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This tenth article of the twelve-part series covers the origins of Silicon Valley in defense con-
tracting and its subsequent transition to commercial computing. The geographic concentra-
tion of computing industry in the San Francisco Bay Area between roughly 1950 and 1980 was
substantially shaped by Cold War defense procurement and by the institutional arrangements
at Stanford University under Frederick Terman that channeled defense funding into applied
engineering research and industrial spinoff. The transition to commercial computing markets
in the 1970s and 1980s converted the defense-funded manufacturing base and personnel net-
works into the industrial structure that later produced the personal computer, workstation,
and internet-era companies. The residual defense presence in contemporary Silicon Valley
remains substantial and has grown recently through defense-technology firms that draw on
the same institutional patterns that produced the region in the first place.
The framing established in A237 treats the dual-use spillover from defense to commercial
computing as one of the load-bearing mechanisms of the aerospace-computing coupling. Sil-
icon Valley is the paradigmatic geographic case for this mechanism, with Apollo integrated
circuit procurement treated in A242 and SAGE computer manufacturing treated in A240 both
contributing directly to the manufacturing capability that Silicon Valley later commercialized.
This article treats the geographic and institutional dimension of the coupling that the earlier
articles treat at the technical and program level.

The Prewar Bay Area Engineering Environment
The San Francisco Bay Area was not a natural center of electronics manufacturing before
the Second World War. Most American electronics manufacturing was concentrated in the
Northeast around Boston and New York, with substantial secondary concentration in the Mid-
west around Chicago. The Bay Area had some radio and vacuum-tube manufacturing, notably
the Federal Telegraph Company in Palo Alto and the Litton Engineering Laboratories in San
Carlos, but nothing approaching the scale or specialization of the East Coast electronics in-
dustry. Stanford University in Palo Alto was a substantial research university but was not
particularly distinguished in electrical engineering compared with the Massachusetts Insti-
tute of Technology hereafter MIT treated extensively in earlier articles of this series, or the
California Institute of Technology in Pasadena.
The geographic factors that later favored the Bay Area over the Northeast for electronics man-
ufacturing include the climate suitable for year-round outdoor testing of aircraft and rockets,
the availability of undeveloped land at low prices compared with the Northeast, the growing
population base and the associated skilled labor supply, and the proximity to defense instal-
lations that developed during the Second World War. None of these factors was individually
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decisive, but the combination provided a favorable environment for the institutional develop-
ments that Terman and his associates subsequently exploited.
Frederick Terman’s own prewar career at Stanford established the personal and institutional
relationships that later became load-bearing for Silicon Valley’s development, treated com-
prehensively in Gillmor 2004 as the standard Terman biography. Terman was a Stanford
graduate who earned his doctorate at MIT under Vannevar Bush treated in earlier articles as
the developer of the differential analyzer at MIT. Terman returned to Stanford in 1925 and
taught radio engineering, writing the textbook “Radio Engineering” in 1932 that became the
standard American textbook in the field for two decades. His graduate students at Stanford
in the 1930s included William Hewlett and David Packard, who founded the Hewlett-Packard
Company in a Palo Alto garage in 1939 to manufacture Hewlett’s Stanford thesis project audio
oscillator.

Terman at the Radio Research Laboratory
The Second World War transformed Terman’s career and, through his subsequent influence,
the trajectory of Bay Area electronics. Terman was recruited in 1942 to lead the Radio Re-
search Laboratory hereafter RRL at Harvard, one of the two principal United States military
electronic warfare laboratories established during the war. The other, the Radiation Labo-
ratory at MIT, is the more famous of the two in general histories and produced the radar
technology treated in earlier articles of this series. The RRL focused on radar countermea-
sures including jamming, chaff, and electronic intelligence gathering, and its work is less
well-known partly because it remained classified longer than the MIT Radiation Laboratory’s
work.
Terman’s wartime experience at RRL, per the historical treatment in Leslie 1993 previously
cited in A237, gave him three things that shaped his postwar Stanford career. First, he
developed direct working relationships with the military officers, industrial executives, and
academic administrators who ran American defense research during the war and who contin-
ued to run it during the postwar transition. Second, he learned the institutional mechanisms
by which defense research funding flowed from military agencies to universities and to indus-
trial contractors, including the contract types, overhead-rate arrangements, and personnel-
security mechanisms that later governed Cold War defense research. Third, he developed
an understanding of the applied research culture that produced immediately useful results,
which he later contrasted with the more theoretical academic culture at institutions like MIT.
Terman returned to Stanford in 1945 as Dean of Engineering, and served as Stanford’s Provost
from 1955 to 1965. In both positions he pursued a strategy of building Stanford’s engineer-
ing and applied science departments through Cold War defense research funding, targeting
the technical areas where defense demand was strongest and where Stanford could reason-
ably expect to compete with the established Northeastern institutions. The areas he selected
included electronics, particularly microwave and radar technology, control systems, aerody-
namics, and computer science. Each area was funded substantially through defense contracts
to Stanford faculty and to the research organizations Terman created to hold the contracts
including the Stanford Research Institute hereafter SRI and the Stanford Electronics Labora-
tories.

The Stanford Industrial Park
The institutional innovation that most directly produced Silicon Valley as a geographic en-
tity was the Stanford Industrial Park, later renamed Stanford Research Park. Terman estab-
lished the park in 1951 on Stanford-owned land adjacent to the campus, initially leasing to
companies that Stanford’s engineering faculty had research or consulting relationships with.
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Hewlett-Packard was an early tenant. Varian Associates, founded by Russell and Sigurd Var-
ian to commercialize the klystron microwave tube they had invented at Stanford before the
war, was another. Lockheed Missiles and Space Division took land in the park in the mid-
1950s for its Palo Alto research facility.
The engineering value of the industrial park arrangement was that it colocated the industrial
research and manufacturing operations with the university faculty and graduate students
who supplied the research pipeline. Stanford professors could consult for tenant companies
without leaving campus. Stanford graduate students could do industrial internships with-
out commuting. Stanford researchers could use industrial equipment for university research
without duplicating capital investment. The industrial partners in turn had direct access
to the technical expertise that Stanford’s defense-funded research generated. The pattern
of university-industry cooperation that the Stanford Industrial Park institutionalized became
the standard model for subsequent research parks throughout the world and is one of the
Terman contributions to American economic geography, treated in the comprehensive insti-
tutional history by Lécuyer 2005.
The value of geographic clustering for high-technology industry can be analyzed through the
agglomeration-economy framework introduced in economics by Alfred Marshall and later de-
veloped in Krugman 1991 as the modern increasing-returns economic-geography formulation.
The benefits of geographic clustering include shared labor pools that reduce search cost for
both employers and employees, shared supplier networks that reduce sourcing cost and lead
time, and shared knowledge spillovers that reduce individual research and development cost.
For a cluster of 𝑁 firms in an industry at a location, the total productive output relative to 𝑁
dispersed firms scales approximately as

𝑌cluster(𝑁) ≈ 𝑌1 ⋅ 𝑁 ⋅ (1 + 𝛽 ln𝑁)
for a positive clustering coefficient 𝛽 that captures the magnitude of agglomeration benefits,
empirically in the range 0.05 to 0.15 for high-technology clusters. The quantitative estima-
tion of 𝛽 for Silicon Valley remains contested in the economic geography literature, but the
qualitative existence of substantial clustering benefits is well established.

Semiconductor Origins and the Fairchild Diaspora
The event that shifted Silicon Valley from a diversified electronics cluster to a semiconductor-
focused one wasWilliam Shockley’s founding of Shockley Semiconductor Laboratory in Moun-
tain View in 1955. Shockley, who had led the transistor development at Bell Telephone Labo-
ratories treated in the framing article A237 and who shared the 1956 Nobel Prize in Physics
with Bardeen and Brattain for the transistor invention, established his laboratory in the Bay
Area partly because of his personal ties to the region and partly because of the engineering
environment that Terman’s institutional work had created. The transistor invention and its
industrial commercialization are treated in the standard history by Riordan and Hoddeson
1997. Shockley recruited a team of talented young engineers and physicists to the labora-
tory including Robert Noyce, Gordon Moore, Jean Hoerni, Eugene Kleiner, Jay Last, Sheldon
Roberts, Victor Grinich, and Julius Blank.
Shockley’s management style proved untenable for the recruited team. In September 1957,
eight of them, the group later known as the “Traitorous Eight” per Shockley’s characteri-
zation, resigned and founded Fairchild Semiconductor Corporation with backing from the
Fairchild Camera and Instrument Corporation. Fairchild Semiconductor developed the silicon
planar-process integrated circuit that became the industry standard, treated in the substrate
section of A237 and in the Noyce biography by Berlin 2005, and became the manufacturing
supplier to the Apollo Guidance Computer program treated in A242. Fairchild’s institutional
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culture, particularly its equity-compensation practices and its permissive attitude toward em-
ployee departure to found competing firms, produced the pattern of successor-company for-
mation that populated Silicon Valley over the following decade.
The list of companies founded by Fairchild alumni, later termed “Fairchildren” in the indus-
try vocabulary, exceeds thirty and includes Intel founded in 1968 by Noyce and Moore with
Andrew Grove, Advanced Micro Devices founded in 1969 by Jerry Sanders, National Semicon-
ductor which was reoriented in 1967 under Charles Sporck, and dozens of others that popu-
lated the industry structure Silicon Valley developed. The network of personal relationships
among Fairchild alumni, and the pattern of successive firm foundation that these relationships
enabled, together constitute one of the most-studied cases of high-technology industrial clus-
ter formation in the economic geography literature. The empirical rate of successor-firm
formation from Fairchild follows approximately

𝑁Fairchildren(𝑡) ≈ 𝑁0 ⋅ (1 − 𝑒−𝑡/𝜏)
with time constant 𝜏 of approximately 10 to 15 years reflecting the dynamics of employee
tenure at each successive firm before departure to found another. The cascade extends across
multiple generations, with second-generation firms founded by former Fairchildren employ-
ees and third-generation firms founded by former second-generation employees. If each firm
on average produces 𝑘 successor firms across its operational lifetime and successor formation
propagates through 𝑔 generations, the total descendant count grows approximately as

𝑁descendants(𝑔) ≈ 𝑁0 ⋅ 𝑘𝑔 − 1
𝑘 − 1

which for 𝑘 of order 1.5 to 3 and 𝑔 of order 3 to 5 generations gives descendant counts of
order 100 to 1000 for the Fairchild lineage, consistent with the empirical scale of the Silicon
Valley semiconductor and later commercial computing industry.

The Commercial Transition of the 1970s
The 1970s marked the transition point at which Silicon Valley shifted its primary market fo-
cus from defense procurement to commercial computing. Three developments drove this
transition. First, the microprocessor technology that Intel introduced in 1971 with the In-
tel 4004 and extended through the Intel 8080 in 1974 and Intel 8086 in 1978, described in
the primary retrospective by Noyce and Hoff 1981 authored by two of the Intel founders,
opened commercial markets for computing that had not previously been served by dedicated
defense procurement. Second, the personal computer wave that emerged from the Home-
brew Computer Club and its associated small companies in the mid-1970s including Apple
Computer founded by Steve Wozniak and Steve Jobs in 1976 established a consumer market
that dwarfed defense procurement at scale within a decade. The personal computer unit-sales
adoption curve followed approximately a logistic S-curve

𝑈PC(𝑡) ≈ 𝑈sat

1 + 𝑒−𝑟(𝑡−𝑡mid)

with saturation level 𝑈sat of order 108 units per year in the developed world, midpoint year
𝑡mid approximately 1990 to 1995 depending on the product category, and growth-rate param-
eter 𝑟 of order 0.3 to 0.5 per year during the steepest adoption phase. Third, the venture
capital industry that emerged in Silicon Valley in the 1960s and 1970s, initially funded by
wealthy Fairchild alumni including Arthur Rock and Eugene Kleiner, provided the financing
mechanism that commercial computing startups required.
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The institutional arrangement that made the venture capital model work was the limited-
partnership fund structure that pooled contributions from institutional investors and family
offices, invested in a diversified portfolio of early-stage technology companies, and distributed
returns through equity exits by acquisition or public offering. The expected-value calculation
that drove the venture capital model recognizes that most portfolio companies fail, some
succeed modestly, and a few generate returns of 10 to 100 times initial investment that carry
the entire portfolio. For a portfolio of 𝑁 investments each with success probability 𝑝 and
successful return multiple 𝑅, the expected fund return relative to invested capital satisfies
approximately

𝐸[𝑅fund] ≈ 𝑝 ⋅ 𝑅 + (1 − 𝑝) ⋅ 𝑅failure

with 𝑅failure close to zero and 𝑝 ⋅ 𝑅 approaching 3 to 10 for a well-selected venture portfo-
lio. The distribution of individual-investment returns is empirically heavy-tailed and approxi-
mately Pareto-distributed, with

𝑃(𝑅 > 𝑟) ≈ (𝑟min

𝑟 )
𝛼

for return multiple 𝑟 and shape parameter 𝛼 in the range 1 to 2 for successful venture
funds, which means the top few investments in a portfolio typically account for most of the
total return and the median investment provides substantially less than the mean. This re-
turn structure is qualitatively different from that of traditional bank lending or corporate
research and development investment, and the institutional adaptations that permit it includ-
ing limited-partner-general-partner governance, ten-year fund lifecycles, and equity-based
general-partner compensation were substantially pioneered in the Silicon Valley venture cap-
ital industry.

Residual Defense Presence
The commercial transition of the 1970s reduced defense procurement’s share of Silicon Val-
ley revenue but did not eliminate the defense presence in the region. The defense-share
trajectory over the 1960 to 2000 period followed approximately

𝑠defense(𝑡) ≈ 𝑠0 ⋅ 𝑒−𝜆(𝑡−𝑡0)

with initial defense share 𝑠0 near unity in the early 1960s, decay rate 𝜆 of order 0.05 to 0.10
per year through the 1970s and 1980s, and asymptotic defense share of order 5 to 15 percent
by the 1990s. Lockheed Missiles and Space Company in Sunnyvale continued to be one of the
largest employers in the region through the end of the Cold War and afterward through the
Trident submarine-launched ballistic missile program treated in A242. NASA Ames Research
Center in Mountain View, established in 1939 as part of the National Advisory Committee for
Aeronautics and continued under NASA from 1958 onward, remained a substantial federal
research presence with computing and aerospace research programs. The list of defense con-
tractors with substantial Silicon Valley operations remained approximately constant across
the 1970s and 1980s even as commercial computing companies grew around them.
The 2010s and 2020s saw a substantial renewal of defense-focused technology companies
across California, driven by institutional shifts in defense procurement and by technological
developments that made commercial computing capability substantially useful for defense ap-
plications. Palantir Technologies, founded in 2003 in Palo Alto and taken public in 2020, built
its business initially on defense and intelligence data analysis and remains the paradigmatic
Silicon Valley defense-technology company. Anduril Industries, founded in 2017 by Palmer
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Luckey and other former Oculus employees and headquartered in Costa Mesa in Orange
County rather than in the Bay Area, built its business on autonomous defense platforms com-
bining commercial computing hardware with defense-application software. SpaceX, founded
in 2002 by Elon Musk and headquartered in Hawthorne in the Los Angeles area rather than
in the Bay Area, built its business initially on satellite launch and expanded into satellite com-
munications with substantial defense customer base. Together with a longer list of smaller
defense-technology startups that includes both Bay Area and Southern California firms, these
companies represent a reversal of the commercial-transition pattern in which the California
technology industry now again sells substantial capability to defense customers using the
commercial-computing capabilities that the earlier transition period built out.

Framework Application to Silicon Valley
The six-axis framework introduced in A237 applies to the Silicon Valley case with axis weight-
ings reflecting its geographic and institutional character.
The first axis is numerical computation demand. Silicon Valley’s role has been to build the
computing capability that other institutions consume, rather than to be a consumer of com-
puting capability. The demand side of Silicon Valley’s economics has been shaped by defense
and commercial customers whose computational needs the region’s firms then met.
The second axis is real-time control. Silicon Valley firms have supplied the processors, mem-
ory, and platform components that real-time control systems in aerospace and other domains
use. The engineering discipline of real-time systems developed elsewhere as treated in A241
but the physical substrate came substantially from Silicon Valley suppliers.
The third axis is reliability and verification. Silicon Valley has been slower than the aerospace
industry to adopt the reliability engineering practices that safety-critical applications require.
Commercial semiconductor manufacturing has different reliability trade-offs than aerospace-
specific semiconductor manufacturing, and the specialized suppliers who serve aerospace
applications with high-reliability components generally do so at substantially higher prices
and lower volumes than the mainstream commercial market.
The fourth axis is networking and distribution. Silicon Valley played a substantial role in
the ARPANET treated in A243 both through the Stanford Research Institute’s participation
as one of the initial four ARPANET nodes alongside UCLA, the University of California at
Santa Barbara, and the University of Utah, and through the commercial networking com-
panies that emerged in the region including Cisco Systems, Sun Microsystems, and Juniper
Networks. The institutional arrangement between ARPA-funded research and commercial
network-equipment manufacturing was one of the patterns of defense-to-commercial technol-
ogy transfer that Silicon Valley institutionalized.
The fifth axis is software engineering as a discipline. Silicon Valley became a major center of
commercial software development in the 1980s and 1990s as the personal computer wave and
later the internet wave created substantial commercial markets. The software engineering
practices developed for these commercial markets differed from the safety-critical practices
treated in A244 and A245 in ways that reflected the different reliability and time-to-market
trade-offs of commercial versus safety-critical software.
The sixth axis is semiconductor economics and dual-use. Silicon Valley is the paradigmatic
case for this axis. The pattern of Apollo and other defense procurement initially subsidiz-
ing semiconductor manufacturing capability that subsequently served commercial markets
at substantially lower unit prices is treated at the substrate level in A237 and instantiated at
the programmatic level in A242. The geographic concentration of the resulting semiconduc-
tor manufacturing capability in Silicon Valley made the region the beneficiary of the dual-use
spillover mechanism.
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Conclusion
Silicon Valley emerged from the Cold War defense procurement patterns that Terman institu-
tionalized at Stanford in the postwar decades. The Stanford Industrial Park, the university-
industry cooperation model that Terman built, the defense contracts that funded the region’s
early growth, and the pattern of successor-firm formation from Shockley Semiconductor and
Fairchild Semiconductor together produced the geographic and institutional structure that
later dominated commercial computing. The commercial transition of the 1970s converted
the defense-funded manufacturing base and personnel networks into the industrial structure
that produced the personal computer, workstation, and internet-era companies. The resid-
ual defense presence never disappeared and has grown substantially in the 2010s and 2020s
through defense-technology firms that draw on the same institutional patterns that produced
the region in the first place.
The next article in the series treats software-defined aerospace and autonomy, including fly-
by-wire, glass cockpits, software-defined radios, unmanned aerial vehicles, autonomous mis-
sion planning, and the shift from mechanical and hydraulic aerospace systems to software-
mediated systems across the 1980s through 2020s.
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