cal memory, which tends to take it for granted. See, for instance, John Mueller, “Pearl Harbor: Military Incon-
venience, Political Disaster,” International Security 16, no. 3 (Winter 1991-1992): 172-203, doi:10.2307/2539091;
also Mark Parillo, “The United States in the Pacific,” in Why Air Forces Fail, ed. Robert Higham and Stephen J.
Harris (Lexington: University Press of Kentucky, 2006), 287-313, especially the bibliographic essay, for an
historiographical review.

47. Cf. Kenneth Kitts, “The Politics of Infamy: The Roberts Commission and Pearl Harbor,” in Presidential
Commissions and National Security: The Politics of Damage Control (Boulder: Lynne Rienner, 2006), 17-46. Also
see the following note on the cultural history of the attack.

48. In addition to Rosenberg, A Date Which Will Live, Walter Hixson, ed., Pearl Harbor in History and Memory,
vol. 4 of The American Experience in World War II (New York: Routledge, 2003) collects important reflections
and historiographical commentary on the attack itself and its enduring political and cultural significance. For
an historical perspective with even greater relevance to the present, see John W. Dower, Cultures of War: Pearl
Harbor, Hiroshima, 9-11, Irag (New York: Norton, 2010).
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Fleet, whose carrier groups had still not been located.*

As the following account illustrates, Hawaii’s air defenses had been organized well
enough to see the attack coming, but not well enough to perceive it as a threat, let alone
respond. On December 7, only the Signal Corps component—the Aircraft Warning Ser-
vice—had entered even a tentative state of operation. The Army and Navy elements it was
supposed to warn, however, had thus far participated in air-defense preparations to a lim-
ited extent, and then only at the insistence of officers with few legal powers of their own.
Without unilateral command authority, as in the British model, coordinating measures of

organizational control would depend on the enthusiasm of their superiors.

The Aircraft Warning Service: Control through coordination

Upon returning from the March School, Major Bergquist found little of this enthusiasm
forthcoming from the military administration in Honolulu. “I got back there in April and
was placed on approximately two weeks special duty to write up a report on what should
be done in Hawaii,” he testified in 1944. “I did that and submitted it, and I have never
seen it since.”® Thus the task devolved on a few mid-ranking officers, including Major
Bergquist, to effect the necessary coordination between the Signal Corps, which operated
the search radars, and various other Army, Navy, and civilian concerns scattered throughout
the islands.*

Working informally, the air-defense group had to appeal to superiors who could rarely

commit attention or resources to an activity they neither appreciated nor understood. In

49. Once again, Zimm, Attack on Pearl Harbor, 301-322 hypothesizes on alternative courses of actions, but
more significantly, narrates the evolution of the “re-attack controversy.”

50. Bergquist testimony, August 18, 1944, in Pearl Harbor Committee, Proceedings of the Army Pearl Harbor
Board, pt. 27, 627.

51. In addition to Bergquist, the principals included Cmdr. William E. G. Taylor, the naval liaison officer; Col.
Lorry N. Tindal, the bomber liaison officer; and Capt. Wilfred H. Tetley, commander of the signal company.
Together they participated in a semi-official air-defense committee that issued period recommendations,
which appeared to have little influence on the Hawaiian Department or the Pacific Fleet. With the exception
of Tetley, their testimonies were also reprinted in the proceedings of the congressional investigation.
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his own words, Bergquist’s mostly nominal role entailed:

getting the proper interest by the various agencies that had to cooperate with us on
setting up and making this go; such as furnishing liaison officers, getting them to agree
to putting operational control in our hands, in the hands of the Interceptor Command,
in the person of the controller to operate all the various agencies involved, such as the
antiaircraft not only of the Army but of the Navy in Pear]l Harbor, and controlling all
the radio stations, commercial radio stations, controlling the movements of all aircraft;
not so much to the exact telling of them what to do—for instance, the bombers—but to
insure that they abide by the principles that we operated under, in that we would know
at all times where they were so that we could filter out any plots that we received.*?

After months of delay, the Signal Corps eventually constructed the small Information Center
where Bergquist, in addition to performing his regular duty at Wheeler Field, attempted
to train a team of plotters, controllers, and liaison officers. Unfortunately, the Army and
the Navy curtailed his initiative by assigning only part-time personnel, and too few of them
even then. “My instructions...were verbal to these officers: that they were to go down there
during the times I specified, acquaint themselves with the whole setup as far as they possibly
could, and if anything went wrong they were to notify me.”*?

Beneath the frustration lay a basic misapprehension about who was supposed to be
in charge. Although the Signal Corps did install five SCR-270 search radars on Oahu over
the summer, officially, they belonged the the War Department’s Aircraft Warning Service,
or AWS, which, much as the named suggested, issued warnings rather than commands.>*
Lacking the authority to direct air, naval, or artillery units, or even regular means to commu-

nicate with them, it could only report observations to the local Information Center. “What

the Aircraft Warning Service was to do was to be plotted on a large board and a group of

52. Bergquist testimony, August 18, 1944, in Pearl Harbor Committee, Proceedings of the Army Pearl Harbor
Board, pt. 27, 619.

53. Bergquist testimony, December 24, 1941, in Pearl Harbor Committee, Proceedings of the Roberts Commission,
pt. 22, 227.

54. See Craven and Cate, Men and Planes, 78-112; Conn, Engelman, and Fairchild, Guarding the United
States and Its Outposts, 54-64 on the national Aircraft Warning Service. Dulany Terrett, The Signal Corps: The
Emergency, to December 1941, The United States Army in World War II: The Technical Services, CMH Pub 10-
16-1 (1956; repr., Washington: US Army Center of Military History, 1994), 301-305 digests the congressional
testimony concerning the radar situation before the attack. War Department, FM 11-25, Signal Corps Field
Manual, Aircraft Warning Service (Washington, GPO: August 3, 1942), OCLC (744464401), 1-29 defined the
formal arrangement between the Signal Corps and the other agencies concerned.
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decision-makers from the various branches of the service would look at it, and they decided
what kind of a situation had occurred,” remembered Wilfred Tetley, the former commander
of the signal company, and a fellow graduate of the March School.>

Without any full-time personnel, however, the Hawaiian Interceptor Command was
an organization only on paper. Rather than specially assign blame, however, Bergquist
later explained the problem more diplomatically as “a lack of people understanding the
influence of airpower and the requirements for air defense.”® These requirements were
unique, and their apprehension so rare, because they cut across the functional boundaries
that defined conventional military practice: intelligence versus operations, artillery versus
aviation, operations versus support, and so on. Air defense, on the other hand, was a new
and complex function, for which a dedicated organization did not exist.

To wit, the Chief Signal Officer refused to turn the radars over to the AWS and insisted
on operating them only from 4:00 to 7:00 in the morning, thereby limiting the effective
training time to just three hours per day. Breakdowns and equipment shortages, especially
with the gas generators, reduced it further still. Most of the sites were extremely remote;
by December, Bergquist had yet to convince the Hawaiian Department to provide fixed
power and communications or secured the approval of the National Park Service necessary
to begin permanent construction. The island’s high peaks did provide excellent positions
from which to surveil the open ocean, but superior coverage created an incidental problem:
a larger area to monitor, especially since an enemy might approach from any direction.

Oahu’s rich topography, moreover, seriously challenged untrained crews, who had to
teach themselves to read the complex radio properties of the terrain. “It was not easy to
run the scope,” recalled Tetley, “because the average person would go in and look at it and

say, ‘My god, what'’s this?’”:

Echoes everywhere, and you have to know how to pick out from all this “grass,” as they

55. Interview, Wilfred Tetley, with Steven Haller, Honolulu, HI, December 8, 1991, transcript, National Park
Service, Washington, DC, URL: http://www.nps.gov/valr/learn/historyculture/upload/WilfredTetley.pdf, 3.

56. Bergquist interview, October 1965, AFHRA, 8.
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called it, what was a target...Each site was different. You had to learn the site. First of
all, they have to learn to take signals out of the grass. Then you have to learn how to
take signals out of the grass at a particular site, because the interference patterns at
each site were different. So it took a while to break in an operator, and you didn’t like
to switch operators from site to site unless you really had to do it.*”’

The large military presence on the islands further ensured an airspace already congested
with aircraft belonging to both the Army and the Navy, which would have required strong
cross-organizational relationships in order to filter and identify consistently.

Altogether, the air-defense network was tested only once during a practice drill in

November 1941, which Tetley described in detail:

We have an environment with radar sets in it...and those radar sets, they know every-
thing that’s in the air space—they don’t know who they belong to, but they know they’re
there. Our Achilles heel was the fact that we could not identify those aircraft. We could
only see there were objects in the airspace and plot them on the board.

Then there was a very large liaison section that worked with the bomber people, the
Navy, Coast Guard—everybody who had aircraft flying in the area—and they would say,
“ah, that’s my flight,” or, “that’s my flight.” So then we’ve got this one over here, and
nobody’s owned it. What are we going to do about it? Well, he would be an intruder, so
we had to find out whether or not he was a friendly intruder or not.

So the action taken would be to go out and take a look at it. Since the senior controller
[i.e. Major Bergquist] was from the 14th Pursuit Wing, he would pass it down to his
pursuit officer and tell the pursuit officer to investigate that particular flight.*

The exercise successfully intercepted a simulated air-raid, launched from a carrier 80 miles
out to sea, less than four weeks before the attack.”

Two weeks later, Bergquist and his colleagues reported that a preliminary air-defense,
though still wanting badly for equipment and training, could transition to 24-hour operation
as soon as it received sufficient staff. Presuming full cooperation, they estimated the shift
would take place no later than December 8. Their recommendation failed to move higher
authorities, who offered no response before the attack. Once again, Bergquist later supposed

that “the main reason for lack of cooperation from mostly the higher headquarters was

57. Tetley interview, National Park Service, 1991, 7 (lightly edited from the rough transcript).
58. Tetley interview, National Park Service, 1991, 4 (edited for clarity).

59. Arakaki and Kuborn, 7 December 1941, 11-16.
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a lack of education as to what air defense was and what it could do and what the setup
could do.”® When he reached Fort Shafter on the morning of December 7, he found all the

components functioning individually, though certainly not collectively.

AWS Station Opana: Early morning, early warning

It was not until some hours after arriving at Fort Shafter on the morning of the attack that
Major Bergquist learned the SCR-270 stationed at Opana Point, on Oahu’s northern tip, had
actually detected the first wave approaching from the north. “We were going to close down,’
Joseph Lockard recalled, “but we figured that we might as well play around, because the
truck had not come in yet to take us back for chow.”*! At 7:02 AM, the two young privates on
began puzzling over the outrageously strong echo showing at a distance of 137 miles.
Lockard’s companion, George Elliot, had been looking forward to his first session at
the scope. “Private Lockard looked at me and laughed and told me I was crazy for wanting
to send in that reading,” said Elliott, who spent the next fifteen minutes plotting the signal
while Lockard rechecked the equipment.®® The track evolved convincingly like an actual
formation. Since the Opana site was fortunate enough to have a landline, Private Elliot tried
calling the Information Center, where Lieutenant Kermit Tyler kept watch alone except for
the switchboard operator. At first, the operator indicated that no one was available to take
the call. The plotting team had retired when the other radars shut down at 7:00, leaving
Tyler, a pilot from the 78th Pursuit Squadron, with nothing to do but wait for the shift to
change. Lockard called back a few minutes later and persuaded the operator, whom he

knew personally, to get the officer on the phone anyway.

60. Bergquist testimony, August 18, 1944, in Pearl Harbor Committee, Proceedings of the Army Pearl Harbor
Board, pt. 27, 619.

61. Testimony of 1st Lt. Joseph L. Lockard, August 17, 1944, in Pearl Harbor Committee, Proceedings of the
Army Pearl Harbor Board, pt. 27, 531.

62. Statement of Sgt. George E. Elliott, August 17, 1944, in Pearl Harbor Committee, Proceedings of the Army
Pearl Harbor Board, pt. 27, 521.
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Bergquist had not yet found time to train Lieutenant Tyler in his anticipated role as a
pursuit officer. Without any of the liaisons around, he did his best to make his own sense of

the call from Opana Point. “I had a friend who was a bomber pilot,” he later testified:

He told me any time that they play this Hawaiian music all night, it is a very good
indication that our B-17s are coming over from the mainland, because they use it for
homing; and when I reported for duty at 4 o’clock in the morning, I listened to this
Hawaiian music all the way into town, and so I figured then that we had a flight of B-
17s coming in; so that came to my mind as soon as I got this call from [Private Elliott].%?

Tyler inferred as much correctly: twelve B-17s had indeed flown overnight from San Fran-
cisco, arriving in the thick of the first wave, which, coincidentally, had followed the broadcast
to Honolulu as well.** He also knew that the USS Enterprise was expected back in port soon
(the very same day, as it so happened) and supposed the flight could have been the carrier
wing returning to its shore base on Ford Island. “I thought that was just about an equal
probability of the two.”

Despite Private Lockard’s obvious excitement at the strength of the signal, Tyler, despite
his limited experience, told him not to bother with it. “I had previously only once seen the

board in operation”:

There was no activity on the board, as near as I remember, until, I suppose, 6:10 or
thereabouts. At that time a number of plots or indications, some arrows, appeared on
the board to show that there were aircraft flying around the islands...I had seen just
the same setup on the board, saw these plots all over the place, and I had no reason to
suspect, so far as I am concerned, that there was anything irregular going on.®

Even if Tyler had been more suspicious, he had only his verbal instruction to call Major

Bergquist in case of trouble, whom he surmised—again, correctly—was likely asleep in bed.

63. Testimony of Lt. Col. Kermit A. Tyler, August 17, 1944, in Pearl Harbor Committee, Proceedings of the Army
Pearl Harbor Board, pt. 27, 569.

64. One aircraft crashed attempting to land under fire, and another was destroyed on the ground, killing one.
The remainder sustained only superficial damage, though one was forced down on a golf course. Arakaki and
Kuborn, 7 December 1941, 72-76

65. Testimony of Lt. Kermit A. Tyler, December 24, 1941, in Pearl Harbor Committee, Proceedings of the Roberts
Commission, pt. 22, 220-221.
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At Opana Point, Elliot and Lockard shut down the generator and returned to camp as
soon as the truck arrived. “I was due at 8 o’clock to be relieved,” Tyler said, “and there being

nothing going on, I just stepped outside of the door”:

I got a breath of fresh air, and I actually saw the planes coming down on Pearl Harbor;
but even then, I thought they were Navy planes; and I saw antiaircraft shooting, which
I thought was practicing antiaircraft.*

That morning, the whole island awakened to what many quite reasonably believed to be
some kind of military exercise. The military presence on Oahu so dominated the experience
of everyday living that many witnesses recounted an epiphany as sudden and disorienting
as Tyler’s or Bergquist’s, even after observing for the first blasts of warheads and gunfire.®’

December 7 was the morning that everyone happened to be wrong.®®

Conclusion: Models for command-and-control

Air defense distinguished itself as the first flying activity to be controlled predominantly

from the ground.® Having literally detached from the surface of the earth, perhaps nothing

66. Tyler testimony, August 17, 1944, in Pearl Harbor Committee, Proceedings of the Army Pearl Harbor Board,
pt. 27, 569.

67. Such anecdotes are something of a trope in popular accounts, as in Walter Lord, Day of Infamy (1957; repr.,
New York: Henry Holt, 2001) or Gordon W. Prange, Donald M. Goldstein, and Katherine V. Dillon, At Dawn We
Slept: The Untold Story of Pearl Harbor (1981; repr., New York: Penguin, 2001), which are the canonical military
histories of the operation and its aftermath.

68. In her Bancroft prize-winning study, Roberta Wohlstetter wrote, “if the study of Pearl Harbor has anything
to offer the future, it is this: We have to accept the fact of uncertainty and live with it. No magic, in code or
otherwise, will provide certainty. Our plans must work without it.” Wohlstetter, Pearl Harbor, 401. Ultimately,
her conclusion about the infeasibility of separating an unambiguous “signal” from the inevitable “noise” said
as much about the nuclear confrontation at the time of the book’s publication as it did about 1941.

69. The concurrent development of civilian and military “airways,” e.g. air navigation, air-ground communi-
cations, and air-traffic control, might also lay claim to this distinction. However, while government agencies
had taken measures to establish a regulated system of air movement within the United States by 1945, it
depended largely on the voluntary participation of private pilots and commercial air-carriers, and had not yet
developed the methods, and certainly did not have access to the kind of equipment, as military air-defense.
For instance, radar systems were not commonly used in civilian air-operations until the late 1950s, and formal
air-traffic control procedures were often observed only in the immediate vicinities of major airports. See Nick
A. Komons, Bonfires to Beacons: Federal Civil Aviation Policy Under the Air Commerce Act, 1926-1938 (Washington:
Federal Aviation Administration, 1978) and John R. M. Wilson, Turbulence Alofi: The Civil Aeronautics Adminis-
tration Amid Wars and Rumors of Wars, 1938-1953 (Washington: Federal Aviation Administration, 1979); or, for
an account concerned primarily with policy, Alan P. Dobson, FDR and Civil Aviation: Flying Strong, Flying Free
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of human artifice can appear so unencumbered by merely terrestrial exertions as an aircraft
in flight. Nevertheless, the accumulation of rapid and reliable ground-based techniques
for observation, communication, and navigation eventually convinced pilots that superior
altitude alone did not imply superior knowledge of their surroundings. The development of
a “ground environment” for directing and monitoring the movements of aircraft profoundly
changed the nature of the aircraft as well, steering its actions closer to the goals of the
organization, increasingly from moment to moment. As the war continued, newer aircraft
bristled with increasingly conspicuous whip, loop, and wire antennas that could tie their
motion to the ground almost as firmly as to the cockpit.”” Before the surface-to-air missile,
the ground-controlled interceptor performed essentially the same task, though, for better
and worse, with more human mediation.

The Air Force’s postwar anxieties about “systems” and “integration” with respect to its
ground environment were thus firmly fixed as early as 1941, though they hinged on a subtle
and unfamiliar notion of “control.” The controller in an Information Center did not issue
orders by direct or even delegated authority; rather, the instructions carried force within
the regular parameters of an operational whole. The commander’s responsibility was to
configure the “system” by ensuring cooperation between cross-organizational stakeholders—
in essence, to establish the preconditions for control—not to direct operations from one
moment to the next. In other words, the impersonal workings of the system itself had
to become authoritative, or else it would be unable to handle the resources necessary to

coordinate an effective response, especially under duress.

(New York: Palgrave Macmillan, 2011). Less has been written about the history of federal regulation of air
traffic, and even so regarding the military’s role in the evolution of the modern air-transport system, though
Thomas S. Snyder, ed., The Air Force Communications Command: Providing the Reins of Command, 1938-1981—
An Illustrated History (Scott AFB, IL: Office of History, Air Force Communications Command, 1981), 1-78 and
Wesley Frank Craven and James Lea Cate, eds., Services Around the World, vol. 7 of The Army Air Forces in World
War II (1958; repr., Washington: Office of Air Force History, 1983), 339-362 provide at least a cursory glimpse.

70. A simple catalogue of major airborne radio-electronic components, printed in five parts during 1945-1946,
exceeded 300 pages, despite excluding equipment specific to the Navy or else built into the aircraft. United
States, Army Air Forces, Air Technical Services Command, Graphic Survey of Radio and Radar Equipment Used
by the Army Air Forces, 5 vols. (Wright Field, OH: Air Technical Services Command, 1945), Internet Archive,
https://archive.org/details/GraphicSurveyOfRadioAndRadarEquipmentUsedByTheArmyAirForces .
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Although The British had pioneered the development of organizational equipment
and procedures that could perform this coordination with relative rapidity, the difficulty
of the underlying problem demanded as much from people willing to think beyond their
institutional surroundings as it did from formalization and routine. In the American context,
this outcome depended on mutually reinforcing interactions between multiple technologies
and the organizations that administered them: pursuit aviation in the Air Corps, antiaircraft
artillery in the Army and the Navy; radio, radar observation, and wire-line communication
in the Signal Corps; civil-defense measures such as air-raid warnings, shelters, and blackout
and radio-broadcast restrictions; as well as the all-important identification of flight paths
belonging to civilian and friendly military aircraft.”* Indeed, “air defense,” as practiced at
the time, should be more properly understood as coordination between two or more of
these and other elements, rather than a unitary function in and of itself.

Six months after Pearl Harbor, for instance, the War Department reassigned Kenneth
Bergquist to New Caledonia to set up another air-defense net like the one he eventually
brought together in Hawaii.”* “At the time the Japs were on the move and we sort of expected
them in there any day,” he recalled the stakes of the assignment. “There were some real
difficult decisions to make down there,” he remarked, faulting once again the “lack of people

understanding...the requirements for air defense.” In particular:

I had a great difficulty with the Army staff that was running the place down there.

71. According to US military doctrine at the time, certain civil-defense measures, such as blackout and
commercial-broadcasting restrictions, counted as “passive” forms of air defense, since they had the potential
to thwart the objectives of enemy aircraft even without attacking them. However, despite the wealth of
literature on civil defense during the Cold War, relatively little has been written about its World War II genesis—
excepting, of course, the notable case of Japanese-American internment, which was also implemented as a
“civil defense” measure. On the national administration of civil defense, see the relevant passages in Conn,
Engelman, and Fairchild, Guarding the United States and Its Outposts.

72. The archipelago of New Caledonia was (and still is) a French possession on the eastern edge of the Coral
Sea, whose main island lies roughly on the midpoint between Queensland and Fiji, about 800 miles from
each. It was one of several strategic positions the Japanese military intended to seize in order to break the
air and shipping lanes between Australasia and the United States. Although the Allies prepared to defend
against the invasion, it never came to pass, as the Japanese advance stalled in the Solomon Islands, most
notably Guadalcanal, during 1942. John Miller Jr., Guadalcanal: The First Offensive, The United States Army in
World War II: The War in the Pacific, CMH Pub 5-3 (1949; repr., Washington: Center of Military History, 1995),
chap. 1.
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Things like one man who...when I tried to put in some requisitions for various types of
radio equipment we needed, he made the rather classic remark: “Well now, young man,
I just came out of the Pentagon and I know how things will work, and those people in
the Pentagon know our problem and they will send us what we need. We don’t have to
send in this requisition of yours.” I thought that was one of the stupidest attitudes I had
ever seen.”

Perhaps unbecoming of his rank as a field-grade officer, Bergquist possessed the implacable
mentality of a shirt-sleeve troubleshooter. “The way I got my radio equipment was to...send
a little personal note up to a very good friend of mine who was still in the Army, who had
been working on the air defense system with me up in Hawaii, and told him to scrounge,
steal, or anything, what he could find in the way of the following radio equipment and get
it on the next airplane coming down here—which he did. That was the only way I got my
radio equipment.”

Decades would pass before the armed forces formalized a professional identity for offi-
cers with responsibilities such as Kenneth Bergquist’s. In anachronistic terms, these were
the first specialists in operating command-and-control systems. However, the problems
they encountered and their strategies for resolving them remained so specific to each “sys-
tem,” and their practitioners so isolated from one another, that the broad similarities did not
become evident until the late 1950s. Then, it was predominately an aspect of technology—
namely, the application of the digital electronic computer—that provided the unifying logic,
rather than an aspect of organization, from which the ultimate purpose of the mechanism
it had been extracted. Bergquist himself would have a hand to play in this later saga as well,
though, once again, an unlucky one.

What did emerge immediately after the war was a tendency to cast people as liabilities:
remedial sources of error and delay (as well they can be, compared to certain types of
machinery), while at the same time, diminishing the human ability to regulate the social
instabilities in the systems they operated. In this, career officers expressed an eagerness

equal to the scientists, pundits, and politicians who hurried the promotion of automatic

73. Bergquist interview, October 1965, AFHRA, 6-7.
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control, which promised improved performance by uncontroversially displacing women and
enlisted men of low status. The nuclear threat introduced the possibility of total annihilation,
and thus, a demand for absolute information and precision. While those experienced in air-
defense operations remained skeptical of the more radical claims about the revolutionary
potential of new technologies, with America still anguished over its humiliating “day of
infamy,” no one would be caught responsible for enabling a vastly more destructive “atomic

Pearl Harbor.””*

74. The expression “atomic Pearl Harbor” (later modified to “nuclear Pearl Harbor”) appeared to enter the
public discourse almost immediately after the atomic bombings of Japan. The connection between the attack
on Pearl Harbor and the destruction of Hiroshima and Nagasaki appears to have been so obvious to the
American mind that no single source can be credited for inventing the term, though its early invocations by
the esteemed science writer, Hanson W. Baldwin, as in “Atom’s Role in War,” New York Times, October 23, 1945,
ProQuest (107390952), may have encouraged its use.
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CHAPTER 2

Atomic Pearl Harbor

Conceiving a Continental Air-Defense System

Since 1933 much has been accomplished in establishing a system of
military air defense and in integrating into that system the defense
capabilities of the entire nation. The progress had not been smooth,
being impeded by interservice rivalries and misunderstandings,
by national complacency, by constitutional barriers and histori-
cal traditions making for lack of inter-agency rapport, and by the
maladjustments caused by a second World War and its bewildering
aftermath.’

Historical Services, Headquarters, Air Defense Command, 1952

If the United States ever did have its “atomic Pearl Harbor,” it happened on March 27, 1948.
On that day, General Carl Spaatz, Chief of Staff of the United States Air Force, issued an
urgent and unexpected order to General George E. Stratemeyer, Commanding General
of the Air Defense Command, instructing him to immediately establish an emergency

air-defense network surrounding the Hanford Works in central Washington state.? The

1. Thomas A. Sturm et al., The Air Defense of the United States: A Study of the Work of the Air Defense Command and
Its Predecessors Through June 1951 (Ent AFB, CO: Directorate of Historical Services, Headquarters, Air Defense
Command, February 1952), 1, OCLC (818296057).

2. The following events were recounted in three interrelated manuscripts prepared by Air Defense Command
historians around the same time: The Air Defense of AEC Installations, Part 1: 1946-1948 (Colorado Springs:
Directorate of Historical Services, Headquarters, Air Defense Command, n.d. [1952?]), AFHRA (0500631), 5-8,
apparently an early draft of The Air Defense of Atomic Energy Installations, March 1946-December 1952, vol. 1,
Narrative (Colorado Springs: Directorate of Historical Services, Headquarters, Air Defense Command, 1953),
AFHRA (0500632), 1-8, which was further reworked into Sturm et al., The Air Defense of the United States, 61-63.
Historians working for Air Force headquarters later incorporated ADC's files with some of their own to render



primary objective, as communicated by Spaatz, was to protect the nuclear-weapons plant,
as well as regional power-generation facilities along the Spokane and Columbia rivers,
from a potential sneak-attack by Soviet bombers. Stratemeyer quickly relayed more specific
instructions to the headquarters of the Fourth Air Force at Hamilton Field on the north shore
of San Francisco Bay.? The skies above North America have been subjected to continuous
electronic surveillance by agents of the state ever since.

The defense of Hanford itself, however, was an operational embarrassment. At the
time of the March order, the entirety of the “warning system” for the western United States
consisted of just two AN/CPS-5 radar stations—one north of Seattle and the other south of
San Francisco—both activated only for occasional training purposes. While the Washington
site shifted immediately into 24-hour operation, four war-surplus AN/TPS-1 mobile radars
had to be uncrated from storage at a warehouse in Sacramento and shipped expeditiously
to temporary emplacements in Spokane, Walla Walla, the town of Seaside in Oregon, and
the mouth of Puget Sound.

Under Stratemeyer’s discretion, the Fourth Air Force established a provisional unit
called the Northwest Air Defense Wing to combine tactical direction for the 505th Aircraft
Control and Warning (AC&W) Group, which operated the ground electronics, with the two
fighter groups detailed by USAF headquarters: the 325th, flying P-61 night-fighters out of
Hamilton Field; and the 27th, a P-51 outfit loaned from a Strategic Air Command base in

Nebraska. An improvised command center came together abruptly at McChord Field in

a top-level perspective in C. L. Grant, The Development of Continental Air Defense to 1 September 1954, USAF
Historical Study No. 126 (Maxwell AFB, AL: Historical Studies Division, Air University, October 1954), AFHRA
(0467710), 19-22. The treatment