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During April 1957, Time magazine devoted two of its covers for the 
month to the principal actors in the U.S. Air Force's intercontinental ballistic 
missile (ICBM) program. The issue of April 1 profiled Major General Bernard 
A. Schriever, the Geman-born officer who led the development of the first Air 
Force ICBMs. Four weeks later, Time ran another cover story on the subject, 
this time featuring engineer-scientists Simon Ramo and Dean E. Wooldridge, 
co-founders of The Ramo-Wooldridge Corporation (R-W), a private company 
that served as the USAF's technical arm in directing the missile programs [1, 
3]. 

The notoriety attached to General Schriever and Drs. Ramo and 
Wooldridge anticipated the first successful flight test of an ICBM--the Atlas-- 
which occurred eight months later. Nonetheless, the publicity reflected 
recognition of an extraordinary achievement: the development in just over 
three years of an operational ICBM. The achievement is all the more 
remarkable considering that when the program accelerated out of a desultory 
start in the spring of 1954, many experts doubted whether the United States 
possessed the technical expertise to build an accurate ICBM within a decade. 
At that time, moreover, many also believed that the nation lacked the 
organizational and managerial resources to accomplish the task. 

The Time cover stories were the first manifestation of growing public 
interest in the ICBM program. This interest owed partly to the perception of 
the program as a model of how to conduct big, complex programs generally. 
Indeed, in the following decade, many distinctive organizational and 
managerial practices from the ICBM programs rippled out through the 
emerging aerospace industry and spilled over into other industries and contexts 
in the economy. These practices included a strong, centralized program office; 
a well defined, centralized responsibility for systems integration and technical 
direction (SETD); the principle of concurrency, which sought to compress the 
development cycle by simultaneous pursuit of activities such as design, testing, 

1This paper is based on research for a commissioned history of TRW Inc. that will be completed 
in 1993. 
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production, and deployment, normally carried out in sequence; parallel 
development of state-of-the-art components and systems; matrix organization 
structures, which combined the advantages of specialized functional 
organization with strong program management; graphical techniques and 
devices for organizing and scheduling work; and large-scale computer 
modeling of complex scientific and engineering problems. 

Although many of these practices had roots tracing to earlier complex 
technological programs and systems, their use in developing the ICBM 
program reflects the extreme urgency of the program, the extraordinary 
technological sophistication of the missile, and the broad-minded approach and 
resourcefulness of its architects. 

Bigger than the Bomb 

Building the ICBM posed extremely difficult technological challenges. 
It entailed, Simon Ramo later observed, "a crash program of unprecedented 
size" and "marshaling the resources of industry, government, and science on 
a broader scale than had ever been previously attempted in peacetime." In 
fact, the developers of the ICBM considered the program to be more complex 
and ambitious than any attempted during World War II, including the 
Manhattan project. As one comparison of the 1950s put it, "the Manhattan 
project in one way was a simple project. It involved only one new principle 
in physics." The missile programs, on the other hand, involved 

simultaneous advances on about ten different technical fronts. 

It means more thrust in propulsion than has ever been obtained 
before. It means less structural weight for the total weight of 
mass being flown and, hence, in a sense, stronger structures. It 
means the equipment must be able to withstand more severe 
environmental conditions of acceleration, temperature, and 
variations in speed and density of air. It means more severe 
temperature and materials problems. It means more accuracy in 
guidance. In every instance, the combination of basic science 
and difficult production engineering decisions must be made in 
a large number of technical fields all at one time and on an 
unprecedented schedule. 

The goal of the Manhattan project, the comparison continued, was to create 
"one component of a useful weapon system--namely, a bomb." The ICBM 
program, in contrast, sought to create 

an entirely new way of providing a military capability. The military 
operations including all of the bases, launching equipment, equipment 
to insure readiness, training of special operators, must be combined with 
the research and development on every phase of the weapons system 
[14]. 
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The formidable technological complexity of the missile program was 
only one aspect of its enormous dimensions. By the late 1950s, the program 
was the largest single initiative in the U.S. Department of Defense (DOD): it 
engaged more than 2,000 industrial contractors employing more than 40,000 
personnel, at an annual cost of more than $ I billion. Beyond the direct control 
of program managers was a host of significant considerations that affected 
development of the ICBM, including changing conceptions of national defense 
strategy, interservice rivalry in the U.S. military, the technology race with the 
Soviet Union, and the shifting budgetary priorities of the Eisenhower 
administration and Congress. 

The successful development of the Air Force ICBMs owed much to a 
novel approach to organizing and managing complex programs. This novel 
approach, in turn, reflected an extraordinary convergence of events, 
technologies, and personalities in the fall of 1953. 

Disquieting Questions 

That fall, the ultimate success of the Air Force ICBM program, much 
less the significant contributions to be made by R-W, was hardly predictable. 
The Air Force's long-range ballistic missile program had proceeded in fits and 
starts since 1947, when Consolidated Vultee Corporation (subsequently and 
hereafter in this paper known as Convair 2) had started work on a new, rocket- 
powered missile eventually designated the Atlas. By mid-1953, specifications 
for the Atlas called for a colossal, one-and-a-half stage missile with a gross 
weight of 450,000 pounds. It would be launched by five separate engines 
combining into a total thrust of 600,000 lbs., and it would carry a payload 
weighing up to 7,000 pounds a total distance of 6,200 miles, landing within 
1,500 feet of its target. The date of "initial operational capability" (IOC) was 
set for 1965 [2, 8, 17]. 

Several factors impeded the Atlas program, including significant 
technological uncertainties, limited budgets, and the reluctance of the USAF 
high command to push development of a weapon that would supersede the 
manned bomber. During late 1952 and early 1953, however, pressure built up 
to reassess Atlas program. Breakthroughs in the design of thermonuclear 
weapons, intelligence suggesting a possible Soviet lead in missile technology, 
and the election of Dwight Eisenhower as president of the United States led 
to a thorough review of U.S. guided missile programs. Trevor Gardner, a 36- 
year-old assistant secretary for research and development in the department of 
the Air Force, was given charge of the review, and he would play a key role 
in accelerating the ICBM program and encouraging new ways to organize and 
manage it. 

In April 1953, Gardner formed a joint services committee to study 
existing missile programs. He also hit the road himself to consult with leading 
technical and managerial personnel in the defense industry. Among those 
whom he visited on several occasions was an old friend, Si Ramo, chief of 

2In 1954, Convair merged into General Dynamics, becoming a division of that corporation. 



197 

operations at Hughes Aircraft, who, along with his friend Dean Wooldridge, 
was principally responsible for that company's phenomenal growth: between 
1947 and 1952, revenues soared more than a hundredfold, from about $2 
million to more than $200 million. This performance reflected what Fortune 
magazine termed "a virtual monopoly of the Air Force's advanced electronic 
requirements," which consisted of electronic fire and navigational control 
systems for jet fighter aircraft and development and production of the air-to-air 
Falcon missile [7, pp. 116-118]. 

The Falcon was an unusually impressive achievement based on an 
unconventional approach to missile development. Competing antiaircraft 
missiles represented an extension of World War II-vintage technologies such 
as radio proximity fuses and big warheads. These missiles destroyed enemy 
aircraft by exploding in their vicinity. The size of the warheads mandated that 
the missiles would be big--so big, in fact, that they were extremely awkward 
to launch from the air. The Hughes approach, in contrast, was to hit the 
enemy aircraft with a small, light missile carrying a small, light warhead. To 
accomplish this, the development team engineered an ingenious system 
featuring advanced electronics, computers, and communications technologies. 
A fighter carrying the Falcon searched for targets using miniaturized 
microwave radar equipment; an airborne computer simultaneously launched the 
missile and steered the fighter out ofharm's way; and the missile itself homed 
in on its prey by coordinating its internal radar with that of the fighter, which 
remained locked on the target [11, pp. 247, 299-300]. 

Gardner's visits to Hughes Aircraft, his conversations with Ramo, 
Wooldridge, and others, and his independent research convinced him that it 
was technically feasible to develop an ICBM much earlier than Convair had 
planned. His travels also surfaced disquieting questions about Convair's 
ability to manage the job. By the fall of 1953, Gardner and his superiors at 
DOD, especially Secretary Wilson, his assistant secretary for research and 
development, Donald Quarles, and Air Force Secretary Harold Talbott, were 
convinced of the urgent need to reassess the ICBM program. The question 
was how best to proceed. To help determine an answer, in October, Gardner 
assembled a high-powered group of scientists and engineers as the Strategic 
Missiles Evaluation Committee, with legendary mathmetician John von 
Neumann as chair. Better known under its code name, the Teapot Committee 
consisted of representatives from leading universities and several defense 
contractors--including both Ramo and Wooldridge. 

Evaluating the ICBM 

The composition of the Teapot Committee was noteworthy in many 
respects, not least because of the extraordinarily impressive credentials of its 
members. The group was tilted in favor of academic science, especially 
physics, while most of the industry representatives were experts in new and 
advanced technologies in electronics and communications. Although several 
members possessed a background in aeronautics or aeronautical engineering, 
none came from the airframe industry, which had served as prime contractors 
for most existing missile programs, including the Atlas. None of the 
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Committee members was wedded to past concepts or assumptions about the 
ICBM [9, p. 12]. 

The inclusion of Ramo and Wooldridge raised some eyebrows--not 
because they lacked experience or competence, but because by the time it 
formed, they had left Hughes Aircraft to found their own company. Using 
investment capital provided by Thompson Products, Inc. (TP), a Cleveland- 
based supplier to the automobile and aircraft industries, they incorporated The 
Ramo-Wooldridge Corporation on September 16, 1953. 

Ramo and Wooldridge made a closely-matched pair. Both were 
brilliant and accomplished scientists and engineers with impeccable credentials. 
Born within a few months of each other in 1913, they had met in graduate 
school at Cal Tech, where Ramo earned a Ph.D in electrical engineering and 
physics and Wooldridge a Ph.D in physics summa cure laude. After 
graduation, they had gone their separate ways, Ramo to GE's R&D 
laboratories in Schenectady and Wooldridge to Bell Labs. After World War 
II, Ramo felt the yearn to return to California, where he joined Hughes Aircraft 
to build up its military electronics business. Soon thereafter, he wooed his old 
friend Wooldridge to join him. The partnership was immensely successful. 
Although their personalities differed sharply--Ramo is outgoing, witty, and 
supremely self-confident, while Wooldridge is reserved, soft-spoken, and 
unassuming--Ramo notes that "we were exactly alike in our way of thinking. 
We could finish sentences for each other....we were so close together that we 
were like identical twins" [11, pp. 272-73]. 

During the summer of 1953, the two men grew frustrated by the highly 
publicized management turmoil at Hughes Aircraft, and they evolved a 
business plan for their new venture: it would manufacture advanced military 
electronic equipment, including fire control systems, for the Air Force; in 
addition, it would attempt transfer some military electronics and 
communications technologies into commercial applications. 

At the moment of its founding, R-W possessed only a single contract 
for Ramo and Wooldridge personally to provide consulting services to TP. 
But R-W did have indications that its bids to develop and make military 
electronic hardware would be well received. Secretaries Wilson and Talbott, 
for example, had let it be known privately that they were concerned about 
Hughes Aircraft's dominant position in military electronics, and that they 
would welcome competitive bids from other sources. Accordingly, Ramo and 
Wooldridge drafted an organizational plan that included separate divisions to 
develop digital computers, control systems, and communications systems, and 
they began to recruit senior managers to direct them [20, 21]. 

While these efforts were taking shape, however, R-W's future took a 
sudden, unexpected turn, when both principals were invited by Talbott and 
Gardner to join the Teapot Committee. Ramo, in fact, served as principal 
author of the Committee's final report, issued on February 10, 1954. He had 
harsh words for the Atlas program. "It is the conviction of the Committee," 
he wrote, 

that a radical reorganization of the [Atlas] project considerably 
transcending the Convair framework is required if a militarily 
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useful vehicle is to be had within a reasonable span of time. 
Specifically, the Committee believes that the design must be 
based on a new and comprehensive weapons system study, 
together with a thorough-going exploration of alternative 
approaches to several critical phases of the problem, adequately 
based on fundamental science. 

The last point was crucial. The Committee believed that building the ICBM 
was not an engineering problem, however complex; rather, it was also a 
scientific problem. Accordingly, the Committee not only advocated new 
specifications for the Atlas based on the likely availability of new warheads, 
but also recommended the formation of a new ICBM development group that 
would be given "directive responsibility for the entire project." During its first 
year, this group would carry out further technical studies of the ICBM before 
freezing a design. Notwithstanding this delay, the Committee urged that the 
timetable for IOC be compressed to within six to eight years. Acceleration of 
the Atlas program, the report concluded, could succeed only if entrusted to "an 
unusually competent group of scientists and engineers capable of making 
systems analyses, supervising the research phases and completely controlling 
the experimental and hardware phases of the program." This group, moreover, 
should be free "of excessive detailed regulation by existing government 
agencies" [8, pp. 249-265]. 

From Staff to Line, Reluctantly 

The Teapot Committee report left open many questions of just how its 
recommendations would be implemented. Indeed, the Committee declined to 
specify who would carry out the research, analysis, and planning and who 
would be responsible for administering an accelerated program. There was 
apparently little doubt about these questions in the mind of Trevor Gardner, 
however. 

Even before the final report appeared, Gardner was already urging the 
extension and expansion of R-W's role as well as contemplating the creation 
of a new, centralized organization in the Air Force to manage the ICBM. 
Events also played into his hands. On March l, 1954 the U.S. successfully 
detonated a lightweight H-bomb, lending urgency to a redesign of the Atlas. 
Within weeks, Gardner won approvals from the Secretary of the Air Force and 
the Air Force Chief of Staff to accelerate the program. By the end of April, 
the Air Force assigned responsibility for the ICBM to a field office of the Air 
Research and Development Command (ARDC. The new office was known as 
the Western Development Division (WDD). Its commander, Gen. Schriever, 
was directed to "establish within his organization a military-civilian group with 
the highest possible technical competence in this field." The group would 
have up to a year to recommend "in full detail a redirected, expanded, and 
accelerated program" for the ICBM [4]. 

The 43-year-old Schriever proved an astute choice to lead the ballistic 
missile effort. He held engineering degrees from Texas A&M and Stanford. 
During World War II, he flew more than 60 missions as a bomber pilot in the 
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Pacific theater and rose to the rank of Colonel. After the war, he held a series 
of assignments at the National War College and at the Pentagon, where he 
distinguished himself in several planning and development roles and helped 
organize the ARDC after its creation in 1950. Ramo, who first met Schriever 
through the Teapot Committee, came away impressed. The officer, he later 
wrote, possessed "determination, superb leadership and organizing talent, 
excellent grounding in science and engineering, intimate knowledge of the 
workings of the Pentagon, the Congress, and the government as a whole, and 
an uncanny sense for evaluating and managing people" [12, p. 101]. 

Gardner also persuaded most of the members of the Teapot Committee, 
including yon Neumann, to reconstitute themselves as the Atlas [later ICBM] 
Scientific Advisory Committee. Ramo and Wooldridge resigned because by 
then they assumed that R-W would carry out the analytic work prescribed in 
the Committee's report. In fact, on April 15, R-W proposed to undertake this 
work for an annual budget of $1.2 million. Two weeks later, R-W received 
a new letter contract from the USAF to "perform technical services and furnish 
necessary personnel, facilities, and materials to conduct 'Long-Range 
Analytical Studies of Weapons Systems.'" The company was charged to 
"conduct research studies, experimental investigations, and consultations with 
others...as necessary to properly carry out technical evaluations and systems 
analysis in conjunction with conclusions and recommendations" of the Teapot 
Committee. The initial contract ran for 6 months at a budget of $500,000; 
soon thereafter it was augmented by funds for R-W to lease space in 
Inglewood, California in a facility that would also house the headquarters of 
the WDD [4]. 

During the spring and early summer, Ramo and Wooldridge discussed 
with government officials many times ways to organize the new ICBM 
program. The two men were reluctant to commit themselves wholly to the 
program for an indefinite period. In fact, recalled Wooldridge, when Gardner 
and Talbott urged them to assume a long-term directire role, they turned the 
opportunity down "as politely as possible," preferring to establish R-W as a 
hardware manufacturer. However, not long afterward, the Air Force personnel 
who had previously encouraged R-W to bid on a fire control system "began 
to hedge a bit." "Pretty soon," added Wooldridge, 

we came to the obvious conclusion that the Air Force wasn't 

going to give us this second source job unless we took over [the 
ballistic missile work] they wanted us to take over .... So pretty 
soon we got the idea...that we just weren't going to get much 
business from the Air Force unless we did it their way .... We 
were dragged kicking and screaming into the missile project [20, 
21; for a contrasting view written by a significant actor in the 
story, see 5, esp. ch. 4]. 

In July, when Ramo and Schriever appeared before the Scientific 
Advisory Committee to discuss the organization and management of the 
program, Ramo sought to limit R-W's role to the terms specified by the Teapot 
Committee. He stated that the company 
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would have a small, but highly competent technical staff which 
would provide to General Schriever studies and advice on 
program planning and program direction. The actual 
development would be carried out by contractors, including one 
systems contractor who might presumedly-be Convair or some 
other airframe manufacturer. After the initial systems studies 
that would determine some of the basic technical system 
engineering decisions and would set the basic approach to the 
problem, R-W's role would be then to support the systems 
contractor and to assist General Schriever in evaluating the work. 

After Ramo's presentation, Committee members and others in 
attendance such as Assistant Secretary Quarles, strongly criticized the plan. 
Quarles focused on responsibility for systems engineering, where the 
relationship between R-W and the systems contractor seemed to him 
particularly unclear. If the responsibility were lodged in a systems contractor, 
he reasoned, there would be little continuing role for R-W. On the other hand, 
he endorsed the Committee's view that neither Convair nor any other likely 
industrial company possessed the management strength or technical expertise 
to serve as systems contractor for the ICBM. This responsibility had to be 
fixed, he believed, at the earliest possible time. Other Committee members 
agreed, concluding that the proposed plan of organization was "too awkward 
to achieve early attainment of this program" [4]. 

During the next few weeks, Schriever carried out a fresh study of 
management organization, based on his review of the Teapot Committee 
report, Air Force directives, and interviews and discussions with key figures 
in industry, the scientific community, and the military. On August 18, he 
submitted to the ARDC his conclusions and recommendations. By then, he (or 
other key figures) had persuaded Ramo and Wooldridge to assume a more 
active role in the Atlas program [4]. 

Schriever laid out four factors that controlled the decision as to how 

best to locate authority for systems engineering: the technical complexity and 
advance represented by the ICBM system, which he considered to be 
"substantially greater than past development projects"; the combination of the 
large numbers of specialized engineering skills with the short development 
time schedule; the need for unusually strong support by university scientists; 
and the unusually close and detailed integration that must exist between 
industry, the scientific body of the nation, and the Air Force, which "must of 
course retain over-all control" [4]. 

Schriever then proceeded to consider three alternative assignments of 
responsibility for systems engineering. The first was the traditional vehicle of 
a prime contractor such as Convair. He dismissed this approach for several 
reasons, however. The most compelling was that "existing industrial 
organizations generally lack the across-the-board competence in the physical 
sciences to the complex systems engineering job" required on the ICBM. The 
scientists he consulted, moreover, strongly believed that "the predominant 
technical aspects of the project have to do with systems engineering and with 
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the close relationship of recent physics to all of the engineering"--both areas 
in which these scientists pointed out that the aircraft industry was "relatively 
weak." Schriever also argued that traditional industrial organizations "are not 
conducive to attracting or holding scientific personnel due to low-level 
positions within the organization and the effect which the predominant profit 
motive has on objective search for technical troths." Finally, Schriever 
believed that an existing industrial company would find it difficult to hire the 
necessary scientific and engineering competence unless existing pay scales 
were exceeded. 

Another alternative was to retain a university laboratory similar to those 
in place at Cal Tech, MIT, and other top engineering universities. Schriever 
also rejected this approach, however, believing that it would be difficult for 
such an institution to manage and control a program as complex as the ICBM. 
In any event, he pointed out, "there is a very great reluctance on the part of 
universities to take upon themselves a responsibility for a development of so 
broad a scope as this" [4; 18, p. 18]. 

That left the third alternative: the USAF, working in collaboration with 
R-W. In this approach, Schriever wrote, "the senior technical executive of 
Ramo-Wooldridge would operate as the deputy for technical direction to the 
Commander, Western Development Division." R-W, in effect, would become 
"part of the Air Force family for this project" with "line responsibility and 
authority for technical direction." R-W would supply not only systems 
engineering, but also "the research and development technical planning, and 
the technical evaluation and supervision of the contractors." Associated 
industria! contractors would actually develop hardware for the missile, 
including "structure and physical system assembly." 

Anticipating potential criticisms of these arrangements, Schriever noted 
that "in the persons of Ramo and Wooldridge" R-W possessed 

outstanding ability in systems management and engineering, and 
in addition, has a number of trained executives in this field. Its 
ability to attract top scientific people within its organization has 
already been demonstrated by the fact that several full professors 
and university department heads have already accepted leave-of- 
absence assignments to work for the Corporation on this project. 

R-W could avoid charges of conflict of interest by agreeing to become 
ineligible for participation in either development or production contracts related 
to the program. He concluded by noting that R-W "appears to be in a unique 
position timewise [Schriever's emphasis] to fill this important Air Force need" 
[4]. 

Schriever's logic proved persuasive. During early September, his 
recommendations were accepted by the relevant constituencies in the Air Force 
and the DOD, as well as by R-W and TP. Negotiations began immediately to 
revise R-W's May 1954 contract with ARDC to recognize the company's 
expanded role, the restrictions it would abide by, and its financial risks. 
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R-W as SETD Contractor 

By the fall of 1954--a year after its incorporation--R-W had reluctantly 
become the USAF's prime contractor for systems engineering and technical 
direction for the Atlas ICBM. According to its definitive contract (29 January 
1955), R-W's duties included: research studies and experimental 
investigations; maintenance of a development plan; preparation of systems 
specifications; technical direction of associated contractors; direction of the 
flight test program; investigation of alternative approaches; and general 
technical support to WDD. More generally, Ramo defined the role as carrying 
out technical analysis and making recommendations to the Air Force, which 
alone possessed the authority to set expenditure levels, authorize major 
procurements, and choose among alternate proposals and courses of action. 
As compensation for its contributions, as well as its agreement not to 
participate in hardware development, R-W received an unusually high fixed fee 
of 14.3 percent above reimbursable costs [4]. 

R-W's definition of the systems engineering role reflected the personal 
histories and careers of Ramo and Wooldridge, as well as the scientific biases 
of the Teapot Committee and its successors. Wooldridge, for example, 
believed that systems engineering as a distinctive management approach had 
originated at Bell Labs and that it was working its way into military research 
and development as weapon systems grew more complex. At Hughes Aircraft, 
for example, he and Ramo practiced systems engineering in the development 
of fire control systems and the Falcon missile, and they brought these 
techniques with them to R-W. 

On the eve of his involvement with the ICBM program Wooldridge 
defined "a systems development project" as 

one in which a number of major complex components must 
simultaneously be developed to act together to perform some 
new or greatly improved operation, requiring that a considerable 
amount of development of various techniques beyond the present 
state of the art be accomplished in order to achieve the desired 
result [22]. 

R-W put this understanding of systems engineering into practice on the 
Atlas in a series of overlapping phases defined in collaboration with WDD. 
The first major phase was the period of evaluation and study that had started 
with the Teapot Committee. This lasted from the spring of 1954 until about 
the end of the year, when the configuration of the redesigned Atlas was frozen. 
The second major phase was a brief period early in 1955 involving the 
selection of contractors and the awarding of contracts for major systems and 
subsystems. The third major phase ran from the spring of 1955 for more than 
three years and entailed what .Schriever called "the real development effort"-- 
development, fabrication, and testing of the Atlas. The final major phase 
covered operational capability, which began with deployment of the Atlas in 
the middle of 1958, and in which R-W played a reduced role [16, p. 11]. 
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During the period of study and evaluation, R-W personnel--including 
temporary draftees--determined the technical specifications of the Atlas. In 
addition to Ramo and Wooldridge, key scientists and engineers recruited for 
the task included Robert F. Bacher, a Cal Tech physicist and former Atomic 
Energy Commissioner; James C. Fletcher, another refugee from Hughes 
Aircraft (and future head of NASA) who had developed the guidance system 
for the Falcon missile; Milton U. Clauser, formerly head of the department of 
aeronautical engineering at Purdue; Albert D. Wheelon, an MIT physicist (and 
future head of Hughes Electronics); and Louis G. Dunn, formerly head of Cal 
Tech's Jet Propulsion Laboratory and a member of the Teapot and Atlas 
Scientific Advisory Committees, who joined R-W in September 1954. 

R-W grew rapidly during this period. On June 30, 1954, the company 
employed about 30 people on the ballistic missile program; by the end of the 
year, the number had risen to 170. Following acceptance of Schriever's 
management proposals of August 18, R-W divided its operations and 
responsibilities between Wooldridge and Ramo. Wooldridge took charge of 
the nonmissile. businesses that were grouped together in the General 
Electronics Division. Ramo, assisted by Louis Dunn, headed the Guided 
Missile Research Division (GMRD). This division, in turn, was organized into 
five separate groups for Guidance and Control, Aerodynamics and Structures, 
Propulsion, Flight Test and Instrumentation, and Weapons System Analysis. 

Throughout 1954, R-W scientists, engineers, and consultants traveled 
extensively to meet with industrial contractors and government and university 
researchers. They also directed or commissioned research studies on various 
aspects of missile technology, including propulsion, guidance, digital 
computers, radio tracking, re-entry, and many other areas. Many of these 
studies made intensive use of one of the first big digital computers, a Sperry- 
Rand UNIVAC, to model and simulate various scenarios [11, pp. 346-347]. 

The most significant early systems study concerned the design and 
dimensions of the nose cone. Working jointly with representatives of the 
Atomic Energy Commission and Sandia Corporation, R-W personnel examined 
trade-offs between warhead weight and yield, guidance accuracy, re-entry 
speed and thermodynamics, nose-cone materials, and other variables. In 
December 1954, this study established the basic design and weight of the nose 
cone at a level about half of the original Convair design. This analysis, in 
turn, permitted scaling down of the gross weight of the Atlas from 460,000 
pounds to 240,000 pounds and reduction of the propulsion system from five 
rocket motors to three. It is estimated that this analysis led to decisions that 
saved more than one year of development time and reduced the total cost of 
the missile by a quarter [4; 17, pp. 96-99]. 

By early 1955, with the basic configuration of the Atlas settled, the Air 
Force was ready to let contracts for the structure and major subsystems. 
During this period, R-W evaluated contractor bids from a technical perspective 
and made its recommendations and conclusions available to the Air Force. R- 

W did not carry out cost analyses of technical alternatives, nor did it 
participate in the Air Force's final deliberations about which bids to accept. 



205 

As a general development strategy, Ramo and Schriever agreed on the 
need for at least two sources for the most important subsystems. As Ramo put 
it, 

it has been clear that more than one approach is technically and 
industrially feasible, but to predict which of these potential 
approaches would lead the others timewise is not always 
possible. Also, the importance of the program requires insurance 
against errors in human judgment [tO, p. tO]. 

In addition, Ramo and Schriever believed that parallel development helped 
spread the immense burden of detailed design, testing, and production planning 
for the missile and its components and subsystems. 

During mid-t955, the Air Force awarded backup development contracts 
for the major subsystems. When the government decided later in the year to 
develop a second ICBM--the Titan--the backup contractors for the Atlas 
became principal contractors for the new missile. 

During the third phase of "real development" R-W's staff grew most 
rapidly. By the end of 1958, R-W had nearly 2,000 employees assigned to the 
ballistic missile programs and was commanding an annual budget of more than 
$30 million (including the fixed fee or profit now set at t0 percent). R-W 
personnel were engaged not only on the Atlas program, but also on the parallel 
Titan ICBM, the next-generation Minuteman ICBM, the Thor intermediate 
range ballistic missile, a secret reconnaissance satellite, and several small 
programs and studies. 

R-W's primary responsibility during this period involved technical 
direction (TD) of the associated contractors. This work entailed not only 
regular monitoring of contractors' performance and progress, but also 
occasional adjustments of requirements to take account of improvements or 
modifications to the overall system originating elsewhere. R-W personnel 
were assigned fulltime to particular contractors and presided at TD meetings 
held frequently at the contractors' facilities. As the Air Force's technical 
representative, R-W had--and used--authority to order changes in 
specifications, schedules, and milestones. 

A related R-W responsibility was supervision of testing of key 
components and subsystems produced by the associated contractors. These 
contractors performed the actual tests, subject to an overarching philosophy 
that R-W developed. The company established a hierarchy of tests, building 
up from components, through assemblies, subsystems, and systems. The 
general goal was to minimize the number of factors that could only be checked 
during an actual flight test. 

Methods of Missile Management 

At the top, Schriever and Ramo worked together extremely closely, 
"exchanging thoughts and ideas face to face virtually every day--for five 
years," as Ramo later wrote. Together, the two men developed most of the 
distinctive management practices of the ICBM programs: thorough and 
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ongoing research and study of all major systems and components in the 
missile; dual sourcing of major system components; "concurrent" or 
simultaneous development of major components and subsystems; and matrix 
organization structures [12, p. 93; 19, pp. 18-19, 198-200]. 

At a meeting of the Atlas Scientific Advisory Committee in October 
1954, for example, Schriever sketched out the dimensions of the problem 
graphically. He presented a chart, known as "the window shade chart," that 
filled an entire wall of a large conference room with "all of the important 
elements in it....We had each one of the major subsystems, the logistics, the 
training, everything in a conceptual way with objective dates on the chart that 
we would have to achieve certain things in order to reach the end objective of 
having an initial operational capability." The chart was divided into six areas: 
nose cone, guidance and control, propulsion, engine-test vehicle, fully guided 
missile, and general, which included training programs, ground installations 
and handling equipment, determination of the location of the first operational 
base, and its construction [15]. 

In the nose-cone area, for example, before the end of 1954, decisions 
were to be made as to its gross weight and as to the design of a re-entry test 
vehicle. In January 1955, the test-vehicle contract would be chosen, and the 
design frozen by February. The design of the nose-cone itself was frozen in 
October, with flight testing scheduled for mid-1956, and final design 
determined by late that year. As for guidance and control, the initial schedule 
called for initial design study contracts to be let immediately in the final 
months of 1954, with detailed specifications to be ready by mid-1955. Tests 
of the radar-tracking system would begin in mid-1956, with final design frozen 
soon thereafter, and first tests readied by January 1957 [17, pp. 96-99; 6, esp. 
ch. 3]. 

These "decision dates" were continually revised to reflect the situation 
as the program advanced. One Saturday each month--a date quickly dubbed 
"Black Saturday"-- Schriever assembled a Program Review Committee 
consisting of his top staff, Ramo and other top R-W scientists and engineers, 
and representatives of the major contractors for an all-day meeting to review 
progress and discuss interface issues. 

Subsequent years brought additional management innovations pioneered 
by WDD and R-W: a Configuration Control Board, which had responsibility 
for assuring than any necessary changes in component design would be 
immediately reflected throughout the total missile configuration; a Production 
Control Board, which exercised complete control over allocation of equipment 
and resources with authority to move scarce items of equipment or to 
reprogram funds to that area most in need at a given point in time; a Project 
Control Room, "to serve as a nerve center for all project information, including 
hardware delivery schedules, test schedules, and operational planning schedules 
(a graphical aid was a red flag pinned to any item that might lead to program 
delays); sequence and flow charts or "bed-sheets" that laid out goals, 
schedules, and tasks for each major component and subsystem, as well as for 
the system as a whole. 

The addition of new programs such as the Titan, Thor, and Minuteman 
missiles under Schriever's authority resulted in the formation of a matrix 
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organization at R-W. The new structure was built around a strong program 
manager, who established a relationship with a corresponding officer from 
Schriever's staff that mirrored that between Ramo and Schriever. Each 

program manager drew personnel on a temporary basis from R-W's 
functionally-organized research staff in such areas as electronics, guidance and 
control, aerodynamics, and propulsion. Mid-level personnel at R-W, then, 
found themselves working for two bosses: the program manager and the 
director of a technical specialty. During the 1960s, the pressures inherent in 
the matrix structure spurred subsidiary management innovations in human 
relations, such as team-building and organization development programs. 

Epilog and Conclusion 

The organization and management innovations of the Air Force ballistic 
missile programs proved remarkably successful and enduring. Convair 
delivered the first Atlas for a flight test only 20 months after signing the 
development contract to assemble the structure. The Titan, Thor, and 
Minuteman missiles were developed effectively in similarly rapid fashion. 
Although only the Minuteman flew without incident on its first try, WDD, R- 
W, and the associated contractors quickly analyzed failures and applied lessons 
to the next flight test. Indeed, the triumphant launch of the first Minuteman 
in 1961 provides ample testimony to the ability of missile program managers 
to learn from earlier mistakes, as well as to the effectiveness of their 
organization structures and management techniques. 

For all the success of the Air Force ballistic missile programs, the 
growing fame of Schriever and Ramo, and the rising popularity of their key 
management concepts, the relationship between the Air Force and R-W 
underwent fundamental changes in the late 1950s. The maturing of the two 
organizations accounted for some of these changes. By the late 1950s, the Air 
Force had developed strong internal scientific and engineering capability and 
needed less to rely on outsiders like the R-W staff [5, esp. ch. 4; 18]. 

The maturing aerospace industry provided another stimulus for change. 
Like the Air Force, the leading aerospace contractors took a lesson from R-W 
and recruited highly talented scientific and engineering personnel. By the late 
1950s, big companies like Douglas Aircraft, General Dynamics, Boeing, and 
Glenn L. Martin could draw on the same pools of expertise as R-W. Some of 
these companies, moreover, deeply resented what they regarded as R-W's 
arrogance in performing its technical direction role, and they pressured the Air 
Force to redefine the relationship between the systems contractor and the 
associated contractors. As a result, the systems contractor on the later missile 
programs became responsible for Systems Engineering and Technical 
Assistance (SETA), a term still in use today. 

Still another source of change came from R-W itself, especially as it 
grew closer to TP, a relationship that culminated in the October 1958 merger 
and creation of Thompson Ramo Wooldridge (shortened to TRW in 1965). 
Both R-W, especially the General Electronics Division, and TP chafed at the 
provisions in the missile program contracts that forbade manufacture of 
hardware. 
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The problem became still more acute with the acceleration of the Space 
Race. During the two years following the launch of the Russian satellite, 
Sputnik, in October 1957, R-W tried several strategems to get around the 
contract restrictions and participate in the growing market for space hardware. 
In 1957, it renamed its Guided Missile Research Division as Space Technology 
Laboratories (STL) and established it as an autonomns division; a year later, 
upon the formation of TRW, it further isolated STL as a separate and 
independent subsidiary. These moves were widely criticized in the aerospace 
industry by competitors who believed that STL's intimate relationship with the 
Air Force and the technical insights STL personnel gained from the SETD role 
gave it unfair advantages in developing new components and systems. Such 
charges led to Congressional hearings and ultimately induced TRW to divest 
a significant part of STL that was concerned with advanced planning and 
research. In June 1960, the divested unit became a not-for-profit organization 
known as Aerospace Corporation. 

The history of the Air Force ballistic missile programs offers an 
interesting illustration of the forces that work to create innovations in 
organization and management. In this case, the innovations resulted from the 
interaction of unusually forceful individuals--Gardner, Schriever, Ramo, and 
Wooldridge, among others--who came to share a common view of a complex 
technological problem in a context of urgency and necessity. The management 
solutions that emerged reflected particular historical circumstances: as 
Schriever put it (above, p. 9), R-W occupied "a unique position timewise" to 
define and perform the role of contractor for systems engineering and technical 
direction. 

References 

I. "Armed Forces: The Bird and the Watcher," Time, April I, 1957, 16-20. 
2. Edmund Beard, Developing the 1CBM: A Study in Bureaucratic Politics (New York, 1976). 
3. "Electronics: The New Age," Time, April 29, 1957, 84-90. 
4. History Office, U.S. Air Force Ballistic Missile Office, Norton AFB, San Bemardino, 

California. (This office maintains an extensive collection of primary documents pertaining 
to the ballistic missile programs. Rather than cite each individual document here, I refer to 
the collection. Readers who wish to see exact references should consult my forthcoming 
history of TRW Inc.). 

5. Edward N. Hall, The Art of Destructive Management: What Hath Man Wrought? (New 
York, 1984). 

6. Donald MacKenzie, Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance 
(Cambridge, MA, 1990). 

7. Charles J.V. Murphy, "The Blowup at Hughes Aircraft," Fortune (February 1954). 
8. Jacob Neufeld, The Development of Ballistic Missiles in the United States Air Force 

(Washington, D.C., 1990). 
9. Robert L. Perry, The Ballistic Missile Decisions (Santa Monica, CA, 1967). 
I0. Simon Ramo, "The ICBM Program: Its Relation to Past and Future Developments," Paper 

for the American Rocket Society, June 1957. 
11. Simon Ramo, Interview with Christian G. Pease, Oral History Program, University of 

California at Los Angeles, 1985. 



2O9 

12. Simon Ramo, The Business of Science: Winning and Losing in the High Tech Age (New 
York, 1988). 

13. The Ramo-Wooldridge Corporation, "Notes on Technical Aspects of Ballistic Missiles," Air 
University Quarterly Review, 9 (Summer 1957), 34-68. 

14. The Ramo-Wooldridge Corporation, "Ramo-Wooldridge Role in the Air Force Ballistic 
Missile Program," Press Release, March 5, 1957. 

15. Bernard A. Schriever, Interview with Edgar F. Puryear, 1977, copy at History Office, U.S. 
Air Force, Bolling AFB, Washington, D.C. 

16. Bernard A. Schriever, "The USAF Ballistic Missile Program," Air University Quarterly 
Review, 9 (Summer 1957), 5-21. 

17. Ernest G. Schwiebert, A History of the U.S. Air Force Ballistic Missiles (New York, 1965). 
18. Gerald W. Siegel, "The Atlas Case Study: A High Priority Long-Range Ballistic Missile 

Development," Harvard Business School Weapons Acquisition Project, undated [February 
1959.9]. 

19. Irwin Srambier, "Scientific Management of Ballistic Missile Systems," Aviation Age, 29 (April 
1958). 

20. Dean E. Wooldridge, Interview with Bruce Zewe, TRW Inc., 1988. 
21. Dean E. Wooldridge, Interview with Davis Dyer, 1991. 
22. Dean E. Wooldridge, "Some Characteristics of Military Research and Development," 

American dournal of Physics, 22 (February 1954), unpaginated reprint. 


